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MANUAL OF TRAVERSE COMPUTATION ON THE
TRANSVERSE MERCATOR GRID

INTRODUCTION

Special Publication No. 193, entitled ‘ Manual of Plane Coordinate
Computation”, gives some account of both the Lambert projection
and the transverse Mercator projection as applied to systems of
plane coordinates in the various States. In addition to this it was
thought advisable to prepare a separate publication on each of the
systems, with copious illustrations of the more elementary computa-
tions that apply to traverse, since the greater part of the surveys that
will be computed on the grids will consist of this class of work. A
publication similar to this one, applied to the Lambert grid, has been
1ssued as Special Publication No. 194.

DESCRIPTION OF THE TRANSVERSE MERCATOR PROJECTION

The transverse Mercator projection is not as easily illustrated as
is the Lambert projection but, as a matter of fact, it is just as simple
in conception and in use. The ordinary Mercator projection starts
from the Equator which is equally divided for the various meridians.
The meridians are straight lines. Then with a table which gives the
distances of the various parallels from the Equator, we have all
that is needed for the construction of the projection. When the dis- -
tance north or south of the Equator is not great, an approximate series
can be used to determine the position of the parallel on the map;
so that a table is no longer required. This distance on the map
from the Eduator is the y value of the coordinate system and it is
defined by the integral as follows:

¢ d¢
o COB &

y=a

in which @ is the radius of the sphere.

Now the series for cols y or sec ¢ is given in the form:

=148 50
sec =14+ 5 + ogt o
For the distance that it is necessary to go for systems of plane

coordinates, two terms of the series are a sufficient approximation.
Accordingly we have

o[ (o),

If S denotes the distance in ordinary units, we have

S=a¢ or ¢='§.
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Now by substituting this value of ¢ in the formula for ¢, we have
S
y-:S-l-W.

For a distance less than 100 miles north or south of the Equator
this formula would be amply sufficient to give the required accuracy.
In the transverse Mercator projection as applied to the State
systems that have been computed, we have the condition that the
rojection is turned through 90° in azimuth; so that a given meridian
Il:ecomes the great circle from which we proceed out in both east and
west directions just as we proceed in north and south directions from
the Equator in the ordinary Mercator projection. Since the projec-
tion has been turned through a right angle, it is better to interchange
the z and y coordinates to conform to the generally accepted relations.
Thus the z coordinate will be expressed by the formula

:a:=S+6%2

instead of the y value as in the ordinary Mercator projection. In
a similar way the new ¥ coordinate is placed equal to the distance
along the meridian reckoned from some arbitrary point as origin.
This point is always chosen far enough south to make sure that all
of the y values in the region to be mapped will be positive, This is
accomplished by taking y=0 at a latitude some distance south of
the most southern point to be included in the projection.

METHOD OF COMPUTATION OF THE PROJECTION

To establish the projection, we need to be able to compute two
elements. ‘These are the correct distance along the central meridian
from the point of origin and the length of a perpendicular let fall from
any point on this central meridian. These elements are indicated on
the sphere shown in figure 1. The lengths along the meridian are

easily computed but it requires
: some manipulation to compute the
pef]i)endicu.&r on the meridian. It
a could be done by solving a spherical
—2_ , " triangle but this would be more
Y work than necessary. By basing
the computation on the position
A or ¢ computation formula, we have suc-
ceeded in making the calculation b
a comparatively short formula. We
imagine that we know the point of
the foot of the perpendicular on the
central meridian and that we are
computing the difference of longi-
tude between it and the given
0 station. The azimuth is perpendic-
Fiouny, 1.-Sphere Uustrating tho sloments of ylgr to the meridian and hence the
sine is either +1 or —1. In any
case the log sin=0. Now we know the difference of longitude from
the known longitude of the station and from the adopted Iongitude of
the central meridian. Since we are computing from the central
meridian to the station, the latitude of the station is the ¢’ for which
the A factor is to be taken out and also for which cos ¢’ is to be used
as given in our position computation form.
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For convenience we omit the prime and take out log 4 for the lati-
tude of the station and log cos ¢ for the same. In the position com-
putation form, everything is known but the length; we must therefore
work backward, since AA 18 known and we wish to determine the length
or S. Remembering that the numerical value of sin ¢ is one, we
proceed as follows. We first apply the arc-to-sine correction to log
A, giving

log ANy =log AN—correction arc to sine.
Then we have

be'—"A)“ :;95—4,'
This is computed by logarithms since the A factors are given as logs.
As a final step we must apply the sine-to-arc correction to log S, to
get log Sp.

log S»=1og 8, correction sine to are.

This gives us the length of this perpendicular on the central meridian
expressed in meters. The subscript m is used to denote that the
unit is the meter. You will note that the arc-to-sine corrections are
applied in the reverse order to what is done in the direct position com-
putation because we are really backing up on the computation and
the processes should be reversed.

ow we have methods of determining the two elements necessary
for the projection. In order to preserve the balance of scale error in
the projection an arbitrary reduction is made on all elements so as to
have the scale too small near the central meridian. In this way the
scale at the east and west margins of the projection will not be exces-
sively large. We aim in most cases to have the scale just as much
too large along these margins as it is too small along the central
meridian. We have not been able in all cases to attain thisideal be-
cause of the irregular shapes of the regions to be included, but that is
the goal toward which we strove in all cases. This plan is exactly
similar to whatis done in the Lambert projection when the scale along
two chosen parallels is held. In this case, instead of parallels, we
have the scaig correct along two small circles whose planes are parallel
to the central meridian plane, and some miles distant from it depend-
ing upon the amount of the reduction in scale placed on the central
meridian.

The projection tables have the y values along the central meridian
tabulated for every minute of latitude. These are merely the length
along the central meridian from the latitude at which y=0, with the
chosen reduction in scale applied. With these are also tabulated the
tabular differences for 1 second of latitude.

Now we can proceed with the computation of the coordinates.
Since we have the length of the perpendicular in meters, we must
reduce it to feet since the foot is the unit for all of the tables. The
length reduced to feet with the reduction factor applied is denoted
by S, which means merely the length on the projection or the grid
length.

3,937
S'-I,Z—OO wh.

The factor %% reduces the length to feet and R is the scale reduc-
¥
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tion factor, the log of which is given in the tables. The log of the
reductign to feet is printed on the computation form, but log B must
be written in for the State in which the computation is being made.
It is & constant for any given system, but when two or more systems
are established in a given State the value of log B may be different
on the different systems. Next we have

S.3
o =5,+(55)-
1 1
&nd log(w),=log __6p02R2.

. Log (6—1—0—2), is a constant for a given system and is given in the tables.

At this point we introduce a slight departure from strict confor-
mality. To make such a projection strictly conformal, we should
have to first project the spheroid on a sphere conformally and then
work on this sphere entirely. This would make the scale vary along
the central meridian and this is just what we wish to avoid. It was
thought advisable to tolerate slight deviations from conformality
rather than to introduce added complications.

The value of pyis computed in the following way. A latitude about
the mean of the region to be included in the system is chosen. Then
with log A and log B from the position-factor tables given in Special
Publication No. 8, we have

log po=5.8304093 — % log A—3 log B.

As stated before, log (&), is a constant value givén in the tables
0

for each of the various systems; so there is no occasion to compute
any such value.

For the extent of longitude that is included in the various systems,
the term that includes this constant is not very large so that the com-
bined effect-on the final value of the x coordinate is not very great.
Since all neighboring points are similarly affected, the value of Az for
any such stations is affected much less than the values of the individual
z's.

After 2’ is computed, it will have the same sign as A\; that is, posi-
tive to the east of the central meridian and negative to the west of it.

To obviate the use of signs on the coordinates, an arbitrary con-
stant, is added algebraically to the computed &’ values. In all of
the states with the transverse Mercator projection except New Jersey
this constant is taken as 500,000. For New Jersey the value is taken
as 2,000,000 because early computations with this value were made
in this state in conformity with the value used in most of the States
with the Lambert projection.

To determine the y coordinate, we must know the latitude of the
foot of the perpendicular on the central meridian. We now return
to the position computation formula. In the latitude part of the
formula, all of the principal terms are zero except the second. This
comes about because the azimuth of the line at this point is perpen-
dicular to the meridian. In direct computation, we should know
the latitude of this foot of the perpendicular, but in this case we
are computing inversely. In aﬁ cases that will arise this differ-
ence of latitude between the foot of the perpendicular and the given
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station is not very great. The log of the C factor should be taken
out for the latitude of the foot of the perpendicular, but this is what
we are trying to compute. Since the £ﬁerence of latitude is not
large, as already stated, we can take out log C for the latitude of the
station as an approximate value and thus compute an approximate
A¢ by the formu})a
Ap==C8p?
or log Ap=2 log Sm+1log C.

When this value of A¢ is added to the latitude of the station, we
get an a;c)lproximate ¢’. With this value of ¢’, we go back and change
log C and thus compute the final value of Ap and so of ¢’. To the y
value for the minutes of ¢’ taken from the table, we add the interpo-
lated value for the seconds of ¢’ and thus obtain the y coordinate.

The rest of the computation form is merely the computation of the
back azimuth between the station and the foot of the perpendicular
on the central meridian. '

This gives approximately the difference between the grid azimuth
at the station and the true azimuth at the point. If the straight
line joining two points on the projection represented the geodetic
line joining them, this back azimuth would be the exact difference
between the grid azimuth and the true azimuth at the station. To
take care of this element, a small correction term has to be computed
as shown in the tables for the various systems.

Since it was necessary to compute longer lines with greater accu-
racy in this work than 1s usual in position computations, a table of
colog A and log € was computed one place farther than is given in
Special Publication No. 8. These are given in each table for the
latitude included in the table. The arc-to-sine corrections can be
taken from Special Publication No. 8, or from a sheet that has been
reproduced from it. The log of the factor # must be taken from
Special Publication No. 8. The back azimuth computation does
not need to be made in general unless there is an azimuth mark at the
station that needs to be reduced to a grid azimuth. With these we
can reduce the true azimuth of the azimuth mark by the formula

grid azimuth=geodetic azimuth—Aa.

The correction term on these azimuth stations would be negligible
because they are always comparatively near the station. It should
be noted that the A« will have the same sign as A\ and hence will be
plus east of the central meridian and minus west of it. It follows
that grid azimuths east of the central meridian are smaller than the
geodetic azimuths and those west of the central meridian are larger
than the corresponding geodetic azimuths.

For all stations for which coordinates can be computed, the grid
azimuths should be computed from the differences of the coordinates.
With the azimuth marks, we have to use the other method because
the distance of the mark from the station is not accurately measured.

Figure 2 shows schematically how these computed elements are
laid down in the plane to serve as the coordinates of the station on

the projection.
THE TABLES

The tables are intended for the purpose of computing the coordi-
nates of a station from its geodetic position. As arranged they con-
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sist of three parts. Table I gives the ¥ values in feet for every minute
of latitude for the extent covered by the State. With these is given
a column with the tabular differences for 1 second of latitude. This
makes it an easy matter to interpolate for the seconds of ¢’. Table
II gives the scale factors for every 5,000 feet from the central me-
ridian. These are given in two forms; onein units of the seventh place
of decimals and another as a ratio. The first is more convenient
when logs are used and the second for calculating-machine work.
In table III we have given the values of colog A and log C to 1
decimal place further than they could be found in SpecialgPublica-
tion No. 8. These values are given for every minute of latitude
which makes it convenient for interpolation for the fraction of a
minute given by the seconds of latitude. In some of the States,
tables IT and III are interchanged; that is, what is table III in this
State is listed as table II, and table II as table III. In sall States,

however, the same 3 tables are given
Y as the necessary data for the com-
putation of coordinates.

DESCRIPTION OF THE COMPUTATION FORM

50,52 In figure 3 we have shown an index
=Sg+ @2  copy of the computation form for the

Y transverse Mercator projection. The
various items are indicated by con-

5 X secutive numbers and we shall now

explain in detail what each numeral
stands for., Item no. 1 is the lati-
tude of the station to be reduced to
coordinates. Item no.2is the longi-
tude of tl:;s central meril(llialm of tge

system and item no. 3 is the longitude
Fiouss 3 —Trausverss Mercator coordiniates osfr the station. Item no. 4 is the

difference of longitude from the sta-
tion to the central meridian. This quantity should be given its
proper sign, plus when the station is east of the central meridian and
minus when 1t is west. Item no. § is this longitude difference reduced
to seconds; the proper sign should also be retained with this quantity.
Item no. 6 is the log of no. 5. Item no. 7 is the arc-to-sine correction
taken from the latest edition of Special Publication No. 8 or from the
sheet reproduced from the same. The old editions of the publication
gave this correction in units of the seventh place of decimals and hence
the later edition is needed since the computation should be made in
general to 8 places of decimals. The log of AN is the argument
to be used in this table. When this correction is subtracted from
log A\, we get item no. 8 which we denote by log A\, Item no. 9 is
the log cosine of no. 1 or the latitude of the station. This should be
taken from the eight-place trigonometric table.

Item no. 10 is the colog of the A factor which is taken from table no.
II of the given coordinate tables. The latitude ¢ is the argument for
this factor. The values are tabulated for every minute of latitude and
interpolation should be made for the seconds of latitude. Item mo.
11 is the sum of the last three items and we have denoted it by log
S.. Ttem no. 12 is the correction for sine to arc and it is merely the
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arc-to-sine correction applied in the opposite manner; that is, it is
added instead of subtracted. This is obtained from the same table
as was used for the correction tolog A\. The log of S} is the argument.
For those who are not familiar with the computation of geodetic
positions, we should call attention to the fact that this tab%e is ar-
ranged with the argument log S at the left and log AN at the right of

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State Station

..  (Central meridian) * e °
¢ 1 by 3
AN (Central meridian-A) 3
AX(in sec.) 5"
|__log ax . [ 1og Sm? 23
| _Cor. arc to sine, - 1 log C* 24
|_log ax 8 log A¢ 25
|log cos ¢. 9 l
| _colog A 10 ¢ N
| -10g S, 11 ad + 27
|_Cor. sine to arc + 12 ¢ 28
| —log S 13
| _log 3937/1200___0 .5159841 7_]_Tabular difference 29
| g & _ 'a ofyfor 1" of ¢
| iog se 15 ¥ (for min. of ¢') 30
_log Sg® 16 y (for seconds of ¢')_| & 31
_log 1/66,2R? 17 y 32
108 (476 6,7); 18
__log sin 23 33
| Sg 19 g an 2
___(,S,y 66%)s 20 _log aq, 35
—x 21
500.000,00 _log (a%)° 36
x 22 log F 37
log b 38
_—aaq) 39 "~
b 40
aa 8 °
aa &

® Take out C first for ¢ and correct for approximate ¢°
FIGURE 3.—Index of the computation form,

the column that gives the correction. For log A\ therefore we should
look to the right of the column and for log S to the left. When this
correction is added to log S;, we obtain log S, which is the length of
the perpendicular on the central meridian expressed in meters. Since
the coordinates are expressed in feet, we make the reduction to feet
by adding the log of the reduction factor which is printed on the form.
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Item no. 14 is the log of the reduction factor which is a constant for
any given system and is given in the coordinate tables with the list
of constants. This value is in general confined to the last four places
of the eight-place logs and it 1s always subtracted. For those who
cannot readily add two numbers and at the same time subtract a
third, we would advise the addition of the first two on a separate slip
of paper and then the subtraction of log R from the last four digits
of the result. This gives us item no. 15 which we have denoted by
log S,; it is merely the length of the perpendicular expressed in feet
and reduced for the scale reduction. Item no. 16 is this log multiplied
by 3 to give the log S,*; this should be given to seven decimal places.
Item no. 17 is another constant of the projection table and is listed

with the constants as log (%2) - The last two items added together

0 /9

give item no. 18 which is the second term in the series for z/. Item
no. 19 is the number corresponding to the log given as item no. 15,
and item no. 20 is the same for no. 18. These last two items added
together give item no. 21 which is the z’ distance from the central
‘meridian. This quantity has the same sign as item no. 5, being plus
when the station 1s east of the central meridian and minus when 1t is
west., This item added algebraically to the constant gives item no.
22 which is the final « coordinate for the station.

Next we must determine the y coordinate. Item no. 23 is log S,,
multiplied by 2 to give the log of the square of S; this is used to
six decimal places only. Item no. 24 is the log of the C factor taken
from the coordinate table as an approximate value with the argu-
ment ¢ given asitem no. 1. These values are listed for every minute
of latitude, and interpolation should be made for the seconds of ¢.
This value can be most conveniently taken out at the same time
that item no. 10 is looked up in the table since the two factors are
listed together. ’

These two values added give item no. 25, which is an approximate
value of log A¢. Item no. 26 is merely item no. 1 recopied on the
form. Item no. 27 is the number corresponding to the log in item
no. 25. These last two items added together give item no. 28 as an
approximate value of ¢’. Now with this approximate value of ¢’,
we return to the table for log ¢ and make a new interpolation to
get a final value for log ¢. This will change items nos. 25 and 27
and will give the final value for no. 28. The value of A¢ should be
taken out to four decimal places. Items nos. 29 and 30 are taken
from coordinate table I, using the degrees and minutes of ¢’ as argu-
ment. Item no. 31 is item no. 29 multiplied by the seconds of ¢’.
These last two items added together give item no. 32 which is the
final y coordinate for the station.

The remainder of the form is for the computation of the back
azimuth from ¢ to ¢’. Item no. 33 is the log sine of the mean of
¢ and ¢’. Item no. 34 is item no. 6 recopied in this place. These
two items added together give item no. 35, the main term of the
back azimuth. Item no. 36 is item no. 34 multiplied by 3 to give
the Jog of the cube of AX. '

This is taken to only three decimal places. Item no. 37 is the log
of the F factor taken from Special Publication No. 8 with ¥% (¢+¢')
as argument. These last two items added together give item no. 38.
Item mno. 39 is the number corresponding to the log given as item
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no. 35, and item no. 40 is the same for item no. 38. These last two
items added together give item no. 41 which is the Ax in seconds.
Item no. 42 is this same value reduced to degrees, minutes, and
seconds. As already explained, this value is only used to reduce
the geodetic azimuth of an azimuth mark to a grid azimuth. For
most stations this computation of the back azimuth would not need
to be made, and the computation could close when the z and y
coordinates were obtained.

DESCRIPTION OF AN ACTUAL COMPUTATION

As an example of an actual computation we shall describe the
computation of the coordinates for the station Eastman located in
Rochester, N. Y., in the western system in that State. The latitude
of the station is 43°09’38’7.886 and the longitude 77°37/11//.842.
These data are taken from the list of geodetic positions. These
values are copied as items nos. 1 and 3 of figure 3. The central
meridian for New York-West is found on page 92 (fig. 18) of the
table for the State and its value is 78°35’. This is copied as item no.
2 of figure 3. The value of A\ is +0°57/48’7.158 or -}3,468’.158.
These values appear as items nos. 4 and 5 of fizure 3. 'The log of AX
is found from the eight-place table to be 3.54009887, which is item
no. 6 of figure 3. From the table of arc-to-sine corrections the cor-
rection is found to be 2,046 by using 3.5401 as the argument in the
log AN column at the right of the column of corrections. This value
subtracted from log AX gives 3.54007841 as the value of log A\,.
The log cosine of 43°09’38’7.886 is found from the eight-place trig-
onometric table to be 9.86298766—10. From the State coordinate
table on page 95 (fig. 18), by interpolation between the value for
43°09’ and 43°10’, we obtain the value of colog A as 1.49096228
which is inserted on the form as item no. 10 of figure 3. At the
same time, in the same way, we obtain the approximate value of
log C as 1.376288—10 which is inserted as item no. 24 of figure 3.
By addition we find 4.89402835 to be the value of log S;. Again
from the table of arc-to-sine corrections with 4.8940 as argument in
the log S column we find the correction to be 1,089. When this is
added to log S; we get log S, as 4.89403924. On page 92 (fig. 18)
of the State table we find log R to be —2,714 in units of the eighth
decimal place of the logarithms. By addition we find the value of
log 8, to be 5.40999627. By multiplying this by 3 and dropping to
seven places of decimals, we get 16.2299888. Again on page 92

(fig. 18) of the State table, we find log (%) to be 4.5807825—20.
0

This added to log S,® gives the log of this term to be 0.8107713.
From theg table of logs of numbers we find S, to be +257,037.371

and (%_2)” to be -+6.468, and by addition we find 2’ equal to
0

+257,043.84. All of these last three quantities have the same sign
as AX; that is, plus when east of the central meridian and minus
when west of it. By adding 2’ algebraically to the constant 500,000,
we obtain the value of z as 757,043.84.

Now at the top of the form at the right we insert twice the log
of S, dropping down to six places of decimals. This added to
e log of C, 1.376288—10, already found gives the approximate
log A¢ as 1.164366. The number 14.6004 corresponding to this
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log is added to ¢ which is recopied on the form as item no. 26 of
figure 3, giving the approximate ¢’ as 43°09'53’/.4864. Now with
this value of ¢’ we return to the State table on page 95 (fig. 18)
and interpolate the final value of log C. We find it to be 1.376350—10
and this gives 1.164428 for the value of log A¢. On looking up the
number corresponding to this log, we get 14.6025 for the final value

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-West Station Eastman

 (Centrat meridian) 78° 35" 007000

43 09’ 36.886 2 77_37 11.842
PR AN (Central meridian-2) + 0 57 48
A (in sec.) + 3‘#68':158
|_log ax 354009887 10g Sm? 9. 788(3);3
| Cor.arctosine___ |—.__ 2046 Y logC* 1.37 =10
| —log AN, 3.54007841 log A¢. 1 .16&5%67
|__log cos ¢ 9.86298766-10
| _colog A 1,49096228 ¢ 43 09" 38, eeg
| log S, 4.,89402835 _aé + 14, sogg
Cor. sine to arc + 1089 ¢ 43 09 53.4862
[Iog S, 4,8940%924
__,l(.wg 3937/ 1200 0,51598417 Tabular d,i,fferer)ce 101.23900
| 1R - M4 of y for 1" of ¢
| %08 Sz 5,40999627 y (for min. of ¢') 1,147,727.29
| log S2° 16.2299888 y (for seconds of ¢)__13- 5,415,182
|_t0g 160,282 4.5807825-20 y 1,153,142.41
L tog (576 €:7)g 0,8107713
| _tog sin £3£ 9.8351031
|_Sg 4257,037.372 ' tog o . ca000R0
—(50/66)e . 8458 _log aq 3.3752020
X' 4257,043.84
500, 000,00 _log (ax) 10.620
x 757, 043,80 . || logF 7.854-20
' g b 8.574-10
_am * 2372.48
b + 0,03
aa 4+ 2372.51
aa ¢ 0° 39 3.

*Take out C first for ¢ and correct for approximate ¢’
FIGURE 4.—Computation of coordinates for Eastman.

of A¢ and 43°09’53’/.4885 as the final value of ¢’. Now we return
to the State table on page 88 (fig. 18) and opposite 43°09’ we find
1,147,727.29 for y (for minutes of ¢’) and 101.23900 as the tabular
difference of y for 1 second of ¢’. These are inserted as items nos.
30 and 29 of the index. Now the tabular difference is multiplied
by the seconds of ¢’ or 53.4885 giving 5,415.12 which becomes item
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no. 31 of figure 3. This quantity is added to the % for minutes
of ¢’, giving the value of y as 1,153,142.41. These coordinates are
expressed in feet since the tabular values are so expressed.

he computation for the back azimuth is then made. The mean
of ¢ and ¢’ is 43°09'46’/.19 of which the log sine is 9.8351031—10.
To this we add the log A\ already found as 3.5400989 giving log
Aay, as 3.3752020. Multiply log A\ by 3 and, usin%3 decimal places,
we get 10.620. Log F from Special Publication No. 8 is found to
be 7.854—20 for the mean ¢. These last quantities added give
log b as 8.474—10. The numerical values of Aey and b are found
from the log table to be 4-2372’/.48 and +0/.03, respectively. By
adding these we get for Aa, +2372’.51, or 4-0°39’32’/.51. This
completes the entire computation.

COMPUTATION OF THE GRID AZIMUTH FROM COORDINATES

With two stations for which the coordinates are given, the grid
azimuth of the line joining them can be found in the following man-
ner: Subtract the coordinates of the station at which the azimuth
is desired from the respective coordinates of the other station.
Always perform the subtraction in this way and give the proper sign
to both Az and Ay. Then log tan a=log Az—log Ay. In this opera-
tion no attention needs to be paid to the signs of Az and Ay. ¥rom
the table take out the angle «, corresponding to log tan «, in the
first quadrant. Then the grid azimuth can be found in its proper
quadrant in the following way, depending upon the signs of Ax
and Ay: _

1. If Az is negative and Ay negative, then the grid azimuth is equal to a.

2. If Az is negative and Ay positive, the grid. azimuth is equal to 180°—a.

3. If Az is positive and Ay positive, the grid azimuth is equal to 180°+«.
4. If Az is positive and Ay negative, the grid azimuth is equal to 360°—a.

These rules will serve to locate the grid azimuth for any case
that may arise provided the coordinates of the station of the origin
are subtracted from the respective coordinates of the station ob-
served. Care should always be taken to append the proper sign
to Az and Ay.

Let us emphasize at this point the necessity of using the coordi-
nates of the two stations for the computation of the grid azimuth
whenever possible. This is always possible if we have the geographic

ositions of both stations. This necessity exists because the geo-

etic line on the earth joining two stations is not exactly represented
by the straight line jomning them on the projection. most cases
there is a small correction angle that has to be taken into account.
It is the present practice in the Coast and Geodetic Survey to estab-
lish azimuth marks at the main stations at & distance of one-half to
1 mile from the station to serve as an initial mark for turning off
an azimuth for a traverse, if such should be needed. With these
in general, we do not have the geographic positions because their
distances from the stations are given only approximately. In such
cases and only in such cases, the grid azimuth can be found by
subtracting the Aa from the geodetic azimuth on the mark. This
is permissible in such cases because the distance of the mark from
the station is small and the correction term contains Ay as a factor
and hence its value would be small in all cases. It should be remem-
bered that when Aa is negative, it will be added numerically to the
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geodetic azimuth. In other words, when the computation lies in a
region east of the central meridian, the grid azimuth is less than
the geodetic azimuth; but when the work is west of the central
meridian, the grid azimuth is the larger.

COMPUTATION OF THE GRID AZIMUTHS OF A TRAVERSE

We find it most convenient to compute the grid azimuths of the
lines of the traverse before copying anything on the computation
form. From the coordinates of the ends of the initial line, the
starting grid azimuth is computed as already described. Then the
successive angles are added at the various stations, the back azi-
muth on any line being determined by adding 180° to the forward
azimuth and dropping out 360° if the sum is greater than that amount.
It is thus seen that the troublesome matter of the convergence of
the meridians is entirely avoided.

After the discrepancy is determined by the check on the final
control azimuth, this discrepancy can be prorated on the various
angles of the traverse to give values of the grid azimuths of the
lines to be used in the computation of coordinates. In the case of
a loop traverse, the starting and the ending azimuths are the same.
These calculations are shown just preceding the computations of
each of the traverses in the following examples.

SEA-LEVEL REDUCTION, APPROXIMATE METHOD

Since all geodetic positions are computed on a sea-level surface of
the ellipsoid,’ the coordinates resulting from them are also based on
a sea-level surface. If a distance is computed from the difference of
the coordinates, the result is what we call a grid distance. If to this
distance we apply the grid correction for the scale of the map, we
obtain the sea-level distance that would be obtained from an inverse
computation from the geodetic positions, that is the computation of
the distance between two stations, the positions of which are given.
If the actual ground-level length is desired, we must increase the sea-
level length by the proper amount to raise the length to the given
mean elevation of the ground in that region.

Now considering the problem in the inverse direction, actual ground-
level lengths must first be reduced to sea level and then these sea-
level lengths reduced to the grid length by use of the grid factor if
we wish to get the best out of our work.

In this publication the sea-level reduction factors have been com-
puted in the most rigid manner. In actual practice, however, it is
not necessary to use such great refinement. It is possible to adopt
a mean R, which can be used throughout the whole of the United
States. For this purpose we have adopted E. equal to 20,906,000
feet, which is approximately the value for the latitude of 37°. With
this mean value we have computed a table of sea-level factors which
can be used as a basis for interpolation for any given mean elevation:
The elevation factors are listed for every 500 feet of elevation from
sea level up to 5,500 feet which is a range that will cover almost any
region in which traverses will be measured within the limits of the
United States.

1 Strictly speaking, the surface of the ellipsoid is not an exact sea-level surface. The departures of the
true sea-level surface from the ellipsoid are so small that they are negligible in practical surveying.
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The table is given in two forms; the first with the elevation factors
for use in connection with a calculating machine, and the second in
the form of a correction to be applied to the measured length. When
multiplications have to be made by hand, the second table is the more

convenient for use.
TaBLE 1

Elevation (feet) Sea-level

sEsEEsiEes

From this table it can be seen that an elevation of 2,090 feet requires
a reduction of 1 part in 10,000 and an elevation of 4,180 feet requires
a reduction of 1 part in 5,000. Even an elevation of 500 feet has an
appreciable effect on the length that should be used for the best results.

In using the second table, first divide the given length by 100,000
by moving the decimal point five places to the left. In doing this,
use the result merely to<the nearest digit in the fifth decimal place
neglecting entirely the remainder of the number. Then multiply
this number by the following factors and subtract the result from the
measured length.

TasLE 1I
: Correction
Elevation (feet) factor

Sea level 0.00

..... 2.39
1,000.. 4.78
1,500.. 7.17
2,000 __ 9.57
2,500 __ 11.96
3,000, 14.35
3,500 16.74
4,000 19.13
4,500. 21. 52
5,000___ 23.91
5,500. 26.30

As an illustration of the use of the tables, let us assume a length
of 4,327.596 feet, measured at an elevation of 1,800 feet. In table I,
the tabular difference between the 1,500-foot and 2,000-foot elevation
is —240 in the last decimal places. The elevation of 1,800 feet is
3/5 or 0.6 of the tabular interval.

0.6X240=144

Hence the elevation factor is 0.9999139 which is 144 units in the
last decimal places less than the factor for the 1,500-foot elevation.

4,327.596 X 0.9999139=4,327.223
Thus we find the sea-level length to be 4,327.223 feet.

620745 O - 44 - 2
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In table II, for the same elevations, we find the tabular difference
to be 2.40. Multiply this by the above 0.6 and there results 1.44.
This must be added to the 7.17 for the 1,500-foot elevation.

7.17+41.44=8.61

Now move the decimal point in 4,327.596 five places to the left and
drop down to five places, and there results 0.04328.

0.043283<8.61=0.373
and
4,327.596—0.373=4,327.223

This is the same result as was obtained by the use of table I.

LENGTH REDUCTIONS

If the surface on which a traverse is measured is fairly regular so that
the variations in elevation are not large, it is sufficient to compute a
mean elevation for the traverse as a whole for the computation of
the sea-level reduction. However, if the course of the traverse is
very rugged with great variations in elevation, it is necessary to com-
pute a reduction factor for each line individually. It may happen
that a given line runs for a time with slight vanations of elevation
and then by a sudden change proceeds for the remainder of the way
at a higher or lower elevation. In this case we can compute elevation
factors for the separate sections to sufficient exactness.

For these reductions, it is the general custom to compute a mean
radius for the given region. -If we denote this mean radius by R,, it
can be computed from the formula,

R.,=+/EN,
in which R denotes the radius of curvature in the meridian and N
denotes the radius of curvature perpendicular to the meridian.
The value of V can be computed from the log of the A factor given
in Special Publication No. 8 taken out for the mean latitude of the
traverse. .

1 3,037
N=Zg5n17%1.200°

Similarly
R 1 3,937

=B sin 17°°1,200

The factor 3,937 is introduced to reduce the radii to feet, since A

1,200

and B are based on the meter as a unit. The quantity ﬁx%
H

is a constant, the logarithm of which is 5.8304093. Thus we can com-

pute R, by the formula,

log RB,=5.8304093— % log A— % log B.
After B, is determined by this formuls, we compute the sea-level
reducticn factor by the formula,
. —_Ba
Reduction factor—m,

in which h is the average elevation of the traverse or of a given line
in case it is necessary to reduce the lines individually.
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After the sea-level reduction is applied, it is then necessary to reduce
the geodetic lengths to grid lengths if it is desired to get the best out
of the work. In the transverse Mercator projection the scale varies
with the distance from the central meridian. In most cases it would
be exact enough to estimate a mean distance from the central meridian
and thus determine a grid factor to apply to the whole extent of the
traverse. To be most exact, however, it would be necessary to com-

ute the approximate x coordinates throughout the traverse with
engths uncorrected. From these a.mean 2’ for each line could be
found and interpolation in table IT would give the scale factor for
each line. For traverses that run approximately north and south, a
mean value for the whole line could be found from the mean of the 2’
values of the two end, or control, stations. If Geological Survey
quadrangle maps are available for the extent of the traverse, the line
can be plotted approximately on them; and then it can be deter-
mined just how much the middle of each line is east or west of the
station of origin and from this the z’ for the middle of the line could
be ascertained to a sufficient degree of exactness. In any case it is
better to determine a mean scale factor for the whole traverse rather
than not to take any account of the scale.

The five C. W. A. traverses in the vicinity of Rochester, N. Y.,
had been computed on the Rochester local system of coordinates.
Since the Az’s in that computation did not differ very greatly from
the Az’s on the State system, they were used to compute the z’’s for
the determination of the scale factors. If these had not been avail-
able, we should without doubt have resorted to the plotting of the
traverses on the Geological Survey quadrangle map, a copy of which
we had at hand.

COMPUTATION OF THE COORDINATES

We are now in a position to begin the actual computation of the
coordinates of the traverse. The grid azimuths of the lines cor-
rected for azimuth closure are copied onto the computation form
together with the grid lengths of the lines that have already been
computed. Just beneath the grid length of the individual lines is
given the continuous sum of the grid distances limited to the nearest
foot. These values are to be used in prorating the discrepancies in
the x and y coordinates. All of the computations of traverses in the
vicinity of Rochester, N. Y., which are included in this publication
have been made in duplicate; first with 8-place logarithms and second
with 8-place natural functions. Seven-place logarithms would be
amply sufficient for the work since the lines are not long enough to
require more places, but we used the 8-place tables to put the two
computations on the same basis. The second computation is the
shorter if a multiplying machine is available together with an 8-place
natural-function table for every second of arc. Since it is easier to
get the logarithmic tables than it is to get the natural tables and the
mhcllllil(lies, no doubt most computations will be made by the first
method.

The grid length multiplied by the cosine of the grid azimuth gives
the latitude, and the same lenglt‘;h multiplied by the sine of the grid

azimuth gives the departure. The signs are determined by the rules
following:
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. L. If the azimuth is between 0° and 90°, the latitude is minus and the departure
is minus.
.. 2. If the azimuth is between 90° and 180°, the latitude is plus and the departure
is minus.

3. If the azimuth is between 180° and 270°, the latitude is plus and the depar-

ture is plus. >
4, If the azimuth is between 270° and 360°, the latitude is minus and the depar-

ture is plus.

These rules give the signs to be assigned to the latitudes and depart-
ures as they are computed and listed in their respective columns.
These quantities are then successively added to the y and z values
starting with the fixed value of the control station of origin. The
fixed values of the last or check station when subtracted from the
computed value of the same give the discrepancies in closure of the
y and z coordinates. Each of these discrepancies should be divided
by the total of the summation of the lengths to give the y and 2
factors, respectively. These should be given signs opposite to those
of the discrepancies in each case. If the discrepancy is plys, the
individual coordinates need to be reduced and vice versa. These
factors multiplied successively by the summation of lengths give the
corrections to be applied to the various coordinates. If a multi-
plying machine is not available, these multiplications can probably
be made most easily by logarithms since 5-place logarithms will be
sufficient in almost any case that may arise in practice. With a 7- or
8-place table, it would be sufficiently accurate to make the multipli-
cations without Interpolation; since the last figures will scarcely be
needed to give the required result.

After these corrections have been applied, the work is fully adjusted
and the resulting coordinates are the final values to be used in all
cases. A list of these coordinates should then be made since they
represent the final adjusted results of the survey. At this point we
wish to emphasize a warning to all who may at a later time wish to
use the azimuth of any given line. Since corrections were made to the
computed coordinates the azimuths given in the list and on the com-
putation sheets are no longer correct. A final value of the azimuth of
any line should be computed from the final coordinates. In practically
all cases, this azimuth will differ somewhat from that used in the com-
putation. A computation of the various azimuths is not made for the
final list because 1t is such an easy matter to determine the grid azi-
muth from the coordinates in case 1t should be needed. As a matter of
fact, but few of them will ever be needed; since it is only in case some-
one wishes to start a new traverse from one of the stations that.
it is necessary to have a final grid azimuth to one of the neighboring
stations. There is no reason, however, that the individual azimuths
should not be computed and listed once and for all if anyone so desires.
It is not necessary to give the azimuth from both ends of the line,
because the back azimuth differs from the forward azimuth by 180°,
which'can be applied if needed.

COMPUTATION OF TRAVERSES IN THE VICINITY OF
ROCHESTER, N. Y.

In all, five traverses in the vicinity of Rochester, N. Y., were
computed for this publication. All of the observations on these were
made by engineers working under the C. W. A. program. They are
all based on control points of the Rochester city survey. For these
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control points no geodetic positions were available, but they were
computed on a local system of plane coordinates. For this reason
the grid coordinates of the control stations were computed by the
method of transformation of a local system of plane coordinates to
coordinates on the grid system. This method of transformation is
given on page 174 et seq. In that section the coordinates of all of the
control stations are computed, and it is there that they should be
sought if needed. Only one triangulation station was used; and even
for that the coordinates that resulted from the transformation were
used instead of the values given from the geodetic position, because
it was considered that these values would be more consistent with the
others obtained by means of transformation.

On these five traverses the computations were made in duplicate;
first with logarithms and then with natural functions by use of a
calculating machine. It was thought that probably most computa-
tions of this kind would be made with logarithms rather than with
natural functions, since it is easier to get the logarithmic tables than
it is to get the natural tables and a machine. We used 8-place tables
for both computations, but 7-place tables would be amply sufficient
for general use.

COMPUTATION OF TRAVERSE NO, 3, MOUNT READ NORTH BASE TO ROSALIND

This traverse was the first to be computed. Roughly, it consists of
three sides of an approximate square, the fourth side being held fixed
by the Rochester city survey. It lies to the west of the city proper.
_ All of the details of the computation are clearly shown on the following

computation pages. For a sketch of the traverse see figure 5.

