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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 art of the surveys that 

publication similar to this one, applied to the Lambert grid, has been 
issued 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 ‘ves the 
distances of the various parallels from the Equator, weTave all 
that is needed for the construction of the projechon. When the dis- 
tance north or south of the Equator is not great, an approximate series 
can be used to d e t e r n e  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 i t  is 
defined by the integral as follows: 

will be computed on the grids will,consist o P this class of work. A 

in which a is the radius of the sphere. 
Now the series for - or sec 4 is given in the form: cos 4 

sec+=l+-+-+ & 59‘ . . . . . . 
2 24 

For the distance that i t  is necessary to go for systems of plane 
coordinates, two terms of the series are a sufficient approximation. 
Accordingly we have 

If S denotes the distance in ordinary units, we have 
S S=a+ or +=-. 

1 



2 U. 8. COAST AND GEODETIC SURVEY 

Now by substituting this value of 4 in the formula for y, we have 

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 

Eecomes the great circle from which we proceed out in both e a t  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 2 and y coordinates to conform to the generally accepted relations. 
Thus the z coordinate will be expressed by the formula 

instead of the y value as in the ordina Mercator projection. In 
a similar way the new y coordinate is Xaced 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=O 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 alon the meridian are 

easily computef but it requires 
some mani dation to com ute the 
per endic ar on the merigan. It 

' triangle but this would be more 
work than necessary. By basing 
the computation on the position 

A c computation formula, we have suc- 
ceeded in making the calculation b 
a comparativelyshort formula. d 
imagine that we know the point of 
the foot of the perpendicular on the 
central mer idheand  that we are 
computing the difference of lonp- 
tude between it and the given 

0 station. The azimuth is perpendic- 

sine is either + 1  or -1. In  any 
case the lo sin=O. Now we know the difference of longitude from 
the known f ongitude of the station and from the adopted longtude 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. 

up e 

co up d be done by solving a spherical 

FIGURE 1.-Sphere illustrating the elements of 
the transverse Mercator projection. ular to the and hence the 



TRAVERBE COMPUTATION ON THE MERCATOR GRID 3 
For convenience we omit the prime and take out log A for the lati- 

tude of the station and log cos tp for the same. In the position com- 
putation form, eve ry thg  is known but the length; we must therefore 
work backward, since AA is known and we wish to determine the length 
or S. Remembering that the numencal value of sin cy is one, we 
proceed as follows. We first apply the arc-to-sine correction to log 
AAl 

Then we have 
log AXI=log AX-correction arc to Sine. 

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 SI to 
get log S,. 

log S, = log SI +correction sine to arc. 

This gives us the length of this perpendicular on the central meridian 
expressed in meters. The subscn t m is used to denote that the 

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 rocesses should be reversed. 

N!k we have methods of determining the two elements necessary 
for the projection. In order to preserve the balance of scale error in 
the projectaon an arbitrary reduction is made pn all elements so as to 
have the scale too small near the central mendian. In this way the 
scale a t  the east and w?st margms of the projection will not be exces- 
sivel large. We arm m most cases to have the scale just as much 
too 3 arge along these margins as it is too small along the central 
meridian. We have not been able in all cases to attain this ideal be- 
cause of the irregular shapes of the regions to be included, but that is 
the oal toward which we strove in all cases. This plan is exactly 
s i J a r  to what is done in the Lambert projection when the scale along 
two chosen arallels is held. In thisacme, instead of parallels, we 
have the sca e correct along two small cucles whose planes are arallel 
to the central meridian plane, and some.miles distant from it epend- 
ing u on the amount of the reduction rn scale placed on the central 
meri8an. 

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=O, with the 
chosen reduction m scale applied. With these are also tabulated the 
tabular differences for 1 second of latitude. 

roceed with the computation of the coordinates. 

reduce it to feet since the foot is t e unit for all of the tables. The 
length reduced to feet with the reduction factor applied is denoted 
by So which means merely the length on the projection or the grid 
length. 

umt is the meter. You will note t K a t  the arc-to-sine corrections are 

a f 

Now we can 

1 Since we have t % e length of the erpendicular in meters, we must 

- 
3 937sJz sp=- 1,200 - 

3 037 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 
reductipn to feet is printed on the computation form, but log R must 
be written in for the State in which the computation is being made. 
It is a constant for any given system, but when two or more systems 
are established in a given State the value of log R may be different 
on the different systems. Next we have 

z’ = s, + (g) * 

and 1 1 log (6poZ)r=log - GpoZR2‘ 

Log (&). is a constant for a given system and is given in the tables. 
A t  ths 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. 

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 

. 

The value of po is computed in the following way. 

1 1 
2 log p0=5.8304093 - -log A - 2  log B. 

As stated before, log (&). is a constant value given in the tables 
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 
2’s. 

After x’ is computed, it will have the same sign as AX; 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 x’ 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 
dicular to the meridian. In direct computation, we shod know 
the latitude of this foot of the erpendicular, but in this case we 

ence of latitude between the foot of the perpendicular and the given 

rpen- 
are computing inversely. In a H cases that will arise this M e r -  
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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 per endicular, but this is what 
we are trying to compute. Since the a ifference of latitude is not 
large, as already stated, we can take out log C for the latitude of the 
station as an ap roximate value and thus compute an approximate 

A+= cSma 
A+ by the form 9 a 

log Can a thus compute the final value of A$ and so of 9’. To the y 

or log A+=2  log sm+log c. 
When this value of A$ is added to the latitude of the station, we 

get an ap rordmate 4’. With this value of +’, we go back and change 

value for the minutes of $I’ taken from the table, we add the interpo- 
lated value for the seconds of +’ and thus obtain they  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 
a t  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 d azimuth and the true azimuth a t  the station. To 

as shown in the tables for the various systems. 
Since it-was necessary to compute longer lines with greater accu- 

racy in ths work than is usual m position computations, a table of 
colog A and log C 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 F 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 a t  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 szimuth=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 Act will have the same sign as Ah and hence wil l  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 bacause 
the distance of the mark from the station is not accurate1 measured. 

laid grn in the plane to serve as the coordinates of the station on 
the projection. 

The tables are intended for the purpose of computing the coordi- 
As arranged they con- 

take care of t 8” is element, a small correction term has to be computed 

Fi e 2 shows schematically how these computed eements 9 are 

THE TABLES 

nates of a station from its geodetic position. 
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sist of three parts. Table I gives the y 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 4’. Table 
I1 gives the scale factors for every 5,000 feet from the central me- 
ridian. These are given in two forms; one in units of the seventh place 
of decimals and another as a ratio. The h t  is more convenient 
when logs are used and the second for calculating-machine work. 
In table I11 we have given the values of colo A and lo C to 1 
decimal place further than they could be foun f in Special 5 ublica- 
tion No. 8. These values are given for every minute of latitude 
which makes it convenient for mterpolation for the fraction of a 

ven by the seconds of latitude. In  some of the States, 
tables.1 minute i? and I11 are interchanged; that is, what is table I11 in this 
State IS listed as table 11, and table I1 as table 111. In all States. 

Y 

FIQUBE Z.-Tnmnsverse Mercator coordinatas 
in the plane. 

tion to the central meridian. 

however, the Sam; 3 tables are given 
as the necessary data for the com- 
putation of coordinates. 
DESCRIPTION OF THE COMPUTATION FORM 

In  figure 3 we have shown an index 
copy of the computation form for the 
transverse Mercator projection. The 
variousitems are indicated b con- 

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. 2 is the longi- 
tude of the central meridian of the 
svstem and item no. 3 is the londtude 

secutivenumbers and we sha 5 now 

d the station. Item no. 4 rs the 
difference of longitude from the sta- 
This quantity should be given its 

proper sign, plus when the station is east of the central meridian and 
minus when it is west. Item no. 5 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 com utation should be made in 
general to 8 places of decimals. The 8, of AA is the argument 
to be used in this table. When this correction is subtracted from 
log AX, we get item no. 8 which we denote by log Ah. 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. 
I1 of the given coordinate tables. The latitude 4 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 no. 
11 is the sum of the last thee  items and we have denoted it by log 
SI. Item 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 op osite manner; that is, it is 
added instead of subtracted. This is ogtained from the same table 
as was used for the correction to log AX. The log of SI is the argument. 
For those who are not familiar with the computation of eodetic 

ranged with the argument log S at the left and log Ah at  the right of 
positions, we should call attention to the fact that this tab P e is ar- 

we COORDINATES ON ~RAN~RSE MERCATOR PROJECTION 

# 1’ x 3 

state Sbtion 

X (Central mcridhn) * i o  
4 

A h  (Central meridian-h) ” 

lake out C first for # and cur& for a ~ p r m l m b  #’ 
F ~ O W B  3.--Index of the computation form. 

the column that gives the correction. For log Ah therefore we should 
look to the right of the column and for log S to the left. When this 
correction is added to log SI, 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 is always subtracted. For those who 
cannot readil add two numbers and a t  the same time subtract a 
third, we wo J d 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 So; it is merely the len th of the perpendicular expressed in feet 

by 3 to give the log Sg3; 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 
give item no. 18 which is the second term in the series for 2’. Item 
no. 19 is the number corresponding to the log ven as item no. 15, 
and item no. 20 is the same for no. 18. These f ast two items added 
together give item no. 21 which is the x’ distance from the central 
meridian. This quantity has the same sign as item no. 5, being plus 
when the station is east of the central meridian and minus when it is 
west. This item added algebraically to the constant gives item no. 
22 which is the final 2 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 Sm; 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 4 given as item no. 1. These values are listed for every minute 
of latitude, and interpolation should be made for the seconds of 4. 
This value can be most conveniently taken out a t  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 reco ied on the 
form. Item no. 27 is the number corresponding to the P og in item 
no. 25. These last two items added together give item no. 28 as an 
approximate value of 4’. Now with this approximate value of 4’) 
we return to the table for log C and make a new interpolation to 
get a final value for log C. 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 4’ as argu- 
ment. Item no. 31 is item no. 29 multiplied by the seconds of 4’. 
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 4 to 4’. Item no. 33 is the log sine of the mean of 
4 and 4’. 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 log of the cube of Ax. 

Item no. 37 is the log 
of the F factor taken from Special Publication No. 8 with (4 + 4‘) 
as argument. These last two items added together give item no. 38. 
Item no. 39 is the number corresponding to the log given as item 

and reduced for the scale re f uction. Item no. 16 is this log multiplied 

G o  >, 

This is taken to only three decimal places. 
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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 A a  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 x 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".886 and the longitude 77O"'11''.842. 
These data are taken from the list of geodetic positions. These 
values are co ied as items nos. 1 and 3 of figure 3. The central 
meridian for kew York-West is found on age 92 (fig. 18) of the 

2 of figure 3. The value of Ah is +0'57'48''.158 or $3,468".158. 
These values appear as items nos. 4 and 5 of figure 3. The log of Ah 
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 A 1  column a t  the right of the column of corrections. This value 
subtracted from log Ah gives 3.54007841 as the value of log Ahl. 
The log cosine of 43'09'38''.886 is found from the eight-place trig- 
onometric table to be 9.86298766-10. From the State coordinate 
table on page 95 (fig. IS), 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. A t  the 
same time, in the same way, we obtain the approximate value of 
log G 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 Sl. Again 
from the table of arc-to-sine corrections with 4.8940 as argument in 
the log S column we h d  the correction to be 1,089. When this is 
added to log SI we get lo S, as 4.89403924. On page 92 (fig. 18) 

decimal place of the logarithms. By addition we find the value of 
log S, 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. 
This added to log Spa gives the log of ths term to be 0.8107713. 
F'rom the table of logs of numbers we h d  S, to be +257,037.371 
and (g), to be $6.468, and by addition we find x' equal to 
+257,043.84. All of these last three quantities have the same sign 
&s Ah; that is, plus when east of the central meridian and minus 
when west of it. By adding x' algebraically to the constant 500,000, 
we obtain the value of x 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 This added to 

log A$ as 1.164366. The number 14.6004 correspondmg to thls 

table for the State and its value is 78'35'. 4! hs  is copied as item no. 

of the State table we find s og R to be -2,714 in units of the eighth 

laces of decimals. 
me log of C, 1.376288-10, a E eady found gives the approxima% 
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log is added to 4 which is recopied on the form as item no. 26 of 
figure 3, giving the approximate 4' as 43°09'53''.4864. Now with 
this value of 4' we return to the State table on page 95 (fig. 18) 
and interpolate the final value of lo C. We find it to be 1.376350- 10 
and this gives 1.164428 for the va K ue of log Ad. On looking up the 
number corresponding to this log, we get 14.6025 for the final value 

W E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

StateNew York-West Station Eastman 
X (Central meridian) 78" 35' 00:ooo 

# 4 9  09' s.806 x 77 37 11.842 + 0 57 w.158 
A X  (Central meridian->) 

+ 3460.158 

- y (for seconds of 

*Take out c first for + and correct for approximate # 
FIOWE I.-Computation of coordinates for Eastman. 

of Ad and 43'09'53''.4885 as the final value of 4'. Now we return 
to the State table on page 88 (fig. 18) and opposite 43O09' we find 
1,147,727.29 for y (for minutes of 4') and 101.23900 as the tabular 
difference of y for 1 second of 4'. These are inserted as items nos. 
30 and 29 of the index. Now the tabular difference is multiplied 
by the seconds of 4' 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 y for minut~s 
of I$/, giving the value of y as 1,153,142.41. These coordinates are 
e ressed in feet since the tabular values are so expressed. 
%he computation for the back azimuth is then made. The mean 

of 4 and 4' is 43O09'46".19 of which the log sine is 9.8351031-10. 
To this we add the log Ah already found as 3.5400989 givin log 

be 7.854-20 for the mean 4. These last quantities added give 
log b as 8.474-10. The numerical values of Aal and b are found 
from the log table to be +2372".48 and +0".03, respectively. By 
adding these we get for Au, .f2372".51, or +0°39 32f'.51. T h e  
completes the entire computation. 

Aal,  as 3.3752020. Multiply log AA by 3 and, usin 3 decimal p k aces, 
we get 10.620. Log F from Special Publication a 0. 8 is found to 

COMPUTATION OF THE GEID A!t3MUTH FBOM COORDMATES 

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 a t  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 Ax and Ay. Then log tan u=log Ax-log Ay. In this o ra- 
tion no attention needs to be paid to the si s of Ax and Ay. g o r n  
the table take out the angle a, corres on8;nng to log tan a, in the 

quadrant in the following way, depending upon the signs of Az 
and Ay: 

1. If & is negative and Ag negative, then the grid azimuth is equal to a. 
2. If & is negative and Ay positive, the grid azimuth is equal to 180'-a. 
3. If Az is positive and Ay positive, the @d azimuth is equal to 180°+a. 
4. If & is positive and Ay negative, the grid azimuth is equal to 360'-U. 
These rules will serve to locata 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 Ax and Ay. 

