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N O T I C E  

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 2 values in Georgia and 
Indiana that appear in this publication. To make the x values here 
given consistent with the State lists of coordinates, 1,500,000 should 
be subtracted from all a 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-COQBDINATE 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 Wcul ty  in the adjustment. The same method 
could be used m 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 tbe computations. For this class of work, 
therefore, the earth is assumed to be an ellipsoid of revolution with the 
polar axis tbe shorter. This figure approximates the sea-level surface 
of the earth but is not exactly equivalent to it; even the sea-level 
surface has shght irregularities and this surface forms the geoid. The 
mathematical ellipsoidal surface is entirely regular and forms an ac- 
ceptable basis for surveying computations. 

1 
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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 ositions of the stations forming the 
chain are computed. The haf resu l t  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 
uni uely defined upon the ellipsoidal surface. Since a given latitude 

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 i t  is not necessary in this discussion to enter into these. 

and 7 ongitude applies to only one place on the surface of the earth, it 

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 suf3ciently 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 suf3cient and it is only when the undertaking is broadened to 
wider fields that the S c u l t i e s  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. It is 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, azmuths, 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 TOLOCALSURVEYORS 

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 i t  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 dl of his computa- 
tions on the general plane system just as he would do on any local 
s stem that he might establish. He would have the added advantage 

of the country and, therefore, if his work should be preserved, it 
could form the control for future engineering operations in that 

CHOICE OF PLANE SYSTEMS 

t E at his work would be coordinated with the general control system 

vicinity. 

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 pfoblem in a Merent 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 a 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 especia.lly 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. 

Scale exact 

FIGV~E 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 conhe  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 fh t  step in the computation is to calculate the constant I by 
means of the formula: 

log COS c$l-log COS 92-1og Ai+log A2 - 
z, 

2 2 

I =  z log tanL-log tan- 
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The latitudes of the standard parallels are denoted by 41 and &, 
with t$l as the one farther south; A, and A, a,re the A-position factors 
for the respective parallels: z1 and z2 are the isometric or conformal 
colatitudes of the same parallels. The ,4’s are given in Special Publi- 
cation No. 8 to seven places but they are required to more places in 
these computat.ions. They can be computed directly by means of 
the formula given in the above-mentioned publication if such com- 
putation needs to be made. 

Let x be the 
isometric latitude, 

The z-values are computed in the following way. 

then 

F ~ O w r n  Z-Diagram of the Lambert projection shown on the plane. 

+-~=+700!042715 sin 2+-00?989995 sin 44 
+OPOO1747 6~-0?000003 sin 84; 

After dl is reduced by this formula, then %=;-xl, with 8 

After I is known, we can compute the con- 

cos 41 - cos 42 K= - 

similar formula for Q. 
stant K by the two formulas: 

A,sin 1” I t a d 3  Azsin 1” I t a d 3  2 2 
The double computation will serve as a check on the work. 



6 U. S. COAST AND GEODETIC SURVEY 

We now compute the projection radii of the two standard parallels. 
z Rl=Ktan'$~ 

and 
z R2=K tan'$ 

If a cone tan ent at the parallel determined by the relation sin 40=Z 
were assumet it would have the same form as the one holding the 
two standard parallels. The latitude 4o is always a few seconds 
greater than the mean of 41 and &. After c $ ~  is computed, we 
calculate Ro by the formula 

a 

b 

c 

8 (formin. o/Al from (abfer 

Cor. lor &?c. d A 
Cor. for sac. of 4 

FIQIJBE 3.-Disgram illustrating how coordinates are computed on Lambert projection. 

We next compute the scale reduction a t  4o by the formula: 

ko = 
I R A  sin 1" 

cos bo 
or in logarithms 

log ko=log Z+log &+log &+log sin 1"-log cos 40 

This wil l  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 or it 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 necessa to reduce all of the elements by the above amount 

of +o thus plays an important part in the computation. 
The R’s are large numbers, and m 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 .to be applied to &; then any R will be deter- 
mined by the relation 

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 $J,,. Let this be denoted by m, 
then for the table 

R=R,+mAR. 

to have the tab ‘g e holding the two standard parallels. The parallel 

R=Ro+AR 

If s denotes the meridional distance of a given parallel from the 
parallel of +,,, we have 

s3 s4 tan 4, -=sf--- 

In this formula po is a mean proportional between the radius of 
curvature in the meridian, and that perpendicular to the meridian at 
the latitude of 6. 

6p02 24p: 

In t a m s  of the position factors, 

The numerical factor is included because the grid tables are to be 
expressed in feet. In the formula, s is counted plus to the southward 
and when the given parallel is north of 4, the three terms add together 
and the whole is subtracted numerically from R,. The fourth-power 
term is always small within the limits of the grid tables as they are 
computed; for this reason it is sufEciently 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 
R1 and R2. If this gives a satisfactory check, we then consider that 
our computed constants are correct and we proceed to compute the 
other R’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 AB, we get 

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 4, is held exact in scale. By reducmg this scale ratio to a 
Kgarithm and afterward adding algebraically the log reduction at 
4,, 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 a t  &, 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 fist tabulated y’ 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 X denotes the 
lon ‘tude reckoned out from the central meridian, the mapping angle 
&e IX taken positive to the eastward. Table I1 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 8.  

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 

in which a is the radius of the sphere and 9 is the latitude. 
If sec 9 is developed in a series to two terms, we have 

1 sec+=1+2+2+.  . . . . 
To this approximation we get 

But 
s @=s, or +=- a 
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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 4 we get 

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 

C Station 

A Foot ofperpandiculsr 

dropped upon central meridian 

0 Origin 

s m  Geodetic distance 

a Length of meridian from 0 Lo A 

FIGURE d.--Sphere illustrating the elements of the transverse Mercator projection. 

FIGWE 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 2-value. 

At this point we encounter a dZEculty, 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 thk is done the scale mill 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 y value thus becomes the length of 
the meridian from the chosen initial or yo to the intersection of the 
above-mentioned perpendicular with the central meridian. The 
length of the perpendicular is the s value and for the a 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 Ah in the form 

log AX=log s+Cloe M - C , ~ ~  +log sin a+log A’Slog sec +f.  

If we consider that we are computing from the foot of the per- 
pendicular on the central meridian, CY will be 90° or 270° and hence 
log sin a = O .  The latitude of the given station is the 4’ of this 
formula and A’ is to be taken for this value of 6’. Also Ah is known 
since it is the longitude out from the central meridian. We can 
therefore drop the prime and our formula becomes 

log S=bg Ah-CIog ax+lOg COS ++COlOg A+CIo, 

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 2’ by the formula: 

s3 x‘=s+-. 
6co 

in which p? 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 ho .  8, taken out for the mean latitude 40, 

This gives the value of 4 expressed in feet. 
PO 

The amount to be added to 9 to get the latitude of the foot of the 
perpendicular must next be determined. In the position computa- 
tion formula for A4,  we see that all terms except the second become 
either zero or so small that they are neglipble for such lengths of s 
as we need. 

In this, the s-value in meters must be used because the value of C 
is computed for meters. Now Cshould be taken from the table for 
the latitude of the foot of the perpendicular. We can, however, take 
out a preliminary value for the latitude of the station and thus get 

Again sin a=1, so 
- A$=s2C. 
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an approximate value of this latitude denoted by 4’. 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 4’ to 4 but since we are going in the opposite 
direction we must always add the value of this term to pass from 4 
to 4’. In other words, thelatitude 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 lo 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 x, we shall get 

dx S2 
-= 1 +- ds 2P2 

This gives the scale in case of a projection of true scale along the 
central meridian. After this is com uted for the greatest distance 

is placed as a reduction on all. elements so as to give the prqper 
balance. Let us suppose the-mcrease of scale from the origmal 
computation is given as 1 part m 5,000. 

out from the central meridian, one-ha P f of it expressed as a logarithm 

In that case 

~ = 1 . 0 0 0 2 .  ds 

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 a t  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 

or where 
log I + -  =0.0000434 ( 2 3  

Table I in the transverse Mercator projections is merely the length 
of the meridian reckoned from the latitude for which y 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 part in 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 ordina position computations, a table of colog A and log C, 

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. 

given to one p Y ace farther than those given in Special Publication No. 

LIST OF STATES WITH THEIR RESPECTIVE GRIDS 
LAMBERT SYSTEM 

1. Arkansas 
2. California 
3. Colorado 
4. Connecticut 
5. Iowa 
6. Kansas 
7. Kentucky 
8. Louisiana 
9. Maryland 

10. Massachusetts 
11. Minnesota 
12. Montana 
13. Nebraska 
14. North Carolina 
15. North Dakota 
16. Ohio 
17. Oklahoma 
18. Oregon 
19. Pennsylvania 
20. South Carolina 
21. South Dakota 
22. Tennessee 
23. Texas 
24. Utah 
25. Virginia 
26. Washington 
27. West Virginia 
28. Wisconsin 
29. Long Island 
30. Nantucket and Marthas Vineyard 

TRANSVERSE MERCATOR SYSTEM 

1. Alabama 
2. Arizona 
3. Delaware 
4. Georgia 
5. Idaho 
6. Illinois 
7. Indiana 
8. Maine 
9. Michigan 
10. Mississippi 
11. Missouri 
12. Nevada 
13. New Hampshire 
14. New Jersey 
15. New Mexico 
16. New York 
17. Rhode Island 
18. Vermont 
19. Wyoming 

BOTH SYSTEMS 

1. Florida 

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 difEculty 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 rojection, in 

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 40, the geodetic line dl lie north of the 
straight line. In the same way in the transverse Mercator projec- 
tion, the geodetic line lies on the side of t.he straight line away from 

case both stations lie on the same side of the parallel o P c$~, the curve 
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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 pro’ections as needed for the Stat,es. For the Lambert 

given by the formula: 
projection the re 1 ation between geodetic azimuth and grid azimuth is 
- 

8 - 2 1  Geodetic azimuth-grid azimuth= 

In this formula 0 is the mapping angle for the station a t  which the 
azimuth arises, x1 and y1 are the grid coordinates of this station, and 
li and y2 are the grid coordinates of the point observed; yo is the 
y-value for the intersection of the parallel of 4o with the central 
meridian and po is the quantity already described. The logarithm 

,f is a constant for any given system and is given among 
the list of constants. This is true also of yo. 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: 

Geodetic azimuth-grid azimuth = Aa+ 
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 A a  is merely the convergence of the meridians and it is 
computed with the coordinates. ( (6p$s in  l f ’ )g  ) is given among 
the constants of the projection. Further termsof 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 

Of 2po2 sin 1 

(Yz-YJ (251’+d)* 

(6p2 sin l”), 

CL3324O-2 
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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 ori.gin 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 Yaxes are perfectly arbitrary, 
except that the Y - d s  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 O N  LAMBERT PROJECTION 

As an example, the coordinates of “Ivy” are computed on page 20. 
Starting with the position of “Ivy ”; latitude 41°52’18f045, longi- 
tude 73”13‘27!979, the following operations are performed. 

From the projection tables of Connecticut (see fig. 6) on page 16, 
opposite latitude 41O52’ the values of R (for minutes of 4), y’ (for 
minutes of 4 )  and the tabular difference of R for 1 sec. of cp are taken. 
These are: 23,537,876.76; 376,512.26; and 101.22217 respectively. 
The 101.22217 is multiplied by the seconds of 4, 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 
vdue of 8 (for minutes of A) is -0’18’33f9398. From this is sub- 
tracted algebraically the product of the seconds of X, 27.979, and the 
value of 8 for 1 sec. of longitude, 0.6630594147, found on page 18. 
This gives the correction to 8 for seconds of X, 18U5517 whch sub- 
tracted from 8 (for minutes of A), gives -Oo18‘52Y4915, or reduced 
to seconds, -1132.4915. 

At tbis time 2 is taken to hundredth of a second, here -0’09’ 
26P25, and written on the right half of the form. The logarithm 

e 

1 For State map of Conneeticut showing elements of grid. sea a. 69, p. 281. 
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W E R T  PROJECTION FOR CONNECTICUT 

Table I. 

R 
feet  

23,707,920.62 
23,701,847.88 

J' 
p value on 
central 
meridian 

f e e t  
131 e20933 
101.2093 
101.209lf 
101.2093 
101.209lf 
101.20917 

101.20917 +163.5 
101.20917 I 9150.5 
101.20917 +1-s.o 
101.20917 I +l&.8 
101.20933 +ll3.9 
101.20917 
101.20933 
101.20933 
101.20g50 
101.2095O 

101.209 
1 0 1 . 2 0 9 ~  
101.20967 
101.20983 
101.21000 

101.21000 
101.21017 
101.21033 
101.21050 
101.21050 

101.21083 
101.21100 
101 2 l . w  
101.21117 
101.21167 

101.21167 
101.21LB 

101 2 1 m  
101.21267 

101.2lzl4 

+l02.4 

: z;:; 
: E: 
: 2::: 
+ 32.2 + 23.6 
+ 15.4 

+ 7.5 
0 .o 
7.1 - 13.0 - 20.e - 26.3 - 32.0 

- 46.8 - 51.0 
0 54.8 - 5e.3 - 61.4 - 64.e 

:: z:z 

Bcale 
expreeeed 
ae a 
nrtio 

1.0000573 

1.0000 04 

1 .ooook17 

1.0000538 

1.0000438 
1.0000373 

1.00003 6 
1 .00003$7 
1.0000318 
1.0000290 
1.0000262 

1.0000236 
1.0000210 
1.0000185 
1.0000161 
1 .oo00138 

1.0000116 
1.00o0og 
1.000007~ 
1.00OOO54 
1.0000035 

1.0000017 
1.oooOooO 
0.9999984 
0.9999968 
0.9999953 
0.999992 
0.99999 6 
0 -9999914 
0 -9999903 
0.9999892 

0.99998eg 
0.99998~ 
0.99996 6 
0.9999859 
0.9999852 

WGWB 6.-Lambart projection tables for Connecticut. 
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LAMBEKT PROJECTION FOR CONNECTICUT 

Table 1 (Contod). 

29 

279, 42.36 101.21 3 

297, 61.27 101.21683 
285 215.31 101.21g7 
291:468.28 101.21650 
303,234.28 101.21717 

340 0 2 82 101.21950 
34611$5:99 1 101.22000 
352 ; 219.19 101.P2050 
358,292.42 101.22083 
364,365.67 101.22133 I 
j82;$5.59 101.22283 

394,732.35 I 301.22367 
388,658.96 101.22317 

0.9999847 
0 e9999842 
0.9999838 
0.9999835 
0.9999833 

0.99!39914 
0.9999926 2 2;:; 0.9999939 - 20.3 I 0.9999923 

- 37.3 1 
- 13.9 0.99999 

FIGUBE B.-Lambert projection tables for Connecticut-Continued. 
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R 
feet Lat . 

k o  01' 23,483,215.67 
02 23,477,lk.05 

23,4 1,068.41 

05 233458,921.02 

420 06* 23, 2,847.27 
23,86, 73.48 gg 23,440,ig9.66 
23,434,625.81 !: . 23,k%,551.91 

bo 11' 23,422 47 e98 
23,410,330.01 iz 23,404,255-96 

% 23 h i 4,994.73 

12 23,4163d.01 

15 23,398,U1.87 

he 161 23,392 107.75 
17 23,386:033.58 

17 

Y' Tabular scale in Scale 
y value on difference units of expressed 
central for 1 sec. 7th place as a 
meridian of lat. of logs ratio 

431,l 3.35 101.22700 + 81.0 1.0000187 
4 7,2$6.97 101.22733 + 91.8 1.0000211 
423,320.61 101.22800 +10 .O 1.000023 

kj5,86$.00 101.22917 +126.5 1.0000291 

461, 41.7 101.22983 +l38.8 1.0000320 
467,315.52 101.23033 1.0000349 
473,689.36 101.23083 :%:2 1.0000 79 
479,763.21 101.23167 +178.0 1.0000210 
485,S37.11 101.23217 +191.8 ,1.0000442 

491,911.04 101.23283 +206.0 1.0000474 

50$,059.01 lOl.238If 1.00005k 
510,133.06 101.23483 +250.7 1.00005n 

528, 55.4; 101.23667 :Et::i l.OOOO68S 

feet feet 

449, 94.29 101.22850 +ll$.6 1.000026$ 

49 ,985.01 101.23 3 1.0000508 

516,207.15 101.23533 +266.3 1.0000613 

522,281.2 101.23617 1.0000650 

LAMBERT PROJ3CTION FOR CONNECTICUT 

Table 1 (Cont'd). 

18 
19 
20 

23,379,959.38 5$,&9.64 101.23750 +315. 1.0000726 
23,373,885.1 5 ,503.89 101.23817 +332.5 1.0000766 
23,367,810.d I 546,578.18 +350.0 1.0000806 

WQWE B.-Lambert projection tables for Connecticut-Contiiued. 
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LAMBERT PROJECTION FOR 0O"ECTIOUT 

table 11. 
1' of long. a 0?6630594147 of 8 
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LAMBERT PBOJECTION FOR CONNECTICUT 

Table I1 (Cont(B). 

1~ of long. - 0~6630594147 of e 
8 t 

-0 21 52.8'76 
-0 22 32.6?12( 
-0 23 12.4248 

-0 2 52.2083 
-0 2z 31.9919 
-0 25 11.7755 

2 2 ;::@2 
-0 27 11.1262 

-0 26 30.69 3 
-0 27 50.9097 

-0 29 10.4 2 
-0 29 50.2Lg 

-0 30 3O.Okb 
-0 31 09.8275 

-0 32 29.3947 
-3 33 09.1782 

-0 p 49.6111 

FSOUBE B . - h b e r t  projection tables for Connecticut-Continued. 
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Plane coordinates on Lambert projection 

Statp Conneotiout Station IVY 
0 . "  0 , "  

6 =  41 57 1g.Q'F x -  73 13 77.979 
Tabular difference of R for 1" Of b ???I? 

.R (for rnin. of # 

.Cor. for sec. of 6 

.Cor. for sec. of 

x = 2.000.000.00+ R sin 6 

y = y' + 2R sin2 $ 
y'= the value of y on the central meridian for the latitude of the station 
S P log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 
(see log tables) 

RQWR 'I.-Computation of coordinates for Connecticut. 
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Plane coordinates on Lambert orojection 

State C O M e O t i C U t  Station Box Hill 
0 * I, 

d =  41 47 59.305 x =  f2 2 j  2i.491 
.Tabular difference of R for 1” of 9 = 101.22000 

.R ( for min. of 6 
-Cor. for sec. of 0 

x = 2,000,000.00+ R sin 0 

y 
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 

R, .y’, and e are given in special tables 

y’ + 2R sin2 $ 

(see log tables) 

FIGWE 7.-Computation of mrdinats  for Connecticut-Continued. 
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of 0” (e in seconds) is written in the proper place on both the left 
and right sides of the form. The 8-values for 8 and 2 are taken from 
the table of Sand  T values. Addition then gives log sin e on the 
left and log sin 3 on the right. The latter is multiplied by 2 to give 

log sin2 -- The logarithm of the final R is added to log sin 8 giving 2 
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 x, 
in this case 470,776.58 feet. 

The logarithm of the final R is also added to log sin2 2 and log 2 

giving log y” (=2R sinz:)- The number corresponding to this 
logarithm, 354.75, is always added to  y’, giving the final value of y, 
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 xl, yl and those of Box Hill by x2, y2. 
Then the tangent of the grid azimuth is equal to xz-xl divided by 
y2 :yl. The signs of these two terms are changed to determine in 
whch quadrant the azimuth lies. 

If one has a copy of Shortrede’s Table of Shes and Tangents, this 
method of the mere change of signs of ~ ~ - x ~  and yz-yl will sufEce 
for locatin the quadrant of the grid azimuth. We have chosen to 
reckon gri f 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. Ths is an admirable feature, 
but many tables do not have such a tabulation. If one is using a 
table with argument in the fist quadrant alone, then the followmg 
outline will serve the purpose of locating the quadrant of the grid 
azimuth. Let us suppose that the angle in the &st quadrant deter- 
mined from the tangent without regard to sign is denoted by CY; 

then four cases may anse. Let us denote x2-x1 by Ax and y2-yl 
by Ay, xl, and yl, being the coordinates of the station from which the 
line radiates. 

(1) If both Ax and Ay are negative, then the azimuth=a. 
(2) If Ax is negative and Ay positive, then the azimuth= 

(3) If both Ax and Ay are positive, then the azimuth= 180° +a. 
(4) Finally if Ax is positive and Ay negative, then the azimuth= 

These simple directions wi l l  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 *-xl by sin CY or by divid- 
ing y2- y1 by cos CY. These results are in feet which may be converted 
to meters if desired by multiplying by the factor 3k7- The grid 
distance may be converted to the geodetic distance by applying the 
scale-reduction factor derived from the table on page 16. This factor 

e 

e 

e 

e 

180’- CY. 

360°-CY. 

1200 

- 
For most States the constant is Z , ~ , o O O .  Sine3 COnneCtiCUt is SInakI than IIKUl5’ states 600,oOO is 

large enough to keep all amrdinatea postive. 



MANUAL O F  PLANE-COORDINATE COMPUTATION 23 

is computed as follows: The latitudes of the two stations are the 
argument. 

Computation of mean scale 

The values taken from the table are: 

-m. 3 

41 52.3 

I 
-54.45 --- 

4.3 12.7 

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. 6 is taken directly from the 
computation of the coordinates. The values of yo and log 
.are found on page 17. These two are constant for a given system. 
After the correction is computed as in the example, it is subtracted 
from 8 and the result added to the grid azimuth. This gives the 
geodetic azimuth between the two points whose coordinates are given 
at the beginning. 

1 
po2 sin 

Oomputation of G r i d  Azfmath aad Cheek 

IvY-BOX H i l l  

l o g  (x2 -x1) 5.32097288 91 
l o g  (72 -yl)  = 4.42174077 n SO 

log tan a = 0.89923211 n 31 -YO 

G r l d  a = 2770 11' 16. 4' 3 .  
22 -71 

0 
Correotion = - 5.66 
Geod. azimuth - 276 52 18. 9 
From l i e t  0. 276 52 18.83 

= - 0 18 52.29 

(=, 
1 

log 2fizein 1~ 
l o g  (correctlon) 
porrect ion 

F I G ~ E  &-Computation of grid azimuth and cheok. 

= 123,538.08 

II 0.7530607 
a 45.66 
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COMPUTING PLANE COORDINATES ON THE TRANSVERSE MEHCATOR 
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‘37’!129, and longitude, 71’11’221621. 

The coordinates are computed in the following manner. From the 
projection table for Rhode Island (see fig. 9) the X for the central 
meridian is 71’30’00‘!000. This is constant for a given projection 
system. From this is subtracted the X (longitude) of the station, 
giving AX, in this case +18’37’!379 which reduced to seconds is 
+1117r!379. The logarithm of this number is 3.04820050. The 
correction, arc to sine, may be found on age 17 of United States 

No. 8, Formulas 
and Tables for the Computation of Geodetic Positions. With AX as 
the argument, the correction 212 is taken out in the eighth decimal 
place. This correction is subtracted from log AX giving log AXl, to 
which is added log cos 4, 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 4, interpolating for the seconds. The sum 
of these three logarithms is log sl. 

The correction, sine to arc, is taken from the table in Special Pub- 
lication No. 8, as just explained above, for the correction arc to sine. 
However log s1 is the argument instead of log AX as before. This cor- 
rection, 119, is added to log s1 giving log sm. To this is added the log- 
arithm of the reduction factor for converting meters to feet. From 
this sum is subtracted log R 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 sU3. From the table on page 27 the 
constant log (‘> is 4.580836-20. This is added to log s,3 giving, 

GPO2 0 
in this case, 9.370302 - 10. The numbers corresponding to log s, and 
log (x) are added together to give x’, in this case + 85,079.13. The 
sign is the same as the sign of AX. x’ is finally added algebraically 
to the constant for the State, here 600,000, giving x, in this case 
685,079.13. 

This is carried to 
six decimal places and added to log C. Log Cis taken from the table 
on page 26 with 4 as the argument. Thls is 1.350566-10 which 
added to log sm2 gives log A@ equal to 0.178247. The number corres- 
ponding to ths logarithm is added to 4 giving an approximate 
value of 4‘, equal to 41’27‘3816365. With 4’ as the argument, log 
C is again taken from the table. After this change is made the final 
A+ is determined and consequently 4’. In this case the change in 
log C is not great enough to cause a change in A4. From the table 
on page 25 opposite latitude 41’27‘, the tabular difference of y for 1” 
of 4’ is 101.21400, and they (for minutes of 4’) 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 4’) gives the 
h a 1  y value, in this case 137,508.65. 

Coast and Geodetic Survey Special Pubication P 

6pOa u 

Now log s, is multiplied by 2 giving log sm2. 

a For State map of Rhode Island showing elements of grid sea fig. 60, p. 262. 
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216,619.56 

:3z:$3:8z 
222 , 912.05 

224,692.66 

TRANSVEWE MEFtCATOR PROJECTION FOR MODE ISLAND 
TABLE I 

101.21833 

101.21917 
101.21950 

101.21850 
101. 21683 

( f e e t )  I 
248,985.22 
255 , 058.40 
261,131.61 
267,204.Bj 
273 , 278.07 

Tabular 
dif  f ewnce 
f o r  1 sec. 
of la t .  

101.21967 
101.22017 
101.22033 
101.22067 
101.22083 

101.20750 
101.20783 
101.20817 
101.20850 

10%. 20900 
101.20ga3 

279 51.32 
285 :224.60 

297,5 1.20 

309,717.88 
315,791.24 
321,864.62 
32 938.02 
33$:011.44 

340,084.88 :$ : :s :aa  
358,305.29 
364,378.80 

370,452.32 
376,525.87 
382,599.43 
388 6 3.01 
394:7?6.60 

400,820.22 
406, 893. S5 
412,967.50 
419,041.17 
425,114.86 

291,497.89 

303,6 i;c .53 

101.20933 
101.20967 
101.20983 
101.21033 
101.21050 

101.22133 
101.22150 
101.22183 
101.22217 
101.22250 

101.22267 
101.22300 
101.22333 
101.22 67 
101.22t00 

101.22417 

101.22483 
101.22517 
101.22533 

101.22583 
101.22600 
101.22633 
101.22650 
101.22700 

101.22717 
101.22750 
101.22783 
101,22817 

101.22450 

101.21083 
101.2111i. 
101.21133 
101.21167 
101.2 1200 

1 O L  21233 
10i .  21267 

101.21333 
101.21350 

101.21283 

101.21 83 

101.21500 

101.21too 
101.21433 
101.21483 

101.21517 
101.21567 
101.21583 
101.21617 
101.21650 

101.21683 
101.21700 
101.21733 
101.21767 
101.21800 

Lat. 

I for 1 eec. I of 1st. 
1 

~ G W E  Q.-Transverse Mercator projection tables for Rhode Island. 
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Lat. 
& i  

06 
07 
08 
09 
10 

TRANWERSE MERCATOR PROJECTION FOR RIIODE ISLAND! 
TABLE I1 

Colog A 
1.49090910 

953 
1.49090995 
1.49991038 

080 
123 

1.49091165 
208 

335 
3; 
2;: 
% 

713 
22 

3: 
3 
;it 

5M 
! .49091590 

633 

761 

888 
931 

1. 49091973 
1.49092016 

229 

356 
1. 49092399 

Log c 
1.3W40 

50t4 
$201 
5s55 
6108 

1.346361 
6614 
6867 
g;: 
;% 
2;22 
8639 

L.348&2 
9145 
9398 
9651 

1.349904 
1.350156 

0409 
0662 
0915 
1168 

1.351421 
1674 
1926 
2179 
2432 

2685 
2938 
3190 

1.353696 
3443 

Colog A 
1.49092442 

484 

612 
Ba 
254 
$E* 
825 

1.49092868 
g i o  
953 

1.49392996 
1.49093038 

081 
124 

252 

1.49093295 

465 

508 
550 
593 
635 
678 

1.49093721 
764 
806 
a49 

1.49093892 

7736 
7989 
8241 
$494 
E746 

1.358998 
9251 

1.360008 
1.35% 

1.361 21 
1774 
2026 
2278 

1.362530 

FIQUIIE Q.-Transverse Mercator projection tables for Rhode Island-Continued. 
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1.0000002 I 

TRANSVEFGE MERCATOR PROJECTION FOR RHODE ISLAND 

TABLE I11 

I 1. ooooo4i 
1.00~0052 
1.0000064 
1.0000076 
1.0000089 
1.0000102 

Xl 
(feet) 

1.0000116 

;:0"::::2 I 

0 
5 , 000 
10,000 
15,000 
20,000 

25,000 
30,000 

z2;::: 

22;::: 

45,000 

50,000 

65,000 
70,000 

75 , 000 
$0,000 
e5,ooo 
90,000 
95,000 

100,000 
105,000 
110,000 
115,000 
120,000 

125,000 
130,000 

145 , 000 
150,000 

%:E: 

:5%:% 
l6g.000 
170 I OQO 

kale in 
l n i t s  Of 
'th plaoe 
,f logs 

- 27.1 - 27.0 
- 25.1 - 26.6 - 26.0 
- 24.0 - 22.6 - 21.0 - 19.2 - 17.Q 
- 14.7 - 12.1 - 9.2 - 6.1 - 2.8 

+ 0.g 

+ 8.8 
+ 4.7 
+ 13.1 
+ J7.7 
+ 22.5 
+ 27.6 ; 32.: 
+ t4:4 
+ 50.5 + 56.8 
+ 63.4 
+ 70.2 
+ 77.3 
+ 84.6 
+ 92.2 
+loo. 0 
+log. 1 
+116.4 

Scale ex- 
pressed 
e.8 a 
ratio 

0.9999938 
0.9999938 

0.9999942 

0.9999945 
0.9999948 
0.9999952 
0.9999956 
0.9999961 

::;;;;;E 

0.9999966 

0.9999986 

0.9999972 
0.9999979 

0.9999994 

1.0000011 
1.0000020 
1. ooooozo 

i;ooooi65 
1.0000178 I 
1.0000195 
1.0000212 
1.00002 0 
1.00002k 
1.0000268 

Xl 
(feet) 

175,000 
180,000 
185,000 
190,000 
195,000 

200,000 
205.000 

~ 

Scale in Scale ex- 
units1 of pressed 
7th place a8 a 
of 10- retio 

+124.9 1.0000288 

:i$z:! 1.0000329 
+l52.l 1.0000350 
+161.7 l.OOOO3Z2 

1. 000030~ 

1.0000442 %;:$ 1.0000466 
t213.2 1.0000491 

1 4.5606361 -20 

) = 9.8952612 -20 

FIawm O.--Transverse Merator projection tables for Rhode Island-Contind 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

-,i 
State mode Island Station Bakonnet 

x (Central meridian) 7; 3; oo.oD0 

+ 18*, 37.379 
71 11 22.621 0 , "  

4 41 27 37.129 -A 

A x  (Central meridian-A) 

aX( insec.)  + 1117.379 

'Take out C first for 0 and correct for aoproximate 0' 
FIGWE l0.-Computation of coordinates for Rhode Island. 
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W E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State mode Island Station Blook Islay 
h (Central meridian) 71 36 o"o.ooo 

0 0 -  x 71 35 3 0.763, 10 32.525 
Ah (Central meridian-'h) - 5, 30.763 

-Y (for min of 63 

*Take out C first for 0 and coned for approximate 6'. 
FIQWE l&ComputStion of coordinates [or Rhode Island-Continued. 
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The rest of the computation is for reducing a geodetic azimuth to  a 
grid azimuth or vice versa. The log sin 7 ‘+” is added to log AX, 

which has already appeared on the form, giving log Aal ,  in this case 
2.8691266. The log AX is multiplied by 3 and added to log F, taken 
from Special Publication No. 8 with the mean 4 as the argument. 
The result is log b, here 7.008-10. The numbers corresponding to 
log Actl, and log b are added to give Aa, in this case 4-739.82 seconds, 
or +0°12’19’!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 xl, y1 and Block Island with 
coordinates x2, yz, are chosen. As shown x2-x1 divlded by y2- y1 gives 
the tangent of the grid azmuth. The signs of x2-x1 and y2-y1 are 
changed to determne in which quadrant the azimuth CY lies. The 
grid distance is obtained by dividing x2-x1, by sin CY or by dividing 
y2-y1 by cos CY. This result is in feet. If desired this can easily be 
converted to meters by multiplying by the reduction factor 
To derive the geodetic length from the grid length the reduction 
factor from page 27 is used. The x”s of the two ends of the line are 
the arguments. The mean is taken by adding all of the values 
between the two x”s,’in this case -25,000 and +85,000 feet. For 
example, the values are: 

1200 
3,937 

Computation of mean scale 

z‘ Scale 

-24.0 
-25.1 
-26.0 
-26.6 
-27.0 

-27.1 
-27.0 
-26.6 
-26.0 
-25.1 

-24.0 
-!B. 6 
-21.0 
-19.2 
-17.0 

-14.7 
-12.1 
-9.2 
-6.1 

-2.8 
+O. 8 
+4.7 
+8. 8 

- 
Veight 

0.5 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
0.5 

22 
- 

Veighted 
scale 

-12.0 
-25.1 
-26.0 
-26.6 
-27.0 

-27.1 
-27.0 
-26.6 
-26.0 
-25.1 

-24.0 
-22.6 
-21.0 
-19.2 
-17.0 

-14.7 
-12.1 
-9.2 
-6. 1 

-2.8 
+O. 8 
+4. 7 
+4.4 

--387. I 

-387.3- -- -17.6 22 

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 
X"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 5' 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 approximate geodetic azimuth may be computed from the grid 
azimuth by adding to it the A a  appearing on the sheet with the 
computation of the coordinates of t,he 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 Aa to the grid azimuth giving the 
geodetic azimuth. For short lines a grid azimuth may be obtained 
by subtracting A a  alone from the geodetic azimuth. 

.aomputation of Grid Azimuth and Check 

Bagonnet-Blook mma 

Grid azlmuth = 46' Q3' 08.15' 
aa = + 0 12 19.82 
Correction = -  1.18 

Geodetib azimuth a 46O 55' 26.79' 
From llet P 46' 55' 26.87' 

l o g  distance 0 4.6647529 
From list i 4.6647527 

2 9 '  P 170,158.26 
a -25,294-74 

2x1'+ x2' a 144,863.52 
X Z 1  

l o g  (2x1' t ~ 2 ' )  I 5.1609591 
log  (ye -yl) = 5.0167921 n 
l o g (  a 9.8952612 -20 

l o g  ('correction) P 0.0730124 n 
Correction = -1.18 

6 P , * s l n  1" 

Computation cf Grid Azimuth from Geodetlo 
Azimuth for Short Linea 

Bagonnet-reference mark no. 1 .  

Geodetic aeimllth = 
A C  = - 0 12 19.8 

Grid azlmut;h = 178 54 00.1. 

179' 06' 19.9' 

F~GURE 11.-Computation of grid azimuth and cheek and computation of grid azimuth from geodetic 
azimuth for shoh 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 I N  NORTH CAROLINA 

A ht -order  traverse from station Sanford to station Cary in North 
Carolina was selected as a typical example. (Tables for North 
Carolina are given in Fig. 12.)8 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 geodeticpositions. 
This means that the fourth or fifth decimal place in the positions has 
an effect on the azimuth of the line. 

8 For State map of North Carolina showing elements of grid see flg. 61, p. 282. 
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Lat. - 
33045' 

46 
47 
48 
49 
50 

33O51' 
52 
53 
54 
55 

33056' 
57 
58 
59 

34000 

34001' 
02 
03 
04 
05 

34'06' 
07 
08 
09 
10 

34O11' 
l2 
13 
14 
15  

34'16' 
17 
18 
19 
20 

IUBZ%?T PROJZCTION FOR NORTH CBROLINA 
TBBLE I. 

Y1 Tabular  &if- Scala in 
y value on ferenoe f o r  u n i t s  of 

cen t r a lmer l -  one sec. of 7 t h  place 
R. $ 1 9  ptz of logs.. 

30,183,611.25 0 101.10250 +923 

30,165,412.89 18,198.36 101.10100 t826 

30,153,280.79 30,330,46 101.10017 +763 

30,177,545.10 6,066.15 101.10200 +891 
30,171,478.88 12,132.27 101.10150 +e58 

30,159,346.83 24,264.42 101.10067 +795 

30,147,214.18 
30,141,148.80 
30,135,082.84 
30 129,016.91 
30 122 , 951.01 

80,1161885r13 
30,110,819.27 
30 104 753.43 
30'098: 687.61 
30:092,621.82 

30; 062; 293.16 

30,056,227.49 
30,050,161.83 
30,044,096.19 
30,038,030057 
30,031,964.97 

30,025,899.37 
30,019,833.78 
30,013,768.21 
30,007,702.66 
'30,001,637.l3 

29,995,571.62 
29,989,506.13 
29,983 ,440. 66 
29,977,375.20 
29,971,309.75 

FIGWE 12.- 

36,396.47 101.09967 
42,462.45 101.09933 

54,594.34 101.09833 

66.726.12 101.09767 

48,528.41 101.09883 

60 , 660.24 101.09800 

72 i791.98 101.09733 
18,857 8 2  101.09700 
84,923.64 101.09650 
90,989.43 101.09600 

97,055.19 101.09583 
103,120.94 101.09567 
109,186.68 101.09533 
115 , 252.40 101.094@3 
121,318.09 101.09450 

127 , 383.76 101.09433 
133,449.42 101.09400 
l39,515.06 101.09367 
145,580.68 101.09333 
151 1646.28 101.09333 

157,711.88 101.09317 
163,777.47 101.09283 
169,843.04 101.09250 
175,908.59 101.09217 
181,974+12 101.09183 

188.039.83 ioi.09iso 
194 ;105.12 101.09ll7 

212,301.50 101.09067 

200,170.59 101.09100 
206,236.05 101.090€!3 

+734 
+704 
+674 
+644 
t615 

+587 
+557 
t529 
t501 
6 7 2  

4 4 6  
4420 
+394 
t368 
t342 

+316 
*292 
t267 
+243 
+219 

+198 
t172 
+150. 
+l27 
*lo5 

t83 
+62 
+4l 
+21 

0 

s8ale ex- 
pressed a8 e 

' ra t io  

1.000212 
1.000205 
1.000198 
1.000190 
1.000183 
1 000178 

1.000169 
1.000162 
1.000155 
1.000148 
1.000142 

1.000135 
1.000128 
1.000122 
1.000115 
1.000109 

1.000100 
1.000097 
1.000091 
1.000085 
1.000079 

1.000073 
1.000067 
1.000062 
1.000058 
1.000050 

1.000045 
1.000040 
1.000034 
1.000029 
1.000024 

1.000019 
1.000014 
1.000009 
1.000005 
1.000000 

-Lambert projection tables for North Carolina. 



34 U. 8. COAST AND GEODETIC SURVEY 

LAMBERT PROJECTION FOR NORZH CAROLINA 

TAELE I (Cont'd) 

Y l ,  Tabular d i f -  Scale i n  Soale ex- 
y value on ference f o r  u n i t s  of pressed as 

oent ra lmer i -  one seo. of 7 th  plaoe a r a t i o  
Lat. pip $It& Of logs. $4. 

% 0 2 1 T 9 6 5  ,244.31 218,366.94 
22 29:959,178.87 224,432.38 
2 3  29,953,113.44 230,497.81 
24 29 947,048.02 236,563.23 
25 29 1940,982 e 62 242,628.63 

S 4 ~ ~ 2 6 '  
27 
28  
29 
30 

N031* 
- 32 

33 
34 
35 

31 
38 
39 
40 

42 
43 
44 
4 5  

'34O96' 

34'41' 

34046' 
47 
48 
49 
50 

3 4 O 5 1 '  
52 
53 
64 
55 

34°56' 
57 
58 
59 

99000 

29 934 917.22 
29 ,928 f851.83 
29:922,786.44 
29 916,721.07 
29 :91OS655.70 

29 904,590.33 
29'898,524.97 
29,892,459.62 
29'886 , 394.27 
29:880,328.93 

29 874,263.59 
29 ,868 , 198.25 
29s862,132.92 
29,856 , 067.58 
89:850,002.24 

29,843, €36.91 
29 @37 871.58 
29'@31'806.25 
29,825 i740.92 
29:819,675.59 

29 813 610.26 
29,807 (544.92 
29,801'47 9.59 
29 '795:414.25 
29 :789,348.91 

29,777 218.21 
29'771:152.85 
29,765 087.49 
29i7593022.18 

29 7831283.56 

29.'752,956.74 
g6.891.36 

248,694.03 
254,759.42 
260,824.81 
266,890.18 
2728955.55 

279,020.92 
285,086.28 
291 151.63 
297 (216.98 
303:282.32 

309 347.66 
3158413.00 
821:478,33 
327 543.67 
3333609.01 

339,674.34 
345 739.67 
351:805.00 
357,870.33 
363,935.66 

370,000.99 
376,066.33 
382,131.66 
388,197.00 
394,262.34 

400,327.69 
406,393.04 
412,458.40 
418,523.7 6 
424,589.13 

430,654.51 
436,719.89 
442 785 29 
448'850.69 
454 :916:10 

101.09067 
101.09050 
101.09033 
101.09000 
101.09000 

101,08983 
101.08983 
101.08950 
101.08950 
101.08950 

101,08933 
101.08917 
101.08917 
101,08900 
101.08900 

101.08900 
101.08883 
101.08900 
101.08900 

101.08883 
101.08883 
101.08883 
101.08883 
101.08883 

101.08900 
101.08883 
101.08900 
101.08900 
101.08917 

101.08917 
101.08933 
101.08933 
101.08950 
101.089 67 

101.08967 
101.09000 
101.09000 
101.09017 
101.09033 

101.08883 

-20 
-40 
-59 
-77 
-96 

-114 
-131 
-149 
-166 
-182 

-199 
-215 
-230 
-245 
-260 

-275 
-288 
-302 
-316 
-329 

-341 
-353 
-365 
-377 
-387 

-399 
-410 
-419 
-428 
-438 

-447 
-455 
-464 
-47 2 
-479 

-486 
-493 
-499 
-506 
-511 

0.999995 
0.999991 
0.999987 
0.999982 
0.999978 

0.999974 
0.999970 
0.999966 
0.999962 
0.99 9958 

0.9999% 
0.999950 
0.999947 
0.999944 
0.999940 

0.999937 
0.999934 
0.999930 
0.999927 
0.999924 

0.999921 
0.999919 
0.999916 
0.999913 
0.999911 

0.999908 
0.999906 
0.999903 
0.999901 
0.999999 

0.999897 
0.999895 
0.999893 
0.999891 
0.999890 

0.9998B8 
0.999887 
0.999885 
0.999883 
0.999882 

Fiitma i2.--lambert projection rabies for N-orth Caroiim-Gontmued. 



MANUAL OF PLANE-COORDINATE COMPUTATION 35 

Lst. 
35'01 ' 
- 

02 .- 
03 
04 
05 

35'06' 
07 
08 
09 
1 0  

85'11' 
12 
13 
,14 
1 5  

35'16' 
17 
18 
1 9  
20 

35'21 
22 
23  
24 
25 

35'26 
27 
28 
29 
30 

35'31' 
32 
33 
34 
35 

35O36' 
37 
38 
3 9  
GO 

'WSGRT PROJECTION FOR NaRTH CAROL'INb 

TABLE I (Cont'd) 

9 Tabular dif- Scale  i n  
y value on ference for units of 

cen t r a l  meri- one sec. of 7th  place 
4 8  A&- Of logs. $1 ap 

29,722,629.73 460,981.52 101.09050 -516 
29,716,564.30 467,046.95 101.09050 -522 
29,710,498.87 473,112.38 101.09083 -526 
29,104,433.42 479,177.83 101.09100 -530 
29,698,367.96 485,243.29 101.09117 -534 

29.692.302.49 491.308.76 101.09133 -538 
29i686i237.01 497i374.24 101.09167 -542 
29 680 171.51 503,439.74 101.09183 -545 
29'674:106.00 509,505.25 101.09200 -547 
29:668,040.48 515,570.77 101.09233 -549 

29,661,974.94 521,636.31 101.09250 -551 
29 655 909.39 527,701.86 101.09283 -552 
29:649:843.82 533,767.43 101.09300 -552 
29,643,778.24 539,833.01 101.09333 -553 
29,637,712.64 545,898.61 101.09350 -554 

29,631,647.03 551,964.22 101.09400 -553 
29 625 581.39 558,029.86 101.09433 -552 
29: 619 :515.73 564,095.52 101.09450 -552 
29,613,450.06 570,161.19 101.09483 -551 
29,607,384.37 576,226.88 101.09517 -549 

29,601,318.66 582,292.59 101.09550 -547 
29.595.252.93 588.358.32 101.09583 -545 
29: 589 ;le7 .le 5%;424; 07 101.09600 -542 
29,583,121.42. 600,489.83 101.09650 -539 
29,577,055.63 606,555.62 101.09700 -535 

29 570 989.81 612,621.44 101.09733 -531 
293564:923.97 618,687.28 101.09767 -527 
29,558,858.11 624,753.14 101.097@3 -522 
29,552,792.24 630,819.01 101.09833 -517 
29,546,726.34 636,884.91 101.09867 -512 

29,540,660.42 642,950.83 101.09917 -507 
29,534,594.47 649,016.78 101.09967 -500 
29,528,528.49 655,082.76 101.10033 -495 
29,522,462.47 661,148.78 101.10067 -488 
29,516,396.43 667,214.82 101.10100 -481 

29,510,330.37 673,280.88 101.10150 -474 
29,504,264.28 679,346.97 101.10200 -466 
29,458,198.16 685,413.09 101.10233 -458 
29,492,132.02 691,479.23 101.10300 -449 
29,486,065.84 697,6$5.4L 101.10350 -439 

WQUBE lZ.-l..ambert projection tables for North Carolina-Continued. 

Scale ex- 
pressed a s  
a r a t i o  

0.999881 
0.999080 
0.999879 
0.999878 
0.999877 

0.999876 
0.999875 
0.999875 
0.999874 
0.999874 

0.999873 
0.999873 
0.999873 
0.999873 
0.999873 

0.999873 
0.999873 
0.999873 
0.999873 
0.999874 

0.999874 
0.999875 
0.999875 
0.999876 
0.999877 

0.999878 
0.999879 
0.999880 
0.999881 
0.999882 

0.9998Es 
0.999885 
0.999886 
0.999888 
0.999889 

0.999891 
0.999893 
0.999895 
0.999897 
o.999e99 



U. S. COAST AND GEODETIC SURVEY 

LAMBERT P R O J E C T I O N  FOR N O F W  CAROLINA 

TABLE I (Cont'd) 

Y l  Tabular d l f -  S c a l e  In Scale ex- 
y value on ference f o r  un i t s '  of  pressed as 

cen t r a l  merl- one sec. of  7 th  place a r a t i o  
Lat. a) an+ patt  of logs. Pc 

35'41' 
42 
43  
44 
45 

35'46' 
47 
48  
49 
50 

35'51' 
52 
53 
54 
55 

35O56' 
57 
58 
59 

96OOO 

36'01' 
02  
03 
04 
05 

36O06' 
07 
08 
09 
1 0  

1 2  
l3 
14  

36O11' 

15 

29,479.989.63 
29,473,933.40 
29,467,867.13 
29,461,800.83 
29,455,734.50 

29,449,668.14 
29,443,601.74 
29,437,535.31 
29,431,468.85 
29,425,402.35 

29,419,335.82 
29,413,269.25 
29,407,202.64 
29,401,136.00 
29,395,069.33 

29,389,002.61 
29,382,935.86 
29,376,869.07 
29,370,802.24 
29,364,735.37 

29,358,668.46 
29,352,601.51 
29,346,534.52 
29,340,467.48 
29,334,400.41 

29,328,333.29 
29,322,266.13 
29,316,198.92 
29,310,131.67 
29 , 304 , 064.38 

29.297.997.04 
29;291;929.65 
29,285,862.22 
29,279,794.74 
29,273,727.22 

703.611.62 
709;677.85 
715,744.12 
721.810.42 
727 i876.75 

733,943.11 
740,009.51 
746,075.94 
752,142.40 
758, 208.90 

764,275.43 
770,342.00 
776,408.61 
782,475.25 
788,541.92 

794,608.64 
800.675.39 
806; 742 ;I8 
812,809.01 
818,875.88 

824,942.79 
831,009.74 
837,076.73 
843,143.77 
849,210.84 

855,277.96 
861.345.12 
867 i412.33 
873,479.58 
879,546.87 

885.614.21 
891 ; 681.60 
897,749.03 
903,816.51 
909,884.03 

101.10383 
101.10450 
101.10500 
101.10550 
101.10600 

101.10667 
101.10717 
101.10767 
101.10833 
101.10883 

101 .lo950 
101.11017 
101.11067 
101.11117 
101.11200 

101.11250 
101 a 3 1 7  
101.11383 
101.11450 
101.11517 

101.11583 
101.11650 
101.11733 
101.11783 
101.11867 

101.11933 
101.12017 
101.12083 
101.12150 
101.12253 

101.12317 
101.12383 
101.12467 
101.12533 
101.12617 

-430 
-420 
-410 
-400 
-389 

-378 
-366 
-354 
-342 
-330 

-317 
-304 
-e90 
-276 
-262 

-246 
-232 
-216 
-200 
-183 

-166 
-149 
-132 
-115 - 97 

-78 
-59 
-40 
-20 

0 

+21 
441 
+62 
e4 

+lo6 

0.999901 
0.999903 
0.999905 
0.999908 
0.999910 

0.999913 
0.999916 
0.999918 
0.999921 
0.999924 

0.999927 
0.999930 
0.999933 
0.999937 
0.999940 

0.999943 
0.999947 
0.999950 
0.999954 
0.999958 

0.999962 
0.999966 
0.999970 
0.999973 
0.999978 

0.999982 
0.999986 
0.999991 
0.999995 
1.000000 

1.000005 
1.000009 
1.000014 
1.000019 
1.000024 

FIQWBE =.-Lambert projection tables for North Carolina-Contiined. 