Computation of grid azimuths for control
MOUNT READ NORTH BASE TO CANAL

z y
{07 1T SO SR SN 746,123.28 | 1,162,873.20
Mount Read north base._ .. iicinann 746,110.78 | 1,165,344. 75
Az and AY .- e ee +3. 50 —2,471. 55
log Az =(. 5440680
log Ay =3. 3929694
logtan ¢ =7.1510986—10
a - = 0°54/52"' 1
grid azimuth=359°55'07"".9
ROSALIND TO PENHURST
z v
PenNUISt - .o e 746,490.80 | 1,144,427.02
Rosalind . e 747,265.26 | 1,142,983.18
ATADA AY.o oo —774.46 +1,443.84
log Az =2. 8889990
log Ay =3. 1595190

log tan o =9. 729480010
a = 28°12'31"".1
grid azimuth=151°47/28'".9
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List of angles
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Compultation of grid azimuths

-
o

Cor- Cor-
Preliminary | Fé¢ Preliminary | 8¢
Stations azimuth and t;g? Stations azimuth and t;g:‘
angle clo- angle clo-
sure sure
Mount Read north e ! : . ’ . . v
base to Canal_._.| 359 65 07.9 07.9 |j 305t0 304G ......__ 36.5 §...__- 12.5
Z£Canalto300A._.| 77 54 31.6| —1.2 30.3 || £304G to 306._ §7.11 —1.3 b5.8
Mount Read north 30510306, ... 33.8 |-.--- 08.3
base to 300A.__.| 77 49 30.4 38,2
33.6 |-o._._ 08.3
300A to Mount 57.7| -1.2 56.5
Read north base.| 257 49 30.4 38.2 3.3 |ocaee 04.8
ZMount  Read
north base to :3 U 3 I 04.8
B 52.1| —1.3 50.8 19.6 ] —1.3 18.3
31.5 28,0 50.9 23.1
3L5 |ooaeao 29.0 |] 306B to 50.9 |....__. 23.1
121 —1.2 10.9 |} £308A to 307-. 56.2 | —1.3 b4.9
43.6 39.9 |} 306B to 307... ... 47.1 |oooee 18.0
300C t0300B._____ 43.6 {.._____ 39.9 || 307t0 306B_...._. 47.1 18.0
£300B to 300D__ 48.81 —1.3 47.5 || £306B to 308.. 59.0 ) —-1.2 57.8
300C to 300D__..__ 32.4 | ... 27.4 || 307t0o 308 ... 46.1 15.8
300D to 300C 32.4 |.______ 27.4 46.1 15.8
£300C to 301 54.6| ~-1.3 53.3 021} -1.3 00.8
300D to 301___..__ 27.0 |...___ 20.7 4821 .. 16.6
301to300D__.___.. 27.0 [ooaoao 20.7 || 308A to 308........ 48.2 |..._-.. 16.8
£300D to 302. 6.2} —12 55.0 || £308 to 308B_. 42.2 | —1.3 40.9
30110302 23.2 | ... 15.7 || 308A to 308B...... 30,4 |--.o-. 57.5
302t0301_._._..... 23,2 |oooo.o 15.7 30.4 | _.___. 57.5
+ Z£301to 302A. 25.8| —1.3 U5 55.4 | —-1.2 54.2
802t0302A_..._... 49.0 |.._.._. 40.2 2581 ... 51.7
302A t0302._.__.__ 40.0 |....__. 40.2 || 308C t0 308B_____. 25.8 % 51.7
£302 to 302B. - 47.5 | —1.3 46.2 || £308B to 309. 02.5| —1.3 012
302A to302B__.___ 36.6 (.. 28.4 || 308C t0 309.....--. 28,3 |-coeoo 52.¢
302B t0302A____._ 36.8 |--..--. 26.4 || 309 t0 308C._.._._. 28.83 [....-.. 52.9
£302A t0302C.... 05.4} —1.2 04.2 || £308C to 310. 30.8| —1.3 20.5
302B t0302C. ... 41.9 | ... 30.6 || 309to 310 _ ... 59.1 |.._.__. 22.4
302C t0302B..____ 15 419§ ______ 30.6 59.1 ... 22,4
£302B to 303. 43 40.8 ] —~1.3 39.5 28.8) —1.2 27.6
302C t0 303 59 22.7 {....... 10.1 27.9 f....__ 50.0
59 22.7 |---_-.- 10.1 || 310A to 310.._..... 27.9 |- 50.0
16 40.6| —1.3 48.3 || £310 to 310B. 10.4| —1.3 09.1
16 12.3 |....... 58.4 || 310A to 310B._..... 268 38.3 |--o-.. 59.1
16 123 |....__. 58.4 || 310B to 310A ... 38.3 |- 59.1
30 45.2| —1.2 44.0 | Z310A to 310C..__ 54.6 | ~-1.3 53.3
46 67.5 ... 42 4 {| 310B t0 310C...... 32.9 |- 52.4
46 57.5 ) .. ... 42,4 || 310C to 310B. _.... 32.9 [.coo-.. 52.4
52 20.6 ] —-1.3 19.3 || £310B to 310D.... 48 31.8| —1.2 30.6
304A to 304B 39 18.1 ) ._____ 01.7 |} 310C to 310D____.. 36 04.7|.__.... 23.0
304B to304A ______ 39 18.1 4 ___._. 01.7 || 310D to 310C 36 04.7|..__._- 23.0
Z304A to304C_... 37 2.8 —1.3 24.5 || £310C to 310E. 08 59.8| —1.3 58.5
304B to 304C. .. 16 43.9 28,2 || 310D to 310E 45 04.5 |..__._.. 215
304C to 304B 43.9 ) ... 26.2 {| 310E to 310D._.... 45 04.5 |.___._. 21.5
07.1) —1.2 05.9 || £310D to 311. - 19 59.4}| —-1.3 58.1
51.0 32.1 || 310E to 311....... 05 03.9 |....._. 19.6
06 51.0-...... 32,1 311to310E___..... 05 03.9 | __.... 19.6
57 54.2( —1.3 52.9 || £310E to Rosa-
04 45.2 25.0 ind.__..___.... 48 4.2 | —-1.2 43.0
WEBOSM:“&'I‘:"" % ;gg ey gg 311 to Rosalind. .. 53 48.1 |.__.... 02.6
£304D to 304F . -81 -1 Rosalind to 311. .. 53 48.1 ... 02.6
304E to 304F. 43 148 f...... 8.3 || /311 to Penhurst. 5 215 |12 2.3
34F to 304E_ 43 14.8 | _._... 53.3 || Rosalind to Pen-
20 20.6| -1.2 28.4 hurst_ . ._....... 48 15.6 28.9
03 4.4 | 217 Ii‘lxedh azi- o %o
03 44.4|.. 2.7 math- ... -
2 521|213 50.8 Discrepancy - - H8.7 )
48 36.5 5




20 U. 8. COAST AND GEODETIC SURVEY

Reduction of lengths

[ Average elevation=>563 feet. Elevation factor==0.99997309}

: Taped Geodetic Grid Grid
Section length length factor length
Feet Feet

1, 426. 369 1. 0000063 1,428.378
1,348. 517 1. 0000055 1,348. 524
1,434. 752 1. 0000048 1,434. 759
3, 538. 413 1. 0000035 3, 538. 425
2,328.376 1. 0000020 2,328.381
1,431.082 1, 0000010 1,431. 083
1,002. 399 1. 0000003 1,002. 399
3, 165. 555 . 9999992 3, 155. 552
3,126. 117 . 9960976 3,128.100
901. 573 . 9999965 901. 570
1, 541. 340 . 9996963 1, 541. 334
891, 260 . 9090963 801. 257
477.523 . 9900963 477. 521
1,448.719 . 9999963 1,448.714

1, 208, 370 . 9999963 1, 208. 3
2, 281, 847 . 9999963 2, 261. 839
3,020. 918 . 9999963 3, 029. 907
2, 108. 943 . 9999963 2, 109. 935
042. 993 . 9969963 942. 990
1,807. 815 . 9999963 1,807. 808
2,008, 240 . 9999960 2, 008, 232
2, 188. 362 . 9999958 2,188.353
1,857. 688 . 9999960 1,857. 681
1,110.358 . 9909058 1,110,354
1, 449. 403 . 9999962 1, 449. 397
1,694, 361 . 9090970 1, 804. 3568
3, 356. 669 . 9990983 3, 356. 663
2, 144. 347 . 9999998 2,144, 347
1,315. 543 1, 0000006 1, 315. 544
1, 827. 959 1. 0000015 1,827.962
4,728.173 1, 0000031 4,728. 188
474. 360 1. 0000045 474. 371
f 877.031 1. 0000049 877.035
310D-310E . , 790. 2, 790. 649 1. 0000059 2, 790. 685
BI0E-311_ e 1, 375. 506 1,375. 469 1. 0000070 1,375. 479
311-Rosalind._ ... ... 993. 763 993. 736 1. 0000074 993. 743

Mean latitude=43°09".7

log A = 8.5090377—10 log constant = 5.8304093

log B = 8.5106096— 10 log A + 108 B_ g r008236— 10

log 4 + log B=17.0196473—-20 og R, © = 7.3203857

log 4 1 log B__ 5509823610 2, — 20,921,160
20,921,160

Elevation factor =m =().99997309



Traverse line No.
State __New York - West

COMPUTATION OF COORDINATES

County __Monroe

Initial Station Mt.Read north base

Year _ 1934 Month January-March Closing Station Roealind
Btation Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
o 4 n Log. sin Az
Mt .Read Log. Dep.
north bade 247820768 =300.77 1,165,344.75] 746,119,748
9.32399305
1426.378 3.15423463 1,165,043, 98 744 708 47
2.99012405 +0.0
300A | 77 49 38,0 1,426 3,14435868 =1394 .31 1,165, 04195' 744 778,82
0,40761004 =2,56
7.27775)36___
1348,524 3,12985868 1,165,041.4 743,376.95
9,99999922 20,0 +0,10
300B | 89 53 29.0 2,715 %,12985790 21348 .82 1 145 041 42 743 277 (%
2.63864342  [-435,158 ' .
Q.48186446
1434,759 3,15677896 1,164,606.271  742,009,.77
9.97904590 +Q, +0,16
200C 1 72 20 39,9 4,210 %,13582486 _ =1%67,18 1.764,606,2 735 009,03
3,04055488 ~1097,.88
9, 49174488 .
3538,425 3, 54881000 1,16%,508.39 738,645,084
9.97801942 40,04 +0.29
—300D| 71 68 27 .4 1 7 748 3 526882642 -2363,79 1.16%3.508,.%¢ 738, 646,27
2,83284681 -680,.53
9,46579276
2328, %81 3, 36705405 1,162,827, 736 419 27
9.,980609684 +0.0 28
301 | 7% 00 20.7 10,976 3, 34766369 —2226, 7 1,162,827.81 136 1+19 &

FIGURE 6.—Computation of coordinates, traverse no. 3.

arad YOLVOHEAW HHIL NO NOLLVLAIWOD HASHEAVAL
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COMPUTATION OF COORDINATES

(44

Traverse line No. a:___.
Btaste _New York - Wes County __Monroe Initial Station Mi.Read north baage
Year 1934 Month __ Japuary - March Closing Station Rosalind
Btation Azimuth Grid Log. Lat. Latitude Departure Grid Coordinateg
Plane Distance Log. cos Az Feet Feet Yy x
Feet Log. dist. Feet Feet
Log. sin Az
o ¢+ Log. Dep.
—2.0T0TTILE -468.57 162,827.86 ;éﬁ ﬁjg 2%
9.51510632 L,162 . 6, 419.6
15%]1.083 3.15R66482 1, 359,291 7235 07.07
%.gz;azﬁgz 40,01 ] 7" gg ga'
N2 70 83 15.7 11,508 BE) 084 =1353,20 2162.359.301 735.0667.5
1.56390164 +36.64
8.6562856101 i
1002.399__|_3.0010406% 1,162,395.93| 73%,08%, 34
9‘%330872 100173 |1 16@3(5)‘8%: {—
3022l 92 a5 A0 .2 12.510 3 503 =1001, N . " N
1.46193234 -28.97
7.96285700
3155.552 3.49907534 1,162,366,96] 730,909,92
9.99998170 40,01 +0,.58
~J02B]| 89 28 26.4 15,666 3, 40008704 =31855.42 1 162 366.97] 730,910,850 .
i 1.60638051 =40 4f _
8.11197639
3126.109 3.49500412 1,162, 326,50l 727, 784.07
9.99996763 '_6;1%&1.____%&..;9___
—30a0l 89 15 306 18,792 2. 49496775 =3125.85 11,383, 326,511 707,784 77
1.,19079346 +15,52
8423579401
901.570 2.95499945 1,162,342,02] [26,882,6
9.99993567 ﬁ 20,73
303 90 59 10,1 19,693 2.95493512 ~Q01 . 44 1,162 2.0 126,843, 3

FIGURE 6.~Computation of coordinates, traverso no. 3—Continued,
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COMPUTATION OF COORDINATES

Traverse line 3 .
State _ New York ="Weet County __ Monroe Initial Station Mt. Read north basé
Year 1934 Month _ January - March "~ Closing Station Rosalind
Station Azimuth Grida Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet.
o 4+ n Log. eln Az
T.0g. Dep.
=03 3. 18651281 —15%6.08 1,162,342.09] 726,882 6%
‘ §.99851605 1,162, 342,03 706,883, 38
1541 .334 %.,18789676 1,160,805.94] 727.009.8
8.916 4 +0.01 +0. 79
205 355 15 58.% 21,235 - 2. | 17,2V 1,160,805.95] 757,010,629
i 2.94989371 -890Q,83
Q oggzgmn
891,257 2,95000298 1,159, 915.11 726, 082,17
8.4918479% .01 £0,83
SO4RT T 46 Bo.h 22,125 1.4418%089 ~27.66 159, 915. 21 726,983,000
2.67687T12 =475.20 :
9.99788464
2521 2.67899248 159,439,911 726,935.18
8.99325791 +0.01 +0,84
3048 5 39 01,7 22,603 1,67225039 ~47,02 159 535,931 726,975,99
3,16087530 -1448,36 )
9.99989264
1448, 714 3,16098266 1,157,991,65] 726,902,9Y%
8.34699207 20,01 +0.99
2oacl 1 18 26,0 24,082 1.50797473 =32 ) 157,991,881 726,902, 84
3,08214596 -1208,22
9,99994 747 -
1208,366 3,.08219849 86, 783.33] 126,921.73
8. MRS N 40,9%
305D} 350 06 32,1 25,260 1.%3327667 318.79 1,156, 783,350 126,922

F1aURE 6.—Computation of coordinates, traverse no. 3—Continued.

diy YOLVOYIANW THIL NO NOLLVILAINOD HSHEAVUL
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Traverse line No.

COMPUTATION OF COORDINATES

State _New York - West County ___Monroe Initial StationMt,Read north base
Year _1934 Month Jamuary - March Closing Station Rosalind
Station Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
Log. ein Az
o t n Log. Dep.
303D 3.354404G92 ~226),54 1,156,78%,33] 726,921.73
9.99994323 1,156,783.35] 726,922, 47
2261 .839 3,35446169 1,154 .521,79] 724 a5a4 30
8.20865178 40.02] 41 03
TOLE  B8g Qh 25.0 27,522 1.5631134LT : +36.57 1,155,521.81] 726 989, 3%
3,481 429392 -3029.87 '
9.99999%623
3029 .907 35.48142930 1,151,391.92 70& 973, 3%
7.69701.660 ] 40,02 231 .14
204F B3G9 42 §3.3% 30,652 1, 17844890 115,08 T 15T . 491.94] 7268974 62
3,324291014 =2109.6%
9.99994106
2109.935 3.32426908 1,149,382,27 727,008,114
8.21681693 40,02 _ 41,22
304G 1360 93 21,7 32,662 1,54108601 +35.76 1,149, 382,29 727,009,368
2.97381668 -941 .49
9.99930959
942,990 2.97450709 1,148, 840,78 727,061,27
0 TG %3, 605 ggg%%ig 53,13 1 1&84433'30 yE ogé'gg
305 5 12 1253 $53, . N - .
3, 25680665 ~1806.57
9,99965435
1807.808 3,25715230 1. 146 63441  [26,989,17
8.60076979 Y +1.32
308 2 17 08,3 35,413 1.85792209 72,10 1,146,634 49 126,990,190

F1GURE 6.—~Computation of coordinates, traverse no, 3—Continued,

¥c
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COMPUTATION OF COORDINATES

Traverse line No'?“fé“"'"'
State New York - Wes County . Monroe Initial Station Mt.Read north base
Year _1934 Month January - March Closing Station Rosalind
Station Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane © | Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
o 4 n Log. sin Az
Log. Dep.
__306 3.25593972 =1801.11 1,146,634,41] 72€,939.17
- 9.95272584 1,146, 6344 726,990,049
2008,2%2 __|3.30281388 1,134,855.50] 706.100.01
Q. 64572633 40,02 +1. 40
2O0RA1 20 1Y O4.8 7. 421 2,94854021 -888.26 1,144,833.32] 726,102,.31
2, 3401337 -2188.28
5.599985%9
2188.3%83 34011738 1,142,645.02] 726,118.49
7.90486648 +0.02 +1,48
206R! 359 22 23] 329,609 1.24408386 +17.58 1. 152, 645,04 726.119,97
3.21914739 -16586,3%
9.9996464%
1657.681 3.21950096 1,140,988.60] 726,185k, 35
8.60568475 0.0 _7_6_1_%}6_2%___
07 1387 4] 18.0 41,267 1.825185871 $+66.86 1,140, . 2 .
3.04545988 -1110,35
9,99999842 i
1110,354 |3.04E4A146 1,139,878,34] 726,182,36
143049277 10,03,
308 0 09 15,8 42,377 0,47595423 -2.99 11,139,878.37] 726,183.0
1.86707739 +73.63
8.70589003
1449.397 13.1611873%6 1.139,951.9
9.99943%8R% $0.,0 1 6L
308A| 267 05 16.6 43,827 3,16062619 $ABRT 5% 13,139,052,000 _[27,631.53

Fi10URE 6.—Computation of coordinates, traverse no. 3—Continued.
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Traverse line No.__3

COMPUTATION OF COORDINATES

State New York - Weat County ___Monroe Initia)l Station Mt.Read north base
Year _1934 Month January - March Closing Station Rosalind
. Station Azimuth Grid Log. Lat. Latitude Departure arid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
o 1+ o Log. sin Az
Tog. Dep. .
==308A 1.5621X7339 +36.49 :L%9,9§1.97 29,89
8.33516872 2139, . 121,631.53
1694 . 356 3., 2299004A87 1,139,988,46] 729,323,865
Q.,99989926 40,03 t1.70
3088 1268 4% 87,9 45,521 . 22890395 $1693.96  11,139,968.49] (79, 425.55
1.706TT434 +50.91
8.180866560
3356.663 3.52590774 1,140,039.57] 732,680.,13
9.99995005 +0.03 +1.82
308C | 269 07 /1.7 48,878 3. 5580770 $3356,.28 |1 T&0,039.40[ 730 681,08
2.047964T) $111.68 i
8,71666964
2144,347 3,3%129507 1.11&0.151.05I 734,821,657
9.99941023 40,03 +£1.90
300 267 00 82,9 51,022 3. 335070530 +2141.454 1,130,.151,08] 734 222 047
2,8011543% +632.64
9,68204895
1315.544 3,119105%8 1,140,783.69] 735,975.01
9.94289013 $40.0%
310 241 15 22,4 52,338 3.06199551 $1153.44 1,140,783, T__1739.976.9
3,03706522 +1089.09
® 9.77509806
1827.962 3.26196716 1,141 872,78 737 413,11
9.9047887% L. I
_310A [ 233 25 50.0 54,166 3,16675589 +1468,10 [1.1241,872,.8)1 737 845,13

FIGURE 6.~~Computation o1 coordinates, traverse no. 3—Continued,
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COMPUTATION OF COORDINATES
Traverse line No.

State New York - West County __Monrce Initial Station Ht.Read narth hase
Year 1934 Month January - March Closing Station Rosalind
Station Azimuth Grid Log. Lat, | Latitude Departure Grid Coordinptes
Plane Distance ‘Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
| Log. oln Az |
o ' * 0g. Dep.
310A 2.09748309 +125.17 1,141,872.78] 737,443 1]
8.,42278835 . 11,141 872.81F 737 LI 13
4728,188 [3,6T4694T4 1,141,997,95] 74> 169,64
9.99984778 $0,04 +2.20
3)0R | SR8 28 59 .) S8 834 3,6T4R4262 _$4726.53 11.214]1.697,99 705 7171, &l
1.00388728 $10,09
8.32776914
474,371 2.67011814 1,142.008.04] 742 642 00
9.99990174 $0,04
2100 [ 588 46 82 A 59 3AR 2 .67601988 2474 .28 1,142,008, R
0.956853412 =9.03
8.01251719
877.035 2.94301693 1,141,999.01] 743,520,.89
9.99997700 20,04 +2,
210D | 270 25 23,0 60,245 2.94299%03 +$876,99 1,.143,9990,08 7043 653 1k
2.041 71424 4110,08
8,59600654
2790.665__ | 3. 44570770 1,142,109.00 7UE 309 28
9.99966185 _ 0.0
_3I0E | 767 &% o158 635,036 3, 44536055 $2788.49 11.142.109,13 746 311,
1.41054578 ~28.T4
8.27209182
1375.479 1 3,1384%396 1,142 oaaﬁ-ﬂ,ﬁﬂﬂ-ﬁ&——
9.99992397 42,840
311 271 04 19.6 64,411 3.13837793 +1375,24 1,142 08%, BQ 747, 687.02

F1aure 6.—Computation of coordinates, traverse no. 3~Continued.

adgd HOLVOHEW HHI NO NOILVIAJWOD HSHHAAVEL
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Traverse line No._ 3

State New York - Wegt ___ County ___Monroe

COMPUTATION OF COORDINATES

Initial Station

Year _1934 Month January - March Closing Station Rosalind
8tation Azimuth Grid Log. Let. Latitude Departure Grid Coordinstes
Plane Distance Log., cos Az Feet Feet y x
Feet Log. dist. Feet Feet
Log. sin Az
o " Log. Dep.
311 2.95413889 +899.79 1,142,083.35| 747, 684. 62
9.9568648] ; 1,142,083.39] 747,687.02
993,743 2.99727408 1,142,983,14] 747 262, &5
965782798 +0,0% £2, Ul
Rosalind | 154 5% 02,68 65,405 202510200 ~421,80 1,142,985.18 07,265.26
w"1'.1'7?2'.583'1'8'. _'1117 7"", 2655,26_
Disdrepancy -0.0% -2. 40
¥ FActor = 43.74060 X 10~2
Yy FActor = +0,08116 X Y0-5

FIGURE 6.—~Computation of conrdinates, traverse no. 3—Continued.

8¢

AHAYNAS JILIQOED ANV ISVOD 'S ‘A



€ -%b - O ShLOZY -

Traverse line No._ 3

COMPUTATION OF COORDINATES

State _New York - West County __Monroe Initlal StationMb.Read north base
Year 1934 Month January -~ March Closing Station Rosalind
Station Azimuth Grld kag. Lat, Latitude Departure Grid Coordinates
Plane Distance kKag. cos Az Feet Feet y x
Feet kog, dist. Feet Feet
o 1 m kag. sin Az
Mt.Read Kag. Dep.
notth-bas =%00,77 1,165,%44,75] 746,119 78
0.21085944
1426,.378 165,04%.98 | 7LY 7255 47
Q.97751640 - +0.00 +0.05
300A| 77 49 33.2 1,436 -1394.31 1, 165,04%.98] 740 755, 6%
-2.56
0.00189542
1348,.524 01,165,041 .42 743 32748,.95
0.99999820 30.00 +0.10
30038 89 53 29.0 2,715 =1348,F2 165,041,401 743 377 08
=435,15 ;
0.30329445
1434 ,759 164,606.27 7ﬂ2'009 17
0.95289688 +0.00 +0.16
300C 1 72 20 33.9 4,210 -13€7.18 A64,606,27] 702,009,093
-1097.88
0.31027365
3538,425 167,508,391 738, £45, 94
0,95064729 +0,00 +0_29
30CDp! 71 88 27.4 1,748 =%363,79 16%,508.39] 738,646,277
-680,.53
0,29227573
2328 ,281. b, 162, 827.861 736,119,297
0.95633409 ’ +0,017 . +0, 38
30T |75 00 20.7 10,076 —2226.7L _ |1,162,827.871 736,413,865

F16URE 6.—Computation of coordinates, traverse no. 3—Continued.
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Traverse line No.

COMPUTATION OF COORDINATES

State _New York -~ West County __ Monroe Initial StationMt. Read north base
Year 1934 Month January - March Closing Statlon Rosalind
Station Azimuth Grid . _Lat. Latitude Departure Grid Coordinates
Plane Distance e, cos Az Feet Feet y x
Feet Dox. dist. Feet Feet
% sin Az
o ¢+ _© Dep.
301 -468.57 1,162,827,86] 734 419, .27
0.327T42084 1,162,.827.871 726,419, 65
1431 ,083 . 1,162,359,291 735 067.07
0.9448786]1 40,01 gg,u?,
302 T 70 853 15,7 11,508 =I352.20 ,162,359.%30| " 735. 067, 50
- . 236,64
0,03654778
10032,399 1,162,395.93] 73K 065, 34
0,99933190 4+0.01 $+0,.47
302A] 92 05 40,2 12,510 o7 ~I001.73 1,102,395 941 730 0&n. Bl
j =28,
0.00918030
3155,552 1,162,366.96] _7320,909.92
0,99995786 40,01
3028B] 89 28 26.4 15,606 =2155.42 1,167,366,97 2210, 570
=40,46
0,01294126
2126.109 1,162,326.60} 727,7a84.07
0.99991626 20,01 +0.70
202C] 80 15 30,6 18,732 =3125.85 11,162,326, 801 707 784 77
+15.52
. 0.01721052
901,570 1,162,342.03] _(25,882,63
: 0.99985189 +0.01 +0.73
305 50 59 10.1 19,693 ~901, 44 1,162,342,03 726 883,38

FiGURrE 6.—Computation of coordinates, traverse no. 3—Continued.
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Traverse line No.

COMPUTATION OF COORDINATES

State New York - West County _Monroe Initial StationMt. Read north base
Year 1934 Month January - March Closing Station Rosalind
Station Azimuth Grid | _ksx. Lat, | Latitude Departure Grid Coordinates
Plane Distance K3X, cos Az Feet Feet y x
Feet - BBx. dist. Feet Feet
%. sin Az
[ T L &. Dep.
%03 -1536.08 1,162,342.02] 706 #go g3
0.99658891 1,162,342,0%] 706 g3 3%
1541 ,334 1,160,805.94] 7277008, 8%
0.08252608 +0.01 +0., 79
304 [ 385 15 8.4 21,235 +127.20 1,160,805.95] 757.010,62
-890.8%
0.99951831
891,257 1,150,915.11] 706 9%>5.17
0.03103473 +0,01 +0.83
X044 1 4K 42.4 22 1246 =27.06 1,159,915, 121 796 _9#&3, 0D
475,20
0,99514105
477,521 1,159,4%9,91 726,935.15
0.09845956 40,01 +0.8
Z04R /.39 01,7 22,603 ~47,02 1,159,439.9 726,935,99
=1448,36
0,99975282
1448,.714 1,157,/991.% 726,902,94
0.0202%269 40.0 40,90
3QLC 1 16 28,2 24,052 -32,21 1.157.991.648 726,903, 84
o =1208,22
0.99987907
1208.3686 1.166.78%.33  [26,921.73
3 01555172 C " 40,03 +0,94
304D |359 06 32.1 25,260 +18 79 1 1668 783,38 [26,922. 6

FIGURE 6.—Computation of coordinates, traverse no. 3—Centinued.
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COMPUTATION OF COORDINATES
Traverse line No.__3

State New York - West County Monroe Initial StationMt.Read north base
Year _1934 Month January - Merch Closing Station _Rosgalind
8tation Azimuth Grid kag. Lat. Latitude Departure Grid Coordinates
Plane Distance kag. cos Az Feet Feet y X
Feet kag. dist. Feet Feet
o 1 kag. sin Az
agx. Dep.
304D -2261.54 L156,783.33 | 705 921,73
0.99986929 156,78%.35 ] 726,922 A7
2961.,839 1qh,591 79 ] (26,955. 350
0.0161678% 02 +1,03
304K 1350 04 25,0 27,522 +36.57 154, 521 B 725,959, 3%
-3029,87
0.99998761
3029.907 2151,391.921 756 673,38
. 0.00497757 40,02 $+1.10
_304F (359 42 53,3 20,552 $15.08 IB1. 491,94 (25,9 /%.5¢
-2109,65
0.99986429
2109,.935 h,149,382.27| 727 008.14
0.Q164 7467 +0.02 +1.22
—3040 %59 03 21,7 x2,662 135,76 149,383,201 727,009, 3%
, -941,49
0.99841154
942,990 148,440,781 [27,061.27
0.05634186 +0.02 +1,25H
3068 1386 46 12,58 23,6058 $453.13 148 540,801  7°7,062.52
-1806.%
0,99920442
1807.808 i 46 szg i 726, 989 %7
0.07%Q8R134 -
=06 217 08,3 25,413 ~72.10 1,156,634, 43 7206, 990 L]

Fi1GURE 6,—Computation of coordinates, traverse no. 3—Continued.
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COMPUTATION OF COORDINATES

Traverse line No._%_
State New York - Wes County Monroe Initial Station Mt.Read north bace
Year 19734 Month Jamary - March Closing Station _ Rogalind
Station Azimuth Grid . Lat. Latitude Departure Grid Coordinates
Plane Distance kng. cos Az Feet Feet y x
Feet kng. dist. Feet Feet
0 1 kpg. sin Az
2g. Dep.
206 ~1861.11 1,146,634 .41 726,929,17
0,89686245 2,146,634 43| 176, 990,59
2008 , 232 S144,83%,30 726.100.3(1)
0. 44230956 +0,02 +1.
—306A | 26 15 04.8 37,4821 ~-888,26 1,144 833,301 726,102,311
{ -2188,28
0.999968773
2188.353 1,142,655.02]" 726,118 . o
0.00803%280 40,02 t+1.48
3I06AR B9 32 23,1 29,609 +17.5°8 1, 142,645,058 726, 119,97
. -1656.33
0.9918620
1657.681 1,140,988.69] 726,18%,35
0.04033525 +0.03 +1,5
307 387 41 18,0 41,267 $66.86 1,140,988 721 [26,156.59
-1110,35
0,99999637
1210.354 | 1,139,878, 34] 726,182.36
0.00269459 3+ +1.h8
308 0 09 15.8 42 37T -2.99 1.130,878,3 2 :
+73.63
0.05080308
1449397 1,139,9R1,97] 727,629,89
0,99870869 40,0 +1.0%
208A P67 05 16,6 43 827 #1447,53  [1,136,952.000 _727,631.53

FioUre 6.—Computation of coordinates, traverse no. 3—Continued.
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Traverse line No. 3
New York - Weet

COMPUTATION OF COORDINATES

State New County . _Monroe Initia)l StationMt.Read north hacse
Year 1934 Month _ Jenuary - March Closing Station Rosselind
8tation Azimuth Grid o, Lat. Latitude Departure Grid Coordinates
Plane Distance WE. Cos Az Feet Feet y x
Feet g, dist. Feet Feet
% sin Az
o ' Dep.
S08A +36.49 1,139,951,97| 727,629.89
0.02153619 1,139 952,000 727,631.53
1694 . 354 1,139,988.46] 726,32%, 85
0.99976807 +0.03 +1. 70
I08R | 2AR 45 57.5 15,521 +1693%.96 11,179,988 49| 725,32h.00
+50.91
- 0.01516584
II50.663 1,140,039,37| 732,680,13
0.99988499 $0,03 +1.82
308¢C | 269 07 51,7 48,878 i +3356,28 1,140,039 .40 735 881 9%
+111.68
0.05207984
2144 347 1,140,151.08] 734,821,57
0.99864293% 304, $1.90
209 1 267 00 &2,9 51,022 . _$2141.44 11,150, I51,08] 730 #o% U7
$832,.64 -
Q. 48089384
1315544 1,140,783, 73%,975.01
087677898 0.07% +1.95
=10 241 15 22.4 92,338 M 21193,.44 LthJ%B.’Z [35,076,96
+$1089,09
0.59579665
1827.962 1 110_879 2.7
0. 80313532
“—3I0R [ 235 25 50.0 54,166 ) _3$1468,30 11,3141, 872 8l 131, lms 13

FiGURE 6.—Computation of coordinates, traverse no. 3—Continued.
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Traverse line No._3
New York - Nest

COMPUTATION OF COORDINATES

State County __ Monrone Initial StationMt Reed. north-base
Year 1934 Month January - March Closing Station Roasl ind
8tation Azimuth Grid kax. Lat. Latitude Departure Grid Coordinates
Plane Distance kag. cos Az Feet Feet Yy x
Feet kmx. dist. Feet Feet
o 1 kog., sin Az
Xax. Dep.
310A +125.17 1,141,872.78] 737,443.11
0.02647210 1,141 872.811 737, LB%.13
4728.188 1,141,997.95] [%2,169.6%
0.99964955 40,04 +£2.20
3108 | 268 38 F9,31 58,893 +4726,53 1,1541,997.99] 782, 171.84
+10.09
0.02127008
474 371 1,142,008,04] 7%2,6083.90
0.999773771 40,04 \ 3.
210C [ 268 46 52.4 59 368 $474, 26 1.142.008,08[ (32,0690, 11
-9.0%
0.01029241
R77,035 1,141,999,01] 7%3,520.869
0.99994703 40.0 +2.259
210D | 270 25 23,0 60,245 +876.99 1,141.999.08] [43,523. 1%
+110.08
0.039446%3
2790,665 1,142,109,09{ (%6, 309 38
0,99922170 30,04 2.359
_310E | 267 44 21,8 63,0%6 T $2788.49 1,.142,209,13] (%5, 311 ¥é
-25.7
0,01871078
1375.479 1 142 08%.38] (], 65%. 62
0.9998250% 20 $2.4%0
%11 | 271 04 19,6 64 411 $1375.,24 142,083,301 _747,687,02

FraurE 6.—Computation of coordinates, traverse no. 3—Continued.
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Traverse line No.
State New York - West

COMPUTATION OF COORDINATES

County __ Monrge

fnltial StationMt.Bead north hase
Closing Station Rosgalind

Year 1934 Month January - March
Station Azimuth Griad kzg. Lat. Latitude Departure Grid Coordinatesg
* Plane Distance kBx. cos Az Feet Feet y x
Feet xmx. dist. Feet Feet
k?. sin Az |
ot X. Dep.
211 +899,79 1,142,08%.39 7L7 624 A2
0.90545072 1,142,083,3d 7/, 687.02
| 993,743 1,142 983,14 747, 262,89
0,42445141 +0.0}4 +2, 04
Rosalind N84 53 02,8 | &5 405 ~421.80 X,142.08%3.1 765,26
1,142,983, 2 .
Discjrenancy ~0.04 FERAN
x Faptor - #3.73060 X 1072
Y_Faktor - #0,06116 X 10-9

FiGURE 6.—Computation of coordinates, traverse no. 3—Continued.
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OuranTMDET OF COMMERCE
GO st GERITIC purvET

PLLANE COORDINATES

Torm Mo, 100
parum . North American 1927 Projection . Lransyerse Mercator seate .. N Vork - West.........
2 Coordinate x Coordinate
Btation Asimuth Mark Btatloa Astmuth Mark
¥ Coordinate y Coordinate
— Fod . v v Fod
Canal 746,123.28 302C 72278471
1,162,873.20 1,102 ,326.51
Lount. Kead 746,449.78..1.359._.55...07.9.Canal 303 726,883 3¢
nerth. base L,165,394.75 1,762,342.03
300.A THY, 12552, 304 127,0£0.62
1, 1e5,04398 4,060,80595
3008 7432,37205. 3044 " 726,993.00
1165, 04042 1,159,9/512
300.C 742,00293 1304 8 726,23599.
1,444,606.27 1,459,439.92
300.0 738, 64621, 304C 726,903.8Y
1,193,508.39 1,157.991.56
YY) 136.4/9.65. 304D 126.922.61
1,162,82781 £,456,783.35
502 13506250 204 £ 126,959,
........ 1,062,359.30 1,154, 521.81
734,06.5.81 304.F. 786,974.52
4, 162,959 1,151,49.94.
.. 130,2/0.50 3043 727,009.3%
[,162,366.97 1,149,382.29

F1GURE 7.—List of plane coordinates.
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DEPARTMDY OO
e PLANE COORDINATES
potum . Nerth American (927 projection Transverse Mercafor ___ sigre New York - Mlest
¥ Qoordinate x Coordinate
Station y Aty Mark Htation " Adputh Mak
— — - i
305 722,00252 310 .735,92096.
L 148, 44080 1,140,783.72
306 726,990.49 3104 937,445.13
124063443 L141,872.81
3064 F2 10231 3108 42,17154,
1,.144,833.32. l‘ I‘II'%')ﬂ
306 8 "724,212.97 310C e,
1 I‘IZ'GV.TO‘I I‘I‘I2 008,08
307 726,42689. 30D " 35230
1,440,982 1,141,999.05
308 '724,18324 310.E "946,311.73
£,.439,878.37 1,142, 109.13
3084 72263153 N 74768702,
1,139,952.00 1,142,083.39%
3088 722,3245.55, Penburst 746, 429.99
1,139,988.49. 1,144, 42203
3080 732,681.95. Resalind, 742,2e52¢ | 151 47 289 Fenborsk.. ..
1,142, 039.40 1,142,983.18
309 73Y,823.47
1,149, 15108

F1GURE 7.—List of plane coordinates—Continued.
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TRAVERSE COMPUTATION ON THE MERCATOR GRID 39
COMPUTATION OF TRAVERSE NO. 1, TWELVE CORNERS TO MEDICINE

This traverse lies to the southward of the city and it forms three
sides of an irregular rhombus. All the details of the computation
are also shown 1n duplicate on the following pages. For a sketch of
the traverse see figure 5.

Computation of grid azimuths for control

TWELVE CORNERS TO PECK

z v
o < 772,352.65 | 1,142,820.20
T Welve COrDeTS oo e oo a e e — e mmnm 771,628.93 | 1, 140,932.21
Az and Ay, . et +723.72 +1, 896. 99
log Az =2.8595706
log Ay =3.2780650
log tan « =9.5815056—10
[ = 20°52'56''.4
grid azimuth =200°52'56'/.4
MEDICINE TO MOUNT HOPE
z v
Mount Hope 757,407.94 | 1,139, 983.37
Medicine. 755,317.65 | 1, 139, 856. 90
AZ BDA AY oo oo et e <m i e me e m e +2,000.29 +126.47
log Az =3.3202065
log Ay =2.1019875
log tan « =1.2182190
= 86°32'15'’ .4

(24
grid azimuth=266°32’15"".4

List of angles

1
&

Station From station— To station—

RSB WHBRS -
°

Medicine.
Mount Hope....

bt et
L -]




40

U. 8. COAST AND GEODETIC SURVEY

Computation of grid azimuths

(x?e()(:l:- Correct- S:(; " | Correct-
Preliminary | .o | ed azi- Preliminary | ;o0 [ ed azi-
Station azimuth and for muth Station azimuth and { % < muth
angle clos- | 8nd an- angle clo- and an-
ure gle sure | Bl®
Twelve Comers to o ’ ” 1” ’ ” L r’ ” 7 ’ ”n
Peck__.______..__ 200 52 56.4 |..___._ 56. 4 09 0.2 ... 03 58.7
ZPeck to101..___ 179 2B 42,4} 0.7 41,7 08 40.8) —0.7 40.1
Twelve Corners to 17 4.0 ... 33.8
) U 20 18 388 ____. 38.1
107 to 106 17 440 ... __ 38.8
101 to T'welve Cor- Z106 to 108__ 0 12,9} —0.8 12.1
ROrS......ooooo_- 200 18 38.8 [------- 38.1 i| 107 to 108. 26 56.91._..... 50.9
ZTwelve Corners
to 102 ________.._ 180 4 39.6{ —0.8 38.8 || 108 to 107 26 56.9 ... 50.9
101 to 102 .. .- 21 01 18.4 |-cco-.- 16.9 1| £107 to 109 0 51.3| —0.7 50. 6
108 to 109 36 48.2 4 . ... 415
102 to 101 01 18.4]...._.. 16.9
Z£101 to 103_.____ 20 47.2| —0.7 46.5(/ 109t0 108_......... 20 36 48.2 [ _____. 415
102to 103 _..__. 24 31 05.8 |- 03.4 | £108t01310......._ 1178 24 24.4{ —0.8 23.6
®.4 109t0 110 e 199 01 12.8(._.... 05.1
—0.8 27.5{ 11010109 ... 19 01 1268} ______ 05.1
_______ 30.9}| £109 to Medicine_{ 97 16 24.8} -0.7 4.1
30.9 110 to Medicine_._| 116 17 37.4 | _.._._ 29.2
—-0.7 11,2 || Medicineto110____1 296 17 37.4 | __.._. 29.2
....... 42,1 1] £110to Mt. Hope_{ 330 14 46.9 | —0.7 46.2
@1 Medicine to Mt. | 266 32 24.3 | ._.... 15.4
_______ X ope.
—0.8 16. 6 ixedazimuth } 266 32 15.4 | . .. |.........
....... 08 58.7 Discrepancy .. 8.9 | e

Reduction of lengths

[Average elevation=532 feet. Elevation factor=0.99997457]

Section Taped length: (,}:g(é:ﬁic Grid factor | Grid length
Feet, Feet Feet
3, 925. 337 3, 925. 237 1. 0000213 3,925. 321
6, 939. 307 6, 939. 131 1. 0000201 6, 939. 270
4, 919. 745 4, 919. 620 1. 0000187 4,919. 712
4,111. 652 4,111. 547 1. 0000168 4,111. 616
, 846, 252 3, 846. 154 1. 0000147 3, 846. 211

5,018. 042 5,017.914 1. 0000118 5,017,973
4,053. 438 4,053. 335 1. 0000108 4,053. 379
3, 847. 055 3, 846. 957 1. 0000117 3, 847. 002
2, 661. 624 2, 661. 556 1. 6000124 2, 661. 589
2, 852. 240 2, 852, 167 1. 0000130 2, 852. 204

110-Medicine. ... oo eeaeeas 2, 306. 246 2, 308. 187 1. 0000120 2, 306. 215

Mean latitude=43° 07’
}og g = 8. 5090389—10 log consltanil;g =5, 8304093
= 8 — log A
og 8. 5106130—10 _ og -21— og —8. 5098260 — 10

log A+log B=17. —2 PP TUvPE—

1 g 4+log B=17. 0196519—20 log R, —7. 3205833

log A+log B_ ¢ r193960— 10

2 s TR R, =20, 921, 040

Elevationfactor=

20, 921, 040
20, 921, 572

=0. 99997457



Traverse line No,_1
State _New York - West

County __Monroe

COMPUTATION OF COORDINATES

Initial StationTwelve Corners

Year _ 1934 Month _ January - Harch Closing Station Medicine
8tation Azlmuth Grid Log. Lat. Latitude Departure Grid_Coordinates
Plane Distance Log. cos Az Feet Feet y X
Feet Log. dist. Feet Feet
Log. sin Az
Twelve o t M Log. Dep.
Corners 3%.5660903% -3682.06 1,140,.9%2,.21 771,628,932
9.97221516 - -
3025.32] 3.59387517 1,137,250.19 _170,2€8.56
Q.5%978247 +0.03% -0.02
101 20 16 38.1 3,925 3.15565764 _1360.37 1.137.250.18 770,268,650
%.81140333 -6577.5%
9.97008955
6939,270 3.84131%78 1,130,772,71 167, 779 33
9.554T78073 $0.,08 0,08
102 2101 14.9 10 845 3 2QANALSY -2489,23 1,130, 772,79 767L179 2%
- 2%,65090173 ~4476,12
9,.95896205
4919.712 3,69193968" 1,126,296,59 {65, 737 lS
9,.61801976 +0.1
103 24 31 03.4 15,784 3,30995944 —204),55 1,126.296,70 (6D, 737 71
1,961449%9 +91.51
8.34743684
4111,616 3.61401255 1,126,388.1 761,627.18
9.99989242 40,14 -0.09
104 91 16 20,9 19,896 3,61390497 ~%110,60 11,126, 388,24 (01,607,09
2.1987.7397 -158.04
8.61374087
%846,211 3,5850%3310 1,126,230 .04 757, (8%.22
9,99963308 30,17 -0.11
105 87 38 42,1 23, T42 3,658466615 =384 ,98 1 12623024 757,784,311

FIGURE 8. —~Computation of coordinates, traverse no, 1,
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Traverse line No.

COMPUTATION OF COORDINATES

State New York - West County ___Monroe Initial Station Twelve Corners
Year 1934 Month January - Maprch Closing Statlon Medicine
8tation Azimuth Grid Log. Lat. Latitude Departure Grid Coordilnates
Plane Distance Log. cos Az Feet Feet y X,
Feet Log. dist. Feet Feet
Log. sin Az
O ¢ w Tog. Dep.
105. 1,IT7A4951 +15.11 1,126,23%0,06! 757,784,022
T7.51692119 1,126,2%Q.23 757,784,711
5017.973 3.70052832 1,126,245.10 752, 766,26
9499999852 40, 20 -0.14
106 90 08 58,7 28,760 %, 70052684 =5017.96 1,126, 04% 37 152 766,12
3.57710661 _+3776.65
9.96928940
4053.379 3.6078172] 1,130, 01184 754, 238,27
9,56009259 -0.15
107 201 17 38,8 32,813 3,16879098Q $1572.01 15330, OBDT) o, °38, 17
3.55960976 _4+3627,52_
9.,97T448734
3847.002 3.585812242 1,133,647.34 755, 61940
9.52236926 30,2 17
108 199 26 50,9 36,660 %.10749168 $1280,83 1,1%3.647.6 {02, HI&iBJ
3.39641160 +2491,22
9.97127061
2661 .589 342514099 1,136, 1‘58. 6.4
9,54657964 0,2 -0,19
109 0 36 41,5 39,322 2,57172063 4+936,96 1‘1‘5641'58 84 7H6, 405 87
Lh'ﬁO%O‘bgh 42696,52
9.97562285
SRS . 204 3, 4551 8059 1,138,835 .08 75T385Q50
9. 51303979 0. zgn: O
110 _ 1199 01 08,1 42 374 1 2,968220%8 929 Il 1,138 Ras. 3t (20,2 3

F1oURE §.—Computation of coordinates, traverse no, 1—Continued.
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COMPUTATION OF COORDINATES
Traverse line No.__ 1

State _New York - West County __ Monroe Initial Station Twelve Corners
Year _ 1934 Month January - March Closing Station Medicine
Btation Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. ' Feet Feet
Log. sin Az
) o ¢t 4 Tog. Dep.
110 3.00924206 +1021.51 1,138,835.08 757, 385,50
0.64634227 1,138,8%5,37 (571, 385,30
2306.215 %,36289979 1,1%9,856.59 155,317.86
. 9,.95257876 - 40.3 -0.21
Wedlelne | 116,17 29.2 | &4 480 3, 31547555 —2067,6h 1.139.856.9§Z:EEE:II;:§E:::::
1,139,856,90 755,317,65

=0,3 +Q.21

Disprenancy.
+ 2

x F

ctor = ~0.4

B12X10-2

y F

hctor = 40.6

694X10->

F1auRE 8.— Computation of coordinates, traverse no. 1—Continued.
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Traverse line No.