Let us emphasize a t  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 posslble if we have the geographic 

ositions of both stations. This necessity exists because the geo- 
ietic line on the earth joining two stations is not exactl represented 

there is a small correction angle that has to be taken into account. 
It is the present ractice in the Coast and Geodetic Survey to estab- 

1 mile from the station to serve as an initial mark for turnin off 
an azimuth for a traverse, if such should be needed. With &ese 
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 A a  from the geodetic azimuth on the mark. T b  
is permissible in such cases because the distance of the mark from 
the station is small and the correction term contains A as a factor 

bered that when A a  is negative, it will be added numerically to the 

h t  quadrant, Then the grid azimut E can be found in its proper 

by the straight line jolning them on the projection. I% most cases 

lish azimuth mar E s a t  the main stations a t  a distance of one-half to 

and hence its value would be small in all cases. It sho Ur d be remem- 
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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 a t  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 h a 1  
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, i t  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 ado,pted R, 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 surf- 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 I 

I Elevation (feet) I ' z . '  I 
1. OOWOOO 
.899W61 
,9890522 
.99992J33 
,999eW3 
,999ga04 
,9998565 
.99g8326 
.9898087 
,9897848 
.9997609 
,9997370 

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 elevatlon 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 to4he nearest digit in the fifth decimal lace' 

this number by the following factors and subtract the result from the 
measured length. 

TABLE I1 

neglecting entirely the remainder of the number. Then mu P tiply 

, 
Elevation (feet) Correction I factor I 

0.00 
2.39 
4 78 
7.17 
9.57 

11.96 
14 35 
16.74 
19.13 . 
21.52 
23.91 
28.30 

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 decimd places. The elevation of 1,800 feet is 
315 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 p l m s  less than the factor for the 1,500-foot elevation. 

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

620745 0 - 44 - 2 
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I n  table 11, for the same elevations, we find the tabular difference 
Multiply this by the above 0.6 and there results 1.44. to  be 2.40. 

This must be added to the 7.17 for the 1,500-foot elevation. 

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. 

and 

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

7.17+ 1.44= 8.61 

0.04328X8.61=0.373 

4,327.596 - 0.373= 4,327.223 

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 B time with slight variations 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 com ute a mean 

can be computed from the formula, 
R a = r n ,  

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 N 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. 

radius for the given region. If we denote this mean ra 6: 'us by R,, it 

1 3 937 N 3 -  
 sin 1"x,,,06' 

Similarly 

The factor - 31937 is introduced to reduce the radii to feet, since A 
1 3 937 The quantity T X L  sin1 1, 200 

Thus we can com- 

1,200 

and B are based on the meter as a unit. 
is a constant, the logarithm of which is 5.8304093. 
pute R, by the formula, 

After R, is determined by this formula, we compute the sea-level 
reduction factor by the formula, 

log 'R,=5.8304093- % log A -  log B. 

R. 
Ra+h' 

Reduction factor=- 

in which h is the average elevation of the traverse or of a given line 
in case i t  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 
fkgths uncorrected. From these a. mean x’ for each line could be 
found and interpolation in table I1 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 x’ 
values of the two end, or control, stations. If Geological Survey 
quadrangle ma s’are available for the extent of the traverse, the line 

mined just how much the middle of each line is east or west of the 
station of ori ‘n and from this the x‘ for the middle of the line could 
be ascertaine f 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 Ax’s in that computation did not differ very greatly from 
the Ax’s on the State system, they were used to compute the X”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 a t  hand. 

can be plotte d? approximately on them; and then it can be deter- 

COMPUTATION OF TEE 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 ahead been 

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 %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 
machines, no doubt most computations will be made by the h t  
method. 

The grid length multiplied by the cosine of the grid azimuth gives 
the latitude, and the same len th multiplied by the sine of the grid 
azimuth gives the departure. %he signs are determined by the rules 

computed. Just beneath the grid length of the individual fl ’nes is 

following: 
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1. 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 ISO', thc latitude is plus and thc departurc 
is minus. 

3. If the aximut!i is between 180' and 270°, the latitude is plus and the depar- 
ture is plt i~ .  

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 2 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 1: coordinates. Each of these discrepancies should be divided 
by the total of the summation of the lengths to give the y and x 
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 h a 1  adjusted results of the survey. At this point we 
wish to emphasize a warning to all who may a t  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 it is such an easy matter to  determine the grid azi- 
muth from the coordinates in case it 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 tha t .  
it is necessary to have a final rid azimuth to one of the neighboring 
stations. There is no reason, towever, 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 
i t  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. I t  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 axe 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 

log Ax =O. 5440680 
log AY -3.3929694 
log tan a =7. 1510986- 10 
a ’  - - 0°54’52”.1 
grid azimuth= 359’55‘07”.9 

ROSALIND TO PENHURST 

log Az =2.8889990 
log Ag =3. 1595190 
log tan a =9. 7294800-10 
L1 = 28O12’31”.1 
grid azimuth= 151°47’28”.9 
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Liat of angles 

station From station- To station- 

Mount Read north baw _ _ _ _ _ _  Canal _____________._________ _ _  300A .... .________ _ _ _ _ _ _ _  
300A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Mount Read north base _ _ _ _ _ _ _  300B __________________.. 
300B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  300A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3wC 
300C. _.___._ ~ ________________. 300B ______________..._____ _ _  .. 300D _ _ _ _ _ _ _ _ _  ~ _________. 
300D _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _______. 300C ____________._____________ 301 _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  

o , ,  

77 M 31.5 
192 03 5 2 1  
162 27 12 1 
179 34 48.8 
181 04 54.6 

177 52 56.2 
201 12 26.8 
177 22 47.6 
179 47 05.4 
181 43 40.8 

84 16 49.6 
188 30 45.2 
183 52 20.6 
175 37 25.8 
177 W 07.1 

179 57 E 4 2  
180 38 28.6 
179 20 29.8 
177 42 52.1 
185 30 57.1 

203 57 57.7 
153 17 19.6 
178 08 66.2 
182 27 59.0 
86 56 0 2 1  

181 40 4 2 2  
180 21 65.4 
177 53 0 2 5  
154 14 30.8 
172 10 28.8 

215 03 10.4 
180 17 64.6 
181 48 31.8 
177 08 59.8 
183 19 59.4 



TRAVERSE COMPUTATION ON TBE MERCATOR ORID 

Computation of grid azimuths 

19 

Stations 
Preliminary 
azimuth and 

angle 

Mount Read north 
base to Canal-.-. 

Mount R e d  north 
LC8nal to 300A.-. 

Cor- 
rec- 
tion 
for 
clo- 
m e  

base to 300A. - - - 
300A to Mount 

Read north base- 
LMount Read 

north base to 
300B-. _ _ _  _ _  _ _  - _ _  

300A to 300B..-.-L 

300B to300A -.-... 
L300A to300C-.-. 
300B to300C-.-... 

Cor- Cor- Cor- 
rected Preliminary '8'- rected 

azi- Stations azimuthand $\; 
angle clo- and 

muth 
and 
angle mu8 angle 

300D to300C-.-.-. 
L300C to 301------ 
300D to 301 _ _ _ _ _ _ _ _  
301 to 300D.-.. _ _  - - 
L300D to 302-...-. 
301 to 302 _ _ _ _ _ _ _ _ _ _  
302 t o  301..-. _ _  _ _  - - 

. L301 to302A .-.... 
a02 to 302A _ _ _ _ _ _  ~ - 

_ _ _ _ _ _  
-1.2 ___- - -  
_ _ _ - _ -  
-1.3 _ _ _ _ _ _  
-1.3 

302A to 302 -__-- - - -  
L302 to 302B---..- 
302A tO302B .-...- 

15 68.4 
44.0 
42.4 

42.4 
19.3 
01.7 

01.7 
24.5 
20.2 

304to3M .... _--_--  
L303 to 304A--.-.. 
304 to 304A _ _ _ _ _ _ _ _  

310B to 310A.----. 
L310A to 310C..-- 
310B to 310C ...--- 
310C to 310B ....-. 
L310B to 310D .... 
310C to 310D-..--. 

310D to 310C ...-.. 
L310C to 310E .... 
310D to 310E ....-- 
310E to 310D.-.--. 
L310D to 311- _ _ - -  
310E to 311 _ _ _ _ _ _ _ _  
311 t o  310E _____- - -  
L310E to R W -  

lind _ _ _ _ _ _ _ _ _ _ _ - -  
311toR&d ... 

304B to304A.---.- 
L304A to 304C -... 
3WB to304C.---.- 

88 
180 
268 

88 
181 
270 

90 
177 
287 

87 
183 
271 

91 

63 
154 

304D to304C -....- 
L304C to 304E--.. 
304D to304E..--.- 
3WE to 304D-.--.. 
L304D to304F-... 
304E to304F...... 
304F to304E ...--. 
L304E to3040..-. 
304F to 3040...--- 

29 38.3 
17 54.6 
47 32.9 

47 32.9 
48 31.8 
36 04.7 

36 04.7 
Os 59.8 
45 04.5 

45 04.5 
19 69.4 
05 03.9 

05 03.9 

48 44.2 
6348.1 

5348.1 
54 27.5 

48 15.6 

47 28.9 
+4a 7 

0 , .  

359 56 07.9 
77 54 31.5 

77 49 39.4 

257 49 39.4 

192 03 52.1 
89 53 31.5 

259 53 31.5 
162 27 12.1 
72 20 43.6 

252 20 43.6 
179 34 48.8 
71 55 32.4 

251 55 32.4 
181 04 54.6 
73 00 27.0 

253 00 27.0 
177 52 56 2 
70 63 23.2 

250 63 23.2 
201 12 25.8 
92 05 49.0 

272 05 49.0 
177 22 47.5 
89 28 36.5 

289 28 36.5 
179 47 05.4 
89 15 41.9 

269 15 41.9 
181 43 40.8 
90 59 22.7 

270 59 22.7 
84 16 49.6 
355 i n  12.3 

175 16 12.3 
186 30 45.2 

1 46 57.5 

181 46 57.5 
183 52 20.6 

5 39 18.1 

185 39 18.1 
175 37 25.8 

1 16 43.9 

181 16 43.9 
177 60 07.1 
359 OB 51.0 

179 OB 51.0 
179 67 54.2 
359 04 45.2 
179 04 45.2 
180 38 29.6 
359 43 14.8 
179 43 14.8 
179 20 29.6 
359 03 44.4 
179 03 44.4 
177 42 5 2 1  
356 46 3e.5 

______-  28 69.1 
-1.3 63.3 _ _ _ _ _ _ _  46 52.4 

_ _ _ _ _ _ _  46 52.4 
-1.2 30.6 _ _ _ _ _ _ _  35 23.0 

__.____ 35 23.0 
-1.3 58.5 _ _ _ _ _ _ _  44 21.5 

_ _ _ _  _ _ _  44 21.5 
-1.3 58.1 _ _ _ _ _ _ _  04 19.6 

_ _ _ _ _ _ _  04 19.6 

-1.2 43.0 _ _ _ _ _ _ _  02.6 

_ _ _ _ _ _ _  02.6 
-1.2 28.3 

_ _ _ _ _ _ _  41 28.9 

____-_-  _-------- 
._ _ _  _ _  - - - ~ __---_ 

-1.2 _ _ _ _ - _  
-1.3 

07.9 305to3040. _ _ _ _ _ _ _  176 46 36.5 
30.3 L3040 to306 _ _ _ _ _ _  185 30 57.1 

305to306 _ _ _ _ _ _ _ _  ~ 2 17 33.6 
38.2 

308t030.5 _ _ _ _ _ _ _ _ _  182 17 33.6 
L305 to 308A _ _ _ _ _ _  203 57 67.7 

38.2 3OBto306A _ _ _ _ _ _ _ _  2 6 1 5 3 1 . 3  

26.2 
05.9 
32.1 

32.1 
5 2 9  
25.0 

308A to308 - _ _ _ _ _ _ -  206 15 31.3 
a 8  L308to308B .-...- 153 17 19.6 
29.0 3OBAto308B _ _ _ _ _  ~ 359 32 60.9 

29.0 308Bto306A _ _ _ _ _ _  179 32 60.9 
10.9 L3OBAt0307 _ _ _ _ _ _  178 Os 56.2 
39.9 308B to307 _ _ _ _ _ _ _ _  357 41 47.1 

39.9 307to3OBB _ _ _ _ _ _ _  ~ 177 41 47.1 
47.5 LBOBB to308 _ _ _ _ _  ~ 182 27 69.0 
27.4 307to308 _ _ _ _ _ _ _ _ _  ~ 0 0 9 4 6 . 1  

27.4 308t0307 __-_------ 180 08 46.1 
63.3 L307toWA -...-. 86 56 02.1 
20.7 308t0308A _ _ _ _ _ _ _ -  267 05 48.2 

70.7 308A to308 _ _ _ _ _ _ _ _  87 05 48.2 
65.0 L3Osto308B _ _ _ _ _ _  181 40 42.2 
15.7 308A t0308B _ _ _ _ _ _  268 46 30.4 

15.7 308Bto308A.. _ _ _ _  8 8 4 6 3 0 . 4  
24.5 L308Ato308C -... 180 21 55.4 
40.2 308Bto308C _ _ _ _ _ -  289 Os 25.8 

40.2 308Cto308B __----  8 9 0 8 2 5 . 8  
46.2 L308Bto309 ___- - -  177 53 02.5 
28.4 308cto309 -_---- -- 287 01 28.3 

28.4 309to308C _ _ _ _ _ _ _ _  87 01 28.3 
04.2 L308C to 310 _ _ _ _ _ _  154 14 30.8 
30.6 309to310 _ _ _ _ _ _ _ _ _  241 15 59.1 

30.6 310to309 _ _ _ _ _ _ _ - _  6 1 1 5 6 9 . 1  
38.5 L309to310A _ _ _ _ _  ~ 172 10 28.8 
10.1 310 to 3108 _ _ _ _ _ _ _ _  233 26 27.9 

_ _ _ - _ _  
-1.2 

_ _ _ _ _ _  
-1.3 _ _ _ _ - -  

42 53.3 
28.4 
21.7 
21.7 
50.8 
12.5 

hurst- _ _ _ _ _ _ _ _ _ _  
F i r e d  ael- 

moth _ _ _ _ _ _ _  
Discrepancy-- 

151 

l61 

Rosalindto311.-- 334 
L311 to PenhWt.  176 
Rosalind to Pa -  I 

12.5 
-1.3 55.8 

_____- -  08.3 

____-_-  08.3 
-1.2 56.5 _ _ _ _ _ _ _  04.8 

_ _ _ _ _ _ _  04.8 
-1.3 18.3 ____-__ 23.1 

_ _ _ _ - _ _  23.1 
-1.3 54.9 ______ 18.0 

_ _ _ _ _ _ _  18.0 
-1.2 57.8 _ _ _ _ _ _ _  15.8 

_ _ _ _ _ _ _  15.8 
-1.3 00.8 _ _ _ _ _ _ _  16.6 

_ _ _ _ _ _ _  16.6 
-1.3 40.9 
.______ 45 67.5 

- -_- - - -  45 57.5 
-1.2 64.2 _ _ _  _ _ _ _  51.7 

_ _ _ _ _ _ _  07 61.7 
-1.3 01.2 _ _ _ _ _ _ _  00 5 2 9  

_ _ _ _ _ _ _  00 52.9 
-1.3 29.5 

-__ - -_ -  22.4 

_ _ _ - - _ _  22.4 
-1.2 27.6 _ _ _ _ _ _ _  26 60.0 
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Reduction of lengths 