MANUAL OF PLANE-COORDINATE COMPUTATION 37 

LAWBERT PROJECTION FUR NORTH CAROLINA 

TABLE I (Cont'd) 
1 Tabular d i f -  Scale in 

7 value on ference for units of 
cent ra l  meri- one 880. of 7th place 

Y 

let. A dJan &t O f  logs. 

20- 29:243,388.85 940:222.40 101.l3033 .220 

a6oi6: 29,267 , 659.65 915,951.60 io1  ,127~7  +127 
17 29,261,592.02 922,019.23 1oi.izeoa +150 
18 29,255,524.34 928,086.91 101.12867 +173 
1 9  29 249,456.62 934 154.63 101.12950 +l96 

Scale ex- 
pressed as 
a r a t i o  

1.000029 
1.000034 
1.000040 
1.000045 
1.000051 

1.000056 
+245 1.000062 

86'21' 29,237,321.03 946 , 290.22 101.13117 
22 29,231.253.16 952,358.09 101.13217 +270 

1.000068 
+2w 1.000074 

23  29 225 185.23 958 426.02 101.13289 
24 29'219:117.26 964:493.99 101.13383 +320 
25 29:213.049.23 970,562.02 101.13467 a345 1.000079 

38026' 29,206,981.15 976,630.10 101.13567 +370 1.000085 

29 29 188 776.59 994 834.66 101.13833 +451 1.000104 

27 29,200,913.01 982,696.24 101.13633 +397 1.000091 
E8 29,194,844.83 088,766.42 ,101.13733 +424 1.000098 

50 29:182:708.29 1,000:902.96 101.13933 +478 1.000110 

-86'31' 29,176,639.93 1,006,971.32 101.14017 +506 1.000117 
32 29,170,571.52 1,013,039.73 101.14100 +535 1.000123 
33 29,164,503.06 1,019,108.19 101.14217 +563 1.000130 
8 4 .  29,158,434.58 1,025.176.72 101.14300 +593 1.000137 
35 29,152,365.95 1,031,245.30 101.14417 +622 1.000143 

36'36' 29,146,297.30 1,037,313.95 101.14500 * 652 1.000150 
37 29,140,228.60 1,043,382.65 101.14600 + 680 1.000157 
38 29,134,159.84 1,049,451.4 101.14717 +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 e773 1.000178 

1 s  0.57717077 

WGWE 12.-Lambert projection tables for North Carolina-Continued. 
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760011 +lo431 l8!8141 
02 +1 42 44.1836 
+l 42 0 .5536 2 +1 41 3e.9233 

05 +l 41 00.2931 

760061 +1 40 25.6628 
07 +1 39 51.0326 
08 +1 9 16.4023 

+1 $3 41.7 21 i8 +l 38 07.1l19 

U. 8. COAST AND GEODETIC SURVEY 

760411 +1O2Oo 13.6042 
42 +1 19 38.9 40 

+1 19 04.3c37 3 +1 16 29.7135 
45 +I 17 55.0632 

760461 +1 1 20.4530 
47 +1 1i 45.8227 
48 +1 16 11.1925 
49 +1 15 36.5623 
50 +1 15 01.9320 

C m E R T  PROJEOTION FOR NORTH CAROLINA 

T U L E  11. 

la of Long. = 0?57717077 of 9 

76016' +I 34 3 ,3604 
+l 34 08.7301 
+1 33 30.0999 

19. +1 2 55.4696 
20 +1 32 20.8394 

760211 +1 1 46.2091 
22 ;: & 3..%9 Eb +1 30 02:31d 
25 +1 29 27.6~W 

760261 +1 28 53.0 9 
fi +1 27 43:79jc 
29 +1 27 0 .16 2 
30 +l 26 3t53i9 

760 1' +1 25 59.902 
32 +1 2J 25.2k 

50.6 2 $$ :: 24 16.0159 
35 +I 23 b1.3857 

+1 28 18 2 

Long. e 

76056' +i 11 34.150 
57 +1 10 5 .5209 
56 +1 10 28.8900 
59 +1 09 50.2598 

77000 +1 09 15.6295 

770011 +1 08 40.9993 
02 +1 08 06.36% 

31.7386 
57.106 

05 +1 06 22.4783 

77006' +1 05 47.g4t3 
07 +1 0 13.2l78 
0% +1 02 36.5876 
09 +I 04 03.9573 
10 +I 03 29.3271 

54.6268 
20.0 66 
45.4363 ig :: :: 10.8061 

15 +l 00 36.1759 

77016' +1 00 01.54% 

:2 $ z5 26.9154 

:{ z: 

774;' +1 +1 02 o2 

19 +o 58 ?:62Z1 
20 +O 57 43.02d 

75ozg +2O1361 
+2 06 

22 +2 05 
23 +2 05 
24 +e 04 
25 +2 04 

75026' +2 03 
+2 02 

29 +2 01 
30 02 01 

+2 00 

227s +2 02 

75°f? +e 00 
fb :: 3 

f z  :: 3 
8 2 g; 

35 +l 5g 

75036~ +1 57 

45 +1 52 

750g8 :: g 
50 +l k 

8 :; g 
750g' +1 45 

48 +1 50 
49 +l 0 

7509 +1 49 
52 +i 48 

55 +1 46 
+1 46 

58 +1 4 

58! 6542 
24.0239 
4 393 
18: 763c 
40.1332 
05.5029 

30 6 2 
56: 2t2t 
46.9819 

37.7215 
03.0912 
28.4610 
53.8307 
19.2005 

21.6122 

12.3517 

%: 
9:%5 
35.3097 

51.4196 
16.7W 
42.1565 
07.5283 
32. 89gO 

Y. 2678 
18.3 P.23 70 

39: 7L8 

2 % 

t!: ti% 

05 116 
30: 4869 

46.5955 
11.9653 
37- 3351 
02.704g 

Long. e Long. e 

I 

FxGwa l2.-Lambert projection tables for North Carolina-Continued. 



MANUAL OF PLANE-COORDINATE COMPUTATION 39 

W E R T  PROJECTION FOR NORTA OAROLINA. 
TBBLE I1 (Cont'd) 

tu'of Long. P 0157717077 of 9 

- 
08!39u 
33.7641 
5 1339 
2:: 5036 

15.2431 

05 982 
31:35d 
56.7222 
22.0919 
47 461 
12:831b 
36.2012 
03.5709 

19.2802 
45.0499 
10.4197 

35.7894 
01.1592 
26.5290 
3.8987 
17.2685 
42.63e 
08.0080 

56.7 75 
24.1372 
4 480 

40.2265 
05.5962 

49.8734 

40.6129 

3: Yd 

33.3(77 

1t& 
30.9660 
s . 3 3 9  
P 7055 

780069 +O 31 
07 +O 30 
OS +O 30 
09 +O 29 
10 +o 28 

78011' +O 28 
12  +O 27 
t i  +O 27 

+o 26 
15 +O 25 

78016' 3 
17 
18 +o 24 
19 +O 23 
20 +o 23 

78021' +O 22 
22 +O 21 

25 +O 20 

780261 +O 19 
27 +O 19 
28 +O 18 
29 +O 17 
30 +O 17 

78031' +O 16 
32 +O 16 

3 2 %  

31 2 t5 
35 +O 15 

- 

10.0333 
35..b30 
00 7 28 
26:1b26 
51.5123 

42.2518 
07.6216 
16.8821 

58.3611 
32.9913 

23.7308 
:%.E; 
39: do1 
05.2098 

12.0586 

02.7981 
28.1679 
53.5376 
18.5074 
44 2 71 
09:& 
35.0166 
00.3864 
25.7562 

37.4284 

07 23 2 
32: 6029 

78046' +O 08 
47 +o 07 
b3 +O 06 
49 +O 06 
50 +o 05 

78051' +O 0 
52 +o 02 

18056' +O 02 
57 +o 01 
58 +o 01 
59 +O 00 

79000 0 00 

'9011' -0 06 
12 -0 06 
:$ 2 3 
15 #-O OS 

'9016' -0 09 
17 -0 09 
18 -0 LO 
19 4 10 eo -0 11 

57."9@ 
23.3 

39.4537 
04. a234 
30.1932 
55.5630 
20.9327 
46.3025 
11.6 22 

02.4117 

48.7142 
14.0839 

37. os20 

27.7815 
53.1512 
18.52lO 
43.8907 
0 260 3: 6302 
00.0000 

34.6302 
09.2605 
43.8907 
18.52lO 
53.1512 
27.{815 
02. 1.17 
37.0420 
11.6722 
46.3025 

2:;% 
23.3444 

.57.9747 
32. m9 

FIGWE lZ.--lambort projection tables for North Carolina-Continued. 
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tang. e 
79021' -0012' 

22 -0 12 
-0 13 

790268 -0 15 

-0 16 

32 -0 18 

35 ' -0 20 

:78 I:: 2 

ft I:: :; 
;g -0 17 

79031' -0 17 

790461 -0 26 
23 1: 5; 
49 -0 28 
50 -0 26 

79051' -0 8 
52 -0 30 

-0 30 
. 3 -0 31 

55 -0 31 
79056' -0 32 

57 -0 32 
% -0 33 
59 -0 9 

80000 -0. 34 

U. S. COAST AND GEODETIC SURVEY 

- 
07?2352 
41.8654 
16.4557 
51.1259 
25.75 2 

00.3864 
;5.0&$ 
4%: 2771 
18.9074 

22: 2% 
02. 981 
37. i2S4 

46.6889 
21.3191 

05.2098 

12.0586 

55.9494 
30.5796 

3: E 
g: $22 
49.1006 

32.9913 
07.6216 
42.2518 
16.8821 
51.5123 

00. 728 
10.0333 
44.6635 
19.2936 
53.9240 
28.5543 
03.18% 
37.8148 

26.1426 
35. i: 030 

80006' -0 38 ::$ z:: ;; 
2 2 8  

;1 1: E! 
80011' -0 40 

12  -0 41 

15 -0 43 
80016' -0 8 

-0 3 -0 45 
20 -0 42 
19 -0 4 

80021' -0 46 

25 -0 49 
80026' -0 49 

28 -0 50 
30 -0 51 

1300319 -0 52 
32 -0 53 

35 -0 54 

27 -0 50 
29 -0 51 

;t 1: gt 

40 -0 57 

12P4450 

05.5962 
40.2265 
14 8567 
4 '4870 
2%:1172 

3;: $275 

2: fg 
l 0 . L  

:5*%t 4: 3104 

08.oOgo 
422;631?2 
17.2685 

01.1592 
35. 694 

28.9407 
03.5709 
38.2012 
12.8314 
47.4617 
22.0919 
56.7222 

31.3524 
05.9827 
40.6129 
15.2431 
49.8734 
24.5036 
59.1339 
&5% 
43.0&6 

tang. e 
g00411 - O O ! S l  17!6$9 

42 -0 58 52.285l 
8 1; 8 01.5456 
45 -1 00 36.1759 

80046' -1 01 10.8061 

49 -1 02 54:6968 

26.91511 

47 -1 01 45.4363 
48 -1 02 20 0666 
$ -1 03 29;3271 

800518 -1 04 03.9573 
52 -1 04 38.5Q6 

-1 05 13.2178 
47. &81 1: :g 22.4783 

~ 0 0 5 6 ~  -1 06 57.1086 

59 -1 08 40.9993 
81000 -1 09 15.6295 
81001' -1 09 50.2598 

02 -1 10 24.8900 
-1 10 5 5203 2 -1 11 3'?:1505 

05 -1 1 2 ,  08.7808 

-1 07 31.7388 3 -1 08 06.3691 

81006' -1 12  43.4110 

8 1: :l 52.6715 
09 27.3016 

-1 13 18.0413 

10 -1 15 01.9320 
81011' -1 15 36.5623 

12  -1 16 i i i i925 
-1 16 45.82 '1: -1 17 20.45% 

15 -1 17 55.0832 
810168 -1 18 29.7135 

FIGURE l2.-Lmbsrt projection tables for North Carolina-Continued. 



MANUAL OF PLANE-COORDINATE COMPUTATION 41 

Long. 8 
81021l - 1 0 2 1 1  

22 -1 .a 

25 -1 23 
3 1: '23' 

81026' -1 24 

30 -1 22 

32 -1 27 

27 -1 24 
29 -1 2 
2g -1 25 

81031' -1 27 

;t 1; :: 
810f$' -1 30 

l% 1: ;: 

35 -1 29 
-1 30 

38 -1 31 

81041' -1 32 

45 -1 35 

f s  
48 -1 36 

-1 37 

81051' -1 38 

810;:' 

2 -1 38 

52 A 39 

55 -1 41 
810%' -1 41 

57 -1 42 
59 -1 42 
59 -1 43 

82000 -1 43 

22!8647 
57.4950 
32.1252 
06.7555 
41.3657 
lh.01-9 
50.6422 
25.2764 
3: ;B3 
$. l;;$ 

18: 6277 
53.0579 
27.6682 
02.31& 
36.9487 
11.5789 
46.2091 
20.8394 
55.4696 
30.0999 
04.7301 
39.3604 
13.9906 
48.6209 
23.2511 
57.881k 
32.5116 
07.1419 

2: E$ 
51.0326 
25.6628 
00.2931 
34.9233 
09.5536 
44.1836 
18. a 4 1  
53. w3 

LOW. e 
82001~ -lo44* 

02 -1 45 

05 -1 46 
:I? 2 $5 

82006' -1 47 
07 -1 47 
06 -1 48 
09 -1 49 
10 -1 49 

82011' -1 50 
12 -1 50 

15 -1 52 
82016' -1 53 

.:t 1: 8 

18 -1 5;: 

3 2 ;77 

17 -1 5 
19 -1 54 
20 -1 55 

82021' -1 56 
22 -1 56 

25 -1 56 
82026' -1 58 

27 -1 59 
28 -2 00 
29 -2 00 
30 -2 01 

820319 -2 01 
32 -2 02 

ft $ E 2  
35 -2 OI: 

82036' -2 04 
37 -205 

28?0746 
02.1048 
37.333 
11.9653 
46.5955 

;;: 2% 
30.463 
05.1165 
39.7468 
14.3770 
49.0073 
23.6375 
5s. 2678 
32.6980 
07.5283 
42.1585 
16. a7 
5l .bW 
26.0492 
00.6795 

19.2005 
53.8307 
28.4610 
03.092 
37.7a5 
12 3517 

21.6122 
5 6 . 6 6  
30. 8727 
05.5029 
40.1332 
14.7634 

5%. 6&2 
:Z:g3J 

-2 11 

49 -2 12  
8 -2 11 

- _-  
56 -2 12 

&?os '  -2 13 
52 -2 1 

3 -2 15 
55 -2 15 

820561 -2 16 

-2 12 

="9 1; '177 

3 

57 -2 16 

8pOo -2 18 

830011 -2 19 
02 -2 19 

05 -e P 

83011' -2 24 

830161 -2 27 
17 -2 28 
18 -2 28 
19  -2 29 

-2 30 

33?2@& 
:$%J 
17.175r 
9.8054 

26.4356 
01.06 9 
35.6921 
10.3264 
44.9566 

3: 23 
28.847Lc 
03.4776 
36.1079 
12.7381 
47.3683 
21.9986 
$: 2% 
t5.129 a: L o 3  

05.8893 
40.5196 

59.0406 
33: 6708 
08.3011 
42.9313 
17.5616 
52.1918 
26.8220 
01.4523 
36.0825 
10.7128 
45.3430 
19.9733 
54.6035 

03.8640 
29.2338 

FIGWE l2.-Lambert projection tables for North Carolina-Continued. 
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IgllBERT PROJECTIOBt FOR NORTA OAROLINA 

TBBtE I1 (Cont'd) 

luof Long. = OP57717077 of 9 

38!4943 
13.1245 
47.7548 
22.3850 
57.0152 

%$?7 
40.9060 
15.5362. 
50.1665 

08.6875 
43.3177 
17.94gO 
52.5782 
27.2084 
01. 8387 
36.4689 

G:% 
20.3 597 
54.9899 
29.6202 
04.25ok 
38.8gO7 
13.5109 
M. 1412 
22.7714 
57.4016 
32.0319 
06.6621 
41.2924 
15.9226 

Long. e Long. e 

14001' -2 5 43.7041 
02 -2 52- 18.33'@ 

05 -2 5 02.2251 

o -2 5'c 52.9646 
02 -2 

52 
27.594s 

W06' -2 56 36.8553 
-2 57 11.4856 zi -2 57 46 11 8 
-2 58 20:7dl !8 -2 58 55.3763 

W o i i l  -2 59 30.0066 
12 -3 00 04.6368 
;{ -3 00 39.2671 
15 -3 01 48.5276 

-3 01 13.8973 

A0161 -3 02 23.1578 
-3 02 57. dB0 

32.bl83 2 1; % 07.0485 
20 -3 dc 41.6788 

50.9393 If zz 25.5695 
22 

$2 -3 07 00.1998 

84021' -3 05 16.3090 

25 -3 07 34.8300 
840269 -3 08 o 4603 

-3 08 d:0905 

29 -3 09 53.390 
3Q -3 10 27.9812 
$2 -3 09 18.7208 

FIGWE l2.-Lambert projection tables for North Carolina-Contmued. 



MANTJAL OF PLANE-COORDINATE COMPUTATION 

b 

Plane coordinates on Lambert projection 

StateNorth Caroline Station Allenby 
b =  3 3 3  i 16.065 1 =, 79" 09 39-910 

Tabular difference of R for 1" of 0 - 101.09917 
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Wane coordinates on Lambert pmjection 

StateNorth Carolina Station Sanford 
6 3 5 O  2 1  05.797 1 - 79" Id 25,744 

Tabular difference of R for 1" of 6 - 101.09767 

x = 2.000,000.00+ R sin 0. 

y = y' + 2R sin2 8 
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 

R. y', and 0 are given In special tables 
(see log tables) 

FIQWE l3.4omputation of coordinates for North Carolina-Continued. 
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Plane coordinates on Lambert projection 

S t a t e N O d h  C W O l l ~  Station C S r g  
6 -  35’ 46 $7.345 1- 7d 46 53.441 

Tabular difference of R for 1’’ of 0 - 101.10667 

73’3.943.11 
+ 5,7 97.96 

7’39.78.07 
+ 71.32 

739,812.39 

0 O 03 46.9a94 

- 9.69897000--10 - 
0.0011004g 

35.66 
32402.4 

x = 2,000.000.00+ R sin e 
y - y‘ + ZR sin2 9 
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 

R, y’, and 0 are given in special tables 
(see log tables) 

FIGWE 13.-Computstion of coordinates for North Csrolina-Continued. 
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x 0 2,000,000.00+ R sin 8 
y = y' + 2R sinz 8 
y'- the value of y on the central meridian for the latitude of the statim 
S O  log of ratio for reducing arc expressed in seconds to sine 

R. y', and 0 are given in special tables 
(see log tables) 

FIGWEE 13.-Computation of coordinates for North Carolina-Continued. 
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Computation of Grid Azimuthe 

8351163 
2:&j03846 

log b x 
1.08 A 3 
log tan grid a?.. = 9.iao47317-io 

Grid  az.Allenby to Sanford = 8' 36' 57.54' 

. .  
kJ79.30 

1% A SI P $28649913 
log A X  = .62509937 
log O O t a n .  grid 82. 6.66139976 40 

Grid az. C a r y  to Weigh 3 272' 37' 3 l.94' 

E: $e:. grid az. 
0 

E 

l o g  grid length ln  it. = 

log in meters it 

Soale  oorreotlon E 

log approx.geodetio 
length l n  meters = 

log A x . - 
log coeeo.gr1d az. s 

log grid length l n  f t . t  

log grid length In m. a 
l o a l e  correction 3 

log approx. geodetfo 
length ln metere - 

47 

619'318.66 
6W:613.88 
-25,295.22 

4.w 038M 
0.00292904 

3.89198333 
+515 

3. 89203b.S 

9 
737,878.20 
739,812.39 - 1,934.19 
ai6256994 
0..0004561 

::;3%2z 
4.109574 

+369 

4.1096082 
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, Gary-Raleigh, a discrepancy 
of -3U6 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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Cor- 
wtion 

for 
:losure 

Qrjd 
azi- 

muths 
adjusted 

for 
closure 

-I- 

._.__._..-..__- 

21.9 
21.9 
49.9 
11.6 
11.8 
29.3 
41.1 
41.1 
08.6 
49.7 
49.7 
28.1 
17.8 
17.8 
04.1 
21.9 
21.9 
40.8 
02.7 
02.7 
30.3 
33.0 
33.0 
49.5 
22.5 
22.5 
24.8 
47.3 
47.3 
27.6 
15. 1 
15. 1 
13.5 
28.6 
28.6 
13.5 
42. 1 
42. 1 
52.4 
34.5 
34.5 
57. 4 
31.9 

The sign of the functions to be used in the computation of the grid 
coordinates is determined by reckoning the grid azimuths from t h e  
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 to'remember 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 rogress. Eastward 

cosine positive and vice versa. This procedure will make it easy for 
anyone to be sure about the sign of the functions. 

progress makes the sine positive and northwar B progress makes the 
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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 logarithm. This means that the corre- 
sponding numerical value is negative and that the resulting Ax or Ay 
is to have the minus sign. Those values not so labeled are all to have 
t,he lus  sign. Great care should be taken with this step, for an error 
ma c f  e here will throw the whole computation off, and much correction 
will have t,o be made. With the list of sines end 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. It is sufficiently accurate to take a mean of the y values and 
interpolate in the table of y‘ 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 a z i m u t h  when reclwned f rom north 

44. 73112585 
-0.01350505 
So. 46311987 
+O. 52947886 
44.2721126873 1 

Oosines Geodetic 
sines 1 I length 

Fed 
44. 68224262 16,676.7 
44.89990880 3,840.0 
44.88629565 4,279.5 
44. W 2 3 1 4  5,219.0 
44.96250365 2,427.8 

L I -  
+O. 41816438 
+0.64804294 
4-0.76973453 
+O. 86982735 
+0.07937882 

Fed Fed 
7,941.7 7.940.93 
1,426.8 1,426.66 
4,487.4 4,486.97 
3,440.6 3,440.27 
3,018.6 3,018.32 

44.322U7W I 
+O. 95997168 
44. 94089325 
44. 73845403 
44.93145575 

I I  

#.8529O% 10,798.4 
44.28009710 4,460.9 
-0.33870325 1,121.9 
-0.67430382 1,887.9 
-0.36385462 5,094.2 

IO, 797.23 
4.460.42 
1,121.78 
1,887.70 
5,093.65 

44. 39347442 +o. 78522287 

44. 92413499 
44.44342712 
44. 44099553 
+O. 73640220 
+O. 93691391 

Geodetic Grid I length I length 

44.38206613 
44. 89631043 
+O. 89750930 
44. 67654401 
+o. 34956019 

1 ,6089  1,60875 
4,236.8 4,236.41 
8,478.3 8,477.53 
2,693; 2 2,692.96 
5,832 9 5,832.39 

The lengths in feet as given by the previous adjustment were taken 
as the exact length. The values are found in Special Publication No. 
101-Precise Triangulation, Traverse, and Leveling in North Caro- 
lina. The angles resulting from the azimutbs 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. Accordin ly, to work as accurately as possible, the 
scale correction was appted 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 y’s is 650,302. From the table 
it is 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 
ad’ustment. It may be objected that a t  h t  we have the y value for 

fkt and a more accurate value can be determined after the y 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 
y ’ 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 
since 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 A x ’ 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 rid length is found by 

4.2221 101 
- 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 thereverse; 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 Menby the Ax and the 
A y  of Allenby to Osgood are found by multiplyin this grid length of 

o ni y one end of a h e  but a preliminary ratio value can be used a t  

adding this quantity algebraically to the last p K aces of the log above. 

16,674.78 by the sine and the cosine of the azimut % given in the table. 
Ax= 16,674.78X0.73112585= 12,191.36 
A y =  16,674.78 X 0.68224262= 11,376.25 

This result is tfo he 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 x and y of Allenby give the preliminary 
x and y of Osgood. These results are now tabulated to show the 
further procedure. 
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Computation and adjustment of the coordinates 

z coordinate v coordinate 

Station 
Uncor- 
rected Uncorrected 

Feet 

-0.42 

-. 52 

-. 63 
-. 76 

-. 82 
-1.09 

-1.21 

-1.24 

-1.28 

-1.41 

-1.56 

-1.65 

-1.69 

-1.97 

-2.66 

-2. 86 

-2 90 

-3.01 

-3.10 

-3.17 

-3.21 

-3.32 

-3.54 

-3. M) 

Feet 

7.79 

5.84 

7.43 

.34 

8.79 

5.44 

7.20 

2.65 

6.59 

.97 

2.81 

4.69 

2.32 

6.89 

3.47 

6.58 

5.51 

49.72 

46.91 

5.64 

2 30 

0. 73 

59.06 

2. 10 

Feet 

+o. 20 

+. 24 
+. 29 

+. 36 
+. 39 
+. 51 
+. 57 
+. 58 
+. 60 
+. 66 
+. 73 
+. 78 
+. 79 
+. 93 

+l. 25 

+l. 34 

4-1.36 

4-1.41 

+l. 45 

+l. 49 

4-1.51 

+1.56 

+l. 66 

+l. 69 

Feet 

0.33 

.MI 

2 11 

9.09 

.63 

.73 

4. 14 

4.20 

1.34 

8.06 

2. 15 

.99 

a m  

1.73 

3.42 

4.12 

5.82 

9.65 

2 13 

1. 76 

6.43 

3.62 

2.38 

L 31 

Fee4 
644,613.88 
Ill, 376.25 

655,990.13 
+3,839.21 

Feet 
1,952,066.85 
+12,191.36 

1,964,258.21 
-51.85 

Allenby (fixed by triangulation)---- 

Osgood _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Davis _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Gibbons. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Esprey _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  
Farley. - - _ _ _ _  _ _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 
Dro _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Moncure _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Dri- _ _ _ _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . .  
Dre _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _  
Dra _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Doz _ _ _ _ _ _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . . . .  

Doy ._______________________________ 

Dox _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dow _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  ________._____. 

Dov _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _  _ _  
Dot ______________._________________ 

Dos _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Dor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Dop _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Don _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Baldwin _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

659,829.34 
+3,792.48 

1,964,206.36 
+1,981.70 

1,966,188.06 
+2,763.04 

663,621.82 
+4,426.91 

668,048.73 
4-2.336.51 

1,968,951.10 
+658. 51 

1,969,609.61 
i-5.636.92 

670,385.24 
+9,208.9S 

679,594.22 
+1,249.35 

680,843.57 
-379.95 

1,975,248.53 
+4,281.88 

1,979,528.41 
+1,055.48 

1,980,583.89 
+1,393.98 

1,981,977.87 
+4,744.51 

680,463.62 
-1,272.88 

679,190.74 
-1,853.35 

1,986,72238 
+4,431.99 

677,337.39 
+3,884.03 

681,221.42 
+3,292.79 

684,514.21 
+1,037.20 

1,991,154.37 
+1,391.97 

1,992,546.34 
+1,047.67 

1,993,594.01 
+9.214.85 

685,551.41 
+6,109.39 

691,660.80 
t14.901.37 

706,562.17 
+3,320.61 

2,002,808.86 
+22,777.27 

2,025,586.13 
+7,213.31 

709,882.78 
+921.68 

2,032,799.44 
+1,088.97 

2,033,888.41 
+2,864.32 

710,804.46 
+3.453.78 

714,258.24 
$2.992.44 

2,036,752.73 
+1,697.28 

717,250.68 
+239.59 

2,038,450.01 
+3,008.80 

2,041,458.81 
+1,486.70 

717,490.27 
+a14 65 

718,104 92 
+3,797.14 

2,042,945.51 
+1,878.54 

2,044,824.05 
+3,738.55 

Apex _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Dom-. _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

721,902.06 

729,510.72 
$1,821.81 

+7,608.66 

2, 048,562. Bo 
+l,Qs3.10 

731,332.63 
$2,038.77 

2,050,515.70 
+5,464.45 
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Computation and adjustment of the coordinatesContinued 

z coordinate g coordinate - 
orrectec 
!ClOSurt 

Correo 
;ion for 
closure 

Feet 
-3.75 

-3.78 

-3.95 

-4.00 

- 

-4.05 

-4.11 

uncor- 
rected 

Ststion 
Uncorrected 

Feet 
06.40 

4.14 

3.69 

0.02 

098.13 

4.49 

Feet 
733,371.40 
+689.95 

Feet 
+l. 76 

+l. 78 

+l. 85 

$1.88 

+l. 90 

+l. 93 

- 

Feet 
2,056,010. 15 

+927.77 

Feet 
3. 16 

3. 13 

3.88 

6. 44 

9.31 

2.39 

2,056,937.92 
4-2.559.72 

734,061.35 
$5,980.68 

2,059,497. 64 
+1,626.38 

740,042.03 
+I. 282.53 . .  

741,324.56 
+202.85 

2,061,124.02 
+1,978.16 

2,063,102.18 
+1.706.42 

741,527.41 
-1,716.95 

739,810.46 
739,812.39 

-1.93 

2,064.808.60 
2,064,801.49 

+4.11 

The x-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 
Station lated 

length 
Station 

A ~ u m u -  
lated 

length 

4ccumu- 
lated 

length 
Station 

~ 

Osgood _____.. .. . _ _  _ _ _  - 
Davis _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Gibbons. __.-__-______ 

Esprey _ _ _ _ _ _ _  _ _ _ _ _ _ _  .. 
Farley- _ _ _ _ _ _ _ _ _ _  _ _ _  _ _  
Dro _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Moncure.-- _ _  ________. 

Dri. ____-----  -- - _ _  - __. 

Dre _ _ _ _ _ _ _  _ _ _  _ _  - _.___. 

Dra _ _ _ _ _ _  - - _ _  - _ _  - _ _  -. . 
Doz ______.___________. 

Feet 
16,676. 7 
3,840.0 

Feet 
61,700.0 
3,575. 3 

Baldwin ____.._._______ 126,952.4 I 4,236.8 Feet 
Doz _ _ _ _ _ _ _  _ _ _ _  .___ _ _ _  - 
Doy ___________.___... 

Dox ___..______________ 

Dow ._______ _ _  _ _  _ _  - __. 

Dov _________________. 

Dot _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dos _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _  
Dor 

Dop 

Don 

Baldwin. ._______.... 

~ 

20,516.7 
4, 279. 5 

24, 796.2 
5,219.0 

Apex _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  131,189.2 
8,478.3 

Dom _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  139,667.5 l- 2,693. 2 

65,275. 3 
1,474.4 

66, 749.7 
11,057:3 

77,807.0 
27.221.4 

Dol ___________________. 142 360 7 I 5: 832:9 30,015.2 

32, 443. 0 

2,427. 8 

10,798.4 
Dok . . . . . . . . . . . . . . . . . . . .  148,193.6 I- 1,156.3 

105,028.4 
7,941.7 

112,970.1 
1,426.8 

43,241.4 
4.460.9 

Dei.- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  149,349.9 I 6,506.0 
I- 

Doh . . . . . . . . . . . . . . . . . . . .  1155.855.9 
2, Oil. 4 

Dog ________.___________ 157,927.3 l- 1,988.7 

114,396.9 
4,487.4 

118, W. 3 
3,440. 6 

47, 702. 3 
1,121. 9 

48,824.2 
1,687.9 

50,712. 1 
5.094.2 

122,324.9 
3,018. 6 

Dof . . . . . . . . . . . . . . . . . . . .  159,916.0 I 2,420.9 
~~ 

55,806. 3 
5,893. 7 

61,700.0 

125,343.5 
1,608.9 

126,952.4 
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Sanford _ _ _ _ _  _ _ _ _ _ _ _  
Allenby _ _ _ _ _ _ _ _ _  _ _  - 
Osgood-- _ _  _ _ _ _ _  _ _ _  
Davis- _ _ _ _ _ _ _ _ _ _ _ _ _  
Gibbons- _ _ _ _ _ _ _ _ _ _  
Esprey- - - - _ _ _ _ _ _ _ _  
Farley- _ _ _ _ _ _ _ _ _ _ _ _  
Dox. - _ _ _  _ _ _ _ _ _ _ _ _ _  
Daw _ _ _ _ _ _  _ _ _ _  _ _ _  _ _  
Dov- - _ _ _ _ _ _ _ _ _ _ _ _  - 
Dot _ _ _ _ _ _  _ _ _ _ _  _ _ _  _ _  

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 

Coordinates 
z and y 

Fed 
', w, 234. O9 { 619,318.66 

'* 952, 06'. 85 { 644,613.88 

', sf% 257. 79 { 655,990.33 

' 8  205. 84 { 659,829.58 

1*966, 187. { 663,62211 

968, 34 

9699 608. 7g { 670,385.63 

1p 993, 592. 32 { 685,552.20 

2 Oo2, 806. 89 { 691,661.73 

0259 583. 47 { 706,563.42 

21 03% 796. 58 { 709,884.12 

{ 668,049.09 

Dos _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _  
Dor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dop- ~ ~ _ _ _ _ _ _ _ _ _ _ _ _  
Don-- - _ _ _ _ _ _ _  ~ 

Baldwin _____._____ 

Apex- - - - - _ _ _ _ _  _ _  _ _  
Dro--. - _ _ _ _  .. _ _ _  
I\Ioncure ___.__ ____. 

DrL- _ _ _ _ _ _ _ _  _ _  _ _  _ _  
Dre--. _ _ _  _ _  ..___ - _ _  
Dra _ _ _ _  - _.. .. _ _ _ _  _ _  

Coordinates 
xand y 

Fee6 
2t 885. 51 { 710,805.82 

29 03', 749. 72 { 714,259.65 

2.038* 446. 91 { 717,252.13 

29 04'. 455. 64 { 717,491.76 

2p042*942. 30 { 718,106.43 

29 044, 8M. 73 { 721,903.62 

'7 975, 245. 44 { 679,594.73 

'* 979, 5 ~ 7 .  2o { 680,844.14 

9809 65 { 680,464.20 

', 981, 976. 59 { 679,191.34 

986, 720. 97 { 677,338.05 

station 

DOL _ _ _  _ _ _ _ _ _ _ _ _  _ _  
Day- - - _ _ _ _ _ _ _ _ _ _ _  - 
Dam _ _ _ _  _ _ _  - - _ _  ___. 

Dol _ _ _ _ _ _  _ _  _ _  _ _ _ _  _ _  
Dok. - - _ _ _ _ _  _ _ _ _ _ _ _  
Doi _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Doh- _ _ _ _ _ _  _ _ _ _  _ _  
Dog- - - - - _ _ _ _ _ _ _ _ _  - 
Dof _ _ _ _  - _ _ _  _ _ _ _ _ _ _ _  
Gary.-- _ _  _ _ _ _  _ _ _ _  ._ 

Raleigh _ _ _ _ _ _ _  - - _ _ _  

COMPUTATION OF ADJUSTED GRID AZIMUTH 

The preceding tsble 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 
given in the table. We will take as an example the line Dow to 
Dov. 

Azimuth computation 

Dov_____-______________________________ 2,025,583.47 706, 563. 42 
Dow _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2,002,806. 89 691,661.73 

+14, 901. 69 

z (Fed) u (Fee0 

+22, 776. 58 

log A2 = 4. 35748851 
1% AY = 4. 17323553 

log tan grid azimuth = 0. 18425298 

Coordinates, 
I and u 

Fed 
'* 81 { 681,22216 

', 992, 544. " { E54.514.99 

2, 048, 559. O6 { 729,512.38 

2, 050* 542. lo { 731,334.32 

29 0569 OO6. 40 { 733,373.16 

2, 056,934. l4 { 734,063.13 

2, 05', 493. 69 { 740,043.88 

29 06', O2 { 741,326.44 

2, 098. l3 { 741,529.31 

2, OM, 804. 49 { 739,812.39 

2p lo6, 983. 7g { 737,878.20 
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Grid azimuth reckoned from north _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 56' 48' 18'!30 
Grid azimuth reckoned from south _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  =236O 48' 18!30 

log Ax = 4.35748851 
log cosec grid azimuth= 0. 07737164 

U. S. COAST AND GEODETIC SURVEY 

~~ 

log grid length = 4. 43486015 

1% AY = 4. 17323553 
log sec grid azimuth = 0. 26162462 

log grid length = 4. 43486015 

COMPUTATION OF GEOGRAPHIC POSITIONS FROM COORDINATES 

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

Hence 

y' = R330451- R 
y =R33,,5r-R+2Rsin2 - 2 

e 

= R3aO45t- R+  R( l  -COS e) 

=R33045r-R COS e '  
R COS e=R33045.-~ 
R sin e=~-2,000,000 

x - 2,000,000 
R33.4, - y 

tan e= 

R33045~=30, 183,6 11 2 5  
For station Dov 

tan e= 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 

log tan 0=6.93847547-10 
T~4.68557498-  10 

log e=2.25290049 (0 in seconds) 

log Ak=2.49159616 (Ak in seconds) 

colog 1=0.23869567 

Ak=310?1674 
Hence the longitude is 5'10!/1674 east of the seventy-ninth 

meridian. 
79°00'00!'0000 

-5 10.1674 

Longitude of station Dov =78O54/49!8326 
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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 R and from that 2 R s i i 2 ~  and subtract this value from y. 
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 2Rsin2s. 

e 

e 

log e =2.25290049 (0 in seconds) 
colog 2 =9.69897000-10 

=l. 95187049 e 
log 3 
s =4.68557485-10 

=6.63744534-10 e log sin - 2 

=3.27489068-10 e log sin2 - 2 
e =2' 59Y 02 
log 29,477,047.83 =7. 46948398 
log sec e =O. 00000016 

log R =7.46948414 
log 2 =O. 30103000 

=3.27489068-10 e log sin2 - 2 

log (2R sin2$) =l.  04540482 

11.10 2R sin2 5 
Y =706,563.42 

- - e 

11.10 

Y' =706,552.32 
y' for 35'41' =703,611.62 

2, 940. 70 

- - e 2R sin2 3 

2, 940' 70 =29yO859 
101. 10383 Seconds of C#I = 

4 of D0~=35'41'29UO859 
X of D0v=78 54 49.8326 

Now we will make a similar computation for station Dow. 
- 2,002,806.89 - 2,000,000 - 

30, 183,611.25-691,661.73 tan 0 

- 2, 806. 89 - 
29,491,949.52 
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log 2,806.89 =3.44822539 
log 29,491,949.52 =7.46970349 

log tan e =5.97852190-10 
T =4.68557487- 10 

log e =l. 29294703 (e h seconds) 
colog 1 =O.  23869567 

log Ah 
e 
Ah 

=l. 53164270 (Ax in seconds) 
= 19Y63 
= 34~oi28 
79'00' OO!OOOO 

-34.0128 

x of Dow 
log e 

=78 59 25.9872 

=l. 29294703 (6 in seconds) 
d o g  2 =9.69897000- 10 

e 
1% 3 =O.  99191703 (6 in seconds) 
S =4.68557487-10 

=5.67749190-10 

=1.35498380-10 

e log sin- 
e log sin2 - 

log sec 0 =o. 00000000 

2 

2 
log 29,49 1,949.52 = 7.46970349 

log R =7.46970349 
log 2 =O.  30103000 

=1.35498380-10 e log sin2- 2 

log@ sin2:) =9.12571729-10 

0. 13 6 2R sin2 2 
Y =691,661.73 

0. 13 2R sin2 3 

Y' =691,661.60 
y' for 35O39' =691,479.23 

- - 

- - e 

~~ 

182.37 

lS2* 37 -01Y8038 101.10300- Seconds of I$ = 

I$ of Dow =35°39'01!8038 
X of Dow =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 ositions and make an inverse-position 
computation. Then we sha IY show that practically the same values 
could have been obtained from the grid azimuth and distance. In 
order to make the computations of the same degree of accuracy, the 

DLTARrMlDm oFcouwaasa 
U . b W l W C W D K n C I I I P M I  plmneee 

8w.apD LDtI 
IMrERSE POSITION COMPUTATION 

m tdn (a++)-"+ 

* co. c o 4  

e. 
llto $++F(M~ 

hnwblablog &-log @'-A)-oonsctionforatoein*; logA+l-log ( 4 ' - 4 ) * ~ 0 n K a a m t o s l n . ;  8UdL%S-M& 

cmredfon for rum b sfno. 

N A ~ ~ B  w slmon 

Nm-Forlogsopb4.62andfor  A4 or M (or both) UP to 10'. trmr, *e ~Vlhaereeptthoso 
printed (In ahob orb part) b heavy t~ps or thas undasWred, il Usins logaritbmstO6 dedmal 

FIGURE ll.-Inverse position computation, North Carolina. 

ositions have been computed to four places of decimals. 

the fourth place to hundredths. Hence to obtain a complete check 
it is necessary to make use of the fourth decimal in the position 

geodeticB The thir place in position corresponds roughly to tenths of feet and 
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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 = O .  5159842 

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. 

Grid azimuth Dow-Dov =236 48 18.30 + 19.64 8 a tDow - 

Approximate geodetic azimuth =236 48 37.94 

To this we must add algebraically a correction computed by the 
formula: 

o t  'I 

- 

Cor.= -2p02 xz - x1 1" (Y1-Yo++) Y2-Y 

%-XI =22,776.58=A~ 
log Ax=4.357489 
yo =546,552 (a constant) 
y1 =691,662 
yL-yo= 145,110 
YZ-YI- - 4,967 3 

150,077 
log 150,077=5.176314 

) =0.3730186-10 (a constant) 

4.357489 
5.176314 
0.373019-10 

log correction=9.906812?~- 10 
wullectim = 

Approximate geodetic azimuth =236' 48' 37'!94 
- 0.81 Correction - 

Geodetic azimuth resulting from grid computation=236 48 37. 13 

Tbis value differs on1.y 0!09 from that obtained from the inverse 
computation. The formula for this correction is an approximate one 

--o. 81 rL- 

- 
- 
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so the check is probably as close as could be expected. It is certainly 
sf ic ient  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 difEcult. 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 ajatio is used, the grid length must be divided b 
it to give the geodetlc length. With the log correction the same res& 
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 mean 
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. It is 
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 int,erval. 

Computation of mean scale factor, Lambert grid 

Interval 

0 . 4  (31.'1 to  31.'5) 
1 .0  (31!5 to 32!5) 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
0.7 (4415 to 4 5 . 3  

14. 1 

kale factor (7th decimal 
place of logs) 

-46.8 (-117.1XO.4) 
-105.6 
-93.7 
-81.4 -ea. 7 

-55.7 
-42.3 
-%. 6 
-14.5 

0.0 

+le 9 
4-30.1 
$45.7 
+61.6 
+W 5 ($77.9X0.7) 

-330.5 
~ 

M W ~  vdue=-330.5s -23.4 
14.1 

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, they values can be used as If 
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they were y’ 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 a t  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  x’= 
+46,500 to the nearest 500 feet approximation, and ending at 
s’=--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. 

Computation of mean scale factor, transverse Mercator grid 

Interval 

0.8 (46,500 to 42,500) 
1.0 
1. 0 
1.0 
1.0 

1.0 
1. 0 
1.0 
1. 0 
1.0 

1.0 
1.0 
1.0 
0.7 (-17.5M) to -21,OOO) 

13.5 
- 

Scale factor 
(7th decimal place of logs) 

-339.4 (-424.2XO.8) 
-426.3 
-428.2 
-429.2 
-431.2 

-432.3 
-433.2 
-423.8 
-434.2 
-434 3 (Central meridian) 

-434.2 
-433.8 
-433.2 
-302 6 (-432.3XO.7) 

-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 suflicient 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 stationsfixed 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, 

Hence 

G - X 1  tan a=- 
Y2-Y1 

(Yz-YJ (&-hi) - (G-4 (dyz-dyi) 
da - (Y2-Y1)2 

1 + p y  
Y2-Yt 

- - (yz-yi) (&-hi) - (%-xi) (dyz-dyl) 
(Y2--YJ2+ 

If s denotes the length of the line, we have 

s2= (&?*--dZ+ (Yz--Yd2 
--21=s sln a 
yz-y1=s cos a 

Substituting these values, we get 

cos a 
S 

da= - (&2-h1) -s+ (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 

cos a sin a Aa(in seconds) =- sin I/ (b- hi) -sm &/a- AYi) 

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 denoting the vertices by letters as shown in 
figure 16. 

C R 8 
FIGUBB 16.--Triangle illustratkg formation of eqoatian 

933240--5 
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Let B be the angle under consideration; then the direction BA with 
the azimuth a will have the correction A a .  

Similarly the direction BC with the azimuth a' will have the correc 
tion Aa' 

Now the angle B is equal to a-a' 
Azimuth of 

Azimuth of 

By subtracting from this the observed value of L 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 (I) p - - 

c 'LhB Mavaton 

Bull Pond 
FIGURE 17.-Triangle illustrating formation of equation. 

azimuth. Another method of handling the problem is to add the 
sf?~~?e value t~r 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 thisband the h a 1  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- 
to each of the functions to what they would be when taken 

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 
tern 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 xl, y1 with the variations 
Axl and Ayl. Now label the triangle ABC in a clockwise direction 
with B a t  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 105O+. 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. 

direct site sY y from the table. This is an easier way to handle the matter 

Corrected a’s: 
0 I I t  

Mavaton to  Saunders _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  105 10 01. 6 
Mavaton to  Bull Pond _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  86 25 35. 3 

LBull Pond-Saunders _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _  18 44 26. 3 
O b s e r v e d L _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ ~ _ _ ~ ~ ~ ~ _  18 44 26.1 

+ 0.2 

The coefficients computed for the line BA4 are +1.54 and -5.69 as 
given on page 87. From the figure we see that this applies to the A 
vertrex. 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 AxA is plus the computed value while 
that of AyA is minus the computed value. Accordingly, the equa- 
t.ion becomes 

01 = + 0.2 + 1.54&1+ 5.69Ayl. 

As a further illustration we will take the case of an angle that bas 
two variable stations. 