State New York ~ West

COMPUTATION OF COORDINATES

County _Monroe

Initlal Station _Twelye Corfiers

Year 1934 Month _Januavy - Mapch Cloeing Station Mediecine
8tation Azimuth Grid koowx Lat. Latitude Departure Grid Coordinates
Plane Distance Xxgx cos Az Feet Feet Yy x
Feet fogx dist. Feet Feet
| 8in Az
Twelve o+ 8 % Dep.
Corners ~3682,06 1,140,9%2.21 1 .771. 628 93 -
0,.93802661 . —
3925,321 1, 137,250.151 770 oR& Sk
. i 0,34656322 +0.03 -0.02
— 101 20 16 38,1 3,925 =1360.37 1,137 250,180 770,268 ¢4
~64T7T 4
0.93344675
6939.270 1,130 772.71 761, 779: 33
0,35871599 40,08 -0, Of
102 21 01 16.9 10,868 =2480 0% 1,130,772, 79| 107, [19.
-4476,12 - v
0.90983376
4919.712 1,126,296.59 765, 737.7
Q41497292 40,11} -0.07
103 24 31 Q3.4 15,784 ~2041,55 1,126,296, 70 768, 73711
491 .51 °
0,02225548 i
4111,616 1,126,388.1d 761,627,118
0.99975232 40.1g, -0.09
~1oa 1 91 18 30.9 19,806 - 1-4110,60 1.126,388,24 761,607,090
. , ~-158.04
0.04109045 > 4
28546211 _ 1,126,230.08 (20, (FF.cc
‘ 0.99915543 30. —0.11
~ 105 87 38 42,1 23,742 -3842,96 1,126,230,29 757, 784,11

FIGURE 8,~—Computation of coordinates, traverse no, 1—Continued,
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¥ - v - O SYLOZ9

Traverse line Yo,

1

COMPUTATION OF COORDINATES

State __ New York — Wes} County Monroe Initial Station _Twelve Corners
Year __ 1934 Month January - March Closing Statlon Medicine
Station Azimuth Grid A:08. Lat. Latitude Departure Grid Coordinates
Plane Distance $0g. COB Az Feet Feet y X
Feet sbog. dist., Feet Feet
. 8in Az
o ¢ L % Dep.
105 -~ 13,11 1,126,230.06] 757, 784,22
0,00261169 1,126,230,2 787,784,11
5017.973 1,126,243 7%2.766.23
0.99999659 "4 06.20 -0.1
106 90 08 wE&.7 28,760 ~ -H017,96 1,126,283,37 752, 766.12
+ 3776.65
0,931728R5 e
H053,379 1,130,019.82% 75%,238.27
0.363165647 ) + 0.23 -0.1H
107 201 17 344 32,813 i 472,01 13,130,020, Q8 /o4, 238.1c
+ 3627.52
0,9U294712
3847,002 1,13%3,647.34 _755,519.10
0.33294252 + 0.2 -0.17
108 399 26 =0.9 36,660 $1°80,.83 11,133, 60H7,60 /o5, B18.93
+ 2491,22
0,93598472
2661,589 ) 1,136,138.58  756,156,06
0,35202998 + 0.2 -0.19
109 1200 28 _Hh1,.h8 39,322 ¥+ 936,06 11.136,138,89 756, Ubb. 67
4 _2696,K2
. 0,94541577
2AR2 ol 1,138,835, 757,385,550
' 0, 325866858 + 0, -0, 20
710 199 01 05.1 4> 7L + 020, LIt 11.138 835,77 757,385,30

FIGURE 8,—Computation of coordinates, traverse no. 1—Continued,
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Traverse line No._l_____;

COMPUTATION OF COORDINATES

State = County __HMonroe Initial Station_Twelve Corners
Year __ 1934 . Month _ January - March Closing Statiom Wedicine _
8tation Azimuth Grid Lat. Latitude Departure Grid Coordinates
Plane Distance OE, cos Az Feet Feet Yy x
Feet Doy, dist. Feet Feet
% sin Az
o 1 0 D
110 . +41021.51 1,1%8,835.08] 757 zzc5 _en
0. 44293752 1,138,8%5.3T1 757, %8K. 30
2306, 215 i 2159,8566.59] 756,317,486
0.89655258 . 40.31 -0,21
MedicIne | 316 17 29,2 | 34 480 -c00(.04 11,139,856.90] /55, 317.65
1,159,856.90]  (5hH,317.65
Discrépancy -0,.31 +0.21
x Factor = -0.47212_X 10°9
Y Factor = +0.6969% X 10-9

Ficurg 8.—Computation of coordinates, traverse no. 1— Continued
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PLANE COORDINATES

Dusms W W0
m&ﬂh&mﬂugﬂ__ Proestion _Transverse ffercofor . swte Noew York - west.
Biaticn b Aty M Stuticn : Astaata
y Ooosdinade 7 Coordiaate Mark
o — - —_—

Pack 772,352.68 109 754, 45587

1,442,829.20. 1,136, 1
Dweles Corners |, 42893 200 52 56| Peck i10 T757,285.30

1L.1¥0,232.21 1.138,835.372

101 770,262.54 Llavnt Hepe 75740294
1,1372,250.18 1,139,983.32

e 763,279.28. Medicine, s, 31705 26k, 32 454} Mount_Hope
113077229 1,139,856.90

203 745,737
1,126,226.70.

104 '.l‘l %2209
(,126.388.24

105 25228441
1126 23024

106 952.746.12
1.126,243.37

707 23802
1,130, 02005)

108 155.5/8.93
1,.133,647.60

(T

FIGURE 9.—List of plane coordinates.
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48 U. 8. COAST AND GEODETIC SURVEY
COMPUTATION OF TRAVERSE NO. 1B, FARREL TO RIDGE

This traverse lies to the north and east of the city and it forms an
irregular line between the two control points. The computation is
shown in duplicate as was done for traverse no. 3. All details are
clearly shown on the following computation forms. For a sketch of
the traverse see figure 5.

Computation of grid azimuths for control

FARREL TO CHURCH

z i
Church. ... 762,314.89 | 1, 184, 286, 59
Farre) o .. 762,197.60 | 1,182,275.52
Azand Ayl -+116. 99 —+2,011.07
log Az =2.0681487
log Ay =3.3034272
log tan « =8.7647215—10
a = 3°19'45".5
grid azimuth=183°19"45"".5
RIDGE TO NEARPIPE
z v
N @ATD DO - - oo oo oo e 772,445.04 | 1,165,917, 77
RIAEe oo 772,271.87 | 1,168, 829. 59
AzaRd A Yo e +173.17 —2,911. 82
log Az =2.2384727
log Ay =3.4641645
log tan a =8.7743082—10
@ = 3°24'12".4
grid azimuth=2356°35'47"".6
List of angles
Station From sta- [ To sta- Angle Station From sta- | To sta- Angle
tion— tion— tion— tion—

Church.___

Ml . Ridge____. 157 03 51.2
142 . __ Nearpipe..| 179 41 21.7




TRAVERSE COMPUTATION ON THE MERCATOR GRID

Computation of

grid azimuths ’

49

Cor- Cor-

Preliminary | rec- | rected

Stations azimuth and | tion |azimui
angle for and

closure| sangle

Cor- Cor-

Preliminary | ree- rected
Stations azimuth and | tion | szimuth

angle for and

closure| angle

-] ’ ” ” I ”
Farrel to Church._| 183 19 45.5 |......- 45.5
ZChurchto131___.} 80 45 18.3 | ~0.1 18.2
Farrel to 131...... 264 05 03.8).._..-- 03.7
131 to Farrel_..... 84 05 03.8|..._..- 03.7
£Farrel to 132_...| 130 51 40.0) —0.1 39.9
131t0 132 ... 214 56 43.81.._..-- 43.6
132to 131 ... 56 43.8 [.-...-- 43.6
£131 to 133 18 200} —0.2 28. 8
13210 133ucce cmem - 15 12,8 |oooao-- 12.4
133 to 132. 115 15 12.8 |..._.-- 12.4
£132 to 134.. 175 21 08.4| —0.1 08.3
133t0 134 oo 200 36 21.2 (. 20.7
13¢t0133._.....-..[ 110 36 212 | _____. 20.7
Z133 to 135 j174 21 00.0] —0.1]20 59.9
134 t0 135 e oo 284 57 21.2|....._. 20.6
135t0 134 oo 104 57 2L.2 ) .._... 20.6
£134t0 136 oo 264 38 10.4| —0.2 10.2
35 31.6 30.8
35 3L6 ) ... 30.8
56 46.7 | —0.1 46.6
32 18.3 |--.---- 17.4

137 to 136 ...
£136 to 138.__
137 t0 138 ...

138 to 137... ...
£137 to 139.
138 t0 139, ...

139 to 138..._......
Z138 to 140,
139 to 140 ...

140t0 139._._....
£139 t0 141_
140to 141 . ...

141 to 140._.
£140 to 14
141 to 142__.

142to 141 _________
Z141 to Ridge._

142 to Ridge___..| 356
Ridge to 142_______ 178

£142 to Nearpipe.

Ridge to Nearpipe.] 356

Fixed azimuth..
Discrepancy.-. .-

54 27.81 .. ... 28.
41 21,71 —0.2 21
S 47

~
-
BN

BE8 g23 BEE RER R4 885

Ot O OB OO0 OO R AN

Reduction of lengths

[Average elevation=328 feet. Elevation factor =0.99998432]

Section ;I‘;:gteldl Gl‘;‘gé‘:ﬂc Qrid factor |Gridlength
Feet Feet

1, 299. 35 1. 0000164 1,209.37

2,197. 62 1. 0000172 2,197.66

2,389.31 1. 0000182 2,389.35

3,988. 14 1. 0000201 3,988. 22

4, 949. 66 1. 0000227 4,949. 77

1, 998. 47 1. 0000240 1, 998. 52

1,389.05 1. 0000243 1,389.08

1, 656. 70 1. 0000247 1, 656. 74

2,362.22 1. 0000240 2,362.28

2, 099. 02 1. 0000232 2,099.07

140141 e meemmceemecmeccsaaaan 1,672. 50 1,672. 47 1. 0000226 1,672. 51

1, 699. 36 1,699.33 1. 0000222 1,699. 37

1,439.34 1, 439. 32 1. 0000221 1,439.35

Mean latitude=43°13’

log A = 8.5090363— 10 log constant = 5.8304093
log B = 8.5106053—10 log A -; log B__ 8.5098208 — 10
log A + log B=17.0196416—20
log 4 42- log B_ ¢ 5008208 — 10 log R, = 7.3205885
R, =20,921,300
20,921,300

Elevation factor=j55'g57"69%

=0.99998432



COMPUTATION OF COORDINATES
County __Monroe

Traveree line No.__1B

State _New York - West Initial Station _Farrel

0¢

Year _ 1934 Month _ Jausary - March Closing Station _ Ridge
Station Azimuth Grid | Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
Log. sin Az
o ¢+ n Tog. Dep.
Farrel 2.12683999 4133.92 1,182,275.52{762,197.90
9.01310715 :
129G, 37 3,11%7328% 1,182,409, 54763, 150.35
9.99768108 40.0 -0,03
131 | 265 05 03.7 1,299 3 11141392 ) #1292.45  (1,182,509.45] 783 B00, 30
3.25561429 +1801 .42
9.91365378
2197.66 3.34196051 1,184,210.86] 764, 789.1€
75800013 40,03 =0,08
132 214 SR 43 .6 3 407 209996068 +1208. 81 11.185,210,801 JC0, [49.08
) 3.00832415 =1019.,3%
9,63004438 :
2389,35 3.37827917 1,18%,191 .51 766,910.1 6
9,9%637472 20,05 =0.13
133 298 15.12.4 5,886 3.3 4Q 22168100 11182 19] 66, 910.09%
_ 3,14724229 -1403.60 ' MR
9,54646318
3988.22 3,60077911 1,181,787,91] 770,643,23
9,.97128709 40,08 ~0,22
134 1290 36 20,7 9.87% 3,5T7206620 +3733,07 {1,181 ,.787.99 770 843,01
3,10632676 =1277.40 i
9,411741T4
4949 .77 3,69458502 1,180,510, 53] 775,425, 43
503357 40, Q.33
135 | 284 57 20.6 1 14,824 3.67961859 +4782.10 11,180,810, 6% 775, 425.00

FIGURE 10,~Computation of coordinates, traverse no. 1B.
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COMPUTATION OF COORDINATES
Initial Station _Farrel .

Traverce line No, 1B
State New York = West

County __Monroe

Year 1934 Month __ January -~ March Closing Station _Ridge
Station Azimuth Grid Log. Lat. Latitude Departure Grid_Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
o ¢+ Log. sin Az
Log. Dep.
135 3,29459406 -1970.58 1,180,510.51] 775 4on, 33
9,99388556 1,180,510.63] 775,025,00
1998.52 3.30070850 1,178,539.93] 775,092, 32
9,22175101 +0.13 ~0. 371
138 9 35 30,8 16,857 2.52245951 ~333.01 1,178,540.06] " 775,001.95
1.9236465] 483.88
8.78091925 .
1389.08 3.14272726 1,178,623.81] 776, B78.87
. 9..99920679 40.1 ,=Q. 40
157 266 32 17.4 18,212 3.] 5 +1386,55 1,178,623.,981 (O, 4(B.%(
3.19724078 -1574,86
9,97798642
11656.74 3.51925226 1_.177.01‘8.22 775,964,146
9.49205441 40. ) =0,
138 1805 20.6 19,869 2.71230877 -514,41 1,177,049.11] 775.964.02
3,287922%6 ~1940,54
9.914590Q99
2362 ,28 3.37333137 1,175,108, 411 774,617.36
75606809 40,18 -0, W
139 35 16 04,5 224231 3.12939946 ~13L7.10 [1,175,108.59] 7704, 616,87
3,22%92429 -1674.65
9.90189737
2099.07 —3,322202692 1,173, 5%53.76] 112, 351,80
9,.78025542 +0.19 -0.h3
140 37 04 44.0 24,330 3,10228234 ~1265.56 _ [1,173,433,95 _7173,351,27

F10URE 10.—Computation of coordinates, traverse no. 1B—Continued.
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Traverse line No.__ 1B

COMPUTATION OF COORDINATES

State_ New York - West County .__Monroe Initiél Station _Farrel
Yesr _ 1934 Month _January -~ March Closing Station _Ridge
Station Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance 0g. coOS8 Feet Feet Yy x
Feet Log. dist. Feet Feet
Log. sin Az
o ¢+ " 1.0g. Dep.
140 3.19553524% -1568.68 2 173,435.76 773 351, &0
297216652 173,433,
1672,51 3,22336872 N 2 . 1,6
9.54013848 +0.21 -0.57
141 | 2037 50,6 26,003 2, (6350720 | =580.11 J111,865.39 772 771,12
3.2037049) ~1598.,47
9.97341696
169237 3,2%028795 2170,260.01 " 775 194, &5
9.53076924 40,22 -
142 19 50 35,0 27,702 2, (6105719 ~2[0.84 1.170,266.83 N
%.15753340 =1437.25. .
9.99936699
1439,35_ 1 3,15816641 1,168,829,36 772.272.21
- _8.7%201126 40,23 -0,
Ridze 356 54 26.1 29,141 1,80017767 277,66 1688. 829 . Rl [, c{1.5]
168,829,590 772,271 A7
Disdrepancy -0,2% +0, 6L
X Fagtor = -2.19?22 X 10-2
Y Faf&gz - ‘0,18*97 X 10-2

FIGURE 10.—Computation of coordinates, traverse no. 1B~—Continued.
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COMPUTATION OF COORDINATES

Traverse line'No._ 1B
State New York -Weet County Monroe Initiagl Station _Farrel
Year 1934 Month January - March Closing Station _Rldge
Station Azimuth Grid og. Lat. Latitude . Departure Grid Coordinptes
Plane Distance BXg. co8 Az Feet Feet y x
Feet g, dist. Feet Feet
. . 8in Az
o 1 . _Dep.
Farrel +133.92 1,182,275.52] 762,197 90
0.10306404 .
1299,37 ST 1,182,409, .44 163,’“20.3;
0.9 7472 40,01 -0.0
131 1264 05 03,7 1,299 2.4 763 L0, 32
+1801 .42
Q.81969782
219766 . 1,18%,210.861 784 749 1F
0,57279620 40,031 =~ .0 o
130 1214 56 43,6 3,497 31258 .81 1,184, 210,891 74 Jiq o
=1019,.35 —
0342662311
2389,35 21,18%3,191,51F 766,910.1
0,90442950 40,08 -0.13
133 1295 18 12,4 5,886 +2161.00 1,183, 191.50] _7658.910,0
~-1403,60
0.35193559
%988.22 1,181,787,91] 770,642,.23
0.93602422 40,08 =
134 (290 36 20,7 9.875 +3733.07 1,181,787,99] 770,643,0])
-1277.40
0.25807251
4949,77 1,180,510.81] 775 uos 232
0,96612555 20,19 -0,33
135 284 57 20.6 14,824 44782.10 1.180.5810,63  775.425,00

FIGURE 10.—Computation of coordinates, traverse no. 1B—Continued.
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COMPUTATION OF COORDINATES

Traveree 1ine No. 1B ____
State ork - West County __Monroe Initial StationFarrel
Year _ 1934 Month __ January - March Closing Station Ridge
8tation Azimuth Grid Lat. Latitude Departure Grid Coordingtes
Plane Distance xg. cos Az Feet Feet y x
Feet xg. dist. Feet Feet
. 8in Az
0 1 » '-§§§71mﬁ:--
135 -1970.58 1,180,510.51] 775 Lok 23
0.98601963 1,180,510.631 775.425 00
1998,52 1,178,539.93] 77R,092.32
0.16662916 0,13 -0, 37
138 9 35 30,8 16,823 ~333.01L LL18,5%0.06] " 775.091.95
$83,88
0.06038%63
1389.08 1,178,623.81| 776,1478.47
0.99817525 340,14 ~-0.00
137 | 266 32 174 18,212 41386 686 11,178 623,958 [0, 4[8.47
-1574,86
0,95057506
1656, T4 __ 1,177,048.,95] 775,964, 46
0,31049486 +0.16 -0, 44
128 | 18 0% 20.6 19,869 —B14. 41 L1049 . TI 775 980 Op
=1940,54
0,82146866
2365.28 1,175,108.41] 7704 617.36
0,.57025367 +0.18 =0,89
139 1 3% 46 04§ 22 23] 134730 11.175,108.59 ((5,616.87
~1674.65
0,79780613%
2099.07 I, 173,533,760l 113, 301,80
0.60291407 +c.1%__773_3:9;51____
140 | 37 _Oh 44.0 24,330 ~1265,.56 |1,173,4%3,.9 , 351.27

FiGURE 10.—Computation of coordinates, traverse no, 1B—Continued.
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Traverse line No. 1B

State New York - West

COMPUTATION OF COORDINATES

County __ Monroe

Initial Station _Farrel

Year 1934 Month January - March Closing Station Rldge
8tation Azimuth Grid kog. Lat. Latitude Departure Grid Coordinates
Plane Distance Eag. cos Az Feet Feet y x
Feet kag. dist. Feet Feet
% sin Az
o 1+ 0 . Dep.
140 -1568.68 1,173,433.76
0.93792156 1,173,4%%,95 773,361.27
1672.51 ‘.m"1‘865 081 772,7 771 69
Q.2 E84THE Q21! 0,57
151 20 17 40,6 26,003 _ 58011 1,171, 865 29 772, 771 35
-1598,.47
0.94062595
1699,37 1,170,266.61 772,194,85%
0.33944486 40,2 .61
152 19 50 35.0 27,702 =576.84 1,170, 266834 772,10L. 24
-1437.25 _ .
0,9985438]
1439,35 1,168,829.34 772,272.5)
0.05296247 $0.27 ~0, 64
Rldagej 556 54 26.1 29,141 +77.66 1,168,829,.59 772, 271,81
1,168,8020,5d 772,271,817
Discrénancy -0.23 +0, 64
X Factior = —2.190de X 10 -
y racor = +#0.(8947 X 10~

FIGURE 10.—Computation of coordinates, traverse no. 1B—Continued.
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OTPARTUDNT OF COMMERTR

T PLLANE COORDINATES
patum _North _American. {927 .. Pojetion .. Transverse [Mercator. . swte New . York. - west
.. 2 Coordinate . x Courdinats
Btation 5 ™ Asinth Mark Station 3 Coordinate Arimuth Mark
] Feat . > Feet . g
Chureh 762,3(4.89 139 724, 01687
/484, 28659 1,125,/08.59.
Farrel 72¢2,192.90)/83._19. 455\ Church. 140 773,35L27
1,182,27552 1,423,43395.
131 2%3,420.32 141 . 732,771.42
1,182,409.45 1,124, 86529
132, 764, 74908 2192 - 922,09424
1,184,210.89 1,129,266.83
133 76.6,9/0.03 HNearpipe '-772, Y4509
[,83,121.56 1,16:5,212.22
134 770, 643.0L Ridge. 172,27487] 356 35 476| Nearpipe
1,18,782.99 1,168, 82959
135 71542500
1,180,.510.63
36, 725,09/95
L,L78,54006 )
132 726,478.42
1,178,623.95.
A3 ] 725,964.02

1 122,099.1L

LT

FIGURE 11.—List of plane coordinates,
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TRAVERSE COMPUTATION ON THE MERCATOR GRID 57
COMPUTATION OF TRAVERSE NO. 3A, FLOWER TO RIVER

This traverse lies north of the city extending approximately in a
northward direction from station Flower to River. For a sketch of
the traverse see figure 5.

Computation of grid azimuths for control
FLOWER TO BONESTEEL

z v
Bomesteel .o .. ieiaeceeeee- 748,364.74 | 1,168, 55177
Flower_ . il 750, 546.48 | 1,168, 164. 51
ATANd AY. oo —-2,181.72 +387. 26
log Az =3.3387990
log Ay =2.5880026
log tan «  =0.7507964
= 79°56'05''.0
grld azimuth=100°03'55'.0
RIVER TO STUTSON
T v

756,497.25 | 1,188, 570. 46
758,552.37 | 1,185, 553.01

—2,055.12 +1,017. 45

log AT —3.3128372
log Ay =3.0075130

log tan « =0.3053242

= 63°39'39"".2
grld azimuth= 116°20’20” 8

List of angles

Station From station— To station— Angle

L ’ ”
196 10 50.6
65 51 02.9
177 42 38.8
149 31 32.5
241 52 39.6
Wedgewood.___.._________.__ 180 05 00.3
Wedgewood- -eooeomomeoenoo West Parkway. . 160 32 21.7
West Parkway 164 50 33.9
Benn C._ oo 184 03 04.4
Britton A__ o eeaaas 283 15 20.2
Tiernan.. 93 19 19.2
Lake A 192 53 30.8
Lake B 189 23 29.2
Stutson 76 44 47.5
River___ Stutson 180 00 00.0




58 U. 8. COAST AND GEODETIC BURVEY

Computation of grid azimuths

Preliminary Corrected

Stations azimuth and ggﬁ:;&%' azimuth

angle and angle

-] r ” r” ’ "
Flower to Bomesteel - . oo acacaooaas 100 03 55.0 ] _.ceeeeo-_. 85.0
Z Bonesteel to Flower A 196 10 50.6 +1.0 516
Flower to Flower A 296 14 45.8 | ceeeooao-. 46.6
Flower A to Flower 116 14 456 |...-coo-.... 48.6
ZFlower to Merrill. .. ... .. ___ 65 51 02.9 +10 3.9
Flower A to Merrill 182 05 48.5 ... 50.5
Merrill to Flower A 2 05 48.5 | __.._.._... 50.5
ZFlower A to Cemetery. | 177 42 38.8 +1.0 30.8
Merrfll to Cemetery - -veeerom e oe et ccccmsrcececaaea- 179 48 203 | .._.. 30.3
Cemetery to Merrill 359 48 2237 ... -30.3
ZMerrill to Benn A 149 31325 +1.0 33.8
Cemetery to Benn A 149 19 5.8 | . coenno. 20 (3.8
Benn A to Cemetery. .. o oo ieceeeas 320 190 59.8 [ . ooooo... 20 03.8
Z Cemetery to Beon B 241 52 30.6 +1.1 40.7
Benn AtoBenn B. ..o aaa. 211 12 39.4 ... 4“.5
Benn BtoBenn A meiamas 31 12 39.4 ... ._..... 4.5
£Benn A to Wedgewood 180 05 00.3 +1.0 0L3
Benn B to Wedgewood oo 211 17 39.7 |ooooeeaaC 45.8
Wedgewood to Benn B ... ... 31 17 39.7 |eoiamaes 45.8
£Benn B to West Parkway_ ..___.._..__...__..__.. 160 32 21.7 +1.0 22.7
Wedgewood to West Parkway. 191 50 0L 4| . ........ 08.3
West Parkway to Wedgewood ... ... . . ... 11 60 O0l.4 |.oooeoo . 08.5
£ Wedgewood to Benn C 164 50 33.9 +1.0 34.9
West Parkway to Beon C 176 40 35.3 ... 43.4
Benn C to West PAIRWAY oo oo ooooiooemiemciemeees 356 40 35.3|...._...._. 43.4
ZWest Parkway to Britton A 184 0.4 +1.0 05. 4
Benn C to Britton A 180 3.7 o 48.8
Britton A to Benn C 0 43 30.7 ... 48.8
ZBenn C to Tiernan 283 15 20.2 411 21.3
Britton A to Tiernan 283 68 59.9 |- oeoo.... 59 10.1
Tiernan to Britton A 103 58 59.9 | . ....... 59 10.1
Z Britton A to Lake A 93 19 19.2 +L0 20.2
Tiernan to Lake A .o oo imiiamaas 197 18 19.1 |._..___.____ 30.3
Lake A to Ternan. . ... e 17 18 19.1 ] ..o .._. 30.3
£ Tiernan to Lake B 192 53 30.8 +1.0 3L 8
Lake A to Lake B..eeu oo cm—emae 210 11 49.9 | ... 12 021
Lake Bto Lake A ..o oo iiiimciaoo. 30 11 49.9 | . ________ 12 021
ZLake A to Stutson X 189 23 29.2 +1.0 30.2
Lake B to Stutson X . .o i 219 36 19 1) __.cooo___. 32.3
Stutson X to Lake B .. 39 35 19.1 | ... 32.3
ZLake B to River.__. 78 44 47.5 +1.0 48.5
Btutson X t0 RiVer. ..o oo 116 20 06.6 [--_.oo..o._. 20.8
River to Stutson X ..o i 206 20 06.6 ) ......... 2.8
ZStutson X to Stutson. 180 00 00.0 +0.0 00.0
River to Btutson . coucenem e iciacans 116 20 06.6 [..coocoooooo 20.8

Fixed azimuth.eeee ... 116 20 20.8
DisCrepaney ..o oo emeeeece——-e —14.2




TRAVERSE COMPUTATION ON THE MERCATOR GRID 59

Reduction of lengths
[Average elevation=387 feet. Elevation factor=0.99908150}

Taped QGeodetic Grid Qrid
Bectlon length length factor length

Feet Feet Feet
Flower-Flower A ... oo 1,362. 108 1, 362. 083 1. 0000095 1, 362. 096
Flower A-Merrill_ - 1, 567. 461 1, 567. 432 1. 0000099 1, 567. 448
Merrill-Cemetery. - 2, 858, 392 2, 858. 339 1. 0000099 2, 858. 367
Cemetery-Benn A ___ . . ... . ... _______ 768, 218 768. 204 1. 0000098 768.212
1, 940. 783 1,940. 727 1. 0000101 1, 040, 747
........... 2, 665. 248 2, 665. 199 1. 0000108 2, 685. 228
. 1,208. 123 1, 206. 101 1, 0000112 1,208. 115
- 1, 568. 698 1, 568. 669 1. 0000113 1, 566. 687
- 1,278. 231 1, 278. 207 1. 0000113 1, 278, 221
- 1, 642. 870 1, 642. 940 1. 0000117 1, 642, 959
. 1, 533. 181 1, 533. 153 1. 0000123 1, 533. 172
- 1, 901. 613 1, 891. 676 1. 0000128 1, 991. 601
- 2,674. 814 2,674. 765 1, 0000136 2, 674. 801
............................... 215. 314 215, 310 1. 0000140 215. 313

Mean latitude=43°13’
Use same R, as for traverse no. 1B—TFarrel to Ridge.

20,921,300

Elevation factor=



Traverse ‘line No.

COMPUTATION OF COORDINATES

State _New York - West County Monroe Initig)l Station Flower
Year __1934 Month January - March Closing Station River
Station Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
Log. sin Az
o t 0g. Dep.
Flower 2.77985633 -602,3%6 1,168,164.51] 750 sus 4s
9.6456%4862 hid
1362.096 Ba13420771 1,167,562.15 51,768.13%
Q. 982744 TS 40,04 +0.07
Flower Al 206 ]4 16,6 | 1,362 3,08695245 +1221.67 1,167,562, 19[ 7531 784, 20
_3,1949021] - $1566.40
9.99970894 .
1567448 5,19519315 1,169,128, 55| 751,825,459
8.86345358 +0.09 $+0,15
Meprprill 1182 085 50,8 2,930 1, 75864673 +57.36 1,169 128 641 (B1 80, 6k
: 3,456118586 +D858 .35
9.,99999757
2858,367 3,45631.1799 1,171,986.90 1,815.93
T7.52423419 +0.19 $0,29
Cemeteryl 179 48 30.% 5,788 0,980%5218 =9,56 2171, 987.00] 781,816,020
2.82005960 +660,78
9.9345785)
768.212 2.88548109 1,172,647.68] (51, ,42%.12
9.70Q759295 2| 10,33
Benn A 1149 20 03.8 6,556 2,5930740% =-391.81 1,172,647.89] 751 . 4o% 1R
3.22006326 +1659,.83 .
9,93209434
1940, 747 %,28796892 1,174, 307.51] 752,120, g
9.,71450708 40, +0,H3
Benn B 211 12 44.5 8,497 3,00247600 +1005,.72 1,174,307.7 2,420, 27

FIGURE 12.—Computation of coordinates, traverse no, 3A.
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COMPUTATION OF COORDINATES

Traverece line No.__3A
8tate - County __Monroe Initlal Station Flower .
Year 1934 Month January - Manrch Closing Station River
Station Azimuth arid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
Log. sin Az ‘
o Tog. Dep.
Benn B 3.35T4h368 +2277.42 SLT4,307.5) | 752 Uog &l
993170932 L174,307,78 1 752,430, 27
2665,228 3. 45573436 1,176,584.93 752 g1l 3o
Q,718555235 40.36 " +0.57
Wa , Wood 211 17 45.8 11,162 3,141286771 +1384 .48 0,176 ,885,29 [ 7R3, 814,49
3,.07205597 +1180.47
4.9906A725
1206.115 3,08138872 },177,765.40 754, 061.70
9.31197801 40,40 +0.63
¥.Parkl 191 S0 Q8.5 12,348 2. .3Q932ART3 $247,.38 A7, 765,801 7h0 062,33
32,.19425217 21564.06
9.99926993
1566.687 3.19498224 1.179329. .46 ]753,970,93
8.76293932 40,45 $+0.71
Bepn C| 176 40 43.4 113,935 1.95792186 =90.77 1,179 329 53,0716k
3.10657068 $1278,12
9.99996473
1078,.221 3,106605395 1 180 607.88) 153,987,222
8.10532065 T 20,49 +0.77
BrittonA 180 43 A8 8 118 213 1.21192RK0 - $16.29 180,608 . 153,.987,99
- 2,59888029 -397,08
9,38325356
1642,959 3.21562673 h 180, 210.50] 755.581.4 7
9.98693030 d 20 54 $0.55
M ernan 283 59 10.1 16 856 320255703 11594 .25 h'180 211041 755,582,232

FIGURE 12.—Computation of coordinates, traverse no. 3A—Continued.

arad Y9OLVOYEN HHL NO NOILVIAJWOD HSHIAVAL
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Traverse line No.

COMPUTATION OF COORDINATES

State _New York - West County Monros _ Initlal StationE
Year _ 1934 Month _January - March Closing Station River
Station Azimuth Grid Log. Lat. Latltude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y X
Feet Log. dist. Feet Feet
Log. s8in Az
o 1 0 Tog. Dep.
ernan 3.16546558 +1463.75 1,180,210.50] 755.581.47
T 9.97987470 1,180,211.0%] 755, R82, 25
1533.172 3.18559088 1.181,674.23, 786,037, 861,
9 47350905 _ . +0,93
Lake A (18 30,3 118,389 2,65909993 +456,14 1,181 674 84 756,028, Rl
3,23585162 $1721,28
] 9.93664928_
1991.601 3.29920234 1,183 395 7,039, Ul
9.70159280 . . 0.5 103
Lake B[ 210 12 02,1 20,381 2,.00079814 +1007 .83 1,183 396.19] 757, OHC, 47
3.%1411982 $2061 .20
9,886828%5
2674.801 3.42729147 1,185, 456,73 158, 744,15
: 9.80435789 © v +1.1
Stutaan. X[ 219 35 22.3% 23 _NKA 3,23164936 +1704,.71 11 3885 457, 32
j . 1.980143%08 495.53
9.6470728%
215.313 2.33307025% 1,185,552,268
Q.9R233708. +0.78 +1.18
TRiver 116 20 20,8 23,272 2., 20280735 =192,96 1,185,553,01 78& £RS 27
1,185,553.01l 758,552, 37
Disérepancy =0. -1.18
j -
X Factor =+ 5,07069 X N0~
y Factor =iy 3,20290 ¥ 130=2

TFIGURE 12.—Computation cf coordinates, traverse no, 3A—Continued.
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Traverse line No.

COMPUTATION OF COORDINATES

3A
es County __Monroe

o YOLVOYHIW FHL NO NOILVLAJWOD HESHFEAVEL

8tate New York - Initial Station _ Flower
Yeaxr _1934 Month __ January - March Closing Station _ River
Btation Azimuth Grid KSR. Lat. Latitude Departure Grid Coordinates
Plane Distance X3%. cos Az Feet Feet y x
Feet E85%. dist. Feet Feet
gg%. sin Az
o 1t ® . Dep.
Flower =602, 36 1,168,164.51] 750 _ghg Us
0.44223042 ' .
1362.096 1,167,562.14 751,768.13
0,89690148 +0,04 +0.07
Fl6Wer A | 206 1% £6,6 1,363 $1223 .67 131,367,862.10] 781,768, 20
+1566,40
0.,99933008
1567448 1,169,128,55 751,825, 49
0.03659768 +Q.09 +0,15
MerrITl 182 05 50,5 [2,93%0 257 38 1,169,128,64 781 Zo5, AL
+2858.35
0.99999441
2B58.367 1,171,986,90f 751.815.93
0.00334376 40.1& gg.ag
Ceqmetervy [ 179 48 30,3 5,788 -9.50 T, I71,987.09 7871 816,22
+0060.70
0.86015855
768.212 1,172,647.64 751,404,112
0,510026T4 +0. 21 +0, 3%
Benfi A 149 20 0% A 68,558 —391.8L T,172,647.89 751 Bol L&
5 5 +1659.83
Q,855252 .
1940,747 1,174, 307.51 752,429,84
0.51821154 40,2 $0,.43
Benn B 211 12 44,5 8,497 +10085,72 1.174,307.78 752.430,27
FIGURE 12.—Computation of coordinates, traverse no, 3A—Continued.
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COMPUTATION OF COORDINATES

Traverse line No. 3A
State New York - Wes County _Monroe Initial Station _Flower
Year 1934 Month _January - March Closing Station. River
8tation Azimuth Grid . Lat. Latitude Departure Grid Coordinates
Plane Distance B¥Z. cos Az Feet Feet y X
Feet Bax. dist. Feet Feet
. 8in Az
o v " % Dep.
Benn B _ 42277 .42 1,174,307,51 ] 752,429.84
0.85449459 1,174,307.781 752.:0430,27
665.228 ,176,584,93 53,814,732
_0.51946029 $0,36 +0.67
W, Woold 1517 37 45.8 [ 11,167 138458 1 176,585, 753 814,85
1180,47
0. 97873680
1206.115 i L LTT, 7657 75k 06170
0.20510583 30,40 _$0.63
Ww._Park 191 50 08,5 | 12 348 1257 . 38 1. 177, 765,80 002 23
+1564.,06 -
0,99832037
566,687 1,179,329.46 52,970, 93
0,05793477 40,45 +0, 71
Benn G 1768 40 43 4 13938 230,77 1 179 %29 911 753,971 64
. +1278.12 _
0.99991878
278221 1.180 607.88] 753,987, 22
0. 010 ThbLh " T a0 +0, 77
Britton 180 4% 48,8 135.21% — 416,29 1,180,6087 752,987, 09
-397.08
0,24168715
1642,959 1,180,210.50! 755,58, L7
0.97035402 $0, +Q, 85
Tiernan 283 59 10.T 16,856 +1594.25 1,180,211.04 75R,682, 322

FIGURE 12.—Computation of coordinates, traverse no. 3A—Continued.
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Traverse line No.

COMPUTATION OF COORDINATES

State New York - WeeE County __ Monroe Initial Station _Flower
Year _1934 Month January - March Closing Station _River
Btation Azimuth Grid . Lat. Latitude Departure Grid Coordinates
Plane Distance Xag. cos Az Feet Feet y x
Feet kag. dist. Feet Feet
. 8in Az
ot [] —TDep.
Tiernan +1463.75 1,180,210.50] 765 g2y L7
0,954T1T1Y 1,180,211.04] /6% Eg» 25
1533.172 1,181,674,25] 7R6 037./1
0.29751513 40,59 40,93
Lake K 197 18 30,3 18,389 +456,.14 1,181,674.841 784 ozg £t
+1721.28
0.86426968
1991,601 1,183,395.53] 757,039, b4
0.50302875 40,66 +1.05
Lake B 210 12 02.1 20,581 $1001 8% 1,183,396, 09l 757, 040, U7
22061.20
0.77059883
2674.801 1,185, 456. z] 798, 74Kk.19
0.637352051 4 $1.17
StutsonX 519 =5 =55 23,056 +1704.71 1,188, 457.& 154 145 k1)
+95.53
0. 44368304
215,313 1,185,552.26] 788,551.19_
0.89618377 40,75 $1.18
flver 116 20 20.8 23,271 -193.56 1,185,553.01 8
1,185,553,0 758,552 . 37
Discrepancy - -0.7 -1.18
x Factor = |+ 5.07049 X [10™~
y Factor = |+ 3.22290 x]10-2

F1GURE 12.—Computation of coordinates, traverse no. 3A—Continued.
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DEPARTMINY OF COMMERCE
G5 COAST M SEOBETIC GRVEY
Porm No. 00

Datum LN orth Americen. (927

PLANE COORDINATES

Projection _Transverse._[ercalor......

.. State /\/8:/ %"é ke M/Csé

= Coordinate x Coordinste
Station 3 Coardioata Arimuth Mark Statlon ¥ Coordinate Azimyth Mark
Loct . . Pect g ’ 4
Bonesteed...... A 748,.384.24, Britlon A 753,982.92
1,168,551.72 1,/80,608.07
Flawer. 750,546.4%.).100._03._ 550\ Bonesteel. 1T1ernan 75558232
1,168, 16451 1,180,294
Flower. A. 154.768.20...... lLake A 756,038.54
1,162, 562.49 {181, 674.84
Merrill ISLB2E6H Lake B, 757,040.47
1,169, /28.64. 1,483,394.49.
Cemeler, . TS B6.22 Stutsen X 758,745
1,121,982.09 [,185,45747
Benn A. 751 424 4s. Stutson 756,492.2.5]
(,L72,.64789. 1,186,570.46
Benn B . 75243027, RLver. "7.53 $52,370_116__20..208| Stetsen
1,174, 30778 4,188,553.Q1
MWedgewood...........). T53,8(4.89
1,176,585.29.
Mest Lrrbway........| . 154,062.33
4,127 7580 o
Benrn C 153,97/.64.
1,129,329.9/

FIGURE 13.—List of plane coordinates.

= 5 Vavianatst pution srraaconte
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TRAVERSE COMPUTATION ON THE MERCATOR GRID 67
COMPUTATION OF TRAVERSE NO. 24, 303 TO BOULEVARD

This traverse lies north of traverse no. 3 and it starts from station
303 of that traverse. This combined work could have been computed
in a different way if so desired. We could have computed from
Rosalind to 303, from Mount Read north base to 303, and from Boule-
vard to 303; and then held fixed a weighted mean at 303. However,
the results of the computations as made are eminently satisfactory as
can be seen from the closures that resulted. On this traverse two con-
nections were made to Geological Survey points. These are shown on
the sketch shown in figure 5.