[Average elevation=563 feet. Elevation facto~=O.egss7309] 
I- 

length Section Geodetic 
length 

Feet 
1,428.369 
1,348.517 
1,434.752 
3.538.413 
2,328 376 

1,431.082 
1,002.398 
3, 155.655 
3,128.117 

901.573 

1,541.340 
891.250 
477.623 

1,448.719 
1,208.370 

2,281.847 
3,029.918 
2, log. 943 

942 883 
1,807.815 

2, 008.240 
2, 188.362 
1,667.888 
1,110.359 
1,449.403 

1,694.361 
3,356.669 
2,144.347 
1,316.543 
1,821.950 

4.728.173 
474.369 
877.0331 

2.790.649 
1,375.469 

993.736 

Grid 
factor 

1. ollmo63 
1.0000055 
1. oMxx)48 
1.0000035 
1. OOOOOZO 

1. om010 
1.000W03 . 9999992 
,9999976 
.QBBQes5 

.8889963 

.9- 

.9888863 

.9688963 
,8889963 

. Bggeg63 

.8899883 
,8889963 
.8889963 
.9888863 

.8998960 

. m a  

.BBBgsBo 

. w 5 8  

.BBBgsBZ 

. 8 8 8 9 8 i O  

.9999983 

. m g S  
1. OOMXWW 
1. wooO15 

1.0000031 
LOW045 
1. m 9  
1.0000059 
1.0000070 

1.0000074 

Grid 
length 

Fed 
1,428.378 
1,348.524 
1,434.750 
3,638.42.5 
2,328 381 

1,431.083 
1,002.399 
3.155.652 
3.128.108 

901.570 

1.641.334 
891.257 
477.621 

1,448.714 
1,208.386 

2,281.839 
3,020.807 
2,108.935 

942. gw) 
;,807.808 

2, 008.232 
2, 188.353 
1,857.881 
1,110.354 
1,449.397 

1,694.358 
3,35(L663 
2,144.347 
1,315.544 
1,821.862 

4,728.188 
474.371 
877.035 

2,790.665 
1,375.479 

993.743 

Mean latitude= 43'09l.7 

log A = 8.5090377- 10 log constant - 5.8304093 
log A +,log B= 8.5098236- 10 log B r= 8.5106096- 10 

Y 

log A + log B=17.0196473-20 log R a  = 7.3205857 

R. = 20,921,160 log A -k log B= 8.5098236-10 
2 



COMPUTATION OF COORDINATE8 
Traveree l i n e  No. 3 
State New York - West county Monroe I n i t i a l  StationMt.Recrd north base 
Year  1934 Month January-March Closing Station &muail 

Btatioa Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates 

Feet Log. d ie t .  Feet Feet 
Plane Distance Log. cos Az * Feet Feet Y X I 

FIWJBE 6.-Computation of coordinstas, trsverse no. 3. 

el w 
M 

E 



~MPUTATION OF COORDINATES 
Craveree l ine No. 
State New York - &unty Monroe 
Year 1934 Yonth - Ini t la l  Station &-- 

Cloalng Station Roealind 

8 

P 
m 

FIGURE B.-Computatlnn of coordinates, tmverso no. &Continued. 



N w 
WOWBB 6.--Computation of coordinates, traverse no. 3-Continued. 



COMPUTATION OF COORDINATES 
Traveree line No. 3 
State New York - West county Monroe In i t ia l  StationMt.Read north base 
Year 1934 month Jemuary - March Closing Station Rosalind 

Grid Coordinatee - Station Azimuth Grid LOG. Lat. Latitude Departure 
Plane Distance Log. cos Az Feet Feet X 

P 
P 
c) 
0 
P 

+ 
3 

3 
2 

2 

s 

0 
U 
M 

cc 

FIGURE B.-Computation of coordinates, traverse no. &Continued. 



COMPUTATION OF COOFlDINATES 
StateJew York - \ e8 + county Monroe 
Traverse l i n e  No. 
Year 1934 Month January - March 

Init ial  Station lt.Read north base 
Closlng Station w d  

I s Station Azimuth Grid Log. Lat. Latitude Departure Grid Coordinates 
Plane Distance Log. C O B  Az Feet Feet Y X 



COMPUTATION OF COORDINATES 
Traverse l i n e  No. f 
State New YIZrk - West County Monroe I n i t i a l  Station Mt.Read north base 
Year 1934 Month January - March Closing Statlon Rosalind 

etation 

3088 

w p  

P 
P 

0 
U 

FIGWEE t).-Computation 01 coordinates, traverse no. &Continued. 



COIC’UTATION OF COORDINATES 
hareree  l i n e  No. 3 
state  New Yo& - West 
year 1934 Month January - Mnrch ClOrlng Station Rosalind 

count0 mU-0 e Initlal Station * e  

Azimuth 
Plane 

= 
Station 

-910A 

I 4 Grid Log. Lat.. Latitude Depart- Grid Coordinate e 
Distance Log. 00s hz Feet Feet I X 

311 

I I Feet I 

FIOUBE 6.-Computation of coordinatss, traverse no. 3-Continued. 
tQ * 



gtation Azimuth Grid Log. Let. Latitude 
Plane Distance Log. C O 8  Az ' Feet 

Feet Log. diet .  

R 

Departure Grid Coordinate e 
Feet Y X 

Feet Feet 

I 
I 

FIGVRE G.-Computation of coordinates, traverss no. 3-Continued. 

9 
m 
Q 
0 
P 
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COMPUTATION OF COORDINATES 
Traveree l i n e  N o . 9  
State N e w  Y ~ P W  - West county Monroe I n i t i a l  S t a t l o n U m  

N m Year 1994 Month January - March Closing Station Rosalind 
s 

Station Azimuth Grld ling. Lat. Latitude 
* Plane Distance kES. C 0 8  A2 Feet 

Departure Grld Coordinates 
Feet Y I X * 

w 

M 
no 

FIGURE 6.-Computation of coordinates, traverse no. 3-Contiiuod. 



COMPUTATION OF COORDINATES 
Traverse l i n e  No. 3 
State Rem Vork - ' R e s t  County Monroe Init ial  StationhU-Bmd north b aee 
Year 193 4 Month January - Maboh Cloeing Station Rosalind 

w 
0 

FIGURE 6.-Computation of ooordimtes, trnverse no. 3-Continued. 



COMPUTATION OF COORDINATES. 

0.99514105 
477.531 1 .- -4’19.91 726-9515 

0.09845956 +0.01 +0. 84 

Traveree l i n e  No. 3 
State New York - Beot I n i t i a l  StationPt. Read north base County _Mnaroe 

1nhR 5 59 01.7 22.605 

Year  3934 llonth JanuRrv - March Closing Station Rosalind 

-47 02 1.159 -499 &2 726. 9Z5.9Q 

Distance 
mrprg. Lat. Latitude Departure 
mrPrg. cos  Az Feet Feet 
Bag. d i s t .  I I 

Grid Coordinate e 
Y X 

Feet Feet 

~ 1.159.915.11 726989.17 
40.01 +c).t3Z 

I 1.159.9~- nn 

FICICEE B.-Computation of coordinates, trnverse no. 3-Centinued. 

P C 

d E 

0 
Z 



COMPUTATION OF COORDINATES 

Btation Azimuth Grid , kw. Lat. Latitude 
Plane Distance Itng. COB Az Feet 

Feet kag. d l s t .  

Traverse l i n e  No. 3 
State New York - West County Monroe I n i t l a l  StatlonMLBe ad north bnse 

Januar.v Year 1934 Month - Me.rch Closing Statlon m n d  

Departure Grid Coordinate s 

Feet Feet  
Feet Y X 

w 
E.3 

P 
? 

FIGUBE 6.--Computatioll of coordinates, traverse no. 3-Continued. 



COMPUTATION OF COORDINATES 

State New York - We8 
Traverse l i n e  No. 

Year 1934 Month 
I n i t i a l  Stat1onIt.Read north base 
Closing Station 

+county m e  

Elom= 8.-Computation of coor(UnateS, hvorse no. +Continued. 

d 

w w 



COMPUTATION OF COORDINATES 
Traverse llne lo. 3 
Sta te  h 
Y e a r  193- 

w 
I+ 

- 
Btation 

308A 

tnRR 

308c 

Ino 

1110 

9 
P 
d 
0 
P m e 
!i 
U 

0 
W 
3 

I4 

E 

3 
c4 

FIGURE B.-Computr\tion of coordinates, tlaversc no. 3-Continued. 



COMPUTATION OF COORDINATES 
Traveree l i n e  N 0 . L  
State 
Year  1934 

county MonmF! I n i t i a l  Station- 
Month Closing Station 

s 

6 

s4 

B 
El 

ti 
i3 

M 
d 
0 

* 
fi 

0 
Z 
c3 

m 
d 

0 

FIGURE 6.-Computntion of coordinsk, traverse no. &Continued. w 
cn 



COMPUTATION OF COORDINATES 
Traverse l i n e  No. 5 
State NPW Y& - Went county f n l t i a l  Statio- 
Year 1934 Month Januapj - March Closing Station Roealind 

Btat lon,  

Feet 
*:E? 1 D~%CL? 

w m 

Latitude Departure Grid Coordinates t . Lat  

kng. aist. Feet Feet 
Feet I Feet Y X I . a:. COB'& 

Ro 

I I I I I I I 

I I 1 I I 
I I DisctreDancy -0.0 -2.44 

FIGURE B.-ComputRllon of coordinates, traverse no. &Continued. 

k- 
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PLANE COORDINATES 

Q 
RGUBE 7.-List of plane coorciinates. w 

43 



PLANE) OOORDINATES 

P 
m 



Peck _ _ _ _ _ _ _ _ _  ~ __.____________ ~ ____._______---_______________________ ~ _ _ _ _ _ _ _  
Twelve Corners..- - _ _ _  - .._______ - _._____ _-.--_____---___ - _ _ _  ._________ _ _  _ _ _ _  

log Ax = 2.8595706 
log Ay -3.2750650 

log tan a =9.5815056-10 

U = 20°52’56’‘.4 
grid azimuth =20Oo52‘5G’’.4 

MEDICINE TO MOUNT HOPE 

I il 

772,352.65 1,142,829.20 
771,628.93 1,144 932.21 

log Ax =3.3202065 
log Ay = 2.101 0875 

log tan a =1.2182190 

a = 86’32’15’’.4 
grid azimuth= 266O32’15”.4 

List of angles 

Station [ From station- [ To station- I Angle 

97 16 24.8 
330 14 40.9 
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Computation of grid azimuths 

Station 
Preliminary 
azimuth and 

angle 

Cor- 

clos- for 
uw 

correct- 
edazi- Preliminary 

Station azimuth and 
and muth an- angle 

gle 

103 to 102 _ _ _ _ _ _ _ _ _ _  204 31 05.6 
L102to 104 _ _ _ _ _ _ _ _  246 45 28.3 
lU3to 104 _ _ _ _ _ _ _ _ _ _  91 16 33.9 