Mavaton 

FIGUBE 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 
considerat.ion. 
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Corrected a’s: 
0 I n  

Mavaton to Cannon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  164 55 33.3 
Mavaton to  Newsome _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _  129 31 31.1 

LNewsome-Cannon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  35 24 02.2 
ObservedL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ - - - - _ _ - _  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 

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

~ 3 =  -6.4 + 5 . 5 3 ~ + 1 . 4 9 A y ~ - 2 . 7 1 A ~ ~ - 3 . 2 8 A ~ ~ ~  

tt Mason 141 
h 

F I ~ U R E  19.-Triangle illustrating formation of equation. 

vertic,es variable. 
of the angle in question. 

Corrected a’s : 

We letter the angle ABC with B at the vertex 

0 I f f  

Cannon to Mason _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  121 52 38 9 
Cannon to Newsome _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  82 05 26.7 

LNewsome-Mason _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  39 47 12.2 
Observed L_---__--_----_-_---_-----__--_-___ 39 47 12.3 

-0. 1 
The computed coefficients for B A  are $3.52 and -5.67 and for BO 
they are -1.00 and -7.21 as given on page 88. It is convenient in 
practice to arrange the general equation m the following form: 

+&A - Ay A -&C +&C 
-&E + AyB +&E -AYE 

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 
coefiicients makes it poasi:lb!e ta write daw= the eqcation for any mgl~, .  
Arranged that way in this instance we should have 