Computation of grid azimuths for control

303 TO 304
z v
304 e e emac e emdmimememaans 727,010.62 | 1,160, 805.95
1 oS 726,883.36 | 1,162, 342.03
AT B AP oo a e mmmann +127.26 —1,536.08
- log Az =2.1046919
log Ay =3.1864138
log tan « ~ =8.9182781-10
a = 4°44’09''.5
grid azimuth=355°15'50"".5
BOULEVARD TO WHELEHAN
z y
25 T T 2,246,182.87 | 1,184,385.73
Boulevard. - e memceem e 2,246,134.40 | 1,186, 591.88
AT BN AP oo e e +48.47 —2,206.15
log Az =1.6854730
log Ay =3.3436350
log tan «  =8.3413380-10
a = 1°15’317.0
grid azimuth=2358°44'29".0
List of angles
Station stftrigrxlll—— 'st.a"‘.li‘:n— Angle Station stgi%!:— staggn— Angle

...| Boulevard _

220A .. ... 3
Boulevard_| ‘Whelehan_ | 270 18 46




68

U. 8. COAST AND GEODETIC SURVEY

Computation of grid azimuths

Cor- | Cor ; Cor- | Cor
Preliminary rection rected Preliminary rection rected
Stations azimuth and for azimuth Stations azimuth and fm.o azimuth
sngle closure ;E;Iie angle closure at:)ngtile
o ’ ” ”n r ” ”
50. 5 50.5 || 222E to 222F_.____ 30.8
03.6 01,3 [| £222F to 222D. 07.8
54.1 51.8 || 222E to 222D 38.6
303A t0303_.._____ 260 50 54.1 | . ___ 51.8 38.6
£303t0303B______ 178 39 42.8 | -2.3 40.5 46.5
303A to 303B...... 88 30 36.9 | _..... 32.3 25.1
303B to 303A_..._. 268 30 36.9 ... 32.3 25.1
£303A t0303C___.| 191 35 27.2| —2.3 24.9 02.5
303B to 303C...._. 100 06 04.1)._____. 05 57.2 | 222C to 222B.._... 27.6
303C t0303B_._.__ 280 06 O04.1 (.. ____ 05 57.2 |} 222B to 222C..___. 27.8
Z303B to303G.___| 211 41 48.6{ —2.3 46.3 || £222C t0 222A._.. 46.0
303C to 303G ._.___. 131 47 52.7 |..__._. 43.5 || 222B to 222A...... 13.6
303G to 303C__.__. 311 47 62.7 |._..... 43.5 (| 222A to 222B...__. 13.8
Z£303C to303H.__.[ 228 04 56.4 | —2.3 5.1 £222Bt0222AA.__ 18.7
303G to 303H_____. 179 52 49.1|..___.. 37.6 (| 222A to 222AA___. 32.3
303H to 303G 37.6 1| 222AA to222A . ___ 32.3
20.3 || £222A to222...__. 55.7
06.9 || 222AA to222._.___ 28.0
06.9 || 222t0222AA__.__.| 91 42 11.6 {-.___.. 41 28.0
16.4 || £222AA t0221_ —-2.3 50.2
23.3)1222t0221________| 270 15 O04.1 |.._____ 14 18.2
2331 221t0222__________ 90 15 04.1 [.____._ 14 18.2
58.3 || £222t0220B____._. 179 18 42.5| —2.3 40.2
........ 21.6 || 221t0220B.__.....} 269 33 46.6 |...__._| 32 584
204A t0 204 __._. 21.6 {1 220Bto221.____.__ 89 33 46.6 |.____.. 32 58.4
24.4 || £221 to 220A._____ 180 14 42.4 | —2.3 40.1
204A to 2048 46.0 || 220B to 220A .. ... 269 48 29.0 |._..... 47 38.5
204B to 204A__._._ 3 46.0 || 220A to 220B.___..
L204A to205 Rd_.] 180 06 49.5| —2.3 47.2 1| £220B to Boule-
204Bto205Rd_...} 180 49 56.2 |...._.. 33.2 vard. ...
220A to Boule-
206 Rdto204B___.| 0 49 56.2 |.._____ 33.2 Vard..ooooeae.oC
£204B t0 206__ ... 20 53.31 —2.3 51.0
10 49.5 | ___.__ 24.2 || Boulevard to 220A.
£220A to Whele-
10 49.5 _______ 24.2 han.. ...
17 01.9 | —2.3 116 59.6 || Boulevard to Whe-
27 b5L4|...._.. 23.8 lehan._...______.
Fixed azimuth.
222F to 206.. 27 6L40 ... 23.8 Discrepancy. .
£206 to 222E__ 55 09.2| —2.2 07.0
222F to 222E 23 00.6 22 30.8




TRAVERSE COMPUTATION ON THE MERCATOR GRID 69

Reduction of lengths

[Average elevation=491 feet. Elevation factor =0.99997653)

Section il;;gteg C‘;zgg:gc Grid factor | Grid length
Feet Feet Feet

973. 295 973. 272 0. 9999961 973. 268
1, 637. 085 1, 637. 047 . 9999954 1, 637. 039
1,0186. 146 1,016. 122 . 9999947 1,016. 117
2, 670. 145 2, 670. 082 . 9999939 2, 670. 066
3, 205. 132 3, 205. 057 . 9999934 3, 205. 036

835.075 835. 055 . 9009935 835. 050
1, 520. 021 1, 519. 985 . 9999935 1, 519. 975
1, 009. 006 1, 008. 982 .. 9999935 1,008. 975

[Average elevation=402 feet. Elevation factor=0.99998078]

2,517.751 2, 517.703 0. 9999935 2, 517. 687
, 884. 644 2, 884. 589 . 9999936 2,884, 571
2,454. 543 2, 454. 496 9999036 2, 454. 480
1,051. 108 1,051, 086 9099936 1,051, 079
3, 144, 363, 3,144. 303 9999937 3,144,283
002. 3,002. 531 . 9990937 3,002, 512
1,171. 307 1,171. 284 . 9099939 1,171,277
4,133, 628 4,133, 549 . 9999052 4,133. 529
2, 603. 782 2, 603. 732 . 9999970 2, 603. 724
2,021. 577 2,021. 638 . 9909982 2,021, 534
2,016, 349 2,018. 310 . 9999902 2,016. 308
3,202. 630 3, 202. 568 1.0000006 3, 202. 570
4,308. 940 4,308, 857 1. 0000026 4,308. 868
2,808, 288 2, 808, 234 1. 0000045 2, 808. 247
220A-Boulevard___. 2, 664. 699 2, 564. 650 1.0000058 2, 564. 685

Mean latitude=43°13’

log 4 = 8.5090363—10 log constant =5.8304093
log B = 8.5106053—10 log A—;—log B=8.5098208—10
log A+log B=17.0196416—20
log A42-10g B_ 8.5098208 — 10 log R, =7.3205885
R, =20,921,300
; _20,021,300_
Elevation factor 303 to 204A =30,021,701 =0.99997653
Elevation factor 204A to Boulevard = 20921300 _ 4 49908078

20,921,702



COMPUTATION OF COCRDINATES

Traverse line No._ 2A
State New York (West) County __Monroe Initlal Station __303
Year _ 1934 Month January - March Glosing Station _Boulevarad
Station Azimuth Grid Log. lLat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
o " Log. sin Az
Log. Dep. .
303 41274572 =2.59 1,162,342.03] 706 AR3. 34
42451327 _
973,268 2.98823245 1,162,539.44] 725,910,110
9.99999847 ~-0,01 =0.01
~203A 189 ®0 81,8 | 973 2,98823092 =97%,26 1,162,359.531 755,010,009
1.6293731) =42 ,60
B.A15%1408
1637.0%9 [ _3.21405903 1,162,296.84] 70k p73 60
9.99985293 -0.02 -0.04
303B 188 30 32,3 2.610 2.21391198 =16%6,48 1,162,296,.82 704 _573 B&
2.25085781 +178.18
9.24392409
1016.117 3.00694372 1,162, 475,02 723,273.25
Q.99%321817 -0 .03 -0.06
303C 000 08 87,2 3,626 3.00016189 1000.37 11,162 .47 723, 272,19
3.25030445 +1779.5%
9.82378245
2670.066 | 3,42652200 1,164,054 221,282 £
1T 47 %55 | §.296 RIS 1990.6 TR R
. . 2989 =1990.681 11
3.5058319) +3205,03%
9,99999900
3205.036 | =,5058329] 1,167,459.58 721,275 77
153138938 _ =0 =015
303H|179 B2 *7,6] 9,502 0,83722229 =6,87 1,167,459,.8) 721.275,62

FIGURE 14,—Computation of coordinates, traverse no, 2A.
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COMPUTATION OF COORDINATES

Traverse 1§pe N?Wg%tT‘”"__
gtate New York (We County Monroe Initial Statlon _ 303
Year __19%4 Month _January - March Closing Station _Boulevard
Btation Azlmuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
Log. sin Az
o ' Tog. Dep.
J05H 2.92110948 +833.89 1,167,459.58] 721,275.71
9.,99939700 1,167,489.681 721,275.62
835.050 2,92171248 1,168,293.47] 721,319.74
8.72147962 -0,08 -0,16
203 183 0] 06,91 10,337 1,64319210 +43.97 1. 168.293,.39] 721, 319,58
3.18172288 +1519,.68
9.99988644
1519.975  [3,18183644 1,169,813.05 721,284,99
8,35917527 -0.09 -0,18
04 1178 #4123 .21 131 8587 1. 541011 7] =34.75 1 169 812, 721,284 21
_ 3.00372023 41008 .60
.99983987%
1008.975  [3.00388040 1,170,821.65 721,312.39
8.43383358 =0.10 =020
_204A 1181 %3 21,61 12,866 1.437713%98 227,40 117082155 771 312,19
3,40096813 _ 42517, 49
9.99996639
2517.687 . 1 3.401001 74 1,173,339.24 721 243 71
8.094825032 0.1 -0, 24
2048 1180 42 46,01 15,383 1.49582906 $31,32 1.173,339.0% 721,383 17
3.46003611 +2884,27
9.99995488
2884,571 | 3,46008123 1,176,223 4] 721,385, 29
8.15878%95 =0, =0 28
205R4 | 280 49 33 .2( 18,268 1.61886%18 $41,58 1,176,22%.27 721,385,01

FI6UBE 14.—Computation of coordinates, traverse no, 2A—Continued.
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Traveree line No._2A
_New York (West)

State

COMPUTATION OF COORDINATES

County _Monroe

Initial Station __303

Yesr _ 1934 Month _Japuary - March Closing Station _ Boulevard
Station Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
Log. sln Az
) [ n Log. Dep.
205R4 3,38986842 $2453,97 1,176,223.411 721 288 29
i 9.99990892 1,176,223%,27 21,3
2454 480 3.38995950 1,178,677.38] 721 B3R, 56
8.31128898 -0,15 -0.32
206 1181 10 24 21 20.722 1.70104848 450,26 1,178 677.23] 701 L35, o%
2 02123605 +1050.11
§.99960069
_1051.079 | 3.02163536 1,179,727.49] 721 480.60
8.63208070 -0.16] -0.
p00F | 1B2 27 2% . 8] 21 773 1. 68371606 +45,08 1.,179,727.3% 2 Q.27
3.49739652 +3143,.38
9.999R87489
344,283 |3, 49750163 1,182,870.870 721,55€,06
8.38020855 =0.18 =0.38
220E 13181 22 30.8] 24 918 1.87773018 27546 1,182 870./al 721 _&ER RA
2. 47737398 +3001.75
9.99988922 :
3002.512 |3 47748476 1,185 872 64 721,623%,.87
8.35379337 i __ 0.2 =0 U3
222D 1181 17 38,61 27,920 1.83127813 +67.81- 1,185, 872.4 721,623 Li
2,90346780 4+800,70
9.83480818
1171.277 %.06865962 1,186 673.33 722, 478,72
9,86%23233 —0._24 -0,15
222C | 226 52 25.1] 29,091 2.93189195 2854 85 1.186.673.1 722, U748 27

F1GURE 14.—Computation of coordinates, traverse no. 2A —Continued.
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Traverse line No.
State _New York (

COMPUTATION OF COORDINATES

2A
County __Monroe

West

Initial Station __303

Year _1934 Month _ January - March Closing Station _Roulevard
Station Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y X
Feet Log. dist. Feet Feet
Log. sin Az
o t Tog. Dep.
2220 1.82400813 =66.68 1,186,673.32] 700 L7d 72
8,20768714 1,186,673.,10] 722,478, 27
4133,529 [3,61632099 1,186,606.640 726,611.71
9.99994348 =0,25 -0,51
2008 | 270 €8 274 3% 22§ =, 61626447 +41%2,99 1,186,.606,39| 724.611,20
1.66623871 =46,37 -
B8.25064377
2603.724 3,416550494 1,186,560.27] 722,215,02
9,99993%112 -0,26 -0.585
222A 1271 01 13.6 25,829 3,415826060 2260% .31 1186 . 86001 709,214,047
0.90097118 =7.96
7.59529013%
2021.534 |3.30568105 1,186,552.21] 731.236.54
Q,99999A63% =0:28 -0.58
200aAl 270 13 32,3 37,850 3, I0RRT7ZER 42021 52 1 186 652,03 721 23R QR
1,77454332 ~59,.50 . C
8.46998645
2016.308_ | 3.%0455687 1,186,&92,81_;L13+251ﬁ%%_____
9.99981080 =02 =0.
222 o271 41 28.0 39,867 3 30436767 $2015.4% 1,186,492 73%, 251,38
1,12466071 -13,.3%2
7.61916208
3202,570 [3.50549863 1,186 u79 _sgl 736 U5k o1
9,99999624 =0.32 0,86
221 1270 14 18,2 43,069 %, 50549487 $3202 .54 1,186 479 736,45%,85

FIGURE 14.—Computation of coordinates, traverse no. 2A-—Continued.
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Traverse line No, 2A

State New York (West) County Monroe

Year

1934

COMPUTATION OF COORDINATES

Initial Station _303

Month _January - March Closing Station Boulevard

E%etion

Azimuth Grid Log. Lat. Latlitude Departure Grid Coordinates
Plane Distance Log. cos Az Feet Feet y x
Feet Log. dist. Feet Feet
o 1 n Log. sin Az
Log. Dep.
221 1.52987730 +33.87 1;}§§,479'49 736 Lel &3
7.89551411 1,186,479.17| 736,453, 8%
4308 868 3,63436319 1,186,513.36] [40,763.28%
9.99998658 -0.%5 -0.73
220B | 969 32 "8 4 147 378 363434977 24308 73 11,186,613,01] 700,762, %)
1,004120%0 £10.10 -
T.55568409
2808 . 247 2. 5484357] 1,186 52%.46] 743 571 .47
9.99999719 0,37 -0,7
220A 1269 47 38,5 150,186 3, 44843080 32808, 2% N1 186 523 .09l 703 570,70
1.83767T101 +68.81
8.42864037
2564,665 3.40903064 1,186,592.27] 7%6,135.21
9.99984362 =0.39 -0,81
Blvd, 1268 27 45.0 52,151 2,40887426 +2563,. T4 1,186 591 881 746,134, 40
i LL86,501.881 746 134 Lo
Discrepancy 40.39 +0,8)
K Factlor w —1,535502 X 10-5_
Y Factior = -0.7393P X 1077

FIGURE 14.—Computation of coordinates, traverse no. 2A—Continued.
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Traverse line No.

COMPUTATION OF COORDINATES

State New York (West County Monroe Initlel Statilon 303
Year 1934 Month _Jgnuary - March Closing Station Boulevard
Btation Azimuth Grid Xag. Lat. Latitude Departure Grid Coordinates
Plane Distance kag. cos Az Feet Feet y x
Feet Xag. dist. Feet Feet
‘ ggg. sin Az
) ' " . Dep.
303 =2.59 1,162,342.03 706 253 38
0.00265775 725,916.10
97%.268 5 9999964147. 1:152»333-0 ~0 01
. -0,01}
0K B9 50 518 [ 973 Y PV N YL PS LIS SN
-42,.60
0.02602040
1637.0%9 1.162,29678d 704, 573 62
0.99966141 -0.0 -
3038 | 88 30 22,3 2,610 -1636.48 1,162,290, 2 .
+178.18
0.1753533%6
1016.117 1,162,475.04 723 273, 25
0,98450556 -0.0? T _P.086
203CJ100 08  S§7.2 3 626 1000 27 11,362, 474,609 723 273,19
+1779.53
0.66647284
2670,66 1,164,254 .59 721,282, 64
0,T4552931 =0.Q ~0.10
303¢ 1131 47 43,85 6,296 =1990,61 1,164, 254,50 721,282, 64
+3205.03
0,99999770
3205,036 1,167,459.58 721,275.77
0.,0021448] =0.07 =015
303HI179 52" 37.6 | 9,502 -6,87 1,167,459,51 721,275, .62

FIGURE 14.—Computation of coordi¥ates, traverse no. 2A—Continued.

Nore.—The grid distance shown in the third column should be 2670.066 instead of 2670.66.

qrgyd dOLVOYEAN THL NO NOILLVINIWOD HSHHAVUL

GL



COMPUTATION OF COORDINATES
Traverse line No.2 A

State New York (West) County fonroe Initial Station __303
Year _ 1934 Month January - March Closing Station _ Boulevard
8tation Azimuth Grid kaxg. Lat. Latltude Departure Grid Coordinates
Plane Distance KBX. cos Az Feet Feet Y x
Feet ksg. dlist. Feet Feet
k3x. ein Az
(4] (] L] BX. Dep.
303H +833.89 1,167,459.58] 707 o075 99
0.9986125), 1,16T,459.51] 701 578 k5
835.050 1.168.298Lo" 1;‘1;519.{?
0.05265985 -0. -0.
03 1183 O 06.9] 10,337 +43,97 1,168,293.39] 721,319, R&
+1519.58
0.99973855
1519,975 1,169,813,05] 721, 28, g9
0.02286522 -0,09 =0.18
204 178 _41 23,3 11,857 ~34,7T5H 1,169,812.960 701 28U 21
+1008.60
0.99963126
1008,.975 1,170,821.65[ 721,312,139
02715398 -0.10 -Q0.20
2048 1381 3% 21,61 12,866 +27 .40 1,170,821.55 771 212.1G
+2517,49
.99992262
2517,687 1,173,339.14 721, 243 71
0.02244000 _ -0.1 -0,24
204B-1 180 &2 "46.0] 15.38% $31.32 1, 17%,339,03 721,343 47
22884 .27
0.99989612
2884 ,571 1,176,223.4% 721 (385,29
0.01441 398 ' =0.1 =Q. 28
205Rd 180 49 33,2] 18,268 441,58 1,176,223%,21.721,3285,01

FIGure 14.—Computation of coordinates, traverse no. 2A—Continued.

9.

ATAUNS JILIAOED ANV ISVOD 'S ‘A



9 - vh - O SHLOZY

Traverse line No.2A

COMPUTATION OF COORDINATES

8tate County __Monroe Initlal Station _303
Year 1934 Month _ January - March Closing Station _Boulevard
Station Azimuth Grid kag. Lat. Latitude Departure Grid Coordinates
Plane Distance kag. cos Az Feet Feet y x
Feet kag. dist. Feet Feet
. 8in Az
' " Eﬁg. Dep.
e M RV T
0,999 3 p . 1, .
PAEL.AA0 N 178 677381 751 43565
0.02047807 =0.15% ~0,32
206 118] 10" 24,21 20,722 +b0.26 JA78,677.25] 721,438, 2%
+1050.11 :
0.99908097
1051.079 1,179,727.49] 721,440.60
0.04286282 - —
222F 1182 27 23,81 21,773 +45.U5 1,179, 727.3% 21 N
+314%,38
0,99971196
3144,283 1,182,870.87 721,556.06
0.02399988 = -
2228 1181 22 =0.8! o4 918 475.56 1,182, 721,855
43001 .75
0.,99974495 .
002,512 1.185 872 .64 721,623, 87
0.07758361 T T a1 =D, U3
222D 1181 17 =8.6 27.920 — +67,81 1.185.872.4 721,623, 44
+800,70 :
0.68360964
1171277 1,186,67 722, 474,72
0.72985763 =0.2 =0,25
222C 206 52 25.1] 29,001 $854,85 1.186.673.1d 722,478, 27

FI1GURE 14.—Computation of coordinates, traverse no. 2A—Continued.
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Traverse line No._2A
New York (West)

COMPUTATION OF COORDINATES

State County __Monroe Initial Station __303
Year 1934 Month January - March Cloeing Station _Boulevard
Station Azimuth Grid . Lat. Latltude Departure _Grid Coordinatesg
Plane Distance XX, cos Az Feet Feet y x
Feet xxx. dist. Feet Feet
o o+ 0 % sin Az
. Dep.
222C -66.68 ,186,673.32| 700 L7# 75
01613196 86,673,100 702 L8 57
413%3,529 : 1,186,606.641 755 £11. 71
999RK987 -0.25] " T o ey
2228 (270 58 27.6 33,225 +4132.99 ,186,006.39 | “ 756 611,50
) -840 57 i
0.01780918
2603,724 L,186,560.2T1 729.215.02
0.99984141 . =0.26 -0,55
222A {271 01 13,6 35,829 426073 .31 186 .560.Q1 1 729 214 07
~7.96
0.,00%93813%
2021.6534 h 186 552.311 731,236,584
0.99999224 T T20. -0, 58
_R22AAISTO 1% 32 % 27,850 $2021 .72 186,552,0%] 731 238 3K
=-59.50
0,00951117
_2016.308 186,492,811 732%3,251.97
0,99986445 =0.29 -0.61
222 [271 3] 2B.0 39,867 +5015.43 186,492, 50) 733,003 36
=1%,32
0,00416066
3202.570 186,479.49] 736 U5L, AY
0,99999135 ~0,3%2 -0,66
221 1270 14 18.2 43,069 +3202,54 186,479,171 736,453,858

FIGURE 14,—Computation of coordinates, traverse no. 2A—Continued.
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COMPUTATION OF COORDINATES

Traverse line No, 2A
State New York (¥est) County _Monroe Initlal Station 303
Year 1934 Month _ Japuary - March Closing Station Boulevard
Station Azimuth Grid keg. Lat. Latitude Departure Grid Coordinates
Plans Distance kRE. cO6 Az Feet Feet y x
Feet k. dist. Feet Feet
kRg. sin Az
] ' " %Rg. Dep.
221 +33.87 1,186,479.49 736,454.51
0,00786166 1,186,479.17 726 453 45
4308 868 1,186,513.34 730,763.2%
0.9999691.0 -0,35 -0.73
2208 269 30 BB.A 47,378 +4308.75 [1,186,513.01 740 76> &1
£10.10
0,00359489
2808.257 1,186,525.48 7437 571 U7
0.99999354 -0.31 " " "_n.77
220 269 47 =8.8] 50 1864 $2808,23 17 .186,523,0d 743 570,70
268,81
0.02683122
2564 .665 1,186,592.270 746,135,21
0.99963998 =0.3 -0,8)
Blvd.[ 268 27 45.0 52, TE1 $2563,74 1.186,591.84 78 13h
. 1,186,591.8 746, 134 Lo
Dishrepsncy 40,39 +0.81
x Factbr « -1,5355p X 1072
Y Factbr » -0.7393p X 10™°

FIGURE 14.—~Computation of coordinates, traverse no. 2A—Continued.
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COMPUTATION OF COORDINATES
County _ Monrge

Traverse line No.__2A
State New York - West

Initial Station __303.

Year 1934 Month January - March Closing Station _ Boulevara
Station Azimuth Grid . Lat. | Latltude Departure Grid_Coordinates
Plane Distance kog. cos Az Feet Feet y X
Feet kog. dist. Feet Feet
. 8in Az
Dep. ‘
205Rd +4.33 1,176,223.27] 721, 38501
0,0933331%
46,409 D ,176,227.60] 721,431,922
0.99563494
2051264 28 40,6 446,21
221 £12.13% 1,186, ,479,17] 734 Loz gr
0.95870302 - Y
12,6582 1,186,491,30] 736 457 Us
0.28440Q04
221R41196 31 24.7 +3.4/0
22174 247.2) 1,186,491.,30{ 736,457 15
0.99994425
47,212 T 186,538,51| 726,456,95
N 53
(28 s e ss a5 =050
222C #55.52 1,186,673.1Q] 725, 472 57
0,06815556
799,943 1,186 ,707.62] [21,6580.19
TTBEK 0.99767471
(v.576.5.1"93 =% 29.0 ~798.08

FIGURE 15.—Computation of coordinates connected to traverse no. 2A.
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PLANE COORDINATES

patum _North American 1927 Projection . [ransyerse. [ercator . stote Neow Vork - mhst
2 Coordinate 8 x Coordinste
Station. p n Astmutb Mark tation 7 Asimath Mark
Fod , . . . Fosd . 7
304, 727,010.62 2048 7R4,.34342
1,160,80595 1,/23,339.93
303 726,883.3¢.1.355...13.50.5] 304 204 Rd 921,385.01
1,1%2,342.93 1,12,223.21
303.4 725,9.40.09 206 121, 43523
1,062,33943 1,178,€72.23
T301.8 724.273.58 222.F " 121, 480,27
1,442,29682 1,179,722.33
303.C 723,223.19. 222 £ TR, 55568
1,4%2,474.99. £,.182,870.69.
303 G T2/,282:54 2220 72462344
L 164,2:59.50 LIRS BI2.ML
303 M. 12422562 22¢ “722,47827
£,162,459:51. 1,186,673.10.
23 724,.319.58. 2.8 726, L1120
1,168,293.39. 1,186, 60639
204 "924, 28481 222 A 729,214.41
1,1%9,812.94 1,186,.56.0.01
2044 724,.302.49. 22244 731, 23.5%.
1,120, 82455, 1,.186,.552.83

.

Fi1GURE 16.—List of plane coordinates.
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oF Cowummes
WA CMET ASS GAGITIC SWTTY
Porm No. o8

potum . North American. (327

PLANE COORDINATES
Projestion _tfﬂ’l}!ﬂﬂf.e__ézﬁ[ caltor

x Coordinate

Btation

7 Coordinate

Asimath

Stote. NEW York - West.

Biaticn

3 Coordinate

¥ Coordinate

Asimutd

Mark

222

Post

733,291.3¢6

Posl

1,486,492.52

22l

73¢,45385

A 18,4794

2208

740,762.5!

1,18%,513.0

L220A..

. 743,570.7¢
1,186,523.09

Mlheleban......|

746,182 .87

1,184,385.73

Boulevared...........]|.

746, 4345401 358 _4H. 290

Whelehan

1,186,591.88

208

1214,431.22

£,076,227.6.9.

[ 1,086, 53251,

736,456.35.

721,680.19

1,186,727.62

FIGURE 16,—List of plane coordinates—Continued.
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TRAVERSE COMPUTATION ON THE MERCATOR GRID 83

Computation of grid azimuth from coordinates

205Rd to 206
z 4
721,435.23 | 1,178,677.28
721,385.01 | 1,176,223.27
+50. 22 +2,453.96
log Az =1.7008767
log Ay =3,3898675
log tan « =8.3110092~10
= 1°10'20'’.6
grld azimuth=181°10'20"'.6
Station A"‘;‘,‘]‘;};“d
205Rd to 206 181 10 20.6
£206 t0 205 - . -l 83 28 200
205Rd to 205___. 264 38 40.8
221 to 220B
z v
221) : SO 740,762. 51 | 1,186,513.01
L5 S 736,453.85 | 1,186,479.17
AL AOA AY-eone oo e e m e mne +4, 308, 68 +33.84
log Az =3.6343423
log Ay =1.5294304
logtan a  =2.1049119
= 89°33'00"’.0
(,rld a.z1muth 269°33'00"’.0
Station A'i’ggg;and
221 to 220B 269 33 00.0
58 24.7
201 to 221RA. .- oo ll LTIl 196 31 24.7
ZARA 0221 oo ecemo e eeeenees 16 31 24.7
£221to TT 36K (U.8,G.8). ... . . 71T 162 52 17.4
221Rd to T'T 36K (U.8. G, 8. ... ____. 179 23 421




84 U. 8. COAST AND GEODETIC SURVEY

Computation of grid azimuth from coordinates—Continued

222C to 222B
z y
726,611.20 | 1, 186, 606.39
722,478.27 | 1,186, 673.10
+4,132.93 —66.71
log Az =3.6162580
log Ay =1.8241909
log tan « =1.7920671
89°04'31’7.0
grld azlmuth 270°55'29’.0
Station Azix;xg;};nnd
° ’ ”
222C to 222B 270 55 20.0
£222B to T'T 35K (U. 8 182 59 00.0
mCtoTT%K(USGS)- 93 54 20.0
[Elevation factor==0.90998078]
Section foaped | Goodelic | Grid factor [Grid length
Feet Feet Feet
222C-TT 35K (U. 8. G. B.) oo iiicciaaes 709, 799. 948 0. 6999939 769. 943
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FI1GURE 17.—Map of New York with grid system outline.

(See note on p. 86.)
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86

U. 8. COAST AND GEODETIC SURVEY

Transverse Mercator Projection for New York

Table I
Tabular Tabular
tat. Yy difference Lat. y difference
(teet) for 1 geo. (feet) for 1 sec.
of lat. of lat,
L4oe 00° 0 101.18267
(28 6,070.96 101.1828 4o 36! 8,56 63 101.1931
02 12,141.93% 101.1831 I 22k »637. 101.1935
[+ 18,212, 92 101.18350 8 230, 708 S} 101. 19a5
o 24 283 101.18 ; 9 236, 780.46 101.1941
05 30, 35/ 101.1841 242,852,111 101.1945
4o 06¢ 6,426,01 101.18433 Yoo U411 2u8,923. ZS 101.19#83
07 2.497.07 101.18467 42 254,995, 101.. 19501
08 48, 1568.15 101.18500 ﬁa 261,067, 17 101.1953
09 54 639,25 101,18533 267.135.39 101.1956
10 60,710.37 101.18550 45 273,210.63 101.19583
Joe 11t 66,781.50 101,1858 oo et 279,282, 2 101.1961
12 72,852.65 101.1861 47 285,35& g 101.1965
1 18,923.82 101.18650 43 291,425.9 101.1968
1 $995.0) 101.18683 49 297,497.75 101.1971
15 91,066,22 101.18700 50 303,569 58 101.1975
Joo 16' | 97,137. 101.1873 Joe 51 09,641.43 101.19703
1 103,208,638 101.1876 2 g ;1} .29 101.198
1 109,279.94 101,188 E 12 102.1983
19 11;,&51 .22 101.18817 327,85¢7. 7 101.1986
20 | 121,422.51 101.18850 55 333, 928 99 101.19883
4oo 211 | 127,493.82 101.1888 noe 56° 340,000.92 101.1991
22 | 133,565, 15 101.1891 57 46, OE' sl 101.199
2 1 9, 6 101.1493 58 52,1448 101,1998
2 ? 101.1896 59 358,216.83% 101.2
25 (15 101.190 410 50¢ 364,288,83 101.20033
400 261 | 157,850.64 101.1903 410 01! 70,360.85 101.2008
27 |163,922.06 101.1906; 02 76,432.90 101.2010!
28 | 169,993.50 101.1908 [+) 82,504, 95 101.2011
29 176 064.95 101.1911% [, }86 Szz 101.2015
30 | 182,136.42 101.1915 05 94,6 101.20183
4o° 310 | 188,207.91 101,1918 §1e 06! 400,721.23 101.20217
2 194 279.42 101.1921 o7 406,793.3 101, 20250
3 200,350.95 101.1923 08 412,865.51 101.20283
3 206,422, 101.1926 09 418,937. 101.20300
35 | 212,494,05 101.19300 10 425,009 86 101.20333

FIGURE 18,—Projection tables for New York,

The east zone for New York State has been changed and
the tables on pages 86-92 can no longer be used for it.
Corresponding changes are needed in the map on page 85.
Revised tables can be obtained by writing to the Director,
U. S. Coast and Geodetic Survey, Washington, D. C.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

Pransverse Mercator Projection for New York
Table I (Cont'd)

87

Tabular Tabular
Lat. vy difference Lat. dirference
(feet) for 1 sec. (feet). for 1 seoc.
of lat. of lat.
1o 11| 431,082.06 101.20367 Y10 L4t 643,620.34 101.21400
12 tﬁ7,15u.23 101.20 47 645,693.18 101.21433
1 ;,226. 2 101.20417 48 65§,766.0M 101.21467
14 | u449,298.77 101, 20450 Lo 661,838,.92 101.21500
15 | 455,371.04 101.20483 50 667,911.82 101.21533
410 16| 461,4u3, 101.20517 410 51t 673,984. 7% 101.21550
17 n67,51§.23 101.20?50 52 6%3,057.67 101.2122
18 | U473,587.%9 101,20567 5 686,130, 62 101,218
19 | 479,660.31 101.20600 5 692,203.59 101.21633
20 | u85,732.87 101,20633 55 698,276.57 101.21683
y1° 214} 491,805.05 101.20667 Bro 561 7ou,3u9.5s 101.21700
22 | 497,877.145 101.20790 51 710,422.60 101.21733
2 503,949, 87 101.20717 58 716,495 64 101.21767
2! 510,022.30 101.20750 59 722,568.70 101,21800
25 | 516,094.75 101, 20783 Yoo DO1 728,641.78 101.21817
1o 26'] 522,167.22 101.20817 k2o 01! 734,714.87 101.21850
27 | 528,239.71 101,20833 02 740,787.98 101.21883
28 | 534,312,21 101,20867 0 T46,861.11 101.21917
29 g ,zsu.7; 101.,20900 ol 752,934.26 101.21920
30 46,457, 2 101,20933 05 759,007.43 101.21957
L1° 31'] 552,529.83 101.20950 h2o 06" 765,080, 61 101.22000
32 | 558,602.40 101.2098 07 171,153.81 101,2203
33 564,674.99 101.2101 08 117,227.93 101.2206
3 570,; .60 101, 2105 09 783,300,27 101.2208
35 | 576,820,23 101.21083 10 788,373.52 101.2211
1o 36| 582,892.88 101.21117 hoo 111 795,446.79 101,22150
7 | 588,965.55 101.2113 12 801,520,08 101.2218
38 | §595,038.2 101.2116; 1 807,593.;9 101.2221
Bg 601,110.,9 101.21200 1 813,666.72 101,22250
607,183, 65 101.21233 15 819, 740.97 101.22267
43o 4] 613,256. 101, 21250 Y20 16¢ 825 ,813.4 101.22300
uz | 619, 29.;3 101.21223 17 ssg: 2 % 101.22%17
33 625,401,91 101,21317 18 331,960.20 101.22367
631,u£u.7o 101.21350 19 ghl, 033,62 101,22
U5 | 637,547.51 101.21383 20 850,107.06 101.22117

FIGURE 18.—Projection tables for New York—Continued.

(See note on p. 86.)
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U. B. COAST AND GEODETIC SURVEY

Transverse Mercator Projection for New York
Table I (Cont'd)

Tabular Tabular
Lat. y difference Lat. y difference
(feat) for 1 geo. {feet) for 1 gec.

of lat. of lat.
420 211 856,180.51 | 101.22450 420 561 1,068,762.62 | 101.23500
P 8562,253.98 | 101,22433 57 1,074,836,72 101.23538

2 868,327.47 | 101,22500 58 1,080,910.84 | 101.2355

2 874,000.97 | 101.22550 59 1,086,984.97 1 101.2358

25 880,474.50 | 101.22567 430 Bot 1,093,059.12 { 101.2361
Lo 261 886,548.04 { 101,22600 430 01t 1,099,133.29 | 101.23650
27 892,621.60 | 101.22633 02 1,105,207.48 | 101.2%643
28 898,695.18 | 101.22650 83 1,111,281.69 [ 101.23700

29 904, 768,77 | 101.22683 1,117,355.91 | 101.2373

30 910,842.38 § 101.22717 05 1,123,830.15 | 101.2376
Lo 314 916,916.01 | 101,22750 430 06* 1,129,504,41 | 101.23800
2 922,989.66 | 101,22783 o7 1,1Eg,57s.69 101.23817
33 929,063.33 | 101.22817 08 1,141,652.98 | 101.23850
935,137.02 | 101.224833 09 1,147,727.29 | 101.23900
5 941,210.72 | 101.22857 10 1,153,801.63 { 101.23917
bzo 360 947,284 4l | 101.22900 430 110 1,159,875.98 | 101.23950
37 953,358,18 | 101.22933 12 1,165,950.35 | 101.23967

38 959,0431,94 | 101.22950 b 1,172,024.73 | 101.2

39 965,505.71 | 101.22983 it 1,178,099.13 | 101,2403

Lo 971,579.50 | 101.23017 15 1,184,173.55 | 101,2406
Lo Y3 977,653.31 | 101.23050 430 16¢ 1,150,247.99 | 101.24100
42 963,72;.{4 101.2302} 17 1,196,322.35 101.24117
ﬁz 985,800.99 | 101.23117 18 1,202,396.92 | 10124167
995,51“.36 101.2313; 19 1,208,471 42 | 101.24183
45 |1,001,948.7% | 101.2316 20 1,21%,545.93 { 101.24217
h2e 4gr{ 1,008,022.64 | 101.23183 430 211 1,220,620.46 101.2%23;

47 1,01&,096.25 101,2323 22 1,226,695.00 | 101.2428
48 11,020,170.49 | 101.2328 2 1,232,769.56 | 101,24317
49 | 1,026,24k. 4 101.2323% 2 1,2%8,844.15 101-2“33;

50 | 1,032,318.42 | 101,233 25 1,244,918,75 | 101.2436
Y2o 511] 1,038,392.41 | 101,23350 430 260 1,250,993.37 | 101.2u4400
2 1Zozu:356.ua 101.23327 27 1.257,06%.81 101.24417
5 1,050,540.44 1 101.2% 28 1,2563,142,.66 | 101.2u4450
5 1,056,614, 48 1o1.2343; 29 1,269,217.33 101.2uus;

55 | 1,062,684.54 | 101.23u6 30 1,275,292.02 | 101.2u51

FIGURE 18.—Projection tables for New York--Continued.

(See note on p. 86.)




TRAVERSE COMPUTATION ON THE MERCATOR GRID 89

Transverse Mercator Projection for New York
Table I (Cont'd)

Tabular Tabular
difference difference

Lat. ¥ for 1 sec. Lat. ¥y for 1 sec.

{teet) of lat. (teet) of lat.
430 310 | 1,281,366, 101. 24550 Yho 061 1,493,992.85 | 101.25600
3* % 1:237:au1.12 101.23227 o7 1:508:068.21 101.25617
a 1,293,516.20 | 101.24600 08 1,506,143.58 | 101.25650
1,29%,590.96 | 101.2463 09 1,512,218.97 1 101.25683
5 |1,305,665.7% | 101.2466 10 1,518,294.38 | 101.25717
430 36 ] 1,311,740.5% | 101.24700 Lho 3110 1,524,369.81 | 101.25750
37 | 1,317,815.36 | 101.24717 12 1,530,0445.26 | 101.25767
38 1,323,390.33 101.24750 1 1,536,520.72 | 101.25800
Zg 1,329,965. 101.24783 ht 1,562,596.20 | 101,25833
1,336,039.91 | 101.24317 15 1,548,671.70 | 101.25867
430 hye| 1,342,114,80 | 101.24850 Yo 16 1,554%,747.22 | 101.25900
42 | 1,348,189.71 | 101.2u4867 17 1,560,822.76 | 101.25917
y 1,354,264.63 | 101.24900 18 1,566,898.31 | 101.25950

4 1,}60;333.57 101,24933 19 1,572,973.88 | 101.2598

45 |1,%66,41k.53 | 101.24987 20 1,579,049.47 | 101.2601
430 46+ 11,372,489.51 | 101.25000 Yo 211 1,585,125.08 | 101.26050
47 11,378,564.51 | 101.25017 22 1,591,200,71 | 101.26067
48 |1,384,639.52 | 101.25050 2 1,597,276.35 | 101,26100
49 {1,390,71k.55 | 101.25083 2 1,603,352.01 | 101.26133
50 | 1,396,789.60 | 101.25117 25 1,609,0427.69 | 101.26167
430 51+ | 1,402,864.67 | 101.25150 hyo 264 1,615,503.39 | 101.26183
52 |1,408,939.76 .101.22127 27 1,621,579.10 | 101.26233
5 1,415,014,.86 | 101,25200 28 1,627,654.84 | 101.26250
5 1,421,089.98 | 101,25233 29 1,633,730.59 | 101.26283
55 t1,427,165.12 | 101,25267 30 1,639,806.36 | 101.26317
430 561 | 1,433,240.28 | 101.25300 hlo 310 1,645,882.15 | 101.26333
27 1,&35,}15.46 101.22%17 %2 1 1,651,957.95 101.26&67
58 |1, ,ago.ss 101.25350 3 1,658,033.77 ] 10l.26017
59 | 1,u451,865.86 101.253&3 3 1,664,109.62 | 101.26433
4he Dot | 1,457,541,09 | 201.25017 35 1,670,185.48 | 101.26450
4ho OL' | 1,463,616.3% | 101,25450 4ho 360 1,676,261.35 | 101.26500
02 | 1,469,691.61 | 101.25467 37 1,682,337.25 | 101.26533
82 1,47 ,£66.59 101. 25500 38 1,683,013.17 | 101,26550
1,431 ,842.19 | 101.25533 zg 1,694,489.10 | 101.26583
05 {1,487,917.51 | 101.25567 1,700,565.05 | 101,2660Q0

FIGURE 18.—Projection tables for New York—Continued.

(See note on p. 86.)
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U. 8. COAST AND GEODETIC SURVEY

Traneverse Mercator Projectlon for New York
Table I (Cont'd)}

Tabular Tabular
difference difference
Lat. Y for 1 seo. Lat. ¥y for 1 sec.

{feet) of lat. {feet) of lat.

BYo 41v| 1,706,641.01 | 101.26650 ygo 16t 1,919,311.23 | 101.27700

42 11,712,717.00 | 101.26667 17 1,925,327.35 101. 27717

y 1,718,793.00 | 101.26700 18 1,931,064.48 | 101.27750

i 1,724,869.02 | 101.26733 19 1,937 ,541.13 1 101.27783

45 11,730,945,06 | 101.26767 20 1,943,617.80
e | LRLSTE | ion 3k
! .2 .
Y. 1:743;17 o | 101. 263%8
49 | 1,755,280.41 | 101.26867
50 | 1,761,325.53 | 101,26917
4

Yho 5191 1,767,401.68 | 101.26950
52 | 1,773,477.85 | 101.26967
53 { 1,779,554.03 | 101.27000
54 1,78;,6 0.23 | 101.27033
55 | 1,791,706.45 | 101.27067
Yhe 561 | 1,797,282.69 [ 101,27100
57 | 1,803,358.9 101.27117
58 | 1,809,93%5.22 | 101.27150
59 | 1,816,011.51 | 101.27183
use 9ot | 1,822,087.482 | 101.27217
450 01| 1,828, 164 15 | 101,27250
02 1,53 40,50 | 101.27267
0 1,3 o ,316.86 | 101.27300
0 1,846 393 .24 | 101.27333
05 | 1,852,B69.64 | 101,27367
450 06| 1,858,546.06 | 101.27400
07 | 1,864,622.50 | 101.27417
08 | 1,870,698.95 | 101.27450
09 | 1,876,775.42 | 101.27483
10 }1,882,851.901 | 101.27517
° 11| 1,888,928.42 | 101,27550
K4 12 | 1,895,004.95 101.27527
1 1,901,081,49 | 101.27600
1 1,907,158.05 | 101L.27633
15 | 1,913,234.63 | 101.27667

FIGURE 18.—Projection tables for New York—Continued.

(See note on p. 86.)



TRAVERSE COMPUTATION ON THE MERCATOR GRID

Transverse Mercator Projection for New York

91

FIGURE 18.—Projection tables for New York—Continued.

(See note on p. 86.)

Table II
Scale in Scale Scale in Scale
X! units of expressed X! units of expressed
(feet) 7th place as a (feot) 7th place| as a
of logs ratio of logs ratio
0 -271.% 0.9999375 175,000 -119.5 0.9999725
5,000 ~271.3 0.9999375 180,000 -110.7 0,9999745
10,000 -270.9 0.9999376 185,000 -101.6 0.9999766
15,000 -270.3 0.9999378 190,000 -92.3 0.9999787
20,000 -269. 0.9999380 195,000 -82.7 0.9999€10
25,000 -268.3 0.9999382 200,000 -72.9 0.9999832
30,000 -266.9 0.,9999385 205,000 -62.9 0.9999855
35,000 -265.3 0.9999389 216,000 -52.6 0.9999879
0,000 -263.5 0.9999393 215,000 ~h2.1 0.9999903
5,000 -261.% 0.9999398 220,000 -31.3 0.9999928
50,000 -259.0 0.9999404 225,000 -20.2 0.9999928
55,000 -256.4 0.9999410 230,000 -3.9 0.99999
,000 -253.2 0.9999416 233,000 +2.6 1.0000006
65,000 -250. 0.9995423 200,000 L UR 1.000003
70,000 -247.1 0.9995431 245,000 426,14 1.000006.
75,000 -243.5 0.9999439 250,000 +38.7 1.0000089
80,000 -239.6 0,9999 255,000 +51,2 1.0000113
85,000 -235.6 0.9999458 260,000 +64.0 1.0000147
90,000 -251.2 0.9999468 265,000 +77.0 1.00001
95,000 -226.6 0.9999478 270,000 +90.3 1.00002
100,000 -221.8 0.9999489 275,000 +103.8 1.00002;9
* 105,000 -216. 0,9999501 280,000 +117.6 1.0000271
110,000 -211, 0,9999513 285,000 +131.6 1.0000303
115,000 -205.8 0,9999526 290,000 +185.8 1.0000336
120,000 -200.0 0.9999539 295,000 +160. 1 1.0000369
125,000 -193.9 0.9999554 300, 000 +175.1 1.0000403
130,000 -187.6 0.9999568 305,000 +190.1 1.0000438
135,000 -131.0 0.9999583 316,000 +205.4 1.0000473
145,000 -174.2 0.9999599 315,000 +220.9 1.0000509
145,000 -167.1 0.9999615 320,000 +236.6 1.0000545
150,000 -159.8 0.9999632 325,000 +252.6 1,0000582
155,000 -152,2 0.9999650 330,000 +268.9 1.0000619
160,000 =104 .4 0.9999668 335,000 +285.4 1.0000657
165,000 -136.3 0.9999686 340,000 +302,1 1.0000696
170,000 -128.0 0.9999705 345,000 +319.1 1.0000735



U. 8. COAST AND GEODETIC SURVEY

Transverse Mercator Projection for New York

Table II (Cont'd)

Scale in Scale

units of expressed
Xt 7th place as a
(feet) of logs ratio

350,000 +336.4 1,0000775

355,000 +353.9 1.0000815

350,000 +371.6 1.0000856

365,000 +389.6 1.0000897 East

570,000 +407.8 1.0000939 A (Central Meridian) = 74° 207 007000

175,000 +1426. 3 1.0000982 log (—% )g= 4.5807653 - 20
380,000 fuuz.o 1.0001025 6fs

e | hgn ) pemer

390,00 +483.2 .00 og = 9.8951904 - 20
395,000 +502.7 1.0001158 (5f3~sin '8 9519

400,000 4522,4 | 1.0001203 tral

405,000 +542.4 10002245 Gentra

419,000 +562.6 1.0001295 X(Central Meridian) = 76° 35! 00¥000

415,000 +583.1 1.000134
uzgﬁooo +20§.s 1.0001%93

425,000 +62k.7 1,0001438
430,000 +646.0 1.0001487 log 1
435,000 +667.4 1.0001537 (——p— )
40, 000 +689.1 1.0001587 6,3 sin 1"
145,000 +711.1 1.0001637

108(.3;52__.,5 = 4,5307483 - 20

= 9.8951734 - 20

West
323;888 I% %:; %:888}?&3 A (Central Meridian) = 78° 35! 00¥000
R | M| L s
65, +801. .

470000 | s82h.6 | 1.0001899 (GR7 e = 45807825 - 20
475,000 +3l45.0 1.0001953 1

08 (1 g = 9.8952076 - 20

60 sin 1*
log R = « 271.4

Yo = N

Geod. 4z. - Grid Az. = + AK +
(Gﬁzsln 17)g

1 t
(2x, + x5}

Fi1GURE 18, —Projection tables for New York—Continued.

(See note on p. 86.)
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TRAVERSE COMPUTATION ON THE MERCATOR GRID
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Table IIX
Lat. Colog A Log C Lat. Colog A Log C
0% 1.490881 1.328327
4o 81 9 8813; } 5251 400 36¢ 1., 49089680 1.337485
02 agau2 8836 37 89722 7740
0 83284 9091 38 8976 7994
0 88326 9346 9 8980 82hy
05 88368 9600 o 89849 8502
° 06" 881411 1.3298 4o° j1v 1,49089892 1.338755
o 07 88453 1.%301;3 42 89934 9009
08 885455 0364 'S 89977 92
09 88537 0620 y 90019 951
10 88580 0374 45 90061 1.339770
' 1.49088622 1.331128 Loo 46! 90104 1.240024
ho? 1; 2 88664 331383 47 90146 0278
1 88706 1638 ug 90189 0531
1 8749 1892 49 90231 0784
15 88791 2147 50 90273 1038
1oe 16t 888 2401 4o° 51t 1.49090316 1.341292
1 sssB% 2653 52 90358 1535
1 88950 fi6s 2 Joui3 2083
85960
%g #9002 %u19 55 90436 2306
oo 211 1., 490890 1.333674 Loe 56¢ 90528 2560
22 ? sgog? 3’%955 57 90571 2814
: AN S A B
89172
55 53214 u631 y1o BoO* 90698 3574
Yoo 26! 89256 uoly 410 01! 1.49090740 1.343827
57 332§9 5192 02 9078 Eoso
28 £9341 5453 0 90825 4334
29 89383 5707 ol 90868 4588
30 8926 5961 05 90910 LTSN
joo 31! 1.49089468 1.336216 410 06! 90953 5095
gz 89510 3361&70 07 90995 53ﬁs
3 89553 6723 08 91038 5601
3 49595 6978 09 91080 5854
35 89638 7232 10 91123 6108

F1GURE 18.—Projection tabies for New York—Continued.