cor- 

::; 
~~~ 

sure 

104to 103 .________- 271 18 33.9 
L103 to 105 ______._ 176 22 11.9 
104t0105 _ _ _ _ _ _ _ _ _ _  87 38 45.8 

C o d -  
ed azi- 
muth 

and an- 
gle 

I ,  

___._. 
-0.7 
___._. 

___... 
-0. 8 
__-_ - -  
_._--- 

-- 
, ,I 

03 58.7 
40. 1 
38.8 

38.8 
12. 1 
50.9 

w.9 
60.8 

M. 4 
41.7 

38.1 

38.1 

TwelveCornersto 
Peck _ _ _ _ _ _ _ _ _ _ _ _  

LPeckto101______ 
Twelve Corners to 

101 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
107 to 106 _._.____.. 21 
L 106 t o  108 _ _ _ _  _ _  - - 178 
107 to 108 _ _ _ _ _ _ _ _ _ _  1" I 

O ' If 

200 62 56.4 
179 23 42.4 

20 16 38.8 

108 to 107 _ _ _ _ _ _ _ _ _ _  19 
L107 to109 _ _ _ _ _ _ _ _  I 181 
108 to 109 ___-------I m 

101 to Twelve Cor- 
ners _ _ _ _ _ _ _ _ _ _ _ _ _  

LTwelve Corners 
to 102 ___________. 

101to102 _________-  
102 to 101 _ _ _ _ _ _ _ _ _ _  
LlOl to 103 ___.___- 
102tol03 _ _ _ _ _ _ _ _ _ _  

11oto109 __-_------ 19 

110t.a Medicme-.- 118 
Ll09 to Medicine. 97 

200 16 38.8 

180 44 39.6 
21 01 l a 4  

201 01 18.4 
183 29 47.2 
24 31 05.6 

__.... 
-0.7 
_____. 

__..__ 
-0.8 
___.__ 

, ,, 
09 03.2 
08 40.8 
17 44.0 

17 44.0 
09 12.9 
26 56.9 

28 56.9 
09 51.3 
36 48.2 

36 48.2 
24 24.4 
01 12.6 

01 12.6 
16 24.8 
17 37.4 

17 37.4 
14 46.9 
32 24.3 

32 15.4 
+s. 9 

. ~~ 

30.9 
11.2 Medicineto 110.-.. 296 
42.1 LllOtoMt.Hope- 330 

Medicine to Mt. 266 

42.1 H X c i d a e i m u k  266 16.6 
08 58.7 Discrepancy-. 

I 

Reduction of lengths 
[Averam elevation=532 feet. Elevation factor=0.9QsQ7457] 

lost0104 _ _ _ _ _ _ _ _ _ _  
L104 to 106 ___.____ 
1 0 5 t 0 1 0 6 _ _ _ _ _ _ _ _ _ ~  

Section Taped lengtt 

267 38 45.8 
182 30 17.4 
90 09 03.2 

Geodetic 
length 

Fed 
3,925.237 
6,938.131 
4,919.620 
4,111.547 
3,846.154 

5,017.914 
4,053.335 
3,846.957 
2,661.556 
2,852. 167 

2,306. 187 

I 
I 

Grid factor 

1. oooO213 
1. oooO201 
1. oooO187 
1. m 1 6 8  
1. Woo147 

1. oooO118 
1. oooO108 
l.oooO117 
1. oooO124 
1. m 1 3 0  

1. oooO120 

Grid length 

Mean latitude=43' 07' 

log A 8. 5090389- 10 log constant = 5.8304093 
log B = 8. 5106130-10 ~ 

log A t l o g  B=17.0196519--20 
log -'+log B= 8. 50gs260- 10 

log A+1og B=8. 5098260- 10 2 
log R. =7. 3?05833 

2 R, -20, 921,040 

Feet 
3,925.321 
6,939.270 
4,919.712 
4,111.616 
3,846.211 

5,017.973 
4,053.379 
3,847.002 
2,661. 589 
2,852 204 

2,306.215 

2oy 9217 040 -0.99997457 20, 921,572- Elevationfactor= 



COMPUTATION OF COORDINATES 
Traverse l i n e  No. 1 
State New York - West County Monroe I n i t i a l  StatfonTwelve Corners 
Year 1934 Month January - EIarch Closing Station Medicine 

FIGURE 8. -Computation of coordinstes, traverse no. 1. 

4 



COMPUTATION OF COORDINATES 
Traverse l i n e  No. 1 
State New York - West County Monroe I n i t i a l  Station Twelve Carner~ 
Year lg?& Month J w m r  - Mnrch Closing Station Medicine 

FIOUBE E.-Computntion of coordinates, trrrvwse no. 1-Continued. 



aOMPUTATION OF COORDINATES 
Traveree llne No. 1 
fltqte New York - West County Monroe I n i t i a l  Station Twelve Corners 
Year 1934 Month Januarv - March Closing Station Medicine 

I I 1 I I 1 
1 f ni I -0.31 +o. 31 

I I 
I I I 

x Fhctor - -0.4 1 
I 

y Fbctor = +0.69694X10-2 I 
n -  

I I I I 1 -  1- 1 
~ 

I I 
I 

I 

I A 

~- 

ROWRE &-Computation of coordinates, traverse no. 1-Continued. 



COMPUTATION OF COORDINATES 
Traverse l i n e  NO. 1 
StatejIew York - West county &xwoe I n i t i a l  Station 3 t e I v e  C s  8 
year 19% Month m p v  - March Closing Station 

9 
m 
fi 
0 

5 
b- 

8 s 
2 
3 

M 

m e 

4 

FIGURE &--Cornputstion 01 coordinates, traverse no. 1-Continued. 



COMPUTATION OF COORDINATES 

Station Azimuth Grid %. Lat. Latitude Departure 

Feet  -. d l s t .  
Plane Distance m. cos AZ Feet  Feet  a. 

.~ 
Traverse line No. 1 
S t a t e  New York - West County Monroe I n i t i a l  Stat ion Twelve Corner8 
Year 1934 Month January - March Closing Stat ion Medicine t 

Grid Coordinates 
Y X 

Feet  Feet  

0 el 

1 

I 
lnff 899 26 5n-9 

0.94?9477P I I I 
,3 947.002 I I1.133.647.34 752519.10 

0,33294252 I 4 0.24 . - -  -0.17 
36.660 I I +12gO.g? Ilal-Z?.647-6Cd /?5,’~18*Y5 

%! 
M 



cO?dPUTATION OF COOFUNATE& 
haverae line No. 1 
State_NAm.k - West Count0 Monroe I n l t l a l  Station Twelve Corners 
Year 193Jb Month January - March Closing Stat195 ,- - 

I 

I 
I 

atation Azinuth Grid Lat. Latitude Departure Grid Coordinates 

Feet 
X Plane Distrnc8' Ria@. 008 Az Feet Feet Y 

Feet Feet 

I I I - 1 
I x Factor - -0.47212 X 10'7 I 

I - I 
I Y Factor = +0.69694 X 1 0-3 

I I 
D i s c r d m c v  -0.311 +o .21 

I I 
I 

1 

- 

I 
I 

I 

1 I I 
I I I 

~~ ~~ 

I I I 1 1 
- I - 

P 
m 

U 



FIQURB %-List of plme mordiantes. 



Church ..................................................................... 
Farrel_____________..  ....................................................... 

A z a n d A u  ............................................................ I +11G.99 I +2,011.07 

2 B 

762.314.89 1,184.286.59 
762,197.60 1.182.275.52 

log Ax =2.0681487 
log AY =3.3034272 

Station From s b -  To sta- Angle tion- tion- ~ - -  
0 , ,, 

Farrel_____. Church--- 131 _ _ _ _ _ _ _ _  80 45 1R.3 
131 _ _ _ _ _ _ _ _ _  Fanel----- 132 _ _ _ _ _ _ _ _  130 51 40.0 
132 ......... 131 ........ 133 ........ 264 18 29.0 
133 ......... 132 ........ 134 ........ 175 21 OS. 4 
134 ......... 133 ........ 135 ........ 174 21 00.0 

135 ......... 134 ........ 136 ........ 264 38 10.4 
136 ......... 135 ........ 137 ........ 76 56 46.7 

log tan a =8.7647215- 10 

a = 3’19’45”.5 
grid azimuth= 183’19’45”.5 

RIDGE T O  NEARPIPE 

Station From sta- To sta- Angle 
tion- tion- 

0 I ,, 
137 _ _ _ _ _ _ _ _ _  136 _____.__ 138 _ _ _ _ _ _ _ _  291 33 03.3 
135 _ _ _ _ _  _--. 137 -----.._ 139 _ _ _ _ _ _ _ _  196 40 44.1 
139 ......... 138 ........ 140 ........ 182 I8 39.6 
140 ......... 139 ..... ~.. 141 ........ 163 12 56.7 
141 ......... 140 ........ 142 ........ 179 32 54.6 

142 ......... 141 ........ Ridge ..... 157 03 51.2 
Ridge ...... 142 ........ Nearpipe-. 179 41 21.7 

Nearpipe .................................................................... 772,415.04 1,165,917. i7 
Ridge ....................................................................... 772,271.87 1,168,829.59 

A z a n d A g  .......................................................... 1 +173.17 1 -2.911.82 

log 4x =2.2384727 
log 4 y  =3.4641645 

log t,an a =8.7743082- 10 

a = 3’24’12”.4 
grid azimuth=356”35’47’’.6 

List of angles 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 

Computation of grid azimuths 

49 

Preliminary 
Stations azimuth and 

angle 

FarreltoChurch.. 183 19 45.5 
LChurch to131L.- 80 45 18.3 
Farrelto131______ 264 05 03.8 

131to F811’el______ 84 05 03.8 
LFarrel to 132.--. 130 51 40.0 
131 to 132 _ _ _ _ _ _ _ _ _ _  214 56 43.8 

132to 131 _ _ _ _ _ _ _ _ _ _  34 56 43.8 
L131 to 133 _ _ _ _ _ _ _ _  260 18 29.0 
132t0 133 _ _ _ _ _ _ _ _ _ _  295 15 12.8 

133to 132 ________._ 115 15 12.8 
L132to 134 _ _ _ _ _ _ _ _  175 21 08.4 
133 to 134 _____-_-_-  290 38 21.2 

134to 133 _ _ _ _ _ _ _ _ _ _  110 36 21.2 
L133to135 ______._ 174 21 00.0 
134 to 135 2&1 57 21.2 

135 to 134 _ _ _ _ _ _ _ _ _ _  104 57 21.2 
L134to136 _ _ _ _ _ _ _ _  264 38 10.4 
135 to 136 _ _ _ _ _ _ _ _ _ _  9 35 31.6 

136to 135 _ _ _ _ _ _ _ _ _ _  189 35 31.6 
L135to137 ___.____ 76 56 46.7 
136 to 137 _ _ _ _ _ _ _ _ _ _  266 32 18.3 

Cor- 
rected Preliminary 

azimuth Stations azimuth and  
and angle 

angle 

, I ,  0 , I ,  

45.5 137 to  136 _ _ _ _ _ _ _ _ _ _  86 32 18.3 
18.2 L136to138 _ _ _ _ _ _ _ _  291 33 03.3 
03.7 137 to  138 ________._ 18 05 21.6 

03.7 138 to  137 ____._.___ 198 05 21.6 
39.9 L137 to  139 _ _ _ _ _ _ _ _  196 40 44.1 
43.6 138 to  139 _ _ _ _ _ _ _ _ _ _  34 46 05.7 

43.6 139 to  138 _ _ _ _ _ _ _ _ _ _  214 46 05.7 
28.8 L138 to 140. _ _ _ _ _ _ _  182 18 39.6 
12.4 139 to 140 _ _ _ _ _ _ _ _ _ _  37 04 45.3 

12.4 140to 139 _ _ _ _ _ _ _ _ _ _  217 04 45.3 
08.3 L139 to 141 _ _ _ _ _ _ _ _  163 12 56.7 
20.7 140 to 141 ________._ 20 17 42.0 

20.7 141 to 140 ___.______ Mo 17 42.0 
20 59.9 L140to 142 ______._ 179 32 64.6 

20.6 141 to 142 ___.__.___ 19 50 36.6 

142 to  141 ____. ~ _ _ _ _  199 50 36.6 
L141 to  Ridge _ _ _ _ _  157 03 51.2 
142 to  Ridge ____.__ 356 54 27.8 

Discrepancy- - - - 

Reduction of lengths 

[Average elevation=328 feet. Elevation factor=0.99QB&432] 

1 Tapad 
Section length 

log A - 8.5090363- 10 
log B = 8.5106053- 10 

log A + log B=17.0196416-20 
log A + loa *= 8.5098205-10 

2 

= 
Geodetic 

length 

Feet 
1.298.35 
2.197.62 
2.389.31 
3,988.14 
4,949.66 

1,998.47 
1,389.05 
1.656.70 
2,362.22 
2,099.02 

1,672.47 
1.699.33 
1,439.32 

Grid factor 

1. ooo0240 
1.0000243 
1.0000247 
1.0000240 
1.0000232 

1.oMx)228 
1.0000222 
1. OOOOnl 

1 

Cor- 
rected 

azimul 
and 

angle - 
I ,, 

17. 4 
03.2 
20. A 

20.6 
43. g 
04.5 

04.5 
39. 5 
44.0 

44.0 
56.6 
40. 6 

40.6 
54.4 
35.0 

35.0 
51. 1 
26. 1 

26.1 
21. 5 
47.6 

k id  length 

Fed 
1,289.37 
2,197.86 
2.389.35 
3.888.22 
4,949.77 

1,998.52 
1,389.08 
1,656.74 
2.382.28 
2,099.07 

1,67251 
1,698.37 
1,439.35 

log constant = 5.5304093 
log A log B= 8.5098208-10 2 

log 9. 

R.  

= 7.3205885 

=20,921,300 



COMPUTATION OF COORDINATES 
Traverse llne NO. 1B 
State New York - West county -mQnro e I n i t l a l  Station Farrel 
Year 19% Month Jeuary - March Closing Station RldRe 

6 v z y  lpp;z: Distance ~ 1 Log. Log. Lat.. COB AZ I La;;;;de 1 Departure Feet 
Log. diet .  

Y Grid Coordinate X B 

Feet Feet - 

Parrel 

Log. sin Az P 
’ Log. Dep. c 9 

I 1,182,275.52i 762,197.90 2 I 2.12683999 il33.92 

k 
om 
8 
3 
3 
i$ 

U 

M 

t.c 

FIQUBE 10.-Computation of coordinatas, traverse no. 1B. 



COMPUTATION OF COORRINATES 
Traveree line No. 18 
StatelJew Y ork - West County Monroe fn i t la l  Station - r e A  
Year 199 Month Januam - March Cloeing Station -ne 

FIOWE 10.-Computation of coordinates, traverse no. 1B-Continued. 



COWUTATION OF COOROINATES 
Traverse l ine  No..-. 
Stat6  N e w  Yo* - West- County Monroe I n i t i a l  Stat ion > E  
Year 1934 Month January - Marah Closing Stat ion B a e  

I I I I I ~ 

I 
~ ~ 

I I 
x Fabtor - -2.196?2 X 10-3 

I 
.v Fabtor I a 

~~ - 

I 

FIGURE 10.-Computation of coordinates, traverse no. 1B-Continued. 



COMPUTATION OF COORDINATES 
Traveree line' NO. .-, 

State -Weat county Y o n r o  e I n i t l a  Station Fame2 
year 1934 Montn Januarg - Yaroh Closing Station RlaRe 

8 s a 
FR 
M 
c1 F 0 
5 
3 
: 
z 

ti 
8 
D 
i? 

* 
1: 

c3 w 
M 

0 u 
cn 
03 

FIQURE 13.-Computntion of coordinates, traverse no. 1B-Continued. 



COXPUTATION OF COORDINATES 
Traveree Une No. 1B 
State New Y ork - West County Monroe 1nItle;l StatlonFarrel 
Year 1934 Month Janu~rg - Maroh Closlng Station Ridge 

P 
110 
0 
0 

5 
+ 
3 
% 
0 
tr 
M 
c1 
2 

s 
8 
d 

FIGUBE 10.-Computation of coordinates, traverse no. 1B-Continued. 



COMPUTATION OF COORDINATES 
Tmveree l i n e  No. 1B 
State  Jew York - Weet county Monroe I n i t i a l  Stat ion Farre1 
Year 19% Month Januamr - March Closing Stat ion &due 

Distance 

141 I 20 17 40.6 I 26.003 

1699.37 

142 19 50 35 .o 27.702 

1439.35 
niage 356 54 26.1 29,141 

I 

3 
Ba& Lat .  Latitude Departure Grid Coordinates 
kag. co8 Az Feet  Feet  Y I X 

I I r 

-2.196W x 1 0 ’  
I r 

1 I 

x Facdor 

y Factlor. +0.7 x lo-’ 

E c 
M 

M 
!2 