+3.52 -5.67 -1.00 -7.21 
+&A --?/A --Ilzc + AYC + AYe + k B  -Ayn 

Hence we get, since B=2, C=3, and A=4,  
~~~~O.l~4.52~+1.54A~~+l.OOA~~-7.2lA~~+3.52A~~+5.67A~~ 
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This should be sufEcient description of the method of formation of 
the equations for the v’s. The formation and solution of the normal 
equations and the computation of the final v’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 fhished 
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, i f  all of the equations for the v’s in a given 
closed triangle are added, the constant terms should add u to the 
closure of the triangle and the total sum of the coefficients s fl ould 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. 
V3= -6.4+5.53A~2+1.49Ay2-2.71A~~-3.28Ay3 
V6= +4.1- 1.46Afi-4.00Ay~ 
= - 1.3 -4.22&1+ 4.02Ayi+ O.15Ag- 1.5 1 Ayz 

vS= $0.4+4.22A~1-4.02A~~-3.22Afi-3.19Ay2- 1 .0OAs3+7 .21A.p3 
Vi,= +O.l-l.OOAfi+7.21Ay~+3.71~~-3.93Ay3 
-6.4+4.1-1.3+0.4+0.1= -3.1, the value needed to close the 
triangle which is the correct result. 

PARKER 

WINTON 

- 
BULL POND NATON 

RGUBE ZO.--Second-order arc of triangulation. 
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Adding the plus coefficients, we get 

and for the negative coefficients, we get 

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. 

+5.53+1.49+4.02+0.15+4.22+7.21+7.21+3.71= +33.54, 

-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 

Plane coordinates on Lambert projection 

State North C O O l i n a S t a t i o n  Mavaton 
6 36" 10'25'119g 1 = 76" 3g'37:560 

Tabular difference of R for 1" of @ - 101*12233 
.R ( for man. of @ ) 

-Cor. for sec. of @ 

y' ( for min. of 0 ) 

~ ~~~~ 

x - 2,000,000.00 + R sin e 
y = y' + 2 R  sinz 8 
y'- the value of y on the central rneridiati for the latitude of the station 

S = log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 

(see log tables) 

FIQURE 21.- Comg;ltation of wordinates, North Carolina. 
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, Plane coordinates on Lambert projection 

StateNorth Carolina Station Bull Pond 
6 = 36  10 1g.766 1 7d 45' Od.551 

Tabular difference of R for 1" of 6 - lO1.12233 

-Cor. for sec. of 

x = 2,000,000.00 + R stn e 
y = y' + 2R sin2 f 
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 

R, y'. and 8 are given in special tables 
(see log tables) 

Mavaton-Bull Pond 

2,663,402. 2 
2 s 695,423 20 

890,34a 
546 # 552 

-32,020. dg -2,000.14 343,796 - 667 

i n  
G r i d d  86' 25 32.67 + .1 . 21- 38.41 
G e o d d  87 47 11.08 

0.4139 n 

+' 81' 351182 
f 2.59 

+ 1 21 38.41 
Imputation of Coordinates, North Carolina-Continued. 
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Plane coordinates on Lambert projection 

Sbte North CWOlinaStatjon Qateeville 
@ = ?6"24'13:573 = 76" 44 3d.879 

Tabular difference of R for 1" of I? - 101.1338'3 

1 . ~  ( for min. of 6 )- 
-Cor. for sec. of I?- 

,e ( for min. of X )- 
- Cor. for sec of X - 

For machine 

-log 6' 
s for e 
.log sin sin L 

sin 6 

x - 2,000,000.00+ R sin e 
y - y' + 2R sin2 $ 
f- the value of y on the central meridian for the latitude of the station 
S 0 log of ratio for reducing arc expressed in seconds to sine 

R, y', and 0 are given in special tables 
(see log tables) 

Gateevilla-Parker 

2,625,165.11 
2,659,652.46 
- 34su7.35 

t: @@ 
0,40968731 

986,740,96 
973.314.16 

+ 13.,426.80 

431 9 237 

4.0522870 
Qrldd m0 16' 20f01 + io 17' 37:s 

+ 1 17 40.77 * 3.5.2 
Qecdd ~ 1 2  34 00.713 + 2 ,17 40.n 

00.9 
FIGWE 2l.-Computation 02 coordinates, North Carolina-Continued. 
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Plane coordinates on Lambert projection 

state North Carolinastation Winton 
6 36'23'51r367 1 - 76"55'49."m 

Tabular difference of R for 1" of 6 - 101.132g3 

! 

= 2,000.000.00 + R sin B 

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

, y', and 8 are given in special tables 
(see log tables) 

Wlnton-(lstesvllle 

2 659,652.46 973.314.16 
2 :609,139& 969,970.66 
t 50,513.01 + 3,343.30 

4.7034Q325 
0.00094918 

4.18g33616 
4.1883369. 

Orid& 266' 12' 47,71185 + 1 11 35.19 
Qeodd 267 211: 23.04 

23.11 
FIGWE Il.-Compntation of coordinates, North 

969,971 
5445.552 
423 41 

1 : J  
424,533 

i 5.06 

4 10 11' 40:s - 5.06 + 1 11 35.19 

Carolina-Continued. 
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Plane coordinates on Lambert projection 

stat- Station Parker 
4 =  36' 26 3%.802 1- 7 5; 29.094 

Tabular difference of R for 1" of 4 - 101*13676 

Cor. for sec. of 4 

.y' [ for min. of 4 
-Cor. for sec. of 0 

1 I I 
x - 2.000.000.00+ R sin 9 

y - y' + 2R sin* 8 
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 

R. y', and 9 are given in special tables 
Parker - Wlnton 

(see log tables) 

.6380887 z .2048159 n 

( -1.64 
+ 1 13 35.13s 

+ 1.64 
+ T  13 37.52 

FIGWEE 21.-Computation of coordinates, North Carolina-Continued. 
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Mavaton-Saunders __._..____._______ 

Saunders-Mavaton _______......._.. 

Saunders-Cannon ____._____________ 

71 

105 09 58.8 NewsomeMason _____.__________ 

285 09 58.8 Mason-Newsome-- ~ 

223 37 64.6 Mason-Cotton 

-61 32 04.2 

Fixed positions 

1 Plane coordinates 
Station I = 1 v  

Computation of azimuths 

Line 1 Azim;;; and ( 1  Line 

I 0 ' " I1 
Mavaton-Bull Pond _________._.__._ 86 25 32.7 Newsome-Cannon I +18 44 26.1 I 1  

43 37 54.6 - 1  +38 27 29.6 t I Masoc-Piland 
I I I  

Cannon-Newsome ___....___._____. I 82 05 24.2 1 1  

Azimuth and 
angle 

0 I ,I 

262 05 24.2 
-77 00 13.2 

185 05 11.0 

5 05 11.0 
+57 48 49.9 

62 64 W.9 
+60 59 21.5 

123 53 22.4 
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Lo sinaplus 
To, dist. 

U. S. COAST AND GEODETIC SURVEY 

Logcosaplus 
log dist. 

Computation of preliminary coordinates 
MAVATON-SAUNDERS 

I 9.9846040-10n 9.4176744-10 I 2,695,423.40 I 890,348.48 I 
4.5440915 I 4.5440915 -33,782.7!2 +9, 157.27 - -  _ _ _ _ _ _  I 4.628695571 13.9617659 I 2,661.640.61 I 899,505.75 I 

SAUNDERS-CANNON 

9.8696117-10 1 2,661,&.61 I 899,505.75 I 
+24.417.85 +25,612.76 

~~ 

NEWSOME-MASON 

r- I I I I 

4.3075877 4.3075877 

MASON-COTTON 

1 9.9494948-10n 9 6585275-10n 2,659,804.98 941,445.12 
4.0420496 I 4:M20496 I -9,W. 19 I -5,018.64 I -- -~ I 3.9915444~1 I 3.7005771~1 I 2,649;997.79 I 936,426.58 I 

MASON-PILAND 

1 2,659.804.98 I 941.445.12 
-15.460.13 +14384.69 I 

- I  ~ _ _ _  I 4.1892131n I 4.0163934 I 2,644,344.85 I 951 829.81 

Computations of final coordinates 

&YE:& Correction Station 

2,686,058.46 I 4-0.05 
925, m . 5 1  -0.37 

2,658.001.85 44.06 
921.220.79 -0.57 

2,659.W. 98 -0.11 
941,445.12 -1.05 

Adjusted 
coordinates 

2,661,640.70 

2,686,058 51 
$25, ?18.?C 

2658,OaLQl 
921.220.22 

2,859,804.87 
941,444.07 

2,649,897.80 
936,425.23 

899,505. ,30 
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Computation of Gr id .Azhuths  

Mavaton-Bull Pond 

2 663 402. 2 88S,3U8.$ Y1 e 890,348 
2 :695 : 423.20 890,348. yo = 546,552 

Ax., - - 32,020.88 A y  =* -2,000.14 yl-yo I 343,796 
AY - 667 - 
3 - 
sum = 343,129 
l o g  A x = . m n  

logAx 0 4.505433 n 
l o g d y  c 3.3010602 n 

log-tma I 1.2043729 log Bum = 3.535 
= 0.37340 - 6. = 86' 25' 32:7 + 216 = 35.3 

Mavaton-Saunders 
(Azimuth previously computed.) 

344,848 

Mavaton-Newsome 

4. 730870 n logAx =4.57309 
Ic.ki95691 l o g  srnrt=9.88725 -10 
0.0835179n 106 e =4.68584 

- 
0.442 n 
-2?8 

890,348 
546,552 
343 9 796 
- 

+ 10.291 

- 
129' 31' 2810 + 3:1 = 3101 0.495 n - 3!1 

FICEBE 22.-Computatiou of grid Bzimuths and Corrections. 
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2,686,058.46 
2,695,423.40 

- 9,364.94 
9 15050 n 3: 5 =i 12051 

Mavaton-Cannon 

925,118.Kl 
890,348.48 

+ 34,770.03 

9 4302999 -10, 

164O 55’ 32:5 + Or6 = 331)3 

2,661,640.61 
2,663,402.52 

- 1,761.91 
.2459836 n 

2.0475634 
9.1984204 -10, 

Bull Pond-Saundere 

2,686,OgS. 46 
2,663,402.52 

Bull Pond-Cannon 

925,118.51 
888 , 3M. 34 

890,348 
546 9 552 

343,796 
+ 11,590 
355,386 
5.551 
3.972 n 
0.373 -10 
9.896 -10, - o!a 

888,348 
546,552 
X7B 
+ 3,719 
345 2 515 
5.5g 
3.2 n 
0.373 -10 - 
9.157 -io, 
- 0.1 II 

* 22,655.94 + 36,770.17 341,796 
+ 12,257 

4.5654956 9.93012 4.56550 -10 354 053 4.3551821 
549 2: 355 - 

9.7896865 -10 4.6;5;$ 0.373 -10 
n U 

211’ 38”21:5 - 1.9 = 19.6 

PIGWE 22.-Computation of grid azimuths and corrections-Continued. 
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B u l l  Pond-Mavatoa 

888,34t3 
546 , 552 

C annon-Mavat on 

925,119 
546 , 552 - 

344O 55' 32T5 - Ol'S = 31:7 378,567 
-11,590 

Cannon-Bull Pona 

925,119 
546,552 

2,661,640.61 
2,686,058.4-6 

Cannon-Saundere 

899 , 505.75 
925,118.51 
-25,612.76 

0 . q  
+ 21'6 

5465 
3.972 
0.373 -10 
7 

9.910 -10 
+ 0!18 

925,119 
546 9 552 
378 2 567 

-8 9 537 
370,030 
2. .388 56g n 
0.373 -10 - 
0.329 n 
- 2.1 

P 43O 37' 54Y6 + 211 = 56:7 
FICWE !22.-Computation of grid azimuths and corrections-Continued. 
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Uannon-Neweome 

921 9220.79 
925,118.51 

-3 1897 72 

2,658,004.85 
2,686,058.46 
-28,053.61 

4.4479888 n 
3.5908106 n 
0.8571782 

378 e 567 
-1.299 . - -  

0.373 -10 - 
0.398 n - 205 

C annon-Mae on 

941,445.12 
925 118.51 

2,659,tD4. g 
2,686,058.L 

925,119 
546 , 552 

+ 16,3264l -26,253.48 

4.4191869 n 
4.2128960 
0.2062909 n 

384.009 

121' 52' 36f5 + 2!4 38:s 

Oannon-Oateevllle 

973,314.16 
925,118.51 

+ #,195.65 

2,659.652.46 
2,686,058.46 
-26,406.00 

925,119 
546 552 
378 9 567 
+ 16,065 

4.4217026 n 
4.6830078 

4.68301 
9.94300 -10 

9.7386948 -10, 4.74001 0.373 -10 
__I 

0.391 n - 2:5 adopt -2.b 151° 16' 55r3 + 2!4 = 57r7 
FIGURE 22.-Computation of grid azimuths and corrections-Continued. 
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Neweome-Cotton 

2,649,99 .79 
2,658,OO il .S5 936,426.58 

921,220.79 
- 8.007.06 
.go34731 n 2 .1820090 

9.7214641 -10, 

2 , 644,344.85 
2.658 .OOk 85 . _ -  - 
-13,660.00 

New a ome-P iland 

951,829.81 
921,220.79 
+30,609.02 

4.48585 
9.96056-10 

9.6496013 -10, 

155' 57' 00:2 t 1:2 = oi.04 

2,659 804. 96 
2,658,004. S5 

+ 1,~00.13 

t; 2553029 
30587 2 

8.9494297 -10 

4.6529 

Newsome-Mason 

1850 05' ii'lo - 0:2 = 102 

941 , 445.12 
921,220.79 
+20,224.33 

379 8 738 
5.579 
3.903 n 
0.373 -10 - 
9.825 '-loa - 0.7 

921 , 221 
546,552 
374,669 
+ 10,203 
384, 872 z. 585 
-135 n 

0.373 -10 
--I 

O.Op3 n 
- 1.2 

921,221 
546 I 552 
374,669 
t 6,741 
381,410 
5.581 
3.255 
0.373 -10 - 
9.209 -10 
+ on:, 

FIQURE 22.-Computation of grid azimuths and corrections-Continued. 

93324'- 
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Oessome-Cannon 

921.221 

375,96i 

News ome-Mavatop. 

E, 661,640.61 
2,658,004.85 

Newsome-Saunders 

g99,505.75 
921.220.79 

+ 3,635.76 -21,715.04 

* 5605952 t .3367606 n 
9.2238346 -10, 

350' 29' 42:4 - O:3 = 42r1 

2,6u,3W. S5 
2,649,997 i 79 

951,829.81 
936,426.58 

2: a 
0.373 -10 
0.396 

2'!5 

921,221 
546,552 - 
374,669 
-7,238 -- 

367,431 
5.565 
3-561 0.373 -10 
9.499 -10 
- 

9 6,427 
5 36 ,552 
389,S72 
i 5913 
395,009 
5.597 
3.752 n 0.373 -10 - 
9.7$2 -Ion - 0.5 

FIGUBE B.-Computation of grid azimuths and corrections-Continued. 
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3.9915446 
3 * 7005774 

Oot t on-&is on 

0.2909672 

941,445.12 
936,426.5s 
+5,018.54 

Cotton-Newsome 

U I1 3g9ya75 
-5,069 332' 13' 46116 - 0.7 = 45.9 

384,g06 

Qatesville-Cannon 

9 3,314 
5 ?.6 ,552 
426,762 
-16,065 
410,697 

331' 16' 55:3 - 21)6 = 52n7 

2,659 , @ + .  
2,659.652. 

+ 152.52 

Bate 8v ille-Mason 

2.1833266 
4.5033669 n 

7 - 6799579 -10, 

359' 43' 3209 - OYO = 32:s 

-31,869.04 

4.50337 
0.00000 

4.50337 

79 

9 6,427 

389 , 875 
+ 1,673 
391,548 
5.593 
3.992 
0.373 -10 
9.958 -10 

5 36 ,552 

- 
+ 079 

5.5% 
3.903 
0.373 -10 

9.ag1 -10 
+ 0.7 

973,314 
546,552 - 
426,762 

416.1?9 
-10,623 

5.6l9-- 
2.183 
0.373 -10 - 
8.175 -10 
+ 0:o 

FIGWE 22.-Computation of grid azimuths and Corrections-Continued. 
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(lateeville-Newsome, 

2,658,004. 85 921,220.79 
2.659.652.46 973,314.16 

.2168544 n % .7167825 n 
S.5000719 -10 

1' 48' 4106 + 0112 - 4108 

2 , 644,344.85 
2,659,652.46 
-15,307.61 

4.1849074 n 
4.3321222 n 

4.71678 
9.99978 -10 
4.71700 

gate evilla-Piland 

951,829.81 
973,314.16 
-21,484.35 

4.33212 
9.91085 -10 

2,609,139- 45 
2,659,652.46 

Oateeville-Wlnton 

969 , 970.86 
973,314.16 

-50,513.01 -31343.30 

4.70 4033 n 

1.1792260 

8 6 O  12' 47:s + 5:O = 52118 

3.52z1753 n 

426,762 
-17.364 
409,398 
5.612 
3.217 n 
0.373 -10 
9.202 -10 a - 0.2 
7 

a 

419 , 601 
k%z n 
0.373 -10 
0.181 n - l:5 
7 

9@,314 
5 ,552 
426,762 
-1 , 114 

FIQURE ZZ.-Computation of grid azimuths and correctiOns-COntbednued. 
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(latesville-Parker 

:2,625,165.11 
2.659.652.46 

4.5376598 n 
4.1279725 

:2,609,1 9.45 
,2,644,3&t.85 

-35,205.40 

4.5M6092 4.256662 
0.2879469 n 

2,625,16 .ll 
2,6h,3$. S5 --- 

986,740.96 
973,314.16 

+ 13,426.80 

Piland-Winton 

+ 3:4 = 45: 4 

9 3,314 
5 z6 ,552 

426D$62 + 4. 76 

0.546 n 

9 1,830 
951,829.81 5 ,552 5 969,970.86 

+ 18,141.05 405 3 2$ 
+6,0 7 

4.54661 
9.94886 -10 
4.59775 

Plland-Parker 

411, 25 
.612 
2.547 n 
0.373 -10 

9 1 830 
5k552 

986,740.96 
951,829.a 

-19,179.74 + 34,911.15 405,278 + 1.1,637 
4.2828427 n 4.54296 416 , 915 

2:;; n 
4.5429642 
9.7398785 -10, 4.60024 

151' 12' 58A2 t ly9 = 60111 0.276 n 
119 

9.94272 -10 - 
0.373 -10 - 

FIGWE 22.-Computation of grid azimuths and comtions-Conthaed. 
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Piland-Gate sville 

2,6 9,804.98 
2,6&+,344. 85 
t 15,460.13 

P iland-Ma8 on 

4.1692132 
4.0163935 n 
0.1728197 n 

303O 53' 22!4 - l!5 = 20!9 

941,445.12 
951.829.81 
-10,384.69 

395,075 

Plland-Cotton 

2.615 . is5 

+ it5 

0.373 -10 

0.173 
- 

401,816 
2,604 
.189 

0.373 -10 

2: z;g 
-10 

0.105 
t 1!3 

$2; 
.373 -10 
9.757 -10 
t 0.5 adopt to.6 

- 
FIGUBB 22.-Computation of grid azimuths end wrrections-continued. 
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Parker-Gatesville 

986,741 
546,552 

2.639 
538 0.373 -10 - . .. 

. .  
435 8 713 

Parker-Plland 

986 , 741 
546,552 

0.288 
+ l!'~ adopt +1.8 

Parker-W int  on 

2,609,139.45 
2,625,165.11 

969,9 0.86 
986,7?0.96 
-16,770.10 -16,025.66 

&.20kg159 n 
4.2245357 n 
9.9802802 -10 

43' 41' 5Sr7 + 1:6 = 60:j 0.216 n 
n - 1.6 

Winton-Parker 

2.632 
.205 

0.373 -10 

969,971 
546 552 

+ 5,590 
423,419 

223' 41' 5S:7 - 1116 = 57I)l 0.210 
+ 1.6 

0 

429 , 009 
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Winton-batesvllle 

969,971 
546,552 

423,419 
+1,111) ~266' 12' 47fB - 5rl a &:7 - 
424,533 

Wlnt on-Piland 

969,971 
546 , 552 
423 419 

297' 15' k ! O  - 3!5 = 3S:5 -6,047 

417 , 372 

2: ;g 
0.373 -10 
0.541 
+ 315 

PIOWE 22.-Computation of grid azimuths and correetions-Contimued. 
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NQ P%AUQN 

2-3 

1 Saunaera 
2 Mavaton 
3 BullPond 
1.3 

1-2 

2.3 
1 Cannon 
2 Mavaton 
3 Saunaere 
1-3 
1-2 

2.3 

1 Beaeome 
2 Cannon 
3 Saunaere 
1.3 
1.1 

2.3 

1 won 
.2 cannon 
3 leaeome 
1-3 
1-a 

COMPUTATION OF m G L E S  

(65 51 35-01 
18 44 26.1 
95.23 59.0 0.1 

9 42 22.2 0.1 
59 45 33.9 0.1 
(61 32 04.2) 0.1 

88 24 is.3 0.1 

(53 08 123) 
38 27 29.6 

(63 12 34-61 
39 47 12.3 
n 00 13.2 0.1 

35.0 
26.1 
z5g.9 

22.1 
.33. 8 
04.1 

18.2 
29.6 
12.2 

.34.6 
12.3 
13.1 

u)(LIBIzBy 

4.5062782 
0.0397w 
9.5068See 
9.99806d5 
4.05291l.8 
4.5440915 

4.5440915 
0.0682806 
9.9364726 
9.9440403 
4.5b.3447 
4.5564124 

4.54m.47 
0.00016i13 
9: 79375u 
9.9033276 
4.3427641 
4.4521406 

4.4521406. 
0.0493132 
9.8061339 
9.9887303 
4.3075877 
4.4901841 

FIGUBE P.--Computation of triangles, North Carolina. 



U. 5. COAST AND GEODETIC SURVEY 

ISQ 8TAUON 

2 3  

1 Cotton 
2 Mason 
3 Nereone 
1-3 

1-2 

as 
1 Plland 
2 laeon 
3 Cotton 
13 
1-2 

4.3075877 
89 19 kJj.9 0.1 45.8 0.0000297 

32 9 24.3 24.3 9.73Q4322 
4.2351531 
4.6420496 

(57 48 49.9) 49.9 9.9275357 

4.0420496 
35 57 26.8 26.8 0.2312257 

(60 59 21.5) 21.5 9.9417743 
83 03 11.7 11.7 9.9968001 

0.0 4.2150496 
4.2700754 

FIQU~E 23 - Computation of triangles, North Carolina-Continued. 
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Observation Eqnations 

log 00s al l o g  sin a, log  00s a, l o g  sin a, 
log 2 l o g  1 l o g  - 1 l o g  1 

82 
1 1 1 1 

dl 
G2 01 82 

l o g  sin 1" log s i n  1' log s i n  l d  log s i n  l d  
L 

Ob8 L 

105' 10' 0116 9.41767 -10 9.98%0 -10, 
g6 25 35.3 5.45591 -10 5.45591 -10 

l g  44 26.1 0.18801 0.75494 n 
18 4.4 26.3 I__ 5.3lN3 5.31443 

t 0 . 2  +1.54 - 5.69 

V i  = t 0 . 2  t 1.54Abxl + 5.69 A 71 

129' 31' 31Yl 9.80374 -10 9.88725 -10n 9.41767 -10 9.98460 -1On 
105 10 01.6 5.31416 -10 5.31416 -10 5.45 91 10 5.45 91 -10 

5.31443 5.31243 - 5-31 2 4 '  3 24 21 g? 5*31w3 
24 2 1  25.3 0.43233 0.51584 n 0. lESOl 0.75494 n 

t 4.2 t2 .71 - 3.28 + 1.54 - 5.69 

v2 = t4 .2  - 1.54 Ax1 - 5.69 A y l  t 2.71 Ax3 t 3.28Ay3 

164' 55' 33113 9.98479 -10 9.41509 -10, 
129 31 31.1 5.44359 -10 5.44359 -10 
35 24 02.2 5-31443 5.31443 
35 24 08.6 0.74261 0.17311 n 

-6.4 t 5.53 - 1.49 t 2.71 -3.28 

~3 = - 6.4 + 5.53 A ~2 + 1.49 A 92 - 2.71 AX3 - 3.28 A 73 

211' 38' 19n6 9.93012 -10 9.71980 -10 9.99465 -10 9.19307 -10, 
171 01 34.g 5.36462 -10 5.36462 -10 5.94709 -10 5.94709 -10 

40 36 44.8 5.31443 5.31443 5.31443 
&Q 36 46.0 0.60917 0.39S85 1.25617 0.45459 n 

-1.2 t 4.07 + 2.51 t 18.04 - 2.85 

va = -1.2 - 18.04 A XI - 2.85 A y 1 +  4.07 A x2 - 2.51 A y2 

FIGURE a.-Observstion equations. 



88 

2 6 6 O  25' {O!l 

54 47 13.0 

211 38 9.6 
54 47 10.5 

U. 6. COAST AND GEODETIC SURVEY 

- 2.5 

v5 = - 2.5 - 4.07 A x2 + 2.51 Ay2 

+ 9.07 + 2.- 

1' 38' 23'5 9.93012 -10, 9.71980 -1% 9.98479 -lob 9..41509 -u) 3b 55 3117 5.36462 -10 5.36462 4 0  5.44359 -10 5.4'4359 -10 
5.31w3 5 - 31443 5.31w3 - 46 42 1 8 5.31w3 

46 42 0.60917 n O.j9=5 n 0.74261 n 0.173~ 
+ h-1  - 4.07 - 2.51 - 5.53 + 1.49 

V 6  - *4.1 - 1.46 b X2 - 4.00 A s 2  

;lo 37' 56:7 9.85961 -1% 9.83886 -1% 

l1 59 d . 5  0.62520 n 0.60% n 

8 23.5 5.45116 -10 -- 
11 59 3 . 2  5.31443 

-1.3 - 4.22 - 4.02 - b.07 - 2.51 
v7 = - 1.3 - 4.22 A 3  + 4.02 A y l  + 0.15 Ax2 - 1.51 by* .  

82' 05' 26!7 9 1 €%7 -10 9.99585 -1% 
43 37 56.7 5:527$6 -lon 5.54786 -10 

5.31443 5-31443 ' 38 27 30.0 - 
38 27 29.6 0.30096 n 0.85814 n 

+ 0.4 - 1.00 - 7 , a  - La2 - 8.02 

V 8  +0.4 + 4.22 A X 1  - 4.02 011 - 3.22 AX2 - 3.19 Aya - X . 0 0  P x3 4 7.2lA3 

1210 52' ~ S ' P  
82 05 26.7 
39 47 12.2 
39 47 12.3 

-0.1 

9.72271 -10 

5.31 3 -lo 

0.54696 
+ 3-52 

9.92900 -1% 
5.50982 -10 
5.31443 
0.75325 n 
- 5.67 - 1.00 - 7 . u  
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1 lo 14'  5717 9.9.4300 -10 9.68169 -10, 
121 52 38.9 5.25999 -10 5.25999 -10 
29 24 18.e 5.31N3, 5:31443 
29 24 21.4 0.51742 0.25611 n 

-2.6 +3.29 - 1.80 + 3.52 - 5.67 

155O 57' 01% 9.96056.-10 9.61016 -10, 9.94686 -10 9.66632 -1% 
152 13 47.3 5.47471 -10 5.47471 -10 5.76u5 -10 5.76MSg -10 

5.31443 5 * 31443 5.31443 - 5.31443 3 43 i4 . i  - 
3 43 09.5 0.7'1970 0.39930 n 1.02614 0.74760 n 

t 4.6 t 5.62 - 2.9 + 10.62 - 5.59 

v.11 0 t4.6 t 5.00 Ax3 +).OS A s 3  - 10.62Ag - 5.59Ap5 + 5.62 0 + 2.51Ap6 

185' 05' l O D 8  9.99829 -10 8 947 2 -10 
155 57 01.4 5.69241 -10 5:692& -10 

29 08 18:8 1.00513 9.95456 -10 

29 08 0 4 - 5.31443 5..31443 

-5.4 i10.12 t 0.90 + 5.62 - 2.51 

912 = - 5.4 - 4.50 A 3 t 3.41 A Y3 + 10.12 A X4 - 0.90 A y4 - 5.62 A % - 2.5lA~,, 

862" 05' 21.7 9.1 867 -10 9.99585 -10 
185 05 10.8 5.527g6 -10 5.547% -10 . .  

5.31443 5.31443 
77 00 10.9 - 
77 00 13.2 0.00096 0.85814 

-2.3 t 1.00 t 7.21 + 10.12 t 0.90 

v13 = - 2.3 t 1.00 A x2 - 7.21 A y2 + 9.12 a x3 + 6.31 clp3 - 1 0 . 1 2 ~ ~ ~  + O . W A ~  

3090 31' 24!7 9.80374 -10, 9.88725 -10 
262 05 21.7 5.31416 -10 5.31416 -10 

5.31443 5.31443 
47 26 02.9 0.43233 n 0.51584 
47 26 03.0 - 

+ 0.1 - 2.71 + 3.28 t 1.00 t f.n 

Rems 24.-Observation equations-Continued, 
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350' 29' 422111 9.99400 -10, 9.2178 -10 
09 31 24.7 5.65724 -10 5.65722 -10 
40 58 17.4 5.J1*3 5.31443 
40 58 15.': 0.96567 n 0.18950 -- 

+2.0 - 9-24 + 1.55 - 2.71 1.88 

242' 4' 0O:O 9.6585 -10 9.94949 -10 9.97256 -10 22 -10 
159 80 49.7 5.9579$ -10 5.95795 -10 5.78495 -10 ;:5f$95 -lon 

5.31W3 5.31443 5.31443 5.31443 

-1.4 t8.53 .F 16.67 t 11.80 - 4.33 

83 03 10 ___ 
83 03 11:s 0.93091 1.22187 1.07194 0.63660 n 

z$$' I.[ 3% 9.94686 -10 9.66632 -10 
5.76485 -10" 5.76485 -10 

89 19 45.9 L 5 31*3 5 * 31443 
89 19 45.9 1.02614 n 0.74760 

0.0 - 10.62 4. 5.59 t.s.53 + 16.67 

'17 = 0.0 - 10.62 AX3 - 5.59 0 3 3  - 8.53 AX& + 16.67 A Y ~  f 19.15 A x 5  - U.O$b% 

359' 43' 32119 0.00000 n 7.67993 -10 9.94306 -10, 9.68169 -10 
331 16 52.7 5.49663 -10 -49663 -10. 5.25999 -10 5.25999 -10 

5.3lw3 g.31443 5.3143 5 31443 
28 26 40.2 - 
28 26 38.0 0.81106 n 8.49099 -10 0.51742 n 0.25611 

f 2 . 2  - 6.47 t 0.03 - 3.29 + 1.80 

1' 4g' 41:s 9.99978 -10, 8.49986 -10, 
359 43 32.9 5.28 00 -10 5.28 00 -10 

5 . 3 1 b  5.31L3 
2 05 08.9 - 
2 05 10.0 0.59721n 9.09729 -1% 

-1.1 - 3.96 - 0.13 - 6.17 0.03 

VI3 o - 1.1 - 3.96 A x  t 0.13 b y 3  + 6.47 A ~4 + 0.03 0 Y q  3 
PIGURE 24.--Observation equations-Uontinuea. 
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35' 28' 13111 9.91085 -10, 9.76363 -10, 
1 & 41.8 5.578 3 10 5.5733 -10 

5 . 3 l d 3  - - 5.31 3 - g; 399 26":d 0.80401 n 0.65679 n 
t 5.1 - 6.37 - 4.54 - 3.96 

vz0 = t 5 . 1  +3.96 A x  - 0.13 Ay - 6.37 Ax6 t 4.54Ay6 3 3 

8 6 O  12'  52:8 

.50 44 9 7 
50 44 t6:5 

-6.8 

35 28 13.1 

- 0.13 

- 4.54 

151 13 00.1 9.94272 -10 9.66260 -1On 9.66092 -10 9.94486 -1On 
117 15 45.4 5.399 6 -10 5.399 6 -10 5.40925 -10 5.40225 -10 

33 57 14.2 0.65691 0.39679 n 0.37760 0.66554 n 
5 - 3 1 d 3  5.31 llil 3 5.31443 5.31443 33 57 14.7 - 

+0.5 + k 5 4  - 2.49 + 2.39 - 4.63 

922 = + 0.5 - 2.15 A x6 + 2.14 A 96 

2l5O 28' l o l l  9.91085 -10 9.76363 -10 
151 13 00.1 5.57g3 -10 5.57853 -10 

5-31 3 5.31 3 64 1 10.0 - 
64 12 54.4 0.80401 0.65679 

+ 15.6 t6 .37  + 4.54 + 4.54 

V23 = +15.6 - 1.83 A X 6  -k 7.03 AS6 

c 2.49 

3030 53' 2019 9.74632 -ion 9.91914 -la 
215 28 10.1 5.72992 -10 5.72992 -10 

5 31443 5.31443 88 25 10.8 L 
88 25 06.0 0.79061 n 0.96349 

t4 .8  - 6.17 t 9.19 + 6-37 + 4.54 

V24 = +4.8 - 6.17 A X4 - 9.19 A 94 i- 12.54 A x6 + 4-65 A y 6  

F I G ~ E  24.-Observotion equations-Continued. 
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335' 56' 58!9 9.96056 -10, 9.61016 -10 
703 57 20.9 5.47471 -10 5.47471 -10 

331' 12 '  56114 9.94272 -1On 9.68260 -10 
291 16 -16.3 5.399 6 -10 5.399 6 -10 

5 314-7+3 5.314i3 39 56 40.1 - 
39 56 48.5 0.65691 n 0.39679 -- 

-8.4 - 4.54 + 2.49 

297' 15' 3615 9.66090 -10, 9.9M87 -10 
266 12 42.7 .UP25 -10 5.40225 -10 

2.31w3 5.31443 
1 02 55.8 - 
1 03 07.5 0.37750 n 0.66555 

-11.7 - 2.39 i 4.63 
3 -- 

V28 2 - 11.7 - 2-59 A x6 - 4-63 A y 6  

FIGURE 24.-Observatiou equations-Continued. 



Table for formation of normal equations 

7 

+o. 2 
+a. 2 
-6.4 
-1.2 
-2.5 

+4.1 
-1.3 
+o. 4 
-0.1 
-2 6 

+4. 6 
-6.4 
-2. 3 
+o. 1 
+2.0 

-1.4 
0.0 

+2.2 
-1.1 
4-6. 1 

-6.8 +o. 5 
4-16.8 

+4. 8 
-0.8 

+l .  7 
-8.4 

-11.7 

;e 

+7.43 
+2.96 
-6.37 

-4.06 

-1.36 
-2.86 
+O. 40 
-0.10 
-7. 69 

+4. 60 
-6.40 
-2.30 
+e. OB 
-3.99 

-m. 6.3 

-1.40 
0.00 +o. 79 

4-1.67 
+?. lo  

-4.97 
+o. 49 
+20.80 

+e. e3 
-0.80 

$1.70 
-16.43 
-18.72 



AX1 

-451.1792 

Aut 

t49.3324 
-107.5980 

M a  

-87.6442 
+l. 9479 

tlo9.5406 

&a A x 3  Av3 --- 
-I-38.1908 -68.7306 +41.3602 
4-13. 9071 -21.5214 -44.9659 
-10.8751 -10.8763 +1.4746 
tl67.8332 -38.3140 -112.8209 

+408.8340 +121.0312 

+248.7355 

Normal equations 

4-4.1820 +427.8698 ______________.----.-------.~-~~~-..~~~~~~~~~.~.-..~~. 
______._____________~----.-----.--------------.---.--- -29.2740 +77.0241 

-32.8780 -103.5680 
-19.7541 _ _ _ _  _____.- ------- _ _ _ _  - _____.__ - - _________.. -17.4640 +73.8206 
-210.8740 -322 7890 $65.3850 +65.9874 +89.5934 +1M. 5830 +SO. 8863 

-154.5190 -169.3761 +33.8517 +15.8658 4-19.9165 +2l. 2300 +O. 6935 
-148.8966 -135.4564 +27& 8424 -238.2937 -132.2422 -90.4170 -57.3937 
t79O. 6096 4-284.7196 -534.7736 +81. 4669 -29.68% -11,2600 +O. 9050 

+628.4398 -33.0522 -171.1944 -62.2913 -73.4900 -73.4900 
4-013.7634 -306.9752 -112 8415 -62.4750 -62.4750 

4-513.6042 +W. 6038 f104.5310 +165.5958 
+223.7671 +301.7710 4-397.5942 

+709.2700 4-930.3090 
+1857.7716 

26.1312 ----------- ----------_ __--  --- - _ _ _  _-___---___ - 



+109.54w 
hzi -17.0254 
Ayi -1.3010 

I- 
6 3 1  
AVi 
hzl 

4-9.7313 I -14: 0063 
-0.095215 +O 13704 

-10.8751 -10.8763 
4-7.4188 -13.3513 
-1.0079 $1.6802 I 
-4.5542 I -22.6474 
+o. 049929 +o. 24828 
-167.8332 -38.3140 
-3.2321 i +5.8178 
-0.9266 4-1.3336 
-0.2274 -1.1308 

-163.4465 I Aua +O. 19757 
-32.2834 

4-408.8340 
Azi -10.4701 
A81 -1,9195 
Azr -5.6231 
ABS -6.3805 

+384.4408 I &a 

I 
Azl 
Aui 

Aza 

+427.8808 

4-77.0241 
-46.7837 

-0.948337 

+30.24093 - 0 . 2 9 ~ 1  

+l. 4746 -48.1263 
+8.0345 _ _ _ _ _ _ _ _ _ _ _  
+5.6834 ____----__- 

-0.165462 +O. 62761 
+15.0925 -48.1283 

- 103.5680 
+83. 1163 
-3.4118 

-23.86356 *. 281622/ 

I +73.8206 
-36.2179 
-2.8793 
-1.1915 

- 16.4206 +33.531921 
+O. 100465 -0.205156 

flO6.6830 +80.&363 
4-0.6371 +65.1795 
-4.0745 +4.1442 
-7.1286 -3.W -5.9250 

+6.6252 

-221.5223 1-347880 1 +66:38M) I +65:9874 1 +89:5934 1 $92.7721 I i160.9102 I 
+0.576221 4-0 839633 -0 170078 -0 171645 -0 233049 -0.241319 -0.392545 

+O. 6935 
-39.2233 
+14.6427 
+3.9485 +n. 7429 
-40.4299 

t115.7037 4-49 0549 -105 1308 -82.8987 +la3346 -1 8127 -4.0882 -24.7906 1 -37.62588 I 
+O. 325191 Aua 1 -0: 423874 i - 0  908624 +0.1164711( -0.141176i +d. 0151364 +O. 035314 +O. 214259 



b 4  

k534.991 
-25.392 
-15.735 
-29.200 
-20.7971 
t443.864' 

& 

L 
-90.4170 

1 -15.1485 

+25.5681 
4-10. 5105 
-64.3919 

$5.0950 

+. 145M1 

-11.2600 
-8.2252 
-21157 

+53.4576 
-22.5253 
-25.0434 

U. S. COAST AND GEODETIC SURVEY 

- 
-57.3937 
-12.5909 
-10.4044 
+41.5907 
3-15.9522 
-22.8460 
f. 051470 

f.9050 
-6.8365 
$4.3203 

+86.95i6 
-34 1876 
-5.8853 

AY4 

+18. 1861 +. 7885 
-219.3391 f. 494157 

- 148,8961 
-13.787 +e. 534 
-61.051 
f44.572 
-172.628' +. 38892: 

_---_-----__________.. 
f24.6919 
3-1. 7324 

-105.8179 +. 2384( 

;7m. m( 
-7.4861 
-2. 713; 

-127.6461 
45.5241 
-67.139: 
'490.1001 

All 

-171.1944 
3-55.4052 
-1.2988 

-93.5293 
4-4.6614 

-205.9559 
+ . a 9  

-305.9752 
-11.2230 

+.2559 
-140.7049 
f24.6645 
-100. 6193 
-50.9536 

+.590076 

-513.6042 
-11.3264 

- . m 4  
-108.3880 
-2 1601 
-203.6828 
-30.0865 
-157.9520 

A a  

h a  

--- 

2: 
AVvc 

Afl6 
A t 8  

&6 

A 2 S  

-135.4568 
._ - 
- --- - - -. 
-88.960: 
f35.146f 
-189. no f. 42641' 

-- 
-62.2913 
f75.2256 
-2.9277 

-45.1222 
-3.2842 

-38.3698 
+.18438 --- 

-112.8415 
-15.2379 

f.5769 
f67.8817 
-17.3778 
f18.7601 
-58.2385 

f.67444 -- 
+99.6038 
-15.3783 
-.ogpo 

-522907 
4-1.5219 

-37.9760 
-34.3651 
-38.9484 +. 24858 __ 

+223.7671 
--20.8797 -. 1443 -%,rnl 
-1.0723 

-39.2784 
-9.6w1 

+1m. 4807 
All6 

- 7.0805 

-264.719f 

-73.4800 
+77.8950 
-17.7618 
-27.4576 
-22509 

. . . - - - - -. 
-185.997t 
-75.323: 
-73.6113 
-70.213( +. 143% --- 

-i3.4900 
f126.7092 
-26.9579 
-9.7419 
$6.0562 

-629.43% 
-271.0242 
-59,394 
-80.7074 
-10. (3588 

-208.2514 
& 

+.m 
-.003183 

t301.7710 
-21.6208 

-.8755 
-15.3511 

-.7349 
-7.9408 

- 1 ~ 4 0 0 7  
+.I240 

~ 

b273.6424 

+u. 0200 
-6.9254 

-284.7370 -. 69149 

.-_.--___. 
_-_..-___. 

fll9.5064 
-.756699 

4-397.5942 
-35.1695 
-1.3288 
-5.4465 
4-1.9773 
f4.1627 

-31.8057 
+29.4684 

-534.7736 
-----____. 
.-________ 
f37.6762 
fl4.8420 
-110.7405 
-371.5149 
f. 7.5803 

-33.0522 
f64.8994 
fll. 7033 
-121.4158 
-53.2240 
-101.7423 

-- 

-. 48854 

t709.2700 
-.m 

-8.6489 
-9.0373 
-1.6497 
-22 3878 
-5.3116 
-9.3414 
-.SO37 

-8.9058 
-6.8481 
-.OD16 

-473.9957 

-613.7634 
-11.1206 
-2.3061 

.182. 6574 
-281.6224 
-49.7060 
f86.3509 

Avr 

+930.3090 
-3.8669 
4-8.7970 
-7.5115 
f3.3688 

-38.4176 
-8.0617 
-3,3143 
+1.3552 
+4.6885 

-13.2806 
-.3804 

-712 9671 

dzl 

AV; 

Aua 

AV4 
A t S  
AY6 
A t e  
AVO 

&I 
&J 

&k 

_---------. - _ _ _ _ _ _ _ _ _ _  
i-38.0233 f51.6256 
-1.6471 -3. 7128 

45.3058 -41.1549 

t l ( M I .  I I 1 U  
-406.7648 

-6.8793 
-69.2390 
-122356 
-1.1759 
-3.6463 
-2 4473 

-25.7547 
-90.4184 

-1072,4192 

-aQm 
-6.2432 

+32.5373 I -22 9247 
--.066389 f.04677 

I 

-15.7120 t-42.2735 
+.0320591 -.as6255 

t238 9714 4-359.4521 
-1.9838831 -2.983483 

t182.5998 ---I-.- 4-162 5696 
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Back solution 

+o.m 
1-0.135 
-H).306 
4-0.641 
44.6 

1 -1.9835 1 -0.0032 1 4-0.2816 I 1 +0.0321 I +0.1451 
-0.4891 -L3378 3% -0.0928 -0.4729 

-0.2905 -0.4889 +0.(1327 -0,2433 
-0.4923 -- +0.6579 -1.0208 +0.8639 

-1.3467 -- +O. 0017 +O. 0052 

+ 4 . m  
-0.135 
-0.306 
+0.173 
-1.869 
+2.063 
+2.1 

I I I I +0.0121 I------ I -0.4072 

-1.200 
-1.584 
-0.153 
M.198 
+o. 939 
-1.800 
-1.8 

Ailr 

4-0.2143 
-0.0700 
-0.0077 
+o. 1901 +o. 0087 
-0.9514 
+o. 0463 
-0.5697 

- 

-0.2413 +o. 4623 +o. 0845 +o. mw +o. 01 02 
-0.6034 
-0.0301 
+O. 1528 

+o. 0838 

-2 500 
-0,198 
-0.939 
-3.637 
-3.6 

~- 

+O. 0878 

+4. 100 
-0.071 
+l. 497 
+5.525 
+5.5 

1 1 1 2  

- 

I +o.400 
+0.371 
-0.216 
-0.156 
+1.194 
-0.064 
-4.108 
-2.579 
- 2 6  

-0.100 
-0.220 
-0.576 
+o.064 
*lo8 
-0.384 
-5.937 
-3.045 
-3.1 

-~ 

16 

+ a m  -1.400 
-0.811 -0.931 
-0.083 +i7.455 
$0.417 $0.040 
+am -28.281 
+2m t-5.809 

44.589 
+l. 281 
+I. 3 

4-24 

-2600 
1-0.011 
-1.449 
s0.m 
+5.937 
42.283 
+ 2 3  

+4.aoo 
i4.319 
-1.755 
-0.129 
+7.528 
-5767 

4-2 817 
+2 8 

-4.979 

Computation of corrections 

-6.W 
-a287 
-1.943 - 1.105 
M.942 
+2767 
+4.979 
-0.047 

ao 

3 1 4  

-2.300 

+2699 
+O. 582 

' +1.105 
-0.042 
-2402 

+o.o49 

-3.595 - 
~- 

- 2 4  

-0.173 
+l. 869 
-4.993 

+a500 
+1.m 
-4245 

lgy 

-5.0 I 

+16.600 
+a801 

-13.844 
+2 557 
4-27 

-- 

-1.300 
-0.371 
4-0.216 
+o. OM +o. 565 
-0.883 
-0.8 

10 I 11 12 1 13 I 14 1 
M. 100 
-0.049 
-2 699 
+o. 237 
+2.2(9 
-0.172 
-0.2 

+l. 136 
+l. 1 
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2-3 

1 Saundere (65 51 35.0) ( 4 . 8  39.8 
1 Mavaton 18 44 26.1 M.6 26.7 
4 3  Bull Pond 95 23 59.0 +5.4 53.6 0.1 

1-3 0.1 
1-2 

2-3 

6 Cannon 1(6 42 47.7 3 . 5  53-2 .1 
3z3 Mavaton 7% 30 00.0 -2.3 57.7 .1 
5 3 B u l l  Pond 54 47 13.0 -3.6 09.4 .1 

13 -0.4 
1-2 00.7 -3  

2-3 

6+7 1 Cannon 5g 42 22.2 &.7 26.9 0.1 
2+3 2 Mavaton 59 45 33.9 -2.9 31.0 0.1 

(61 32 04.2) (-1.g) 02.4 0.1 Saunders 
0.3 1 3  

1.2 

2-3 

7 Cannon 11 59 34.5 -0.8 33.7 
4 B u l l  Pond 40 36 46.0 -1.g 44.2 

BaMders (127 23 39.6) (+2.6)42.2 .1 
0.1 1-3 

1-2 

3.990294 
39.8 0.039740 3 
26.7 9.506692 6 
53.5 9.996069 6 

3 -536927 
4.028104 

3.99029k 
53.1 0.137898 9 
57.6 9.991191 7 
09.3 9.912223 7 

- 
4.119385 
4.040417 

4.028104 
26.8 0.068274 6 

30.9 9.936469 0 

02.3 9.9&4038 2 
4.03284g 
4.040417 

3.536927 
33.7 0.682381 7 
44.2 9.813538 9 
42.1 9.900076 O 

4.032848 
4*119385 

FIGWEE %.--Final computation of triangles, North Carolina. 
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NO. STATION 

2-3 

g 1 Neneome 

3 3 Mavaton 
7+8 cannon 

1-3 
1-2 

2-3 

i$+ Newaome 
g 2cannon 

3 Saunaere 
13 

1 -2 

2-3 

15 Nereorne 
2 2 Mavaton 

Baudere 
1-3 
1.2 

4.040417 
47 26 02.9 -0.2 02.7 -1 02.6 0.132827’ 6 

35 24 Og.6 -5.0 03.6 .1 03.5 9.762899 8 
97 09 51.8 +2..a 53.9 53.9 9.996595 3 

-3.1 0.2 4.169&0 
03.3 3.936144 

4.032&8 
88 24 18.3 +2.2 20.5 .1 20.4 0.000168 2 

(53 08 12.2) (+0.4)12.6 12.6 9.903126 3 
3g 27 29.6 -2.6 27.0 27.0 9.793744 3 

0.1 3 .826760 
3.936144 

4.02gl04 

40 58 15.4 +2.4 l7.S .1 17.7 0.183305 0 
24 21 25.3. +2.1 27.4 .1 27.3 9.615350 4 

(114 40 19.5) (-4.5)15.0 15.0 9.958430 5 
0.2 3.826759 +1 

4.169~340 
FIGWE %.-Final computation of triangles. North Carolina-Continued. 



100 U. S. COAST AND GEODETIC SURVEY 

W(L 8TARON 

2 -3 

l Mason 
9 2 Cannon 

13 3 Newsome 
1-3 
1-2 

(63 12 34.6) (15.5)M.l 
39 47 12.3 -3.1 09.2 
77 00 13.2 -2.4 10.8 0.1 

0.1 

2.3 

18 Qatesvllle 28 26 38.0 +2.4 40.4 .1 
10 Cannon 29 24 21.4 +2.j 23.7 .1 

1-3 0.2 
1-2 

Mason (122 09 00.8) (-4.7)56.1 

2.3 
lg+ Gateevllle 30 31 48.0 4 . 2  48.2 .1 

3 Newsome (80 16 38.6) (tO.6139.2 .1 

1-2 

69 11 33.7 -0.8 32.9 -1 

1-3 0.3 

2.3 

19 Qateevllle 2 05 10.0 -2.2 07.8 
a Mason (174 3g 24.4) (-0.6)23.8 

$@!$+ Newsome (3 16 25.6) +2.8 28.4 
1-3 0 
1.2 

3.936144 
40.1 0.049307 4 
09.2 9.806126 0 
10.7 9.988729 1 

3 - 791577 
3.974181 

3.974181 
40.3 0.322112 4 
23.6 9.691084 J 
56.1 9.927713 1 
7 

3.987378 
4.224006 

3.936144 
48.1 0.294144 9 
32.8 9.976708 8 
39.1 9.993717 1 

4.200998 
4.224006 

3.791577 
07.8 1.439008 4 
23.8 8.970413 8 
28.4 8.756793 3 

4.200998 
3.98?3?9 -1 

ROOBE %.-Final computation of triangles, North Carolina-Continued. 
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NO. 8TA'FLON 

a 3  
16 Cotton 

25+26 2 P i l a n d  
3 Mason 
13 

1-2 

2 3  

16+ 17 1 Cotton 
26 2 Plland 
11. 3 Newsome 

13 

1-2 

COMPUTATION OF TRIANGLES 

83 03 11.7 +1.3 13.0 
35 57 26.a +3.2 30.0 

160 59 21.5) (-4.5) 17.0 
0 

172 22 57.6 +2.4 60.0 
3 53 48.0 -0.3 47.7 
3 43 09.5 +2.8 12.3. 

+4.9 0 - 
55-1' 

13.0 
30.0 
17.0 

60.0 
47.7 
'12.3 

89 19 45,s t1.i 47.0 0.1 46.9 
(57 4g 49.9) (-3.9) 46.0 46.0 
32 g 28.3 +2.8 27.1 27.1 

taumruu 

3.754065 
0.003199 6 

9.941769 1 

3.526oQ6 
3.699034 

9.768783 7 

9.009272 

8.832226 5 
8.812124 8 
3.719136 +1 
3.699034 

0.677637 6 

3.791577 
0.000029 7 
9.927530 5 
9.734441 3 
3 - 719137 
3.52boM 

RGWE 25.-Final wmputation.ol triangles, North Carolina-Continued. 
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COMPUTATION OF 

2-3 

24 1 Plland 88 25 06.0 -0.3 05.7 .1 05.6 
19+20 2 Gateevllle 35 44 36.2 -2.6 33.6 33.6 

1 3  0.1 
3 Mason (55 50 17.9) (+2.9) 20.8 20.8 

1-2 

2-3 

24t 25 1 Piland 120 28 44.8. +3.2 M.0 W.0 
20 2 Gatesville 33 39 26.2 -0.4 25.8 .1 25.7 

3 Neweome 25 51 49.2) (-2.8) 46.4 .1 46.3 
1-3 0.2 
1-2 

2 3  

E5 1 Plland 32 03 3d.8 +3.5 42.3 w.3 
2 -on (118 06.5)(-3.5) 03.0 .1 02.9 

12 Neweome 29 08 14.8 0.0 14.8 14.8 
1 -3 0.1 
1-2 

TRIANGLES 

3 - 987378 
0.000165 5 
9.766521 2 
9.917749 1 
3.754065 
3 905293 

4.200998 
0.064590 3 
9.743684 0 
9.639704 2 
4.009272 
3 905293 

3.791577 
0.2750M 2 
9.942652 7 
9.687M 4 
4.009272 
3.754065 

FIGURE %.-Final computation of triangles, North Carolina-Continued. 
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1-2 - 
59.8 

4,052287 

2 3  4.08kk 
28 1 winton 73 33 53.3 -1.3 52.0 52.0 o.oi8118 6 

-27 2 Parker 72 28 55.5 +1.4 56.9 .l 56.8 9.979377 6 
22 3 piland 33 57 14.2 -2.9 11.3 e l  112 9.747034 e 

1 -3 -2.8 0.2 4.082738 
1-2 03.0 3.849395 

2-3 3.905293 
28 Winton 31 03 07.5 -1.3 ob2 .l 06.1 0.287509 3 
21 2 Gateesille 50 44 46.5 -0.9 45.6 . e 1  45.5 9.888936 3 

E N 2 3  Piland 98 li? 08.6 4 . 2  08.4 08.4 9.995534 5 
1-3 -2.4 0.2 4.081739 -1 
1-2 02.6 4.168337 

FIQURE %.--Final computation of triangles. North Carolina-Continued. 
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me, - x - c  
R b + A - Y  

y" = 2 R  sin2$ 
f = y - y" 
C is constant added to X '  in computation 

of coordinates 

R, is map radius of lowest parallel 

A is value of y'for R,: in most cases it is zero 
4 is interpolated from table of y '  

Ax = $ 
1 = 1 ( central mer. ) - AX 
R = ( Rb + A - y ) sec 0 

FIGURE 27.-Computation of geodetic positions from coordinates, North Carolina. 
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Gecdetlc positions trom Lambert coordinates 

State C a r O l i M  %tion- Newsome 

-C 
-X' ( = x-c )-- 

-A( central mer. 1- 
--AX-- 

t a n 8 =  x - C  
R b + A - Y  

C a  constant added to x '  in cornputatton 
of coardinates 

R, t3 map radius of lowest parallel 

A isvalueofy'for Rb, in most cases it is zero 
b is interpolated from table of y'  

ox = $2 

X = X ( central mer ) - AX 
R =  ( R b + A - y ) s e c 8  

FIGURE !27.-Cornputation of geodetfc pasitions from wordinstas, North Carolina-Continued, 
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Geodetic positions from Lambert cowdinatas 

State B. . C ~ ~ l l m  Station Cotton 

-14 central mer. - - A X  02 11 16.1359 
79 00 ' oo."oooo 

-x 76 48 47.8641 

30,183,611.25 -Rb-fA 

.-Rb+A- y 29,231,783.42 
-Y 9G1.827.8Z 

_Sea 1. c~g?4?9088 

- 
--Y- 951.827.8Z 
-y" - 7.100.66 
-Yo 944.727.17 

-p ( by interpolation ). 

I 

36 O 20 ' 44.'*2 

y" = 2 R sin2 e 5 
V=Y-Y"  

O X = $  
Cis constant added to x '  in computation 

of coordinates 
R, is map radius of lowest parallel 
A is d u e  of y'for Rb;  in most cases it  k mm 
6 is interpolated from tabla of y' 

hd central mer. - AX 
R = ( R  + A - y ) s e c B  

FIGURE 27.-Computatiou of geodetic posittons from coordinates. North Carolina4ontinue.d. 
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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 

FIGURE 28.-QuadrilateraI 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 wil l  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 
s2= (w-4z+ (Y2-Yl)2 

s A s =  ( w - - 2 1 )  (4 -A-21)  + (Yz-Y1) (AYz--YI) 

Dividing through by s, we get, 
As=  (h;cz-&xl) sin or+ (Ay2-Ay1) cos a. 

But As=O, since the line is already correct in length and we ttccord- 
ingly get , 

Ayz-Ayl= - (AQ-Az,) tan QI, 

or 
Ayz=Ayl- ( A ~ z - A ~ l )  tan QI 

This is the equation that is to be used in ehrnhating Ay2 from the 
observation equations. 

The grid tables for Georgia are given in figure 29.4 
4 For State map of Georgia showing elements of the two grids covering the State, sea fig. 62, p. 263. 
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21s 19 .46 
224:25$.68 
230 315.91 
2 6: 77.16 
2&?,$38.43 

TRANSVERSE MERCATOR PROJEOTION FQR GEORGIA (EAST & WST) 

Table I. 

101.02033 
101.02050 
101.0208 
101.02ll{ 
101.02133 

of lat. 

278,806.36 
284,867.7 
290,929.11 
296 990.5 
303: 051.96 
309 11 .b 
315: 17a.85 
321,236.32 
327,297 .8i 
333 p 359 *31 

6, 64.17 101.01250 L,L 4.92 101.01283 