620745 O - 44 - 17
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U. 8. COAST AND GEODETIC S8URVEY

Transverse Mercator Projection for New York

Table III (Cont'd)

Lat. Colog Log ¢ Llat. Colog A Log €
4je 110 1.4909116 1.346360 Loyt 1.490926 1.355214
12 91202 ’ 6g1u L7 925%? 353&66
1 91250 6867 Lg 92740 5719
1 91293 7120 Lo 92782 5972
15 91335 7374 50 92825 6224
410 16' 91378 7627 41o51e 1.49092868 | 1.35647
17 91fi20 7880 52 92910 672?
18 91463 8132 5 92953 6980
19 91505 8386 5 92996 723
20 915u8 8639 55 93038 7k8§
410 210 1.%9091590 1.348892 410561 93081
22 912 . 3 9135 g? 93124 Z{Z)ég
2 91675 9398 58 93166 &2l
2 91718 9661 59 93209 shol
25 91761 1.349904 420001 93252 87!
41e 26! 91803 1.350157 42001 ¢ 149093294 | 1.359000
27 91845 0410 02 9; ;7 9285
g ) o | 8| B8
0 91973 1168 05 93465 1:360039
410 310 1.49092016 1.351423 42006¢ 9350 0261
32 92058 1675 07 9355 051
3 92101 1927 08 93553 076
é 92144 2179 09 936;5 101
5 92186 2433 10 93678 126
L1e 36! 92229 2686 Loe11s 1.u9033721 1,361522
37 92271 2938 12 376 1774
38 92314 3191 13 93808 2026
38 92357 345 1 93al9 2279
92399 3698 15 93892 2530
Lo L 1.49092l42 1.353952 42016¢ 93934 2782
42 o248l 35323“ 17 939%7 38
ﬁi 92527 L4456 18 94020 32 Z
92569 4709 19 9l062 g;z
45 92612 4962 20 94105 2

F1GURE 18.—Projection tables for New York—Continued.




TRAVERSE COMPUTATION ON THE MERCATOR GRID

Transversé Mercator Projection for New York
Table III (Cont'd)

95

Lat. Colog A Log € Lat. Colog A Log C
it .4oogk1hg 1.36404 hao 56¢ 1.49095644 | 1.372856
& g%' t 903u190 ’ 42 3 27 95686 3108
2 94233 4546 58 95729 3359
2 9ue;6 4798 59 95172 3611
25 94319 5050 430 00! 95815 3863
420 2 U361 02 430 011 1.49095858 | 1.374114
& 26' 3u o4 2%55 ? 02 95900 u;s;
2 Shlly 5807 0 95943 451
29 94ha9 6060 0 95986 4869
30 U532 6310 05 96029 5120
420 310 1. 49094 1.366562 §30 06! 96072 5371
2 %2 o 9u212 ? 6215 ’ 07 96114 562k
3 94660 7065 08 96157 5875
U703 7318 09 96200 612
gs U745 1569 10 96243 637
6 478 821 B30 114 1.49096286 | 1.376629
e 1 3u§3§ go7u ’ 12 96328 6880
38 oLa7Y 832 1 96371 7132
39 94917 857 1 96414 1384
40 94959 8829 15 96457 1635
hge h1e 1, 49095002 1.369081 439 16¢ 96500 7886
2 42 9?045 > 9332 ? 17 96542 8138
b 95088 9584 18 96585 8389
uﬁ 95130 1.36983€ 19 96628 86L0
L5 95173 1.370088 20 96671 8892
y2o 46 95216 0339 430 21+ 1.4909671% | 1.379144
33 92259 0331 ? 22 96756 9335
95301 08 R 2 96199 9845
49 95344 1 2 968l2 | 1.379898
50 95387 13 25 968851 1.380149
Y2e 511 1. 49095430 1.371598 430 261 96928 0400
gz ’ 9gu?3 371%39 3 27 96971 0652
: o | oB% | B | o i
35 952 1 2603 30 97099 1405

FIGURE 18.—Projection tables for New York—Continued.
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U. 8. COAST AND GEODETIC

SURVEY

Transverse Mercator Projection for New York

Table III (Cont'd)

Lat. Colog A Log C Lat. Colog A Log C
430 310 1.49097142 1.381657 hyo 06! 1.490986k42 1.390447
32 97185 1908 07 98685 0699
33 97228 2159 08 98728 0950
3 97270 2411 09 98771 1200
35 971313 2662 10 988613 1451
430 360 97356 291 Yo 13t 1.49098856 1.39170
37 97399 316% 12 93559 ? 1353
8 97ku2 3416 1 98942 2204
9 97485 3667 1 98985 2b56
0 97527 3918 15 99028 2707
430 410 1.49097570 1.384170 Yho 161 99071 2958
L2 9761 3 44;1 17 991{!; 3239
Y3 97656 4671 18 99156 )
y 97639 492 19 99199 %711
45 9772 517 20 9922 3962
430 Y61 97785 ko hyo 210 1.4909928 1.39421
47 97827 257? 22 99322 ’ lmsa
4g 97870 5927 2 99371 4715
49 97913 6178 2 9941y 4967
50 97956 6429 25 99457 5217
k30 510 1.45097999 1, 386681 o 260 99500 shes
52 98042 6931 27 99542 5719
5 9505? 7182 28 99585 5970
5 9812 434 29 99628 6221
55 98170 7685 30 99671 672
430 56t 98213 7936 Lo 310 1.49099714 1.39672
51 98256 mgs %2 9 ! ’ 6973
58 98299 839 3 99800 7225
59 98342 8689 3 998143 7476
hlie DO* 98335 8940. 35 99886 17er
4o o1t 1. 49098428 1.389192 Yo 369 99928 1978
02 98470 ol 37 1.49099971 8229
gz 98513 96! 38 1.4910001k4 3480
98556 1.3899 9 00057 8731
05 98559 1.390196 0 00100 8982

Fi1GURE 18.—Projection tables for New York—Continued.
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TRAVERSE COMPUTATION ON THE MERCATOR GRID
Transverse Mercator Projection for New York
Table III (Cont'd)
Lat. Colog A Log C Lat. Colog A Log C
ho Y1 1.“91001“2 1.399233 4go 160 1.49101644 1.1008016
42 0018 17 01687 8266
::z 00229 18 01730 8517
00272 1. 39998 19 017%3 8769
45 00314 0023 20 01816 9019
YYo 460 00357 o4as
47 0738
48 00443 09
49 00486 1241
50 00529 1ko1
Lo 51 ¢ 1.49100572 1. uouu;
52 00615 uﬁ
5 00658 22
5 00701 Eh-g;
55 oo7h3 27
LYho 5g1 00786 2997
7 00829 3248
Bl S| B
4go 9ot 00952 2331
450 01 1,49101001 1.404253
02 010! n-;oa
ga 01087 475
01130 5005
05 01172 5256
450 06" 0121 5507
07 01252 5758
08 01301 6009
09 o1§uu 6260
10 01387 6511
45e 11 1.49101430 1.406761
12 014; ;01
1 01515 263
1 01559 7;1
1s 01601 7765

Fi1GURE 18.—Projection tables for New York—Continued.
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TRAVERSES IN NEW JERSEY

For further examples of adjustment of traverses on the transverse
Mercator grid it was decided to make use of a few that were measured
in New Jersey in the vicinity of Newark. These had already been
computed by the State officials, but it was decided to handle them in
a slightly different fashion to illustrate a method of adjustment that
is often advantageous. It was a little difficult to find suitable trav-
erses in any of the States on the transverse Mercator grid because
in so many of them there was lack of adjusted control on which to
base the traverse computations. There is no intention to supersede
the computations made by the State officials, because they are per-
fectly satisfactory as they stand. We have merely made use of the
material to illustrate the method of handling computations when
traverses join on a single point coming from three or more directions.

The first example chosen is a traverse from Essex to Hosp. There
is nothing unusual in this traverse, but we needed to fix the coor-
dinates of Monument 612 which forms the point of departure for
two of the other courses that we wished to use.

In the vicinity of Newark the elevations above sea level are so
small that it was not thought necessary to reduce the lengths to sea
level. Also the work lies in a region of the State in which the projec-
tion is true to scale; so it was not thought worthwhile to compute
and apply grid corrections to the measured lengths. The departure
from true scale throughout the whole of the State is so small that
grid corrections could be neglected without serious detriment. How-
ever, we would advocate their use in parts of all States where the
scale factors are large enough to be of significance. Even in this
State we should use them in locations where they are large enough to
mean anything.

After the position of Monument 612 was fixed by the first adjust-
ment, & 3-section computaticn was chosen for a further example.
Two of these start from Monument 612, one to the eastward and the
other to the westward. We have assigned arbitrary numbers to these
and we have also assigned arbitrary numbers and symbols to the
stations, except where the marked monuments occur. These were
given the designations that correspond to the markings on the station
marks. The third section starts from station Newark; and all three
meet at the point that we have designated as Y. This gives us an
opportunity to illustrate the adoption of a weighted azimuth to be
held in the azimuth closures and also the computation of a weighted
mean of the coordinates to be held fixed in the position closures.

These computations have been made with 8-place natural-function
tables only because it was considered that we had already given
enough examples with both natural functions and logarithms. As we
have already stated, 7-place logarithmic tables would give all the
accuracy necessary for such computations. The complete 8-place
logarithmic tables are out of print and it is difficult to get them even
in the second-hand trade. On the other hand, 7-place tables are
easily obtainable at a reasonable price.

It should be noted that the constant added to the z’ values in this
State is used as 2,000,000. Since early computations in large number
were made in this State with this value conforming to the usage in
most States with the Lambert projection, it was thought inadvisable
to change the constant to 500,000 which is used in all of the other

(Text continued on p, 105)
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o o
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740,000 740,000
730,000 730,000
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MONUMENT 615
MONUMENT 814
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720,000 720,000
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NT 630
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710,000 MONUMENT_GO§ 1250 116,000
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FIGURE 19,—Sketch of traverses in New Jersey.



100 U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State New Jersey Station Newark
. , . A (Central meridian) 71: l&o. 00. .000
4 40 44 12,771 A I8 __10 13,65
A (Central meridian-A) 0 29 46.349
) AA(in sec.) + 1786.”31&9
|_log ax 3.25196631 log Sw? 9.254740
| Cor. arc to sine - 543 log C* 1. 339523-10
_log A, _3.2%196088 log A 0 aauge-
| _log cos ¢ 9.87950556-10
| _colog A 149000028 ¢ Ao i 3 3' n
| _1og's, 4.62236672 o 3,
| Cor. sine to arc + 312 ¢ 40 44 16 .61&8:__
._log S 4,62236984
| log 3937/1200 0.51598417 Tabular difference 101.19933
| log R _ 1086 of y for 1" of ¢
.log Sg 5.138%34315 y (for min. of ¢) 692,087.97
L log S¢° 15.4150294 y (for seconds of ¢') 1,681.02
| og1/epRe_ | _4,5810213-20 4 693,768,99
|_tog (S¢766.7), 9.9960507-10
|_Sg +137,512.807 —loa sin 435
| (5:3/66.%) + 0,991 —og ax
e _log Aqy
X' +137,513 .80
2,000, 000, 00 | _log (an)
x 2,137,513.80 log F
fog b
—Ady N
b
aa _ ’
aa c -

* Take out C first for ¢ and correct for approximate ¢'
F1GURE 20'—Computation of coordinates for New Jersey.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State yew Jersey

Station Eegex

76" 40" 00.000

101

A (Central meridian)
¢ 40 47 445 b J4 10 19.583
aM(Central meridian-ny ¥+ O 29 40417
A (in sec.) . 1780.517
|_log ax, 3.25052173 log Sn? 9,241086
_Cor. arc to sine. - 539 log C* 1 unz.gg 10
| _tog AN, 3,25051634 log &¢ 0 aamgg
[_log ¢os ¢. Q .A7912186.10
| _colog A 1,49090178 ¢ ) 47 Bk 145
| 10g s, 4.62053998 ad 3.805%
|_Cor. sine to arc. + 309 ¢ 40 47  47.9605
Floa s 4,620547%07
| 10g.3937/1200__| __0.51598417 | Tabular difference 101.200%3
| g R - 1086 ofyfor 1" of ¢
_log Sg 5.13651628 y (for min, of ¢') 720,303.91
| _log S&° 165.4095491 y (for seconds of ¢') 4,853.63
|10z 1/6,28 5.5810213-20 v 715,157.54
| _tog (S5/66:%), 9.9905704-10
| Sg $136,935,603 g sin 455
—log ax
__(s,ys £3)s 3 _0.979 o8 06,
+136 936,58
2,000,000, 00 log (ax)®
x 2,136,936.56 log F
og b
—Aad "
=b
Aa "
aa ° ’ °

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

FicuREe 20.—Computation of coordinates for New Jersey—Continued.
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U. 8. COAST AND GEODETIC SURVEY

PLANE-COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State New Jereey

¢ 40" 51" o0f.234

Station
A (Central meridian)
by

AN (Central meridian-N\)

Hosn

7 50" 00.000
T4 07 44,965

+ 0 32 15.035

A (in sec.) ‘. 1935.'635
| _log ax 3, 28668862 tog S 9.312622
|__Cor. arc to sine - 637 log C* _L_'{ﬂ% 4-10
|_log ax, 3,28668245 log Aé. 0.654005
[ _log cos ¢ 9.87875972-10
| _colog A 1.49090318 ¢ sd_51 03, 238
|_log S, 4,65634535 DY) + 4,5088
}_Cor. sine to arc + 364 ¢ _40 51 07 7;.2;
|_log S 4,65634899
| log 3937/1200____] 0.51598417 _Tabular difference) 101,20150
| g R _ 1086 ofyfor1”of ¢¢ J
|_tog S¢ 5.17232230 y (for min, of ¢') 734,592,00
log Sg 15.5169669 y (tor dsof¢)_l+ 783.54
[ _tog 1/60,2R? 4.5810213-20 y 735,375.63
_tog (S7/66%)g 0.0979882
| s, au8, 703880 f sin 55
_log ax
_(s,ys s 3+ 1,058% g a0,
X, $148,705.13
2,000,000, 00 |_tog (any
x 2,148,705.13 tog F.
log b
—AQy "
b
Aa v
Aa ° § N

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

FIGURE 20,—Computation of coordinates for New Jersey—Continued.
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TRAVERSE COMPUTATION ON THE MERCATOR GRID

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State New Jersey Station Lino R ..
o . A (Central meridian) 7% 40 00.000
¢ 40 &7 20.315 by T4_0T _58.,00%
sM(Centrat merigianny  * @ 32 . 01.997
ax(insec.) + 1921.997
| _log o 3.28375270 log Sr? 9. 30763;
|__Cor. arc to sine, - 629 log C* 1, jhgaf:-lo
| _log ax, 3.28374641 log Ad, 0.647998
| togeose 9.87916516-10
_colog A 1,49090161 4 50° »7 26.31
| 1og S, 4.,65381318 _aé 4 .kbég_
|__Cor. sine toarc + 360 'Y 40 47 24.761%
| __tog S, 4.65381678 )
_log 3937/1200__2,_51_59@;_1] . «.Y_Tabular d,i'fferer'lce} 101,20033
| g R _ 1086 of y for 1" of ¢
| _log Sg 5.16979009 y (for min. of ¢") 710,303.91
|_log Sg° 155093703 y (for seconds of ¢°). 2,505.87
| _log 1/60,2R? 4.5810213-20 v 712,809.78
|_log (5576 6:%)g 0.0903916
| s, u7,839.365  |OEI
—log ax
L (52/66.7), P 1,23 g e
X" 4147,840.60
2,000,000, 00 _1og (axy®
x 2,147,840, 60 log F
fog b
——Aay "
b
Aa "
aa A

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

F16UrE 20.—Computation of coordinates for New Jersey—Continued.
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U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State New Jersey Station weco
. . . A (Centrat meridian) 7° 40 00.000
¢ 40 43 24,359 by 78 06 48,721
AN (Central meridian-}) + 0 3 .27
A (in sec.) + 1991.219
|_log ax 3.2991321) Tog Sm?. 93339245
| _Cor. arc to sine - 615 log C* 1,339 2.0
L log ax 3.29912536 log a4 0.678616-
log €05 ¢. 9.87959333-10
_colog A 1.49089994 ¢ 40" 43 24,350
|_tog S, 4.66961863 a8 l}.'7’712
[__Cor. sine to arc + 387 v 40 43 29,1306
|_log S, 4.66962250
|__tog 3937/1200_____ 0.51598417 . _ .__}|__Tabular d’i'ﬂerer)ce} 10119017
| 1gR _ 1086 of y for 1” of ¢
| _tog S 5.18559581 y (for min. of ¢') 686,016,02
| _tog S¢° 15.5567874 y (for seconds of ¢%) 2,947.95
tog 1/662R2 | s.580021%-00 688,963,97
|_t0g (S¢766.%), 0.1378087
Sg 415%,318,940 ::::: ‘s::%L
L._(S,’ (] f,’)' 4 1.373 | g 2a;
X +153,320,31
1 2,000,000, 00 |_tog (ax)y®
x 2,153,320. 31 tog F
fog b
Aay ”
b
Aa "
Aa c -

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

F16URE 20.—Computation of coordinates for New: Jersey—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

States with the transverse Mercator projection,

constant.

105

SVers ] This matter is
purely arbitrary since in using the coordinates we are dealing with the
differences of coordinates and these are unaffected by the added

Computation of grid azimuths from coordinates, traverse no. 6, control data

ESSEX TO NEWARK

z v
D S 2,137, 513. 80 603, 768. 09
ESS0X . - o oo oo 2, 136, 936. 58 715,157, 54
Az BOA AY e aman +577. 22 —21,388. 55
log Az =2.7613414
log Ay =4.3301814
logtan ¢ =8.4311600—10
a = 1°3245".2
grid azimuth=358°2714"'.8
HOSP TO LINC
z y
2, 147, 840, 60 712,809.78
2, 148, 705. 13 735, 375. 63
—864.53 | —22,565.85

log Az =2.9367801
log Ay =4.3534517

log tan « =8.5833284—10

a =2°11/38'" 4
grid azimuth=2°11’38"'.4
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U. 8. COAST AND GEODETIC SURVEY

Computation of grid azimuths, traverse no. 6

g;)(; Cor- . Sgcl: Cor-
Preliminary tion rected Preliminary tion rected
Stations azimuth and Tor azimuth Stations azimuth and tor |8zimuth
angle clo- and angle clo- and
sure | BDEle sure | 8ngle
o r ” ” r ” H to Monument (-] ’ ” ” ’ r”
Essex to Newark..| 358 27 14.8 |.._____ 4.8 615 .. _._..____ 47 15 59.8 |....... 16 23.4
£Newark to Mon- . LMonument 815
ument 612.___.__ 350 54 02.6 | +2.4 05.0 50. 6
Essex to Monu- 14.0
ment 612.____._. 349 21 17.4 | __..__ 19.8 o
Monument 612 to 15.2
........... 169 21 17.4 |....__. 19.8 29.2
LEssex to Monu-
ment 630__._.... 38 36 06.0[ 42.3 08.3 29.2
Monument 612 to . 38.9
Monument 630__| 207 57 23.4 | __.._. 28.1 08.1
Monument 630 to 08.1
Monument 612._{ 27 57 23.4 |_.____. 8.1 20.1
Z Monument 612 28.2
............. 180 00 00.0 | +2.4 02.4
LtoK........._.. 35 21 55.2¢ . ... 22 28.2
57 23.4|...... 30.5(f £ K to Monument
.............. 179 17 38.4} +2.3 40.7
L to Monument
57 30.5); 616._...._.__..__ 214 39 33.6 |....... 40 08,9
25 24.6 || Monument 616 to
22 55.14| Loooooooo_... 34 39 33.6 |..._... 40 08.9
V4 L to Monument
22 55.1 11 617. ... 182 13 22.0 | +2.4 24.4
43 62.2 Monument 618 to
06 57.3 Monument 617._| 216 52 55.6 |______. 53 33.3
06 57.3 |{ Monument 617 to
58 60.0 Monument 616._{ 36 52 55.6 [..._... 53 33.3
05 57.3 AMonument 616
____________ 174 37 05.2 ] +2.3 07.5
05 A 57.3 Monument 617 to
28 . W7 Moo 211 30 00.8 |.._.... 40.8
34 4.5 .. 3.0
M to Monument
3 145 BLO 617_. ... 31 30 00.8 (...__.. 40.8
LMonument 617
04 14.8| 423 1n1 to Monument
[2) 179 54 58.8 | +2.4 61.2
38 20.3)...... 48.1 || M to Monument
.............. 211 24 59.6 |.......[25 42.0
............... 29 38 29,2 |.___.._ 48.1 || Monument 631 to
zEto Monument M. 3 24 59.6/|._ ... 25 42.0
.............. 177 34 18.5| +2.4 20.9|| ZMtoHosp......| 232 51 24.3 | +2.4 26.7
Monument 614 to Monument 631 to
Monument 615_.| 207 12 47.8 | .__._. 13 09.0 [e15) o SR, 264 16 23.9 |.....__ 17 08.7
Monument 615 to Hosp to Monu-
Monument 614. ] 27 12 47.8{ _____. 13 09.0 ment 631..______ 84 16 23.9 |.._..__ 17 08.7
ZMonument 614 ZMonument 631
to Ho_._____.___ 200 03 12.0| +2.4 14.4 to Line.__...._. 277 54 27.4( +2.2 20.7
Monument 615 to HosptoLine......| 2 10 613 _.____. 11 38.4
............... 227 15 59.8 ) _._..| 16 23.4 ixed azimuth. X -
Discrepancy. . -




) COMPUTATION OF COORDINATES
Traverse line No._ 6
State__New Jorgey ~____ _  GCounty _Eeeex and Paggalc __ Initial Station _Esspex

Year 1934 Month _ June - October Closing Statlon _ Hoasp
Station Azimuth Grid kag. Lat. Latitude Departure Grid Coordinates .
Plane Distance kag. cos Az Feet Feet y x
Feet ksg. dist. Feet Feet
] ?. ein Az
o ! " kag. 'Dep. _ .
Essex -751,2% 715,157.54 [2,136,936,.58
0.98279218
764, 40% N4 406,29 12,137,077.78
0,184 47 +0,06 0.00
Mon, 612 [749 71 15,8 {68 +1481,20 718, 506,35 12,137,0{7. (8
+100]1, 80
0,881329308
134.170 5 HEASTAL 715,408 og 2,137,60 .83
. $0.1 0o,
Mon, 630 _[207 57 28.1 1,899 553 £80),.72 {16,808, 2% 12,.137,609.50
+392,
0,88328764 .
quy, 766 ) {15,800.95 12,137,818,02
0.46883148 $0.18 Q.00
A 207 57 30,8 2,343 +208 K2 715,801,113 12,3137 818,02
+1537,64
0. QPUEFRAQ
1662.918 717,338,859 12 134 451,23
0. 38077946 0.31 0.0
—B 200 20 "853 5 008 ‘ +637. 71 727.338,90 15,138 §e1, 21
+659. 60
TINS. 855 0. 21923251 17,998 18 12137, 51527 ——
. . 1
0, 81798995 __+0. %0 £0.0
C 125 06 ©7.3 9,153 -937.96 717.998,59412,. 137, 513,28

F1auRE 21.—Computation of coordinates, traverse no. 6.
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COMPUTATION OF GOORDINATES
Traverse line No.__ 6

State _New Jersey = County_Esgex and Passaie Initial Station _ Pasex

801

ATAMNS DILACOED ANV ISVOD '8 '

Year _ 1934 Month _June - October Closing Station _Hosp
Station Azimuth Grid kog. Lat. Latitude Departure Grid Coordinates
Plane Distance Xvg. cos Az Feet Feet y x
Feet ixg. dist. Feet Feet
] % 8in Az
o ' ™ . _Dep. 717,998.19 | 2,137,51%.27
[+] ¥1725. 3% 717,998,589 2,137,513,28
0,91982663
1875,718 719,723,853 2,136,209,16
0.33232508 +0, 55 $+0,01
) 203 08 HR7.3 7,029 +735.89 [19,728. 0812, 138 349,17
#1471 .35 .
e 0,92337594 , —
125 721,3154,88 2,138 844, 06
C. 38789694 +0.67 +0.01
E 1202 3% *1.0 5,519 1595, 09 21, IR5, Bh 12 138 844, 76
+1541,53
0. /6909209
1773.72% | - 722,696.41 | 2,139, 701,62
0, Bol6R032 +0, 80 +0,01
Mon, 64 1209 38 L& 4 10,352 $877.37 722.697.21 | 2 139 721 6%
$2080, 36
0,8892634)
2339. 9117 724, 776.77. 1 2,140, 791.66
0. 457395U73 +0.99 +0.01
Mon 5I% [207 I3 00.0 12,892 $1070,. 04 1704 277 768 | 2 1L0 791 A7
+811,.11
0,67850374
1195, 438 125,587,488 2,141, 669 A2
O, 73470692 +1,08 $0.02
" 207 5 23.k 13,887 $374.18 725, 588,96 | 2 141 669 84

F1GURE 21.—Computation of coordinates, traverse no. 6—Continued.



Traverse line No.

New Jersey

1934

County

COMPUTATION OF COORDINATES

Essex and Passalc

Initial Station _Eseex
Month June - QOctober Closing Station _Hoep

8 - ¥% - O SPLOTO

Azinmuth Grid Ixg. Lat. Latitude Departure Grid Coordinates
Plane Distance 8B, cos Az Feet Feet y X
Feet Ixxg. dist. Feet Feet
o ¢ " % s8in Az
%. Dep. 725,587.88 | 2,141,669.82
+706,27 125,588, 96 2,141, 669,84
0,70861740
1000,922 726,294,115 2,142, 379.07
0. 70859303 $1.16 s $0,02
2eh 07 T4B,01 14 333 +[09.25 1725,295.3L | 2,1I42,379.0Y
+783. 70
0.79994489
985,937 727,082.85 | 2,142,970.70
0. 60006814 +1.23% N +0. 02
216 52 29,2 15,874 591,63 727,084, 08 182, 9(0. (2
+585.79
0.554%7709
1055, 703 727,668.64 | 2, 142,092.43
0.83193233 +1.31 +0.02
123 042 03.1 16,930 —B18.27 | 727.660.95 [ 7. I42,092. 05
$2037.75
0,81538653
2493,123 729,706,339 | 2,143 539,22
0.57891833 +£1.51 +0,02
218 22 28,2 19,429 +1446,.79 | 729,707,.90 2,143,839, 24
175,68
0. 82245056
1920, 6897 731,286,.07 2,184 631 78
0. 565683661 $1.66 +0.02
214 B0_08.9 | 21,3%0 +1097 73,247 73 | 2, 1%0, 631,50

FIGURE 21.—Computation of coordinates, traverse no. 6—Continued.

argan YOLVOUIN HHL NO NOILLVIAJWOD HSHHEAVHL

601



Traversee line No.___ 6

COMPUTATION OF COORDINATES

State _New Jersey County ___Essex snd Passale Initial Station _ Essex
Year __ 1934 Month June - October Closing Station _ Hoep
Station Azimuth Griad kng. Lat. Latitude Departure Grid Coordinates
Plane Distance KBK. cos Az Feet Feet y x
Feet kog. dist. Feet Feet
EBR. ein Az
o ! " ' XoK. Dep. 731,286.07 |2, Th4 631.78
M¥on,. 616 +1266.14 731,287.73 J2,1ul,631,.80
0,79976238
1570, 647 732,6%2.21 12, 1F 0.6
0.60031670 N ¥1.78 | .02
Mop. 817 1216 B3 33.3 | 22,920 ¥I942. 59 132, 583.99 12, 145, 574,59
+1465,83
0.85253680
1719.375 7 3%, C08. 0F |2,
0.52266721 +1. ] o
_ﬂ 211 30 10.8 24,650 $575. 00 34,009,998 12 1BA B73 36
$1216,52
0, 85329305
1425,678 135,224, 56 12 147 216 72
_0.52143166 $2,02 [~ " +0,03
MORTEII12IT 25 ~W2.01 26,085 175339 135.026.88 [ 147,216, 76
+148,93
0.09956722
11495, 809 235 273 Mo 2 148 705,10
0.9950308% s T35 11 40,03
Hoep_| 264 17 OB. 7| 77, V6L TIUEE, 35, 3[5.63 12,145, 705.1
7135,3715.63 12,138,705,13
Discrepancy . -2.18 -0,0%
x_Factor = $0.10885 1072
y Factor =1 47, 76450 X 1079

FIGURE 21.—Computation of coordinates, traverse ro. 6—Continued.
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CEPANYutN? OF COMMENCE
o PLANE COORDINATES
Datym . MO ARG 1R e memn Projoction ... SRANSVERSE NEFCATOR State ... N¥0 JERINY
Slation 3= Coontioaty Jun Mark X omrtion .. I M
¥ Coordinate 7 Coondinate
rod 7 7 ——
D IR 2,31,971.7% 20t 51203 Mom. 630
TI8,506,35.
Non. 630 2,137,609.50 51 23 [ ¥ 612
125, 408,24
——Mame SN 1 R0039.7R0.63 207 13018 Men. 615
122,681.21
e Mom. 615 2,140, 791.67 2] 13 oih Mon. 614
T24,177.16
PO 1 Y 11 2, 145,633,860 216 53 2h.6 Mon. 617
33,8113
Noa, 611 2,145,51%.69 36___5) A6 uom. 616
T32,543,92
— E3h 1229020605 | 268 36 52,8 | & Bowp
T35:26:58

FIGURE 22.—List of plane coordinates.
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112 U. 8. COAST AND GEODETIC SURVEY

Compulation of grid azimuths from coordinales, traverse no. o

z v
PSSO e 2, 136, 936. 58 715, 157. b4
Monument 612. ... e 2,137,077.78 714, 406. 35
AZANA AY. oo —~141. 20 751, 19

log Az =2.1498347
log Ay =2.8757498

Jog tan «=9.2740849—10
a =10°38744/".1
Grid azimuth—Monument 612 to Ilssex=169°21’15"'.9

z v

Monument, 630.
Monument 612.

2, 137, 609. 50 715, 408. 24
2,137,077.78 714, 406. 35

+531.72 +1,001.89

Az and Ay

log Az  =2.7256830
log Ay =3.0008201

log tan a=9.7248629—10
a =27°57'20"".3

Grid azimuth—Monument 612 to Monument 630=207°57/20’'.3
Grid azimuth—Monument 630 to Monument 612= 27°57/20"'.3

ke v
Monument 1. . .- 2,139,721.63 | 722, 607.21
Monument 615, .- ... ...l I 2140,701.67 | 724, 777.76
F Y U A ~1,070.04 | —2,080.55

log Az =3.0294000
log Ay =3.3181781

log tan «=9.7112219—10
a =27°13’01".4

Grid azimuth—Monument 615 to Monument 614= 27°13’01’' 4
Grid azimuth—Monument 614 to Monument 615==207°13'01"" .4

z Yy
AY
Monument 637_. ____ el 2, 145, 574. 69 732, 543. 99
Monument 616.___ ..l 2,144,631.80 731, 287.73
AZ AN AV +942. 89 +1, 256. 26

log Ax =:2,9744610
log Ay =3.0990796

log tan «=9.8753814—10
@ =36°53'24/'.6

Grid azimuth—Monument 616 to Monument 617=216°53'24'".6
Grid azimuth—Monument 617 to Monument 616= 36°53'24’/.6
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Computation of grid azimuths from coordinates, traverse no. 6~—Continued

z y
Monument 631, . . el 2, 147, 218. 75 735, 226. 58
2 L) ¢ g ORI 2, 148, 705. 13 735, 375. 63
Az and Ay el —1, 488,38 ~149. 05

log Ar =3.1727139
log Ay =2.1733320

log tan «=0.9993819
a =84°16'52''.8

Grid azimuth—Hosp to Monument 631= 84°16’52’’.8
Grid azimuth—Monument 631 to Hosp=264°16"52"".8

COMPUTATION OF THE WEIGHTED-MEAN GRID AZIMUTHOF ZTO Y

We have come to the line Z to Y from three directions. We shall
now determine a weighted mean of the three values to be held in
closing the azimuth in the various sections. The values in the sec-
tions will be weighted inversely as the number of angles in the section.

From Newark to Y with 11 angles we get Z to Y to be 153°01’27'".1.
From Monument 612 to the eastward with 14 angles we get for Z to
Y 153°01’50°”.9. From monument 612 to the westward through 23
angles we get for Z to Y 153°01/49’".4. 'We could weight each value
as the product of the other two numbers of angles, but this would
give the numbers too large. We can accomplish approximately the

same result by the weights 1%; %; and 2—”:',’ in which 7 is some suitable
number,
Taking n as 50:
il)—Q =4.55
50
ﬁ—3.57
50
53=217.

Since all values have the same degrees and minutes, we can find
merely the weighted mean of the seconds.
27.1X4.55=123.305

50.9X3.67=181.713
49.4X2.17=107.198

Totals=10.29 412.216
412.216~-10.29=40.1
The weighted mean, therefore, is 153°01/40’.1.




114 U. 8. COAST AND GEODETIC SURVEY

Computation of grid azimuths, traverse no. 1

Cor- | Correct- Cor- | Correct-
Preliminary reotion ed azi- Preliminary reotion ed agi-
Btations azimuth and {e "o muth Stations azimuth and te jo-| Tauth
angle swe | end angle or ‘lf o | and
angle su angle
Monument 612to | © /7 O I ° 7 oo
Essex....__..... 169 21 15.9 j._._._. 15.9 08 08.7
ZEssex to Monu- 25 18.3
ment 613_______. 309 35 20.9| —0.4 20.5 33 27.0
Monument 612 to
Monument 613._| 118 56 36.8 |._...__ 36.4 |{ 11to10... 151 33 27.0
£10to 12. 180 02 51.4
Monument 613 to Mtol2. _______.__ 331 36 18. 4
Monument 612..| 208 56 36.8 36.4
Z Monument 612 12to 11 ... 36 18.4
ol____________. 167 01 18.3 | -0.4 17.9 || Z1ilto 13- 30 30.6
12t0 13 ... 06 49.0
54.3 ]
13tol2 ... 06 49.0
£12to 14. 00 40.0
54,31 13t0 14u e . 07 29.0
1801 14t013. ... 158 07 29.0
12.3 )] £13to Monument
.............. 176 40 04. 6
12.3 1| 14 to Monument
2L6 | 606 oo 334 47 33.6
33.9
Monument 606 to
339} M. ... 154 47 40.4 33.8
021 £ 14 to Monument
36.0 L7 S 177 20 18.4] —0.4 18.0
Monument 606 to
. ggg Monument 607__ 332 07 58.8 | ._._.. 5.6
33.0 | ... 30.6 || Monument 607 to
Monument 606._] 152 07 58.8 | ___... 51.6
33.0 [-ocaoo 30.6 AMonument 606
27. 5 27.1 01 42,21 —0.4 41.8
00.5 |___..__ 36 57.7
....... 33.4
00.5f _.____ 36 57.7
17.8 | —0.4 17.4
18.3 |.ooees 15.1 33.4
18.3 [-..ov 15.1 09.6
50.9 ) —0.4 50.5 43.0
09.2 . ... 05.6
43.0
09.2 [._..... 05.6 23.9
06.9
0.2 —0.4 00.8
06.9
10.4 | ... 06. 4 55.6
02.5
10. 4 06. 4 02.5
95 012 00.8 37.6
40.1
312 50 1.6 ___... 07.2
40.1
3 40.1
132 50 1.6 |~ ... 07.2 Weighted mean. 2 N IO S
Discrepancy. ... 2 35 IR S
191 18 0L9 | —0.4 0L5
324 08 13.5| ... _. 087

i The stations Z, Y, and 18 are on a line, so Z to Y is the same as Y to 18,
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COMPUTATION OF WEIGHTED-MEAN COORDINATES FOR Y

For station Y we get the following coordinates:

From traverse no. 1—z=2,136,045.53 and y="701,506.57.
From traverse no. 2—x=2,136,045.29 and y="701,505.21.
From traverse no, 3—r=2,136,044.87 and y="701,504.30.

The approximate lengths in feet of the respective traverses are:

No. 1=27,719.
No. 2=15,514.
No. 3=11,280.

We must weight each value inversely proportional to the length
of the traverse that produces it. This can be done with sufficient

accuracy by assigning to each value a weight proportional to 100,000
divided by the length of the traverse.

100,000
27,719
_ 100,000

No. 2= 15’514=6.45.

No. 1=

=3.61.

Since the various values differ only in the last three figures, we
can confine ourselves to the determination of the weighted mean of
these and simply append the result to the other figures that are com-
mon to all of the values. '

For the z coordinate we have,

5.53X3.61=19.9633
5.29X 6.45==34.12056
4.87X8.87=13.1969

Totals=18.93 97.2807
97.2807-+18.93=5.14.
Therefore, 2=2,136,045.14.
For the y coordinate we get,

6.57%3.61=23.7177
5.21 X 6.45=33.6045
4.30X8.87=238.1410

Totals=18.93 95.4632
95.4632+18.93=>5.04.

Therefore, y=701,505.04.

This gives for the weighted-mean coordinates of station Y:

z=2,136,045.14
y= 701,505.04.

These values are, therefore, to be held in closing the three traverses.



Traverse line No.___ 1

COMPUTATION OF COORDINATES

State __New Jersey County Egsex Initial Station Mon. 612
Year 1934 Month _January - April Closing Station X
Station Azimuth Grid . Lat. Latitude Departure Grid Coordinates
Plane | Distance Xxgx cos Az Feet Feet y x
Feet Tog. dist. Feet Feet
. 8in Az.
o v igg. Dep.
Mon, 612 797,16 71k, 406,36 | 2,137,077,78
0, 48394607
1608 056 71%,.50%. 11 | 2,135.635.92
0.87509783 N -0.09 -0.02
Mon.bI3 | TIZ H6 356.4 1,648 ] —I8H2.56 (15, 20%.02 1 7.135.635. 20
] ¥322.23
-1 0.27505150
1171.538 715.526.34 | 2,134 508,87
0.96142945 -0.16 ~0,04"
I 10h B7 ©h4.3 2,820 : -1126.39 715, 526.18 | 2.13%0 ROR &%
) +268,81
0. 40146961
- (19.370 715,81%,1% | 2,133,850,092
0. 91587234 -D.20 -0.05
2 115 %0 12.3 2:239 ~6n8, 85 A8 #1098 7 133, 800,97
+295, 39
0.60958383 .
hgu. 572 716,110.54 | 2 133 4665 49
0.79272162 -0,.29 =0.06
2 127735 33.9 4,029 -384.13 716,110.32 1 2. 133 UpK, 43
+124. 28
0, 25054897
B96.045 716,23l &2 |
0.9681039% =0.25 | =0.06
L3 10% 30 36.0 4,720 =480, 22 226,234,567 | 2,132,986, 61

FIGURE 23.—Computation of coordinates, traverse no. 1.
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COMPUTATION OF COORDINATES

Traverse line No.___1
State _ _New Jergey County _Egsex Initlial Station __Mon. €12
Year 1934 Month _January - April Closing Station p4
8tation Azimuth Grid iog. Lat, Latitude Departure Grid Coordinates
Plane Distance xg, cos Az Feet Feet y x
Feet txyg. dist. Feet Feet
. 8in Az
o ¢+ 0 . Dep. 716,234.82 | 2,132,985,67
q 4+330.10 716,234,567 | 2,132,985,61
0, 21175409
T558.905 716,564, 92 2,131,862.12
0.97732298 -0, 34 -0.09
2 102 13 30,6 6,0/9 : -1523.55 1716,564.58 2,131,462.03%
+41,03
0,02520127
1595. 046 716, 605,95 2,130,007,.65
0,99960226 -0 42 ~0.11
] gL 38 57.[ 1,534 -1488. 07 1716,605.5% 1 2,130,007 Kl
+584, 61
0. k5301872
1228.028 717,160, 46 | 2 128 916 43
0.£9150100 —a U 2
{ 116 6 15.1 8,758 =1091.22 717.189.9§__ ?.I?E.gfglif
+449, 65
0.69718457
6u4l, 957 717.610.11 | 2,128, 45k, 07
0.71689168 -0,52 -0,13
—_3 134 13 0”08 9,403 162,36 717. 609,69 | 2,128 Lr3 ol
~-665.88
0.80001522
832.298 716, 9Lk, 26 2,127,954, 71
0,.599397971 -0.56 =0 1k
uon. 16 55 08. 1 10,235 -499.36 716,943, 70 | 2,127,954, 57

Fieure 23.—Computation of coordinates, traverse no. 1—Continued
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COMPUTATION OF COORDINATES

Traverss line No._ 1 61
State New Jersey County ___Essex Initial Station Mon. 612
Year _ 1934 Month _Janusry - April Closing Station Y
8tation Azimuth Grid . Lat. Latitude Departure Grid Coordinates
Plane Distance IXNE. cos Az Feet Feet y X
Feet Xog. dist. Feet Feet
. 8in Az
o v ¥ %:Fp-_- 716,944, 26 12,127,954, 71
Mop, 605 ~-329.70 716,943, 70 127,954 .57
0. 67989365 M _ A il
573.172 716,550,586 [2,128, 375,02
0.73331072 -0, 60 =0,
[] 312 50 07.2 10,808 +4230, 731 16,551,596 |2 2 N
~4h{,13
0.81004077%
564,076 S EFEAEEET 16.097.2 2, 103- 19
10 [ 32408 08.7 11,372 ¥330. 47 16,095, 2,128, 0%, 33
~125h. [{
0, 87929553
1828, 158 {14,841.66 [2,129,%8K.69
0. 87627687 ~0.71 |- -0.18
11 331 43 2({.0 12,301 +680,20 735, 8540,95 12.129 388 R]
-1163,77
0. 87569100 )
1322.927 TR 113,677,89_|2,130,014.80
0. 47554873 -0, 78 =0.20
1c 33T 35 1B &F I 128 Ml +629.11 /13,677.11 12,130,014, 60
-Z05. 05
0,92792483
912.19% 2,831 4L 130, 360 Al
0,37276136 =0 A3 -0.21
I3 (338 06 19.0 15,036 +340, 04 N2, 430,61 12,130 354 53

Fi16Uure 23.—Computation of coordinates, traverse no. 1—Continued.
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Traverse line No.___1.