FIGUBE lO.-Computation of Coordinates, traverse no. 1B-Continued. 



PLANE COORDINATES cn 
Q, 

FIGIJBE 11.-List of plane coordinates. 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 

Station From station- 

57 

To station- I r,. 

COMPUTATION OF TRAVERSE NO. 3A. FLOWER TO RIVER 

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

the traverse see figure 5. 

Computation of grid azimuths for control 
FLOWER TO BONESTEEL 

Flower . . . . . . . . . . . . . . . . . . . . .  
Flower A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Merri l l_____________________ 
Cemetery _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Benn A . . . . . . . . . . . . . . . . . . . .  

log A z  = 3.3128372 
log Ay =3..0075130 

Bonesteel _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  FlowerA--. ______________._ 196 10 50.6 
Flower _.____________________ Merri l l______________________ 65 51 oZ.9 
FlowerA _____________._____ Cemetery _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  177 42 38.8 
Merrill__________________.___ Benn A . . . . . . . . . . . . . . . . . . . . .  149 31 32.5 
Cemetery. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Benn B ___________._________ 241 52 39.6 

log tan a =0.3053242 

Tiernan ___________________. 
LakeA . . . . . . . . . . . . . . . . . . . . .  
LakeB _.___________________ 
Stutson X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
River . . . . . . . . . . . . . . . . . . . . . .  

a = 63’39’39’’.2 
grid azimuth= 116°20‘20”.8 

BrittonA _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  LakeA . . . . . . . . . . . . . . . . . . . . .  93 19 19.2 
Tiernan _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  LakeB _.___________________ 192 53 30.8 
LakeA _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  StutsonX _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  189 23 29.2 
LakeB _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  River _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  76 44 47.5 
Stutson X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Stutson _________..._________ 180 00 00.0 



U. 8. COAEiT AND GEODETIC SURVEY 

Computation of grid azimuths 

100 03 5.5.0 
196 10 60.6 
296 14 45.6 

116 14 45.6 
86 61 02.9 
182 05 48.5 

2 08 48.5 
177 42 38.8 
179 48 n.3 

359 48 2P3’ 
149 W32.5 
149 19 59.8 

328 19 59.8 
291 52 39.6 
all 12 39.4 

31 12 39.4 
180 08 00.3 
211 17 39.7 

31 17 39.7 
160 32 21.7 
191 60 01.4 

11 60 01.4 
164 60 33.9 
170 40 35.3 

356 40 35.3 
184 (23 04.4 
180 43 39.7 

Stations 

___-__-----  
4-1.0 _ _ _ _ _ _ _ _ _ _ _  

_ _  _ _ _ _ _ _ _ _ _  
+LO _ _ _ _ _ _ _ _ _ _  ~ 

_.___.__._ ~ 

+LO 
____._.____ 

_ _ _ _ _ _ _ _ _ _ _  
+1.0 _ _ _ _ _ _ _ _  _ _ _  

_ _ _ _  _ _ _ _ _ - _  
+1.1 

____.______ 

______.____ 
+LO 

~ ___.____ _ _  
.___.______ 

+LO 
______.____ 

.__________ 
+LO _ _ _ _  _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _  
+1.0 

_ _ _ _ _ - _ _ _ _ _  

Preliminary 
azimuth and gTgtz 

angle 

293 20 08.6 
180 00 00.0 
116 20 08.6 
116 20 20.8 

I--- 

_ _ _ _ _ _ _ _ _ _ _  
+o.o _ _  _._______ _ _ _ _ _ _ _ _ _ _ _  

* , ,, I ,, 

103 68 59.9 _ _ _ _ - - - - - - -  
93 19 19.2 +1.0 
197 18 19.1 _ _ _ _ _ _ _ _ _ _ _  
17 18 19.1 _ _ _ _ _ _ _ _ _ _ _  
192 63 30.8 +LO 
210 11 49.9 ___- - -_ - -_ -  I 
30 11 49.9 ___-- - - - - - -  
189 23 28.2 +LO 
219 36 19.1 _ _ _ _ _ _ _ _ _ _ _  
39 35 19.1 ___- - -__ -  _ _  
76 44 47.6 +1.0 
116 20 06.6 _ _ _ _ _ _ _ _ _ _ _  

-14.2 I_ ___.______ 

COrreCted 
azimuth 

and angle 

I ,, 
66.0 
61.6 
46.6 

46.6 
03.9 
60.6 

60.6 
39.8 
30.3 

3a3 
33.6 

20 a3.8 
4a 7 
44.5 

44.5 
01.3 
46. 8 

46.8 
22.7 
08.6 

08.6 
M 9  
a 4  

43.4 
M. 4 
48.8 

21.3 
59 10.1 

59 10.1 

30.3 

31. 8 
12 02.1 

12 021 
30.2 
a23 

32 3 
48.6 
20.8 

2 a 8  
00.0 
20.8 

2o 0c.8 

4a 8 

20. 2 

30.3 

. - - - - - - - - 



TRAVERSE COMPUTATION orJ THE MERCATOR GRID 59 
Reduction of lengths 

[Average eIevation-487 feet. Elevation facactor=O.ggsg815Ol 

1.0000095 
1. om099 
1.0a000Bg 
1. 000009s 

I.ml08 
1. m 1 1 2  
1. oooO113 

1. oooO117 
1. oooO123 
1. m1ZB 
l.OMx)136 
1. oooO140 

1. m i o i  

1. m i 1 3  

I Taped I Geodetic 
length length Sectlon 

Fed 
1,362088 
1,567.448 
2,asa387 
7a 212 

1, Ma 747 
2,685.228 
1,208.116 

1, ne. mi 1,666.687 

1,642959 
1,633.172 
1,991.601 
2,674.Wl 
216.313 

Cemetery-Benn h- _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Benn A-Benn B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Benn B-Wedgewood _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Wedgewood-West Parkway _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

West Parkway-Benn C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Fee: 
1,382.108 
1.567.461 
5858.392 
768.218 

1.940.763 
2,686.248 
1,208.123 
1, Mw. 698 
1,278.231 
1,642.970 
1,633.181 
1,991.613 
2,674.814 
215.314 

Feet 
1.362. op3 
1.567.432 
2, w. 339 
768.204 

1,940.727 
2 685.189 
1,208.101 
1,Mw.eeQ 

1,642.940 
1,533.163 
1,991.676 
2,674.765 
215.310 

1, ma. 207 

factor length 
Orid I Orid 

Mean latitude=43O13’ 
Use aame R, as for traverse no. 1B-Farrel to Ridge. 

2 0 ~ 9 2 1 ~ 3 0 0 = ~ . ~ ~ ~ 9 8 1 ~ ~  
20,921,687 Elevation factor= 



COMPUTATION OF GOORDINATES 
Traverse'line NO. 3 
State Ner York - Weet @mty  Monroe Init ial  Station Flower 
Year 1934 Month January - March ClOslng Station River 

atatioa Azimuth I ;;;; I Log. Lat .  I La;;;;de I Defi;p&Ure 
Plane , Distance Log. C O B  AZ I Log. dle t .  

0, 
0 

Grid Coordinate B 
Y X 

Feet Feet 

FIGURE 12.-Cornputation of coordinates, traverse no. 3A. 

P 
00 



COMPUTATION OF COORDINATES 
Traveree line No. 3A 
State New YQ& - West 
year 1934 Month Closing Station ~ V A P  

County Yonm e I n i t i a l  Station .Flaftrer 

4 
Gtation Azimuth Grid Log. Lat. Latitude 

e P l a n 0  Distance Log. cos Az . Feet 
JI Feet Log. d i e t .  

Departure Grid Coordinates 

Feet Feet 
Feet Y X 

UI 

FIGIJBE 12.-Computation of coordinatas, traverse no. M-Continued. 

757.814.1E9 

754.061.7 0 

754. Oh?.? Z 
to. 63  

3 3 . 9 7 0 . 9 3  
+O. 71 
f1.64 

753.967.2 2 
+0.77 - 
7 55.581 .Q 7 

tO.85 
755.5d?.? ? 

0 z 
H 
X 
M 



COMPUTATION OF COORDINATES 
Traveree l i n e  No. f A  
State  New York - West county JdImroe I n i t i a l  StationF-r . 
Year 1974 Month January - March Closing Stat lon w e r  

Station Azimuth Grid  Log. Lat. Latitude Departure Grid Coordinate a 
Plane Dlstance Log. COB Az Feet  Feet  I X 

Feet  I O l *  

T i ~ r a ~ n  
1 *%173 

I 

Lake A I 197 18 30.3 I 18.389 
I I 

I I 
19% 601 

Lake B I 210 l? 02.1 IM.zA1 
I I 

?lsiJ1=5 

7liver 116 20 20.8 21.271 - -  I I I I 
I x Factor = I +  5.07069 x 110 ’ 
I y Factor  = I +  3.???90 x 110 3 I - 

Q, 
h3 

9 
m 
d 
0 
#- m 
H 

5 

m 
d 

FIGURE 12.-Computation cf coordinates, traverse no. 3h-Continued. 



COMPUTATION OF COORDINATES 
T r a v e r s e  l i n e  N o .  
state New York - County Monroe I n i t i a l  Station -Flower 
Year  19% Month January - March Closing Station River 

8 
8 
% 

P 

M 
c) 
0 x 

P 

1: 

8 
El 
8 
,? 

H 

9 e 

0 s 
U 
U 

FIGUBE 12.-Comyutation of cwrdmtes. traverse no. 3A-Conthued. 
aa w 



COMPUTATION OF COORDINATES - 
Traverse l i n e  No. 3A 
StateNew York - Weet county Yonroe I n i t i a l  Station Flower 
Year 1934 Month _January - March Cloeing Station Rlver 

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



COMPUTATION OF COORDINATES 
Traverse l ine No. 3* 
state New York - West County Monr oe I n i t l a l  Stat ion Flo rer 
Year  1934 Month January - l a r c h  Closing Stat ion Rlver 

FIQURE 12.-Computation of coordinates, travem no. 3A-Continued. 



PLANE COORDINATES 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 67 

Station 

303-. _ _ _ _ _ _  
303A _ _ _ _ _ _  
303B _ _ _ _ _ _  
303C ____.. 
3030 _ _ _ _  _ _  

COMPUTATION OF TRAVERSE NO. 2A. 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 wei hted mean at 303. However, 

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. 

the results of the computations as ma 8 e are eminently satisfactory as 

Computation of grid azimuths for  control 
303 TO 304 

I = b  

From . To A;,, 11 Station szEz- station- To Angle 

304 _ _ _ _ _ _ _ _  303A _ _ _ _ _ _ _  94 35 03.6 222F _ _ _ _ _ _  206 ______._ 222E _ _ _ _ _ _ _  178 55 09.2 
303 _ _ _ _ _ _ _ _  303B _ _ _ _ _ _ _  178 39 428 222E _ _ _ _ _ _  222F ___.__ 222D _ _ _ _ _ _ _  179 55 10. 1 
303A _ _ _ _ _  ~ 3030 _ _ _ _ _ _ _  191 35 27.2 222D _ _ _ _ _ _  222E __.___ 222C _ _ _ _ _ _ _  225 34 48.8 
303R _ _ _ _ _ _  3030 _____._ 211 41 48.6 22% _ _ _ _ _ _  222D ____.. 222B _ _ _ _ _ _ _  224 03 04.8 
303C _ _ _ _ _ _  3@3H ______. 228 04 66.4 222B _ _ _ _ _  ~ 222C ____._ 222A _ _ _ _ _ _ _  180 05 48.3 

station- station- -- 
0 , ,, 

log Ax = 1.0854730 
log A!J = 3.3436350 

3mH 
BB _ _ _ _ _  _ _ _  
2op _ _ _ _ _ _ _ _  
2WA _ _ _ _ _ _  
204B _ _ _ _ _ _  
P5Rd _ _ _ _ _  
208 _ _ _ _ _ _ _ _  

log tan II =8.3415380-10 

a = 1'15'31".0 
grid azimuth= 358'44'29".0 

List of angles 

3030 _ _ _ _ _ _  203 _ _ _ _ _ _ _ _ _  183 OS 31.6 2!22A ._____ 222B ____.. mA-4  ____. 179 12 21.0 
303H _ _ _ _ _ _  204 _ _ _ _ _ _ _ _ _  175 40 187 B A A  _ _ _ _  222A _ _ _ _ _ _  2 2  _ _ _ _ _ _ _ _ _  181 27 58. 0 
203 _ _ _ _ _ _ _ _  2MA _ _ _ _ _ _ _  182 62 00.6 222 _ _ _ _ _ _ _ _  222AA .___ 221 _ _ _ _ _ _ _ _ _  178 32 52. 5 
rroI _ _ _ _ _ _ _ _  204B.. _ _ _ _ _  179 09 287 221 __..____ 222 _ _ _ _ _ _ _ _  220B _ _ _ _ _ _ _  179 18 42.5 
!ZMA _ _ _ _ _ _  205Rd _ _ _ _ _ _  180 OB 49.5 220B _ _ _ _ _ _  221. _ _ _ _ _ _ _  220A.-...-- 180 14 424 

2blB _ _ _ _ _ _  208 _ _ _ _ _ _ _ _ _  180 20 63.3 220A 220B _ _ _ _ _ _  Boulevard 178 40 08.8 
2Q5Rd..-.. 222F _ _ _ _ _ _ _  181 17 01.9 Boulevard 220A --.... Whelehan.. 270 16 483 
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Computation of grid azimuths 

Cop 
rection 

for 
:losure 

Preliminary 
Stations azimuth a n d  

angle I- 
Cor- Cor- 

Preliminary 'Or- rected 

angle and 
c'O~- angle 

Stations azimuth and azimuth ,'$;th 
::ye 

303to304 _________. 355 15 50.5 
L304 t o m A  ____.. 94 35 03.6 
303 tO303A _ _ _ _ _ _ _ _  I 89 50 54.1 

303Ato303 _______. 
L303to303B _ _ _ _ _ _  
3MA to303B _____. 

269 50 54.1 
178 39 42.8 
88 30 36.9 

303B to303A ____._ 268 30 36.9 
L303Ato303C.-.. 191 35 27.2 
303B to303C _ _ _ _ _ _  100 06 04.1 

303C to303B _ _ _ _ _ _  
303C to3030 _ _ _ _ _ _  L303B to3030..-- 

280 06 04.1 

131 47 52.7 
211 41 48.6 

3030 to303C _.____ 311 47 62.7 

3030 to3MH _ _ _ _ _ _  179 52 49.1 
L303p to  303H..-. 228 04 56.4 

._____ 
-2.3 

._____ 
-2.3 
._____ 

_.____ 
-2.3 _ _ _ _ _ _  
._____ 
-2.3 
_..___ 

_..___ 
-2.3 
_.____ 

43.6 222Ato222B ____- -  91 01 62.6 _ _ _ _ _ _ _  13.6 
54.1 L 2nBto222AA.-- 179 12 21.0 -2.3 18.7 
37.6 m A  to222AA _ _ - -  270 14 13.6 _ _ _ _ _ _ _  13 32.8 

37.6 222AAto222A _ _ - -  90 14 13.6 _ _ _ _ _ _ _  13 3 2 8  
29.3 L222A to222 _ _ _ _ _ _  181 27 58.0 -2.3 55.7 
06.9 222AA to222 _ _ _ _ _ _  271 42 11.6 .______ 41 28.0 

06.9 m t o 2 2 2 A A  .___-- 91 42 11.6 _ _ _ _ _ _ _  41 28.0 
16.4 L222AAto221_____ 1 7 8 3 2 5 2 . 5  -2.3 50.2 
23.3 222to221__________ 270 15 04.1 _ _ _ _ _ _ _  14 18.2 

23.3 22lto222 ___.____-_ 90 16 04.1 _ _ _ _ _ _ _  14 18.2 
51 58.3 LZBto220B _ _ _ _ _ _  179 18 42.5 -2.3 40.2 

21.6 221to220B _ _ _ _ _ _ _ _  269 33 46.6 _ _ _ _ _ _ _  32 68.4 

21.6 220Bto221______-- 89 33 46.6 _ _ _ _ _ _ _  32 68.4 