48,485.69 101.01300 
54,546.47 101.01333 
60, 607.27 101.01350 

72: 728.91 101. O l h O  
78, 789.75 101.01433 
84,850.61 101.01450 

66 668.08 101.01 83 

go, 911.48 101.014S3 

96 972.37 101.01517 
103:O) -28 101.0153 
115,155.116 101.01 83 
121,216.09 101.01~17 

133,338.04 101.0166$ 
1 9 99.04 101.01700 1k:t 60.06 101.01717 
151,521.09 101.01733 

109,09 B .20 lOl.O156{ 

127,277.06 101.0163 

101.02283 
101.02333 
101.023%0 
101.02 7 
101.02&0 

101.02417 
101 .a2450 
101 .O2483 
101.02500 
101.02533 

157,582.13 101.01767 
163,64 .19 101.01800 
169,70$.27 101.01833 
175,765. 7 101.01850 
1~1,826. t 8 101.01867 

3 9 420 8 
3&5'&2:3f 
351:543. 2 
357 605.L 
363: 667.06 

187,887.60 ioi.oigoo 
193994s 74 101.01933 
200,009.90 101.01950 
2O6,071.07 101 .01983 

101.02567 
101.02 63 
101.02%00 
101.026 
101.026# 

212,132.26 101.02000 I 

369,728.66 
375,790 e 2 8  
381,851.91 
97,913055 
393,975.21 

ut. 

loi.02700 
101 e02717 
101.02733 
101.02767 
101.02800 

300 361 g 
300 41' 

4 
300 461 

49 
50 

300 51' 
52 

55 

57 
58 
59 310 00 

310 01' 

ii 
ti 

22 
300 568 

E 
05 

310 068 

09 
10 

3 
400,036.89 
412,160.29 

424,283.76 

406,098.58 
418,222.02 

for 1 Bec. 
of lat. 

101.o2817 

101.02683 

101.02917 

101.02850 
101.0~00 

24s. 499.71 I 101.02167 

Wooan 2S.-Transverse Mercator projection tables for Georgia. 
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TRANSVERGE W O A T O R  PROJECTION FOR GEORGIA (EAST & WEST) 

Table I (Cont'd). 

( f e e t )  -=T- Tabular 
3ifference 
for 1 8ec. 
of lat. 
1 0 1 . 0 2 r  
101.02983 
101.03017 
101.03033 
101.03050 
101.03083 
101.03117 
101.03167 
101.03150 
101.03183 
101.03217 
101.03250 
101..03267 
101.03300 
101.03333 
101.03350 
E;::%; 

::;:g5t7 

101.03433 
101.03450 
101.03k33 
101.0J517 

101.03200 
101.03617 
101.03633 
101.03683 
101.03700 

101.03750 
101.037S3 

101.03833 

101.03717 

101 .0~00  

101 .os67 

f o r  1 8ec. 
of la t .  

672 .82g .851 101 . O b 1 7  
6j8Ig91.26 101 .Ob53 
691,012.13 101 .Ob100 
697 , 078. 59 101.0 4133 
03 141.07 101.04150 

309:20 715,262.01. -56 101.04183 
101 .Ob200 

723,326.59 101.0423 
727,391.13 101.0426? 
733, 453.69 lOl.Ob63 
7{9,51b.26 101.04317 
7 5,5 B.gg 101.04350 
751,6i1.46 101.04367 
757,704.08 101.04383 
763, 766.71 101.04433 
769,829.3 101.044C,O 
775,892.i 101.04467 
781,954. 2 101.04500 
788,017. 101.04533 
794,080.14 101.04567 
800,342.88 101.04583 
806,205.63 101.04617 
812,268.40 101,04633 
818,331.M 101.04667 
824 93.98 101.046s 
830: $36.79 lOl.Ok71{ 
8&2 582 4 101.04783 

684,95 .69 101.00667 

8 6,519.62 ior.04750 

8&:645:3i: 101.04800 

PIGWE P.--TranSverse Mercator projection tables for Georgia-Continued. 
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320 56' 
57 
58 
59 

3 3 O  00 

02 

% 
330 013 

05 

TRANSWRSE UTRCATOR PROJECTION FOR CEORGIA (EAST & WEST) 

Table I (Cont'd). 

1,066,919.2 101.05783 
1072,982.7i 101.05800 
1:079,046.22 l01.05S33 
1,085,109.72 101.05867 
1,091,173.24 101.05883 

1 103 300.32 101.0593 
1:109: 63.88 101.0596f 
1,115,227.46 101.06000 

1,091,236.7i ioi.05917 

1,121,491.06 101.06033 

885,022.86 
891 085.84 

909,274.47 

915, 37.91 
921 k0.97 
927:464.0 
933,527.12 
939,590 024 

t g97:14g.g 
903,211.8 

945,653 37 
951,716.51 

92:;i2% 
969,906-03 

9751969 -23 
982,032 -45 
988 ,095- 69 
994,158-95 

1,000,222.22 

330 061 
07 
08 
09 
10 

1,006,285.50 

1,018 , 412.13 
1,024,475.46 
1,030,538.81 

1,012, 48.81 

1,127,554.68 101.06050 

1:l 9i6Sl.96 101.06100 
1 125,745.62 101.0613 
1:151,809.30 101.0616$ 

1 133 618.31 101.06083 

1,O 6,602.18 
1,022 , 665.56 
1,048,728.96 
1,054,792* 38 
1,060,855 *82 

330 llr 

iz 
15 

12 

Tabular 
difference 
for 1 eec. 
of lat. 

1,157,873.00 101.06183 

1,170,000.&4 101.06250 
1,176,064.19 101.06267 
1,182,127.95 101.063~0 

1,163,936. 1 101.06217 

101.04817 
101.04850 

101.04933 

101.04983 
101 .OS017 
101.05050 

101.05100 
101.05133 
101.05150 

101.05217 

;;;:oom 
101.0!+967 

101.05067 

101.05167 

101.05267 
101 05233 

101.05283 
101.05317 
101.05333 

101.05 67 
101.05&0 
101.05433 
101.05450 

101.05517 
101 a05533 
101.05550 
101.05583 

101.05467 

101.05617 

101.05633 
101.05667 
101.05700 
101.05733 
101.05750 

3 3 O  16' 
17 
18 
19 
20 

Tabular I (?:et) I difference Lat . 

1,188,191.73 101.06317 
1,194,255.52 101.06350 
1,200,319.33 101.06 83 
1,206, 83.16 lbl.06217 
1,212,h7.01 101.06433 

for 1 sec. I of lat. 

3 3 O  21' 
22 

25 
gz 

1 218,510.87 101.06467 

1,2 1,2f,702:E 0,638.62 101.06 101.06858 1 

1:224,574.7 101.06483 

1,2 2,766 101.06567 

330 26t 
27 
28 
29 
30 

1,248,830.42 101.06600 
1,254,894.3~ 101.06633 
1,260,958.36 101.06650 
1,267,022.35 ici.066S3 
1,273,086.36 101.06717 

FIQWE 2e. -"ramverse Marcstor projection tablea lor Qeorgia-Continnsd. 



118 U. S. COAST AND GEODETIC SURVEY 

TRANSVERSE MERCATOR PROJECTION FOR CEOROIA (EAST 8 WEST) 

Table I (Cont'd). 

( feet )  r h b u l a r  
difference 
for 1 seo. 
of lat. 

~- 

:::::2:2j 
161.06783 
101 .OM33 
101.06850 
101.06867 
101.06900 
101.069 3 
101.06927 
101.06983 
101.07017 E::;:# 
101.07100 

ior.07167 

101.07133 
101.07150 

;:::E3 
::::::32; 
101.07&0 
101.07433 
101.07450 
101.07483 
101.07550 

101.07583 

101.07517 

101.07567 

101.07633 
101.07650 
101.07667 

1,521,725.0{ 101.07850 

195 99919.20 101.07933 
1,527,78 101.07867 
1,533,85g:k 101.07900 
185 z 5,983.96 101.07950 

1 552,048.73 101.0798 
2: 558,113 4 2  101.0801? 

1,570:2$3.15 101.08027 
1,576,307.99 101.08100 

1,58d,t37. 2 101.08150 
1, 94,502.il 101.08183 
1 &0,567. 2 301.08200 
1:606,63r.h 101.08233 
a 612 697. 101.08267 
1: 618' 762 .% 101.08~00 
1 624:827.32 101.08317 
13630,892.31 101.083 o 

1,643,022.34 io1 .osllOo 

1,661,217. e 101.08483 

1,564 1 8.33 101.o8o 3 

1,582, 72.85 101.0s117 

1,636,957.32 101.063 2 7 

1,649,087. 8 101.084 3 
1,655,152 .& 101 .OS& 
1,667,282 .%l 101.08517 

1,673, 47.72 101.08533 
1,679,212.84 lOl.OSgS3 
1,685,4 7.99 101.08600 
1,691,5l3.15 101 .os617 
1,697,608 4 2  101.0s650 

FrousE 2Q.-Transverse Mercator projection tables for Georgia-Continued. 



MANUAL OF PIANE-COORDINATE COMPUTATION 

TRANSVERSE MERCANR PROJECTION FOR OEORCIA (EAST & WEST) 
Table X (Conttd). 

119 

Tabular Tabular 
(feet) differenoe (feet) difference 

1’7 3,999.73 
1,7to,065.02 
1 746 130.33 
1’752’195.66 
1: 758 :261 .OO 

1764 326. 6 
1:770: 91.34 
1,776,657.14 
1782 522.55 

1794 653.42 
1;788:587.96 

1:€!00: 718 .E% 
1,806,784.36 
1,812,849.86 
1,818,915*37 

1,824,980. 0 
1831 046.25 
1’8 7’112.01 
i’8tj’l 7.59 
1 :849 : 263.18 
1,855,308.80 
1 861 
1 :867:&%$ 
1,873,505.74 
1,879,571-42 

1,885,637.12 
1.891.702.84 

101.08817 
101.08650 Central Meridian lcae E 820 101 ooiooo 
lOl.08@3 AtOentral MeridianLWesg{ = 840 101 OO?OOO 
101.08900 
101.08933 log (1/6p& 4.5817896 - 20 
101.08967 log (116~: sin 5: 9.8962147 - 20 
101.09000 
101.09017 
101.090 0 mod. de. - arid Af. = 
101.09027 +A&+ (y2 - y1)(2x1 + x i )  

101.0~100 . (6&2sin 1‘)g 
101.091 
101.09123 log R a -434.3 
101.09183 
101.09217 

101.092 0 
101.092& 
101,09300 
101.09317 

101.09 3 
101 .O& 
101,09433 
101.09467 
101.095OO 

101.09550 
101.09563 
101.09600 

ioi.09367 

101 m 09533 

101.09633 

FIGUBE 29.-Transverse Mercator projection tables for G e o r g i a 4 o n t i n d  
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x@ scale in scale in Scale 
units of expresses (feet) units of 
7th place as a 7th place 
of logs ratio of logs 

185,000 2762:; 
190,000 -2 4 8 
195,000 -225:2 

-282 .O ;z2;::: 0 e9999000 

0 -9999001 
2$:2 0.9999000 

2;3:$ 0.9999003 
-432.3 0.9999005 

_- .) 
(feet) 

Scale 
expreened 
as a 
ratio 
0.9999351 
0 -9999371 
0.9999 92 
0.9999213 
0.9999435 

0 
5,000 
10,000 
15 000 

25so00 
30,000 

20:ooo 

@&O 

45:000 

8:E 
50,000 

65,000 
70,000 

75,000 
80,ooo 
85,000 
90,000 
95,000 

lM),OOo 
105 000 

115,000 
120,000 

130,000 

110:000 

125,000 

;E:&% 

%::: 

145 , 000 
150 000 
155,000 

170,000 

U. 6 .  COAST AND GEODJ3TIC SURVEY 

TRANSVERBE ERCATOR PROJECTIOR FOR GEORGIA (EAST 8 WEST) 

Table 11. 

2:: 

5 2 2  
2% 
-402.2 

-372.5 

:;2;:; 

&8:9 

-428.2 
-426.3 
-424.2 

-421.9 

-406.3 
-398 
-394.0 
9Y9.4 
-384.6 

-37 -1 
-368.5 
-362.7 

-356.6 

-3364 
-329.7 

-322.4. 
-314.8 - 07 0 
490.6 

0.9999007 
0.9999010 
0.9999014 
0.9999018 
0.9999023 

10.9999029 
0.99990~5 
0.9999 1 
0.9999048 
0.9999056 

0.9999064 
0.9999073 
0 e9999083 
0.9999093 
0.9999103 

0.9999114 

0 9999139 
0 -9999151 
0.9999165 

0.9999126 

0.9999179 
0 e9999193 
0.9999202 
0 -999922 
0.9999241, 

0.999925d 
0.9999275 
0.9999293 

* 0.99993U 
0.9999331. 

200,000 
205,000 
2l0,ooo 
215 ooo 

230,000 

245,600 

220:ooo 

225,000 

:E;:% 
g?:E 

%::% 

2 60 000 
265'000 
270:OOO 

2s5,ooo 
290 000 
295,OCD 

300,000 

310,000 

320 , 000 
305 , 000 
315 s 000 

3;:; 

-1 z 7.9 

-21 .o 
-202.4 
-193.6 

-182.5 
-171.2 
-1 9.7 
-135.8 

-123.5 - 98.1 .. 85.1 
-110.9 

71.8 

f E:: 

: 3:s 
' + + 5%*1 7 .9 

- 30.4 - 16.1 - 1.5 
+ 43.6 

+ 91.0 
+107.3 
+123.8' 
+140.6 
+157.6 

0.9999458 
0 -999 9461 
0.9999505 

::3;;353 

009999866. 
0 9999898 

::;;;332; 
1.0000025 

0.9999997 
1.00000 1 

1.0000100 

1.0000172 

1.0000210 
1.0000247 
1.00002~ 
1.0000322 
1,0000363 

1.00001 36 

FIGURE 29.-"ransverse Mereator projection tables for Georgia-Continued. 
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TRANSVERSE MERCATOR PROYECTIOB FOR GEORGIA oU&T & WEST) 

Table ZI (aonttd). 

Scale in 
units of 
7th plact 
o f  loge 
+174.q 
+192. 
+210.2 
t228 2 
t246.5 

e65.0 
+283.g 
+302 .g 
+322.1 
341.6 

+361.4 

+422.1 
+442.9 

A63.9 

2% 

M5.2 
t506.7 
+52% e 5  

+550.5 
+572 7 
295.2 + 18.0 
+641.0 
+664.2 

+687.5 
+711. 

M06.9 
+g33.9 
222 
+gl0.4 

Scale 
expreseed 
ae a 
rat io 
1.00004O3 
1.0000443 
1.0000484 
1.0000525 
1.000056t3 

1.0000653 

1.00007er7 

1 .OOOO 610 

:::E% 

::&%% 
1.0000925 
1 00009 72 
1.0001020 

1.0001068 
1.0001117 
1.0001167 
1.0001217 
1.000126tl 

1.0001319 1’:;g;gO 
1.000147;f 
1.0001529 

1.000ig63 
1.0001920 

1.000209 

FIOWS 2Q.-Tmwerse Mereator projection tables for Georgia-Continned 
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45 
300 46, 

8 
49 
50 

U. 8. COAST AND GEODETIC SuIbvEY 

801 11.179878 

1.49065839 1.160164 
876 0450 

914 ;i2g 
952 1307 1.49065989 

Let. - 
300 00’ 

01 
02 

310 011 
02 

05 
3 

TRANSVERSE YERCATOR PROJECTION FOR CEOIGrA 

Tabla 111. 

1.49066405 1.184443 
4727 % 5012 
5296 5’5% 5580 

1.49064342 1.1&6 I( 

953 
491 1.169818 

8924 $i 9223 

677 1257 

1.4$064715 1.171546 
752 lg35 
789 2123 

2412 % 2700 

051 

1.490650SS 1.174427 
126 4715 

5002 $3 5290 
238 5577 

FIGURE Zg.-Transrerse Mercator projection tables for Georgia-Continued. 
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TRAN8VERBE MEROAToR PROJECTIOE FbR UEORGU 

Table MI (Oontrcl). 

7a5i 
936 8418 

8134. 

1.49066974 1.188701 
1.49067012 6984 

9267 3: 9550 
126 1.189833 

1.49067164 1.190116 
0 99 202 

240 
276 0964 
317 1247 

1.49067355 1.191529 
1811 

Of8l 

1.49067545 1.192940 

% 3504 
3222 

660 
698 

775 
g5l 5194 

1.49067736 1. a94349 

889 5b75 
813 $2; 

15 

Colog A 
1.490&119 

'19"z 
3: 

465 
1.49068503 

541 

657 
1.4906869 

73 
772 
811 
850 

1.4906SiW 
92 7 

1.49069002 
042 

1.49069~1 
120 
15g 
197 
236 

1.49069274 
313 

2% 
z 

1.4906896 

__II 
Lon c 
1.197161 

go03 
g2d3 

9124 

7442 
7722 

1.19856 
gg4t 

82:: 
1.199964 
1.200244 

0524 
os03 
io83 

1.201362 
1642 
1920 :;;; 

1.202758 

3% 
3594 

1.203873 

1.204152 

3; 
4988 
5266 

FIGURE 29.-Transverse Mercator projection tables for Qeorgia-Continued. 



12.4 U. 8. COAST AND GEODETIC SUEVEY 

'PRAABVERBE UEROATOR PROJEOTIOB FQR OEOMIA 

fable I11 (Oont'dl. 

8047 

I 

330 01' 
02 

05 
330 061 

3 

3 

3 

3 

3 

3 

09 
10 

330 11' 
12 

15 
330 169 

19 
20 

330 21' 
22 

25 
330 268 

29 
P 

Oolog A 

49070% 

1.4907098 94t 
37 
$2 

f A 
$a 

82 
f;"l 

908 

1.49071025 

1.49071221 
261 
300 

1.49071417 

535 
575 

1.49071614 

1.4907lSlO 
850 
a9 
929 

1.4907196e 

LM072007 

125 
165 

3 

Lop 0 - 
1.216616 

7717 

8267 

9091 
1.219 66 
1.219915 
1.220190 

0464 

1.217992 

%E 
9241 

lOl3 

8 3  ;a 
825t 
27: 

1.2207 8 
1287 
1561 
1835 

1.222109 

1.223478 

1 .re4644 
5117 

593 

FIQVBE 29.-Transverse Mercator projection tables for Qsorgia-Continued, 
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TRAUIBVERBE MmATOR PROJEOTION FOR OEOROIA 

Ta8le I11 (Conttd). 

1.49072g: 1,2275 1 s11a 781 
4431 
8% 2% 

758 1.230021 

1.49072797 1.230293 
0565 

11 
154 1.232737 

1.9073194 1.233008 
3279 

f 5 Z  

Colog A 
1.49073291 

6{: 
710 
750 

Log D 

1.2370691 
3% 
$3; 

;;3 

31% 

:g: 

1.238419 
8689 

9498 
1*2g767 

0306 
1.2 037 

1.241114 

1922 
2191 

1.242460 
2729 

FIGIOWB '29.-Transversa Merator projection tables for Oeorgia-Continued. 



126 U. 8. COAST AND GEODETIC .SURVEY 

?RBBBVERSE MERCATOR PROJEBTIOB FOR OEOWXA 

Table XXI (Oontod). 

350 161 r 
~ I G U R E  29.-Transverse Mercator projection tables for Georgia~tInued, 
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INVERSE POSITION COMPUTATION 

q 00s (u+$)=-*41 cos!$ 
B, 

-Au=A?.sin 9. sec ?+F(A?.)a 

fn which log A?.,=~oE (x'-?.)-correctlon for nrc to sin"; log A+,=log (+'-+)-correction lor arc to sino: and lag ~ 4 0 g  e+ 
correction far aro to  sin*. - .- - ---. - -- - -- 

32 04 22.4921 Mat 
- 53.294 
- 26.647 

32 04 t9.139 - 53.294 
1.7266783 
- 0  

1.7266783 
0 

1.4&3568d 
(opposite ii 3.2152471 sign to A-O 

1.5353321 S l o g A ? .  

9.7251824 log F I*.* I 
1.2605145 - 18.22 

- 18.2 
- 9.1 ~ 

331 16 31.7 

A?. (=A'-?.) 
E 

AX (sees.) 

log A?. 

cor. arc-sin 

log A h  

log cos 6- 

c o l o g  A. 

log tan (u+$) 

log sin (.+$) 

cor. arc-& 

log 0 

Si 06' 14.407 
81 05 40.604 

- 34.303 - 17.152 

- 34.303 
1 * 5353321 

- 0  

1.5353321 
9.9280395 
1.4906684 
2.95kO600 n 
3.2152471 
9.73g8129, n 
331 16 31.; 
9.6k317829 
9.9429702 
3.2722769 

3.2722769 

W e e  the table on the back of tbin form for wmotlonof 
amtosin 331 16 22.6 

t 18.2 
180 

Ih -_*.-a -- 
Noss.-For log 8 up to 4.62 nnd for A 0  or M (or both') up to 10'. omit dl term below the heavy b s  s l c e p t  t h e  

prtnied (in whole 01 In part) in h e n y  tups or thcse underncored. if using lognrithmn t o  6 deetmnl places 

FIGUBE 30.--lnverse position computation. 



128 U. 6. COAST AND GEODETIC SURVEY 

PWYE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

StateGeorgia ( e a e t )  Station 8tan&pipe 

x (Central meridian) 829 16 oo".ooo 
4 320 05' 1<786 x 81 06 .14.907 

AX(Centra1meridian-A) + 1 03 '5.093 
A X  (in set.) + 3@5:693 

out c first for Q and cow for approximate 4'. 
FZQUEB 81.4amputation of coordinates, 0eorgi.s. 
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10.010550 
81 

-log AX 3 58651934 sm2 
-Cor. arc to sine - 2534 log c* 1.2023~1~ -io 

-log AX1 3.58649400 -log A) 1.212 
--log co5 P 9.92807464 -10 

-colog A 1- 49068826 - 9 39 Og 22.492 
9 
99 

-log SI 5.00525690 -A) + 16.32g 

-Cor. sine to arc + 1818 -0' 32 04 38.€?1? 
--log S m  5.06527i08 

--log 3937/1200- 0.51598417 - -Tabular difference 101.04367 
of y for 1" of 6' } 

--log R - 4343 
-1% SK 5.52121582 -y  (for min. of 9') 751.641.46 

-log S,' 16,5636475 -y  (for seconds of 6') + 3 *922.51 
--log 1/6pdR2 4.5817896 -20 -y 755,563.97 
--log ($46 e:), 1.1454371 

-% + 332.059.438 
-log sin + 

.9 -1063 AX + 
- ( ~ p e 2 ) ,  -log A q  

X' i- 332.073.41 

~ 2.000.000.00 -log (Ah)' 

X 2.332.On.41 -1ogF 

-log b 

-Aal 

-b 

. aa 

- Aa 0 ' .  

*Take out C first for 0 and correct for apprmhate 6'. 

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State G e o r g i a  ( e a e t )  Station h s o n l c  
0 , "  

X (Central meridian) 82 10 00.000 
9 i2 d4 22.492 x 81 05 40.604 

A h  (Central meridian-A) + 1 04 19.396 
ah(insec.)  + 3859.'>96 
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3.4778069 n 
3.72~385a4 
9.74894-55 -ion 

U. 8. COAST AND GEODETIC SURVEY 

Computablon of Preliminary Coordinates 

Hasonlc-Standpipe 

760,920.19 
755 * 563-97 
+ 5,356.22 

* . I  

Masonic-Standpipe 150- 42 
- 9  51 23 

Masonic-Telfalr 

Telfair-Masonlo 

Telf air-Union 

9.993 543 -10, 
4.2222596 
4.2160139 n 

99 50 49.4 

664,147 
329,069 - 
993,216 
5.997 
3.729 
9.896 -20 
7 

9.622 -10 
t oI(4 

log geodetic length 
Union-Telfair = 3.5656256 

log 3% 
grid reduction 2 9 50 49.4 

327 54 56.1 
*. 04 06.7 log grid length 

Masonic-'Pelf air 

.2330437 -10 2.332 073.41 i: .2224596 -16: 444.24 - <-  

3.4555033 2,315,629.17 

= 0.5159842 
4.0816098 

= + 71 
4.0816169 

758,418.29 

Telfair-Union 

.7252321 -10 9.9280200 -10, 2,315,629.17 758,418.29 

3.8068490 4.0096369 n 2,322,039.04 7M, 193.91 
(i: .oai6169 4.0ai6169 + 6,w.a7 -10.224.38 

FIOVBB 32.4omputation of preliminary coordinate% 
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Uomputation of Grid Azimuths 

Standpipe-Maaeonio 

Standpipe-Union 

2,322,039 .a4 74E, 193.91 
2,329,068.67 760.920.19 

-7,029- 63 

.8469325 n t .lo47021 n 
9.7422304 -10 

. ,- 

-12,726;28 

4.10470 

4.16252 
9.9421E -10 

Standpipe-Telfalr 

2,315,629.17 75E,418.29 
2.329.06g. 67 - .  

- 13,439.50 
4.1263832 n 
j,39E2699 n 

-2 501.90 

990 , 210 
5.996 
3.729 n 
9.E96 -20 
9.621 -10, - 0:4 
- 

980,176 

2*991 .lo5 n 
9.896 -20 

658,137 
315 1629 
973 1766 
5.9% 
3.39s n 
9.896 -20 - 
9.282 -10, 

U - 0 . 2  

FIGUEE 33.-Computation of grid azimuths, 
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-10;034.37 

4.0014901 n 
3.8674710 n 
0.1340191 

Yaeonlc-Union 

7&? ,  193. 91 
755,563. 
-7 , 370.06 

4.00149 
9.90632 -10 

4.09517 
- 

-16 ,W.  24 

Maeonlc-Telfalr 

758,418.29 

i 2,854.32 
755 r 563.97 

4.216013S n 

0.7605112 n 

ggo 50’ 49y4 t 012 = 4916 

3 4555026 

986,186 

3.867 n 
‘5.994 

9.896 -20 - 

664,147 
315 , 629 
979 e 776 

3.456 
5.991 

9.896 -20 - 
9.343 -10 
+ on2 

Telfalr-Standpipe 

- 
9.276 -10 

+ 01(2 

FIQUEE 33.-Computation of grid azimuths-Continued. 
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Telfalr-Union 

2,322,039.04 
2.315.629.17 

7&,193.91 
758,418.29 

-10,224.3g 

Unlon-Telfalr 

Un ion-Stmdp ipe 

208O 54' 53:s + 1110 = 54119 

'Unlon-laeonio 

233O 42' 12:2 + 0:6 s 12:g 

953 t 297 

?;E n 
9.896 -20 - 
9.885 -10, 
- o l a  

959 707 
2.982 .OlO 
9.896 -20 
9.888 -10 
+ 0:s 

644,078 
329,069 

973 , 147 

2: E; 
9.896 -20 
Y.989 -10 

f 1.0 

- 
0 

644,076 
332,073 
976,151 
5.990 
3 - 867 
9.896 -20 

9.753 -10 
f 0116 

FIQWBE 33.4ornpatation of grid 8eimnths-Continasd. 
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Observation Equations 

l o g  COS cy, l o g  sin a, l o g  cos cu, l o g  sin q 
1 log  - 
82 

1 1 1 

1 l o g  - 
82 

1 
4 

log 1 l o g  - 
81 81 

6, 
L 

Oba. L log log Bin ~d log & log sinlu 

28' 54' 5219 9.94218 -lon 9.68441 -10, 

58 1 2  23.1 - 5 - P i 4 3  5. Pb 
58 12  19.3 1.09409 n 0.83632 n 

330 42 29.8 5.83 48 -10 5.83 48 -10 

+ 3.8 - 12.42 - 6.86 

v1 = t 3.8 - 12.42 D x2 + 6.86 0 y2 

79' 27' 1601 9.26249 -10, 9.99260 -10, 
28 54 52.9 5.86422 -10 5.86422 -10 

5.31443 5.31443 T O  32 23.2 - 
- 50 32 29-2 0.44114 n '1.17125 n 

-6.0 - 2.76 - 14.83 - 12-42 - 6.86 

V2 = - 6.0 - 2 . 7 6 0  % +  14.83 A y l  + 12.42 A x2 - 6.86 A y 2  

990 
53 
46 

2"' 49P6 9.23304 -10 9.9935 -10, 9.77229 -10, 9.90632 -10, 
2 11.6 5.77E4 -10 5.777$ -10 5.90483 -10 5.90u3 -10 

5.31 3 5.31 3 5.31443 5.31443 

-11.1 + 2.11 - 12.18 - 9.81 - 13.35 
00: 2;:: 0.32501 1.08552 n 0.99155 n 1.12558 n 

150° 42' gyg 
99 50 
50 51 41.0 
50 51 40.8 

+ 0.2 + 2.11 - 12.18 
94 = +0.2  - 2.11 A 3 - 12.ld A YI 

FIQUBB 36.-Observation equations. 
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279' 50' 49!2 9.23304 -1On 9.9935 -10 9.26249 -10 9.99260 -10 
259 27 16.5 5.777J4 -10 5.777J2 -10 5.86422 -10 5.86&2 -10 

5.31443 5.31 3 
20 23 32.7 - 
20 23 29.8 0.32501 n 1.08552 0.44114 1.17125 

t 2.9 - 2.11 + 12.M + 2.76 + 14.83 

- 5.31443 - - 5.31 3 

V5 = t 2.9 + 4.87 AX1- 2.65 A 71 

327' 54' 5!2 9.92802 -10, 9.72523 -10 
279 50 29.2 5:j:gY; -10 

5.918 8 -10 - 5.31433 48 04 06.0 - 
48 04 06.7 1.16083 n 0.95804 

- .  f - 14.48 + 9.08 - 2.11 + 12.18 

r6 z - 0.7 t 12.37 A 5 - 3.10 A y1 - 14.48 A x2 - 9.08 A y 2  

208' 54' 54y9 9.94218 -10 9.68441 -10 9.92802 -10 9.72523 -lon 
147 54 56.8 5.83@ -10 5.83 48 -10 5.918 8 -10 5.918 8 -10 

5-31 ?4 3 5.314$3 - 5.3143 - 5.31 3 
60 59 58.1 - 
60 59 57.4 1.09409 0; 83632 1.16083 0.951334 n 

t o . 7  + 12.42 + 6.86 f 14.48 - 9.08 

+0.7 - 14.48 A 5 - 9.08 A y1 t 2.06 0 X 2 t  15.94 A y2 '7 = 

233' 42' 12118 9.77230 -10 9.90632 -10 
208' 54 54.9 .90M3 -10 5.90M3 -10 

5.31443 - 5.31443 24 47 17.9 - 
24 47 13.3 0.99156 1.12558 

+ 4.6 t9.81 + 13.35 + 12.42 + 6.86 

: +4.6 t2.61 b x2 + 6-49 AYE '8 
FIQUEE 35.-Observation epuations-Continued. 
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To hold the length Telfair to Union: 

or 

Making this substitution, the above equations become: 

Ay2= Ayl+0.6269 (AxZ-AX~) 

V I =  $3.8-4.30 A~1+6.86 Ayl-8.12  AX^ 
V2=-6.O+1.54 AX1+7.97 Ayl+8.12 Ax2 
2)3= - 11.1 + 10.48 AX,- 1.17 Ay1+ 1.44 A X 2  
~ 4 s  $0.2-2.11 Ax1-12.18 Ay1 
~6=+2.9+4.87 hi -2 .65  Ay1 
0,=-0.7+18.06 AX*--12.18 Ay1-20.17  AX^ 
v7= +0.7-24.47 A~1+6.86 Ay1+12.O5 AXZ 
~8=+4.6-4.07 A~1+6.49 Ay,+6.68 Ax2 

Assumed co- Corntion Adjusted m 
ordinatas 1 I ordinates 

Station 

2. Union _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  . . . . . . . . . . . . . . . . . . . . .  ___. 2,322,039.04 +o. 39 5322,039.43 I 748,193.91 1 -0.01 I 748,193.90 

Table for formation of normal equations 

I I A r i  I A V I  

-0.04 

Normal equations 

+7.9818 
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~ 

A81 

$0.1336 
-0.1528 

-0.0192 

-~ 

- 

U. S. COAST AND GEODETIC SURVEY 

Solution of normal equations 

~ 

A21 

+0.1601 
+O. 2190 

-0.0076 

$0. 3715 
- 

h t l  

$11.0408 
AT1 

A I 1  

-4 3440 
4-0.39345 

$5.0788 
-1.7091 

+3.3697 
AVI 

AT1 
41 

Back solution 

$0. 3851 E- 

-6.2786 -1.7678 
+O. 56867 +O. 16012 

4-3.8071 +O. 2454 
-24703 -0.6955 

+1.33R8 -0.4501 

--- 

-0.39671 +O. 13357 

+7.3252 -0.4149 
-3.5705 -1.0053 
-0,5303 +O. 1786 

--- 

$3.2244 -1.2416 
A21 +0.38506 

+2.0424 
A21 -0.2831 
AVr -0.0601 
A21 -0.4781 

-- 

- 1.3496 +o. 12224 

+a 7873 
-0.5310 

z 
+ 4 4 m  
-0.7675 
-1.8886 

+l. 98278 
-0.61494 

+o. 1051 
-0.2161 
t o .  5685 
+O. 7636 

+l. 2211 +l. 2210 

ITIX 
-5.3764 
-1.2193 

Computation of Aya 
(See p. 137) 

AVi= -0.0192 
0.6269(AZi--bZi)=$0.0.5 

Avs= -0.0107 

Computation of corrections 
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COMPUTATION OF TRIANGLES 

NO. BTARON 

2-3 

5 1 Telfalr 
It2 2 standpipe 

4 3 k a o n i o  
1-3 

1-2 

2 4  

7 1 Union 
5i6 2 Telfair 
2 3 Standpipe 

1-3 

1-2 

2-3 

74g 1 Union 
6 Telfair 
3 3 Masonk 

1 -3 
1-2 

2-3 

8 1 Union 
1 2 Standpipe 

3+4 3 Masonio 
1 -3 
1-2 

20 23 29.8 t4.g 34.6 
108 h4 M.5 -3.5 45.0 
50 51 40.8 -0.4 40.4 

- 
59.1 

60 59 57.4 -3.9 53.5 
6g 27 36.5 f3.3 39. 8 
50 32 29.2 -2.5 26.7 

03.1 

85 47 10.7 +1.6 12.3 
4S 04 06.7 -1.5 05.2 
46 08 49.1 -6.6 42.5 

06.5 

24 47 13.3 +5.5 18.8 
58 12 19.3 -1.0 18.3 
97 00 29.9 -7.0 22.9 

02.5 

WOABFTHlb 

3 * 272277 
o.457g51 3 
9.976328 7 
9.889648 7 

3.619777 
3.706457 

3 - 619777 
0.05g1sg 3 
9.968561 5 
g.ag7660 5 
3 * 646527 
3.565626 

3.706457 

9.g71537 8 
9.857993 8 
3 * 579170 

0.001175 3 

3.565626 

3.272277 
0.377505 4 
9.92938g 0 
9.996744 8 
3 579170 
3 * 646527 



P 
? 
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FIQUBE 37.-Computation of geodetic positions, Georgia-Continued. 
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TWO SHORT TRAVERSE ADJUSTMENTS EACH BEGINNING AND 
ENDING ON THE SAME CONTROL LINE 

Two short traverse adjustments in Georgia, each starting from one 
end of a fked line and ending on the other end, have been included as 
samples on a transverse Mercator grid. The h s t  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 . .  
X (Central meridian) 84' 10' 00:OQO 

0 . "  *84 43 04.401 x - 33 Qb.hQ1 0 32 17 32.532 
A X  (Central meridian-X) 

A X  (in sec.) - 19&.401 

*Take out C first for 6 and correct for epprexirnate 0'. 
FIGURE 38.-Compntations of coordinates on traverse in Georgia. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State Gad (West) Station O l ~ k  
X (Cenfral meridian) a$ 16 o"oooo 

84 43 53.1Og e .  

6 3; 18 30.977 x 
Ah (Central meridian-&) .. 33 53.109 

A X  (in sec.) -2033:109 

-Cor. arc to sine 

*Take out C first for # and correct for approximate 9' 

F r G w E  38.-COmpUtatiOIIS of coordinates on trarem in Qeorgia-Continued. 

Grid azimuth 

MANTA-CLARK 

X Y 
Clark 1,825,518.98 840,109.38 
Manta 1,829,668.80 834,18 1.79 

(Za-a) -4,149.82 (yz-!.li)$5,927.59 

log (za-zl) 36180293n 
log (!.lz-!.li) 3.7728782 

log tan a 9.8451511-1% 

Grid a 145°00'1619 



Adjustment o j  traverse, Manta to Clark, on transverse Mercator projection 

"2::; 
"2; Line 

Propor- 
tional 
length 

Azimuth, 
nuadjustad 

+0.81870743 

Manta-Clark-. _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Manta-Manta A _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ____________._ 
Manta A-Manta _ _ _ _ _ _  _ _  _ _  _ _  _ _ _ _ _  _ _  _ _  _ _ _ _ _  _ _  
Manta A-Manta B.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Manta B-Manta A ____________________-----. 

Manta B-Clark _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Clark-Manta B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Fed 

5277.7 

Sine 

Feet 

+o. 02 

+O. 03 

+O. 03 

-0.57421089 

-0.33801950 

-0.98112835 

Feet 
834,181.79 

838,502.44 +4,320. G5 
838,502 34 
+1,492.06 
839,994.50 
839,994.37 

+ I 1 5  02 
840,109.52 
840,109.38 

Fixed and h a 1  values are shown in bold-faced typa in the above table. 

Feet 

-0.10 

-0.13 

-0.14 

Oeodetic 
length 

5277.4 

8862.8 

7457.6 

+O. 94112833 

4-0.18336777 

1585.5 

594.8 

- - 
Orid 

length 

Feet 

5277.4 

1585.4 

594.8 

- 

t+h 

Feet 
1,829,668.80 

-3,030.34 
1,828,838.46 
1,826,638.48 

-335.94 
1, 826, 102. 52 
1,826,102 65 

-583.57 
1,825,518.95 
1,826,518.98 

-0.03 

Adjust- 
ment I 

correc- u+*v 
tion 

4-0.14 I-- 

- 
I 
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!log s. 
-log 

-log s, 
-cor. arc to sine 
-log s, 
-log A 
-log sec 6 
-fog AX, 
-cor. sine to arc 
-logax 
- A X  

-X(central mer.) 
- A X  
-1 

-log (1/R) 

Geodetic positions from transverse Mdtor coordinates 

State Oa (west1 Station Manta A 

5.2u28819 1- 
( 1 2 0 0 / 5 9 3 7 ) - . - 9 - ~ 1 5 0  -to' - 

4343 

- 496 
4.72434745 n 

4.72434247 n 
d.50930629 - 10 - 
0.0~04l35 1 
3.30669727 n 

+ 698 
3.30670425 n 

-2026 :3024 
a0 10' oo:'ooo 

33 46.3024 
84 43 46.3024 

1.826.102. !if; 
2.000.000.00 

x' (-X-C) - 173.897.45 
+ 2.01 - 173,895 -44 

1.206261 - io 

Y 839,994.37 
-#'(by interpolation). 35 1d 34.3873 - 4.5181 -A# 

cs 32 18 29.8692 

1 I U 1 

FIGWEE %t.--Computation of geodetic positions from coordinates, Georgia. 



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

3eodetic 
length 

Grid 
length 

-- 

Renlrcm-Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Itenfroe-Brooklyn _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Line 

Bmoklyn-Renfroe _ _ _ _ _ _ _ _ _ _ _ _ _  
Brooklyn-Brooklyn A _ _ _ _ _ _ _ _ _  
BrooklynA-Brooklyn _ _ _ _ _ _ _ _ _  
Brooklyn A-Brooklyn B _ _ _ _ _ _ _  
Brooklyn &Brooklyn A _ _ _ _ _ _ _  
Brooklyn &Brooklyn C _ _ _ _ _ _ _  
Brooklyn C-Brooklyn B _ _ _ _ _ _ _  
Brooklyn C-Brooklyn D.. _ _ _ _ _ _  
Brooklyn &Brooklyn C _ _ _ _ _ _ _ _  
Brooklyn D-Broaklyn E _ _ _ _ _ _ _  
Brooklyn &Brooklyn D _ _ _ _ _ _ _  
BrooklynE-Renfroe __________. 
Renfroe-Brooklyn E. _ _ _ _ _ _ _ _ _ _  

.djusted 
Nr closuri 
- 

,, 
32. 4 
31. 0 
03.4 
03.4 
39.3 
42.7 
42. 7 
34.2 
16.9 
16.9 
21. 5 

38. 4 
55. 7 
34. 1 
34.1 
67. 5 
31.6 
31. 6 

00.8 
32. 4 
32.4 

38 4 

- 

Azimuth 

Closure 
unadiwted wrrectior 

0 , ,, ,, 
170 15 32.4 
18 49 31.0 
189 05 03.4 
9 06 03.4 

146 42 39.3 
165 47 42.7 
335 47 42.7 
183 00 34.2 
158 48 16.9 
338 48 16.9 
194 55 21.5 
173 43 38.4 
353 43 38.4 
159 60 55.7 
163 34 34.1 
333 34 34.1 
236 45 57.4 4-0.1 
210 20 31.5 
30 20 31.6 

Sine z+hz 

+0.15788711 

-0.40999953 

-0.36154818 

-0.10926012 

-0.44500816 

+O. 50516206 

Adjust- 
mentwi 
rection 

Fired snd final values are shown in bold-faced type in the above table. 

Y+AU Cosine 
Adjust- 

ment cor 
rection 

4-0.98745717 

+O. 91208573 

+o. 93235343 

+O. 99401319 

+O. 89552651 

+O. 86302450 

Feet 

1287.0 

3403.4 

6700.9 

1057.2 

1116.6 

3140.4 

Feet 

1286.9 

3403.2 

6700.4 

1057.1 

1116.5 

3140.2 1 833’ n3.66 
1: 833: 273.59 I 

4-0.07 

Feet 

-0.01 

-0. Oi 

-0.0: 

-0. OE 

-0. of 

-0.07 

Feet 

+o. 01 

4-0.05 

$0.12 

4-0.13 

4-0.14 

+O. 17 

-0.17 

= 

Propor- 
tional 
length 

- 

B6.9 

46m 1 

11390.5 

12447.6 

13564.1 

16704.3 

- 
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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 mayanse 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 ofspassing 
from a Lambert grid to a transverse Mercator grid. (For gnd table 
of South Carolina see fig. 40.)5 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 lon run. The discrepancy would have 

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 m e  in practice. 

been somewhat reduced by app 7 sing the azimuth closure first but it 

*For Btate map of South Oarolina showing elements of the 2 grids wvering the Btate sea flg. 63, p. 284 
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Lambert Projeotion for South Carolina -North 

Table I. 

R I 
330 061 

07 
08 

8 

;2 
530 11' 

l2 

15 

17 
18 
19 
20 

330 219 
22 

25 

330 261 

330 16' 

3 

3 

3 '2 

29 
30 

33' 31' 
32 

35 

6, 92.62 101.08933 

bi523. 1 lOl.OSS50 
$,?ES.82 101.08833 , 53-92 lOl.OS783 
72:784:d .101.08 33 
78 82 .66  lOl.Od-kS3 
84'91 .89 101.08667 

97,045.27 101.08600 
103,110.43 101.08583 
lOg,l 5.58 101.08550 
115 2i6.71 lOl.OS517 
121: 305.82 101.08500 

JLL  7.98 101.08883 

66 71 1 101.08750 

90: 980.09 101 .os633 

127, 70.92 101.0g&3 
133, $36.01 101.08450 
1 9 501.08 lOl.OS433 
I&* 66.14 101.08400 
151:231.18 101.08b 

157,696.82 101 .os367 

181,956.23 101.08300 

163,761.24 101.08350 
169,826.2 101 .OS317 
175,891.2g 101 .OS317 

188,021.21 101.08283 
194,086.18 101.08267 
200,151.14 lOl.Og250 
206,216.09 101 .OS233 
212,281.03 ior.08233 I 

Scale in 

7th place 
U i t E  Of 

of logs 
-~ 
+987.1 
957.5 
9928.3 
$991.2 
41:9 
+787.i 
d15.1 

+760. 
+733.9 +707.6 
4681.6 
+656.0 
430.7 
k5.8 
W1.3 

9557.1 

+441.6 
+419.6 
+398 .O 
+376.7 
+355.g 
+335*2 
+315 .o 
e95.2 
475. e56.1 
e37.9 

+183.s 
+166.5 

Z2Z 

Bcale 
expressed 

rat io  
BE 8 

1.0002273 
1.0002205 

1.0002071 
1 .ooa2006 

1.00021 37 

1.0001941 

;:E%z 
;:z:tig 

;::::tg 
1 ,0001629 

1.0001569 

1.0001395 
1.000133e 

1.0001283 
1.0001228 
1.000117k 
1.0001121 
i.0001068 

1.000101 
1.000096g 
1.0000916 
i.0000867 
1.0000819 

1.0000772 

;:%%L? 

1:0000262 

1.0000635 
1.0000591 

1.0000548 
1 0000 0 

1.0000423 
1.0000~3 

FI~UBE IO.-Lambert projection tables for South Carolina. 
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Lambert Projection for South Carolina - Borth 

Table I (Contqd). 

R X ’  
Y value on 
oentral 
Mer idian 
feet 

Tabular 
difference 
for 1 eeo. 
Of lat. 
feet 
lGl.08217 
101.08200 
101.08200 
101.08183 
101.08163 

101.08167 
ioi.08167 

io1 .os150 

1 0 1 . ~ 1 ~  
101.081~ 
101.0s150 

101.081~ 

101 .os150 

ioi.oei50 

101.08167 
101.08167 
101.08183 
101 .08183 
101.05200 

101.08217 
101 .OS217 

101.08250 
101 .0825@ 

101.08283 
101 .OS300 

101.08333 

101.08150 
101.08150 

101.08133 

101.08133 

;:;:::;g 

ioi.os217 

101.08267 

101 .om317 

Boale in 
units of 
7th place 
of logs 

+1W. 6 
3:: 
+loo*% + R5. 

+ 21.1 
+ 70.3 
+ 5.5 
+ 27.1 
+ 13.4 

0.0 - 12.9 - 25.5 
z g:s 
- 61.1 - 72.3 - 83.1 - 93.5 
-103.5 

-113.2 
-122.5 

-148.3 
:;z:? 
-156.2 
-163.7 

-190 0 
-195.7 
-201.0 
-205.9 
-210.5 

soale 
espregeed 
ae a 
ratio 

1.00003W 
1.0000 06 
1.0000269 

::%E35 
l.Oaool62 
1.0000128 
1.0000095 
1.0000062 
1.0000031 

1.0000000 

0 -9999913 
0.9999@6 

::;;;;;e 

FIGURE 40.-Lambert projection tables for South Carolina-Continued. 
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- 
Lat . 
- 
340 1 1 8  

12 

15 
340 161 

17 1s 
.I9 
20 

340 21' 
22 

25 
340 261 

27 
28 
29 
30 

3 

5;: 

340 3;' 
f a  
35 

340 361 8 
340 41t g 

45 

Lambert Projeotion fo r  South Carolina - North 
Table I (Cont'd). 

R 
ft. 

460 943.23 1 0 1 . 0 8 k i O  
467:00$.30 1 0 1 . 0 8 ~ 3  

479: 138.h 101.08533 

41 2&~,7& 101.08583 
497:333&9 101.08617 
p9:$6?.24 101.06667 
515,529.44 lOl.OS7OO 
521,594.66 101.08733 
5271659.92 101.08767 
533,725.1 101.0g800 
5 9 790.44 lOl.OSg17 
5;25:855.73 101.06867 

551,921.05 101.08900 
564:051.7 570 117.12 'l:'l:"o% 
576i162.54 101.09050 

473 073. 9 101.08500 
485,203,61 101.08550 

503 9 .06 101.08633 

55 986.39 ioi.08933 

582,247. 7 101.09100 
594 778. 1 101.09167 

606,509.94 101.09267 

588,313, B 3 101.09133 

600: h4.81  101.09217 

612,5 5.50 101.09300 
618,6t1.08 101.09350 
624,706.69 101.09 83 
630,772.32 101.09$50 
636,837.99 101.09483 

-214.g -218. 0.9999 0.9999297 06 
-222.1 0.9999489 
-225.2 0.9999&1 
-227.9 0.9999475 
-230.3 0.99994iO 
-232.3 0.99994 5 
-23li.o 0.9999461 
-235.3 0.9999458 
-236.2 0.9999456 

-236.8 0.999945 
-237.0 0.9999'6z 
-236.8 0.9999'6 

2;;:b 0 0 9 9 9 9 d  
0.999949 

-234.1 0.9999461 
-232.5 0.9999465 
-230.5 0.9999 469 
-226.1 0.9999475 
-225.4 0.9999481 
-222.3 0.9999488 
-216.9 0.9999496 
-215.1 0.999950 
-210.9 0.9999512 
-206.3 0.9999525 
-201.4 0.99995g 
-196.1 0.99995 
-190.4 0.9999562 
-184.4 0.9999575 
-178.0 0.9999590 

FIGWBE 4O.-Lamberc projection tables for South Carolina-Continued. 



MANUAL OF PLANE-COORDINATE COMPUTATION 151 

Lambert Projection f o r  Bouth Carolina - Portb 

Table I (Cont'd). 

R Y' 
ft. Y value on 

central 
meridian I I fee t  

101.09800 I - 8.J.f' 
101.09850 - 2.5 
101.09900 - 21.3 
101.09950 - 49.8 
101.10017 I - 37.9 
aoi.10067, - 25.6 
101.10117 - 13.0 
101.10183 I 0.0 
101.10256 + 13.4 
101.10317 I + 27.2 
101.10 67 + 41.3 
101.10500 + 70.7 
101.10617 +101.5 

101.10217 + 55.8 
101.10567 + 65.9 

~101.10683 I m7.4-  
101 .lo750 ,+1?3 .8 
101.10isj3 +ij6.5 
101.ia83 9167.6 
101.10950 I +l85.O 
101.11033 1 +202.8 
101.11100 +221.0 
101. 11183 +239 :6 
101.11233 +258.5 
101.11317 I +277.8 
101.11400 +297.4 

101.11617 +358.7 

101.11467 +317.5 
101.11550 +337.9 

101.11700 +)79.8 

Scale 
expressed 
as a 
rat io 

0.9999696 
0.9999717 
0.9999738 
0 -9999761 
0.9999781 
0.9999g08 
0.9999859 
0.9999885 
0.9999913 

o .9999833 

0.9999941 
0.9999970 
1.0000000 
1.00000 1 
l .OOOOOk3 

1.0000095 
1.0000128 
1.0000163 
1.0000198 
1.0000234 
1.0000270 
1.000030s 
i.oooo 86 

1.00001;67 

i.ooo05 5 

1.0000347 
l.CQ00226 

1.0000509 
1.0000552 
1.00006$ 
1.00006s5 
1.0000731 
1.000077s 

1.0000875 
1.0000~26 

FIGVBE 40.-Lambrt projection tables for South Carolina-Continued. 
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lambert Projection for South Carolina - Hortb 

Table I (Contld). 

Lat . R Y’ 
f t .  Y value on 

oentral I meridian 
I 1 f ee t  

101.11783 

101 -12017 1.0001078 
101.11950 1.0001026 

io&= 9.7516619306 - 10 

log I[ = 7.6419678060 

Ceod. Az. - Grid. Az. = - x2 - ’’ 
yo = 497,599.22 feet  

1 = 0.3731036 - 10 

FIGURE IO.-hmbert projection tables for South Carolins-Continued. 
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Lambelt projeotion for 8wth Carolina -North 

table  11. 

1' of long. = 0 ? 5 w 7 3 8  of 8 

Q II  Lon& 

+I 24 06.6066 79O 061 
+1 2 2.7 6 
91 23 38.8?6& . 3' 
91 22 24.9970 
+l 21 51.1272 2 
91 2 1  17.2574 79O 11' 
+1 20 43.7375 12 
+1 20 09. 177 
+I 19 35.247.7e il 
+l 19 01.7780 15 
+1 18 2 .90gl 79O 16 
+1 17 5t.O 83 
+I i g  46.2982 
+I 16 12.4268 i! 

3 +1 1 20.128 

+1 15 38. 589 
41 1 0 4 . b 1  79' :: 
+1 12 30.8192 
41 13 56.9494 E$ 
+I 13 23.0796 25 

141 12 49.2097 79O 26 
+l  11 41.2700 222 
+i 11 07.6002 29 
+1 10 33.7304 30 

+1 12  15. 399 

- 
e - 

t i0  09, 
b l  09 
t1 08 
+l 08 
+I 07 
+1 07 
+I 06 
+I 06 
:i 3 

E Oof 
+I 04 

+1 02 
+I 02 

+1 01 
+1 00 
+l 00 
+o 59 
+o 59 
+o 58 
2 i? 
2 ;i 

a 5  52 
+o 55 

+o 54 
+o 53 
+o 53 
+o 52 
90 51 
+o 51 
*o 50 

11 Long. \ 
I t  I 

5998605 79O 31' *go 
25 e9907 
52.1206 
18.2510 ;z 40 

32 2 
44.ytll 35 w 
10.5113 790 368 +o 
36.6415 
02.7716 3 2 
28, gold 
55.0319 2 2  

$32 
21.1621 790 $ 8  
47.2922 2 
05.6827 45 m 
13.4224 
39 * 5526 

FIGWE 40.--Lsmbert projection tables for South Cmlina-Continned. 
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+O 21 27.65G 
+O 20 53.18k 
+O 20 19 143 

+O 19 11.5747 
+O 18 37.70b 
+o 18 03.8 50 
+O 1 29.9251 
+O lg 56.0953 

+O 16 22.2254 

+O 1 14.2$58 
+O 15 40.6159 

*o 13 32.8762 
+O 12 59.0064 

90 11 51.2667 
# 11 17.3969 

+O 19 45:h 

io 15 46. 556 

io 14 06.7461 

Ul 12 25.1365 

U. 6. COAST AND GEODETIC SURVEY 

57 90 01 4ii6695 
58 +O 01 07.7 97 
59 Ul 00 33.8298 

81" 00 0 00 oo.oO0o 

810 Olt -0 00 33.8698 
02 -0 01 07.7397 

$! -0 02 15.4 92 
05 4 02 49.3i92 

810 06: 4 03 23.2191 

Oe( -0 02 30.9587 
09 -0 05 04.82g6 

810 11' -0 06 12. 683 
12 4 06 46.5381 

iz -0 07 54.1778 
15 -0 08 28.0476 

-0 01 41.609 

07 -0 0 57.0889 

io -0 05 38.6984 

-0 07 20.3oeo 

Long. 
800 06' 

'09 
10 

800 11' 
12 

15 
800 16' 

17 
18 
19 
20 

800 211 
22 

25 

800 261 

29 
30 

800 31' 
32 

35 
800 361 

3 

:;: 

f;: 

5z 

3 l  

810 36 
37 
38 
9 

810 41' 
42 
4 d 
45 

810 46f 
47 
49 
50 

i o  

4$ 

Lambert Projection for louth Cnrolina - RortB 
Table XI (fJon%ld). 

10 of long. 0856449738 of e 

-0 20 19.3143 
-0 20 53.1842 
-0 21 27.0540 
-0 22 00.9239 

-0 23 08.6636 

-0 2; 16:h32 
-0 '24 50.2 31 
-0 25 24.1?29 

-0 25 58.0128 
-0 26 31.8826 

-0 27 39.6223 
-0 28 13.4921 

-0 22 34.7937 

-0 2 42 334 

-0 27 05.7525 

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



- 
Long. - 
si0 51' 

52 

55 
810 561 

57 
58 
59 

820 00 

$20 01' 
02 

05 
820 061 

07 
08  
'09 
10 

829 11' 
12 

15 
82e 161 

% 

3 

Ilt 

3 
19 
20 

$20 21' 