COMPUTATION OF COORDINATES

State __New Jersey County __ Essex Initial Station _Mon. 612
Year 1934 Month __ January - April Closing Station Y
Station Azimuth Grid kpg. Lat. Latitude Departure Grid Coordinates
Plane Distance kmg. cos Az Feet Feet y x
Feet kog. dist. Feet Feet
ks%. sin Az
o ! ’ . Lep. 712,831.““ 201304 35’4‘-8"’
13 -1733,22 712,830.61 12,130,35U4.63
0.927959711
&7. {00 {11,098.2¢ [2,131,080,72
0, 37258740 ~-0.93 -
15 438 07 20,0 16,903 $695, 88 711.097,.29 12,131, 050,
-816. 68
0,9047725%
901, 5135 710,282,054 12,131,434, 68
0. 42580610 =0.98 -0, 25
Mon, 6061330 17 33,6 17,205 T TE 383,96 710, 281,86 |2, 15,034 %
0.88401868
3296.87%3 707,368,08 |2,132,975,79
0, 46745158 ~1.1 -0,30
Mon.®07 (332 O] H1.€ 21,102 T F1001, 1T 07,366,927 12,132,975 840
-1845,39
0. B3UPUGe8
2086.95% 705,522.69 12,133,950, 4%
0; 46701522 =1.2 =0,33
15 377 09 37,4 23.189 _+974 gl 705,821,.41 12133 950 .10
-1497,87
0.885490R1
T691.57% 704,020 B2 ]
0, BGHGRTEG nl. 32 =0.3
Y6 (337 18 3.0 | 24,820 —¥ 786,00 704,029 85 12,134, 736,08

FIGURE 23.—~Computation of coordinates, traverse no. 1—Continued.
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Traveraolline’uo. 1

COMPUTATION OF COORDINATES

State County Essex Initial Station _Mon, 612
Year _ 1934 Month _ Januspry - April ~_ Closing Station b4
Station Azimuth Grid Lxog. Lat. | Latltude Departure grid Coordilnates
Plane Distance ixg. cos Az Feet Feet y x
Feet ieog. dist. Feet Feet
. 8in Az
o ' ._Dep. 704,024 .82 | 2,134, 736,43
16 -954, 21 704, 023,45 ( 2,134, 736,08
0. 834898R7
1078, 700 _ 703,070,61 | 2,13%5,239,40
0. 46635705 -1.8 -0,
17 32 12 06.9 25,959 T 0Z ¥503.0% 703,069,118 2,139,239.12
0, 88795309
1117.680 {02,078, 65 2,155, 54,39
0. 46070546 -1,k49 ~0, 38
18 1332 34 Q2.5 21.077 ¥R154.90 702, 077,16 1 2,135,784, 01
-512.08
0.89122674
641,901 761,506,57 2,136,045,53
0, 45355804 -1;R3 ¢ -0,39
Y 333701 40.T 2{, {19 291,79 {01, 505,084 2176 085,18
Welghted Mean 701,505.04 | 2 136 ohg 14
Discrepency N i " +0,3%9
x Fa = -1, 006P% x 1072
y Factor = -5.519K8 x 10”2

F1GURE 23.—Computation of coordinates, traverse no. 1-—Continued.
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TRAVERSE COMPUTATION ON THE MERCATOR GRID 121

Computation of grid azimuths, traverse no. 2

Preliminary : Corrected
Station azimuth and g)gréf:s%‘;g azimuth and
angle angle
° ’ ” ” o , ”
Monument 632 to Essex. o ... oL 169 21 15.9 |ocoemoo..o 15.9
LEssexto A___._._.___ 148 42 15.0 —0.8 14.2
Monument 612 to A 318 03 30.9 ... _..--_- 30.1
A to Monument 612 _______ .. 138 03 30.9 |- -eeeemoo-- 30.1
ZMonument 612 to B_ - 163 38 16.8 —0.8 18.0
Ao B 301 41 47.7 |eeeeaos 46.1
121 41 47.7 |ooemeeo-- 46.1
179 16 04.2 -0.7 03.5
300 57 5L9 |- 49.6
120 57 519 ... 49.6
181 37 319 —-0.8 3L1
302 35 23.8 | ... 20.7
122 35 23.8 jooooeaioo. 20.7
180 04 58.3 —0.8 57.5
302 40 221 jo. .. 18.2
122 40 2201 . __.___. 18.2
258 54 06.8 —-0.7 08.1
21 34 289 | . ... 24,3
201 34 289 |...._..... 24.3
ZE to Monument 1250__ 179 45 34.0 —0.8 33.2
F to Monument 1250 __ .. .o 21 20 029 | . ......- 19 57.5
201 20 02.9 |-__ ... 19 5.5
180 00 00.0 —0.8 179 59 59.2
21 20 029 |- 19 56.7
G to Monument 1250 . . 200 20 02.9 |.. ... 19 56.7
ZMonument 1250 to H. 179 42 (3.7 -0.7 03.0
G40 H oo 21 02 06.6 [--ooouaea- 01 59.7
Ht0 G 201 02
ZG to Monument 611 1_ . 85 08
H to Monunment 6111 ______ . 286 10
H 201 02
V4 180 19
H 21 21
201 22
V4 267 41
1 109 03
201 21 45.0 |_._.__. ... 37.3
174 00 59.0 —0.8 58.2
15 22 44,0 |- _..____ 35.5
195 22 44.0 | ....__ 35.5
188 51 48.8 -0.8 48.0
24 14 328 |- ... 23.5
204 14 32.8 ) ... .. 2.5
184 48 07.6 —0.8 08.8
20 02 40.4 | _......... 30.2
209 02 40.4 [_..__..___. 30.3
123 59 10.5 -0.7 09.8
333 01 50.9 | ......._._. 40.1
153 01 50.9 {.....___._. 40,1
1 01 40.1}._

Diserepancy..

1 These stations are not on the main line of the traverse, see figure 19, and are not included in the adjust-

ment of the azimuths.



COMPUTATION OF COORDINATES
Traverse line No._ 2

¢l

State_ New Jersey County ____ Essex Initial Station _llsm._ﬁla*.
Year 1934 ¥onth February - October Closing Station
Station Azimuth Grid ng. Lat. Latitude Departure Grid Coordinates
Plane Distance Xog. cos Az Feet Feet y x
Feet ng. dist. Feet Feet
. 8in Az
o ! * g Dep.
Mon. 612 -477.03 714,406.35 | 2,137, 077.78
0. 74382601 T
641,122 713%,929,3%2 [ 2,137,506,hk2
0.66837730 -0,01 -0.01
A 318 03 30.1 GUT L1 ¥ LS 713,929.31 | 2,137,506, 41
-190,29 _
0. 5250 3T
{32.B19 115,5559.03 172,138,138, 04
0.850846682 -0, 02 -0,01
B 30L &1 46,1 1,780 36732, 07 713,579,010 | 1B 38 03—
¥717. 0%
A 0. 51449608
1394,460 ST 712,821 .59 2,139,334,18
O, 927 -O.Qé - .02
[¢] 300 b7 19,6 2,119 3 $1195. 784 712.821.8% 2.139 '&3&-1
- -252,89
0.53861026
469.516 712,568,790 2.,139,729.77
0. 84255503 - -
D 235 0.7 3,248 +$395,.59 112,568, 2 2 o
~-400,4%0
0.53982594
T01, 716 712,168.30 | 2 140, 354,13
0.84177730 =004 ~0, 0l
1ol 302 40 18,0 3 990 +624, 36 712.2068.26 | 2,140 a5k .ng

Fi1GURE 24.—Computation of coordinates, traverse no. 2
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COMPUTATION OF COORDINATES

Traverse line No. 2__
State _ New Jersey County ___Essex Initial Statlon Mon. 612
Year 1934 Month February - October Closing Statlon b'd
Station Azimuth Grid . Lat. Latlitude Departure Grid Coordinates
Plane Distance % co8 Az Feet Feet y x
Feet hag. dist. Feet Feet
sin Az
o v & ] % Dep. 712,168,300 | 2,140,354.13
E _— -1838,72 712,168.26 | 2,140,354.09
9399818
- 1977.226 710,329.5 2,139,627.12
0.36769313 -0.07 -0.06
F 21L_3h_ 2h, 5,967 =727.0T__ | 710,329.51 | 2,139,697.06
-187.16
0.93148515
200.924 10,142.42 2,1 .0
0.36378192 ] =0.07 0.
Man 12 2119 K75 6,168 ={2.UY 110,142 35 2.1%9.553%.97
-1608.07
0,93148556
1726+ 358 708,53%.35 | 2,138,926.02
o 2119 56 7,895 0.36377830 $28.01 | T08.5% AT R OB
2 ry - Iy P .2 2. & 2
~708.56
0,93337230
159.135 707,825.79 2,138,653.56
0.35890966 =0,09 -0.0
H 21 OL 59.7 8,653 =272.,86 707,825,.70 2, N N
5 =1989,.40
0.93130803%
2136.130 705,836.39 | 2,137,875.51
0.36423086 =-0.12 =0.10
1 21 21 37.% 10,790 ~778,05% 705,836,271 2.137.87%,5)

F16URE 24.—Computation of coordinates, traverse no. 2—Continued.
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COMPUTATION OF COORDINATES
Traverse line No.___ 2 ‘

State___New Jersey County ___Essex Initial Station _ Mon. 612
‘Year 1934 Konth February - October Closing Station b 4
Station Azimuth Grid keg. Lat. Latitude Departure Grid Coordinates
Plane Distance hog. cos Az Feet Feet Yy x
Feet ko, dist. Feet Feet
. 8in Az _
o 3 . Dep. 705,83%6.39 2,137,875.51
T -1458.59 _705,836.2T7 | 2,137,875.%1
0,96420412 .
1512. 744 704,377.80 2,137,474,
0,26516114 =0.13 | =0, 1
K i 22 35,5 12,302 —R0L. X2 | 704, 377,6 2 13T BTE. 3T
G91183470 =1580.36
1733.169 * T02,797.5% | 2.136,762.82
0.41055750 -0.1 -0.14
X 54 14 23,5 14,036 — —=T11.57 102, 197,29 12,136,716 .68_"
0.87426620 :
1478,072 703.,505,21 ‘13_6_.9__5_._29
0.48544680 ~0,17
Y 29 02 30.3 15,514 =117.5% =_.nA__a,_'|,;ﬁ,_q§5_L5_
. Welghted Mean 701,505.04 2,136,045.14
Discrepsancy. . 40.17 40.15
/ x Factor = ~0,96687 [x 10~
¥ Factor e -1.09578 |x 10-2

FIGURE 24.~Computation of coordinates, traverse no. 2—Continued.
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Traverse line No.___ 2

COMPUTATION OF COORDINATES

6 - ¥F - O 6¥L029

State __New Jersey County .._Essex Initial Station Mon, 612
1934 Month February - Qctober Closing Station Y
Azimuth Grid kag. Lat. Latitude Departure Grid Coordingtes
Plane Distance kag. cos Az Feet Feet y x
Feet kag. dist. Feet Feet
. 8in Az
0 1 . _Dep.
. -0.,91 707,825.70 | 2,138,653.48
0.278432
¥.28 707,825.79 | 2, 4656.63
0.9604558%
286 10 +3.I5
30,78 708,836,271 2,151,875,
0,32639315
2,28 705,837.01 | 2,137,873.25
0,94523410 -2.,16 .
109 03

FIGURE 24.~Computation of coordinates, traverse no. 2—Continued.
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126 U. 8. COAST AND GEODETIC SURVEY

Computation of grid azimuth from coordinates, traverse no. 3, control data
NEWARK TO WECO

z v
................................................. 2,153,320.31 |  688,963.97
g:vcvon}i{.::::l'.::: .................................................. 2,137,513.80 | 603, 768.99
N . I +15, 806. 51 —4,805. 02
log Az =4,1988360
log Ay =3.6816952
log tan a =0.5171408

a = 73°05'28'".5
grid azimuth=286°54'31"'.5

Computation of grid azimuths, traverse no. 3

Cor- C?;:d Cor- | Cor-
Preliminary | fo0- | TeCle Preliminary | [eC- | rected
Stations azimuth and t!xon o Stations azimuth and "I‘m‘ B h
angle or angle or | mu
clo- and clo- and
sure angle sure | angle
o , ” ” ’ ” -] ’ ” ” ’ ”
Newark to Weco..| 286 54 315 | .__.__ S3L5|ACtoAD...____.| 28 47 52.1 |._____. 59.1
LWecoto AG.___[158 32 13.71+41.2 1491} ZAD to AB 01 3L3| 412 32.5
Newark to AG__..| 85 26 45.2(..__.__ 46.4 1 ACto AB___._____ 49 23.4 |..____. 31.6
AQGtoNewark.___| 265 26 45.2|...._. 46.4|] ABtoAC________. 49 B.4|.__.... 316
ZNewark to AF._| 296 55 13.4| +1.2 14611 LACto AA 17 21,2 +1.2 28.4
AG to AF 58.6 22 0LO}J ABtoAA_ ... 06 50.6 | _.._.. 07 00.0
58.6 |._..__. 22 0.0 50.6 |...... 07 00.0
34.51 411 35.6 59.8( +1.2 61.0
33.1 36.6 50,4 ... 56 010
29 33.1 ... 36.6 50,4 ______ 56 01.0
55 38.0| +1.2 39.2 2.7 | +1.2 21.9
25 11.1 15.8 1LY oo 22,9
25 11.1 15.8 mwrl . 22.9
00 00.0 0l.2 16.0] +1.2 17.2
25 1.1 17.0 2714 .. 40.1
ADtoADE_.____| 19 25 111 17.0 Weightedmean_| 153 01 40.1| .____[.____._..
ZADE to AC 22 410 42.1 Discrepancy....., Lo F: X 1 1 IR E
ADto AC...___.. 47 52.1 59.1




Traveree line No.__ 3

COMPUTATION OF COORDINATES

Btate _New Jersey County __Essex Initisl Station ___Newark
Year 1934 Month February ~ October Closing Station Y
8tation Azimuth Grid . Lat. Latitude Departure Grid Coordinates
Plane Distance X0%. CO8 Az Feet Feet y x
Feet 3og. dist. Feet Feet
. 8ln Az |
o ' ‘ % Dep.
Newark =216.12 69%,768,99 | 2,137,513.80
0.079394T7
2721 ,990 693,552,888 | 2, 2
0.99684326 _40.18 +0.07
Y B8 26 36,3 2 722 =2713.30 693,553.06 15 134,800,547
: - +1028.25
0,92476573
111.908 694 581,13 | 2, . o
0.38053692 <40-2 | 30.09
AF 202 25 01.0 3. 834 LT3 P V-] 694,781, 2,458,228,
+1373.80
0,92392294
1486.700 = 695,954.73 | 2,135 792,30
0.38257862 ¢
1307 29 B 5381 355078 ] Tﬁ?{%ﬁ‘.&g—mu.ﬂ
+239.70
0.9431005%
254,166 696,194 ,4% [ 2.135,6876,.81
0.33250774 40,3 0
—_ADE 199 25 15.8 5505 284,81 696,194,80 [ 2,735, 876,9
829,54
. 0,94309859
879,594 697,023.97 | 2 136,169.29
Q,.33251322 40,42 20,1858
AD 199 25 17.0 6,454 -697,024,39 ] 2 136 160,44

Fiourg 26.—Computation of coordinates, traverse no. 3.
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Traverse line No. 3

COMPUTATION OF COORDINATES

State___New Jersey _____ County Essex Initial Station Newark
Year 1934 Month ngruagz - October Closing Station X
8tation Azimuth Griad . Lat. Latitude Departure Grid Coordinates
Plane Distance iRE. CO8 AZ Feet Feet p4 x
Feet xox. dist. Feet Feet
Xpx. sin Az
o v * . _Dep. 697,023.97 | 2,136,169.29
_AD +607.66 697,024,390 | 2 136.169.44
0.87630879 -
693,436 = 697.633.2; 2,136,503.35
0.481T4985 40,
_AC 208 47 59,1 7,148 7 +334,06 697,632,10 2,136,
$715.5
0.9881607%5
723.136 698,346.20 | 2,136, 61b 20
0.15342468 40.52 0.1
AB 188 49 31.6 7.871 ERE $110,.95 69&,}55.7" 2,136, 614 59
’ L3
0,9812%662
_521.908 698,858,%2 2,1%36,714.93
. 0.19280740 4100.63 40.55 +0.20
AR 791 07.00,0 8393 508,858, 8 3136115,
$1582,25
0.99868951 I
1584 ,.327 700, 440,57 1 2 136, 796.0]
0.05117880 +81.08 +0.56 - " 40.24
_Park | 182 %6 01,0 9,977 700, 443 .22 1 2,1%6,796,25
41005,70
0,81248761
1257.806 701 ,446,2 2,1%6,075.40
. 0.58297846 20, 20,27
2 144 20 _22.9| 11215 -721.61 J01,447,0 2,136,074,67

FIGURE 25, —Computation of coordinates, traverse no. 3—Continued.
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COMPUTATION OF COORDINATES

Traveree 1ine No._ _ 3
8tate 9e County Essex Initial Station _Mewark .
Year 1934 Month February - Octobep Closing Station Y
Station Azimuth Grid . Lat. Latitude Departure Grid _Coordinates
Plane Distance kpg. cos Az Feet Feet y x
Feet kxx. dist. Feet Feet
. 8in Az
o 1+ 8 . Dep. 701,“6.27 2)136107h¢40
Z 258,0% 701,447.01] 2,136,074.67
0,891226T4
65,118 701,504,%0| 2,136,045.87
0.45355804 40,74 40,27
X 15% 01 30,11 311,280 -29.53 701 _505.04] 2 136,045,148
Welghted Mean _101,505.05__2,136,058.15__
Diac noy. =-0.74 =027
x Factdr = 4o5.3936d ¥ 105
y Faotdr - 26,56028 x 10™2

FIGURE 25.—Computation of coordinates, traverse no, 3—Continued.
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A COMY A%D G0R0ETIC SwrveY
o, e

PLANE COORDINATES

0€1

Dotum —"".""““.‘b Profection imcirm Stote . WRW.JERENY . __ -
Buatkn = Ooordivete Pam ok ' Coortinate Fas ———_m
Y 7 Coordinate
Font . g » Fod - - -
o MaB_613. | 2,135,635, 28 5 M9 Nen. 632
715,208.02
M 05, 2,127,955,
n.sa”}.:m
Noni._ 606, 2010003 | 332 07 9.6 | e, o1
10,2056,
Moo, 607 2,132,975.%9 152 OT  59.6 N, 606
707,366.52
—Nona 23 2413957091
110,142,35
e Mom, 610 2,137,873.25 2 3 335 Mom, 611
105.431.0).
Mens 613 2,08,656.63 | 21 30 33.5| wea. 0
T0T,68.78
Pork 2,136,796.25
Too,841.22
)

FIGURE 26.—List of plane coordinates.
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TRAVERSE COMPUTATION ON THE MERCATOR GRID 131

Computation of grid azimuths from coordinates, traverses nos. 1, 2, and 3

z v
Monument 612 . immmmme e mmeeameas 2,137,077.78 714, 406. 35
Monument 613 . cereemacceeecsseecemmm———————- 2, 135, 635. 20 715, 204. 02
Arand AY. it emee 41, 442. 58 —707.67
log Az =3.1591399
log Ay =2.9018233
log tan «=0.2573166
a =61°03'35"".1
Grid azimuth—Monument 613 to Monument 612=298°56'24.9.
z v
Monument 607, . e cmmeeemeemeememeee 2,132, 975. 49 707, 366. 92
Monument 606. .- . ... et ecemenn 2,131, 434.43 710, 281. 56
AZ AN AY .o +1, 541.06 —2,914. 64
log Az =3.1878195
log Ay =3.4645850
log tan «=9.7232345—10
@ =27°52'00"' .4

Grid azimuth-—Monument 606 to Monument 607=2332°07'59"'.6.
Grid azimuth—Monument 607 to Monument 606=152°07'59"".6.

z v
Monument 611 e mmecmeeimcaaaan 2, 138, 656. 63 707,824.79
Monument 610 . e al. 2,137,873.25 705, 837.01
Az and AY. e —————— +783.38 +1,087.78

log Az =2.8939725

log Ay =3.2983683

log tan «=9.5956042—10

a =21°30'33''.5

Grid azimuth—Monument 610 to Monument 611=201°30"33"’.5.
Grid azimuth—Monument 611 to Monument 610= 21°30'33’’.5.
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NEW JERSEY

NOTE GCALE FACTOR IN WMILES
FROM CENTRAL MERIDIAN.
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FIGURE 27.—Map of New Jersey with grid system outline.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

TRARSVERSE MERCATOR PROJECTIOR FOR NEW JERSEY

133

TABLE I.
. Tabular dife Tabular dif-
Lat (rzet) ference for Lat. (t{at) t:renci for
one ae:. of one seo. of
380 50°% 101.16
5 6 069.95 101, 16 17 39° 26t | 218,529.2 101.17623
52 | 12,139.92 | 101.16 23 27 | 224, 599 56 301.176
gz ,209.80 101.1 28 230 l .46 101.17700
2ul2 9.90 101.1 7oo 29 zg 301, 1772;
55 | 30,3 101.16733 30 {2 sn.7e 101.177
380 56¢ ig l&19.96 101.16750 39¢ 31+ | 2g, 862,38 { 101.1778
7 01 101.1678 2 22& 923.0 3101.178)
?3 630 17 ig}. :{aéo %Z 26 % 893 ls %8}.'1315350
39° 00 2’3 .28 | 101.16483 35 | 273,165.18 101:17903
g° 01¢ | 66 101.16900 ° 361 2 | 101.2
7 08 721710.55 m1.1692'75 39 %7 ass, 32 2 101.1:’13
0 78, 910.71 101.169 38 291, RZ& l&6 101.18000
0 &4, 980 101.17000 zg 101.18017
05 91,051.09 101,17017 303,519.07 .18050
o 06? 121, 101.17050 4y 89,90 | 101,1808
% 07 137.191.33 101.1%03 »° Lo 26?) Zs 101.1811
08 1 ,261.78 | 101.171) 113 321,731 101.18133
09 zo 32,05 101.1712; gg 101.18167
10 121. 2,33 | 101.171 45 333,573 101.18200
39° 11+ |127,472.63 | 101.17200 390 46t 329, 9% 101.1822;
12 13 2 .95 101'17233 y7 g 101.182
1 2% 101.172 ya | 352,086.22 | 101.1228
1 ?& 101.1728 Lo 32& 157.19 101.1831
15 151 75%.01 § 101.1731 50 101.18350
® 16v |157,824.40 | 101.1 ° 51t 0, 299.19 101.18
» 17 g,mu 51 101. 1;%353 » ga 37 0.22 | 101. 15233
1‘3 176 035 igiizl %3 38 1 o {g'{gﬁ '3(
20 132.106:14 101:17@; 55 39 Eo 101.184¢3
o 21 |188,176.62 | 101.1748 g 56¢ 51&.l+9 101.18517
e 194, 247. 1 101.1;53;» 3 37 1406:725.60 301. 15550
g 200,317. 2 101.175%0 gg | 112,796.73 | 101.1858
206, 1 .1 101.1723; 59 | kg,867.88 | 101. 1s
25 |212;458.71 | 101.1782 hoo 00 | 42k4,939.05 | 101.186 50

F1GURE 28.—Projection tables for New Jersey.




134

U. 8. COAST AND GEODETIC SURVEY

TRANSVERSE MERCATOR PROJECTION FOR NEW JERSEY
TABLE I (CONT'D).

R J lar dif- Tabuler dif-
Lat (feet) ;:mn:: for Lat. (r{et) ference for
one sec. of one gec. of
h . lat.
400 01 | 431,010.24 | 101.1866 4oo 369 512 ss 101.19700
02 u37,081.l+u 101, 15703 37 6#3 58l 101.19733
o |iie e | 2 oG e
05 %51295:15 101.18783 @ 667: 101.15817
4oo o6t 66.U2 | 101.1881 hoo k1t € 371 101.19867
07 457. 37.71 | 101. 1885;,) 42 6;;'%.09 102.1524
gg 333’“3”? 108 %‘8333 i 232 os$°97 18%'%3313
10 u65:2§ X 101.18933 k5 |698,159.93 | 101.15967
Yoo 11t 23.0 101.1896 Yoo 46t | 704,231,911 101.20000
12 l¢97,7 i 2 101. 19803 47 710,3(3) 101.20033
ke Bk | 8 (RS BB
15 | 516.0 24:84 | 2on: 13083 50 |78, 5aoIoa 101.20117
Yoo 16t | 522,080.1 101.1911 Loo s51¢ {734, 592.09 101.20150
17 gzs 151 6?) 101. 1913§ ga 30 101.201&
18 5 12 101.19183 5 7%,736.29 101.2021
19 9 101.19200 5 2,808.42 | 101.20250
20 5#6,366.11 101.19233 55 |758, 880.57 101.20283
Yoo 21t Y37, 101.1926 hoe 56¢ §764,952.74% | 101.2028
22 252:53-9’2; 101. 13287 ?.7 771 024,91 { 101.20 1
Pl man || B k) i
25 576 723.99 | 101.19383 410 00 75 241,65 { 101. eo?;
Loo 26t .{ 101.19%00 3o 010 101.20450
27 7?.26 101.19 02 301 Egé 101.204&3
% 20" ”"” 10139500 o %.2¢ | 30120253
30 .3 101.15533 05 3 23o:98 | 10120887
00 3¢ ] 613,154.03 | 101.19550 1o 06+ |&25 101.20600
gz 613,225.7 101.19583 o7 831’71 jo1. 20233
3 625.297.51 101.19633 08 3 101.20 6850
34 1631 9 29 101.19650 09 {8 3,392.145 101.20683
35 637 101.39667 10 |&u5,964,.86 | 101.20717

FIGURE 28.—Projection tables for New Jersey—Continued.




TRAVERSE COMPUTATION ON THE MERCATOR GRID

135

TRANSVERSE MERCATOR PROJECTICN FOR NEW JERSEY
TABLE I (CONT'D)

Let. Tabuler dif-
(fget) ference for
one sec. Of
lat.

h1e 11t | 856,037.2 101.20750
12 | 862,109.7 101.20767
13 | 868,182,20 | 101,20800
14 |} a74 254,68 101.20833
15 | 880,227.18 | 101.20867

k1o 16¢ | 886,399.70 | 101.20900
17 {892, Zﬁ.au 101.20917
18 {898,544,79 | 101.20950
19 |9ok,617.36 | 101.20983
20 |910,689.55 | 101.21017

Yo 21t | 916,762.56 101.21020
22 |922,835.,19 | 101.21067
23 |928,907.83 | 101.21100
2 93&,980.49 101.21123
25 |9M,053.17 | 101.21187

e 26t | 947,125.87 | 101.21183
27 1953,198.58 | 101.21217
28 1959,271.31 | 101.21250
29 965,a .06 101.21283
30 ]971,416.83

Jog R = =108.6

mgumfﬁg=m%ma3-w

N Central meridian) = 74° L4OT 00%000

log (1/6(2 stn 1%)g = 9.8954464 = 20

Cor. to azimuth = +

y2 - ¥1

(6(’3 sin 1%)g

(axi + x2)

FIGURE 28.—Projection tables for New Jersey—Continued.
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TRANSVERSE MERCATOR PROJECTION FOR NEW JERSEY

TABLE 1II,
Lat, 0010g‘ A Log C Lat. Colog A Log ©
ge 50 {1.49085213 | 1.31041
3 ?1 W 525% ’ 0672 39° 26 | 1.49086724 | 1.319645
52 297 0929 27 7661 1.319901
5 339 1185 28 €08 | 1.320157
5 zgl 1442 29 €50 { 1.320413
55 3 1699 30 892 0669
° 56t L6l 1956 o 31t | 1.49046 1432092
i A B Rl o Bt b R
58 5lg 2469 3 1.49087019 1436
59 90 2726 3 061 1691
39° 00 32 2983 h 35 103 1947
° 01t | 1.%9085674 | 3.313240 e 36t 1 220
7 02 ¥ 5716 ? 3l+96 » 37 1:15‘; 2#53
ok Do il % 2 3k
05 8h2 | 4266 30 314 3225
° 06! 8ak Lso2 ° hav {1,45087356 | 1.323480
3 07 926 1378 » 42 490 73%3 > %736
08 1.49082(9)68 5035 l‘g 322%
09 |1.43086010 5225 Lgo
10 . 052 55 45 52l 4502
39° 11¢ | 1.4908609% } 1.315804 o LG 66 475
39° 13" |10 1B I P 25| 503
BB oSl 5| & 2
15 262 Ggg I 50 73% 5778
o 163 4 08 ° 51¢ |1,4908 1.3260
9 17 §°us ?1313. » 22 ¥ 78?;; ? 62%%
Blom @l o2l 5 9
20 2| 83 55 6| 7053
° 219 § 1.49086514 | 1,318366 ° 56t |1,49087988 7308
7 22 K 255 3 szea # 27 1.3990:5;830 7%63
20 @ sm), Bl W &
25 682 9330 4oe 00 157 8328

FIGURE 28.—Projection tables for New Jersey—Continued,




TRAVERSE COMPUTATION ON THE MERCATOR GRID

TRANSVERSE MERCATOR PROJECTION FOR NEW JERSEY

TABLE II (CONT'D)

137

Lat, Colog A Log C Lat,. Colog A Log ¢
4oe 01t 1.1&9088122 1.328583 |} Loe 36% | 1,49089680 | 1.337485
02 2k 837 37 722 7739
8 26| 9 35 izl B
05 368 9202 Ro 8lg 8501
Loe o6t 411§ 1.329856 Loo Las Y1,49089892 ) 1.338755
07 usg 1.330111 42 934 9009
08 B 0366 R 1.49089977 9262
09 537 0620 1.45030019 9516
10 580 0875 45 061} 1.339770
hoo 11+ {1.49088622 { 1.33112 Yoo U6 104 | 1.3%0024
12 2 664 2 331 sﬁ 47 146 > 0278
1 706 1538 4g 189 0531
1 749 152; 4o 231 0785
15 791 a1 50 273 1039
Loe 16t 8 2401 4oo 51t [2,49090316| 1.3422
17 5'3(2 2656 ge 4909 %gs 3 1522
18 918 2910 5 1 1800
19 11.49088960 3165 5 i 2053
20 }1.490839002 3119 55 4g 2307
hoo 21v [1,49089045 | 1.3336 hoo 56t 28 2561
22 ? 905“? 33%9;.; 27 271 2214
2 129 182 58 613 3068
2 172 Lk36 59 655 3321
25 214 4630 |} u1e 00 698 3575
Loe 26 256 4ohy If hye 010 | 1,49090740 { 2.343828
27 59 5298 02 90 ;83 3 Eose
28 1 5453 0 825 itgzs
29 323 5707 0 868 &8
30 3 596L 05 910 4aEu2
Loe 31t }1,L9089U68 | 1,336215 | 41° 06! 953 5095
32 510 ? U639 07 | 1.49090995 53
3 553 6723 08 |1.45091038 5601
3 595 6977 09 080 5855
35 638 7231 10 1123 6108

FIGURE 28.—Projection tables for New Jersey—Continued.
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TRANSVERSE MERCATOR PROJECTION FOR NEW JERSEY
TABLE II (CONT'D)

Lat, Colog A Log C
410 11! {1,49091165 { 1.346361
12 4909 202 ? 621&L
1 250 6867
1 293 7120
15 335 7374
e 160 78 7627
17 20 7880
18 46% sug
19 50 438
20 58 8639
Bye 210 {1.49091590 1.348822
22 6;3 91
2 675 9295
2 718 9651
25 761 |1,349904
e 26 803. ] 1.350156
27 sug 3501439
2l LE e
38 1.#90919;3 1,351168

F1GURE 28.—Projection tables for New Jersey—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID 139

TRANSBVERSE MERCATOR PROJECTION FOR NEW JERSEY

TABLE III.
x Scale in| Bcale ex— x’ Scale in| 8cale ex-
(feet) |units of| pressedas {feet) junits of | pressedas
Tthplace] a ratio 7thplace] a ratio
of logs of logs

0 ~108.6 | 0.9999750 175,000 } + 43.4 | 1.0000100
5,000 | -108.5 | 0.9993750 180,000 | + 22.3 1.0000120
10,000 | -108.1 | 0.999975 185,000 | + 1.2 1.0000141

15,000 | -107.5 } 0.9999752 190,000 | + 70. 1.000016

20,000 | =106. 0.9999755 195,000} + 80,2 | 1.000018
25,000 | =105.5 | 0.9999757 200,000 { + 90,0 | 1.0000207
30,000 | =-10G.1 0.9999730 205,000 | +100.0 | 1.0000230
5,000 | =102.5 | 0.9939764 210,000 | +110.4 | 1.0000254%
,000 | =100.7 | 0.9999768 215,000 | +120.9 } 1.0000278
45,000 | - 98.5 | 0.9999773 220,000 | +131.7 | 1.0000303
50,000 | ~ 96.2 } 0.9999773 225,000 | +142.7 } 1.0000329
55,000 | - 93,6 { 0.9999784 230,000 | +154.0 | 1.0000355
,000 | - 90.2 0.9999791 235,000 | +165.6 1.0000331
65,000 | - 87. 0.999979 240,000 [ +177.% | 1.0000508
70,000 | - 84,3 | 0.9999806 245,000 | +189.4 | 1.0000436
75,000 { = 80.7 | 0.9999814 250,000 | +201.7 | 1.0000464
80,000 | - 76.8 | 0.9999823 255,000 | +214,2 { 1.0000493
85,000 | - 72.1 0.9999833 260,000 | +227.0 | 1.0000523
90,000 | - 68. 0.9999843 265,000 1 +239.9 | 1.0000553
95,000 | - 63.8 | 0.9999853 270,000} +253.3 | 1.0000583

100,000 | - 59.0 | 0.9999864 275,000} +266.9 | 1.000061

105,000 | - 22.9 0.9999876 280,000 1 +280. 1.00006k1
210,000 | = k8.5 | 0.9999888 285,000 § +294.7 | 1.0000679
115,000 | - 42.9 | 0.9999901 290,0001 +308.9 { 1.0000711
120,000 | - 37.1 | 0.9999915 295,000 | +323.5 | 1.0000745
125,000 | - 31.0 | 0.9999929 300,000 § +338.2 | 1.0000779
130,000 | = 24.7 | 0.9999943 305,000 | +353.3 | 1.0000813
125,000 | - 18.1 | 0.9999958 310,000 § +368.5 | 1.00008L48
150,000 | -« 11.3 | 0.9999974 315,000 | +384.0 | 1.0000884
145,000 | - 4.2 | 0.3333990 320,000} +399.8 | 1.0000921
150,000 { + 3.1 | 1.0000007 325,000 { +415.8 | 1.0000957
155,000 | + 10.7 | 1.0000025 330,000) +432.1 | 1.0000935
160,000 | + 18.5 1 1.0000043 335,000 +u35.6 1.0001033
165,000 | + 26.6 | 1.0000061 380,000 | +465.3 | 1.0001071
170,000 | + 34.9 | 1.0000080 45,000 +usa.2 1.0001111
350,000 | +499. 1.0001150

FIGURE 28.—Projection tables for New Jersey—Continued,
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GRID LINES ON GEOLOGICAL SURVEY QUADRANGLE MAPS

In some cases it may be desirable to put the grid lines on the quad-
rangle maps of the United States Geological Survey. The Rochester,
N. Y., quadrangle lies between the parallels 43°00” and 43°20” and
between the meridians 77°30" and 77°45’. The grid coordinates
were computed for the four corners, and the computation is shown on
pages 141 to 144. From these it is possible to determine the distance
from the corner in both directions of the first even grid line that is to
be shown on the map. The coordinates of the corners are as follows:

z v
Boutheast COTmer . i cmm e 780,807.16 | 1,094,927.87
Northeast corner.. 788,235.50 | 1,216,416.12
Northwest corner__._.. 721,7190.29 { 1,215, 652. 50
Southwest corner.....__. 722,928.19 | 1,004, 164.

Let us suppose we wish to show grid lines for every 10,000 feet
beginning with 720,000 in the x values at the west and ending with
780,000 at the east; with the ¥ values, we should begin with 1,100,000
at the bottom and end with 1,210,000 at the top.

With this arrangement at the southeast corner the 1,100,000 line
is 5,072.13 feet north of the corner and the 780,000 line is 9,807.16
feet west of the corner. The quadrangle has the scale of 1 part in
62,500 so that 5,072.13 feet would be represented by 0.974 inch and
9,807.16 feet would in like manner be 1.883 inches on the map.
In a similar way the distance of the first grid line at each of the
corners could be located in both directions.

Now straight lines joining the respective points at the top and
bottom of the map wi.]ll give the grid lines for 720,000 and 780,000
in the north-south direction and straight lines similarly drawn in an
east-west direction give the grid lines for 1,100,000 and 1,210,000,
respectively. We can now divide the space in a north-south direc-
tion into 11 equal parts both at the east of the map and at the west
of the same. The straight lines joining these corresponding points
will give the other grid lines for the adopted interval in this direc-
tion. A similar division in an east-west direction at the top and
bottom of the map will give the points for drawing the other grid
lines in a north-south direction.

There is some slight approximation in this procedure because the
quadrangle maps are made on the polyconic projection and the grid
is supposed to be placed on a transverse Mercator projection of the
region in question made from the given State tables. The slight error
introduced is probably not as great as the uncertainty of plotting
positions, so for all mapping purposes it is permissible to use the
scheme as outlined above.



TRAVERSE COMPUTATION ON THE MERCATOR. GRID

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Quadrangle Corner .

141

. ..  (Central meridian) 7% 35
$ 43 00 b 77__30
AN (Central meridian=A) + 1 05
an(in sec.) 43900 ”
| Jog ax 359106461 1og Su 9.8923;{8
| Cor. arc to sine, = 2568 Jog C* b1 J?%g-lo
| _tog an 3.59103873 108 Ay L 266330 .
| _log cos ¢ 9.86412746-10
| cologA 1.49095815 4 53 od od o0go
|_.tog S, 4.94612434 Ab + 18,4563
|__Cor. sine to arc. + 1384 ¢ 4% 00 218 .45_&_
| _log S 4.94613818 .
|_10g3937/1200__} ©0.51598417  _} Tabulr difference) 101.23617
e R B 2714 ofyfori”oté’ J
|_log Sg 5.4620952) y (for min. of ¢} 1,093,059.12
| _log S&° ].16.3862856. y (for seconds of ¢")__J + 1,868.75
| _log 1/66,7R? 4.5807825-20 y 1,094,927.87
| log (356 6:%); 0.9670681
_Sg +289,797.885 g sin £3£
.._(S,’ 667) + 9.270 —fog ax
o _log &ay
X. +289,807.16
500,000, 00 | _log (aX)
x 789,807.16 log F
gb
A v
b
aa -
aAa ° : °

*Take out C firstfor ¢ and correct for approximate ¢

F1eURE 29.~~Computation of coordinates for quadrangle corners.

620745 O - 44 - 10
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U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES QN TRANSVERSE MERCATOR PROJECTION
State New York-West Station Quadrangle Corner

. . . A (Central meridian) 7% 3
43 20 S 77_30
A (Central meridian-A) +1 .05 v
AA(in sec.) $3900
| _tog ax 3.59106461  }_log S.2 9.8875 g
[ Cor. arc to sine. = 2588 log C* 1.378898-10
| log A 3.59103873 log a¢. 1.2662‘3
|__log cos ¢. 49.86175756-10
| _cotog A 1.4909667T1 ¢ 43° 26 06 g
| _tog S, 4.94376300 _Ad + 18. A(:gz
| Cor. sine to arc. + 1369 ¢ 43 20 18.468%
| 1og's 4.94377669
L log 39371200 0.51598517 _|_Tabular difference) _ | 102.24217
| 1o R _ 2714 of yfor 1" of ¢”
| _log Sg 5.45973372 y (for min. of ¢") 1,214,545.93
| _log Sg° 16.3792012 ¥ (for seconds of ¢")_{ + 1,870.19
_tog 1/6¢,2R? 4,5807825-20 4 1,216,416.12
_1og (5576 6:%)g 0.9599837
| _Sg $288,226 .37 —ogsin 435
__log ax
_(s,ys £ 120 | os 00,
X +288,235.50
500,000.00 { log (an)®
x 788, 235.50 log F

fog b

o v

b

e .

" .+ =

*Take out C first for ¢ and correct for approximate ¢'.
FIGURE 29,—Computation of coordinates for quadrangle corners—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State New York-West Station Quadrangle Corner
° .

143

o . A (Central meridian) 8 35
$ 43 20 by 77__45
ax idi + 50
(Central meridian-A) )
AR (in sec.} + 3000
|_log AX 3.47712128% 108 -Sen?. 9,659677
338
|__Cor, arc to sine. - 1531 log C* 1.378615 10
_tog ax 3,47710594 log A¢ 1.038569
|_tog cos . 9.86175756-10
|_colog A 1.49096671 4 43 20 00.0000
|_tog Sy 4,8298302) Ad 10 -92§§
| Cor. sins to arc. + 810 ¢ 43 20 10.926%
|_1og S 4, 820873831
| 10g3937/1200— | 0.51598417 {j|_Tabutar difference} 101,24217
of yfor 1" of ¢' .
_log R = 2714
|log Sg 5.34579534 y (for min. of ¢') 1,214,545,93
| log S¢® 16,0373860. y (for seconds of ¢) 1,106.57
| 1og 1/66,7R? 4.5807825-20 y 1,215,652.50
L log (S/66:%)e 0.6181685
__tog sin 43¢
| Sg +221,715.135
$.2/662) 4,1%) —1og &
6 2 2
—< ‘/ G ~ __log aay
X. 4221,719,29
500,000, 00 log (ax)®
T2, 719.29
——X log F
log b
Aﬂ: "
b
Aa ~
Aa

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

Ficure 29,—Computation of coordinates for quadrangle corners—Continued.
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U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-Weet Station Quadrangle Corner

. A (Central meridian) 78 35
° -
$ 43 o0 2 1745
A {Central meridian-®) + 50
”n
aA(insec.) 43000
|_tog ax 347712125 108 S 9.665399
) 909
|__Cor. arc to sine. = 1531 fog C*
08
|_log ax, 347710594 log Ad. b .038269
|_fog cos 9. 9,86412746-10
| _colog A 1.59095815 N 43° 00 06,0000
21
|_1og s, 4,83219165 Ad + 10,9238
|_Cor. sine to arc + 819 '3 43 00 10 .92;&
L _log S, 4,83219974
| _log 3937/1200_ 0.51598417 N Tabular difference} _} 101, 236)7
4 of y for 17 of ¢*
| _log R = 27
108 S¢ 5.35815677 y (for min, of ¢’y ____| 093,053.1
10854 16,044470 ¥ (for seconds of ¢+ 1,105.71
10 /66,28 4.5807825-20 y 1,094,164.83
_tog (55/6.6.1) 0.6252528
_log sin 2£3£
| s, + 222,923,971
2) a9 |
s 3 1 Aok,
—( '/ 66 _log agy
X" 4 222,928.19 7
0,000,00 [l _log (any
x 722,928.19 tog F
log b
—ad Y
b
-
aa
e 2 =
aa

#Take out C first for ¢ and correct for approximate ¢°
F1GURE 29.—Computation of coordinates for quadrangle dorners—Continued.
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METHOD OF CONSTRUCTING THE MERIDIANS AND PARALLELS ON
THE GRID PROJECTION

If a map is to be made for the whole or a part of a given system,
it may be desirable to place the meridians and parallels on it as well
as the grid lines. In order to show how this can be done, we have
made the com%ptations necessary for the region in the vicinity of
Rochester, N. Y. First, we selected the upper and lower parallels
of the region to be shown; these were 43°16’ and 43°04’, respectively.
We then computed the coordinates of the intersections of these
parallels with the meridians to be shown, that is for every 2 minutes
of longitude from 77°32" to 77°46’, inclusive. This gives us eight
points on each of these parallels which can be plotted by their coor-
dinates on the grid outline of the region. The parallels are in fact
curved lines but for the scale of the map they could not be distin-
guished from a straight line for the extent of the map. In a larger
map it would be necessary to construct a smooth curve through the
plotted points.

On the outer meridians the intersections of the parallels for every 2
minutes were likewise computed. These also should be slightly
curved but again for the scale of the projection and for the extent of
the map they could not be distinguished from straight lines. The
remaining meridians and parallels were then constructed through
their respective points. As a matter of fact, for a grid section as
large as a Geological Survey quadrangle map, it would probably be
sufficiently accurate to locate the outer parallels and meridians and
then divide the space between them proportionally for the other
meridians and parallels. Strictly speaking, for a map of large extent
the various intersections of meridians and parallels throughout the
region to be shown should be computed and plotted with their
coordinate values. As was done in this case the outer meridians and

arallels can be computed first, and from these it can be seen whether
1t would be necessary to compute all of the intersections throughout
the region. .

By this method complete maps of counties can be made which show
the meridians and parallels as well as the grid lines. In another
section we have shown how to place the grid lines on the Geological
Survey quadrangle maps. The method outlined here, however, gives
the meridians and parallels in perfect accord with the grid lines because
they are both dependent upon the same projection. Maps for larger
regions such as power projects can be made by this method so that
they are correctly related in all of their parts.