24.4 L22lto220A ____-_  180 14 42.4 -2.3 40.1 

42 46.0 220B to220A __-- - -  269 48 29.0 _ _ _ _ _ _ _  47 38.6 

303H to3030 _ _ _ _ _ _  
L3030 to203 _ _ _ _ _ _  
303H to 203 _____._. 

I I, I I 

359 62 49.1 
183 08 31.6 
183 01 20.7 

%Xt0303H _______. 
L303H to204 ___.__ 
203 to204 _ _ _ _ _ _ _ _ _ _  
204 to203 _ _ _ _ _ _ _ _ _ _  
L203 to204A ____.. 
204to204A _ _ _ _ _ _ _ _  
204Ato204 _ _ _ _ _ _ _ _  
L204 to204B _____. 
204A to2048 _____. 

2040 to204A ___.__ 
L204Ato205Rd.. 
ZMBto205Rd--.. 

205Rd to204B-.-. 
L204B to206 _ _ _ _ _ _  
205 R d  to200 __..__ 

2USto205Rd _____. 
L205Rd to222F.. 
208to222F _ _ _ _ _ _ _ _  
222Fto208.. _ _ _ _ _ _  
L204to2223 ___... 
2nF to2223 _ _ _ _ _ _  

__._.__ 61.8 
-2.3 40.5 
..____ ~ 32.3 

.______ 32.3 
-2.3 24.9 
._..___ 05 57.2 

._..___ 05 67.2 
-2.3 46.3 
__..___ 43.6 

3 01 20.7 
175 40 18.7 
178 41 39.4 

358 41 39.4 
182 52 00.6 
181 33 40.0 

1 3 3  40.0 
179 09 26.7 
180 43 06.7 

0 43 06.7 
180 06 49.5 
180 49 56.2 

0 49 56.2 
180 20 53.3 
181 10 49.5 

1 10 49.5 
181 17 01.9 
182 27 51.4 

2 27 51.4 
178 55 09.2 
181 23 00.6 

1 18 10.7 _ _ _ _ _ _ _  17 38.6 
225 34 48.8 -2.3 46.6 
228 52 59.5 _ - _ _ _ _ _  25.1 

46 62 59.5 _ _ _ _ _ _ _  25.1 
224 03 04.8 -2.3 02.6 
270 66 04.3 _ _ _ _ _ _ _  55 27.6 

vard ____- -___  _ _ _  
Boulevardto220A- 
L220A to Wbele- 

Boulevard to  Whe- 
lehan _ _ _ _ _ _ _ _ _ _ _ _  

Fixedazimutb 
Discrepancy. - 

han _ _ _ _  - -  - - _ _ _ _ _  

268 28 37.8 _ _ _ _ _ _ _  27 46.0 

88 28 37.8 _ _ _ _ _ _ _  27 45.0 

270 16 46.3 -2.3 44.0 

358 45 24.1 _ _ _ _ _ _ _  44 29.0 
358 44 29.0 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

+55.1 - -__--_ ___- - - -_ -  

46.0 
47. 2 
33.2 

33. 2 
51.0 
24.2 

24.2 
69.6 
23.8 

23.8 
07. 0 
30. 8 

2ZQAto220B __- - - -  89 48 29.0 _ _ _ _ _ _ _  47 38.6 
L220B to B o u l e 1  1 1 
22OA t o  Boule- 

vad-..- ---_---- 178 40 08.8 -2.3 06.5 
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Reduction of lengthx 

[Average elevation=491 feat. Elevation fsctor-0.99997653] 

0.9899881 
.9999854 
.gggeg47 
.9999939 
.999D934 

Section 

Feet 
973.268 

1,637.039 
1,016.117 
2.670.W 
3,205,038 

303-303A- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _  _ _  
303A-303B.- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  
303B-303C.-- ~ _ _ _ _ _  ~ _ _ _ _ _  __. _ _ _ _  _ _ _ _  _ _ _  ._.__ _ _  
3030-3030. _ _  __________. ~ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ~ _._._ -. 
303&?03H _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _  

Geodetic 
length 

Feet 
973.295 

1.637.085 
1.016.146 
2,670.145 
3,205.132 

Fed 
973.272 

1,637.047 
1.016.122 
2,670.082 
3,205.057 

204A-204B..- - _ _ _ _ _  _ _  _ _  . . . . . . . . . . . . . . . . . . . .  _ _ _ _  
204B-205Rd ____________..._____------------.-.. 
205Rd-208 _____________.___.__________________ -. 
!2Q&Z22F. _ _ _ _ _ _ _ _ _ _ _  _ _ _  .___ ~ ___.______ ___.___ _ _  
222F-222E _ _ _ _ _ _ _ _ _ _ _  _ _ _  __________.__ ~ __._._ _ _  _ _  
PZE-222D _____________... ~ ___________________. 
222D-222C _______________._____________________ 
222C-222B. . . . . . . . . . . . . . . . . . . . .  _ _ _  ____.____ - 
222B-222A-. _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _  ..... __. 
222A-222AA ______.___________________ ~ ___._____ 

222AA-222. - _ _  _ _ _ _  - - - _ _  - - - - - - _ _  __._ _ _  - - - -. -. - - - 
! Z Z - Z Z l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ . - ~ - ~ ~ ~ ~ ~ ~ ~ . ~ ~  
221-220B _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
220B-220A _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
220A-Boulevard -....-.. ________. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

835.055 
1,519.985 
1, oo& 982 

2,517.751 2,517.703 0.9699935 2,517.687 
2,884644 2,884589 ,9999936 2.884.571 
2,454.543 2,454.496 .9699936 2,454.480 
1,051.106 1,051.086 .9888936 1,051.078 
3,144.363. 3,144.303 .9999937 3,144.283 

3,002.589 3,002.531 .9999937 3,002.512 
1,171.307 1,171.284 .9999939 1.171.277 
4,133.628 4,133.549 . 999D952 4,133.529 
2,603.782 2,603.732 . wW9970 2.603.724 
2021.577 2,021.538 .8999882 2,021.534 

2,016.349 2,016.310 .9999992 2,016.308 
3,202.630 3,20'i?.b68 1.0000008 3.202.570 
4,308.940 4,308.857 1.0000026 4.308.888 
2.808.288 2,808.234 1.0000045 2 808 247 
2,664.699 2,564.850 1.0000058 2:sskW 

i Qrid factor Grid length 

835.050 : %% 1 1,519.975 
I .  9999935 1,m. 975 

[Average elevation=402 feet. Elevation fsctor=O.999D8078] 

Mean latitude= 43" 13' 
log A = 8.5090363- 10 log constant = 5.8304093 
log B = 8.5106053- 10 m B = 8 . 5 0 g 8 2 0 8 -  10 

log A +log B= 17.01 96416 - 20 
log '+log B= 8.5098208- 10 log R.  = 7.3205885 

2 

2 
R. = 20,921,300 

Elcvation factor 303 to 204A 

Elevation factor 204A to Boulevard= 20,92 1,702 

- - 20i9219300=o.gggg7653 20,921,791 

201921p300 =0.99998078 



COMPUTATION OF COGRDINATES 
Traveree line No. 2A 
State New York ( r e s t )  County Monroe I n i t i a l  Station M'J. 
Year  1934 Xonth 3-m - k p &  Gloelng Station 

Log. Lat. Latitude Btatioa Azimuth Grid 
Plane Distance Log. COB Az Feet 

Departure Grla Coordinate B 
Feet P 1 X 

I I Feet I LOR. die t .  I I I Feet I F e e t  
i n  Az 
ep . 
E72 =m - .  1.162.342.03 7?-?6 

I 

F~GUBE 14.4omputation of coordinates. traverse no. ZA. 

4 
0 

c) 
0 + m e 

0 
M 
0 
U 
M e 

d * 



COMPUTATION OF COORDINATES 
Traveree 1 e N 
State New P o*k T&cj 
Year 1934 

bunty Monroe I n i t i a l  Station 303 
Month Janu ary - laroh Closing Station Boulevar d 

FIQWBE 14.-Computation of C€mdhIat@3, traverse no. 2A-Continued. 



COMPUTATION OF COORDINATES 
Traveret l ine No. 26 
B t a t e l e r k ,  County Monroe I n i t i a l  Station 303 
Year ~ a +  Month Januarv - March ClOaing Station Boulevard 

Btatioa Azimuth Grid 
Plane Distance 

Log. Lat. Latitude Departure Grid Coordinate a 
Log. COB AZ Feet Feet Y I X 

I 

i 1-zd 722.478.72 

+R=ilr-Rr; 1 722.478.27 
94 - - 

FXGUBB 14.-Computation of coordinates. traverse no. 2A-Continued. 



COMPUTATION OF COORDINATES 
Traverse l i n e  No. 2A 
S t a t e  New York ( t e s t )  County Monroe I n i t i a l  Stat ion 303 
Year  1934 Month January - March Closing Station a r d  

e 
X M 

FIGURE 14.-Computation of coordinates, traverse no. PA-Continued. 
-3 w 



COMPUTATION OF COORDINATES 
Traoeree l i n e  No. 
State  New York (Vest)  County Jonroe I n i t i a l  Stat ion 303 
Year  1934 Month m r v  - Mnr& Closing Station Boulevard 

t, 
M 
0 
U 
M z 

FIGUSE l.l.-Computation of coordinates, traverse no. PA-Continued. 



COMPUTATION OF COORDINATES 
Traveree l i n e  No. 
State New York ( m w t y  Monroe I n i t i a l  Station 303 
Year 1934 Month _IIanunmr - MaFeh Closing Station Boulevard 

Grid kug. Lat. Latitude Departure : Grid Coordinates 

Feet Bug. die t .  Feet Feet 
Distance Psag. cos Az Feet Feet Y X 

903Q 
I 

0.9999977 0 

0.00214481 - - 1 3205.036 1.167.459.58 721 . a 7 7  
>.87-459.51 -6 7 21.275.65 , 

FIGURE 14.--Comgutation of coordi%ates, traverse no. 2A-Continued. 

NoTE.-The grid distanceshown in the third column should be 2070.068 instead of 2G70.CG. 

m 
M 

0 

U 

gr 



COMPUTATION OF COORDINATE3 - ~~ 

Traverse line No.2 A 
State  New York (West) county Monroe I n i t i a l  Stat ion 303 
Year 193 4 Month Januar.v - March Closing Station Boulevard 

atation Azimuth Grid bng. Lat. Latitude Departure Grid Coordinates 

Feet ESR. d i s t .  Feet Feet  
Plane Distance beg. C O B  Az Feet  Feet  Y X I d 

? 

FIGURE 14.-Computation of coordinates, traverse no. SA-Continued. 



COMPUTATION OF COORDINATES 
m Traveree l l n e  No.= 4 S t n t e - Y a r k -  aounty Monroe I n i t i a l  Station 9 3  

Month January - Maroh Closing Station BOW& Year 1934 
0 

k 
m 

FIQUBE 14.-Computation of coordinates, traverse no. ZA-Continued. 

c) s 



COMPUTATION OF COORDINATES 
waveme l i n e  No. ?A 
S t a t e N e w k  (West) county Monroe I n i t i a l  Station 303 
Y e w  1934 Month January - March Cloelng Station _ ~ o u b j  

FIGURE 14.-Computation of coordinates, traverse no. 2.4-Continued. 



COMPUTATfON OF COORDINATES 
Traverse l i n e  No 2A 
State  New York (West) County Monroe I n i t i a l  Stat ion 1 w .  
Year 1934 Month C l O s l n g  S tat ion Boulevard 

FICUHE 14.-Computnlion of coordinates, trsverse no. 2A-Continued. 



COMPUTATION OF COORDINATE3 
Traverse l i n e  No. 2A 
State  New York - West 
Year 1934 Month January - March Closing Station n,,,,layg*.il 

County ..MonMe, I n i t i a l  Statton 103 

I I I I I I I 

FIGWEE 15.-Comyutation of CWrdln8tes connected to traverse no. 28 .  

9 
m 

n 
M 
0 
U 
M 
d 
i 



PLANE UOORDINATES . M I I R O . O . I ” D . C .  

mar 

.... ̂ __” .... ----. 

_._._ .....-- 

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

. 
-3-032 

....... 

- ...... -- 
-I-..-.-” 

~ W E E  16.-List of plane coordinates. 

0 

U 



PLANE (JOORDINATES DymolsoI-  
.I-.--- 

-man+ 

.. -...- .......... ---_ 
.... ...... .........- 

"221 
....... 

................ 

. - 

................................ 
......... 

..... -1.. .............. ........ 

_...._ _ _  ........ ^ ....... ___.___..___I; 
........... " ..... ...... J::::: . . .  1 :::::: .I: .......... ̂ 3 ~ 1:: - 
... ....... 

FIGWEE l(l.-List of plane coordinates-Continued. 
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z 

Computation of grid azimuth from coordinates 

205Rd to 206 

I‘ 

- 
Azimuth and 

=&?le , 
Station 

0 , ,, 
221 to220B _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  269 33 00.0 
L220Bto221Rd ... _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  288 MI 24.7 
221to221Rd _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  196 31 24.7 

221Rdto22L. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  16 31 24.7 
L 221 to TT 36K (U. 8. 0.8.) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  182 63 17.4 
221Rd to TT 36E (U. 8. 0.8.) ___________...___ 179 23 42 1 

log tm =8.3110092- 10 

a - l01O’20‘’.6 
grid azimuth=181°10’20ff .6 

Azimuth and 
angle I Station 

221 to 220B 

V 

log Az = 3.6343423 
log AY = 1.5294304 

~ 

log tan a ~2.1049119 

a = 89°33’00f’.0 
grid azi“h=269°33’00’’.0 
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Compdation of grid azimuth from coordinates-Continued 
2220 to 222B 

I * l y  

log Ax -3.6162580 
1% AY = 1.82-11909 

log tan a = 1.7920671 

0 = S9°04‘31’‘.0 
grid azimuth= 27O055’29”.0 

I Station I Azimunutand 

[Elevation f w t o r = O . ~ 7 8 1  

Section 1 I ssp I Qrid factor length 

-- 
Feet 

222C-TT35K(U.S.Q.S.) _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _  1 %‘963I k?Wl 0.8080839) 799.843 



0 
Z 

FIQURE 17.-Map of New York with grid system outline. (See note on p. 86.1 



86 

101.18433 
101.16467 
101.ie500 
101.18533 
101.18550 

101.1856 

101.18650 
101.16683 
ioi.ie7oo 

101.18614 

- 
tat. 

'W 41' 

45 

w 46' 
47 
48 
49 
50 

w 00' 
01 
02 :z 
o"i 

:2 

3 
3 

fZ 

3 

lIo0 3:' 
$2 

05 
400 061 

09 
10 

12 

15 

400 118 

400 16' 

w 21' 
22 

25 
400 26' 

29 
30 

35 

101.18850 

101.M933 

;::::;%I 

::;:;;:zf 

U. 8. COAST AND GEODETIC SURVEY 

Tmneverse Meroator ProJeotlon for N s r  York 
Table I 

55 

57 
1 I -P  56' 

P 
410 00' 

410 01' 
02 

Y 
( feet )  

101.1918 
101.1921f 
101.1923 
101.19264 
101.19300 

66 , 781.50 

78,923.82 
84,995.01 
91,066. ?2 

72,852-65 

410 06' 

3 
09 
10 

188.207.91 
194i279.42 
200, 50.95 
206.222.49 