22 

25 
it 

MANUAL OF PLANE-COORDINATE COMPUTATION 155 

Lambert Projection for South Carolina -North 

Table I1 (Cont'd). 

1" aF long. = 0?56449738 of B 

-0 31 36.7112 820 310 
9 32 io. 810 
-0 32 44.&09 
-0 33 18.3207 $ 
-0 33 52.1906 35 
-0 34 26.0604 820 360 
-0 34 59.9303 37 
-0 35 33.8001 
-0 36 01.6699 
-0 36 41.5398 2 
-0 37 15.4096 820 41, 
-0 37 49.2 95 
-0 38 23.lk3 
-0 38 57.0192 
-0 39 30.8890 45 
-0 40 04.7586 a?* 46* 
-0 40 38.6287 
-0 41 12.498 
-0 41 46.36d 49 
-0 42 20.2382 50 

-0 42 54.1081 8% 5lq 
52 

-0 44 35,7176 552 
-0 % 09.5874 55 

8 

3 2 ;;:w 
-0 45 43.4573 820 561 
-0 46 17.3271 57 

4 47 58.9366 830 00 

-0 46 51.1970 58 
-0 47 25.0668 59 

-0 51 22.1557 
-0 51 56.025 
-0 52 29.& 
-0 53 03.7652 
-0 53 37.6351 

-0 54 11,5049 
-0 54 45.3 48 
-0 55 19.2?% 
-0 55 5 .1144 
-0 56 22.9843 

-0 57 00.8541 
-0 57 34.7240 
-0 58. 08. 938 
-0 58 42.2637 
-0 59 16.3335 

-0 59 50.2033 
-1 00 24.0 32 

-1 01 31.8129 
-1 02 05.6827 

-1 02 39 526 
-1 03 l3:?224 
-1 0 47.2922 
-1 0;f 21.1621 
-1 04 55.0319 

-1 05 28.9018 
-1 06 02.7 16 
-1 06 36.6l15 
-1 07 10.5113 

-1 00 57.9 il 30 

-1 07 44.3811 

-1 11 07.6002 
-1 11 4i.4700 

-1 13 23.0796 

-1 12 15.3399 
-1 12 49.2097 

-1 16 46.2986 
-1 17 20.1685 
-1 17 54.0383 
-1 18 27.90gl 
-1 19 01;7780 

-1 19 Z5.6478 
-1 26 69i5177 
-1 20 43-38? 
-1 21 17.257% 

-1 25 14.3463 
-1 29 48.2161 
-1 26 22.0859 
-1 26 55.9556 
-1 27 29.8256 

FIGuEE 40.--lambert projection tables for South Carolina-Continued. 
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Lambert Projection for South Carolina - Soutb 
Table I. 

R 
ft .  

32 676 887.65 
32' 670'823.83 
32:664: 60 0 
32 , 658 , i96:2Z 
32,6 2 6 2.47 
32 , b26: 5 b  .72 

- Yl Tabular Soale in Soale 
Y value on difference unite of expressed 
oentral  for  1 880. 7th place a9 a 
msridian of let. Of logs ra t io  

fee t  feet  

6 2.66 101.06200 1.0001047 
t2:&.38 101.06167 $$:z 1.00009 3 
48,510.08 101.06133, &8.7 1.00009& 
4,573. 6 l01.5Jtll7 +3E6.3 1.0000889 i: 0,637 .z 3 101.06100 +364.3 1.0000839 

66,701.09 101.06067 +342.6 1.00007E9 
72 764.7 101.06050 1.0000740 
7$82%.32 101.06033 :$i:t 100006 2 
8 ,891.98 101.06000 +279.6 1:0000& 
90,955.58 101.05963 +259.6 1.0000598 

+239.8 1.0000552 
1.0000 07 

+182.4 l.OpOOk?O 
e164.0 1.0000378 
$?:z l.OOOOk3 

127, 36.98 101.05863 t146.0 i.oono336 
133 L0.51 101.05867 +128.3 1.0000295 
1 9'464 0 101.05867 +111.0 1.0000256 
1&:527:4 101.05850 + 94.0 1.0000216 
151,591.06 101.05633 + 77.4 1.0000176 

157,654.56 101.05633 + 61.2 1.0000141 
163,718.06 101.051317 i.0000105 
169,761.55 101.05800 1.000006 
175,845.03 101.05800 + 18.8 1.000003~ 181,908.51 101.05~00 0.0 1.0000000 

18 971 9 101.05763 - 14.4 0.9999967 
19{:035:?6 101.05783 - 23.4 0.9999935 
200,098.8 101.05783 - 42.1 0.9999903 

212,225.16 101.05783 ' - & e 4  0.99998Q 
206,162. 101.05767 - 55.4 0.99p372 

FIOUEE 4OM.--Lsmbert projection tables for South Carolina-Oontinued. 
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lambert Projection for South Carolina - South 
Table I (Cont'd). 

central 
meridian of lat. 

~.~~ 

101.05767 
101.05767 

101.05767 
101.05767 

101.05767 
- 93.2 
-105.1 
-116.6 
-127.7 

101.05783 -1 8.5 
101.C5783 -1L.9 
101.05783 -159.0 
101.05783 -168.7 
101.05783 -178.0 

101.058QO -187 .O 
lOl.058OO -193.6 
101.05817 -203.8 
101.05833. -211.7 
101,05833 -219.e 

lOl.05g50 -226.3 
101.05850 -233.1 

101.05gg3 -225.5 
101.05900 -251.2 

101.0p67 -2 9.5 

101.05917 
101.0F,933 I Izz!l2 
101.05950 -266.0 
101.05967 -270.2 
lol;o~%j I -274;1 
101.06000 -277.6 
ioi;06017 -266.7 
101.06050 -283.5 
101.06067 -285.9 
101.06cca3 -287.9 

101.06117 I -289.6 
101.06133 -296.9 
101.06167 -291.8 
lOl.0$183 -292.4 
101.00217 -252.6 

C -9999813 
0.9999785 
0.9979758 
0.9999732 
0 -9999706 

o .99996ffi 
0.999963 
0.9999612 

0.999905J 

0 a9999590 

0,9999569 
0.9999550 
0.9999531 
0.9999 13 
0.9999396 

0.9999479 
0.9999463 
0.999949 

0.9999422 

0.9999b9 
0.9999398 
0.999938s 
9.9999378 
0.9999369 

0.9999361 

0,9999435 

0.9999324 
0.99993 7 
0 -9999342 
0..9999337 

0.9999333 
009999330 
0.9999328 
0.9999327 
0.9999326 

FIGWEE 4O.--Lsmbert projection tables for South Carolina-Continued. 
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Tab-alar ' 8 oale i n  
difference uni t s  of 
?or 1 sec. 7th plaoe 
of 1st. of logs 
fee t  

101.06250 -292.4 
101.06283 . -291.9 
101.06300 . -291.0 
101.063 3 -289.7 
101.063i7 -288.1 

U. 8. COAST AND GEODETIC SURVEY 

Eoale 
expreseed 
as a 
ra t io  

0.9999327 
0.999932g 
0.9999330 
0.9999333 
0.9999337 

- 
L a t  

330 01' 
02 

3 

3 :: 
;z 
3 

3 

fZ 

32 3 

05 
330 069 

330 11' 
12  

15 
330 16' 

330 21' 
22 

25 
339 26t 

29 
30 

33' 31' 
32 

35 

101.06400 
101.06427 
101.06500 
101.06533 
101.06583 
101.06650 
101.06700 
101.06733 

101.06817 
101.06900 101.06650 
101.06933 

101.064 3 

101.06600 

101.06767 

101.07000 
101.07033 
101.07083 
101.07117 
101.07183 
101.07233 
%?:z;5g$ 
101.07$7 
101.07 33 
101.07500 
101.07550 
101.07600 
101.07650 
101.07717 

Lambbrt Projection for.8outh Carolina - Boutb, 

Table I (Contad). 

-286.1 0.9999341 

-281.1 0.99993g 
-278.0 0.99993 
-274.5 0.9999368 
-270.7 0.999937;k 
-261.9 0.9999 97 
-257.0 0.9999k6 
-251.7 0.9999QO 

-240.0 0.9999427 
$22:: 0.9999462 0.999947s 
-219.7 0.9999'94 

-283.8 0.9999347 

-266.5 0.999938 

-246.0 0.99994 4 

-212.2 0.9999511 
-204.4 0.9999529 
-196.2 0-99995M 
-167.6 0.9999568 
-178.6 0.9999589 
-169.3 0.9999610 
-1 9.6 0.999963 
-129.5 0.9999652 
-139.1 0.3999680 
-128.3 0.9399705 
-117.1 0.9999730 
-135.6 0.999975c 

0.9999813 - 68.7 0.9999842 

0.999978 

R 
ft. 
7 
Y value on 
oentral  
meridian 

feet  

%2::'::S'6 
442 , b t l  -03 
448 704.81 
454: 768.61 
460 , 632.43 
466,896.27 
479,024.01 

'el, 151.83 

472,960.13 

M5,087.91 

503:2 9.74 i; 5:;: to?:;; 
497 215.76 

551,792 * 35 
557 #g56 -55 
563a 920 e77 
569,985-02 
576,049 29 
5g2 113.60 
588:l 7.94 

606,371.13 

59492 il 2.31 
600,306.71 

618,500.09 
612 3 435 59 
624,564.62 
630,629 .l8 
636,693 -77 

FIGURE M.-Lambrt projection tables for South Carolina-Continued. 
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33' g' 
b? 

' 45 

159 

32,003,805.5g 
31,997, 740.73 
31,985,610.92 
31,991,675.85 

31,979,545.96 

Lambert Projeotion for South Onrolina - South 
Table I (Contl&). 

673 Os2.07 
679'146.92 
685'211.80 
691:2 6 3 
697,3bl:i9 

Let.  -7- 
lol.oaog3 
101 .OS133 
101.08217 
101.08267 
101.08333 

Scale in 
unite of .  
7th place 
Of loge 

Soale 
expreeeed 

rat i o  

330 561 '31,912 828.65 
57 31,9C5:763.18 
58 31,900 697.66 
59 31,894' 632.10 

34O 00 j1,8Sd:!ib6.49 

+ 14.9 

+ 6?i 
+ 77.9 
+ 74.6 
+129 .i 
+146.9 
~165.1 

+is3.6 
+202.5 
+221.$ 
+241.5 
+261.5 

~281.9 
+302.6 
+323.7 
+j45.2 
~367.1 

+434.9 
+454.3 
+4$2.(? 

+506.1 
+530.6 

+606.2 

1 3°*1 

+111.7 

3:::; 

g22:: 

1.0000034 

1.0000142 

1.0000069 
1.0000105 

I 1.0000179 
1.0000218 
1.0000257 
1.0000297 
1.0000338 

1.000042 
1 .0000466 

1 .0000~80 

1 .Ob00511 
1.0000556 
1.000060 2 1 
1.00007 

1.0001O55 
1.0001110 

1.0001165 
1 ,0001222 
1.0001279 
1.0001 337 
1.0001396 

, & = 0.54465157 
log.&= 9.73611s7599 .. 10 
log K a 7.6521509551 

FIGURE 40.-Lambert projection tables for South Carolina-Continued. 
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Lambert Projection for South Carolina - South 
Table XI. 

1" of long. 0954465157 of 8 

+i io 15.60 2 790 261 a 
+I 09 10.2450 2'' 2 
+I @E 3 .5659 2 9 + O  
+1 08 06.6E6g 30 i0 

+i 07 32.2077 790 31' +o 
+1 06 59.+266 32 +O 
+1 06 26.649 
+1 05 54.1702 ;l 2 
+1 05 21.4913 35 +O 

+1 04 48.6122 79O 361 4 
+i oh 16.13 1 
+l 03 43.45;fo 3i 2 
+1 03 10.7349 
tl 02 36.0958 ' k 
+i 02 05.416 79O 41' +O 
t1 01 32.737g k +O 
+1 01 00.0586 

45 +O 

to 59 22.0213 790 461 +o 

+1 09 42.92 2 1 

tz 2 
+l *o O0 59 2iI.379z 5 ,700 

2 2 3:aE % 2  

3 2 
+O 55 27.909 55 +o 

a 57 43.9Eh 49 +o 
*o 57 11.30'9 50 
to 56 36.6256 790 51' +O 
+O 56 05.9467 52 +o e 55 33.2676 

5 00.586$ 

51 ll.S349 800 018 +O 32 08.0666 
O2 

49 01.1185 05 +O 29 57.3502 

48 28.4 94 800 061 +O 29 24.6711 
47 55.7&3 07 +o 28 51.9920 
4 23.0112 08 40 28 19.3129 
4g 50.402iL 09 M 27 46.63 8 
46 17.7230 10 +O 27 13.95z7 

45 k5.04 9 80° 118 +O 26 41.2756 4 12 6h 12 +O 26 OS.596 

$ 29:izz :$ 2 225 03.2383 35.9172 
43 3C.3275 15 +O 22 30.5592 

43 01.6484 800 161 +b 23 57.8gOl 

41 23.6112 19 +O 22 19.8429 
40 50.9321 20 +o 21 47.1638 

2 ;: 0325::C"i2 Et +O 30 30.0293 

42 28.9693 17 +o 23 25.2011 
hi 56.2903 18 +o 22 52.5220 

40 18.2530 80° 210 90 21 14.484 
39 '45.57 9 22 .H) 20 41.805g 
39 12.89t8 
38 40.2157 g l  $ :; $z:E$2 
37 34.857 800 261 *o 18 31.0892 3i 02.1782 27 +O 17 58.4101 
3 29.4993 28 +o 1 25.7310 35 56.8202 29 +O 1i 5y.0519 
35 24.1411 30 +O 16 20.3728 

38 07.5366 25 +o 19 03.7683 

FIQUEE IO.-Lambrt projection tables for South Carolina-Continued. 
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Lambert bojeotlon for Bouth Carolina - South 

Table 11 (Contld). 

of long. = 0?54465157 of 

Q Long. e Long. e 
too 15' 471369 7 810 411 - 0 0  221 19 .8k9  
to 1 lg.OlZ6 07 -0 0 46, 537 k -0 22 52.5220 

08 -0 Ot 21.6328 4 -0 23 25.2011 $ $:@z 09 -0 04 54.1118 d -0 2 2  57.8801 

810 961 - 0 O  030 16~0746 

to 13 36.9774 10 -0 05 2617909 45 -0 2 30.559;r 
to 13 04.2363 810 111 -0 05 59.4 00 810 11.6' -0 25 03.238 t 

4t3 -0 2% 08.  9;b 
r0 12 31.6192 1 2  -0 06 32.1691 IC7 -0 2 35.91 

49 -0 26 41.& 2 to 11 58.9401 -0 07 04.8282 
to 11 26.2610 ?Z -0 07 37.50 
to 10 53.5819 15 -0 08 10.18gZ 50 -0 27 13.9527 
a i o  m.902e 810 161 -0 08 42.86 810 518 -0 27 46.63 S 4 52 -0 28 19.3139 

5 -0 28 51.9920 +o 09 15.5d6 18 -0 09 k.2237 
90 08 45.$6 19 -0 10 20.9028 54 -0 29 23.6711 
90 06 19.188 20 -0 10 53.5S19 55 -0 29 57-3502 

to 07 3 .5073 $10 218 -0 11 26.2610 810 561 -0 30 30.0- 
90 07 Ol.8282 22 -0 11 58.9401 57 -0 31 02.7082 
+O 00 32.1491 2- -0 12 31.6192 58 -0 31 35.p 
90 05 59.4700 28 -0 13 04.298 59 -0 32 08.0676% 
t0 05 26.7909 25 -0 13 36.977t 8 2 O  00 -0 32 40.7457 
90 04 54.1116 810 261 -0 14 09.6564 820 01' -0 33 1 -4247 

-0 14 42.33 02 -0 3 hif.1036 g i  -0 15 15.012g -0 33 lg.  829 
+O 04 21.4328 
+o 03 46.75 7 
+O 03 16.07$6 29 -0 15 !7.6937 -0 34 5 1 . L O  
+o 02 43.3955 30 -0 16 ~3.3728 05 -0 35 24.1411 

09 48.22 7 17 -0 09 15.5 

-0 OO .32.6791 810 36' -0 19 36.44 4 820 111 -0 58 40.n 
-0 01 05.3582 
-0 02 10.71iz 9 4 21 l.4.4827 

37 -0 20 09.1276 12  -0 39 12.89a 
i2 -0 k 18.2530 

-0 01 38.03 38 -0 20 41.80 3 -0 9 45.5739 

-0 02 43.3955 L -0 21 47.163 15 -0 40 50.93ea 

FIQURB 40.-Lambert projection tables for South Carolina-Continued 

Computation of grid azimuth 

OMAR-SPRING 

X ?I 
Spring- 1,927,066. 27 398,339. 17 

Ay = +17,010. 35 

Omar--- 1,926,745.82 381,328 82 

AZ ,= +320.45 

log &=2. 50576028 
log Ay-4.23071325 

log tan a=8. 27504703-10 

Omm-Spring= 181' 04' 45f3 Grid a 



Adjustment of traverse, South Carolina end 

Line 

I D ,  . I  
181 04 45.3 
180 13 58.4 

1 18 43.7 
181 18 43.7 
180 10 11.9 

1 28 55.6 
181 28 55.6 
179 36 52.7 

1 Q5 48.3 
181 05 48.3 
180 28 00.3 

1 33 48.6 
181 33 48.6 
179 29 32.2 

1 03 20.8 
181 03 20.8 
180 21 08.5 

1 24 29.3 
181 24 29.3 
179 51 22.7 

1 15 52.0 
181 15 52.0 
185 45 41.6 

Oarnett-Savannah _________________._..---.... 
Savannah-Garnett ____________________-----... 

Savannah-Garner. _________________.__________ 
198 30 32.0 

-0.02289914 

-0.02586483 

-0.01914073 

-0.02728483 

-0.01842576 

-0.02457418 

-0.02206693 

-0.12231974 

-0.43106062 

Fixed and Bnal values are shown in bold-faced type in the above table 

Cosine 

-0.99973777 

-0.99966545 

-0.99981680 

-0.99962770 

-0.99983023 

-0.99969801 

-0.99975650 

-0.99249075 

-0.90232297 

Geodetic 
length 

Feet 

19503.98 

12046.52 

14439.01 

9478.01 

12531.10 

14065.18 

19626.25 

22434.83 

12699.29 

Grid 
length 

Feet 

19502.73 

12045.77 

14438.15 

9477.47 

12530.42 

14064.46 

19625.34 

22433.95 

12898.87 

Adjust- 
nent rection cor 

Feet 

-0.80 

-1.30 

-1.89 

-2.29 

-2.80 

-3.38 

-4.19 

-5.11 

-5.64 

Adjust- 

rection 

Feet 

-0.37 

-0.59 

-0.87 

-1.05 

-1. 28 

-1.55 

-1.92 

-2.34 

-2. 58 

- 
Propor- 
tional 
length - 

19503.98 

31660.50 

45989.51 

55467.52 

67998.62 

82063.80 

101690.05 

124124.88 

136824.17 
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Geodetic positions from Lanibert coordinates 

state South Oerolina (South) Station SaV-* 

Georeia 
South C a r o l i n a  (South) Grid Station Garner 

tan8= x - C  y" = 2 R sin2 $ 
y' = y - y" 

C is constant added to x '  in computation 
of coordinates 

R, is map radius of lowest parallel 
A is vaiue of y for R , , in most cases i t  IS zero 
6 is interpolated from table of y '  

R b + A - Y  

Ax = -f 

X = X ( central mer. - AX 
R = ( R b  + A - y ) sec 0 

FIQUZIE 4l.--Computation of geodetic positions from Lambert coordinates, South Carolina. 



164 U. 5. COAST AND GEODETIC SURVEY 

W E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 
s c  

State Ga. (Eiet)@ria Station Savannah , 
X (Central meridian) 82 10 00.0000 

81 15 14.6746 
+ 54 45.3254 

0 , "  

4 32 32 26.1317 x 
A h  (Central meridian-X) 

-y (for seconds of 

out C first for 4 and correct for approximate #. 
FIQWRE 42,-Computation o fcoordinates on transverse Mercanter projects, Georgia. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State Georgia (East) Station Garner 
A (Central meridian) 820 16 oo".oooo 

81 16 18.2729 
+ 53 41.7271 

+ 3221.7271 

0 , "  + 32 30 32.6113 x 
A X  (Central meridian-A) 

d X (in sec.) 

-y (for min. of 6) 
-y  (for seconds of 

Take out C first for 0 and m e c t  for approximate O', 
FIGWEE 42.4omputation of C O O r d h t e S  on transverse Mercator projection. Georgia-Contmned. 
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Geodetic positions from Lambert coordinates 

state _ B o u t h + . h !  Station Rarn’Ar 

FIGURE 43.-Computation of geodetic position from coordinates, South Carolina. 
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~4000.000.00 __ 
-%. 

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

-log ( A 4  

-1Qg F 
-log b . 

-Aut 

,b 

- A a  

AU 
D 

State Georgia (Eaet)Station Garner 
0 . 0  

A (Central meridian) 82 10 
x 81. 16 ig.337 % 

0 53 41.6613 
P 3; 3; 3i.5856 

A X  (Central meridian-A) 
t 

F 
I 

* luheoutCfirstfor6 and 
h G W E  44 

C 

Savannah-- 2,281,228.31 925,546.42 
Garner- - - - 2,275,880.38 913,728.26 

h= $5,347.93 Ay=+11,518.16 

log h-3.72818572 
log A y e &  06138311 

log tan a= 9. 66680261 - 10 

Grid a Garner-Sa~annah=204~54’2073 
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a .- 
0 u 
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;ri 

d d 0 0 0 0 d d 0  
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Computation of azimuth corrections 

Garner to 
Savannah 

Clyo to 
Berryville 

Garner to 
Clyo 

Berryville 
to Clyo 

Clyo to 
Garner 

551,761 
281,228 

832,989 

5.92064 
4.08138 
9.89621-20 

-~ 
655,166 
280,166 -- 
635,332 

5.92188 
4.244371 
.89621-20 

551,760 
277,583 

829,343 

4.07028n 

-- 

5.918783 

9.89621-20 

560,332 
277,583 

555,166 
275.880 

837,915 

5.92320 
4.24443 
9.89621-20 

0.06384 
--- 

61.16 

831,046 

5.91983 
4.07028 
9.89621-20 

9.88612-10 

to.  77 

log 221'+22') 

log constant.. __________-___. 

log azimuth correction 

Azimuth correction _ _ _ _ _  - - __. 

log b-"l)-.~~l::I::::I:::::: 

9.88522-101 

-0.77 

9.87823-10 

I-0. 76 

Berryville 
to Stillwell 

0.0825m 

-1.15 

Stillwell to 
Berryville 

565,710 
280,166 

Rincon to 
Exley 

Roosevelt 

hard 
to Mein- 

%E 
-.- 
882,181 

5.94566 
3.99898n 
9.89621-20 

9.84075-10n 
u 

-0.69 - 
Exley to 

Roosevelt 

579,526 
292,334 

Stillwell to 
Cleveland 

565,710 
285,746 

851,456 

5.93016 
4.30210n 
9.89621-20 

0.12907n 
-- 

-1.35 

Meinhard tc 
Roosevelt 

595,026 
292,334 

560,332 
282,855 

574,656 
289,763 

864,419 

5.93672 
4.21798n 
9.89621-20 

-~ 
843,187 

5.92592 
4.26576~1 
9,89621-20 

0.08789n 
--___ 

-1.22 

845,876 

5.92730 
4.26576 
9.89621-20 

0.08927 
___- 

I-1.23 

log (221'+22') - 
log (yr-yl) 
long constant 

log azimuth correction ______. 

Azimuth correction _.____ - - -. 
0.05091n 

-1.12 

Cleveland to 
Roosevelt 

571.492 
287,328 

Cleveland 
to Stillwell 

Exley to 
Rincon 

571,492 
282,855 

854,347 

5.93163 
4.30210 
9.89621-20 

--- 
579,526 
287,328 

866,584 

5.93795 
4.21798 
9.89621-20 

0.05214 
--- 

I-1. 13 

887,360 

5.94810 
3.69898 
9.89621-20 

9.84329-10 
---. 

to. 70 

858,820 

5.93390 
4.02481n 
9.89621-20 

9.85492--1071 
---- 

-0.72 

871,860 

5. 94045 
4.24942n 
9.89621-20 

0.08608n 

-1.22 

log (221'+21') - 
log (sz-gl) 
log constant 

log azimuth correction 

Azimuth correction _.___ - - - _ _  
0.13054 

I-1.35 

Meinhard to 
Burke 

Rincon to 
Cleveland 

Roosevelt to 
Exley 

-- 
584,668 
289,763 

874,431 

5.94173 
4.24942 
9.89621-20 

--. 

Burke to 
Meinhard 

Burke to 
Chatham 

606,868 
309,633 

916,501 

5.96213 
4.07933n 
9.89621--20 

9.93676--1On 

--- 

-0.87 

595,026 
303,434 

574,656 
285.746 

606.868 
297,513 

898,460 

5.95350 
4.05484n 
9.89621-20 

9.90455-1m 
-_-___ 

-0.80 

860,402 

5.93470 
4.02481 
9.89621-20 

804,381 

5.95635 
4.05484 
9,89621-20 

log (221'+22') 
log (ya-y1) 
log constant ___-------------. 

log azimuth correction _____.. 

Aeimuth correction 

9.85572-10 

I-0.72 

9.90740-10 

to. 81 
0.08736 

tl. 22 
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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 exampIe 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 hhe 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 ds 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 Zva 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 T E E  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 
y’ equal to yo, 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 yo from the Bo. In  the table for Ohio (South) 
(see fig. 45) denoting the radius for this parallel by R,, we have 

RC=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 &st term, the value we get will vary as the line is moved farther 
and farther from the central meridian. The best value wi l l  be found 
if we use for y’s the meridional grid distance of each station from the 
parallel of R,, and for z2-z1 the grid length multiplied by the sine of 
the geodetic azimuth. This can be done by computing the R and e 
from the assumed coordinates and then using for y the value R,-R 
and for geodetic azimuth the value grid azimuth+e. 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 

0 For State map of Ohio showing elements of the two grids covering the Stste see Figure 64, p. 266 
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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 R, as origin. That is, 
2,000,000 is subtracted from the x’s and 504,195 from the y’s, taking 
each coordinate to the nearest foot. Then we find that -1O28’ is a 
fairly good mean for the 8 angles. Now turn the axes through the 
angle - 1’28’ which will make the new Yaxis parallel to the meridian 
having this 8 angle. In addition move the origin down the distance 
2R, sin2 812, in which R, and e are the quantities already defined. 
For this computation 2R, sin2 812 is found to be +8,362 feet. 

If we consider the 0 as a positive angle the transformation formulas 
become 

x‘=x COS e--?/ sin e 
yf=+8362+x sin e+y cos e 

sin e=0.02559537 
COS e=o.99967238 

This transformation was made and resulted in the list of transformed 
coordinates tabulated below. From these transformed coordinates 
a tabulation was made of x2’-x1’ and 2yl’+y2’ with the correct sign 
in each case. With these values the correction can be computed by 
the formula 

(XZ’ -21’) (2 Yl’+Y2’) 
6p: sin 1’’ Correction= 

From the table on page 185, we fmd 

log (2poz sin 1 l//)=0.3726089-10, 

,=2.3583X10-10 hence 2p: sin 1 

and .=0.7861 X lo-’’. 6p: sin 1 

With a calculating machine the correction can readily be computed. 
The 10-lo 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 

It can be seen that approximate values are sficient, for we get the 
same value by using three significant figures in each case 

The complete work of the two adjustments is now given to serve 89 
an example for similar cases. 

Cor.= -0.38274X1.68325X0.7861 
=-0.51 

Cor.= -0.383 X 1.68X0.786 
=-0.51 
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Lambert Projection for Ohio -North 

Table I. 

R 
ft. 

24.462.002.93 

Y‘ 
Y value on 
central 
meridian 

feet 

E:;Zf:9,,6 
MJ578.44 

60 , 722.83 54,650.64 

101.20633 
101.20600 
101 a 20567 

E: :002.2: 
101.20450 

+lo19 .6 

+ 959. 
+ 929.9 + 900.7 
+ 871.9 

+ 989.2 

101.20417 i~ 843.4 
101.203~33 
101.20333 + 787. 
101.20317 + 760.2 

+ g15.2 
101.20267 + 733.2 
101.20250 + 706.5 
101.20217 + 680.2 
lOl.2Olgj 9 654.3 
101.20150 + 628.7 
101.20117 + 603.5 
101.20100 + 578.6 

101.19967 + 459.6 
101.19917 + 414.5 
lol.lg&ig I +  370.9 
101.19950 + 436.9 
101.19900 9 392.5 

101.19867 I +  349.6 

101.19783 + 2M.6 
101.19750 + 229.5 
101.19750 9 210.8 
101.19733 + 192.4 
101.19733 + 17‘+.~ 

Scale 
expressed 
aa a 
ratio 

1.00023M 
1.0002278 
1.0002209 
1.0002141 
1.0002074 
1.0002008 

1.0001942 
1 .000187 

1.0001750 
1.0001688 

1.0001627 
1.0001566 

1 .00018lil 

;::::;a 
1 .0001390 

1.0001332 
1.0001276 
1.0001220 
1.0001165 
1.0001111 

1.0001058 

1.0000954 
1.0000904 
1.0000854 

1. oooosog 
1 ,0000757 
1.0000709 
1.0000663 
1.0000617 

1.0000572 
1.0000 28 
1.0000&5 
1.00004-43 
1.0000402 

1.0001006 

FIGWE 45.-Lambert projection tables for Ohio. 



174 

Y' ft. Y value on 
Lat . 

central  
meridian 

U. S. COAST AND GEODETIC SURVEY 

Tabular 
differenae 
for 1 0ec. 
of l a t .  

Lambert Projeotion for  Ohio -North 
Table I (Contld). 

400 211' 
22. 

25 

24,310,205.22 248,953.25 101.19667 
24 304 133.42 255 02 .OS 101.19667 
24'298'061.62 261'092.8 101.19650 
24:291:989.8 267:168.62 101'.19650 
24,285,918.0~ 273,240.43 101.19650 

400 261 

29 
30 

24 279 846.25 279,312.22 101.19650 
24'273'774.46 285, 84.01 101.19650 
24'267) 02.67 291,&5.80 101.19633 
24:261:ajO.89 297,527.56 101.19650 
24,255,559.10 ' 303,599.37 101.19650 

b o  311 
32 
ft 
35 

IwO :$' 
8 

400 41, 
42 

n% 

45 

8 
'I9 
50 

bo 

3cale in 
units of 
7th plact 
of logs.  

+156.;1 
+I39 
+122.5 
+105.9 
+ 89.7 
f 73.8 
+ 8.4 

+ 26.5 .+ 14.1 
0.0 - 13.6 - 27.0 - 39.9 - 52.5 - 64.i - 76. - 88.1 - 9Y.3 

-1M.1 
-120.5 

-149 5 
-158.5 
-167.1 
-175.4 

- 

+ 23.2 

I;%:; 

-163.2 
-190.7 
-197.9 
-20407 
-211.1 
-217.2 
-226.2 
-222.9 

24,249,487.31 3 0 9 ~ 6  1.16 101.19633 
24,243,415.5t 315,7?2.94 101.19650 
24,237,343.7 321 814.73 101.196 0 
24,231,271.95 327:886.52 101.19637 

24 219 128.36 340,030.11 101.19667 
24'213:056.56 346,101.91 101.19683 

24'200 912.92 358'2&' 101.19683 
24: 1&841.13 364: 317: 32 101.19700 

24 188 769. 1 370, 9.16 101.19700 
24:182:697.& )76,g0.98 101.19717 
24,176,625.66 382,532.81 101.19733 
24,170, 53.82 388,604.65 101.19750 
24,164,&1.97 394,676.50 101.19750 
24,158,410.12 !+00,748.35 101.19767 
24,152 , 338.26 406,620 P 101 .I9800 
24,146,266.38 412,892.09 101.19800 
24,140,194.50 4U9963.97 101.19S17 
24,134,122.61 &25,035.86 101.19833 

24,225,200.15 333,958 -32 101.19650 

24'206,984.7 352 1 3 7 101.19683 

FIGURE 45.-Lambert projection tables for Ohio-Continued. 

6 C t i l 8  
expressed 
a0 a 
ra t io  

1.0000~61 
1.0000321 
3.0000282 
1.0000244 
1.0000207 

1.0000170 
1.0000099' 
1.0000066 
1.000013 4 

1 .OOOO032 

1 .ooooooo 
0.9999969 
0.9999938 
0.999990g 
0.9999879 
0 -9999851 
0.9999824 

0.99997 
0.9999723 
0.9999700 
::;;3;"6:2 
0.9999635 
0.9999615 
0.9999596 
0.999957g 
0.9999561 
0.99995'64. 
0.999952% 
0.999951 
0 e 9 9 9 9 p  
0.9999 7 
0.9999475 
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Lambert Projection for Ohio -Forth 

Table I (Cont'd). 

24,097 691.02 461,467.45 101.19950 -252.4 
24,091:619.05 467 539.42 101.19983 -255.2 
24 085 47.0b 473:611.41 101.20017 -257.6 
24'079:275.05 479,683.42 101.20033 -259.6 
24: 073 , 403 ~ 3 3  495,755.44 101.20067 -2 61.3 
24,067,330.9 491,827.46 lOl .2OD83  -262.6 
24,061,258.9% 497 899. 3 101.20117 -26 5 
24 0 5 186.87 503:971.& 101.20150 -262:l 

' 

24'1)29:114.78 510,043.69 10L20167 I -264.3 
24: 043,042.68 516,11579 101 -20200 -264.1 

24,030,698.22 5281260.05 101.20227 -262.7 
24 024 826.26 5 4 32 21 101.20300 -261.4 
24:0183 54.08 5&:&4:39 101.203 3 -259.8 
24,012,Ll .S 546,476.59 101.20327 -257.8 
24,006, 609.66 552,5&.81 101.20417 -255.4 
24 000, 37.41 558,621.06 101.20433 
23:994,265.15 564,693. 2 101.20483 rg2g:3 
23,9889 392.86 570,765.21 101.20517 -246.2 

233970,175.66 568i982.61 101.20633 -233.6 

24,036,970+ b 522 lg7.91 101.202 3 -263.6 
' 

23;982,320.55 576,837-92 101.20550 -242.3 
23 976,2&.22 582 910.25 101.20600 -238.1 

23,9&,103.& 595,054- 9 101.20683 
23,95g,031.0 601,127 .& 101.20717 
23,951,958.6i 607,199 e83 101.20767 -217.7 
23,945,a6.18 613,2E.29 101.20817 -211.7 
23,939,g13.69 619 -78 101.20850 -205.3 
23,933,741 -18 625 j17.29 101.20900 -198.2 
23,927pbb8.64 631,489.83 101.20950 -191. 
23,921,596 e07 637,562.40 101.20983 -1g3.9 

Scale 
expressed 
an a 
rat iu 

0,9999463 
0.9999422 

0.9999426 
0 9999419 
0.9999412 
0.9999W 
0.9999402 
0.999939b 
0 9999395 
0.9999393 
0.9999392 
0.9999391 
0.9999392 
0.9999393 

::;;;;:3z 

0.9999412 
0.9999418 
0.9999425 ::;;;;%z 
0.9999452 
0.9999462 
0.9999473 
0.9999486 
0.9999499 
0.9999513 
0,9999527 
0 09999543 
0 - 9999559 
0.9999577 

FIGURE 45.-Lambert projection tables for Ohio-Continued. 



176 

-176.0 

-159.2 
-167.8 

%:; 

U. 6. COAST AND GEODETIC SURVEY 

0.999959 

0,999963 
0.9999612 

0.9999658 0.9999676 

ttrmbert Projection for Ohio - Borth 

Table I (Cant'&). 

- 77.1 - 65.2 

E:; 
27.2 

central  
meridian 

0.9999822 
0.9999E50 
0.9999878 
0.9999907 
0.9999937 

kabular 
dl f  f erenoe 
for l e e o .  
of l a t .  

f e e t  

0 13.6 
0.0 + 14.1 + 28.6 

9 43.5 
+ p . 6  + 74.4 
+ 90.4 
+106.8 
423.5 

+140.6 
+158,1 
+175.9 
+i9t.i 
+2l2.7 

+231.7 
+251.0 
e70.7 +BO.$ 
+3ll.2 

101 -21050 
101.21100 
101.21133 
101.21200 
301.21233 

101.21zoo 

0.999996s 
1.0000000 
1.0000032 
1.000006b 
1.0000100 

1.0000135 
1.0000171 
1.0000208 
1.0000246 
1.0000284 

1.0000324 
1.0000 64 
1.0000&5 
1 . 0 0 0 0 ~ 7  
l.0000490 

'1.0000534 
1.000057s 
1.0000623 
1.0000670 
1.0000717 

io1 ;2i-50 
101.21 450 
101.2lll7 

i o i a 5 j j  
101.21567 
i01.21633 
101.21700 
101.2l750 
101.21ir60 

101.218J33 
io i ;2Ig j j  
101.22000 
101.22067 
i01.2211j 

101.22200 
101.22267 

101.22467 
;:::;;zzl 
101.22533 

101.22667 
101.22617 

io1 .22750 
101.22833 

101.22900 
101.2367 
101.23050 
101 o 23133 
101.23200 

FIQUEE 45.-Lambert projection tables for Ohidontinued. 



MANUAL OF PLANE-COORDINATE COMPUTATION 

u b e r t  Proseoteon for Ohio d.8r~rtE 

Tabls I (ContlB). 

Y’ 
Y value on 
oentral 
meridifin 
f se t  

Tabular 
dlff erence 
for 1 aeo. 
of laf. 
feat  

177 

+332.0 1.000076k 

+441,7 1.0001017 
+488.1 1.0001124 
+464.7 1.0001070 
611.9 1.000117 
+536.1 1.000123% 

PogLS 9.81753252gl - 10 
log K = 7.6044837793 

B~ u +510,419.96 feet. 

FIQURE 45.-LfUnbert projection tables for Ohio-Continued. 
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Long. e 
80° 001 +lo 3 8 1  32?55288 

02 +1 35 lb.71884 

05 +1 35 15.46776 
600 061 +1 4 6 05076 '' +' 33 17m21i73 

+1 33 $6:63 75 
+1 2 37.79971 ig +I 31 58.s269 

60° 11' +1 3 18.96567 

+1 29 20.71461 
15 +1 28 41.29759 

800 161 +1 28 01.88057 
17 +1 2 22 46 55 
18 +1 2g 43:04&3 
19 t1 26 0 .62952 
20 +1 25 22.21250 

800 211 +1 24 44.79548 
22 +1 24 05.3 846 

+1 23 25.9g144 E l  +1 22 46.54442 
25 +1 22 07.12740 

8 0  26' +1 p1 27.71038 
28 +1 20 08.87i34 
29 +1 19 29.Q32 
30 +l 18 50.0 30 

800 311 +I 18 10.62528 

+I 16 12.37423 

01 +1 37 53.13586 

3 :: 35 534:iEO" 

1 2  +i 30 39.54J365 
il +I 30 00.13163 

27 +1 .20 M.29 36 

32 +1 17 31.20827 

$4 +l 16  51.79125 
35 +l 15 32.95721 

U. El. COAST AND GEODETIC BURVEY 

Long. e Long. 

800 

do0 41' +1 11 6.45509 810169 

3 +I 
i o  17.6210 :; 42 +1 10 &.03807 

+l  09 38.20402 19 
45 +l 08 58.78702 20 

800 46, +1 08 19.37000 8l0 21' 

49 +1 0s 21.11894 gz 
50 +I 05 41.70192 25 

+1 03 4 .$OS6 :$ '$ +1 03 06.03 84 29 
55 +1 02 24.61&2 30 

800 561 +i 01 45.19980 810 311 
57 +1 01 0 -76279 32 
5g' +1 00 22.36577 
59 +O 59 46.94~375 3t 

8l0 00 +O 59 07.53173 35 
810 01, +O 58 28.11471 810 361 

o& +O 
57 09.28067 

to 56 29.86 65 
05 +O 55 5 0 . d 6 3  

i0 55 11.02961 810 411 
+O 5 g1:61259 g i  90 53 2 19557 $ 

10 +O 52 33.36154 '6 

47 +1 07 39.95298 22 
48 +i 0 00.53596 

800 51' +1 0 02.28490 810 26r 
+I 02 22.86788 

02 +O 57 M.69769 37 

810 061 

09 +O 53 12.77856 

Lambert Projeotion for Ohio - lortb 

1" of Long. 0 0'165699032 of 9 

Table 11. 

2 3 19.77432 
40.3 731 

+O 44 00.9&29 
+O 42 kZ.10225 

+O 42 02.68923 
+O 41 23.27221 
+O 40 4 .85519 
40 b0 Ol.43817 
+O 39 25.02115 
+O 38 45.60413. 
+O 38 06.18711: 

26.77009 

+a 43 21.52 27 

4 09.G50ii 2 2  3 30.2679~31 
+O 32 50.85096: 

to 2 11 43 94 
+O fl 3P:01& 
+O 30 52.59990 
+O 30 13.16268 
+O 29 33.76586 

FIGWEB 4 6 . - h b e r t  projection tabla for Ohio-Oontinued. 



MANUAL O F  FLANE-COORDINATE COMPUTATION 179 

hmber t  Project ian for  Ohio - North 
1 0  o r  Long. 0 0!6569503e of e 

Table I1 (Uonttd). 

Long. 

+O e 37.26 75 820 261 
+O 24 18.429 1 gi 
t0 23 9.012'k9 29 
+O 22 $9;59547 30 
+O 22 20.17865 820 11 
+O 2l 40.76163 32 
io 21 01. 4461 
40 e0 21.32760 
io 19 42.51058 # 
+O. 18 2 67254 37 d:2 952 38 $ ?7 04 822 0 
+O li 25:425& % 
+o 15 46.00e146 820 41' 

06.591b4 2 3 27.17442 
t0 13 08.3?038 kj 

+O 11 1%.08933 8 
W 10 30.67231. 49 
+O 09 51.25529 56 

+o 28 57.84273 

4 19 03.09 56 820 ,361 

13 47.7 740 

+O 12 26.92336 g20 46' 
+O 11 4 .50635 

+o 02 37.66808 
+o 01 j6.25106 
+O 01 l8.8*4 
+O 00 99.4170P 
0 00 66.00600 

-0 00 39.41 02 
-0 01 18.83b4 
-0 01 58.25106 
2 :; 3$:%;:: 
io 0 56.50212 
-0 O l  5.91913 
-0 05 32.33615 
-0 05 5 -75317 
-0 06 34.17019 
-0 07 n.58721 
-0 07 5-.60423 
-0 08 32.42125 
-0 09 11AZ827 

-0 IO 30.67231 
-0 11 10.08933 
-0 11 49.50635 
-0 li! 28 923 6 
-0 13 08:340f8 
4 1 47 75 40 
-0 15 2 :27?42 
-0 15 O'k.59144 
-0 1 46.00846 
-0 lg 25.42548 

- 
Long. 

Z q G  ;z 

3 

zl 
3i 

2 

3 

3 

59 
830 00 
830 01' 

02 

05 
830 061 

07 
08 

830 111 
12 

15 
a30 16t 

17 
18 

830 211 
22 

25 
%30 26' 

e9 
39 

a 

- 0 O  17' 04'l8&50 
-0 17 w.25952 
-0 18 23.67654 
-0 19 42.510y 
-0 19 03.09356 

-0 20 21.92760 
-0 21 01.34461 
-0 21 40.76163 
-0 22 20.1796 
-0 22 59.5956f 
-0 2 39.012kg 
-0 22 11.42973 
-0 24 57.84673 
2 x56 3S:88 
-0 28 3 9 18 
-0 28 54: tgw 

-0 26 56 09 79 
-0 27 :51?%l 

-0 29 33.f6586 
-0 30 I3.182M 
-0 30 52.59990 
-0 31 32.01692 
2 3  2 50.85096 

2 11.43394 

30.26796 { $2 09.66500 
4 49.10202 

28. 51904 2 $ 07.93606 

AOWBE 46.-Lambert projection tables for Ohidontinued. 



180 U. S. COAST AND GEODETIC SURVEY 

- 
Loug . 

a30 31' 
32 

35 
s30 361 

$2 

g 
1330 411 

42 
3 

24 

3 

;s 

3 

45 
e30 461 

.49 
50 

S3O 51 
52 

55 
830 56 

59 
840 00 

g40 01 
02 

05 

-0 & 2l.52327 84' 11) 
00.9M29 12 2 4!k 40.35 31 

-0 45 19.77132 iz 
4 45 59.19134 15 
-0 46 38.60836 8 4 O  161 
-0 47 18.025 

-0 49 16.27m 2 
-9 47 5 442% 3 
-0 u 3k85942 

-0 53 12.77856 8 b  26' 
-0 52 52.19557 
-0 5 31.612 9 ;$ 
-0 55 50.44663 30 
-0 55 11.02921 29 

-0 56 29.86365 8k0 31' 
-0 57 09.2S067 32 
-o 57 M.69 69 

-0 59 46.94675 840 361 

-0 58 28.11&1 $3 
-0 59 07.53173 35 

-1 00 26.36577 
-1 01 05.78279 2 
-1 01 4 .I9980 
-1 02 22.61&2 G 

-1 06 21.11894 84O 
-1 07 00.53596 
-1 07 29.95298 8 
-1 08 9. 7000 49 
-1 08 56.6702 50 
-1 09 38.20404 840 51' 
-1 i o  17.62105 52 
-1 11 3g.45509 

-1 12 5 a913 84O 56, 
$:70615 4.1237 57 

-1 16 12. 7423 65O 0l1 

3 

1; :; "3:3:3 850 2% 

-1 10 5 .03m7 
-1 12 15.872ll 55 

58 

-1 16 51.f9125 02 
-1 17 1.20827 
-1 18 l0.62528 g3 
-1 18 50.04230 05 
-1 19 29.45932 $5' $' 
-1 20 08.87634 
-1 20 48.29336 08 
-1 21 27.710 09 
-1 22 07.127% 10 

-1 22 4 6 . 5 w  850 111 
25 961U 12 2 3 0 :37s46 

-1 24 d.79548 
-1 25 24.21250 i! 

850 161 
I 

n 

-10 49 0 "22519 
-1 49 3:64221 
-1 50 22.0592 
-1 51 01.47624 
;I 51 40.89326 

FIOVEE 45.-Lambert projection tables for Ohio-Continued. 



MANUAL O F  PUNE-COORDINATE COMPUTATION 181 

26,027,071.12 
26,021,000.55 
26 ,014,930.00 
26,008,859.46 
26,002,788.98 

25,990,648.05 
25,984,577.62 
25,978, 07.21 
25,972,236.82 
25,966,366.45 

25,960,296.10 
25,9 4 225 7 
25,928:155:& 
25,942,08 .16 
25,936,012.88 

25,929,944.62 
25,923 ,874.38 
25,917,804.15 
25,911,733.9 
25,905,663.72 

25sg99.593.55 
25,693,223.38 
25,887, 53-25 

25,996,718-51 

25,881 ,383 -09 
25 ,875,312 96- 

25,869,242.84 
25,865,172.73 
25,857,102.63 
25,s 1 0 3 2  5 
25.8h;962:& 

25.838.892.bl 
2 .P32,822.35 
2f.426.752 .?O 
25,620.682.26 
?5,~14,612.23 

Latl tuds 

380 30' 
31 
02 

05 

07 
08 
09 
10 

3 
380 06' 

380 11' 
12 

15 
380 16'  

$2 
19 
20 

380 21' 
22 

3 

3 
25 

380 26' 

29 
3Q 

3 8 ~  31' 

' 0 
6,070.57 

12,141.12 
16,211.64 
24,282.14 

{6,423.07 
2,493.50 

48 56 .91 
4:632.30 

20,704.67 

66 7 5.02 
721gX5.35 
78,915.67 
84,985.96 
91,056.24 

97,126.50 
103,196.74 
109,266.9 
115, ,37.13 
1.21,?Q7.3S 

127,4 7 5 
133 5$7:7< 
19'617.89 

30,352.61 

i&i 36238 .oj  
151,758 16 

157,828.28 
163 898. 9 
169:968.39 
176 038.5 
182:lOg.d 

lg8 18 .71  
19biZi8.77 
200.318.82 
206 88.86 
212:&8.89 

Lambert FroJeotlon for Ohio - South 
Table I 

central 
meridian 

Tabular 
difference 
f o r  1 sec .  
of l a t .  
f e e t  

101.17617 

101.17383 
101.17350 
101.17317 
101.17283 
101.17250 

101.17217 
101.17200 
101.17150 
101.17133' 
101.17100 

101.17067 
101.17050 
101.17033 
101.16983 
101.16983 

101.16950 
101.16917 
101.16900 
101.16883 
101.16867 

101.16850 
101.16833 
131.16800 
101.16783 
103.16783, 

101.16767 
101.16750 
101.1673? 
101.16717 
101.16717 

1.0002246 
1.0002178 
i.ooo21io 

+8i9.7 I i.oooiSio 
+dol. 6 

qz2: 
+719.4 

6 6 6 . 4  
6 4 0 . 4  
6 1 4 . 6  
389.6 
364.7 

i540.2 

+&8.8 
+445.7 
4 2 3  .o 
4-490.6 
+378.6 
+357.0 
+335.7 

+692 * 7 

xi$:; 

+314.8 
+294.2 
+274.0 
+254.2 
+;r34.7 

+215.6 
+196. 8 
t17A.4 
+160 8 
+142 r ? 

l1.0001845 
1.0001782 1 1.0001656' 
1.0001719, 

I1.00015~5i 

1.0001244 
1.0001186 
1.0001133 
1.0001079 
1.0001026 

1.0000974 1 1.0000922 
i.oooob72 
1.0000822 
1.0000773 

1 .OOGO725 
1.0000677 
1.0000631 
1.0000585 
1.000054O 

1.0ooO496 1 1.0000~11 
1. ooook53 
1 .Cv~00369 
1 .OW0329 1 

FIOUEll46.--Lambert projection tables for Ohio-continued. 
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Latitude 

380 36' 
37 

380 41 * 

45 

3 8 O  51' 
52 

55 
3 

38. 56 ' 
;2 
59 

390 00 

390 01' 
02 

U. E). COAST ,4ND GEODETIC SURVEY 

Lambert Projeotlon for Ohio South 

Table I (Codt'd) 

n 
f e e t  

25,808, 42.20 
25.802 372. 18 

y' 
Y value on 
central  
meridian 

f e e t  

218,528.92 
224.598.94 
230-668.95 
236'738.96 
242 808.96 

2M 8 8.96 
254:9i8.96 
261,018.9 
267 ,088.92 
273 ,158993 

279,228.91 
28 298.89 
29?:268:88 
297. 38 86 
303,508 -84 

370 2 8.81 
376 :#8 .84 
382 18.87 
;J88:466.91 
394.558.96 

400 629.01 
406 :699 -07 
412,769.15 
41ei,839.23 
424,909 -33 

'Iabular 
difference 
f o r  1 seo .  
of l a t  

f e e t  

101.16700 
101.16683 
101.16683 
101.16667 
191.16667 

101.16667 
101.16650 
101.16650 
101.16650 
101.16633 

101.16633 
101,16650 
101.16633 
101.16633 
101.16633 

101.16650 
101.16650 
101.16650 
101.16650 
101.16650 

101.16667 
101.16667 
101.16683 
101.16683 
101.16700 

101.16717 
101.16717 
101.1633 
101.16750 
101.16750 

101.16767 
101.16800 
101.16800 
101.16833 
101.1683 j 

tcale i n  
in1t.s cf 
'th placc 
,f logs. 

+125.4 
+108.5 
+ 91.0 
+ 75.7 
+ 59.8 

i 44.3 
+ 29.2 
+ 14.4 

0.0 - 14.0 

- 3.7 - 41.0 - 54.0 - 66.6 - 78.8 

- 90.7 
-102.2 
-11 .4 
-134.6 

-144.6 
-154.3 
-163 6 
-172.6 
-181.2 

-189.4 
-19 .? 
-211 .? 
-218.7 

-225.1 
-231.2 

-12t.1 

-2Oi.8 

-2 6.E 

-247.1 
-222.3 

Sca le  
expressed 
as  a 
ra t io .  

1.0000289 
1.0000250 
1.0000212 
1.0000174 
l.OOOOlj8 

1.0000102 
1 .OO00067 
1.0000033 
1 .ooooooo 
0.999996g 

0.9999936 
0.9999906 

0.9999819 
::;;;;:i; 
0 9999701 
0.9999765 

0.0999690 

0.9999667 
0.99996% 
0.9999623 
0.9999603 
0.9999583 

0.999956b 
0.9a9954.6 
0.9999528 
0.9999512 
0.9999496 

0.9999M2 
0. ?6?9468 

@.??994G3 
O.PP99b5 

0.9999k)l 

FIQUXE &.-Lambert projection tabla for Ohio-Continued 



MANUAL OF PLANE-COORDINATE COMPUTATION 

f o r  1 aec. 
of lat. 

: value on difference 
:entral 
i e r l d i g  

Y' 

Lambert Projection for Ohio -. South 

Table I (Cont'd) 

7th plac a8 a 
of logs. 4 rat io  

units  of expressed Latl tud 7 
101.16867 
101.168S3 
101.16900 
101 16917 
191 :16950 

-251.7 0.9999420 
-255.9 0.9999411 
-259.8 0.9999402 

0.9999394 I%:z 10.9999387 

183 

101.16967 

101.17017 

101.17067 

lOl.l7OOO 

101.17033 

101.17100 
101.17133 
101.17150 
101.17183 
101.17217 

-269.2 0.9999360 

-273.6 0.99993 0 

-276.6 0.9999363 

-271.6 0.9999375 

-275.3 0.99993k 

-277.5 0.9999361 
-276.1 0.9999360 
-278.3 0.9999359 
-278.2 0.9999359 
-277.6 0.999936L 

101.17250 
101.17263 
101 ~7317 
101.17350 
101.17383 

-276.7 
-275.5 
-273 -9 
-271.9 
-269.5 

101.17433 
101.17450 
101.17500 
101.17533 
101.17583 

-266.8 -9999366 
-263.7 .9999 93 
-260.2 .9999&3 
-256.4 -9999410 
-252.2 -9999419 I 

101.17617 -247.6 

101.17750 -231.7 
101,17783 -225.7 

101:17700 I$$:l 101 17650 39O 36' 
37 

RGWB 45.-Lambart projection tables for Ohio-Continued 

25 44.4 334.01 
25:438:263.U 
25,432,192.65 
25,426,122.23 
?5,L20.051.+&! 



184 U. S. COAST AND GEODETIC STJBVEY 

Lambert Projection f o r  Ohio - South 
Table I (Contld) 

tat1 tub Y value 'on. 
central 

Tabular 
difference 
for 1 sec. 
of lat. 
feet 

101.18067 
101.18117 
101.18167 
101.18217 

101 .le317 

101.18263 

:E::%;; 
101.1~500 
101 .le550 

101.18600 
101.18667 
101.18717 
101.18783 

101.18917 
101.18967 
101.19033 
101.19100 
101.19167 

101.19233 
101 .I9300 

101.19500 

101.19567 
101.19650 
101.19717 
101.19600 
lOl'.19&7 

101.19933 
101.20017 
101.20100 
101.20167 

10i.iss50 