'ﬁme computations for the Rochester region shown in figure 5 are
given in figure 30 immediately following this discussion. _They are of
interest as samples of the computations that are required for this

purpose.
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U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute intersection

. .  (Central meridian) . 3
s 43 04 N A 7730
AN (Central meridian-n)  + 1 05 3
AA(insec.) . 2000
log an 3.59106461 log Sem? 9.891336
| Cor. arc to sine 2588 log C* Lj?‘&gg-lo
|__log A, 3.59103873 log . 1.2552&82
| log cos ¢ 9.86365569-10
| _colog A 1.49095986 ¢ 43 ok od .ogocl)
|_log S, 4,94565428 || _a¢ + 18.4
|_Cor. sine to arc + 1381 ¢ &3 04 18 .48@}
| _log S 4 ,94566809
| _log3037/1200__|  0,51598417 _{i_Tabular difference}_ 101.23733
| g R _ o714 of y for 1" of ¢
|—log Sg 5.46162512 y (for min. of ") ___| 1,11 <91
| _log Sg? 16.3848754 y (for seconds of ¢") _| + 1,869,05
| log l/s‘oosz 4.5807825-20 y 1,119,224.96
| _tog (S¢/66:2)g 0.9656579
__log sin -L}L'
’—-SI | 4289 484,370 | | tog an
—(56/66%); 9,240 . g ey
X’ +289 493,61
500,000,060 {l__log (ax)®
‘ 789,593. 61 g F
log d
— Ay i
b
aa ”
aa ° .

% Take out C first for ¢ and correct for approximate ¢’
F1GURE 30,—Computation of coordinates for 2-minute intersections.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-West Station Two-minute intersection

° -

. . A (Central meridian) 78° 38
s 43 04 A 77__ 32
AN (Central meridian=\) + 1 03
AA(insec.) ,3730”
log ax 3.57749180 | log Sn? 9.864192
|__Cor. arc to sine - 2431 log C¥ 1 37&10
| log Ax 3.57746749 log A¢. LZBQ&Q
| _log cos ¢ 9,86365569-1
| _colog A 1,49095086 " 43° 04" 0010000
| tog's, 5,93208308 || a4 . 173488
|__Cor. sine to arc. + 1297 ¢ 43__04 17.3&3;
| _log S 4,93209601
| _10g3937/1200___|  0.51598417 {|_Tabular difference) 101.23733
g R _ o of yfor1”of ¢’ J
| tog Sg | _5.44805304 | y (for min. of §") 1,117,355.91
|.log S¢* 16,3441591 y (for seconds of ¢")_{+ 1,755.80
__log 1/6¢,2R? 4,5807825-20 y 1,119,111.71
| log (s,ys ﬁ,; s 0,9249416
Sy $280,577.629 :::: :'Q'L
—(5/662) 8.413 s sa,
x| 4280,586.04 |
500,000.00 i |og (any?
t 0,5%¢.0 log F
log b
_—.Y 5 N
b
Aa °
Aa ° ’ N

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

FicurE 30.—Computation of coordinates for 2-minute intersections—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-Weet Station Two-minute intersestion

. A (Central meridian) 78° 35
’ -
¢ 43 o4 b -—Tr s
. ¢+ 2 R
AN (Central meridian-3) Y
AX(insec.) + 3660
log Ax 3.56348109 fog Sm? —9,.836172
|_Cor. arc tosine = 2279 log C¥ 1.374869-10
|_tog An : 3.56345830 1 log a¢. __1.-211&23_______
|__log cos ¢. 9.86365569-10
_colog A 1.49095986 ¢ 43° o4 °°°°°8%
| _tog S, 4,91807385 Ad + 16.25%¢
|_Cor. sine to arc + 1216 '3 4% qg_m_‘_gﬁg__
._log S, 4,91808601
|__log 3937/1200_ | 0,51598417 _J_Tabular difference) 101.23733
of y for 1" of ¢*
| _log R - 2714
|__log Sg 543404304 y (for min. of ¢") 1,117,355.91
|_tog Sg° 16.3021291 ¥y (for seconds of ¢")_| + 1,.646.08
| _i0g 1/66,7R? |__a,s807825-20 1|, 1,119,001.99
_tog (S¢/66.2); 0.8829116
. __tog sin 234 4
|__Sg 4271,670.851
R 2 7.637 __log ax
S, .
— '/6& ® _log aq,
X, 4271 ,678.49
500, 000, 00 |_log (aa)®
x 771,678.49 tog
log b
|—aa "
b
Aa .
> - =
Aa

* Take out C first for ¢ and correct for approximate ¢'.
F1auRE 30,—Computation of coordinates for 2-mi intersections-—Continued
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute intersection

. .. A (Central meridian) 7 35
$ A3 o4 2 7736
aM(Central meridian-ny  * O 59 §
A(in sec.) + 3540
| _log ax 3.54900%26__ | log Sn? 9.807218
|_cor. arc to sine - 232 | sogct 1.374883-10
| log ax 3.54898194 | log “____.____14.&2@____
|_fog cos . 9.86365569-10
colog A | _.49095086 1 4 A3°_ o4 0p.0000
108
L _log S, 4,90359749 {1 a¢ + 15 .2§§§_
r.(‘.or. sine to arc + 1138 ¢ : A3 O 15.2085
| _log S, 4,90360887
| 10g3937/1200___ 1 _ 051598517 _|_Tabular difference 101.23733
g R _ 274 of y for 1" of ¢'
[log Ss 5.41956590 y (for min. of ¢') 1,117,355.91
| log S¢° 16,2586977 y (for ds of ¢')_| + 1,539.90
| _log 1/66,7R? 4.5807825-20 v 1,118,895.81
| log (SeY/66.%)s 0.8394802
e
5, +262,765,023 :::: s::'L""
__(slys fo!). 6.910 | 1og aa,
x +262,770.93
500,000.00 } iog (any
|« 762,770.93 tog F
log b
l—Aaa; N
b
- Aa -
55\ e P

* Take out C first for ¢ and correct for approximate ¢'.
FiGguRE 30.—Computation of coordinates for 2-minute intersections—Continued.
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U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute intersecotion

L. A (Central meridian) . 3%
¢ 43 03 by 77 38
A (Central merigian-n)  * O 57T

AN{insec) + 3420 "
|_log. & _3.53402611 __log Sm? 9. 777§§§-
| _Cor. arc to sine. = 1990 | _togc* 1,374 20
l_log ax 3,5340062] log a¢. 1 .15_21;2
|__tog cos ¢. 9.86365569-10 -
—colog A | 1.49005986 ¢ ¢ 53" of 06.0000
| _log S, 4.88862176 aé + 14 .19%
| __Cor. sine to arc + 1062 ¢ 43 04 14.19&
| _log S, 4,88863238 ’
|__log 3937/1200___ 0,51598417 _|{_ Tabular difference 101.23733

of y for 1" of ¢'
| _log R = 2714
| _tog Sg 5.40458941 y (for min. of ¢") 1,117,355.91
| iog s 16.2137682  (for seconds of ) 1,437.26
|_log 1/6£,:2R? 4,5807825-20 | 1,118,793.17
_tog (S5/66.%), 0.7945507
| s, +253,857.158 [ “#*

—log ax
“(5376 6)e 6.231 _log aq, .
by 4253,863.38
00, 000, 00 3
- e s '|°“ -
log b
l—Aaaq) -

b

aa .

Aa ° ' -

* Take out C first for ¢ and correct for approximate ¢’
Ficure 30.—Cemputation of coordinates for 2-minute intersections—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute interseotion

L.  (Central meridian) 78° 35
$ 43 04 2 71, 40
AN(Central meridian-n) ¥ © 55
AX(in sec.) * 3300"
| log an 3.51851398 ) log S.? 9,746242
| Cor. arc to.sine = 2853 log C* 1 -37“833-10
|_log ax 3.51.849541 log a¢. 1.1211 gg
| log cos ¢ 9.86365569-10 :
| _colog A 1.49095986 ¢ 43 ° o4 00,
| log S, 4.87311096 aé + 13.212
L Cor. sine to arc EY 989 ¢ 43 04 13,23&
|_tog S 4.87312085 i
| tog 3937/1200_| _ 0.51598417 __l_Tabular difference) 101.23733
| lgR - o714 of y for 1" of ¢* j’
| log Sg 5.38907788 y. (for min. of ¢')__;_l,111.355»9l..__
| log S¢? 16,1672336 y (for seconds of ¢")_| 4 1,338.16
|_tog 1/6£.2R? 4,5807825-20 v 1,118,694.07
| tog (Sg/6 €7)g 0,7480161
s, s2u4, 950,088 f—FS" HFE
s/ 5.596 —:: :
X +244,955,85 I~ !
500,000.00 |i log (axy®
x T9%,555.85 tox F
fog b
| —aa, "
b
Aa N
__aa ° -

® Take out C first for ¢ and correct for approximate ¢’
Fi6URE 30.—Computation of coordinates for 2-minute intersections—Continued.
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U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State Mew York-West Station Two-minute intersection,

. A (Central meridian) 78° 38
¢ 04 2 17.__42
A (Central meridian-2) +0 53
A (in sec.) + 3180
| _log A 3.50242712 10g Sei? 9.714069
’._COI'. arc to sine 172 log C* 1,374 10
|_tog ax, 3, 50240991 log a¢. 1.0889
log cos ¢. 9.86365569-1
_colog A 1.49095986 " 43 0k 00,0000
| —tog S, 4,85702546 ad 12.2‘[&
L_Cor. sine to arc 918 ¢ 43 04 12.27&
log S, 4.85703464
| -log 3937/1200 0.51598417__[[__ Tabular d.i’fferer)ce} 101,23733
| 1oz R piy § OTYPoriTots
|_tog Sg 5.37299167 [y (for min. of ¢') 1 .1}1. 355.91
|_log S¢° 16.1189750 y (for ds of ¢') 1,242,60
|_10g 1/6¢,2R? 4.5807825-20 1,118,598.51
L_log (5,766.%)g 0.6997575
| _Sg 4236,043,295 —log sin £5£
. log ax
—(5¢/66:%)s 5.00] ¢ s
X' +236,048.30 !
500, 0600, 00 L _log (aX)°
x 736,008.30 log F
log b
_aa -
b
aa N
aa -

*Take out C first for ¢ and correct for approximate '
F1GURE 30.—Computation of coordinates for 2-minute intersections—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-weet gianion Pwo-minute interseotion

o . . X (Centrai meridian) 18 35
$ 43 04 b ——T1 44
AN (Central meridian=A) ¢+ 05 .
AA{in sec.) & 3060
|_log A 3,48572143 iog Sm? 9.680659
|__Cor. a:c to sine. - 1593 | logc* 1.37: -10
_log AN, 3.48570580__ ) og a¢.
| _log cos ¢ 9.86365569-10
|_colog A 1.49095986 4 ,ﬂ; 0L 060000
s 4,84032105 | a4 . 11,3638
|_Cor. sine to arc + 850 ¢ 53 0h 11,3638
[__log Se 4.84032955
| _log 3937/1200____.__ .0,5159841T __§ Tabular difference 101.23733
| g r _ 2714 of 'y for 1" of ¢
|_log Sg 5.35628658 _y (for min. of ¢") 1,117,355.91
| 1ogsg* 16.0688597 y (for seconds of ¢7)_| + 1,150.58
|_10g1/66,:R? __.4,5807625-20 || 1,118,506,49
| _log (s,ys 62 0.6496422
| s, s207136.308 | FE
__.(S.y 66.2), 4,463 _:08 ax
X' +207,140.78  [~°8 4%
.500,000.00 § 1og (any
x 727,1%0.78 ) | .
log b
AQ) i
b
Aa °
aa * i -

*Take out C first for ¢ and correct for spproximate ¢'.
Fioure 80.~Computation of coordinates for 2-minute intersections—Continue



154

U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-West Station Two-minute intersection

A (Central meridian) T8 ° 35' )
[ 04 by 77 46
aX(Central meridian-n)  * O 49
AA(in sec.) 42940
| _tog ax 3.46834733 108 Su? 9.645912
|__Cor. arc to sine. 1471 log C* 1. 37108%;-10
822
| alog AN 3,46833262 log A |
|_log cos ¢ 9.86365569-10
|_colog A 1,49095986 ¢ 43" 0h 00,0000
| _tog S, 4,82204817 aé + 10.49&
L Cor. sine to arc 785 ¢ 43 oa_ 10 Ag_&i_
|_log S 4 82295602
| tog 3937/1200 0.51598417 I Tabular difference) | 101 23733 .
N4 of y for 1” of ¢
| _log R
| —log Sg 5.33891305 y (for min. of ¢’) 1,117,355.91
| _log Sg° 16.0167392 y (for dsof ¢)_|+ 1,062,10
| t0g 1/6£,2R? 4.5807825-20 y 1,118,418,01
_tog (576 6,%); 0.5975217
__log sin 2%5¢
S5 4218,229.296
3.958 __log ax
s’ 2y s
—{ '/Gﬂ’ 8 . __log aa
X’ +218,233,25
500,000,000 I tog (an)®
X 718,233.25 log F
fog b
_.aa -
b
aa i
.+«
aa

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

FicurE 30,—Computation of coordinates for 2-minute intersections—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State New York-West Station ®wo_minute interseotion

. A (Central meridian) 7° 35
’ .
$ 43 26 bY 1730
AN (Central meridian-2) + 1 05
A (in.sec.) + 3900
log &) 3.5910646) log Sm? 9.888502
886
__Cor. arc to sine - 2588 tog C* 1,377 ¢ -10
46
|_log A, 3.59103873 log a9
|__log cos ¢. 9.86223375-10
|_colog A 1.49096500 4 43° 16 00,0000
_log S, 4,94423748 a¢ 18 .4338
T00
|_Cor. sine to arc + 1372 ¢ 43 16 _18.4666
| togs 4,94425120
|_1og 3937/1200___| __0.51598417  §_Tabular difference 101.24100
of y for 1" of ¢*
_log R - 2714
| _tog Sg 5.46020823 y (for min, of ¢') 1,190,247.99
_.log Sg* 16.3806247 y {for seconds of ¢') __| + 1,869.92
|__log 1/66,2R? 4,5807825-20 y 1,192,117.91
|_log (576 6:%)g 0,9614072
_log sin 234
| Sy 4288541 ,462
2/60,2) 9,150 — o8 ax
$.2/6 .
—( ‘/ ) __log aay
'y 428 .61
500,000.00 || _jog (an)®
x 788,550,61 —logF
log b
aaq "
b
‘aa N
o -
aAa

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

FIGURE 30.—Computation of coordinates for 2-minute intersections—Continued.
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U. 8. COAST AND GEODETIC BURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-West Station Two-minute interseotion

 (Central meridian) 78 35
o 43" 16 ° A 1732
AN (Central meridian-\) + 103
A (in sec.) + 3750"
|_Jog ax 3.57749180 108 Sm? 9.861358
| Cor, arc to sine - 2431 log C* 1 .377332 -10
|_log Aa, 3.57746T49 log A4 1. 2393}1
|_log cos ¢. 9.86223375-10 )
| _cotog A 1,49096500 4 43° 16 00,0000
| _1og S, 4,93066624 || _aé + 17.3
|__Cor. sine to arc + 1289 ¢ 43 16 17-3@8
|_iog S 4.,93067913
| 10g3937/1200__| = 0.51598417 [ Tabular difference 101,24100

of y for 1" of ¢

L log R = 2714
|__fog Sg 5,45663616 y (for min. of ¢") 1,190,247.99
- 10g S¢’ 16.3399083 y (for seconds of ¢")_{ + 1,756.60
_tog 1/64,2R? —2.5807825-201 1,192,004.59
__log (S¢7/6(a)s 0.9206910
s, s219,665. 701 |85 F*
__log an
{(S¢)/66.) 8,331 g s
X', +279,672.07
500,000,00 | _iog tan)®
X 779y 572- o7 fog F
log b
_aa; "
b
aa "
aa ° -

® Take out C first for ¢ and correct for approximate ¢
F1aURE 30,—Computation of coordinates for 2-minute intersections—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Pwo-minute interseotion

o . A (Central meridian) 78 35
¢ 43 16 2 77 34
AN (Central meridian-2) ¢+ 1 01
AA(in sec.) + 3660
| _log A 3,.56348100 log Su? 9.833338
| Cor. arc to sine | = 2279 | togc* 1 .377333-10
| _log A 3.563458%0 log A¢. 1.211 ggg
|_tog cos ¢. 9.86223375-14
|_colog A 1.59096500 | 4 43 16 00,0000
| 108 S, 5,91665705 aé + 1sg§g§_
64
_Cor. sine to arc + 1208 v 43 16__16.2639
|log S, 4,03666013
|_10g 3937/1200___| . 0,51598417 _||_Tabuter difference 101.24100
of yfor 1" of ¢
| _tog R - 2714
|_log Sg 5.43262616 1 .y (for min. of ¢') 1,190,247,99
|- log S¢* | 16.2978785 |y (for seconds of ¢') |4+ 1,646.83
[_10g 1/66,28? 4.5807625-204 1,191,894,82
_log (SY/66.%) 0.8786610
. |_log sin L35 !
|_Sg +270,785,973 '
__log ax
$/66:3) 1.562
—(56/66): [ g a0,
j 2270,793.54
$00,000.00 & kg (axry
x 770,793.54 tog
log b
|_aa, "
b
aa *
P
Aa
®Take out C first for ¢ and correct for approximate ¢'.
FiguRE 30.—Computation of coordinates for 2-minute intersecti Continued

820745 O - 44 - 11




158

U. 8. COAST AND GEODETIC SBURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute intersection

. . . A (Central meridian) 78 ° 3% "
&4 16 by 17 36
' A (Central meridian-A) v 0 59 Y
AN(in sec.) + 3540
|_tog ax 3.54900326 log Sn? 9.804384
|__Cor arc to sine - 2132 log C* 1 .’577832-10
| _log aa, 3.54898194 I0g A, 1,182
|_log cos ¢ 9.86223375.10
|__colog A 1.49096500 ¢ 43° 16 006.0000
| _log S, 4,90218069 ___ [I__a¢ + 15.2113
Cor sine to arc + 1130 ¢ 43 16 15 g;lgg
| _tog S, 4,90219199
| log 3937/1200 0.51598417 ¥ Tabutar d'i,ﬂerel;nce} 101,24100
| g R _ 2714 of y for 1" of ¢
|_log Sg 5.41814902 y (for min. of ¢') 1,190,247.99
|__log Sg* 16.25444T1 y (for seconds of ¢')__{ + 1,540.60
|_log 1/66,2R? 4.5807825-20 y 1,191,788,59
_log (3,76 6.%); 0.8352296
s 4261,908.154__| _:°g sin 455
'_—(slys 6%)s 6843 :I:: ::1
x' $261,915,00
500,000, 00 log (A2
x 161,915.00 tog F
log b
__aq "
b
aa -
_aa T

® Take out C first for ¢ and correct for approximate ¢

FiaurEe 30.—Computation of coordinates for 2-minute intersections—Contintied.



TRAVERSE COMPUTATION ON THE MERCATOR GRID 159

PLANE COORDINATES ON‘TRANSVERSE MERCATOR PROJECTION
StateMew York-West StationTwo-mipute interseotion

. A (Central metidian) 78 ° 35
¢ 8316 N 38
aX(Central meridian-ny ¥ O 57
A (in sec.) + 3520 i
| _tog ax 3.53402611 108 Sm? 9.774431
| Cor. arc to sine - 1990 log C* 1 37'183%_10
|_log ax 3.53400621 log a¢. 1.1523
| _log cos . 9.86223375-10
| colog A 1.49096500 ) 43° 16 00,0000
| 10g S, 4.88720496 aé + 14.20
|_Cor. sine to arc + 1055 ¢ 43 16 1‘&.20&
| _log S, 4.8872155)
Flog 3937/1200__ | __0.51598417 __Tabular difference) | 101.24100
| gk _ 2714 of y for 1” of ¢'
|_tog Sg 5.40317254 y (formin. of¢’) .| . 2,190,247,99
| logSg® . 1 16.2005176 |l ytfor ds of ¢')__|+ 1,5837.92
| _tog1/6¢R? | _4,5807825-20 f 1,191,685,91
| _l0g (S;7/66:2)q 0.7903001
S 4253,030,303 o sin L5
_log Ax
—(S:/66%), 6,170 o8 2a,
X' $253,036.47
00, 000, 00 _tog (any
X 753,036, 47 log F
log b
__aq -
b
Aa y
aa ° )

® Take out C first for ¢ and correct for approximate ¢'.
TicurE 30.—Computation of coordinates for 2-minute intersections—Continued.



160 TU. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-West Station Two-minute interseotion

 (Central meridian) % 35
PR "
$ 43 16 by 1750
AN (Central meridian-A) + 0 55
”
AX(in sec.) + 3300
|_log ax 3,.51851394 108 Sm? 9,743408
§8
|_Cor. arc to sine - 1853 log C* 1.377 -10
|_log ax, 3.51849541 log a¢ 1.121332
| log cos ¢ 9.86223375-10
| _colog A 1.49096500 ¢ 4%_16"_00.0000
L log S, 4.87169416 Y + 13.22;8
|_Cor. sine to arc + 982 ¢ 43 16 13 .2228
|_log S 4,87170398
| log 3937/1200__ 0.51598417 __Tabular difference} __| ___101,24100
of y for 1” of ¢*
|_log R = 2714
|__tog Sg 5.38766101 y(formin.of¢’) |  1,190,247.99
|_log S¢* 16.1629830 y (for seconds of ') _{ + 1,338.77
| og1feeiRt__ | _a.5A07R95.20 1,191 ,586,76
| log (5,76 62 0.7437655
___log sin -f-,-f-'* A
| _Sg 4244 ,152,406
5,543 —log ax
S2/68,7 .
_( '/ b )' _log aa;
X' +244,157.95
500, 000,00 | _log (an)®
X 7“‘: 157.95 log F
iog b
— A "
b
Aa v
o .+ =
Aa

*Take out C first for ¢ and correct for approximate ¢'.
FiourE 30.—Computation of coordinates for 2-minute intersections—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute intersection

161

. , . A (Central meridian) 78° }é )
$ a3 16 2 77 _ 42
A (Central meridian-A) + 0 5
aX(in sec.) s 3180
|_log ax 3.50242712 log Sm? 9,711236
|_.Cor. arc to sine. - 1721 log C* 1, 3778&-10
|_log AN, 3.50240991 log ad. L.QQQ;L;QA
| _log cos o 9.86223375-10
_colog A 1,49096500 ¢ 43" 16" oo'.oogg
| 10g S, 4,85560866 aé + 12,0798
| Cor. sine to arc + 912 ¢ 43 16 1?..2733
| g s 4,85561778
i__log 3937/1200___, 0.51598417 _j_Tabular d'i'fferevce} 101,24).00
»—M R _ 2714 of yfor 1" of ¢
| _log Sg 5.37157481 y (formin. of ¢’y _ | 1,190 947,99
| _log Sg° | 16.314724% ||y (for seconds of ¢') _| +. 1,243,17
L log 1/66,2R? 4,5807828-20 | 1,101,491,16
L l0g (S¢Y/6 67)g 0,6955069
s, s235.278.875 | sin 43¢
_log A
_(S.yé e".)' 22960 _log aa,
x' 4235,279.44
500, 000,00 |_log (ax)
x 735,279. 44 tog F
log b
A "
b
Aa :
aa ° 3

* Take out C first for ¢ and correct for approximate "
F16UBE 30.—Computation of coordinates for 2-minute intersections—Continued.



162 U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR. PROJECTION
State Hew York-Weet Station Two-minute intersection
o i

A (Central meridian) 8 35
L] ’ "
$ 43 16 b 744
&N (Central meridian-2) +0 3
AA{in sec.) + 3060
log ax 3.48572143 108 Sr? 9.677825
|_Cor. arc to sine. - 1593 fog C* 1. 3773%2 -10
_log A, 3,48570550 log a¢. 1.0557{-?_.
| _tog cos ¢ 9.86223375-10
|_colog A 1.49096500 4 43" 16 oo'.og)gg
_log S, 4.83890425 Ad + 11 .}ogg
|__Cor. sine to arc + 845 ¢ 43 16 11.368%
|__tlog S 4.83891270
| _10g3037/1200___ | 0.51598417 | _Tabular ditference} | 101.24100
of y for 1" of ¢*
|_tg R - 2714
|—log Sg 5.35486973 y (for min. of ¢} 1,190,247.99
[ log §&* 16.,0646092 y (for ds of ¢")__{+ 1,151,111
|_log 1/66,2R? 4.5807825-20 y 1,191,399.10
|log (S5/6 %) 0.6453917
__tog sin £¢
s +.226,396.512
X 1 4,420 —log 4x
—(%/66% 1 _1g aa,
X 4 _226,400.93
—
500,000.00 li_log (a2)
x 726, 400,93 log F
log' b
—Ad)
b
»
Ag
P
aa >

* Take out C first for ¢ and correct for approximate ¢'.
FiGURE 30.—Computation of coordinates for 2-minute intersections—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

"PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West StationTwo-minute interseotion

L  (Central meridian). 7° 35
¢ 43 16 A 7746
A (Central meridian-2) +0 49
"
AX(Insec.) + 2940
| 1og 4 %,46834733 | _logs,2 0.643078
228-
|_Cor. arc to sine - 1471 log C* 1.377886-10
| 1og ax, 3.46833262 | 1og a 1.02086%
|_log cos ¢. 9.86223375-1
| _colog A 1.,49096500 ¢ 4% 16" 00.0000
|_1og S; 4,82153137 Ad + 10 .492§
_Cor, sine to arc + 780 ¢ 43 16 10.4926
_i0g Sm 4,82153917
| _log 3937/1200__._._ 0.51598417 _||_Tabular dlfference} 101.24100
ofyfor 1" of ¢*
|_legR - 2714
| —log Sy 5433749620 y (for min. of ¢') 1,190,247.99
|_log S¢* 16,0124886 y (for seconds of ¢') 1,062.59
[_10g 1/6¢,2R2 4.5807825-208 1,191,310.58
108 (S¢/66:%), 0.5932711
log sin A3
e +217,518,502 [ 8"
—log ax
8. (Y 3.920
— '/sﬁ’ ”* _log Ag,
v 4217,522,42
500,000,00 |l _tog {an)
x 717,522,42 || g
fog b
e & 2 v
b
»
aa
. . .
aa

*Take out C first for ¢ and correct for approximate ¢"
F16URE 30.~Computation of coordinates for 2-minute intersections—Continued.

163



164 U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State Mew York-West sStation Two-minute intersection

A{Centra) meridian) 78° 35 7
¢ 43 06 2 17 20
AX(Central meridian-)) *1 065 Y
AR (in sec.) + 3900
log ax _3.5910646) . | log S.?
[Cor. arc to sine, - 2588 log C* -1,37537310
|_tog ax, 3.591073873 fog 46 2, 25_63%3
|__log cos 0. 9.86341939-~10
| _colog A 1.49096072 4 43 06 00.0000
| _1og S, | 4,94541884  ||_aé + 18.46062
L Cor. sine to arc + 1379 ¢ 43 06 18 .AﬁgL
{log S, %.94543263
| log3937/1200__|  0.5159841T ._{ Tabular difterence 101 .23800
| gk 2714 of y for 1" of ¢
-log Sg 5.46138966 y (formin.of¢) | 1,129,504.41
| 108 ¢ 16.36841690 y (for seconds of ¢")__| 4 1,869.21
| -tog 1/66,2R* 4,5807825-20 y 1,131,373.62
_tog (5576 6:)e |___0.9649515
__log sin 25
Sy — | 289,327,462 o “—TL
__(s,ye €2 9.225 s a,
X" +2689,336.69
500,000.00 | og (any

L x 789,336. 69 log F

log b

— Al "

b

Aa "

Aa ° ’ )

* Take-out C first for ¢ and correct for approximate “*.
FIGURE 30,~Computation of coordinates for 2-minute intersections—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID 165

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute interseotion

...  (Central meridian) 7% 35
$ 43 08 2 7730
¢+ 1 05
A\ (Contral meridian-\)
AX(insec.) ‘Jzoo
3.59106461 | 2 __9.890394
| _log A log Su!' —
| Cor. arc to sine. - - 2588 log C* 1 .375335-10
|_log ax, 3.59103873 log A¢. 1.265%
L Jogcose ! 9,86318282-10]
| cologA— | 1,50006157 | 4 43 od 00.0000
[ 1g's, 4,94518%12 1 a4 + 11,&_?_
9
|_Cor. sine to arc + 1378 ¢ A3 08 18,3636
tog S, 4,94519690
| _log3937/1200___ | 0,51598417 _ | Tabularditference} | _ 101.23850
ofyfor1”of ¢
|_log R - 2714
| log S; 5.46115393 ¥ (for min. of ¢') 1,141,652.98
| togSg’— . | 16,3834618 _H y(forsacondsof¢’). fe 1,869,368
| _log 1/6£,2R7. 4,5807 y 1,143,522,34
__l0g (8576 6,%), 0,9642443
|_logsin £5£
| Sg 1 289,170,466 | log &3
210 |I™
-6/ s T
X 4289.179.68
00,000.00 R log (an)
| X% ~—189,179.68 | |_log F
Tog b
AQy -
b
Aa -
° -
aa

® Take qut C first for ¢ and correct for approximate ¢'.
F16URE 30.—~Computation of coordinates for 2-minute intersections—Continued.



166 U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-west Station Two-minute interassction

R s . A (Central meridian) 78° 35'
¢ 43 10 b 7730
&\ (Central meridian-A) + 1065
”
AA(insec,) . +_ 3900
| _logan___ | 10646 i_log Sm? 9.889922
333
| Cor. arc 10 sine = 2588 log C* 1,.3763%¥-10
1 log A\, 3.59103873 log A9. 1 26%
|__jog cos 9. 9.86294597-10
|__colog A 1.49006243 | ¢ 4% 10 00 nn%%
log S, 4, O848 aé + 18,4629
tCor.‘ sine to arc + 1376 ¢ 4% 10 18 .4683_
|.—log S, 4,94496089
_log 3937//1200 0.51598417 _ | Tabular diﬁerence}_ 101.23917
% ofyfor1” of ¢'
g R - 2n
i _log Sg 5.46091792 y (formin.of ¢) 1 1,153,801,6%
| logSg— .1 .16,3827538 |l y (for seconds of ¢") _{+ 1,869.50°
| 10g 1/68,2R? 4.5807825-20 v 1,155,671.13
_log (SgY/6 %) 0,9635363
_log sin -1,1-* 4
|_Sg $289,013,360 \
__log an
$.2/6£2) 9.195
— '/ ) __log aq,
X' 4289,022,55
500, 000. 00 _log (AN
L_ X 789,022,55 log F
log b
—AQy "
b
aa i
. . =
aa

® Take out C first for ¢ and correct for approximate ¢°.
FIGURE 30.—Computation of coordinates for 2-minute intersections—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

167

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute intersection

A (Central meridian) 78° 35' )
o _ s
¢ 43 12 b 77_30
+ 1 05
AN (Central meridian-2)
"
AA(in sec.) + 3900
| _log ax 3.59106461 log Sm2 9 .889;42
| Cor. arc to sine - 2588 log C* 1, 3766@
’ 407 -
[_1og an, | 3.50103873 | 1og ag 1.26633%
|_log cos ¢. 9.86270884-10 '
|_colog A 1,49096328 p 43 12 06,0000
| _tog S, 4.94471085 ad + 18 .4612
|_Cor. sine to arc + 1375 ¢ 43 12 18 .ltéz'g
| log S, & ,QAKT2460.
|_log 3937/1200_______ 0.51598417 ___Tabular difference 101.23967
of y for 1 of ¢*
| _log R - 2714
|_log Sg 5.46068163 y (for min. of ¢") 1,165,950.35
|__log Sg* 16,3820449 y (for seconds of ¢")_| + 1,869.64
| log 1/6,2R? 4,5807825-20 | 1,167,819.99
_iog (5576 6:%); -0.962827h
__log sin 224
|_Sg 288,856,157
3/607) 9,180 | ' 4
—(%/66% * _log aa;
X' +288,865.34
500,000.00 _|_tog (ax)’
X 788,865, 34 log ¥
log b
—Ady ”
b
aa ”
o -
aa

* Take out C first for ¢ and correct for approximate ¢".
FIGURE 30.—Computation of coordinates for 2-minute intersections—Continued.



168

U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West gtation Two-minute interssotion

 (Central meridian) 78° 33
L) . ]
$ 43 13 b "q
AN (Central meridian=)\) X
AX(insec.) + 3900
fog an _3.59106461 __log Sim2 9. 8882;’?
|_Cor. arc to sine - 2588 log C* 1 .377?4.-10
L_tog A.\_ 3. 5210& i 3 l_log A¢. 1 .266333
|__log cos . _9,8624T7143-1
A 1,49096414 ° 148 oo
.-colog =t ¢ i, _51_1&_99.@65;89 .
| tog S, b 94447430 24 + 18,4
|__Cor. sine to arc. + 1373 ¢ 43 1A 18 .@62;
L_log S, 4,9444880%
108 3037/1200___ ] .Q451598417 §_Tabular difference 101.24033
ofyfor1” of ¢’
[__log R — 2713
_log Sg | 5.46044506 _ |y (for min. of ¢y} . 1,178,090,1%
|_tog S¢* 16,3813352 y (for seconds of ¢")__| + 1,869.78
L tog 1/60,2R? | 4,5807825-2011 1,179,968.91
_log (S¢/66:2)g 0.9621177
+ + 9
| s, +208,698,856 |8 “F*
|_log ax
) 2y 9,165
.._(S,/ 66" |_log aqy
x. 4288,708.02
. 500,000.00 I tog (aX)®
S J. 788,708,021 togF
fog b
l—ad
b
Ll
aa
Aa

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

FiGURE 30,—Computation of coordinates for 2-minute intersections—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID 169

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State Bew York-Weat Station Pwo-minute intersestion

. . A {Central meridian) 7 35
4 43 06 bY 17__ 46
a) (Centrat meridian-A) t0 4
AR (in sec.) &+ 2940 i
L_uog an 3.86873733 | ogs.t 9.645441
[ _Cor. arc to sine. - 1573 tog C* 1 .375‘3:}2-10
r__log ane—— ] 3.46833262 | log a¢. 1020888
| _log cos . 9.86341939.10d
| colog A 1.49096072 ¢ 43 06 06.000
[_log S, 4,82271273 ad + 10,4009
|_Cor, sine 1o arc + 784 ¢ 5306 30,4088
|_log S, 5 82272057
| 1og3937/1200_ | __0,51508417 §_Tabular difference 101.23800
. _ 2714 of y for 1’ of ¢*
| _log Sg 5.33867760 y (for min. of ¢') 1,129,504.41
| log Sg* 16.0160328 || y (forsecondsof ¢) |+ .. 1,062,18
| _log 1/6¢,2R? 4.5807825-20 v 1,130,566.59
_log (S;7/66:%), 0.5968153
| _Sg 4218,111.015 —log sin 43¢
—log ax
_,(S‘yﬁﬂ,’)l 2952 _log Aq,
X 4218,114.97
500,000,00 |{i_log (ar)®
x 718,114.97 log F
log b
—aa; .
b
Aa
aa

® Take out C first for ¢ and correct for approximate ¢".
FIGURE 30.—Computation of coordinates for 2-minute intersections—Continued,
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U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-West guio, TWO-minute intersestion

. X (Centrat meridian) 78 3
¢ 43 08 by 11 46
A (Central meridian-)) + 0 ‘9"
A (in sec.) + 2940
|_tog AX 3. 46834733 log Sm2 _9.61(1&3;3
|_Cor. arc to sine - 1471 log C* 1 -3755@;10
|_log Ay 3.46833262 log Ad 1.0208
|_log cos ¢. 9,86318282-10
|_colog A 1.49096157 4 43° of. 00.0000
| logs, 4.82247701 a4 10.4914:
L Cor. sine to arc + 783 ¢ 43 08 10.#9;1'
t_log S A 82048484
_log3937/1200_ | O.S1508417 i TYabular difference 10123850
| 1R _ 2714 of y for 1 of ¢’
|_log Sg 5.33844187 y (for min. of ¢') 1,141,652.98
|_log Sg* 16.0153256 y (for ds of ¢') 1,062.27
| 1og /6022 | _ 5.5807825-20 y 1,142,715.25
|_log (S¢/66:%) 0,5961081
|_sq +217,992,661 :::: Z"l""}!'
_(s“yse;), 3,946 | s sa,
X' 4217,996.61
500,000.00 _ l_log (ax)®
x 117,996.61 log F
fog b
_am g
b
aa o
aAa ° "

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

FicURE 30.—Computation of coordinates for 2-minute intersections—Continued.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

171

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State Mew York-West Station Two-minute intersection

..  (Central meridian) 7 35
$ a3 10 2 17._ 56
AN(Central meridian-n)  ® @ 49
AX(insec) + 2940
| _tog ax 46834733 10g S 9.644408
' 32
|__Cor. arc to sine. - 1472 log C* 1 o376919'1°
| _tog ax __3.46833262 log A¢. 1,0208%5
| _log cos ¢. 9.86294597-10
|_colog A 1.49096243 ¢ 43 10 00.0000
| tog 8, 4,82224102 aé + 10,4988
|__Cor. sine to arc + 182 ¢ A3 10 10.49;;
10§ Sm 4,82224884
| 10g 3937/1200___{  0.51598417 _]_Tabulardifference) | _101.23917
ofyfor 1" of
| _log R = 2714
|_tog Sg | 5.33820587 _ _§ y(formin.of¢)__| — 1,153,801.63
’_lox S | _16.0146176  __||_y(for setonds of ¢’) __| + 1,062,35
| _og1feeire__ | _s.cpp7sos-20 f 1,154,863.98
_tog (Sg7/66:7); 0,5954001
__tog sin £4£ A
| sg 217,874,233
3.9% |-
$.2/6£7) .
—( ‘/6& /8 _log aq,
x' 2217,878,17
00,000,060 1§ log (ax)’
x 717,878.17 | oo
108 b
—Aad) -
b
aa "
aa

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

FIGURE 30.—Computation of coordinates for 2-minute intersections—Continued.



172 U. 8. COAST AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York-West Station Two-minute interseéction

A (Central meridian) 7% 3
¢ 43 12 N 71 :6
[+)
AN (Central meridian-A) ¢ 9'
AX(in sec.) + 2940
|__log ax 3. 56834733 log Sm? 9. 6“40%2
|__Cor. arc to sine - 1473 log C* 1.376859-‘9 10
| _tog ax 3.56833262 | 10g ay. 1020965
| _tog cos . 9.86270884-10
| colog A 1.49096328 ) 4% 12 00.0000
| ogs, | h.8o00a7a | ay . 1o.~9%_§_
}.Cor. sine to arc + 782 ¢ 4312 10,4933
| _log S, 4,82201256
’,__log 3937/1200 0.51598417 _J_ TYabular ditference) ___| __ 101.23967
ofyfor 1" of ¢
| _log R - 2714
|log Sg 5.33796959 1y (for min. of ¢") | —1,165,950.35
| logSg*— | 16,0139088 | vy (for dsof ¢)_{+ 1,062.43
_10g 1/66,2R? 4.5807825-20 y 1,167,012.78
_log (S5/66.%), 0.5946913
log sin -L,-l-" ’
|_Sg $217,755.729 }_
° 3,033 [
s 3 2 N .
_( ‘/66’ )' |_tog aq,
| X’ $217,759.66
500, 000, 00 _tog (ax)
. 717,799,656 | igF
fog b
aAd; ~
b
Aa .
.+ -
aa

® Take out C first for ¢ and correct for approximate ¢°
F1GURE 30,—Computation of coordinates for 2-minute intersections—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York-West Station Two-minute interaection

o [

... X (Central meridian) 78° 335
¢ 3 0 b 7746
aN(Centrai meridiann)  © O 49
AN(in sec.) + 2940
g A 3.46834733 108 So? Q.643552
|__Cor. arc to sine. = 1573 log C* 1. 377339-10
|_tog axn 3,46833262 1 log ag 1.Q209_gg
_tog cos . 9,86247143.10
_colog A 1.459096414 s 53" 14 06.0000
| _log Sy 4,82176819 [l a4 + 10-4933
|_Cor. sine to arc. Y 781 ¢ 43 14 10.#9%8
|_tog S, 4,82177600
| 10g3937/1200_ | 0.51598417 ._|_Tabuler difference) _ | _102,260%%
| _log R - 278 ofyfor1”ot ¢’
|__tog Sg 5. 33773303 yUorminof¢)—{ _ 1,178,099.13
| _tog S¢* 16,0131991 y (for seconds of ¢') _ |4 e 1 082 81
| 108 1/6,2R° 4,5807825-20 ) 1,179,161 .64
_tog (Sg)/66,%)g | 05939816
Sa 217,637,249 [ 85"
-log ax
_(S" 6(’°'l\. 3,926  log 2,
' +217,641.08
500,000.00 || tog (an)®
x 717,641,088 i togF
log b
aa "
b
Aa "
AQ, ° ’ "

# Take out C first for ¢ and correct for approximate ¢'
F1cuRE 30.—Computstion of coordinates for 2-minute intersections—Continued.

620745 0 - 44 - 12
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TRANSFORMATION OF A LOCAL SYSTEM OF PLANE COORDINATES
TO GRID COORDINATES i

We shall now show how it is possible to transform a local system of
plane coordinates directly to grid coordinates without passing through
the geodetic positions. The first requisite for this is that we should
have the geodetic position of the origin. The city of Rochester, N. Y.,
has a system of pl‘;ne coordinates that we can now use as an illustra-
tion of the method. The C. W. A. traverses that we have computed
in the first part of this publication are based upon this local system;
80 it was necessary to transform the coordinates of a number of stations
to serve as control for the computation of that work.

We have already described the computation of the grid coordinates
for the station Eastman, and this is the station that is the origin for
the Rochester system of plane coordinates. We shall first reduce the
coordinates for a number of stations that are included in the city
triangulation for which we also have the geodetic positions. We can
then compare the results obtained by transformation with those
resulting from the reduction of the geodetic positions. We must
bear in mind, however, that the geodetic positions are given only to
three decimal places and that one unit in the third 51 cimal place
represents approximately one-tenth of a foot. We cannot expect
that the two results will check in the hundredths of a foot. In fact
the result of the transformation is on the whole the better of the two
because of this fact. _

There is one fact that we must call attention to at the start. The
geodetic positions of the city triangulation have been recomputed
on the North American datum of 1927, but the plane coordinates
have not been changed from the old values. The only change that
was made in the triangulation was that the azimuth was increased
by 6”.15. As angles are considered in ordinary coordinate systems
this would require a transformation of the coordinates by +46”.15 to
make them consistent with the geodetic positions. From the back
azimuth computation shown in figure 4 we see that the local system
must have the axes swung through —0°39’32”.51. Itisnotnecessary
to make these two transformations separately by swinging the axes
first through +67.15 and then swinging back —39’32”.51. We can
combine the angles of swing and accomplish the result by a single
transformation. The angle of rotation, therefore, becomes the alge-
braic sum of the two angles.

© ’ L4
—0 39 3251
-+06.15
—0 39 2636

In the ordinary cases of transformation that may arise, there will
be only the back azimuth of the station of origin to consider. In this
case we wanted everything referred to the North American datum of
1927 and hence the geodetic positions had to be recomputed and from
this arises the need to include the 4-6”.15 in the transformation.

If we denote the transformation angle by ¢ we shall have the
transformation formulas:

z= 757,043.84}2' cos 8—y’ sin 6
y=1,153,142.41+2' sin 84y’ cos @
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In these formulas, the constants are the x and y coordinates of the
local origin or the station Eastman. The computation of these is
shown in figure 4; the angle 8 can now be considered a positive angle
since the effect of the minus sign has been taken care of in writing
the formulas. This system is east of the central meridian; if a
system were to be transformed that is west of the central mendian,
the sign of sin § would have to be changed in each of the formulas.

The transformation will be applied to the following stations of the
triangulation: Pinnacle, Standard, Jackson, and Mount Read north
base. The computations of the coordinates of these stations from
their geodetic positions are shown in figure 31. We can thus in each
case eompare the two values, and in this way see just how consistent
the results are.