212;494.@ 

Tabular 

for 1 BOO. 
Of lat. 

Y 
( feet )  

ROUBE 18.-Projection tables for New York. 

Tabular 
diiierenoe 
for 1 880. 
of lat. 

101.1945 

101.1948 
101.19508 

101.1961 

101.1975 

;::: ;;a 
101.19883 

'101 1998 

101.200J3 

101.2008 

101.2011 
101.20158 
101.20163 

101: 2 c i J  

lo$. 20108 

101.20217 
101.20250 
101.20283 
101.20300 
101.20333 

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. 
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410 21' 
22 

25 
$E 

Ta%ne.reree Yemator FToJsotion for X a  rork 

491 805.05 

510,022.30 
516,094.15 

497:s 7.45 
503.9 i 9-81 

Tabular 
difference 
for  1 880 .  
Of 1st. 

%:22OoE 
101.20417 
101.20450 
101.20483 

101.20517 
101.20550 
101.20567 
101.20600 
101,20633 

101.20667 
101 * 20790 
101.20717 
101.20750 
101.20783 

101.20817 
ioi.208jj 
101.20867 
101.20900 
101.20933 

101.20950 
101 '098 

101.2105 
101.21083 

101.21117 

101.21200 
101.21233 

101: ;lo$ 

E: f3f 
101.21250 
101.212153 
101.21317 
101.21350 
101.21383 

Tabular 
d l f f  erenoe 
for 1 800.  
of lat. 

101.21550 

101.21633 
101.21683 

E%: ::53 
101.21700 
101.21733 
101.21767 
101.21800 
101. 21817 

101.21~50 
101.21883 
ioi.eigi7 
101.219 0 
101.21927 

101.22000 

101.2206f 
101.2203 

:%:22;Ef 
%: %;P$ 
101.r2150 

101.22250 
101.22267 

FIOURE 18.-Rojection tables for New York-Continued. 

(See note on p. 86.) 
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420 26' 

:i 
29 
30 

420 $!' 

$3 

U. 8 .  COAST AND GEODETIC SURVEY 

Tramverse Yercator Projection f o r  New York 
Table I (Contad) 

686,548.04 

898'695.18 
904'768.77 
910:842.38 

916,916.01 
922.989.66 
929,063.33 
9 5 137.02 
941 : 210.72 

892 621.60 

1 050 540.44 g{ 1:056'614.48 
55 1,062:688.54 

Tabular 
dlfferenoe 11 Lat. I J 
ror 1 aeo. ( fee t )  
of lat. 

101.22450 
101.224S3 

101.22550 
101.22567 

101.22600 
101.22633 
101.22650 
101.22683 
101.22717 

101.22750 
101.22783 
101.22817 
101.22833 
101.22867 

101.22900 
101.22933 
101.22950 
101.22983 

101.23050 
101.23083 

101.22500 

101.23017 

101.23117 

430 01' 
02 

05 
430 06' 

3 

3 
09 
10 

12 

15 

430 11' 

:t 

3 
430 16' 

19 
20 

430 21' 
22 

25 
3 

%i 
430 26' 

29 
30 

1,099,133.29 
1,105,207.48 
1,111,281.69 
1 117 55.91 
1:123 :230.15 

1,129,504.41 i v  $52 5 578- 69 
,652.98 

1'147, 727.29 
1: 153, 801.63 

1 165 950.35 
1: 172 :024.73 
1,178,099.13 

1,190,241. 9 
1,196.322.95 

1,159 ,875.98 

1 sl8w73.55 

1,220,620.46 
1,226,695.00 
1 2 3 2  769.56 
1'2 8:844.15 
1:2&,918.75 

1' 257'068.01 
1' 263 : 142.66 
1: 269,217.33 
1,275.292.02 

1 2 5 0  993.37 

Tabular 
dlfferenca 
f o r  1 @eo. 
of la t .  

101.23500 
101- 23538 
101.2355 

101 2 650 
101: 23683 

101:23?3 
101.23767 

101 2 800 
101: 23817 

101.239oO 
101.23917 

101.23950 

i o 1  23 00 

101.23~50 

;:;:;a 
101.24100 
101.24117 
101.24167 
101.24183 
101.24217 

101.24317 

101.241100 
101.24417 
101.2&bjO 

FIGWEE 18.-Projection tables for 'New York--Continued. 

(See note on p. 86.) 



TRAVERSE COMPUTATION ON TRE MFSCATOR GRID 

430 311 c 5 

Transveree Meroator ProJeotion for  N a  York 
T&ble I (Cont'd) 

f 281, 66 73 101.24550 
1'287 h1:46 101.24567 
1'29 '516.20 101.24600 
1:29$:590.96 101 2463 
1,305,665.74 101:2466f 

Tabular 
difference I 

( fee t )  or  lat. 

01.24700 
.01.24717 
.01.24750 
.01.24753 
.01.24817 

.01.24850 

.01.24867 

.01.24900 

.01.24933 

.01.24967 

.oi .25000 
~01.25017 
101.25050 
101.25083 
101.25117 

101.25150 
101.25157 

101.25233 
101.25267 

101.25300 
101.25317 
101.2 5350 

101.25217 

101.25450 
101.25461 
101.25500 

101.25200 

101.25 83 

Tabular 
difference 
for 1 sea. 

( ree t )  of l a t .  

440 Ob' 1 493 992.85 101.2 600 
1'500'068.21 lOl.e$617 E i  1'506'143.58 101.25650 

09 1'512;218.97 101.25683 
i o  1:5ie,29k.38 101.25717 

89 

101.267 j o  
101.25767 
101.25800 
101.25833 
101.25867 

101.25900 
101.25917 
101.25950 
101 2598 
101: 26017 

101.26050 
101.26067 
101.26100 
101.26133 
101.26167 

101.26183 
101.26233 
101.26250 
101.26283 
101.26317 

101.26333 
101.26 101.26817 67 

101.26433 
101.26450 

101.26500 
101.26533 
101.26550 
101.26583 
101.26600 

FIGUIIE 18.-Projection tables for New York-Continued. 

(See note on p. 86.) 
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¶!raneveree Yeroator ProJeotlon for New York 

Table I (Cont'd) 

Y 
( f e e t )  

1,797,282.69 
1,803,a58. 95 
1,809,935.22 
1,816,011.51 
1,822,087.82 

1 828 164.15 

l 'dO'316'e6 
1'846' 93124 
l i s 5 2  :&9.64 

1858,546.06 
1:664,622.50 
1,870,698.95 

1,882,651.91 

1's 4'240 50 

1,876 s 775.42 

Tabular 
difference 

of lat. 
~~ ~ 

101.26650 459 161 
101.26667 
101.26700 
101.26733 19 
101.26767 20 

;i 

101.27100 
101.27117 
101.27150 
101.27183 
101.27217 

101.27250 
101.27267 

101.27333 
101.27367 

101.27400 
101.27417 
101.27950 
101.27463 
101.27517 

101.27 00 

101.27550 
101.27567 
101.27600 
101.27633 
101.27667 

dlff erence 
for 1 set* 

1,919,311.23 101.27700 

1 9p.t64:48 101.27750 
1'9 7 541.13 101.27763 
.1:9b :617.80 

1,925, 87 85 101.27717 

FICUKE 18.-Projection tables for New Pork-Continued. 

(See note on p. 86.) 
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h s n e v e r s e  Mercator ProJectlon tor N a  York 
Table I1 

I or LO- I IY 
Ir 

0 -271.4 0.9999375 
5,000 -271.3 0.9999315 
io 000 -270.9 0.9999376 

20~000 %:t 0.9999f80 
15'000 0.9999 78 

25,000 
30,000 

45,000 

50,000 gg; 

7,5,::g 

65'000 
70;000 

g0:ooo 

' 105'000 
11o:ooo 
115 000 
120: 000 

125 000 
130'000 
1 5'000 

150,000 

170~000 

85 000 

95,000 

100 000 

120; 000 
145,000 

155 000 
160:OOO 
165 000 

-268.3 

-265.3 
-263.5 
-261.4 

-259.0 
-256.4 
-253 * 2 
-2 0 

-243.5 
-239.6 
-225.6 
-2jl. 2 

1 -226.6 
1 -221.8 

-266.9 

-227:1 

2:: t 
-205.8 
-200.0 

-193.9 
-187.6 
-181.0 

-167.1 
-174.2 

-159.a 

2%: 2 
-136.3 
-126.0 

0.9999382 
0 9999 85 
0:9999f89 
0 9999 93 

0.999940'1. 
0.9999410 
0.9999416 
0.9999423 
0.9999431 

0 99994 9 
0: 9999A 
0.9999458 
0.9999468 
0.9999478 

0.9999M9 
0.9999501 
0.9999513 
0.9999526 
0.9999539 

0.9999554 
0.9999568 
0.9999583 
0.9999599 
0.9999615 

0.9999632 
0.9999650 
0.9999668 
0.9999686 
0.9999705 

0: 9999598 

-119.5 
-110.7 
-101.6 
-92.3 
-82.7 

-72.9 
-62.9 - 2.6 
-31.3 
-20.2 
-8.9 
+2.6 
+14.4 
+26.'1. 

+38.1 
+51.2 
+64.0 

1 -22.1 

+103.8 
+117.6 
+1 1.6 
+l&. 8 
+160.4 

+175.1 
+190.1 
+205.4 
+220.9 
+236.6 

t254.6 

+285.Q 
t302.i 

t268.9 

+319. 1 

0.9999725 
0.99997% 
0.9999766 
0.9999187 
0.9999810 

0.9929832 
0.9999855 
0.9999679 
0.9999903 
0.9999928 

::;;mZ 1.0000006 

; : s t  

1 : ~ 2 8  
1 1:00002;31 00002 9 

1. ooooo89 
1.oooO118 
1.0000147 
1 00001 

1. oooO303 
1.0000336 
1. ooOO369 

1.00004O3 
1.00004 6 
l.OOOO& 
J . OOoO5Og 
l.OOO05% 

1. oooO582 
l.OOOOb19 
1.0000657 
1.0000696 
1.0000735 

FIGUBE 18.-ProJection tablea for New York-Continued. 

(See note on p. 86.) 
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Transverse le rca tor  ProJection f o r  New YOrk 

Table 11- (COnt'd) 

X '  
( f ee t )  

350,000 

365,000 
370,000 

385,000 
390,000 
395 9 000 

400 000 
40 '000 
4% ' 000 
415'000 
420:OOO 

425,000 

445,000 

460'000 

475 * 000 

450 000 
455'000 

465'000 
47O:OOO 

ca le  In 
,nits  of 
t h  place 
8f logs 

+336.4 
+353.9 
+371.6 

3:;: : 
+426.3 
+44 .o 
$462.0 
t483.2 
+502.7 

t5?2.4 
t542.4 
+562.6 
+583.l 
+603. 8 

+624.7 
+646.0 
+667.4 

+711.i 

+778.4 
+801.4 
+824.6 
+84& 0 

t689.1 

qg: f 

~~ ~ 

Scale 
expressed 
as a 
r a t io  

1.0000775 
1.0000815 
1.0000856 
l.OOO0897 East 
l.OOOC1939 E (Central tieridlan) = 740 20' OO!OOO 

log (1) = 4.5807653 - 20 
6f.2 e 

1.0000982 
1.0001025 
1.0001068 
1.000111~ log  ( 1 ) g  = 9.8951904 - 20 
1. 0001158 6,C,'sln 1". 

1.0001203 Central 
1.0001249 
1.0001295 
1.0001343 
1.0001390 log( 1 )g 9 4.5507483 - 20 

1.0001487 
1.0001537 

1.0001637 

a(Centra1 Meridlan) I 760 351 OOPOOO 

1.0001438 v2 
106( 1 ) g  = 9.8951734 - 20 

1.0001587 6 p . 2 ~ i n  i n  

West 
l.OOO1688 
1.000174O 
1,0001792 
1.0001845 
1.0001699 
1.0001953 

(Central Meridian) = 7S0 35' OOPOOO 

log('+~)g = 4.5607825 - 20 

106 ( 1 l6  = 9.8952076 - 20 
6p' 

6f12sin 1" 
log R = - 271.4 

Geod. a&. - Grid Aa. = t Aa + y2 - y1 (2< + d, 
(6fi2s1n im)g 

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

(See note on p. 86.) 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 93 
Transverse Mercator ProJectlon for No* York 

Table I11 

Lat. 

400 00' 
01 
02 

3 

00; 

:t 

3 

05 
W O  06' 

09 
10 

12 

15 

400 11' 

400 161 

19 
20 

22 

25 
400 26' 

27 
28 
29 
30 

400 311 

400 21' 

x 

fi 
35 

COlOg A 

1.49088157 
88199 
88242 
88284 
88326 
88368 

1.49088622 
88664 
88706 
a8749 
88791 

1.49089466 
89510 

Log c 

1.328327 

8836 

9600 

1.329855 
1.330110 

0364 
0620 
0874 

1,331128 

11592 
2147 

2401 

8561 

;;E 

3;9 

Z?% 
$3 

3; 

=;:I 

3;a 

1.37, 674 i% 
4945 

5453 
5198 

1.336216 
6470 

7232 

Lat .  c01og A 

1.49089680 
89722 

89849 
x;2;5 

1.49089892 
e9934 
89977 
90019 
90061 

90104 
90146 
90189 
90231 
90273 

1.49090316 

90443 
90486 

90528 
90571 
90613 

3:: 

;232 
1.49090740 

90783 
90825 
90868 
90910 

;:;w 
91038 
91080 
91123 

Log 0 

1.337495 
$04 
8247 
8502 

1.340024 
0278 

io38 
:?a14 

FIGURE 18.--Projwtion tabies for New York-Continued. 

620745 0 - 44 - I 



94 U. 8. COAST AND GEODETIC SURVEY 

Tranaoeree Mercator ProJectlon f o r  New York 

Table I11 (Cont'd) 

tat. 

410 11' 
12 

3 

:i 

% 

3 

15 
410 16' 

19 
20 

410 21' 
22 

25 
410 26' 

29 
30 

410 31' 
32 E 

5 

410 36' 
37 

410 411 

45 

1,49091165 
91208 
91250 
91293 
91335 
91 78 
91120 
91463 ;;g 

;:;la 
1.49091590 

91633 

91761 

91803 
91846 
91888 
919 1 
9& 

1.49092016 
92058 
92101 
Y2144 
92166 

92229 
92271 
92314 

;;fZ 

;E5:$ 
1.49092442 

92464 

92312 

Lat. COlOg A 

1.49092655 

92782 
92825 

1.49092868 
92910 
92953 
92996 
93038 
9 081 
93124 
93166 
93209 
93252 

1 49093294 

;;;ti 

1.490 3721 
$3763 
93806 

93% 

94062 
94105 

Log c 

F~owr 18.-Profection tables for New York-Continued. 
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Transverse Mercator ProJeotlon f o r  New York 

Table 111 (Cont'd) 

COlO6 A 

1.49094148 
94190 

;:t% 
;Ea 

;;w 
94532 

1.49094575 
94618 
94660 

94789 

94917 
94959 

94631 
94674 

1.49095002 

9 h 7 3  

;;3 
9 130 

- 
tat. 

54' 
58 
59 $30 00' 

430 01' 
02 

05 
:2 

3 

it 

3 

ft 

3 

430 06' 

09 
10 

430 11' 
12 

15 
43Q 16' 

19 
20 

22 
430 21' 

25 
430 26' 

29 
30 

co1og A 

1. 49W56U 
95686 
95729 
95772 
95815 

1.49095858 
95900 

96029 

96072 
96114 

96243 

1. 49096286 
96328 

96457 

96500 
96542 

96671 

1.49096714 

;;;2 

;%% 

x i  

;223 

gai; 
96885 

96971 
97013 
97056 
97095 

96928 

FIQUBE 18.-Projection tables for New YorklContinued. 
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Let. 

430 31' 
32 

35 
430 361 

3 

f 
430 41' 

42 

3 

2 

$2 

45 
430 461 

49 
50 

430 519 
52 

55 

57 
58 
59 

440 001 

440 011 

43O 561 

3 
05 

U. 8. COAST AND GEODETIC SURVEY 

Transrrrse Ysrcator ProJectlon f o r  New York 
Table I11 (Cont'd) 

COlOg A 

1.49097142 
97185 
97228 
97270 
97313 

1.49097570 

1.49097999 
98042 

98170 

98256 
98299 
98342 

1; 49098428 
98470 

99E2gf 
38213 

98385 

;g;i 
98599 

Log c 

1.381657 
1908 

2662 

2913 

3667 
3918 

1.384170 