:::::;.G 

101.20250 

Scale In 
units of 
7th plac 
of logs. 

-181.8 

-1 4 9 

-13 .i 

-113. g 
-102.7 

22:; 
-&:2 

-122.7 

- 91.1 
- 79.2 - 66.9 
1 2;:: - 27.8 
- 14.1 
+ 29. 

+ 60.3 
+ 76.2 
+ 92.6 

+ 44.7 

:::z:t 
+143.9 
+161.7 
+179.9 
+198. 5 
+217.5 

+236.8 
+256.5 
+276.6 
+297.0 
+317.S 

Scale 
expressed 

ratio 

0.9999581 
0 e9999601 t 10.9999643 0 e9999622 

0.9999666 

@.9999689 

0.9999764 

0.9999818 
0.3939846 

0.9999713 
0.9999738 

0 9999790 

0.9999g75 
0 -9999905 
0.9999936 

0-999996s 
1 .0000000 
1.0000033 
1.0000068 

1.0000139 
1.0000175 

1.0000103 

1.0000213 
1.0000252 

i.oooo 72 

1.0000457 
1.0000501 

1.0000545 

1.0000291 

1.0000331 

1.000021lr 

::::::224 
1.0000591 

1.0000732 

FIGWEE 46.-Lambert projection tables for Obidontinued. 



W N U A L  OF PLANE-COORDINATE COMPUTATION 

400 26' 
27 
28 
29 
30 

&Oo 31' 
32 

ft 
35 

boo 36' 

185 

25,140,765.02 Si36,306.10 
25 134,692.58 892 78 54 
25:128,620.08 898:&1:04 
25,122, 4 .5 304,523.59 
25,116,i$.9h 910,596. 18 

25,110,432.29 916,668.83 
25,104,329.59 922,741.51, 
25 096 256.83 926,614.29 
25:092;184.02 9 4 867;LQ 
25,066.111.16 9Li959.96 

25,0d0,038.24 947,032.88 

Lambert ProJeotlon for Ohlo - South 

Table I (Cont'd) 

259073,96502 

25rQ55,746.01 

25,067 ,892.2i 
25,061,819 J 5  

L a t i  tude Y value on 
central 
merldlan 

953 W.85 

9713 325.11 

959,178.86 
965,251.97 

lOl.el533 I 674.4 
+7Ol.l 
+726.2 
+755.7 
+7g3.6 
+811. e 

Tabular 

of lat. 

l.OCOl553 

1.0001614 
1.00016 7 
1.0001804 
1.0001869 

1.00017?Q 

i.0000~30 

101.20733 4Vj0.4 1.0001037 
101.20917 101.20833 1 $&?:: 11.00011& 1.00010 1 

101.20963 +2i. 7 i.000120i 
101.21083 1 546.2 ~1.0001258 

101.21167 671.1 1.0001315 
101.21267 696.3 l.OOOl*73 
101.21250 I 622.0 I1.0001232 
101.21 33 6k3.0. 1.0001492 

PICUBE 46.-Lambert projection tables for Obidontinned. 
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20~11368 
42.04251 
03 -97133 
25.90016 
47.82899 

09.75 82 
31.68i64 

37.37313 
p%;i 

U. S. COAST AND GEODETIC SURVEY 

810 111 
12 

iz 
15 

.17 

20 

g10 161 

i; 

- 
e - 

tl 3? 
+I 33 
+1 33 
ti 32 
ti 32 

+1 31 
+i 30 
+i 30 
+1 29 
+1 26 

+1 2g 

+a 26 
+I 25 

ti 23 
+i 23 

2 2 

2 sz 
+1 22 

t1 21 
+1 21 
t1 20 
ti 19 
+I 19 

4.1 18 
tl 18 
+i 17 
ti 16 
ti 16 

1: 3 
tl 14 
ti 13 
t1 12 

59.401951 
21.330 

05 43.259% .i8s 
27.11726 

49.0460 
10.9749; 
32.90375 ?%:;al 
38.69023 
00.61905 

Larbert Projection for Ohio - South 

1" of Long. = On63451954 of 9 

Table 11. 

810 21' 
22 

52 
25 

810 261 
27 
28 

;: 
810 311 

f I Long. 

28.33436 
50.26319 
12.19202 
34.12085 
56.04967 
17.97850 

104167 89 

54. 355 37 
32:60?72 goo 36' 
F6.8238 
38. 39120 
00.32003 

gio 361 

$$ 
$ 

8l0 411 

0 
I__ 

+I' 121 
+1 11 
+1 11 
+1 10 
+1 09 

+1 09 
+1 08 
+i 07 

+I 05 
+l 0 

+I 04 
+i 03 
+1 02 
+1 02 
+1 01 
+I 00 
+1 00 

90 59 
+O 59 
+o 58 
+O 57 
+O 57 
+O 56 

+ O 5  
+O 53 
+O 53 
+O 52 

+O 50 

:: 3 
+1 02 

2 ;$ 

2 gf 

e 

4 0  0' 0746226b 
+O 29 29. 5147 
+O bi3 51.28029 
to k3 13.40912 

+O 46 57.26677 
+O 46 19 19 60 
to 45 41:12h 

2 @+ 
02.05322 
2 ,98208 

+O 43 46.91091 

90 42 30.72857 

+O 47 35.33795 

+o 43 08.8 974 

2 2 ?E:t%g 
to 39 58:L388 

2 ;76 $:E? 

+O 40 36 5505 

90 39 20.41270 
+O 38 42.3415 
90 38 04.2703% 

+O 36 10.05684 
31-98 67 2 $2 53.91249 

+O 34 15A4332 

+O 32 21.62960 

+O 31 05.48746 
90 30 27.41629 
+O 29 49.34511 

+o 28 33.29277 

+O 33 37.77215 
+O 32 59.70098 

+O 31 43.55g63 

90 29 11027394 

FIGURE &.-Lambert projection tables for Ohio-Continued. 
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Lambert Projection for Ohlo - South 
lR of Long. = 0?63451954 of 9 

Table I1 (Cont'd). 

810 51' +O 24 44 77 7 
52 to 24 06:70?& 

:{ +O 22 50.262% 
55 to 22 12. 91 

810 569 +O 21 34.41987 
+o 20 18.27752 zg +O 19 40.20635 

8 2 O  00 +O 19 02.13518 
8Z0 01' 90 18 24.06401 

02 to 17 45.99283 
+o 1 07.92166 8 +O 16 29.85049 

820 061 +O 1 13 0814 
07 08 fl 1z 35:a262; 

4 a3 57. 
+O 13 19.4263 :z 90 12 41.42345 

8 2 O  1 1 0  +O I2 03.35228 

+o 2 28.63339 

57 to 20 56.34870 

05 to 15 51.77932 

12 to 11 25.28111 
:b 2 ;: :;::s;g 
15 +O 09 31.06759 

8 P  16s +o 08 52.99642 
17 +O 08 14.92 24 
18 +O 07 36.85207 
19 +O 06 58.78290 
20 +O 06 20.71173 

to 02 32.28469!830 01' 
to 01 54.21352 02 
i0 01 16.14234 
4 00 38.07117 

-0 01 16.1&35 
-0 01 54.21 2 % 
-0 02 32.2889 
-0 03 10.35586 ?g 
-0 0 M.4270 830 11' 
-0 02 26.4982: 1 2  
-0 05 04.56938 
-0 0 42.64055 tz 
-0 0: 20.71173' 15 
-0 06 58.78290 830 161 
-0 08 14.92526 ii 
-0 08 52.99642 
-0 09 31.06759 ;g 

o 00 00.00ooo 05 
-0 00 38.0 117 830 068 

-0 07 36.85110 

-0 i o  09.13876 830 211 
-0 10 47.20993 22 
-0 11 25.28111 
-0 12 03. 5228 Sb 
-0 12 41.22345 25 

187 

e 
-00  168 2998504 
4 17 07.92166 
-0 18 2 ,06401 
-0 17 7.99283 
-0 19 02.13518 
-0 19 40.20635 
-0 20 lg.2 752 
-0 20 56.$&70 
-0 21 22 12.491 34* 19% 

-0 22 50.56221 
-0 2 58.63 39. 
-0 22 06.70256 
-0 24 44.7 573 
-0 25 22.&691 
-0 26 00.91808 
-0 26 38.98925 
-0 27 17.06042 
-0 27 55.13160 
-0 28 33.202~7 

-0 29 11.2 394 
-0 29 4.$511 
-0 30 27. 1629 
-0 31 05.48746 
-0 31 43.55863 
-0 32 21.62980 
-0 32 59.70098 

2 ;2 E;Eil 
-0 36 48.12801 

-0 38 04.27036 
-0 37 26.19919 

FIOUBE 45.-Lsmbert projection tables for Ohio-Continued 
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461 -1 26 17.67948 

2 -1 26 55.75065 
-1 27 33.82162 

50 -1 28 %:9d17 

51' -1 29 28.03534 

-1 30 44 1 769 51 -1 31 22:2L86 
55 -1 32 00.32003 

57 -1 33 16.$62ja 

O 00 -3 35 10.67589 

O 0l1 -1 3 48 7470 
02 -1 32 26:8182$ 

-1 37 04.88941 gz -1 37 42.96059 
05 -1 38 21.03176 

061 -1 36 59.10293 

3 1; k 9 15.2&j28 37.1 410 
09 -1 40 53.31% 
10 -1 41 31,38762 

49 -1 28 11 89 00 

52 -1 p 06.10651 

561 -1 32 9. 9120 

$ ri ;$ 32:60&2 54 53 55 
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'Pabular Lat. .Y 
(feet) 

0.00 

'370 12,137.02 
18 20 56 $ 24:22:12 

35 ~ 3083 -69 

6,0613.50 

TRAUSVERSE )bERdATOR PROJECT106 FOR IUDIAUA (EABT & VEST) 

table I. 

difference 
foD 1 eec. 
of lat. 
101.14167 - 
ioi.14200 
101.142 
101.1428 
lOl.l&8 
101.1431? 

370 36' 
37 

3 7 O  41' 

'cg 

,%,4ii.2m 101.14333 
4 9.88 101.14 3 

46i5L.51 lOl.l&O 
54 617.15 101 144 
603685.81 lOl:144# 

66,754.49 lOl.lW3 

78,891.89 101.14550 
84,960.62 101.14567 
91,029.36 101.14617 

72,823.18 101.14517 

37" 46' 
2 
49 
50 

97,098.13 101.146 3 
107,166 .gl 101.146i$ 
109 23 -71 101.14683 
115:302.52 101.14717 
121,373-35 101.1'+750 

3 7 O  51' 
52 

55 
.370 561 

57 

3mo oo 
58 
59 

- mt . 

127,442.20 101.14783 
133,511.0 101.14617 
1 9  5 9.d 101.1k33 
1&:6ig.86. 101.14867 
151,717.7m 101.14900 

157,786.72 ioi.14917 
163 85 6 ioi.14950 

ise,o62.63 ioi.15o5o 

169:922:62 101.14gg3 
175,993-6 101.15017 

tabular 
dif f  erenae 
for 1 mea. 
O f  1at. 

380 0x8 

3 
05 

02 

101.15217 

101.15300 
101 *I5333 
101.15367 

101.15450 
101.15483 

101.l5500 
101.15533 

;:;::g8 

;:::;;E$ 

101.15567 
101.15600 
101.15617 

101.15650 
101 ~ 5 6 8 3  
101.15717 
101.157 3 
101.157;f7 

101.15600 
101.15833 
101.15850 
101.15883 
101.15917 

101.159 0 
101.15927 
101.16000 
101.16033 
101.16067 

101.16083 
101.16117 
101.16150 
101.161b3 
101.16217 

irts,ip.67 101.15067 

200,269.77 101.15117 
h36, 38.84 101.15167 
212,&7.91) ioi.15im3 

.194,200.71 101.15100 

F ~ O W E  46.--Transverse Merator projection tablas for Indian& 
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390 11' 
12 

It 1 
15 

U. S. COAST AND GEODETIC SURVEY 

613,006.86 
619,077.13 
625,147.h 
631,217.72 
637,288.04 

TRANSVERSE MERCATOR PROJECTIOH POR XBDUBA (EAST & mer1 
Table I (Cont14). 

(feet) T Pabular diff erenoe 
for 1 eec. 
of lat. 

:::::E23 

:"o::ftR 

101.16283 
101.16333 
101.16350 

101.16 83 

101.16500 

161.16533 
101.16550 
ioi.165gj. 

101.1665~ 

101.16700 
101.167 3 

101.16h17 

101.16617 

101.16663 

101.16727 
101.16783 

101.16833 :%:a; 
101.16917 
101.1693f 

101.16967 
101.17000 
101.1703 3 
101.17050 
101.170Bj 

lOl.lT117 
101.17150 

101 17200 
101*&7233 

ioi.a7167 

(feetk r 
667,639 e92 

h w J a X  
differenoe 
for 1 eeo. 

lat. 
101.17267 
101.17300 
101.17317 

- 
E: :;;g 
101.17417 

101.17500 
101.17533 

101.17550 
101.17583 

E::% 

E: ::sa; 
:::::::a3 

101.17617 

101.17700 

101.177S3 
101.17817 

101,17850 
101.17883 
101.17917 

E:t!998? 
101.18000 
101.18017 
101.1g067 
101.18083 
101.16117 

101 .I8133 
lol.lal83 
1Q1.182OO 
lOl.lS233 
101.16267 

FIGURE 48.-Transverse Mercator projection tables for hdiana-Conthued. 
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PRBU8VEW.E YEXCAMFI PR@OJFCTION F09 INDIANA (EAST 6 WEST) 

T a b l e  I (Cont'd). 

Y Tabular 
( f e e t )  d i f f e r e n c e  

for 1 8ec. 

i ,oSi;  539.66 i o i .  19006 
a,ooi,611.06 ioi.iy033 400 51' 
1,013,682.4.6 101.19050 52 

1,025,825.36 101.19117 5 
1,031,896.83 101.19150 55 

1,o 7,968.32 iol . lgl83 4o0 56s 

1,050,111.36 101.19233 58 
1,056,182. 0 101.19267 59 

' 

5t 
l , O b + ,  039.83 101.19217 57 

1,019,753.91 101.19083 

1,062,254.26 101,19300 41* 00 

7 
( feet!  

i ,o&.  326. o b  
1,074; 07.6 
1 ORC,k9.2t 
1:086, F4a .8 j 
1,5912,612.52 
1,091, 6e4.19 
1,104,755 87 
1,110,827.57 
~,1.~6,dYP.29 

1 129,042.79 
13135,114.56 

1 I 153, ?29 e98 
1 1 9 401.63 
1:1&i:4 3.69 

1: 183: 689.38 
1.189,761.31 
1,191; , 833 * 26 
1,201,905.23 

1,122,971.03 

1,141,186.35 
1,147,258.16 

1,171,5 i 5-27 
1 177 617. 7 

1,20  9 7.22 
3,21.4:0z9.22 

1 , 250 , 481.62 
1,256,553.75 
1,262,625.90 
1,26g, 698 -06 
1,274,770.24 

Tabu3aJ 
difference 
for 1 aeo. 
of l a t .  
101.19317 
101.19350 

101.19450 
:::::;E: 
101.19467 
101.19500 

1 0 1 . 1 9 ~ 0  
101.19617 
101.19650 
101.19663 
101.19750 
101.19 67 
101.19~00 
101.198)3 
101.19850 
lOl.19SS3 
101.19917 
101.19950 
101.19983 
101.00000 
102.20050 
101.20067 
101.2008J 

101.20163 

101.20217 

101.20267 

101.20)33 

;:;:;858{ 

ioi.19700 

101.20133 
101.20150 

101.20250 

101.203r)o 

FIQURR 46.-Tra~verse Mereator projection tables for Indiana-Continued. 
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~ H ~ R S B  PEROATOR PRQ~XCTIOH BOR IHDIAEA (EAST 6 WEST) 

Table I (Oont’d). 

for 1 eeo. 

1 280 842.U 
1:~~%:914.66 
1,292,986.90 
1299 059.15 
1:305: 131.42 

of 1st. 

ioi.20G3 

1,341,565.42 101.20667 
1 , 347,637 .82 101.2066 
1,353,710.22 101.2071f 
1 359 782.6 101.20750 
1: 365: 855.11 101.20783 

1 371 927.51 101.20817 
1’ 37gs000.07 101.208 
1 : 384: 0 2.57 101.208# 

1 , 396,217.63 101.20917 

1 402,290.18 101.20967 
1,408 762.76 101.2098 
1’414’635.3 101.2101? 
1:&0:507.92 101.21050 
1,426,5tl0.59 101;21067 

1,390,l I 5.09 105.20900 

Y 
(feet) 

Tabular 
difference 
for 1 sea. 
Of lat. 
101.21400 
101.21433 
101.21467 
101.21500 
101.21517 

101.23550 
101.2158 
101.21613 
101.21633 
101.216$3 

101.21700 
101.21733 
101.21750 
101.21800 
101.21817 

101.2le50 
101.218BJ 
101.21900 

E:::% 
101.22000 
101.22033 
101.22050 
101.22100 

1,432,653.23 
l,4 8,725.90 
1 , L.798.58 101 .e1167 
L 450 8 1.26 101.21200 log R = -144.8 

.OO 101.21217 1; 46:9L 
1,463,016.73 101.21250 
1,469,069.48 101.21283 log (1/6& sin l ’ ) ) g  9.8954713 - 20 
1 ,475,162.2 101 -21317 
lsk8l,235.O? 101.21J50 Oeod. AZ.  - Orid AE. a 

101.21117~(0entral Yeridianigasd) = 85O40t C O l w O  
101021133 UOentral Yeridian[Wesg ) - 87”05’ CO!OOO 

(1/6P,a), 5 4.5810462 - 20 
iS4a7,3o7.85 101.21367 + (92 - Yl)(erj + X i )  

(6& sin ln)g 

~ G U B E  46.-Transverse Merestor projection tables for Indiana-Continued 
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"PRANBVERBE XERCATOR PROJECTION FOR INDIANA (EAST & BEN) 

Table 11. 

'X 37O 30' 1. 9081881 
Log C 
1.289744 
1.290004 

0764 
l0U 

1563 

2342 
1.292601 

2860 

1.29130 

B%B 

1.29 g9g 
2157 
4416 
4676 
4935 

2;:; 
1.296489 

67k 
7007 
7265 
7525 

1 -2977g3 
8042 
8300 
$558 
8817 

3a0 16' 
17 
18 
19 
20 

380 211 
22 

?5 
380 268 

27 
28 
29 
30 

360 31' 
32 

35 
360 36: 

flf 

ft 

COlOg A LOR C 

1.299076 

;g: 

1.30,Dg; 

3% 

22 

1.299651 
1 300109 

0884 

1.301658 
1917 
2175 

1 302949 

3980 

1 30&3! 

4753 
5012 
5269 

1.305526 gz 
6299 
6557 

1.306814 
7072 
7330 

76 
753 

FIGURE 46.--Trsnsverse Mercator projection tabla for Indiana-Continued. 
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1 

U. 8. COAST AND GEODETIC SUBVEY 

' 6061 
6316 
6573 
6829 

TRANSVERSE MERCATOR PR0,SECTIOB FOR INDIANA (EAST 6 WEST) 

Table If (Cont'd). 

1.49084837 
84920 
$5004 

85088 
65129 
85171 
85213 

1 .490S5255 
85297 

14879 
84962 

1.49os5046 

:?B 
15223 

"Bg 
1.49085b64 

85506 

15632 
1.49085674 

85716 
85758 
85$00 
85842 

1.49085ggh 
85926 

86052 

86136 
86178 
8622c 

2290:: 
1.49086094 

86262 

1.49086514 1.31g366 
86556 8621 

8871 %E 9134 
86682 9389 

1.49086724 1.319645 
86766 1.319901 
86608 1.320157 
86850 0413 
86892 066g 

1.49066935 1.320924 
1179 
1434 

8 70 61 
87103 

1.49087356 1.323478 

87M2 
87524 4500 

b A9087566 1.324755 
97609 5011 
$7651 5266 

32: s:;; 
FIGURE M.-Transverse Mercator projection tables for Indiana-Continued. 
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87862 

1.49087988 
8~030 

88115 
86157 

1.490881 9 
88292 
88284 
88326 
88368 

1.49088411 
88453 

TRANSVERSE  CATO OR PROJECTION BOK INDIAFIA (EAST & WEST) 

Table I1 (Cont'd). 

6542 
6797 
7051 

1.327307 

6071 
,8327 

72% 

1.328581 
8836 

;;zt 
9600 

1.329$55 
1.330110 

Colog A I Log C 

88580 

1.49088622 
88664 
88706 
88749 
86791 

1.49088833 
88876 
J33918 
88960 
89002 

1.49089045 
89087 
89129 

89214 
a9172 

0$74 

1.331128 
1383 
1638 

3; 
1.332401 

3165 
3419 

1.333674 

2%; 
4691 
u37 

Lat. Colog A 

I. 49089256 

g9 g 
89822 

1. @OS9468 
89510 
89553 
89595 
89638 

1.49089680 

89807 
89649 

1.49 08989 2 
89934 
69977 
90019 
90061 

1.49090l04 
90146 
90189 
90231 
90275 

i.49090316 
90gg 
90 1 
901643 
9048 6 

1.490~52a 

90613 
90655 
 OW 

:;;E 

2;:g 

90571 

Log c 
1.334945. 

5198 
5453 
5707 
5961 

1.336216 
6470 
6723 
6978 
7232 

1.338755 
9009 

9517 
1.339770 

1.340024 

9263 

0276 

103~ 
g2i 

"34% 
1799 
2053 
2306 

1.342560 
2814- 
3067 
3321. 
357k) 

FIGURE 48.-Transverse Mercator projection tables for Indiana-Continued2 
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- ut. 

410 16t 
17 
18 
19 
20 

TRANSVERSE YIEROAFOR' PROJECTION FOR INDIANA (EAST & mST) 

Table 11 (Cont'd). 

Colog A 
i7EZim 

9078 

90868 
90910 

1.49090953 
90995 
91038 

91123 

908d 

9ioao 

1.49091165 
91208 
9 l w  
91293 
91335 

1.4091 78 . 91hO 
91463 

%:% 
1.%091590 

91633 
91675 
9171R 
91761 

1.49091803 
91846 
g1ses 
91931 
91973 

i.4gog2016 
92058 
92101 
92 144 
92186 

92314 
92357' 
42399 

WQUBB 46.-TTamv0rse Mercator projection tables for Indiana-Continued. 
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250,000 255,000 
260,000 
265,000 
270,000 

XI 
( f e e t )  

=:%:: 1.0000 l.OOOO%O 1 
+190.8 1.0000439 
+2O3.9 1.0000469 
+217.2 1.0000500 

0 
5,000 

10,000 
15,000 
20 000 

,000 
45 , 000 

50,000 
2: : :E 
65, COC 
70,000 

75,000 
80 , 000 
85 , OCO 
90, OOC 
95 000 

100,000 
1c5,ooo 
110,000 
115, coo 
120,000 

125 , ooo 
130, coo 
1 5 000 

145,000 

150,000 

1L:ooo 

155 I 000 
160,000 
165,000 
170,300 

TRAXSVERSE MERCATOR PROJECTION FOR IMDIAMA (EAST'& WEBT) 

Table 1x1. 

-144.8 
-144.7 
-144.3 
-143.7 
-142.8 
-141.7 
-140.3 
-138.7 
-136.9 
-134.8 
-1p.4 
-129.8 
-126.9 
-123.8 
-120.5 
-116.9 
-113.0 
-108.9 
-104. 6 
-100.0 

- 95.2 - 90.1 - 84.7 
79.1 - 73.3 - 67.2 - 60.9 

- 40. 

- 33.1 
25.5 - 17.7 - 9.6 - 1.3 

I q  

0.9999674 
0.9999681 
0.9999677 
0.9999685 

.9999690 
0.9999695 
0 a9999701 
0 a9999708 
0.9999715 
0.9999723 
0.999972 
0.99997 
0 -9999749 
0.9999759 
0.9999770 
0.9999781 
0.3999733 
0.9999805 
0 -999981g 
0.9999831 
0 -9999845 

0.9999875 
0.9999891 
0 * 9999907 

0,9999924 

0.9999959 
0.9999978 
0.9999997 

o .9999a60 

0.9999941 

I . I  

175,000 o 7.3 1.000001~ 
180.000 + 16.1 1.0000017 
185 ; 000 + 22.1 i iooooojb 

1.0000079 
1.0000101 

190,000 
195,000 1 ; &:: I 
200,000 + 53.d 1.0000124 

210,000 + 72:2 1.0000171 
215,000 + 84.7 1.0000195 
205,000 + 6 9 1.ooooi1b7 

220,000 + 95.5 1.0000220 

225,000 +106.6 ,1.00002% 
230,000 1 +117.$ ~1.0000271 
235.000 +129. 1;0000298 

275,000 
280,000 
28 5,000 
290 000 
295: 000 

300, ooo 
310,000 

320,000 

305,000 

315,000 

325,000 
330,000 
3 g  000 
3 ,000 
3 4 5 . m  
350,000 

1.00005 1 

1 .oooo662 
1.0000696 
1. oa00730 
1.0000765 
1.0000801 
1.0000s37 

1.0000874 
1.oOOogl2 
1.0000950 
1.0000988 
1.0001027 
1 .oooio67 

1.0000523 ;:$%a 

ROWBE M.--RanSverse Mercator projection tables for Indiana-Continued. 



198 U. S. COAST AND GEODETIC SURVEY 

ADJUSTMENT ON THE LAMBERT GRID OF omo. soum 

The following computations are based on the Lambert grid system 
for the southern half of Ohio. 

Cook 12) K 
BILLINGS 

TABLE 

FIGURE 47.-Arc of Brst-order triangulation. 
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Plane coordinates on lambert projection 

State Ohio (south) Station Oxford 
0 = 39'31 '47."931 1 = 84'46 '29."612 
bular difference of R for 1" of - 101 * 17433 

Cor. for sec. of 

8 ( for min. of X ) 
Cor. for sec. of X 

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 

R, Y', and 8 are given in special tables 
(see log tables) 

FIQUBE 48.-Computation of coordinates, Ohio. 
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Plane coordinates on Lambert projection 

State Ohlo (south) Station Billings 

6 = 39' 33' 18'; 743 1 =. $4" 54' 38': 240 
bular difference of R for 1" of 0 = 101.17500 

Cor. for sec. of Cor. for sec. of 

8 ( for min. of X ) 

Cor. for sec. of X 

x - 2.000.000.00 + R sin 0 

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 

R, y', and f3 are given in special tables 
(see log tables) 

FrGuas QB.-Computation of coordinates, Ohio-Continued. 
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Plane coordinates on lambert prqection 

State Ohio (south) Station Mable 
0 - 35 49 09.341 1 - 84"44' b5':362 

Tabular difference of R for 1" of 0 = 101.18217 

x - 2 , 0 0 0 , 0 0 0 . 0 0 ~  R sin e 
y = y' + 2R sin2 9 
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 

R, y', and 6 are given In special tables 
.(see log tables) 

h Q w E  48.-Computation of coordinates, Ohio-Continued. 
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Plane coordinates on Lambert projection 

State Ohio (south) Station FilChmOnd 

6 39"47'06:065 84"52'07:'947 
bular difference of R for 1" of 0 101.18117 

= the value of Y on the central mwidian for the latitude of the station 
= log of ratio for reducing arc expressed in seconds to sine 

I Y', and 0 are given in Special tables 
A 

FIGURE 48.-Computation of coordinates, Ohio-Continued. 
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Computation of grid azimuth and geodetic length 

BILLINGS-OXFORD 

I 

1,358,-401.39 
1,320,374. as .~ 

&= +38,026.51 

log AY=& 00765221 
log &=4.5Ro08846 

log tan u=O. 57243425 

on2M05W02.24’’ 

Y 
565,316.39 
575,494.15 

A#= -10.177.76 
log Ar-4.5800865 

log sin or=% 9849764 

log grid length in feat=& 5951101 
log conv. factor=O. 6169842 

log grid length in meters=& 0791259 
Scale factor= +We 

Computation of azimuths 

Azimuth and 
angle 

0 8 t t  

284 5902.24 
-41 16 59.02 

243 42 03.22 
63 42 03.22 

4-28 00 08.04 

91 42 11.26 
4-38 39 58.82 

253 1641.25 1 
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4.0.19 
4-0.14 

+a 84 -a 16 

U. S. COAST AND GEODETIC SURVEY 

Computation of coordinates 

BILLXNOB-CAMDEN 

1,333,54804 
803,05264 

1,338,413.87 
631,874.11 

1,374,217.39 
642,aa 19 

I OAMDEN-COOK I 

I CAMDEN-BOSTON I 
I 9.8818887n I 8.8113833 I 1,373,720.21 601,868.02 
4.6659692 4.@859@2 -35,306.76 I +30,015.98 1 

BOSTON-EATON 

Adjusted coordinates 

Assumed 
coordinates 

Fed 
1,373, '120.21 

1,333,547.85 { 603,05250 

1,338,413.45 { 631,874.00 

1,374,216.55 

Station 

{ 601,858.02 1: Camden . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2. Cook _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
3. Boston . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

{ 642,630.35 4. Eaton _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  



MANUAL OF PLANE-COORDINATE COMPUTATION 205 

Complutatlon of Azimuths 

Bill lngs-Cook Bllllng8-Qamden 

+ 13,172.97 +27,558*35 

4.11968370 
4.44025321 ~. 

9.67943049 -10 

1,373 , 720.21 601, g5g.02 
1,320,374.88 575,494.15 
+ 53,345-33 + 26,363.87 

4. 2709641 
4. it2100916 
0.30608725 

Bllllnge-Oxford 

284' 59' 02y24 

Oxford-Billlnge 

ldP 59' 02124 

Oxiord-Cook Oxford-Camden 

8.39538825 n 4.57676 
4.57675713 9.92177 -10 
9. 81863112 -lon 4.65499 

1,373, 20 21 601,858.0:! 
1,358, Ll: 39 565,316.39 
+ 15,318.82 + 36,541.63 
4.18522532 
4.56278791 
9.62243741 -10 

1460 37' 49%- 202' 44' 3910s 

Camden-Bllllnge 

63' 42' O3r22 

camden-Cook Camden-Boston 
1,338,413.45 631 ,874.OO 
1,373,720.21 601 I 858.02 
-35,306.76 + 30,015.90 

4. 4785787 n 
4.27735253 
0.07050534 n 

91' 42' 11125 l3Oo 22' 10h 
FIQWS 49.-Computation of azimuths. 
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Camden-Eaton 

180° 41' 50(l83 

Cook-Oxford 

326' 37' 49:91 

. . . . . . - .  . . 

.68713640 t .%971658 

Bo 6 ton-Rlc h o d  Boaton-Mable 

1,334, 37.87 658,860.47 
1 , 338 ,zlj. 631 ,874.00 

.61018942 4.43114606 4.Ws18 67 4.58628 

9.179043J4 -10 4.43604314 9.90189935 -10 4.69325 
9.S9303 -10 4.5862d32 - B ,43114608 9.99510294 -10 

17s' 24' 42r89 2 1 8 O  34' 59r55 
FIGWE 49.-Computation of tuimuths-Continued. 
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Boeton-Eat on Boston-Camden .. 

4,216. E 5  642,630.35 
38,413. $5 6jl.874.00 

55392063 
@3166493 

Boston-Cook 

go 3.4' gG!04 

Eaton-Cook 

05' 46' 431174 

Eaton-Richmond 

-39,878.68 + 16,230.12 

4.60074078 
4.21032173 
0.39041905 

1120 Od' 44:53 

Richmond-Mable 

1.36 ,187.43 670,447.08 
1,332,337.87 658,860.117 . - - . - . . 

+ 34,849.56 + 11,586.61 

4.54219730 4.54220 
4.0639563g 9.97725 -10 

0.47624092 4.56495 

251' 36' 33:55 

Richmond-Boston 

351' 24' 42:(59 

3100 22' iol'os 

Eaton-Camden 

0' 41' 50:83 

Eaton-Boston 

73' 16' 41,023 

Eaton-Mable 

1,369,167.43 6 0 447.08 
1,374,216.55 - 6$2:6jO. 35 

-5,029.12 f 27,8316.73 

4.44431 
9.99300 -10 

9.25718592 -10, 4,45131 

169' 45' 06:92 

Mable-Eaton 

349' 6' 06192 

Mable-Boa t on Cdable-Richmond 

360 34' 591155 71' 36' 33y55 
FIQUF~E 49.-Oomputation of azimuths--aontiuuesd. 
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19 

Camden 

BllllngS 
2 oxfon3 

1-3 

I-a 

2.3 

1 006% 
2 C d e n  
3 Blllinga 
1-3 

1-2 

2 3  

1 Boeton 
2 Camden 

Cook 
1-3 

1-2 

13 

Eaton 
Camden 
Boeton 

1 3  

1-2 

~ M P U T A T I O N  OF TRIANGES 

(log I n  ft) 
& 57 24.18 -0.273Ql 0.12 23.79 
97 '6 37.97 -0.2737-703*12 37.5% 
41 16 59.02 -0.275s.75 0.12 58.63 

-0.81 0.36 
01.17 

113 50 40.37 +0.4340800.0g 40.71 
28 00 08.04 + 0 . 4 k C g . ~ O . O 9  08.39 
y 09 10.55 +0.4p.s 0.- 10.90 

+1.31 0.27 
m 

59 12 45.94 +0.1346.07 0.09 45.98 
)a 39 58.82 *0.13grr.sg0.09 %.a 
g2 07 15.12 *0.l4%a 0.10 15.16 

e.@ 0.28 
355% 

72 34 51.29 -0.409.@0.12 9 - 7 1  
50 l9 41.44 -0.41k03 0.11 
57 05 28.83 -0.412gk 0.11 

40.92 
28.31 

-1.22 0.34 
01.56 

An aproximtte grid reduotion of -262 in the laat lao a -88 
581 sd to each of theee loge. in oompubing the *nkund coordi- n ee. 

L'JaABITEM 

4.5951358 
0.1834351 
9.9960041 
9.8193979 
4.77&156 
4.5979694 

4.1745156 
0.0381474 
9.6716426 
9.7908225 
4.4849656 
4.60414~25 

4.60414% 
0.0659694 
9.7951300 
9.9958go5 
4.4658449 
4.6659954 

4.6659954 
0.0203879 
9.8863283 
9 9240395 
4.5727116 
4.61O422d 

FIGWB 60.-Computation of triangles. 
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Station: B i l l -  Stater Xdiera 

Observed bdJQ8te8 8419eted ObEErved 
Qeodetio Correction Plane plane Oephetie 

Obeemed Station Mreetion Direction Direction- 'Direction 
I n  

I I I I I  I 

LIW OB DIRFCIIOZS 

Statio= Oxford State: Ohio 

RGWBE Sl.--Lists of directions. 
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gasmea Station 

W o r d  
BUltage 
Cook 
meton 
Eaton 

U. S. COAST AND GEODETIC SURVEY 

Observdl Obeemed 
Oeedetic Correction Plane 
Direction Direction 

0 00 00.00 -0.27 89.73 
40 67 24118 -1.00 21.18 
68 67 S.38 -0.85 Zln.37 
107 37 31.03 -0.85 We19 
167 67 l2.48 -O& 12.46 

- -  
69.49 
23.03 
31-89 
30.38 
12.20 

EF-yEq 
)irection Direct fo 

69.76 
2603 
32.74 
31.19 
12.22 

Observed 
13e~~letio 

Obaemefl Station Dbeothn 

Boston 0 00 00.00 
Wton 26 11 4-38 
Camden 82 07 l6.U 
oxford 1370263.2l 
Blll- 195 67 66.49 

station: COOL state: Izdiara 

Observed 

Direction 
Correction Plana 

+0.10 00.10 
+0.97 48.35 
+O.W l6.97 
+O& 63.68 
-0.a 66.24 

00.04 
48.a 
15.74 
S3.W 
56.66 

Ez=-yE-l 
)irecClon Direction 

- 
69.94 , 

47.68 
14.89 
62.86 , 

65.91 , 
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Ob*-d Station 

Station: Boston State:  Indiana 

Observed Observed Ad.lusted Adjusted 
Geodetic Correction Plane Plrse Geodetic 
Direction Direction Direction Directio ' 

I I 

B i h l b l '  
Mable 
Baton 
crmrdeo 
cook 

- - 
00000.00 -0.15 59.85 69.93 00.08 

47 10 17.84 M.93 18.77 18.W 17.84 ' 
81 63 02.78 +1.03 03.81 03.66 02.'63 

1385731.62 e.93 32.54 32.u) 31.17 . 
198 10 17.55 a.10 17.45 17.95 18.05 

Dbserved Station 

Camdea 
Cook 
Boston 
Iiichmnd 
mble 

Observed Observed AdJuated Adjusted . 
Geodetic Correction Plane Plane Geodetic 
Direction Direction Direction Direction. 

00000.dO 4.01 00.01 00.75 00.74 
45 0454.46 -1.09 63.37 63.25 54. .34 
72 34 51.29 -1.06 50.25 50.45 51.51 

1ll 26 52.74 -1.50 51.44 50.81 52.h 
169 03 38.58 -0.19 08.39 08.16 08.35 

f 

J 
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ObSElTeb 
~ e o a e t i ~  

ebaerved Station Direction 

U. S. COAST AND GEODETIC SURVEY 

0beorP.d Adjustel Ali.juet€d 
hmection plana Plana Oedletic 

Direction Direction Direction 

LIST OR D I W X I O B  

00000.00 
43 49 59.05 
81 51 33.98 

Statloxu Matm State: Ohio 

a0.a  00.a - 1.02 58.03 - 1.26 32.72 

06-36 
57.76 
32.82 

Faton 
Boeton 
B i C h n d  

00.16 
68.78 
34.08 

Observe4 
GeMetfc 
Direction 

0 o(, 00.00 
65 41 5d.M) 

106 14 02.85 
165 29 59.81. 

Observe4 

Direction 
Correction Plane 

+ 1.23 5a.83 
+ 1.34 04.19 
+ 0.16 69.97 

LIST OB DIBEOPIDBS 

3bserP.d Station 

W a l t -  
Uble 
&ton 
Boston 
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Observation Equations 

log oos a, log sin a, log cos a, log sin a, d, 
log 2 

L *l 
log 1 

s2 
log 2- log 1 

s2 
1 

Obs. L log'&@ l o g & ? p  l o g &  log 8I.n 1" 

243' 42' O3!22 9.64646 -10 9.95225 -10 9.95531 -10 9.63475 -10 
205 32 52.56 5.22 42 -10 5.22 2 -10 5.51 03 -10 5.51 03 -10 

5.31 z.4 3 - - 
0.46421 

5.31 24 3 5.31 3.4 3 5.31 24 3 
38 09 10.66 - 
38 09 11.23 0.18631 0.49240 0.78477 

-0.57 t 1.54 + 3.11 + 6.09 + 2.91 

V% z - 0.57 + 1.9 D 5 - 3.11 A y1 - 6.09 A 5 2.m A 92 

28bQ 29' 021124 
243 2 03.22 
41 16 59.02 
41 16 58.66 

+ 0.56 

v2 t 0.36 - 1.54 A 5 t 3.11 A 91 
+ 1.54 + 3.11 

146 37 49.91 9.92177 -10 9.74037 -10, 
104 59 02.24 5.34501 -10 5.34501 -10 
41 j 8  47.67 5.3lN3 5.31443 
41 38 48.45 0.399gl n 

-0.78 +3.a - 2.51 
v3 = - 0.7s + 3.~1 A ~2 + 2.51 A y2 

202' 44' {9!OoS 9.96483 -10 9. 734 -10 
146 37 9.91 5.40203 -10 5.E203 -10 

5.31443 - 5.31u3 56 06 49.17 - 
56 06 50.25 0.68129 0.30380 

-1.08 +4.m + 2.01 t 3.a - 2.51 
1.08 + 4 . a  A 1  - 2.01 0 r1 - 3.Pl A x2 - 2.51 A 3'2 %,= - 

FIQUBE 62.-Obssrvetion equations. 
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63O 42' O3:22 9.64646 -10, 9.95255 -10, 
22 44 39.08 5.22 42 -10 5.22 42 -10 

40 57 24.14 - 
40 57 2 3 . s  0.18631 n 0.49240 n 

5.31h3 5 - 312kj 

+ 0.69 - 1.9 - 3.11 

v5 z t0.69 - 3.26 d 5 - 1.10 Ay1 

91' 42' 111125 g.47306 -10 9.99961 -10 
63 42 03.22 5.39 95 -10 5.39 85 -lon 

5 31243 - 5.3J43 26 00 08.03 - 
28 00 08.19 9.18334 -10 0.71009 n 

-0.16 +0.15 - 5.13 

9.96@3 -10, 9.59734 -10, 
5.110203 -10 5.40203 -10 
5.31u3 5.31443 
0.68129 n 0.30360 n - 4.80 - 2.01 

- 1.54 - '3.U 

' 6  - 0.16 - 1.69 Axl  - 2;02 0 r1 i 0.15 Ax2 + 5.13 A x 2  

1300 22' 10808 9,mijg -io 9.88ig9 -10, 
91 42 11.25 5.33400 -10 5.33400 -10 

5.31443 - 5.31443 ;: ;; 5:::z - 0.53032 n 
+ 0.01 t2.88 - 3.39 9 0.15 - 5.13 

3 +O.Ol - 2.73 A 5 + 1.74 Ayl - 0.15 Ax2 - 5.13 b y 2  t 2.8gAx + 3.39Ay 3 v7 = 

lgOo 41' 50!!83 9.99997 -10 8.08538 -10 

5.3gF -lo 
130 22 10.06 5. 89 8 -10 

50 .In hn .)c - 5.31433 5.31 3 
50 

;; j ; y  - 0.7039i 8.79939 -10 
-1.52 U5.06 + 0.06 + 2.88 - 3.39 

225' 46' 43174' 9.84350 -10 9.8 531 -10 9.99 90 -10 9.22132 -10 
189 34 56.04 5.24605 -10 5.2&05 -10 5.53h6 -10 5.53416 -10 

36 11 47.70 5'31443 5.31443 5.31443 5.31443 
36 11 M.25 0.40398 0 * 41579 0.84249 0.06991 

- 
-0.55 +2*53 + 2.60 + 6.96 * 1.17 

v9.= - 0.55 * 4.43 A x2 + 1.&>AY2 - 6.9665 + l . 1 7 A Y  + 2.53Ax4 - 2.WAYk 3 
FIGURE &?.-Observation equations-Continued. 
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271' 42' 111)25 8.47306 -10, 9.99911 -10 
225 46 43.74 5.39 15 -10 5.39 15 -10 

45 55 27.51 5.31b3 5.31b3 
45 55 27-62 9. lg j j4  n 0.71009 

-0.11 - 0.15 + 5.13 + 2.53 + 2.60 

Q~~ 
- 0.11 - O . l g b ~ i  - 5.13by1 + 2.6gAx2 + 2.53Ay2 - 2.53Axb + 2.60Ayp 

326' 37' 49,9091 9.92l77 -10, 9.74037 -10 
271 42 11.25 5.34501 -10 5.34501 -10 
-54 55 38.66 ?.??.% 5.31u3 

54 55 37.71 0.58121 n 0.399g1 
+ 0.95 - 3.8l  + 2.51 - 0.15 + 5.13 

Vll + 0.95 + 0.15 A% 6 5.13 A 9 1  + 3.66 A %  - 2.62 A Y Z  

25O' 32' 71156 9.95531 -1% 9.63475 -10, 
326 37 9.91 5.51 03 -10 5.51 3 -10 
51 55 02.65 2 5 31b3  - 5.31g3 
93 55 01.56 0.71477 n 0.46421 n 

+ 1.09 - 6-09 - 2.91 - 3.81 + 2.51 

218' 34' 59:55 9.89303 -10 9.79496 -10 9.99510 -10 9.17421 -10, 

47 10 16.66 - 
47 10 18.92 O.gl&l 0.41614 0.87346 0.05257 n 

-2.26 t3.27 + 2.61 + 7.47 - 1.13 

= - 2.26 + 4.20 A 3 + 3.74 A 9, v13 

253' 16' 41D23 9.45898 -10 
218 34 59.55 5.42 29 -10 

5.31143 34 41 41.58 - 
34 41 45.04 0.20070 0.72296 

-3.36 + 1.59 + 5.28 + 3-27 9 2.61 

V14: - 3.36 +I,@ b 3 t 2.67 Oy3  t 1.59 A x 4  - 5.28 A Y 4  

FIGUBE 62.-Observation equations-Continued. 
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3100 22' i o h  9.gi ip  -1% 9.agi89 -io 
253 16 41-23 5.33'100 -10 5.33400 -10. 

5. 31443 57 05 28-65 - 
57 05 28-73 0.45981 n 0.53032 

- 5.31w3 

+ 0.12 - 2.88 + 3.39 4 1.59 + 5.28 

V15 
t 0.12 - 2 . 8 8 A 5  -3.396y1 + 4.47A5 - 1.89Ay3 - 1.59Axk t 5.28Ayk 

90 34' 56!04 9.99390 -10 9.22l.32 -10 
310 22 10.08 5.53416 -lon 9.53416 -lon' 

5-31w3 - 59 12 2.96 - 5.31w3 
59 12 -91 0.g4249 n 0.06991 n 

+ 1.05 - 6.96 - 1.17 - 2.88 t 3.39 

45' 46' 43:74 9.84350 -10, 9.85531 -lon 9.99997 -10, 8.08538 -10, 

45 04 52.91 5.31w3 5.31443 
0 41 50.S3 5.24605 -10 5.24605 -10 5.38958 -10 5.38958 -10 

5.31443 - 5.31443 - 45 O4 53.% O.boj98 n 0.41579 n 0.70398 n 8.7g939 -100 
4-45 - 2.53 - 2.60 - 5;06 - 0.06 

v17 = - 0.4 t 5 .06b3  - 0.066Yl - &53A++,2.€QAy2 A 2.534% - 2.54AY0 

13' 16' 41:23 9.45898 -IOn 9.9812% -lon 
45 '€6 43.7k 5.42 29 -10 5.42 29 -10 
27 29 57.49 - 5 3 l b  5.3443 
27 29 56.86 0.20070 0 '0.72296.n 

+ 0.63 - 1.59 - 5.28 - 2.53 - 2.66 
= +0.63 + 2.53bX2 - 2.60A8, - 3.5985 t 5.2$by3 - 0.9kAxj, - 2.&AYb 

112' 08' 44053 9.9629 -10 gig6672 -10, 
73 16 41-23 5.36 95 -10 $:f6%5 -10 

38 52 03-30 - 5.31h3 
38 52 01.21 0.25667 0.64710 n 

t 2.09 + 1.81 - 4.44 - 1.59 - 9.8 
Vu = t2.09 t 1.59 Ax3 - 5.28 O r 3  - 3.M A t 4  tOeS4'AYb 

F~OWE 62.-Observation equations-Continued. 
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169' 4' 06!92 9.99300 -10 9.2 053 -10, 
112 08 44.53 5.5M69 -10 5.5569 -10 

57 36 16.95 0.85612 O.ll365 a 
5.31443 - 5.31443 57 36 22-39 - 

+ 5.44 i7.18 - 1.30 + 1.81 4.4.b 

71' 36' 331155 
38 34 59.55 
3 01 34.00 
3 01 34.69 

-0.69 - 3-27 - 2.61 
3 
v~~ = - 0.69 + 3.27 AX, - 2.61 A Y 3  

292' 08' 44:53 9.57629 -10, 9.96672 -10 
251 36 33-55 5.3685 -10 5.3685 -10 

5.31 3 40 32 10.98 - 
40 32 10.36 0.25667 n 0.64710 

- 5.31 3 

+ 0.62 - 1.82 + 4.w 

~ 2 ,  = +0.62 - l . 8 l . A ~ 4  - 4.44 AY4 

351' 24' 42I)g9 9.99510 -10- 9.17421 -10 - -  
292 08 44.53 5.56393 -10" 5.56393 -10 

5 - 31443 
59 15 55.78 0.87346 A 0.05257 
59 15 58.36 5*31443 - 

i 2-58 - 7.47 t 1.13 - 1.81 + 4.44 

q24= +2.58-  7 . 4 7 0 3 -  1 . 1 3 ~ 9 ~  + ~ A ~ A X ~ * . ~ . U ~ Y ~  
FIGUBB 62.-Observation equations-Continued. 
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C 

Approx- Trans- 
mate  formed 

Station coordi- coordi- Station 
nates, inates, 

z a n d y  d a n d y '  

Feet Feet 
-~ 

--641f 599 --642,953 Eaton _________________.____ Oxford ____. -__  --. - - __. . - - - -. 

Billings _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  { -$'E >ykz Boston . . . . . . . . . . . . . . . . . . . . .  
Camden __________________.. { 72% 2zz! Mable _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  

Cook _____.___.__ ~ _ _ _ _ _ _ _ _ _ _  -sss, 452 --888r 764 Richmond __..___..________. 

{ $61,121 +53,041 

1 +%,857 +so,129 

U. S. COAST AND GEODETIC SURVEY 

Approx- Trans- 
imate formcd 
coordi- coordi- 
nates, nates 

z a n d u  z'and;' 

Feet- Red 
I -'% r83 -629p lZ1 
\ +138,435 4-134736 

661,587 -664,638 { -  +In, 679 +119, C85 

630,813 -634,861 
+1&, 252 +158,414 

--6699 404 { T154: 665 +145,938 

-- 

665 

Computation of azimuth corredions 

Line 

I 
2,'-t,' 

Feet 
--38,n4 
+38,n4 

-25.811 +w, 811 
$14,378 
-14.378 

$12,463 
-12,463 

+52,652 
-52,652 

-40,189 
+40,189 

-36.063 
+36,063 

-546 
+546 

+39,643 
-39,643 

2:: ;g 
+35,517 
-35,517 

+ze, 777 
-29,777 

-4,766 
+4,766 

-40,283 
f40.283 

-5,740 
+5,740 

-34,543 
+34,543 

2u1'+111' 

Feet 
+1m, 325 
+177,527 

+I%, 211 
+m, 269 

+196,M5 
+233, on 
+214,615 
+242,501 

+214,479 
+%% 229 

SZO. 115 +no, 251 
$299,051 
+328,123 

$310,721 
+351,463 

+310,993 
+351,599 

+m, 323 
+328,249 

+368,885 
+BO, 535 
+386, 544 
+435,893 

+w, 068 
+410,941 

+407,408 
+422,611 

$419,884 
+447,563 

+462,766 
+450, m 

2orrection 

I I  

-0.51 
+o. 53 

+o. 47 
so. 22 

$0.21 
-0.24 

+o. 69 
-1. of] 

-0.85 +o. 85 
-0.85 +o. 93 
-0.01 
+o. 02 
$0.97 
-1.10 

+o. 10 
-0.11 

t-1.03 
-1.06 

+o. 93 
-1.02 

-0.14 
4-0.15 

-1.29 
+l. 34 

-0.19 
+o. M 
-1.26 
+l. n 

-0.40 

-0.26 

Adopted 
:orrection 

I, 

-0.52 +o. 53 
-0.40 +o. 47 
fo. 21 
-0.27 

+o. 21 
-0.25 

+o. 89 
-1.00 

-0.85 
+o. 85 
-0.85 so. 93 
-0.02 
+o. 01 
so. 97 
-1.09 

so. 10 
-0.10 

+I. 03 
-1.06 

+o. 93 
-1.02 

-0.15 
+O. 16 

-1.30 
+l. 34 

-0.18 +o. 20 
-1.26 
+l. 23 



Table for formation o j  normal equations 

+2.91 

+2.51 
-2.51 

4-5.13 
-5.13 

+1.43 
+2.53 
-2.62 
-5.42 

. ______________________  

.__-________ 

.---__- ~ -_- -  
+1.17 
+2.60 
-2.60 

.---______-. 

.---__.-__.. 

.__________. 

._________._ 

.____ * _____. 

AVi I 
._______ _ _ _  
_ _  .________ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _  ~ - .  

4-2.88 
-2.88 
-6.96 

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  
+4.20 
+1.88 
+4.47 
+4.08 

__________.  
-1.59 
+1.59 

-3.27 
+ 3 . n  

-7.47 

- _ _ _  ______. 

._________. 

________._______.___-. 
+3.74 
4-2.67 
-1.89 
-4.56 

+5.28 
-5.28 

4-2.61 
2.61 

-1.13 

.--________ 

-_---_.____ 

- 
---_.______ 

-1- 

.._____-__. 
4-1.59 
-1.59 

__________. 
-2.53 
-0.94 
-3.40 
-5.37 
4-7.18 

_____._____ 
-1.81 
$1.81 

-28.3180 
-31.2918 
-4.9042 
4-3.2240 
4-1.1780 

-47.1252 
-15.6156 

-I-134.5968 

.__.-_-.-__ 
-2. 54 
-2.68 
4-0.84 
4-3.14 
+l. 30 

-4.7485 
+8.0182 
+3.2441 

-12.8189 
-4.2855 

-40.2905 
-83.8985 
4-39.8438 
4-94.0788 

.__._______ 
-4.44 
+4.44 

-0.57 
4-0.36 
-0.78 
-1.08 
+O. 69 
-0.16 
$0.01 
-1.52 
-0.55 
-0.11 
$0.95 
+l. 09 
-2.26 
-3.36 +o. 12 
+1.05 
-0.45 
4-0. 63 
+2.09 
+5.44 
-5. 20 
-0.69 
+0.62 
+2.58 

z 

-5.32 
+l. 93 
+5.54 
-4.61 
-3.67 
4-1.41 
+o. 01 
-1.52 
-0.55 
-0.11 
+7. 21 
-2.05 
4-5.68 
-2.70 +o. 12 
4-1.05 
-0.45 
+O. 63 
-4.16 
+3.21 
4-2.62 
-0.03 
-5.63 
+o. 23 

Normal equations 

AUs 

-9.5541 
-14.8482 
+49.7706 
-34.7808 
-20.8950 

4-140.4932 

Am 

-18.8739 
+35.9778 
$8.4502 
-6.9170 

-77.5284 +n. 7404 
+149.2476 

o IAdoptedt 

-0.0118 
-0.9355 
+O. 2746 
-0.2432 
+o. 0935 
+O. 6663 
-0.3746 I 
-0.4042 +o. 2635 
-0.4330 
-0.1164 +o. 7721 
-0.0810 
-0.1440 
-0.2945 
4-0.9441 
-0.8581 +o. 3368 
-0.8527 +o. 3993 
-0.4328 
SO. 3752 
-0.1718 
+O. 1277 

-0.01 
-0.94 
t o .  28 
-0.24 +o. 09 
4-0.67 
-0.37 
-0.41 
+O. 26 
-0.43 
-0.12 
+o. 77 
-0.08 
-0.15 
-0.29 +o. 94 
-0.86 +o. 34 
-0.85 
$0.40 
-0.43 +o. 37 
-0.17 
+O. 13 

z 

-18.9170 
4-88.8149 
+85.9076 
4-6.5966 

+14.3751 
4-45.5104 
+13. N12B 
+ai: SSSS 
-0.8570 

+266.6020 

F 
2 

0 r 

ii 
M 



Solution o j  normal equations w 
0 

AYS &4 9 A 2 8  

I 

+95.7m 
A21 

-3.7384 
+O. 039039 

-60.2102 
+O. 629083 

+13.5217 
-0. 141278 

-2.7072 +o. 028m -9.5641 
+O. 099824 

-18.8739 
4-0. 19720C 

-28. 3180 
+O. 295874 

-4.7486 
+O. 049614 

-18.9170 1 
+0.1976&32 

tll9.2284 
-0.1469 

tll9.0806 
AYI 

+7.8188 
-2.3605 

+5.2683 
-0.044242 

-45.9030 
+o. 5279 

-45.3751 
+0.381046 

-8.2469 
-0.1057 

-8.3528 
+O. 053347 

-14.8482 
-0.3730 

-15.2212 
+O. 127823 

$35.9778 
-0.7368 

+36.2410 
-0.295943 

-31.2918 
-1.1055 

-32.3973 +o. 272062 

+a. 0182 
-0.1864 

4-7.8328 
-0.065777 

W. 8149 
-0.7386 

+68.0164 
-0.671684 

An 

P 
m 

hzl 
AYI 

+172.8100 
-37.8778 
-0.2331 

-27.1874 

+2.0076 
+s. 5064 

-63.6843 
-1.7031 +o. 2811 

+49.7706 
-6.0104 
+O. 8734 

+a. 4502 
-11.8734 
-1.5591 

-4.9042 
-17.8147 
+l. 4333 

+3.2441 
-2.9872 
-0.3485 I +85.9016 

-11.9008 
-3.0118 

d 

g;. Y 4-70.98524 I 
-0.6270678 

4-44.4338 
-0.329873 

-34.7808 
+1.3498 
-5.8000 
4-5.5001 

-33.7309 
4-0.301133 

-20.8950 
-0.2702 
-0.8120 

4-21.4788 
-7.8044 

-8.3048 
+o. 049884 

-16.8735 
+O. 123783 

4-133.2776 
-1.9103 

-17.2900 
-2.0839 

t112.0134 
AYa 

A21 
&I 
A 2 2  
Ala 

-65.1063 
+o. 483348 

-4.9823 
+O. 036988 

-21.2858 +o. 168023 
-0.0896 
So. 000666 

-15.8196 
+O. 3825 
-2.4206 
-8.0591 

-8.9170 
+2.6685 

4-13.4284 
-0.6187 

+3.2240 
+4.0007 

-12.3449 
-2.8348 

-7.7650 +o. 069233 

-12.8189 
4-0.6709 
+2.9847 
-0.0111 

-9.1744 +o. 081804 

+6.5988 
+2.8726 
+W. 9402 
4-8.7880 

-25.9168 
+O. 231372 

f204.3830 
-0.0766 
-0.3389 

-31.4689 
-6.6984 