We assume that the local system of coordinates is free from scale
distortion. This is not strictly true, of course, but in general such
systems are small in extent and hence the distortions are negligible
for the purpose in hand. In Rochester, however, the coordinates
were computed after increasing the sea-level length by +104 in the
seventh place of logarithms. This was done to base the computa-
tion on a plane about 500 feet above sea level. This quantity must
be subtracted from the logarithms of the local coordinates to reduce
the system back to sea level. The z’ and ¥’ should be the coordinates
reduced to grid length on the State system on which we are to apply
them. To determine what reduction factor we should use, we must
first make an approximate reduction using the local  and y without
any reduction. After this is done we can then determine the factor
that should be applied to the coordinates. As a matter of fact we
need only compute the z value in this approximation for the grid
scale factor depends only on the distance from the central meridian.
With_these stations, the coordinates of which have been computed
from their geodetic positions, we shall use these values in determinin
the scale factor. We shall make the computations with natura
functions and the use of calculating machines, but logarithms could
be used just as well. We shall give the values of the functions once
and for all and they will be used in all of the computations.

sin §=0.01147219
cos 6=0.99993419

For station Pinnacle,
local z=+9,064.71
local y=—9,369.25.

To determine the scale factor we take the mean of the 2’ values of
Eastman and Pinnacle expressed in thousands of feet. We must
merely subtract the constant 500,000 from the z value.

Eastman=257.0
Pinnacle =266.2

523.2
Mean =261.6

From the State tables on page 91 (fig. 18), by interpolation we find
468 as the value. Now —104 has to be applied to reduce the
system to sea level. Therefore, we have —104+68=-—36. This is
the correction in the seventh place of logarithms.
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The correction 36 in the seventh place of decimals really means
a log of 0.0000036. The number corresponding to this log is
1.00000829. But since the log is minus, the value really becomes

1—_—000(1)0829’ or to the approximation required 1.00000000—0.00000829

=0.99999171. . _ _

In practice, to determine the factor in nuinbers, the easiest way is
to divide the log correction by 434 and add the result algebraically
to 1.0000.

—-36_
B 0.0829

1.0000,0000
29

0,
0.9999,9171

The commas are inserted to emphasize the point of separation. In
the examples that follow the abndged computation is given, omitting
the commas of separation.

A reduction of 434 would give one unit where the fourth zero occurs
and hence the result is as shown. Another method would be to take
out from the table the number corresponding to the log 9.9999964-10.
This would give 0.99999163 which differs slightly from the other
value, but it would not change the result.

With this reduction, we find

local z’ = +9,064.635
local y'=—9,369.172.

With these values, we can compute the coordinates.

z Y

T RFeis eemroneneneaes 76,0488 | 1,153 14241
€0S ¢ an 2 SIM 0 e cmm———————e , 04 -+103.99
—y' sin@and “y’ C0S O e +107.48 —9, 368. 56
PINNACIO - oo oo 766,215.36 | 1,143,877.84

There is still another item to be considered. The straight line
i'oining two points on the grid does not exactly represent the geodetic
ine joining them. There is a small correction to the a.ngﬁ) to be
applied to get the true grid azimuth.

As given in the tables this correction can be computed from the
formula:

(r—yn) 2o’ +257)
6p0° sin 17

Correction=

This will give the correction in seconds, the minus sign being used
because it is to be applied to the geodetic azimuth.

For the purpose in hand it is better to have this correction in radians.
We need only to omit the sin 1’/ in the denominator.

From the table, we have

1
log(w),=4.5807825—-20

The number corresponding to this log is 3.80875 X 101,
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Hence the formula for the correction is given in radians in the form
— (1a—y1) 2z +12,') (3.80875 X 10~16),

If we denote this correction by An, the correction for the z coordi-
nate=AyAn, and for the ¥ coordinate= — AzAn.

In this case
Yy, =1,143,877.84 3 =766,215.36
»n =1,153,142.41 z, =757,043.84
Ay = —9,264.57 Az =+9,171.52
z = 257,044
2’ = +-514,088
' = +266,215
2z 42’ = +780,303

An=+4-9,265X 780,303 X 3.80875X 1016

The factor 10-** can be easily handled by pointing off a total of
16 decimal places in the various factors. Let us denote this small
correction to = by dx and that to y by dy.

dr==—9,265< 9,265 780,303 X 3.80875 % 1016
dy=—9,172X9,265X 780,303 X 3.80875 X 10-18

To take care of the factor 10~'%, we can point off 5 decimal places
in each of the first two factors and 6 decimal places in the third factor.

dz=—0.09265<0.09265< 0.780303 X 3.80875= —0.03
dy=—0.09172X0.09265<0.780303 X 3.80875=—0.03

In actual computation, it would not be necessary to carry so many
figures. Each factor could be cut down to the nearest third decimal
place to obtain the same result.

With these values applied we have the coordinates for station

Pinnacle
! z= 766,215.33
y=1,143,877.81.

By comparison with the computation from geodetic position in

ure 31, we see that the z value checks exactly and the y value
differs by 0.02 foot. This agreement is closer than could be expected
from the nature of the case.

For the station Standard,

local z= —9,404.19
local y=-—11,133.00.

z’ =257.0 (with 1,000 as unit)
zy =247.8
K +ay)=252.4

From the table of scale factors, we find 252.4 gives a scale correc-
tion of +45 units in seventh place of decimals. This combined with
—104 to reduce the system to sea level gives a correction of —59
to be applied.

—59

m—=—0.136

1.0000
—0136

0.9999864
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This scale factor gives the values

local z’= —9,404.06
local y'=—11,132.85.

z 4
EastImaANn . ;e aemmnaean 757,043.84 | 1,153, 142.41
4z’ cos @and &’ SN0 . icccceccan —9,403. 4 —107.89
—~y/ sin#and 4 CO8 0. eiecceci——aas +127.72 —11,132.12
Standard. e 747,768.12 | 1,141,902.40
¥, =1,141,902 T, =T47,768
yi =1,153,142 z; =757,044
Ay= —11,240 =—9,276
2z, = 4 514,088
x/ = +4-247,768

2z, +z,' =4 761,856
An=-11,240X761,856 X 3.80875X 10~1¢

=—0.11240X0.11240<0.761856 X 3.80875= —0.04
dy=+0.09276 X 0.11240 X 0.761856 X 3.80875=40.03

Hence the final coordinates for Standard become,

z= 747,768.08
y=1,141,902.43.

By comparison with the coordinates computed from the geodetic
position, given in figure 31, we see that this z value is 0.03 foot larger
and this y value 0.02 foot smaller than those given from the geodetic
position. This is as close an agreement as could be expected from the
nature of the case.

For station Jackson, the coordinates of which are computed from
the geodetic position in figure 31, we have the following reduction:

local z=110,743.14
local y= +8,877.87.

Reduction to sea level=—104
Grid-factor reduction = 470

Total reduction = —34

—34

Feyi —0.0783

1.0000
—00783

0.99999217

local ' = +10,743.056
local y’= +8,877.800
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z v

Eastman._..........._... eecmmccnccceicemcnenann 757,043.84 | 1,153,142. 41
42 cos 0 and T’ SIN B .o iticicccmmeamaaan +10, 742. 35 +123. 25
—~y’ 8In 0 8Nd Y COS O oo ccceccccccccccccccccec - ~101.85 +8,877.22
TACK SO - o e e e e e e e e e e e e e e e 767,684.34 | 1,162,142 88

72 =1,162,142.88 3 = 767,684.34

n =1,153,142.41 7, = 757,043.84

Ay= +9,000.47 Az=+10,640.50

2z, =+514,088
zy = -+267,684

2w 42 = +781,772
An=—9000X 781,772 3.80875 X 10-1¢

dz=—0.09<0.09X0.782X 3.809=—0.02
dy=-+0.1064X0.09X0.782 X 3.809=+40.03

It will be noted that we have dropped the unnecessary figures in
each of the factors after pointing off the places to take care of the
factor 10718 A

When these corrections are applied we find the final coordinates
for Jackson to be as follows:

z= 767,684.32
y=1,162,142.91.

These values are +0.05 and —0.04 different from those resulting
from the computation from the geodetic position. This difference is
still what might be expected to result from the two different methods
of handling the matter.

As a final example of stations for which we have geodetic positions,
we shall take Mount Read north base. The result from the geodetic
position is given in figure 31.

This is one of the stations that is a tie station for one of the tra-
verses that has already been computed in the earlier part of this
publication.

For station Mount Read north base,

local z=—10,783.46
local y=+412,327.07.

Reduction to sea level= —104
Grid reduction = 443

Total reduction = —61

—61
.43—4——0.1406

1.0000
— 01406

0.99998594

local z’=—10,783.308
local y’=+12,326.897
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z v
D T35 117 1 DR U 757,043.84 | 1,153, 142,41
111 1SS —10, 782, 60 —-123.71
'-':f;" s g :ﬂg ii: 210%%_1 ................................................... 1—141. 42| +412,326.09
Mount Read north base. ... e iirmmm————————— 746,119.82 | 1,185,344.79
Yy =1,165,344.79 23 = 746,119.82
1y =1,153,142.41 z = 757,043.84
Ay= +12,202.38 Ar=—10,924.02
22,/ =+514,088
zs’ = 246,120

2z’ 4z = + 760,208
An=—12,202 X 760,208 X 3.80875 X 10

dz=—0.122}0.122X0.760X 3.809= —0.04
dy='—0.109><0.l22)< 0.760<3.809=—0.04
When these corrections are applied, we get for the final coordinates
of Mount Read north base,

z= 746,119.78
y=1,165,344.75.

This result is 0.04 foot less in the 2 coordinate and 0.03 foot less in
the ¥ coordinate than the result obtained in figure 31. This is still
no more than could be expected in the nature of the case,

Since all of the other stations to which ties were made in the C. W.
A. work were ones for which only local coordinates were computed, it
was deemed best to use the above values for the coordinates since
they are better coordinated with the results for the other stations.
As a whole the transformed coordinates of the local net are more
consistent with the lengths and azimuths than are those resulting
from the geodetic positions.

We shall now transform the loeal coordinates of the other stations
that are needed for the C. W. A. ties. We shall first take the station
Canal for which coordinates alone were computed in the Rochester
city survey. For this first station, we shall give the complete com-
putation but for the others that are to follow, we shall suppose that
the preliminary computsations of the z values to determine the
scales have already been made. The correctness of the results can be
verified from the final results that are given.

For station Canal,

local = —10,808.33
local y= 49,855.60.

z

757,043, 84
—10,807. 62
-113.07

746,123, 15
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Now in units of 1,000 feet, z,” for Eastman is +257.0 and for Canal
2y’ is +246.1. Therefore the mean z’ for the line is %(257.0+246.1)=
+-251.6.

From the State table on page 91 (fig. 18), we find the correction
for250.0 to be +38.7. Now 1.6 thousandsis 0.32 of 5,000 which is the
tabular interval. The tabular difference is +12.5; 0.32X12.5=4.0;
+38.74+4.0=-+42.7 or 443 in the seventh place of decimals.

Reduction to sea level=—104
Grid reduction = +43

Total reduction = —61

—61

1.0000
—01406

0.99998594
With this reduction factor, we find the values:

local x’= —10,808.178
local y'= +9,855.462.

z v
Ea8bIMAN . | e e 757,043.84 | 1,153,142. 41
2’ cos@and + 27 8in 0 eeea —10, 807. 47 —123.99
~y'sinfand 4 ¢ €08 0. . e mmammceeeeee —113.08 +49, 854. 81
Canal . iiaeen e emmecmeemem e 746,123.31 | 1,162,873.23
vy =1,162,873.23 z; = 746,123.31
7 =1,153,142.41 T, = 757,043.84
Ay= +9,730.82 Azr= —10,920.53
2z, = --514,088
' = +-246,123
2z +z' = 1760,211

An=—9,731 760,211 X 3.80875 1016

= —0.0973X0.0973X0.7602 X 3.8088 = —0.03
dy=—0.1092X0.0973 X 0.7602 X 3.8088 = —0.03
With these corrections applied to the coordinates, we get the final
values for Canal,
z= 746,123.28
y=1,162,873.20.
These are the values that are used in the computation on page 17.
For the remaining stations that have to be transformed, we shall
omit the preliminary computation of the approximate z and calculate
the grid factor at once. Of course, in the first computation this work
was carried out in full just as given in the computation for the station
Canal above. Also, if any similar computations should be made by
anyone, the station Canal should be used in all cases as a guide for
the method to be followed. In the following computations, the value
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of z ag given can be used to check up the correctness of the computa-
tions.
For station Rosalind, we have given

local = —9,894.59
local y= —10,046.55.

zy =-+257.0 (in thousands of feet)
z =+247.3

mean z’==+4252.15
From the State table on page 91 (fig. 18),

correction for -+250.0=+438.7
and 2.15 thousands =0.43 of 5,000

0.43 X+12.5=5.4
+388.7+5.4=444.1

Reduction to sea level = —104

Grid reduction = 44
Total reduction = —60
—60_
B[E=- 0.138
1.0000
—0138
0.9999862
With this reduction, we get
local z'= —9,894.453
local y'=—10,046.411.
z v
. 1, 153, 142. 41
42’ ¢os 6 and 4z’ sin 6 —9, 893. 80 —113,51
—y’ sin 8 and +y" cos 6 +115. 25 —10,045. 75
2B 11T 747,266.29 { 1,142, 983.15
2z, =4514,088
zy = +247,265

2-’51’ +Zg' = + 761 ,353

To get Az and Ay, take the algebraic sum of the two terms above;
that is

z' cos 6= —9,893.80 z' sinf=  —113.51
—y'sine= +115.25 y' cos 0=—10,045.75
Az =—9,778.56 Ay =—10,159.26

An==+410,159X 761,353 X 3.80875X 10-1¢

dr=—0.10160.1016 X 0.7614 X 3.8088 = —0.03
dy=+0.0978X0.1016 X0.7614 X 3.8088= +4-0.03
Hence the final values for Rosalind are

z= 747,265.26
y=1,142,083.18.
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For Penhurst, we have
local = —10,652.46
local y= —8,593.90.

xy/ =4257.0
x, = +246.5
mean z’ = 4 251.75

183

From the table, the grid reduction for 251.75 is found to be 443.

Sea-level reduction —104 gives the total reduction as —61. In the
usual way this is found to give a grid factor of 0.99998594.
Hence local 2’ =—10,652.310
and local y'= —8,593.779.
z v
0810 T U PPN 757,043, 84 | 1,153, 142,41
42’ cos@and 7/ 8In 0. e imcecee —10, 851 61 -122, 21
—¥'sin@and +y Cos 0 .l +98. 59 -8, 593, 21
Penhurst ..o 746,400.82 | 1, 144,426.909

In the usual way we find

23"+, = 760,679
Az = —10,553
Ay = -—8,715

With these values, there results
An=+8,715X 760,579 X 3.80875X 10-1¢
dz=—0.0870.087<0.761 % 3.809= —0.02
dy=+0.106X0.087X0.761 X 3.809=+40.03
With these corrections Penhurst has the coordinates:

r= 746,490.80
y=1,144,427.02.

We shall next reduce stations Farrel and Church which are needed
for one of the C. W. A. traverses. Hereafter we shall merely give the
results of some of the computations since we have already given enough
detailed computations to serve as examples in all of the steps.

For station Farrel, we have

local z=+ 5,488.24 sea level=—104
local y=+29,072.29 grid = 463
' total = —41

Resulting grid factor=0.9999906.

local 2'= +5,488.19
local y’ = +29,072.02.

z

v

iﬁ;}tman- PRI 15_7. gg. % 1,158, 142, g

cos 8 an 31 U 5, 487, +62

—y'sin@and 4y’ C0S0 e —333. 52 +29,070.11
X - O 762,198.16 | 1,182, 275.48

2z, 4z’ = 4 776,286, Az= 5,154, Ay=+29,133
An=—29,133X 776,286 X 3.8087510-!¢

dz=:—0.2913X0.2913X0.7763 X 3.8088=—0.25
dy=+40.0515X0.2913X0.7763X 3.8088 = 10.04
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Final coordinates for Farrel,

z= 762,197.90
y=1,182,275.52.

For station Church, we have given

local z= +5,628.33 sea level=—104
local y= +31,081.90 grid = 463
total = —41

Grid reduction factor=0.9999906 as for Farrel.

local 2'= 45,628.28
local y’=+4-31,081.61

z v
B e w0 | 118100
cos@and 42/ sin @ . .. .
—y’sin@and ¥ €8 O e ae —356. 87 +31, 079.
(0] 000 2 YU 762,315.18 | 1,184, 286. 54

21, 2y’ =+ 776,403, Az=+5,271, Ay=+31,144
An=—31,144 X 776,403 X 3.80875 X 10-16

z=—0.3114X0.3114X0.7764X 3.8088 = —0.29
dy=+0.0527X0.3114X0.7764<3.8088 = +0.05

Final coordinates of Church,
z= 762,314.89

y=1,184.286.59.

Next we take Ridge and Nearpipe. For Ridge, we have given
local z==+415,407.16 gea level= —104
local y=+15,511.48 grid = +76

total = —28
Grid factor=0.9999936.

loecal z' = 4-15,407.06
local y'=-+415,511.38

z 2

Eastman.__...___.__._. 757,043.84 | 1,153, 142.41
+2’ cos ¢ and 2z’ sin 0. -+15, 406. 05 +176.75
=y 8inGand 4y’ €08 0 oo eeae —177.85 +15, 510. 38

RIAge- -] 772,271.94 | 1,168,829, 52

2z, +x' = - 786,360, Ax=+ 15,228, Ay=+15,687
An=—15,687X786,360< 3.80875X 10-16

=—0.1569<0.1569<0.7864 X 3.8088 = —0.07
dy=+0.1523X0.1569 X 0.7864 X 3.8088 = +4-0.07

With these corrections, we have for Ridge,

z= 772,271.87
y=1,168,829.59.
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For Nearpipe, we have given

local 2=+ 15,546.89 sea level=—104
local y=+412,597.85 grid = 476
total = —28

Grid factor is same as for Ridge, 0.9999936.

local ' = +15,546.79

185

local ' = 4-12,5697.77

z v
s —— Hgn| ey
€0s § an L33+ 1 RO 3
—¢sinfand g 008 0. e —144, 52 412, 696. 94
NeBIDIPO -« - e oot e ea 772,445.09 | 1,165,017, 71

27y 2y’ =+ 786,533, Az==+ 15,401, Ay=+12,775
Ane=—12,775X 786,533 X 3.80875 X 10-1¢

dr=—0.1278<0.1278 X 0.7865X 3.8088 = —0.05
dy==+40.15403<0.1278 X 0.7865< 3.8088 = +4-0.06

Hence the final coordinates of Nearpipe are:

z= 772,445.04
y=1,165,917.77.

We shall next transform Twelve Corners and Peck. For Twelve

Corners, we are given the coordinates:

local z=-14,444.19 sea level=—104
local y=—12,376.75 grid = 475
total = —29

Grid factor=0.9999933.

local 2’ = +414,444.09
local 4’ =—12,376.67

z v
s o vy
€0s 8 an SIN 0 e . X
~y’sin@and 44 €S0 e e mm e ammman +141.99 —12,375.86
Twelve Corners. - - m oo 771,628.97 | 1,140,932 26

22, +2y = + 785,717, Av=+ 14,585, Ay=—12,210
An=+12,210X 785,717 X 3.80875 X 10-18

dr=—0.122X%0.122X0.786< 3.809= —0.04
dy=—0.146X0.122X0.786 X 3.809=—0.05
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Final coordinates for Twelve Corners:

r= 771,628.93
y=1,140,932.21.

For Peck, we have

local z=+415,189.62 sea level=—104
local y=—10,488.18 grid = 476
total = —28

Grid faetor=10.9999936.

local 2’ = +15,189.52
local ¥’ =—10,488.11

z y
Eastman. . eeean 757,043.84 | 1,153, 142.41
-+z’ cos ¢ and -2’ sin @ +15, 188. 52 +174. 26
~y’ sin @ and 4y’ cos 6 +120. 32 —10,487. 42
PR - o e 772,352.68 | 1,142, 829,25

2%, +xy’ = + 786,441, Az=+15,309, Ay=—10,313
An= 10,313 X 786,441 X 3.80875 X 10-1¢

dr=-—0.103X0.103X0.786 X 3.809= —0.03
dy=—0.153X0.103X0.786X3.809=—0.05

With these corrections, we get the final coordinates for Peck to be:

r= 772,352.65
y=1,142,829.20.
We next transform Medicine and Mount Hope. For Medicine, we
find from the list:

local z= —1,878.46 sea level=—104
local y=—13,264.99 grid = 454

total = —50
Grid faclor=0.9999885.

local = —1,878.44
local y'=—13,264.84

z v

757,043.84 | 1,153, 142. 41
—21.55

+z’ cos 6 and +2/ sin 0. _ -1, 878.32 .
—y’ sin 8 and +y’ cos §___ +152.18 —13, 263.97

Medicine . .o e camamcecaees 755,317.70 | 1, 139, 856,89

22, + 1, = + 769,408, Av=—1,726, Ay=— 13,285
An=+13,285X 769,406 X 3.80875 % 10-16

dz=—0.133X0.133 X 0.769X 3.809= —0.05
dy=-+0.017X0.133X0.769X 3.809= +0.01
These corrections give for final coordinates of Medicine:

z= 755,317.65
y=1,139.856.90.
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For Mount Hope the list gives:

local z=  +4213.16 sea level= —104
local y=—13,162.50 grid = 457
total = —47
Grid factor=0. 9999892.
local z'== +213.16
local y’= —13,162.36
T v
ERSUTIAI - (oo ot 757,043, 84 | 1,153, 142.41
+z/cosfand 4z’ sin @ el -4213, 15 2.45
=y’ sin@and 49’ €08 B e -+151. 00 —13,161.49 -
MoOURt HOPe. - - oo oo oo oo et 757,407.99 | 1,139, 983. 37

2y 25 = + 771,496, Az=+364, Ay=—13,159
An=+13,159X 771,496 X 3.80875X 10-16

dz=—0.1320.132X0.771X 3.809=—0.05
dy=—0.004<0.132X0.771 X 3.809= —0.00

Hence the final coordinates of Mount Hope are:

z= 757,407.94
y¥=1,139,983.37.

Stations Flower apd Bonesteel are the next to be transformed
For Flower, we are given:

local z= —6,324.63 sea level= —104
local y=+415,095.87 grid = +}48
total = —56
Grid factor=0.9999871.
local z'= —6,324.55

loeal ¥y’ = +15,095.68

T v

757,043.84 | 1,153, 142. 41
—72.56

—173.18 415, 094. 69
750, 546. 53 | 1,168, 164. 54

+z’ cos @and +z’'sinfd___ -
—’Sin 68nd 4§’ €088 e

2z, 42’ = - 764,634, Az=—6,497, Ay=+15,022
An=—15,022X 764,634 X3.80875X 1018

de=—0.1503X0.150X0.765X%X 3.809=—0.07
dy=—0.065X0.150X0.765X3.809=—0.03
Hence the final coordinates of Flower are:

= 750,546.46
¥=1,168,164.51.
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For the station Bonesteel, the coordinates are:.

localz= —8,501.80 sea level==—104
local y=+15,508.16 grid = +45
' total = —59

Grid factor=0.9999864.

local z’= - 8,501.68
local y’=+14,507.95

z v
T ——————— T sy
Z’ ¢o8 6 8D F O, — . -7,
—~1'8in 08nd Y 008 0.« ceee et e ccm e —-177.91 +15, 506. 93
B teel 748,364.81 | 1,168, 551.81

2z, +z," = 4 762,453, Az= —8,679, Ay= 15,409
An=—15,409X 762,453 X 3.80875X 10-1¢

dz=—0.154X0.154X0.762 X 3.809= —0.07
dy=—0.087<0.154X0.762 X 3.209= —0.04
Hence the final coordinates for Bonesteel are:

z= 748,364.74
y=1,168,551.77.

As further examples, we shall transform the stations River and
Stutson. For River, we have given:

local z= +1,880.58 sea level= —104
local y=+432,391.49 grid = <458
total = —46

Grid factor=0.9999894.

local z'= 4-1,880.56
local y’=+32,391.15

z 14

757,043.84 | 1,183, 142. 41
+1,880. 44 421,
Zam.60| 432 380,02

758, 652,68 | 1, 185, 553. 00

22+ 3’ =+ 772,641, Ar= 41,509, Ay= 132,411
Ane=—32,411X772,641X3.80875X 1018

dz=—0.324<0.324X0.773X3.809=—0.31
dy=+0.015X0.324X0.773X3.809=+0.01
With these corrections, the final coordinates of River become:

z=758,552.37
y=1,185,56563.01.
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For the station Stutson, we have

local 2= —162.73 sea level=—104
local y=+4-33,432.49 grid = 456
total == -—-48
Grid factor=0.9999889.
local 2’== —162.73

local 4’ = +33,432.12

& 7

Eastman._...__.._...__ ceeeoo} T57,043.84 | 1,153,142, 41
-- —162.72 —1.87

-z’ cos 0 and 4z’ sin .
—y’ sin@and ¥’ €0S 0. e —383. 54 --33, 425. 92
756, 497. 58 | 1, 186, 570. 46

175 02T T PP RPN

2z +x,’ = 4 770,586, Ax= — 546, Ay= 133,428
An=—33,428 X 770,586 X 3.80875X 1018

dz=—0.334X0.334X0.771X 3.809= —0.33
dy=—0.005X0.334X0.771 X 3.809= —0.00

Hence the final coordinates for Stutson are:
z= 756,497.25
¥=1,186,570.46.
As final examples, we shall transform the stations Boulevard and
Whelehan. For Boulevard, we have

local z= —10,524 .81 sea level= —104
local y=+433,573.00 grid = 443
‘ total = —61

Grid factor=0.9999860.

local ' = —10,524.66
local ¢y’ == +33,572.53

L4 v
Eastman. ... 757,043.84 | 1,153,142.41
~10, 523. 97 —120.74

42 cosband 2/ Sin O .. . 7
—y sin@and 49’ coS 0. . —385.15 +33, 570. 32

Boulevard. ... ame e ameeeem—mmeremaaan 746,134.72 { 1,186, 591.99

2z 41, = 4+ 760,223, Az= —10,909, Ay= 433,450
An=—33,450X760,223 X 3.80875X 1016

dr=—0.33450.3345X0.7602X 3.8088 = — (.32
dy=—0.1091X0.33450.7602 X 3.8088 = —0.11

With these corrections, the final coordinates of Boulevard become:

= 746,134.40
y=1,186,591.88,

620745 O - 44 - 13
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For the station Whelehan, we have

local z= —10,501.69 " sealevel = —104
local y=+31,366.40 grid = 43
total = —61
Grid factor=0.9999860.
local ' = —10,501.54
local y* = 4-31,365.96
z ¥
BaStmAN. . 757,043.84 | 1,153, 142. 41
4z’ cos § and -z’ sin 6. _ - ---| —10,500.85 —120, 48
—y’sinfand 4y  cos 0. ___ —359. 84 +-31, 363. 90
Whelehan - ..o aee 746,183.15 | 1,184,385, 83

2z 42y’ = +760,271, Az=—10,861, Ay=+31,243
An=—31,243X 760,271 X 3.80875 X 10-1¢

dx=—0.3124X0.3124 X0.7603 X 3.8088 = —0.28
dy=-—0.1086X0.3124X0.7603 X 3.8088 = —0.10

The final coordinates of Whelehan therefore become:

T= 746,182.87
y=1,184,385.73.

A rather large number of stations have been transformed in this
section but it was done because they were needed in the adjustment
of the C. W. A. traverses that depend upon them. In course of
time all of the Rochester city work should be reduced to the State
grid for general control in that region.

As a general thing in transforming a local system, there are two
features that appeared here that would not have to be considered.
The addition of the angle 6’'.15 to the angle & due to the recomputa-
tion of the geodetic positions would in most cases not be present,
and the reduction to sea level would also be absent unless the local
coordinates were computed without reference to elevation. If it is
a ground-surface computation, then a mean elevation should be
determined and the proper reduction should be applied just as was
done in this case. All geodetic work is based on sea-level lengths,
and any work that is to be coordinated with geodetic control should
also be reduced to sea level.



TRAVERSE COMPUTATION ON THE MERCATOR GRID

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

4

StateNew York (West)Station Pinnacle

° . -~
43 08 06.327

A (Central meridian)
A

4 (Central meridian-))

78 39 08.000
T 35 09.602

+0 59 50,398

”

A (in sec.) 43590 .798
_log ax 3.55514260 log Sm? 9 .818‘23
| Cor. arc to sine - 2193 log C* 1.37596% - 10
—log an,. 3.5551 2087 log A¢. 1 191\\1&%
_log €05 ¢. 9.86317034 - 10
_colog A 1,49096162 $ 43°_ 08 08,327
~log§, 4,90925263 ad 1‘5.61033
——Cor. sine to arc + 1168 ¢ 4308 21 9746;3
|__log S, 4.,90926431
_log3037/1200____ | 0.51598417  _|}_Tabular difference} 101.23850
g R _ o714 of y for 1" of ¢'
| log Sg 5,425221%4 y (for min..of ¢") 1,141,652.98
| _log Sg® 16,2756640 y (for ds of ¢") 2,224.85
| _tog 1/6¢,2R? 4,5807825-20 y 1,143,877.83
_l0g (SY66:%), 0.8564465
—log sin -1%1
|_Sg $266,208,143
/st "
- 24266, 215,33
500, 000. 00 |-log (axy
x 766,215,33 log F
.i0g b
—Aa -
b
N -
e . . -

® Take out C first for ¢ and correct for approximate ¢"

FiGure 31.—Computation cf coordinates for New York.
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U. 8. COABT AND GEODETIC SURVEY

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION
State New York - WestStation Standard

A (Central meridian) 78 ° 35° 00.000
o . L]
¢ 43 07 48,911 by 77 39 18.6%9
aM(Central merigian-yy  * O 55 41.341
AX(insec.) +3341,501
|_log an 352392080 log Sm2 9.7561
| _Cor. arc to sine = 1899 log C* 1.375829-10
1.131985
|_log ax, 3,52390181 | jog ap. 2041
|__tog cos & 9.86320469-1
_colog A 1,49096149 ¢ 43° o7 46,011
y 3
| _log S; 4 ,87806799 Ad + 13, 5534
437 08 02,4684
|Cor. sine to arc + 1012 ¢ 42
1108 S | 4.,87807811
__log 3937/1200 0,51598417. _|| _Tabular difference 101.23850
g R _ 2714 of y for 1 of ¢
—log Sg §5.39403514 y (for min. of ¢") 1,14} 652.98
|_log Sg’ 16.1821054 y (for seconds of ¢")_| 4 249,47
|_tog 1/6¢,2R? 4.5807825-20) 1,141,902,45
|_tog (S¢766:2), 0.7628879
__log sin L34 4
|_Sg 4247 ,762,253
3/66.) + 5.793 |84
|_{s.3/6 .
{ g/ ) _log aa,
X" 4247 ,768,05
_500, 000,00 __log (an)?
X 747,768.05 log F
log b
A "
b
Aa "
o -
Aa
Ra0)

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

F1GURE 31.—Computation of coordinates for New York—Continued.
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION

State New York-West Station Jackson

A (Central meridian)

78 ° 35 00.000

¢ 43° 11 06.582 b 77 _ 3% 46,84
AN (Central meridian-N) 1 00 13.158
AN(insec.) Y 3513."155
| _tog & 3.55788695 log Sw? 9.823308
| _Cor. arc tosine_. __|= 2221 log C* 1.376;52-&
| 1og ax 3.55786474 og As oo,
|__log cos ¢ 9.86281451-10
|__colog A 1,849096291 - ¢ 431106 Rhg
| tog S, 4,91164216 __a¢ T ;g:ge%
}_Cc:r. siue to arc + 118) ¢
| 1og S 4,91165397
_tog3937/1200____} __0.51598417 ._|_Tabular difference 10i . 213950
| ar _ 2714 of y for 1" of ¢*
|_tog Sg 4.42761100 __y {for min, of ¢') 1,159,875.98
_log S¢ | 16,2828330_ [y (for seconds of ¢') 2,266.97
| 1og 1/66.2R? 4,5807825-20 v 1,162,142.95
| _log (Sg7/66.7), 0.8636155
[ o | seer.6160067 |
__log ax
—(38/66): + 7.305  rog aa,
X 4267,684,2T
500,000, 00 |_log (AN)
A x 161,684, 27 log F
log b
—Aaa; "
b
Aa °
.. AQ * ’ -

* Take out C first for ¢ and correct for approximate ¢'
Ficurt 31.—Computation of coordinates for New York—Continued.
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PLANE CCORDINATES ON TRANSVERSE MERCATOR PROJECTION
StateNew York «West Station Mt, Read North Base_

. \ (Central meridian) 78 35 00,000
[ ] d
s 43 11 40.615 2 TT__39 37.400
AN (Central meridian-yy  * @ 55 22.600
AA(in sec.) 43322‘600
_log ax | 3.52147806 | _log Sm? L9 2
|_Cor..arc to sine = 1878 tog C* 1,376999-10
|_log &%y 3,52145928 | tog ag- i.12mee
og €08 9. 9.862T4T16-1,
—colog A 1.49096314 ¢ 43" 11 805615
—tog S 4,87516958 _Aé 13,4036
43 11 54,0166
|__Cor. sine to arc + 998 1 ¢ 8%
1 _log S A4, 87517956
|__log 3937/1200_..__ 159841 _Tabular difference) __J__101.23950
of y for }* of ¢*
|-teg R - ~RT04
|_tog Sg 5.39113659 K _y (for min. of 0')_._.._1,159.,.815..98____
| togSg® — | __16,1734098 __ ||y (for seconds of #') 5,468,80
|_tog 1/66,7R? 4,580782 .y 1,165,344,78
-log (Sg/6 61)g 0.753192%
__log sin 25£
|S¢ 4246,114,153
3 /60,2 S.665 108 4
+
s‘/ ofo )‘ __log Aq,
X +246,119.82
00,000.00__ [__tog (an)®
—x 746,119.82 log F
log b
Y. "
- b
Aa "
aa L) . -

® Yake out C first for ¢ and correct for approximats #°.
FIGURE 31.—Computation of coordinates for New York—Continued.
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Adjusted coordinates, list: Pago
Essex to Hosp._ o .o eaccmas 111
Farrelto Ridge . - ... _____________ e e m———— 56
Flower to River. oo 66
Monument 612 to Y, No. 1___ .. 130
Monument 612to Y, No. 2__ ... ... 130
Mount Read north base to Rosalind 37
Newark to Y _ e 130
Twelve Corners to Medicine 47
303 to Boulevard. .- ool 81

Adjustment, final coordinates of traverse. (See Adjusted coordinsates,

list.)
Angles, observed, list:
Farrel to Ridge. - cioa-. 48
Flower to River. ... 57
Mount Read north base to Rosalind_._ ... ____________________ 18
Twelve Corners to Medicine__._________________________________ 39
303 to Boulevard. .. - iceoao- 67

Azimuth, grid, computation. . _____ . _________ . _______ 11
Essex to hosp_-, ............................................. 105
Farrel to Ridge_ .. Ll 48
Flower to River_ e eeeaoo- 57
Monument 612to Y, No. 1. o ._ 112
Monument 612to Y, No. 2______ . ___._ ... 112, 121
Mount Read north base to Rosalind_. .. ___________._ ... _____ 17
Newark to Y. elao. 126
Twelve Corners to Medicine_________________________.______.____ 39
303 to Boulevard_ __ ..o 67

Azimuth closure correction: .

Essex to Hosp. - oo oo e 106
Farrel to Ridge. - Ll - 49
Flower to River_.___ . __ e 58
Monument 612to0 Y, No. 1. 114
Monument 612to Y, No. 2. ________ . ______. 121
Mount Read north base to Rosalind 19
Newarkto Y. ____ . _______________.___.___ 126
Twelve Corners to Medicine__ ... __ . __________.__ 40
803 to Boulevard. .. - oo 68

Closure of azimuth., (See Azimuth closure correction.)

Computation form, deseription of . ____ .. ___________.___.._____ 6

Computation of coordinates . __ . __ . _____ 9,15

ssex to Hosp._ o .o iceo 107
Farrel to Ridge. .. ___ ol 50
Flower to River___ . .. oo~ 60
Monument 612to Y, No. 1. _ . ______ 116
Monument 612to Y, No. 2_____ . aio--- 122
Mount Read north base to Rosalind 21
Newarkto Y____________. S, 127
Twelve Corners to Medicine__ .. ___________ 41
303 to Boulevard . . ecaceceaoo 70

mputation of coordinates, diagram______________________.____._.__ 7
mputation of grid azimuth. (See Azimuth, grid, computation.)

Computation of projeetion_ _ _ . ___ e eao.. 2

Construction of meridians and parallels on the grid projection__......__ 145

Coordinates, computation. (See Computation of coordinates.)
Coordinates, final. (See Adjusted coordinates, list.)
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Page
Coordinates, transformation-_______________________________________ 174
Diagram of the computation_.___._________________________________... -7
Factor, sea-level reduetion__ . __________________________________.__. 12
Farrel to Ridge_ - - . . .. 49
Flower to River . _ .. 59
Mount Read north base to Rosalind_.___________________________ 20
Twelve Corners to Medicine_____ . ___ . _________._.___ 40
303 to Boulevard._ ___ . __ . ______ L. _._ 69
Formula for sea-level reduction factor___________________________.___ 14
Geological Survey quadrangle maps, grid lineson._____________________ 140
Grid azimuth, computation of. (See Azimuth, grid, computation.)
Grid lines on Geological Survey quadrangle maps._ _ . __________________ 140
Grid projection, method of constructing meridians and parallels. ________ 145
Length reduction togrid_ . _ . __________________ L ___._ 15
Farrel to Ridge_ - - __ __ ___ . 49
Flower to River____________ . __ . .___ 59
Mount Read north base to Rosalind..___________________________ 20
Twelve Corners to Medicine..__.____________________ e 40
303 to Boulevard______ . _ .. __________ L ______ 69
Length reduction tosealevel . _____________________________________ 12
Farrel to Ridge. _ . _ __ - 49
Flower to River____ _____ . _ ... 59
Mount Read north base to Rosalind._ . ______________________.__. 20
Twelve Corners to Medicine____________________ . __.__________ 40
303 to Boulevard. ____ _ . _____ L __.__ 69
List of adjusted coordinates. (See Adjusted coordinates, list.)
List of observéd angles. (See Angles, observed, list.)
Local plane coordinates to grid coordinates, transformation._..__________ 174
Map with grid system outline:
New Jersey - e 132
New York_ ____ e 85
Maps, Geological Survey quadrangle, grid lineson____._______________ 140
Meridians and parallels, construction on grid projection________________ 145
New Jersey, projection tables.__.____________________________________ 133
New York, projection tables_.______________________________________ 86
Observed angles, list. (See Angles, observed, list.)
Parallels and meridians, construction on grid projection________________ 145
Projection, construction of ‘meridians and parallels ongrid _____ . ____. 145
Projection tables_ - L lai-. 5
New Jersey - el 133
New Yorkoooo oo o oL 86
Quadrangle maps, grid lines on Geological Survey______._______________ 140
Reduction of length to grid. (See Length reduction to grid.)
Reduction of length to sea level. (See Length reduction to sea level.)”
Sea-level reduction: -
Approximate method_____________________________ ... ______ 12
Rigid method . __ _____ . __ 14
Tables. . e 13
Tables: )
Projection, New Jersey - - - ... _. 133
Projection, New York . _ . ____________ . 86
Sea-level reduection_ _ . _________________________________________ 13
Transformation of coordinates_ __ . _ - ___.__________ 174
Transverse Mercator projeetion__ _____ ... .._____ 1
Traverse:

Adjustment, final coordinates. (See Adjusted coordinates, list.)
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Traverse—Continued.

Essex to Hosp: Page
Computation of eoordinates. __.__________ . ______._.__._._. 107
Computation of fixed grid azimuths_ . _______________________ 105
Computation of grid azimuths__________________.__________. 106
List of adjusted coordinates_ .. _ ... ___ . _______ .. ______.... 111

Farrel to Ridge:

Computation of coordinates_ ... ___________________.___.._.__ 50
Computation of fixed grid azimuths________.________ .. ______ 48
Computation of grid azimuths__________________.__________. 49
Farrel to Ridge:
List of adjusted coordinates.____________________________..__ 56
List of angles__ . __ e .- 48
Reduction of lengths. _ - ______ . ______________ ... 49
Sea-level reduction factor_ _ ... ___ .. ______ ... ______.__. 49
Flower to River:
Computation of coordinates________________________________ 60
Computation of fixed grid azimuths_ . . _____________._.______ 57
Computation of grid azimuths. _____________________________ 58
List of adjusted coordinates. _______________________________ 66
Listof angles__ . _______ ... 57
Reduction of lengths. _____ . ______ . ______________.__.. 59
Sea-level reduction factor__ ______ .. ____________ ... ___.. 59
Monument 612 to Y, No. 1:
Computation of coordinates_ _ .. ____________._______.__.___.. 116
Computation of fixed grid azimuths____________.____________ 112
Computation of grid azimuths. __. . ___________ _.____________ 114
List of adjusted coordinates_ ____ . _____________ .. _________ 130
Monument 612 to Y, No. 2:
Computation of coordinates_ - __ ... _______________________ 122
Computation of fixed grid azimuths__ _______________________ 112
Computation of grjd azimuths______________________________ 121
List of adjusted coordinates_ _______________________________ 130
Mount Read north base to Rosalind:
Computation of coordinates_ ... .. .. _________._____. 21
Computation of fixed grid azimuths_________________________ 17
Computation of grid azimuths__ . __________________________ 19
List of adjusted coordinates__ __ .. . _________.____ 37
List of angles_ - . e el 18
Reduction of lengths_ _ _ - ________________________.________._.. 20
Sea-level reduction factor. . . _ . __________________________ 20
Newark to Y:
Computation of coordinates_ ___ ... __________.__.____ 127
Computation of fixed grid azimuth__________________________ 126
Computation of grid azimuths_ _ .. ... _______ . _________._.___ 126
List of adjusted coordinates_ . ______________________________ 130

Twelve Corners to Medicine: ’
Computation of coordinates. ... ___.__ ... ____.______._..___. 41
Computation of fixed grid azimuths_________________________ 39
Computation of grid azimuths__________________________.____ 40
List of adjusted coordinates_ _________________________l.____ 47
Listof angles____ . _____________ ... . 39
Reduction of Yengths_ _ . . _____ .. ... 40
Sea-level reduction factor. . _ ... .. _____.__..___ 40

303 to Boulevard:

Computation of coordinates_ _ .. ... ________________..____ 70
Computation of fixed grid azimuths_________________________ 67
Computation of grid azimuths______________________.____.____ 68
List of adjusted coordinates. ... ___ . _ . __________________ 81
List of angles_. - .. e 67
Reduetion of lengths_ _ .. _____ . e -_ 69
Sea-level reduction factor. _ - .. .o oo 69
Weighted mean of azimuth___ . ____________________________________. 113

Weighted mean of coordinates. ... _________________________.__.___ 115
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(CUT ON THIS LINE):

PUBLICATION NOTICES

To make immediately available the results of its various activities
to those interested, the Coast and Geodetic Survey maintains mailing
lists of persons and firms desiring to receive notice of the issuance of
charts, Coast Pilots, maps, and other publications.

Should you desire to receive such notices, you may use the form
gi:en behow, checking the lists covering the subjects in which you are
interested.

DireEcTor, U. 8. CoasT AND GEODETIC SURVEY,
: Washington, D. C.

Dear Sir: I desire that my name be placed on the mailing lists
indicated by check below, to receive notification of the issuance of
publications referring to the subjects indicated:

0109. Astronomical work.
0109-A. Base lines.
0109-B. Coast Pilots.
0109-C. Currents.

1109-D. Geodesy.

O109-E. Gravity.

O109-F. Hydrography.
0109-G. Leveling.

O109-H. Nautical charts.
0109-1. Oceanography.
0109-J. . Traverse.

0109-K. Seismology.
0109-L. Terrestrial magnetism.
0109-M.  Tides.

0O109-N. Topography.
[3109-0. Triangulation.
[31109-P. Cartography.
0J109-R. Airway ‘maps.

A catalog of the publications issued by all bureaus of the Depart-
ment of Commerce may be had upon application to the Chief, Division
of Publications, Department of Commeree, Washington, D. C. It
also contains a list of libraries located in various cities throughout the
United States, designated by Congress as public depositories, where
all publications printed by the Government for public distribution
may be consulted.
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