f166.4822 
h z s  

+a. 5612 

-77,5284 
-0.5339 
+I. 8800 
-2.4082 
+I. 9808 

-0.078430 

-78.6087 
+0.480188 

+1.1780 
-0.8010 
-1.7283 

-10.2883 
-1.7943 

-4.2855 
-0.1343 
4-0.4119 
-0.0433 
-2.1227 

-13.4329 
+0.080887 

-8.1679 
+0.037048 

t140.4932 
-0.9537 
-1.9456 

-14.8574 
-10.1575 

+22.7404 
-1.8841 
+4.5046 
+1.8436 
4-2.5781 

-47.1252 
-2.8268 
-4.1411 
4-7.0215 
-2.3353 

-40.2905 
-0.4740 
+I. 0012 
+O. 0298 
-2.7621 
-0.3077 

-42.8041 
+o. 380939 

-0.4143 -3.8218 

+25.7609 
-0.229261 

-0.8701 

-60.0770 
+O. 44568.5 

tll2.3847 
AYI -0.402858 

+45.2445 I 
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b r l  
AUI 
AI: 
ALJr 
br: 
AU: 

4-149. 2476 
-3.7219 

-10.4293 
-0.1843 
-0.8593 

-36.2633 
-6.9080 

$93.0985 
Az4 

-16.6166 
-6.5843 
+9.6878 
-0.7873 +o. 5927 
-6. I814 

+11.4808 

-0.5073 +o. 06QsQ7 

t134.5988 
-8.37wi 
-8.8141 
-3.3636 
-0.5389 
-1. m9 
-22.3176 
-0.4648 

4-89.6473 
AU4 

rl 

-83.8985 
-0.8384 
-2.3181 
-0. oa33 
+o. 7012 
-2.8383 
4-9. 8134 

-7b? 48w) 
+O. 853719 

+39. %as-- 
-1.4050 
+2.1310 
-0.0142 
-0.6362 
-0.4877 

-19.0763 
-5.6654 

+14.7910 
-0.164881 

+h 7482 

+13.6828 
-3.7304 

--2o. 1487 
4-2.0280 
-3.3827 

-I-28.5152 
-10.3728 

$7.11123 I 
-0. W W  

4-61. a888 
-5.5970 

-!-le. 6210 +n. 2189 
+3.0481 
+4. Bggg 

+-2o.Itl39 
4-0.4971 

+104.43873 
-1.164991 

-0.8570 
-0.93% 
-4.4779 
4-0.0472 
4-3.6036 
-I-2.2967 

4-17.2364 
4-6.0711 

-17.2314 

4-5.7482 

+286. go20 
-3.7380 

--38.9182 
-37.4194 
-17. mi7 
--P. 0848 
-18.2181 
-0.w 

-121.6897 

+A 74% 
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11 

+o.95 
+0.0416 
-1.4317 
+o.6827 
-0.3590 
-0.1164 
-0.12 

U. S. COAST AND GEODETIC SURVEY 

12 

+Lo9 
+0.4253 

+o.7727 
+o.77 

-- 

-0.7426 

Back solution 

44.41699 i-0.09648 
+o. 13702 

AZI 

-0.16499 +o.85372 
-0.16499 -0.01163 E +o. OODMl 

- 0 . m  
+0.03116 
-0.03771 
4-0.20155 
+o. 01696 
+o. 18654 

+o. 04981 
-0.0488a 
+o. 16808 
+O. 01141 
+O. 01179 
-.0.01936 
+O. 11735 
-0.Olow) 
+O. 27716 

-0.06578 
-0.04489 
-0.24924 
+o. 01461 
+o. 02225 
+o. 05221 
-0.00825 
-0. 27m 

Computation of corrections 

1 2 7 8 6 

-0.16 
-0.4684 
+o. 5638 
+o. 0280 +o. 7029 
+o. 6663 
4-0.67 

14 

-3.36 +o. 7005 
+o. 3053 
+l. 3391 
44.8711 
-0.1440 
-0.15 

22 

-1.52 
-0.6042 
-0. g629 
-1.2009 
-0.3876 
+4. 2615 
+o. 0099 
-0.4042 
-0.41 

16 

+O. 36 
-0.4275 
-0.8680 
-0.9355 
-0.94 

10 

-0.11 
-0.0416 
+I. 4317 
+o. 4999 
+o. 3467 
-2 1307 
-0.- 
-0.4330 
-0.43 

18 

+o. 63 
+O. 4719 
-0.3563 
-0.6630 
+o. 6037 
-0.7917 
+o. 4422 
+o. 3368 
+o. 34 

-1. 08 
+l. 3304 

,_ +o.SelO 
-0.7107 
-0.3439 
-0.2432 
-0.24 

-- 

I 

+O. 69 
-0. go35 
+o.3070 
+o. 0935 

- +a09 

+o. 01 
-0.7566 
-0.4856 
-0.0280 
-0.7029 
+I. 2009 
+O. 3876 
=niG 
-0.37 

15 

+o. 12 
-0.7982 +o. 9461 
+l. 8639 
-0.2161 
-1.3391 
-0.8711 
-0.2945 
-0.29 

z( 

-0.57 so. 4275 
+o. 8680 
-1.1360 
3-0.3987 
-0.0118 
-0.01 I 

9 

-0. 55 
4-0.8284 
+o. 1959 
-2.9023 so. 1338 
4-2.1307 
+o. 4290 
+o. 2635 +o. 26 

17 

-0.45 
+l. 402.4 
+o. 0167 
-0.4719 
+o. 3563 
-2. 1307 
+0.4191 
-0.8581 
-0.86 

13 

-2.26 
4-1.7514 
-to. 4276 
-0.0810 
-0.08 

+LO5 
+o. 7982 
-0.9461 
-1. 2983 
+o.1603 
+1. 7013 
-0. 5213 
+o. Mi +o. 94 

21 

+5.44 J* -4.5226 
+2. 58 
-3.1149 
-0.1292 
+l. 5244 
-0. 7326 
+o. 1277 
+o. 13 

- 

+2.w 
+o. 6830 
-0.6037 
-2.8834 
-0.1388 
-0.8527 

-0.69 
4-1.3636 
-0.2984 
+o. 3752 
+o. 37 

+O. 62 
-1.5244 
+o. 7326 
-0.1718 
-0.17 

+6. 0469 
-0.2145 
-0.4328 

-0.85 I I -0.43 

Zv'=+5.74!?4 
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2-3 

5 1 Camden 
3+4 2 Oxfora 
2 3 Billings 

1-3 
1-2 

2-3 
11 1 Cook 
5 6  2 Camden 
4 3 oxford 

1-3 
1-2 

2 9  
11+12 1 Oook 

6 2 Camden 

1 3 Billings 
1-3 

' 1-2 

2-3' 
12 1 Cook 
3 2 Oxford 
1+2 3 B i l l i n g 0  

13 
1-4 

4.5951101 
40 57 23.45 M.09 23.54 0.1834363 
97 45 38.70 M.04 38.74 9.9960037' 
41 16 58.66 -0.94 57.72 9.81939572 

-0 :8l 4 * 7745502 
4.5979422 

4.5979422 
54 55 37.71 h.12 37.59 0.0870228' 
68 57 31.64 6.76 32.40 9.97b03231 
56 06 50.25 -0.24 50.01 9. 91915525 

-40.40 4.6549974 
4.6041203 

4 - 77'+55022 
JJ-3 50 39.27 6-65 39.92 0.03~7467 
28 00 08.19 M.67 08.86 9.6716443' 
38 09 11.23 -0.01 11.22 9.7906234' 

+1.31 4.4&9$13 
4.6041203 

4.5951101 
1 58-55 01.56 *.77 02.33 0.0673116 

41 38 48.45 M.28 M.73 9.82251963 
79 26 09.89 -0.95 08.94 9.99257%' 

M.10 4.4849413 
4.6549974 

J ~ O U B B  53.-Final camputation of triangles, Obio. 
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2-3 
15 I Boston 

8 3Camden 
Lf+18 a Eaton 

1 3  
1-2 

a3 
l5+16 1 Boston 

18 1 Eaton 
9 3 Cook 

13 
1-2 

as 
16 1 Boston 

7 2 Camden 
+IO 3 Cook 

1.3 
a-a 

4.6041203 
45 04 53.36 -0.86 52.50 0.1499OOd 

45 55 27.62 -0.43 27.19 9.85637866 
g8 59 41.09 -0.78 40.31 9.99993312 

-2.07 4.7539534 
4.6109990 

4.6103990 
57 05 28.73 -0.29; 28.44 0. 07596029 
72 34 50.22 -0.52 49.70 9.97961135 
50 19 42.27 -0.41 41.86 9, 886j29g0 

-1.22 4.6659706 
4.5726892 

4.7539534 
116 18 13.64 W.65 14.29 0.04747115 
27 29 56.86 a . 3 4  57.20 9.6643942' 
36 11 48.25 a.26 M.51 9.77126455 

+l. 25 4.4658188+1 
4.5726891 

4.6041203 
59 12 44.91 a.94 45.85 0.0659695' 
38 39 58.82 -0.37 58.45 9.79572gg6 
82 07 15.87 -0.17 15.70 9.995g8071 

a.40 4.4658188 
4.6659706 

Wows 6a.--Rlnal computation of triangles, Ohio-Continued. 
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2 9  
21 1 Mable 

19+20 2 Eaton 
14 3 Boston 

I4 
1-a 

29 
23 1 Rlohmond 

21+22 2 b b l e  
20 g'Eaton 

13 
1.2 

ad 
23+24 I Riohmor14 

22 2 Peble 
13 $$oaton 

1-3 
x-2 

24 
24 1Riohmond 
lg 2 Daton 

13 
13+14 3'Bostoa 

1-a 

4.5726892 
48 49 57.83 oQ.43 57.40 0 - 1233263 
96 28 18.16 -0.95 17.71 9.99722377 
34 41 45.04 -0.15 44.89 9.7552798 

-1.03 4.6932393 
4.412952 

4.6932393 
99 M 06.14 -0.04 06.10 .0.00a3~i8 
33 01 34-69 +0.37 
47 10 18.92 -0.08 

35.06 9.7364168 
18.84 9 . 8 6 5 3 d  

+0.25 4.4360423 
4.5649643 

FIOUBE Sa.-Final computation of triangles, Ohio-Continued. 
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’ 2.3 

11 Cook 
5 6  Camden 

4 3 Oxford 
1-3 
1-2 

1-3 

ut12 Cook 
6 Camden 
1 Bllllnge 

1-3 
1-2 

23 

12 Cook 
3 2 Oxford 

L+2 Bllllnge 
1.3 

1.2 

01.17 

113 50 40.37 6.65 41020.09 
28 00 08.04 t0.67 a.710.09 
38 09 10.55 -0.01 10.90-09 

+1.31 0.27 

56.96 

58 55 02.28 6.77 oj.qo.09 
41 38 48.33 6.28 48.610.09 
79 26 09.57 -0.95 c8.620.10 

M.10 a.28 

4.0791519 
24.15 0.l8343U5 
37.89 9.996Owa 
57.96 9.8193968’ 

4.2585908 
lb.0819830 

4.2585908 
40.93 0.03874765 
08.62 9.67164343 
10.45 9.79082134 

3.9689819 
4.0881598 

4.0791519 
02.96 0.06731081 
48. 52 9.82251913 
08.52 9.99257551 

3.9689818 
4.1390382 

00.18 
FXGUBE 63.-Final computation of triangles, Ohio-Continued. 
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2-3 

17 Eaton 
7+g Camaen 
10 Cook 

1-3 
lr2 

2-3 

15 Boston 

8 3 Camden 
I7918 a Eaton 

1.3 
1.2 

2-3 

15+16 ’ Boston 
18 Eaton 
9 Cook 

1-3 
1.2 

2-3 

16 Boeton 

9+10 Cook 
19 

1-2 

1(5 04 54.46-0.G 53600.13 
88 59 M0.26-O.78p).~0.13 
ki 55 27.74-0-43 27.j10.13 

-2.07 0.39 

02.46 

57 05 28.83-0.29 a.9)0.11 
72 34 51.29-0.52 9.h0.12 
51? 19 41.44-0.41 kq0.11 

-1.22 0.34 

01.56 

59 l2 45.94iQ.94 46m.09 
38 39 58.82 -0.3p*% 0.00 
82 07 15.12-0.17 *e95 0.10 

iQ.40 0.28 

4.0881598 
5.3.47 0.1498979 7 
39.35 9.9999330 9 
27.18 9.85637e16 4 

4.2379909 
4,0944364 

4.05+4364 

28.43 0.07596031 
50.65 9.97901198 
40.92 9.88632825 

-4.1500087 
4.0567250 

4.2379909 
15.35 0.04747225 
57.09 9.664pjg3 

2 9.56 9.7712618 
3.9498570-‘ 
4.0567250 

4.0881598 
46.79 0.0659.684° 
58.36 .9~7957287~ 
14.85 9.99588047 

3.9498569 
4.1500087 

FIGWE 63.-Final computation of triangles, Ohio-Continued. 
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NO. STdTlON 

2-3 

21 Mable 
19+20 Eaton 

14 Boston 
1-3 

1-2 

2-3 

23 1 Richmond 
21+22 2 Mable 

20 Eaton 
1-3 
1-2 

2-3 

23+24 Richmond 
22 Mable 
13 Boeton 

1-3 
1.2 

01.28 

40 32 10.25-0.17 0.08 
81 51 33.98-0.06 33.92 0.08 

57 36 15.84 +0.4016240.08 
6 . 1 7  0.24 

00.07 

3.9353283 1. 
10.00 0.1871353 
33.84 9 .995601a6 

4 
16.16 9.9265327 

4.1180653 
4.0489964 

4.1772732 

07.10 0.~1063865~ 
35.22 9.73641733 
1.7.68 9.8653f66' 

3 * 9200771 
4.0489964 

2-3 

24 Richmond 
19 Eaton 

13+14 Boston 
1-3 

1-2 

4.0567250 

57.01 0.06573002 
4 00.52 9.7976221 
8 02.47 9.9956102 

3 .9200772'1 
4.1180653 

01.19 
FXQUBE 63.--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 (Eaet) Station Oxford 
X (Central meridian) go d &.ooo 

x , Sz 46 29.612 , I 3; 3 i  4i.931 
~~(~entm~meridian-~) + 0 53 30.388 

AX(it3seC) + 3210.388 

9.76- 

Cor.arctosine - 1.321188 -10 

1.090485 
57 

0 . .  

4.88462830 + 
39 32 00.2452 

66 

-log SI3 5-4006O@t1 -y (formin. of ) ' )  

-log SI33 -y (for seconds of 

-log 1/6P:R2 

-tog ( s a p  to2)I3 

-("/6 PO*)# a 
-SI3 251.540.782 

X. 

2,000,000 .oo 
- 2.251.546.85 

Take out Cflrst for o and mnect for appmximatg 0'. 
FIQWB 54.-Computation of ooordinates, Indiana. 

For State map of Indiana showing the elements of the two grids covering the State, See a. 65, p. 286. 
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P W E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State In(ilana (East) Station B l l l l n g e  
x (Central meridian) 

~h(Centr i l  meridiand) 

2 46 dO.oa0 
0 , -  54 3d.240 

+ 0 45 21.760 x 
@ 39 33 ler.143 

~ ' h  (in see.) 272<760 

*Take out C fvst for and correct for apprmimate 0'- 
FIOWE M.-Oomputation of coordinates, Indiana-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR m w E c n o N  

StateInaiana (Eaet) Station hwle 
X (Central meridlan) $pa 

44 45.342 

Ah(Cenbal meridian-A) + 0 55 14.638 

0 ' " .  

@ 39 49 09.341 x 

nX( in  see.) + 3314:638 

*Taka out C Rnt far and Wmcl for approxlmotc 6'. 
~ G W E  M.-Computation of coordinates, Indiana-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJEClTON 

State Indiana ( E a s t )  Station Rtohmond 
x (Central meridian) 2 46 &.OOo 

5a 07*9'V , 0 $ 4; Oi.065 x 
AX(&ntral meridian-A) + 47 52*053 

A X ( h  SeC.1 + 2d72:-3 

-y (for min. of 0') 

*Take~utCRRtWe UIdcomdforaPPrmCi~~ 6'. 
FIQWS M.-Gomputation of coordinates, Indiana-Continued. 
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$28 63.34 -. 47 

0.63757464n 

282 58 2239 

Computation of geodetic azimuth 
BILLINGS-OXFORD 

4.6951364 
0.6159842 

2261.646. 86 740,511.16 426.366 
2,213,183.22 I 749,348.98 1 1 251,647 

88,363.63 I -8,837.82 1 p;7 
4.68381960 4.6839197 4.6951484 3 .94Wn 
3.94634615n 0.0112287 0.5159842 9.89647--20 

I 233 27 15.26 I 4.0791522 I 

Observed Mjwteh AaJU0te.d 
&odetic Correction Plane Oeodetio 
Direction P i t e a t i o n  Dlreotior 

L t I I I f 
FIOWE %.-List of directions. 
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Oeodgtlc Correction Plane 
ObserPed station Direction Direction 

U. 8. COAST AND GEODETIC SURVEY 

Plane Geodetic . 
Dlrection Direction. 

b - 
oxford 6-0000.00 +2.a 02.28 02.u 59.84 
Sil l i~sge 40 67 24.18 +1.65 25.83 25.64 2899 
OOQk 68-57 32.22 +0.01’ a2.23 32.70 32.69 
beton Lo7 37 31.04 -1.72 29.32 29.46 31.W 
a t O B  ,167 67 12.48 -2.55 09.93 09.65 12.20 

I 4 

Observed Observed 
k o d e t i o  Correction Blane 

Observed Station Direction Mrection , 

Boaton 0 00 00.00 -1.65 58.45 
Eaton 36 11 47.38 -2.30 45.08 
oanrden 82 07 l L l 2  4 . 0 1  15.11 
W O ? d  137 a E S . ~  +a.o4 55.25 

1 9 s m  55.49 *1.46 56.95 

- 

&IS%? OB DIECTIOES 

bdjueted Qdjuetea 
Plane Ceodetio 

Direction Direction 

58.40 69.95 
45.25 47.55 
14.87 14.88 
54.97 52.93 
67.35 55.89 

L - 
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Obserrrad Observed aajrrsted 
Qeodetic Correction Plane Plane 

Observed Station Direction Direction Direction I 

- - 
00000.00 -1.44 59.56 59.64 BLcManB 

Mable 47 10 17.84 -2.23 15.61 15.52 
Eaton 81 52 02.78 -0.68 02.10 OL94 
Caden 138 57 31.61 t1.64 3335 32.88 
cook 198 10 17.55 +1.55 19.10 19.66 

Stations Boeton states Ita8iem, 

Adjupteb- 
Peodetfo 
Directioq, 

00.08 
17.74 
02.63. 
31.28 
18.10 

235 

Observed Observed 
Qeodetic Correction Plane 

Obeervsb station Direction . Direction 

Bdjpsted ddjpsteb 
Plane Qeodetic 
Direction Direction 

00000.00 
450464.46 
72 34 5l.29 
lll26 52.74 
169 03 08.58 

camden 
coog 
Boston 
BiCbOnd 
Mable 

02.55 03.51 00.83 +a55 
+2.43 56.89 56.80 54.51 
+0.72 52.01 52.24 51.58 
9.88 51.86 51.2l 52.09 
-1.71 06.87 06,Ea 08.29 

FIQWBE 55.-Lists of directions-Continued. 
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Observed Observed ddjusted 
bodetic Correction Plane Plane 

ObsemeB Station Direction Direction Directioa 

K f t l t l z g  0 00 00.06 
Mable 6641 52.60 4.n 6l.89 R.89 
%ton 106 14 Ob85 “0.83 03969 03.60 
Boston, 165 29 69.81 +1.43 61.24 61.33 

U. S. COAST AND GEODETIC SURVEY 

quat& 
Oeoaetic 
Dl reotion 

63.60 
08.77 
89-90 

Sta tbaa  Webb3 state: Qhla 

Stetlonr m!&loBa Stateo Indiana 



Computation of g7dd azimuths 

BiUngs-Oxford _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Billings-Camden _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Camden-Billings _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

282 58 22.39 

241 41 23.37 

61 41 23.37 
+28 00 aS.04 

-41 16 59.03 
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, 

/The lengths are taken from the triangles on page 208 without grid reduction. 

Camden-Cook _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Camden-Boston ____________________-----... 

Boston-Camden _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

89 41 31.41 
+38 39 58.82 

128 21 30.23 

308 21 30.23 
-57 06 23.83 

- ~ ~ 

Computation of coordinates 

4.7192522 4.4505779 2,265,573.68 

BILLINGS-CAMDEN 

777,670.34 

I 9.9448766-10 1 9.6760023-10 1 2,218,183.22 1 749,348.98 
4.7745756 4.7745756 +52,390.46 +a, 221.36 

CAMDEN-BOSTON I 
4. e559954 4.6659954 

BOSTON-EATON 

9.9763618-10 9.5087182-10 2,229,233.14 
4.5727116 1 :z: I +35,405.72 I +%;E:$ , 

1 46490734 2, !m& 638.86 818,337.43 

93324'-+16 
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Coordinates 
Station zandy  

Feet 
Billings. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  { " ;:$E: 
Oxford- _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  { " z,$ g!: ;i 

U. 8. COAST AND GEODETIC SURVEY 

Fixed coordinates 

Coordinates 
z and g 

Feet 

Station 

Mable- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  '7 634. 25 

2,224,211.02 { 833,160.26 Richmond- - - - _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
{ 845,965.49 

Adjusted coordinates 

Assumed 
coordlnates Station Jorrectfon 

Feet 
+1.49 
4-1.17 

4-0.18 
+o. 75 

-0.23 
+l. 33 

+O. 51 
+2.79 

- 
Adjt?.sted 

coordmates 

Feet 
2,265,575. 17 

777,571.51 

2,225,381.90 
777,355.07 

2,229,232.91 
806,331.89 

2,264.639.37 
818,340.22 
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Computation of Azhuth8 

Bflllngs-Cook 

4.08630643 426,366 
4.44724065 225,382 
9.63906558 -10 

t 1:)44 

2030 32' 12171. 

282' 

Bill lngs-Oxford 

I1 - 0.47 
5s' 221138 

Biiiings-CamBen 

2,265,573.68 777,570.34 
2,213 ,183. 22 749,348.98 
+ 52,390.46 + 28.221.36 

0.26867427 

0.18612 

Oxf ord-Billings 

503,094 
213,183 
716,277 
5.8 50s 
9.g95 3.92625 7 

9.68690 
+ 0.50 

102' 58' 221138 

.Oxf ord-Cook Oxf ord-Camden 

4.41772290 n 4.56636 
4.56635687 9.91133 -10 -- 
9.85136603 -10, 4.65503 

503 , 094 
225,3@ -- 
728 4 6 
2:566 6 

0.32425 

&2l2 

9.89537 -20 

2111 

-20 
-10 

4.14695953 
4.56889581 

1440 37' 06075 2000 43' 53061 

503,094 
265 9 574 
768,668 

2: ;x7," 
9.89547 -20 
0.35011 
+ 2:24 

RQWE .%.-Computation of azimuths. 
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Camden-Oxford 

20' 43' 53I)61 

Camdon-0ook 

531,147 
251 s 547 
782,694 
y39359 
56890 n 

0.35796 n 
9.89547 -20) 

- 2:28 

-40,191.96 - 216.02 
4.60413919 n 
2.33449396 n 
2.26964523 

- 
8.10879 -1% - O"1 

Camden-Billinge 

9.swi7 -20 

Oamden-Bo6 ton 

-20 

0.2658 
+ 2.55 

W0 41' d o 2  287' 34' 16023. 
FIGUBB bX-Computation of azimuths-Continued. 
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Cook-Eaton Cook-Camden 

4.59391866 4.61260 
4.61260491 9.85863 -10 - 
9.98131375 -10 4.75397 

'60 * 763 264,639 
715. W I ~  

3:2% 
9.89547 -20, 

t 2.30 
0.3$262 

cook-oxrora 

- 
0.30836 n - 2r03 aUopt-2b 

Boston-Rlohmond 

P, !224,211.02 833,160.26 
2,229,233.14 806.330.56 

-5,022.12 t 2 6 , 8 2 9 . ~  

06€%709 a 
kLl582 
9.27227l27 -1% 

e)' sf99 

'60, 76i  
265.57 
716.337 

2-33 9 9.89547 -20 
s.cst50a -io 

5.s5g2 

+ 0.01 
269' 41' 31:b 

.i 
0.164t34 n - 13.6 

a0 32' 121171 

Boston-Mable 

+ 29,1(01,11 + 39,634.93 

.k 46836372 4.5980% 
8.!i9807809 9.90uO -10 
'9.S7028563 -10 4.69326 

Romp. 66.-hrnputation of azimuths-Continued 



242 U. S. COAST AND GEODETIC SURVEY 

Boston-Eaton 

2,264,638. g6 81SJ37.43 
2,229,233.14 806,330.56 
t 35,405.72 +12,006 87 

4.54907343 458; 466 
4.07942981 264,639 

9 8954j -20 

9.82410 -10 
t O"68 

29%' 16' 011(40 

Boston-Cook 

683, 848 3. 83496 
.46204 n 

0.19247 n 
- lf56 adopt -1055 

9.89547 -20 

Boston-Camden 

458,466 
265 574 

Eaton-Camden 

529 , 278 
265,574 

9.39547 
0; 40607 - 2t55 

n 
-20 
n 

7' 34' 16:23 358' 41' l l I l O 2  

Eaton-Bo8 toh ' Eaton-Cook 

5a9,278 
225,382 
754,660 

.61260 n 
9.89547 -20 
0.38582 n. - 2043 

2.87775 

43' 46' 031(92 7l' 16' 01:b 
FIQUBE 66.--Computation of azimuths-Cantinued. 

- 01172 
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Eaton-RichmonB 

2,224,211.02 833,160.26 
,2.264,638.86. 818,337.43 
-40,427.84 .) 14,822.83 

4.60668054 n 
4.17093113 
0.43574941 n 

9.89547 -20 -. 
9.9;343 -10 
t 0.88 

110' 08' 07f49 

Richmond-Mable 

2,258,634.25 
2.224.211.02 

+ 12,805.23 

4.53684 
9.97185 -10 
4.56499 

eat on-able 
2,258,634.25 845,965.49 
2,264,638.86 818,337. 43 

-6,004.61 +27,628.06 

Rlcbond-Eaton 

9.89547 -20 
9.85237 -10 

+0:71 

290' 08' 07%9 
h ~ m ~  56.-Computation of azimuths-Continued. 

9.91948 don  
* Qfs3 
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Rlohmond-Boston Mable-Eaton 

W , 424 
229 * 233 
6 77,657 
2:QE n 
9.89527 -20 

Bbable-Boaton Bbable-Richmond 

0.36658 n - 2133 

69' 35" b2!39 
FIGUXE 66.-Computation of azimuths-Conrinued. 

51 ,266 
224.212 

n 
-20 

-1% 
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Observation Equations 

LL., log  008 cu, log sin al l o g  00s 01, log  sin (Yl 

cr, log 1 l og  1 l og  1 log A 
L S l  81 82 '2 

1 Obe.. L log ~*i m . m u  log,& log *d 

241' 41' 23037 9.67600 -10 9.94468 -10 9.96228 -10 9.60134 -10 
203 32 12.71 5.2% -io 5.22 4.2 -10 5.51 3 -10 5.51 03 -10 5.31 2J+ 3 5.31 E 3 5.31 34 3 - 5.31 3 8 09 10.66 - 

8 09 1 0 . 4  0.21585 0.48453 0.79174 0.43080 
t 0.21 +1.64 + 3-05 + 6.19 + 2.70 

01 = + 0.21 + 1.64 A 9 - 3-05 A y1 - 6.19 A X2 + 2.70 A 92 

41 16 59.01 
41 17  01.03 - .  

-2.02 

v2 = - 2.02 - 1.64 A + 3;05 a y1 

4 1.64 + 3.05 

144' 37' 06:75 9.91133 -10 9.76269 -lon 
102 r;g 22.18 W+W -io 5.34497 -io 

200' 431 5351 9.97093 -10 9. 4899 -lO 

'56 06 46.16 - 144 37 06.75 !g:Ao?j)$ -io 5. ?I 20 10 - 5.31w3 - 
56 06 49.51 0.68739 0.265% 

-2.65 + 4..17.' t 1.04 + 3-72 - 2.64 

v4 a - 2.65 t 4.07 A ~1 - 1-04 A 91 * 3:72 P ' 2  - 264 A s 2  
E~OWS 67.-Observation equations. 
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61' 41' 23137 9.67600 -1% 9.9W8 -10, 9-97093 -10, 9.54699 -10, 
20 .43 I 53.6% 5.22542 -10 5.22542 -10 5.40203 -10 5,40203 -10 , 

5.31443 5.31443 5.31443 - 5-31u3 b 57 29.76 _I_ 

4o 57 r - 5 5  0.21585 n 0.48453 n 0.68739 n 0.26545 u 
t 6 . 2 1  - 1.64 - 3.05 - 4.Q - l'& 

95 z t6.21 - 3-23 A 3 - 1.21 A 7 1  

89' 41' 31040 7.73035 -10, 9.99499 -1% 
61 41 23.37 5.39 85 -10 5.39 85 -10 

5-31 24 3 5-31 3.4 3 - 28 00 08.03 - 
28 00 06.40 8.44063 -lon 0.71027 n 

+ 1.63 - 0.03 I . - 5.13 - 1.64 - 3.05 

V6 = + 1.63 - 1.61 A 5 - 2-06 A - 0.03 A 5 f 5.13 b y 2  

128' 21' 30:24 9.79280 -10 9.894W -10, 
69 41 j1.b 5.33400 -10 5.33'(00 -10- 

36 39 57:09 0.44123 0.54283 n 
.5.31u3 38 39 58.84 , e 3 .  - 

t 1.75 + 2.76 - 3.49 - 0.03 5.13 
v7 5 t1 .75 - 2.79Al  + 1.64Ay1 + 0 .0 )Ax2  - 5 . 1 3 0 . ~ ~  +.2.76A> t 3.CAY3 

17@ 41' 111)02 9.99989 -10 8.36030 -10- 
128 21 30.24 5. 8 - 5.31% -lo 50 19 40. 8 - 

50 19 40.g1 0.703W 9.06431 -lo, 
+ 0.57 t 5.06 - 0.12 +. 2.76 - 3.49 

22j0 46' 03r92 9.6863 -10 9.83994 -10 9.99620 -10 9.11978 -10 
187 34 16.23 5.24603 -1Q 5.24603 -10 5.53416 -10 5.53416 -Lo 
36 11 47.69 - 
36 ll 46.63 0.41909 0.40040 0.84479 9.96837 -10 

5.31443 5.31443 5 - 31443 5 * 31443 

+ 1.06 f 2.62 .+ 2;s + 7.00 t 0.93 

V9 + 1.06 +4.38Ax2 t l . 5 8 0 y 2 - 7 . 0 0 A ~  + 0 . 9 3 A ~ l ~  + 2.62Oxb - 2.5lAy4 

FIGWEE S?.-Observation equations-Continued. 
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7.73035 -10 9.99999 -10 

5.31h3 5.31 3 
5.39 65 -10 5 . q 5  -10 

6.44063 -10 0 .noq  
+ 0.03 + 5-13 

0 . 0 3 4 5  - 5.13Ay1 + 2.59A5 

+ 2.62 

2 .6200~  

* 2.51 

- 2.62Ax4 + 2.510~4 

324' 33' d 7 5  9.91133 -lon 9.76269 -10 
269 41 31.40 5.34497 -io 5,34497 -io 

5- 31443 54 55 5 3 5.31443 - 
54 55 - 0.42209 

4 - 7 9  - 3.72 + 2.64 t 0.03 5.13 
vu : - 4.79 - O.O3'Ax, + 5.13 Ay. t 3.75 0 %  - 2.49A y2 

. 

'* 10.30 + 1.77 t 5.22 

9.99252 -10 9.26'472 -14, 
5.56393 -10 5.56 93 -10 

5-31 i 4  3 - 5.31443 
0.87088 0.14306 n 
- 
f 7.43 - 1.39 

3.36 + 2.49 

vl,, I: t 10.30 * 1.59 A 5 + 2.73 A J t 1.77 A x4 - 5.22 D y4 3 
FIQUBE 57.-Observstion equations-Continued 
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g s O  21' 30!24 9.r920 -io, 9.89440 -io 
1 16 01.40 5.33'100 -10 5.33400 -10 

57 05 28.84 2 2 2  5.31443 
57 05 31.15 0.411123 n 0.54~83 

-2.31 -2.76 t 3.M t 1.n + 5.22 

70 34' 16'2 9.99620 -io, 9.11978 -io, 

59 12 45.99 - 
59 12  45-85 0.84479 n 9.96837 -lo, 

3Og 21 30.2t 5.53416 -10 5.53416 -10 
5 - 3 l u 3  5-31*3 

+ 0.14 - 7.00 - 0.93 - 2.76 + 3.49 

$16 t0.14 + 2.76A3 t 3.49AyX - 7.00AX2 + 0.93Ay2 + 4.2bA5 - 4.42Ar3 

43' 116' 03t92 9.85S63 -10, 9.83994 -10, 9.99989 -10, 8.36030 -10 
358 41 11.02 5.211603 -10 5.24603 -10 5.38958 -10 5.36958 -10 

5 * 31u3 - 5 31443 - 5-31443 45 04 52.90 5*31w(3 - 
45 04 54-54 0.41909 n 0 . m  n 0.70390 n 9.06431 -10 

-1.44 - 2.62 - 2.51 - 5.06 +0.12 

v17 - 1.44 t 5 . 0 6 A i  0 .124Y1 - 2 . 6 2 0 5  + 2.51Ay2 - 2.UAx4 - 2.63Ar4 

110' 08' 07149 9.53683 -10. 9.97261 -1% 
7 1  16 0 i . b  5.36595 -io 5.36595 -io 

5*.31@3 - 5.31443 38 52 06.09 __. 

38 51 59.85 0.21721 0.65299 n 
+ 6-24 + 1.65 - 4.50 - 1.71 - 5.22 

v19 = +6.24 + l.77Ax - 5.22Ay - 3.42Ax4 + 0.72Ay4 t 1.65Ax + 4.500J 3 3 5 9 
~ Q U B E  67.-Observation equations-Continued. 
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167' 44' 17(1m 9.989991 4 0  9.32711 -10, 
110 08 07-49 5.54$63 -10 5.54863 -10 

5.31443 - 57 36 09.95 5 0 3 ~ ~ 3  
57 36 15-01 0.19017 n 

-5.06 +?.if  1-55 + 1.65 - 8.50 

4 v = - 5.06 5.M A X  + 2.95 A y  
20 4 

60 4' 04'61 9.9OUO -10, 9.77506 -10 9.98998 -lon 9.32711 -10 
3 7  ?4 17:m 5.306 2 -10 ?:;:%; -10" 

5.54863 -10 5.5u63 -10 
5.31443 - 5.31443 - 5-31 4iT 3 48 49 47.17 - 

48 49 59.68 0.52595 n 0.39623.n 0.85304 n 0.19017 
-12.51 - 3.36 - 2.49 - 7.13 f- 1.55 

0 - 12.51 - 3.36 A 3  * 2.49 Ag +7.13 Ax,,+1.55 A g,, 
2l 3 

69' 3 ' 42:39 
36 32 04.61 
3 01 37.76 
3 01 33.35 

+ 4.43 
3 

3.36 - 2.49 

290' 07' 07149 9.53683 -10, 9.97261 -10 
249 35 42.39 5.36595 -10 5.36595 -10 

-5.31443 - 5.31443 40 32' 25.10 - 
40 32 11.79 0.21721 0.65299 

+ 13.31 - 1.65 + 4.50 
v2, = + 13.31 - 1.65 - 4.50 6 0 8  

349' 23' 51!99 9.99252 -10, 9.261r72 -10 
290 08 q.49 5.56393 4.0 5.56393 -10 

5.31443 - 5 31443' 59 15 Mr50 - 
59 15 57.56 0.87088 n 0.14308 

a3.06 - 7.43 + 1.39 - 1.65 + 4.50 

VaQ = - 13.06 Tab3 A ~3 - 1.39 A33 +.la65 AX4 i 4-90 OY4 

ROWE S7.-Obsarvation equations-Continued. 



Table jor jormation of normal equations 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
18 
20 

21 
22 
23 
24 

-- 

A Z I  

4-1.64 
-1.64 

4-4.87 
-3.23 

-1.61 
-2.79 
-2.30 

+0.03 

-0.03 

-- 

- - - - - . 

___.__ _-. 

_ _ _  _.__-. _ _ _  
-2.76 

4-2.76 
4-5.06 _ _ _  _____. _ -  - - -- - - 

- - - - - - - - . 
_ - _  -.__ -. _ _  - - - -. 

- - - - -. - - - - - - - - . 

AUI I Am 

-3.05 
+3.05 _ _ _  _ _ _ _ _ _  
-1.84 
-1.21 

-2.08 
4-1.64 
4-3.37 
.________ 
-5.13 

4-5.13 _ _ _ _ _ _ _ _ _  
-3.49 

I- 
-6.18 _ _ _ _ _ _ _ _ _  
4-3.72 
-3.72 

-0.03 +o. 03 

+4.38 
4-2.59 

f3.75 
+2.47 

--__----- 

____-----  

-__--___---_-----. 
- _ _ _ - _ _ _ _ - - _ _ - - - - -  

________. 

-4.69 
-0.61 
t-4.01 
-5.98 
+1.77 

+3.4s -7.00 
+0.12 -2.62 

~ _ _ _ _ _ _ _ _  4-2.62 

+0.0139 
-0.8896 
+0.3104 
-0.1937 
-0.0271 

l-l- 

+3.04 
4-1.76 
4-0.17 
+1.m 
-2.55 

4-0.6582 
-0.3328 
-0.4222 
+0.2244 
-0.4080 

4-0.93 I +4.24 -4.42 
4-2.51 _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
-2.51 1 -1.77 I 4-5.22 
.___---_- +1.77 -5.22 

+5.06 
+2.62 
-2.62 

.________I -3.36 1 4-2.49 

.__ _ _ _ _ _ _  +3.36 -2.49 

._____-___________ 
+o. 12 
-2.51 
+2.51 

2.49 
5.34 

.________ _ _ _ _ _ _ _ _ _  

- 
- 
._-_---__ 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _  ~ ___________.__ 
+4.07 +3.88 
4-1.59 4-2.73 
+4.53 -1.73 

+o. 21 
-2.02 
-2.35 
-2.65 
+e. 21 

+l. e3 
4-1. 75 
4-0.17 
4-1. OB 
-2.55 

-4.79 
4-4.26 
-4.43 

4-10, 30 
-2.31 

4-0.14 
-1.44 
+2.36 
4-6.24 
-5.06 

-12.51 
+4.43 

4-13.31 
-13. 08 

s1 .57  
4-1.39 
4-3.52 

4-11.17 
-2.31 

I- 

-0.0374 
4-0.6763 
-0.1807 
-0.0658 
-0,2108 

4-0.14 
-1.44 
i-2.36 
4-0.09 
-7.59 

-4.70 
4-5.30 
+7.16 

-16.73 

+O. 9176 
-0.9059 
+0.3191 
-0.8768 
+O. 3578 

-0,4452 
+0.3384 
-0.0810 
4-0.1733 

-2.44 
-0.85 
-3.42 
-5.48 

.__--__--_______-- 
-2.63 
-2.71 
4-0.72 
4-2.95 

Adopted I 

+o. 01 
-0.80 
4-0. 31 
-0.19 
-0.03 

.fo. 68 
-0.33 
-0.42 
4-0. 22 
-0.41 

-0.04 +o. 68 
-0.18 
-0.08 
-0.21 

So. 92 
-0.91 
$0.32 
-0.88 
4-0.36 

-0.45 
So. 34 
-0. os 
4-0.17 

h3 cn 
0 

p 
m 

H 

9 
3 
0 

M 8 
H, 
Q 



Normal equations 

-27.9157 
-31.0053 
-4.7025 
4-2.8112 
+O. 0137 

-46.3344 
-15.0302 

4-133.4968 

AYi 

-9.1345 
-15.4258 
$48. 7945 
-33.6471 
-18.6745 

4-139. OgOB 

-37.6616 
-12.Mk)6 
-0.6083 

-24.4919 
4-146.2388 

-23.4727 
-92.1731 

-225.9630 
4-836.7894 

-19.1778 
+36.3773 
$8.8556 
-6.7157 

4-21.5470 -78.2746 

+150.2830 

4-47.9385 

-5.4176 

+62.8433 
+5.6915 

-214.6304 
+W. 1680 
+w. am 



Solution of normal equations 

-5.7869 
-0. iwa 
-5.8871 
+O. 049627 

-15.4258 
-0.4252 

-15.8510 
4-0.133619 

-66.0513 
-to. 485701 
-16.8329 
+0.2924 
-2.2084 
-7.7757 

-28.5256 
4-0.238885 

t205.8766 
-0.0483 
-0.2922 
-32.0812 
-6.3366 

tl67. 1183 
&a 

Am 

% 
2 

$43.5626 
-0.320333 

-33.6471 
+ 1 . m  
-5.9489 
+5.1283 

-33.2269 
+0.299236 

-18.5745 
-0.2048 
-0.7866 
4-21.1584 
-7.9374 

-6.3449 
+0.037967 

+139.0908 
-0.8688 
-2.1180 
-13.9545 
-9.9427 
-0.2409 

+111.9659 
Aua 

Aa.4 AW z 9 

I 
-60.9154 I 4-13.0463 
+O. 634289 -0.135838 

-19.1778 
+0.199694 

-27.9157 +o. 290680 
-37.6616 
+0.392162 

-52.3468 
+O. 646076 

i7.0423 1 -45.1284 
-2.8354 +o.Swz 

+36.3773 
-0.8828 

+35.4a47 
-0,299128 

-31.0053 
-1.2894 

-32.3047 +o. 272320 

-12. m 
-1.7630 

-14.2536 
+0.120154 

+47.9385 
-2.4365 

f-45. 507,010 
-0.383565 

+82.4803 
-33.2035 
-1.6136 

+118.8360 

4-4 2069 -44.5212 
-0:035463 1 +0.375301 

p 
P f174.7794 -25.8627 

-38.6388 I +8.2746 
-0.1492 4-1.5789 

-64.8946 4-48.7945 
-1.3355 -5.7940 
+0.2088 +o. 5621 

-4.7025 
-17.7069 
4-1.1456 

-21.2638 
+0.166361 

-0.8063 
-23.8887 
4-0.5055 

-23.9895 
+0.17&404 

4-8.8556 
-12.1645 
-1.2584 

-4.5673 +o. 033585 
-6.7157 
4-2.6051 
4-13.3174 
-0.5377 

+8.6691 
-0.078072 

fl35.9916 -16.0092 
A22 1 +O. 117722 

4-47.67321 
-0.35058g80 

+2.8112 
+3.7920 
-12.1240 
-2.5032 

-8.0240 
4-0.072263 

-24.4919 
+6.1159 
-5.3494 
-2.8241 

-27.5495 
+0.248106 

-5.4176 
4-7.1107 
+17.0769 
+5.6122 

+24.3822 
-0.219582 

P z 4-131.4048 
-1.7720 
- 16.7089 

8 

2 
0 
tr 
M 

Q 

4-111.0391 1 A12 
~ ~~ 

-78.2746 
-0.4299 
4-1.7610 
-2.2183 
+2.0709 

-77. ogog 
+O. 461295 

+21.5470 
-1.8241 
$4.7414 
+l. 4631 
i-2.6941 
-2.9289 

+25.6040 
-0.228593 

_- 

4-0.0137 
-0.6258 
-1.8032 
-10.3278 
-1.9168 

-14.4589 
+0.086625 

4-146.2388 
-0.8443 
-0.7074 
-11.6517 
-6. 5812 

4-126.4542 
-0.756676 

t-165.6128 
-1.1735 
+2.2581 
+23.1649 
+5.8246 

I-195.6765 
-1.170888 d 

H -46.3344 
-2.6552 
-4.3165 
+6.8115 
-2.4011 
-0.6490 

-49.4447 
$0.441605 

-23.4727 
-3.5822 
-1.9046 
4-7.6846 
-8.2438 
+4.8011 

-24.7176 +o. m78( 

+a28433 
-4.9790 
+e. 0799 
-16.2713 
+7.2980 
+7.4293 

+63.3882 
-0. Mi6229 
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$150. 2830 
-3.8297 
-10.6144 
-0.1534 
-0.6768 
-35.5616 
-5.8507 

+93.5%4 
A 2 4  

A I 1  
A81 
A z a  
A8a 
Ax3 
A83 
b z 4  

A84 

-15.0302 
-5.5746 
$9.6632 
-0.7141 
$0.6264 
-6.6703 
$11.3027 

-6.3969 
+O. 068346 

t133.4958 
-8.1145 
-8.7972 
-3.3248 
-0.5798 
-1.2511 
-21.8350 
-0.4372 

$89.1562 
A84 

‘I 

-92,1731 
-7.5208 
$4.2636 
-0.8057 
$2.1508 
$58.3327 
+5.6503 

-30.1022 
+O. 321617 

-225.9630 
-10.9475 
-3.8815 
-3.7510 
-1.9908 
+lo. 9414 
-10.9154 
-2.0574 

-248.5652 
+2.787974 

t836.7994 
-14.7694 
-1.7126 
-4.2318 
-6.8352 
-95.6897 
-5.4567 
-9.6814 

-692.9933 

+5.4343 

z 

4-5.6915 
-10.4533 
-13.6108 
+l. 6011 
-1.9036 
4-90.2647 
-14.4924 

+57.097z3 
-0.610037 

-214.6304 
-15.2162 
+12.3911 
4-7.4542 
+l. 7619 
+16.9309 
$27.9970 
+3.902c 

-159.409IO 
+l. 787974 

$566.1690 
-20.5284 
+5.4672 +u. 4097 , . . . . . . 
4-6.0494 

-148.0637 
+13.9958 
+18. 3635 
-444.4281 

$5,4344 

$658,3506 
-28.5330 
-17.4531 
-16.7123 
-5.3539 

-229.1156 
-35.8978 
-34.8315 
-235.0191 

+t: 4343 



-0.75668 
4-0.24123 
+O. 23626 
+O. 05068 
-0.22851 

+O. 24811 +O. 17640 
+O. 20147 4-0.43593 
-0.03999 +O. 01720 
$0.39944 -0.42760 
-0.05459 -0,11099 
+O. 75444 +O. 08881 

+O. 17975 

U. S. COAST AND GEODETIC SURVEY 

Back solution 

AYI hzl 

+O. 39216 
+0.81041 
+o. 10228 
+O. 12697 
-0.00512 
-0.10248 
+O. 11402 
t o .  05446 
+1.49270 

AY4 

+2.78797 
1-1- 

+O. 22076 
+I. 23118 
-0.11708 
-I-1.33486 
-~ 

+O. 12015 
4-0.75922 
-0.15320 
4-0.17836 
-0.01134 
+O. 28314 
-0.00637 
+1.16996 

-_ 

7 

+l. 7500 
-4.1646 
+I. 9187 
+O. 0054 
-3.8703 
-0.6307 
4-4.6587 
-0.3328 

-0.33 

15 

+O. 32162 
+O. 19055 
4-0.51217 
___ 

I I 
Computation of corrections 

1 2 3 4 8 5 6 

+I. 6300 
-2.4032 
-2.4335 
-0.0054 
+3.8703 
+O. 6582 

+O. 66 

14 

-2.0200 
-2.4480 
i-3.5664 
-0.8996 

-0.90 

-2.3500 
+O. 6687 
+I. 9917 
+O. 3104 

+O. 31 

~- 

11 

-2.6500 
4-7.2694 
-2.1527 
-0.6687 
-1.9917 
-0.1937 

-0.19 

12 

+6. 2100 
-4.8214 
-1.4157 
-0.0271 

-0.03 

13 

+O. 1700 
-3.4332 
+3.9428 
+O. 6307 
-4.6587 
+2.5916 
+O. 3346 
-0.4222 

-0.42 

16 

+o. 2100 
+2.4460 
-3.5684 
-1.1127 
+2.0370 
+0.0139 

$0.01 

9 10 

-2.5500 
+O. 0448 
-6.0019 

+lo. 3000 
-0.3633 
t3.6442 
4-0.9065 

-14,5532 
-0.0658 

-0.06 

22 

+4.4300 
-0.7678 
-3.3238 
+O. 3384 

+o. 34 

-. 

-2.3100 
-4.1159 
-4.0832 
-1.0352 
-2.3093 
-0.9065 

4-14.5532 
-0.2109 

-0.21 

23 

+13.310( 
-0.8451 

-12. 5455 
-0.081( 

-0.08 

+O. 1400 
4-4.1199 
+4.0832 
-1.2582 
+O. 7016 
-0.9689 
-5.9001 
+O. 9175 

+o. 92 

__._ 

24 

+I. 0600 
+O. 7873 
+l. 1920 
+I. 5996 
+l. 2414 
+I. 3419 
-6.9978 
+O. 2244 

+o. 22 

17 

-4.7900 
-0.0448 
+6. 0019 
+O. 6741 
-1.8766 
-0.0374 

-0.04 

19 

+4.2600 
+o. 4440 
-4.0287 
+O. 6753 

+o. 68 

20 

-4.4300 
-0.9300 
+5.1793 
-0.1807 

-0.18 

21 

-12.5100 
+O. 7678 
+3.3238 
+3.6518 
+4.3214 
-0.4452 

-0.45 

t o .  4656 
4-1.9766 
-1.3419 
+6.99i8 
-0.4090 

-0.41 

18 

+2.3600 
+O. 4709 
-1.8936 

-5.0600 
-2.8067 
i-8.2245 
+O. 3578 

+O. 36 

___ 
+6.240( 
-0.404: 
-6.968( 
-1.751f 
+2.007? 
-0.8768 

-0. s8 

-13.0600 
+I. 6978 
-1.8555 
+O. 8451 

t12.5459 
+O. 1733 

+O. 17 

- 1.4400 
+7.5531 
+O. 1404 
-0.4709 
+I. 8936 
-1.249i 
-7.3324 
-0.9059 

-0.91 

SO. 4045 
+6.9680 
-0.4353 
-7.5554 
+O. 3191 

$0.32 
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NO. BTATlUN 

2s 

5 Camden 
3+4 2 Oxford 
2 3 Billings 

13 
1 -2 

2-3 

5+6 1 Camden 
4 2 Oxford 
11 3 Cook 

1-3 

1-2 

w 
6 Camden 
1 Billings' 

lI+E Cook 
1-3 
1.2 

58 5501.70 &.@3 
41 38 46.72 #.3l 
79 26 11.48 4.89 

40.10 - 
59.90 

40 57 23-55 -0.03 
97 % 36.23 .K)*E 
41 17 01.03 -0.90 

4.82 
00 .81 

28 00 06.40 e.66 
38 09 10.45 +0.01 

113 50 41.64 M.64 
+I 31 

-9 

02.38 
47-03 
10 59 

23.52 
36.35 
00.13 

30.58 
49 32 
40.10 

07.06 
10.46 
42.48 

FIGURE %.-Final computation of triangles, Indiana. 
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NO. STATION 

2 -3 

16 Boston 
7 Camden 
9+IQ Cook 

1 -3 
1-2 

2 3  

17 1 Eaton 
7+8 2 Camden 
10 3 Cook 

1-3 
1-2 

2-3 

17+18 Eaton 
8 Camden 
15 Boston 

1 -3 

1-2 

2-3 

18 Eaton 
9 Cook 

15+16 3 Boston 
1-3 
1-2 

4.6041597 
59 12 45.85 90.92 46.77 0*0659&4 3 
9 39 57.09 4.33 56.76 9.795724 1 
82 07 16.66 -0.19 16.47 9.999I309 4 

M.40 4.469526 +1 
59.60 4.6660091 

4.6041597 
$5 04 54.34 -0.91 53.43 0.1498980 6 
88 59 37.70 -0.75 36-95 9.9999330 0 
45 55 30.03 -0.41 29.62 9.85631336 1 

-2.07 4.7539908 
02.07 4.6104414 

4.6660091 
72 34 49.46 -9.59 &.a7 0.0203892 Q 
50 19 40.61 -0.42 40.19 9.S863269 6 
57 05 31.15 -0.21 30.94 9.9240431 2 

-1 $22 4.5727253 
01.22’ 4.6104414 

4.4658527 
27 29 55.12 4.32 55.44 0.3356128 L 
36 11.k6.63 Mi?+? 46-85 9.7712597 g 
116 h8 17.00 90.71 17-71 9.9525252 3 

+1.25 4- 5727253 
E 5  4.7539908 

FIGURE %.-Final computation of triangles, Indians-Continued. 
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N3. STATION 

2 3 

24 Richmond 
19 Eaton 
13914 3 Boston 

1 -3 
1-2 

2-3 
21 1 Yhble 

.19&0 2 Eeton 
I4 3Boston 

1 -3 
1-2 

2 -3 

21922 Mable 
20 Eeton 
23 Ricbond 

1-3 
1-2 

a3 

22 1 Mable 
13 Boston 

23924 Richmond 
1-3 
1-2 

COMPUTATION OF TRIANGLES 

59 15 57.56 a-17 57.73 
‘38 51 59.85 -0.gg 58.97 
81 52 03.54 -0.24 03-30 

-0.95 
00.95 

46 49 59.68 -0.e 59.23 
96 28 14.86 -0.52 14.34 
34 41 46.49 -0.06 46.43 

-1.03 
01.03 

dl 51 33.03 -0.11 32.92 
57 36 15.01 4.36 15.37 
40 32 11.79 -0.08 11.71 

a,. 17 
-3 

33 01 33.35 a.34 33 69 

99 09-35 90.09 09.44 
47 10 17.05 -0.18 16.87 

90 2 5  - 
59.75 

LOOABITHM 

4- 5727253 
0.0657291 2 
9.79761gO 9 
9.9956105 3 
4.4369725 
4.6340649 

c.5727253 
0.1233229 7 
9.99722% 7 
9.7552843 0 
4.693272g 
4.4513326 -1 

4.6340649 
O.OD43986 1 

9.g128689 1 
4.5649952 -1 

9.9265316 9 

4.4513324 91 

4.4360725 
0.2635876 2 
9.8653350 2 
9.9936126 1 
4.5699951 
4.6932727 +Z 

RGGBE SS.--Final computation of triangles, Indiana-Continued. 
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NO. ITATION 

2-3 
12 1 Cook 
3 2 oxford 

1t2 3 Billings 
1 -3 
1-2 

23 
5 1 Camden 

3t4 ? Oxford 
2 3 BIlllr?ga 

1-3 
1.2 

2 -3 

5t6 1 Camden 
4. 2 oxford 
11 Cook 

1 -3 
1-2 

2 -3 

6 Camden 
a 2 Billing8 

11+p Cook 
1-3 
1.2 

4.0791519 
56 55 02.26 +0.6602.960.09 02.67 0.0673109 3 
41 36 46.33 +0.31&640.09 48.55 9.6225192 0 
79 26 09.57 -0.6906.660.10 06.58 9.9925755 3 

a.10 0.28 3.9669820 
00.18 4. i390364 

4.0791519 
40 57 24.18 -0.0324.150.12 24.03 0.1634351 5 
97 45 37.97 +0.1236.090.12 37.97 9.9960040 0 
41 16 59.02 -0.905S.120.12 58.00 9.6193963 9 

-0.61 0.36 4.2585910 
01.17 4.0619634 

4.1390364 
6 57 32.22. t0.6332.65 0.11 32..74 0.0299674 1 
56 06 49.64 -0.1949.45 0.12 49.33 9.9191543 0 
54 55 38.09 -0.043&05O.l2 37.93 9.9129776 3 

+ 0 . b  0.35 4.0881601 -1 
59.v5 4.0819634 

3.9669820 
26 00 08.04 +0.66 08700.09 06.61 0.3283566 1 
36 09 10.55 +0.0110.56 0.09 i0.47 9.1908213 9 
113 50 40.37 +0.6441.01 0.09 40.92 9.9612523 5 

ti. 31 '0.27 4.0861600 
-6 4.2585930 

FIGURE .%.-Final computation of triangles, Indiana-Continued. 
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NO. BTATIVN 

2 -3 

16 Boston 
7 2 Canden 

9+10 3 Cook 
1-3 
1-2 

2-3 

17 1 Eaton 
7+8 2 Gmden 
10 3 Cook 

1 3  
1-2' 

2-3 

17t 18. '1 Eaton 
g ' 2 Canden 
15 3 Boston 

1-3 

1-2 

2-3 

1s 1 Eaton 
9 2 Cook 

15t16 3 Boeton 
1-3 
1.2 

4.0881600 
59 12 45.94 +O.g246.$60.09 46.77 0.0659684 5 
38 39 58.82 -0.335a490.09 5g.40 9.795726&? 3 
82 07 15.12 -0.lg14.930.10 14.83 9.9958804 6 

to.40 0.28 3.949673 
Ss.as 4.15000S9 

4.0881600 
45 04 54.46 -0.91 55550.13 53.42 0.14989& g 
88 59 40.26 -0.75 39.51 0.13 39-38 9.9999330 9 
45 55 27.74 -0.41 27-33 6.13 27.20 9.g563786 

'-2.01 0.39 4.2379912 
02.46 4.0944366 

4.1500089 
72 34 51.29 -0.599.700.12 50.58 O.O2O388O 7 

57 05 28.83 -0.2128.620.11 28.51 9.92b39d 0 
50 19 41.44 -0.4241.020.11 40.91 9.8663282 3 

-1.22 0.34 4.0567252 
01.56 4.09W368 

FIGUBIZ M.--Final computation of triangles, Indiana-Continued. 



U. S. COAST AND GEODETIC SURVEY 

WQ STATION 

2-3 

24 Richmond 
19 2 Eaton 

13+14 3 Boeton 
1-3 

1-2 

2.3 

21 1 Mable 
19+20 2 Eaton 

14 3 Boaton 
1-3 

1-2 

2 -3 

21+22 1 Mable 
20 2 Eaton 
23 Richmond 

1-3 

1-2 

2-3 , 

22 Mable 
13 Boston 

23t24 Richmond 
1 -3 

1-2 

4.0567252 
59 15 56.96 +O.l757.13 0.08 57.05 0.0657299 7 
38 52 01.4 -0.88a570.0s 00.49 9.7976220 6 
81  52 02.78 -0.24CQ.90.08 02.46 9.9956102 8 

-0.95 0.24 3.9200772+1 
01.19 4.11g0654 

4.0567252 
48 49 59.05 -0.4558.600.08 58.52 0.12332u 7 
96 28 17.29 -0.5216.770.09 16.68 9.9972240 1 
34 41 U.94 -0.064&.8$0.08 44.80 9.7552793 b 

01.28 3.935328g -3, 
-1.03 0.25 4.1772735 

4.1180654 
81 5 1  33.98 -0.1133S70.08 33.79 0.0043983 5 
57 36 15.84+0.3616.X)O.Og 16.12 9.9265326 9 
40 32 10.25 -0.08u).170.0g 10.09 9.8128649 1 

f0.17 0.24 &.Ob9964 
00.07 3.9353287 

FIGURE 58.-Final computation of triangles, Indiana-Continued. 
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FIGWE 69.--Map of Connecticut with grid system outline. 
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FIGURE 62.-Map of Georgia with grid system outline. 
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FIQWaE 63.-Map of SQUth Cixolins with grid System outline. 
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PIGWE 64.--Mep of Ohio with grid system outline. 
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FIOWE 65.-Map of Indiana with grid system Outline. 
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189 
25 

114 

28 
262 
25 

59 
23 
49 
59 
60 
30 
6 

11 
60 
95 

220 
138 
252 
98 

223 
139 
255 
148 
264 
12 
3 

15 
33 

173 
148 
115 
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