4421 
4671 

%:: 

$3 

5;;; 

2gi 
5425 
5677 

6429 

1.3S6681 
6931 
7182 
7434 
7685 

8439 
6689 

1.389192 

1.3g;$& 
1.390196 

8940, 

944t 

Lat. 

440 06' 
3 

:z 
3 

09 
10 

440 11' 
12 

15 
440 16' 

19 
20 

440 21' 
22 

25 
440 26' 

29 

3 

3 
30 

440 31' 

%Z 

t l 
35 

31 
440 361 

~ - 

Colog A 

1.49098642 
98685 
98728 
98771 
98613 

1.49098856 

98985 
99028 

99071 
99114 
99156 
99199 
99242 

99500 
99542 

99671 

1.49099714 
99757 
99800 
99843 
99586 

99928 
1.49099971 
1.49100014 

;;23 

::% 

1.390447 
0699 
0950 
1200 
1451 

1952 
2204 
2456 
2707 
2958 

1.39170 

3962 

4462 

5217 
5468 
5719 
5970 
6221 
6472 

6972 

7727 

7976 

1.39421 

Z? 

1.39612 

:g65 

"81: 
6229 
5480 

FIGURE 18.-Projection tables for New York-Continued. 
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45O 16' 

19 
20 

3 
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1.49101644 1.408016 
01687 0266 

9019 

Transverse Yeroator ProJeotion for Mow York 

Table 111 (Cont'd) 

COlOg A 

1.4910014 
00188 
00229 

003 14 
00272 

00786 
00829 
O W 2  
00915 
00958 

1.49101001 
01044 
01087 

:E$ 

1.491014 0 
014?3 
01516 
01559 
01601 

Log c 

1.39923 

1. 9998 
1. z0023q 

04Ss 

946t 

338 
12c 

3 3  
;$$ 

9735 

1491 

1.401743 

2997 
3246 

1.u4253 

5005 
5256 

5507 
5756 
6009 
6260 
6511 

1.406761 

$3 

Lat. Colog A Log c 

FIOUBE 18.--Projection tables for New York-Continued. 



98 U. 8. COAST AND GEODETIC SURVEY 

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 t o  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 tra,verse 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 depmture 
from true scale throu hout the whole of the State is so small that 

ever, we would advocate their use in parts of all States where the 
scale factors are large enou h to be of significance. Even in this 

mean anything. 
After the position of Monument 612 was fixed by the first adjust- 

ment, a 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 a t  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 a t  a reasonable price. 

It should be noted that the constant added to the x’ values in this 
State is used as 2,000,000. Since early computations in large number 
were made in thls State with this value conforming to the usage ~J.I 

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 

(Z’ezt continued on p. 105) 

grid corrections could % e neglected without serious detriment. How- 

State we should use them in f ocations where they are large enough to 
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riaom 

mow 

YONUYLNT 631 

pL 
YONUYEM 61s 

8MuEwT 614 

630 
I2 

ALINC 
E 

IEM 611 

r 610 

AQUBE 19.4ketch of traversed in New Jemy. 



100 U. S. COAST AND GEODETIC SURVEY 

PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State New Jersey Station Newnrk 
X (Central meridian) 7: 44 oo".ooo 

0 1 1  

4 *O 44 12.771 x u 
AX(Centra1 meridian-X) + 29 46'99 

aX( in  see.) 4 1706.349 

-y (for min. of #') 

-y (for seconds of 6') 

"Take out C first for # and correct for approumate 4' 
FIGURE 20:-Computation of coordinates for New Jersey. 



TRAVERSE COMPUTATION ON T H E  MERCATOR GRID 101 
PUN€ COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

st& New Jersey Station Eesex 
X (Centrd meridian) 7h. 40' Od.000 

74 10 19.583 a * .  
40 *7 A4.145. x 

+ 0 29 40.*17 A X  (Central meridian-X) 

3.25052173 

=A - - 
1.4909017a 

4.6205399a 

2t 309 

4.62054307 

-0.51598417 - 1006 

5.13651638 

15.4095*91 

4.5810113-20 

9.9905704-10 

I 

-t 

- *' -A* +- 

40 47 47.9605 

101. ~003-5 
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PLANE~COOROINATES ON TRANSVERSE MERCATOR PROJECTION 

stab New Jersey Station HOED 

X (Central meridian) 74' 40' Oo'.OOO 

+ 0 32 15.035 
6 40". 51' 05.234 x 74 07 44.965 . 

A X  (Central meridian+ 

a X ( i n  sa.) t 1935.035 

-108 !h= 9.312698 
26 

24 
-108 A# 0 . 6 W  

-108 c* 1. Ullep-~ n 

48 51' Of.23k -+ 
s o  
- 4' 

+ 4.508C 
4 

40 51 07.7kS 

01.20150 

-y (for min. of 0') 734 : WP. n9 
-y (for seconds of +') + 783.54 

?35,3?5.63 -Y 

*Take out C fmt tor + and soired fOr S P P ~ o U ~ t e  +' 
FIGUBE #).-Computation of coordinates for New Jemy-Continued. 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 103 
PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State New Jersey Statim Ltno 
x (Central meridian) 

+ 400 4; 20:315 x 74 07 58- 

aX(Centra1 meridiand) 

740 4; G.000 

t 0 32 01.997 
, 

-y (for seconds of 

*Take out C first for 0 and correct for approximate 6'. 
FIQUEE ZO.-Computation of coordinates for New Jersey-Continued. 
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PLANE COORDlNATES ON TRANSVERSE MERCAfOR PROJECTION 

state New Jersey Station Weco 
x (Central meridian) 7 4 O  46 o"oooo 

# 40° 45 21.359 'x 74 06 48.722 
+ 0 33 11.279 

Ah (Central meridian-%) 

, 
I I 

I I 

I 
I 

-Tabular difference 
of y for 1" of *I 1 

-y (for min. of 6') 6a6.016.m 

.y (for seconds of I! )  + 2.947.95 

-Y 688.963.97 

I 0 . "  

'Take out C fat for and correct for appr0Xhala 4'. 
FIOUBE 2O.-Computation of coordinates for New Jersey-Continued. 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 105 
States with the transverse Mercator projection. 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 
constant. 

Computation of grid azimuths from coordinates, traoerse no. 6 ,  control data 
ESSEX TO NEWARK 

2,147,840. Bo 1 
2,148,705.13 

712,808.78 
735.375.63 

aZ and &J _ _ _ _ _ _ _  - - __. _ _  _ _  _ _ _ _ _ _  _ _ _  _ _  _ _ _ _  _ _ _  _ _ _ _ _ _  _ _  __._ ._ - _ _  _ _ _  1 -884.53 I --22,585.85 

log Ax = 2.9367801 
log Ag =4.3534517 

log tan u 4.5833254-10 

n -2°11'38''.4 
grid a~i"th=2~11'38'' .4 
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1 stations Stations 

H to Monument 
615 ._._. .-- --. .. 

1 LMonument 615 
to I _._____._.._ 

H t o I  __.___ ~ ____. 

I to H __.._______. 
LH to J ____.__.._ 
I to J __________... 

J to I. _______.__.. 
L I  to K ___._.._._ 
J t o K  _ _ _ _ _ _ _ _ _ _  ~. 

Essex to Newark. 
LNewark to Mon 

to Linc _ _ _ _ _ _ _ _ _  
Hos to Linc .-.... 

$ked azimuth. 
Discrepancy- - 

I 

ument 612-.---. 
Essex to Monu- 

ment 612 _ _ _ _ _ _ _  
Monument 612 to 

Essex - - _ _ _ _ _  
LEssex to Monu- 

ment 630 ___.___ 
Monument 612 to 

Monument 830. 

to A ____.______. 
Monument 630 to 

A..-......-..-. 

A to Monument 
630 _ _ _ _  - - - - _ _  - -. 

LMonument 630 
to B __________. 

A t o B  _ _ _ _ _ _ _ _ _ _ _  
B t o A  _.______.__ 
LA to C _._______ 
B t o C  __________. 

D to C _.________. 
LC to E ____.___ 1 
D to E _ _ _ _ _ _ _ _ _ _ _  
E to D 
LD to Monument 

614 _ _ _ _ _ _ _ _ _ _ _ _  .. 
E to Monument 

614 _ _ _ _ _ _ _ _  _ _ _ _  -. 
Monument 614 to 

E - - - - - - - - - - - - - -. 
LE to Monument 

615 _ _ _ _ _ _  - - - - - -. . 
Monument 614 to 

Monument 615.. 

Monument 615 to 
Monument 614.. 

LMonument 614 
to H ____..____.. 

Monument 615 to 
H. - - - - - - - - - - -. . 

U. 8. COAST AND GEODETIC SURVEY 

Computation of grid azimuths, traverse no. 6 

Preliminary 
azimuth and 

angle 

0 , ,, 
358 27 14.8 

350 54 02.6 

349 21 17.4 

169 21 17.4 

38 36 0B.O 

207 57 23.'4 

27 57 23.4 

180 w 00.0 

207 57 23.4 

27 57 23.4 

174 25 22.3 m 22 45.7 

22 n 45.7 
102 43 59.8 
125 OB 45.5 

305 OB 45.5 
157 58 57.7 
1w 05 43.2 

23 05 43.2 
I79 28 31.3 
M2 34 14.5 

22 34 14.5 

37 04 14.8 

rn 38 28.3 

29 38 28.8 

77 34 18.5 

!07 12 47.8 

27 12 47.8 

x)o 03 12.0 

:27 15 59.8 

- - 
Cor- 

rected 
azimutl 

and 
angle 
- 
, ,# 

14. I 

05. I 

19. I 

19. I 

08. : 
28. 1 

28.1 

02.4 

30. t 

30. I 

24. e 
55. 1 

65. I 
62. 1 
57. 3 

57.3 

57.3 

57. 3 
33.7 

,31.0 

17: 1 

48. 1 

48. 1 

20.9 

3 09.0 

3 09.0 

14.4 

6 23.4 

60. a 

31. a 

K to J _________.___ 
L J  to L ..___.__.__ 
K t o L  .______ ~ -.-. 

L to K __._._.__.__ 
L K to Monument 

616 __._ __. - _.__ .. 
L to Monument 

616 _ _ _ _  ~ _._..__.. 

Monument 616 to 
L - - - - - - - - -. . -. -. 

LL to Monument 
617 _ _ _ _ _  - - - .- - -. . 

Monument 616 to 
Monument 617.. 

Monument 617 to 
Monument 616.. 

LMonument 616 
to M ._____.____. 

Monument 617 t o  
M _ _ _ _ _  - - - - - -. -. . 

M to Monument ~ 

617.-. . - - - - __. . . 
LMonument 617 to. Monument 

Monument 631 to 
M _ _ _ _ _  - - - - - - . . . 

L M  toHosp ...... 
Monument 631 to 

Hosp _ _ _ _  - - - - _ _  . 
Hosp to Monu- 

ment 631 ______.. 
LMonument 631 

Preliminary 
azimuth and 

angle 

0 I I ,  

47 15 59.1 

177 50 48.: 
225 OB 48.1 

45 OB 48.1 
171 45 12.1 
216 62 OO.E 

36 62 OO.S 
86 49 36. € 

123 41 37.5 

303 41 37.5 
271 40 17.7 
215 21 55.2 

35 21 55.2 

179 17 38.4 

214 39 33.6 

34 39 33.6 

182 13 22.0 

216 52 55.6 

36 52 55.6 

174 37 05.2 

111 30 00.8 

31 30 00.8 

I79 54 58.8 

211 24 59.6 

31 24 59.6 
B2 61 24.3 

!64 16 23.9 

84 16 23.9 

!77 54 27.4 
2 10 51.3 
2 11 38.4 

-47.1 

Cor- 
rected 

azimuth 
and 

angle 

t ,, 
16 23.4 

50.6 
07 14.0 

07 14.0 
15. 2 
28.2 

29.2 
38.9 

42 08.1 

42 08.1 
20.1 

22 28.2 

22 28.2 

40.7 

40 08.9 

40 08.9 

x 4  

53 33.3 

53 33.3 

01.5 

40.8 

40. 8 

61.2 

25 42.0 

2.5 42.0 
25.7 

17 08.7 

17 08.7 

29.7 
I 1  38.4 
. . . -. 
. . - - -. 
- 



COMPUTATION OF CdORDINATES 
T r a r e r r e  l ine  No. 6 
State Oountg I n i t i a l  Stetion E e e e x  
Y e a  193 Month J u e  - October Cloeing Statlon ~p 

FIOWBE 21.-Computation of coordinate, traverse no. 6. 



COMPUTATION OF COORDINATES 
Traveree l ine  No. 6 
State New m e v  mwtY-- I n i t i a l  Station >ex Year 1934 Month June - October Closing Station HOBD 

FIC~UBE 21.-Computation of coordinates, trave& no. &Continued. 



COMPUTATION OF COORDINATE8 
Treveree l ine  No. 6 
State New Jersey County Eesex and Paesalc I n i t i a l  Station Eeeex 
Y e a  1934 Month .Tune - October Closing Station X O e D  

Departure 

FIGURE 2l.-Computation of coordinates. traverse no. t!-Continued. 



COMPUTATION OF COORDINATES 
Traverse l fne N o . . L  
State New Jersey 
Year 1934 Month June - October C l o e l n g  Station Hoep 

Station Azimuth Grid kmg. Lat. Latitude Departure I Grid Coordinatee 

Feet It%. die t .  Feet Feet 
Plane Distance m. COB A z  Feet F e e t  J X 

kel. ain  A?. -- - - --- _-- 
l o '  " lmg. Dep. I 1731.286.07 

t1256.14 I I 731.2S7.73 
n 7O07L:31Q 

Idon. 616 1 
I I I I ".-7>,"L>" 

I 1570.647 I I 732.542.21 
0.60031670 

Mon.617 1216 55 55.3 I I t--m,5 

I I 
I f 

E i 5 a E E =  + o  zTm+? 11 
2.148.70s. 13 

-0. oz 

n 
M 
0 
U s 
i; 

FIGURE 2l.-Computntion of coordinates. traversa 110. +Continued. 



PLANE COORDINATEIS 

~~ 

I _ _ _  I -.-. ... . ...................... I .................................. 1 1 1 1 
...I--””....“ 

0 
Z 
e 

FIQUBB 22.-Lst of plane coordinates. 
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I =  II 

&and Aq _______._.___._.____-.-.-...---.-----.-.---.---.-.-.---.... I -141.20 1 +751.19 

log Az =2.1498347 
log Ay =2.8757498 

log tan  a=9.2740849-10 

n = 10°3S’44’’.1 

Grid azimuth-Monument 612 t o  Essex= 169°21’15’’.9 

Monument 630 ....._._........_.._--. ...._._..__..._.....-.-.......-...... 2,137, BOB. 50 1 715,408.24 
Monument 612-- .___.___..______.___----.-.---.-------. ... . .__..._. _____. 1 2,137.077.78 714,406.35 

log Ax =2.7256830 
log Av -3.0008201 

log tan a=9.7248629-10 

U = 27’57’20’’.3 

Grid azimuth-Monument 612 to Monument 630=207O57’20”.3 
Grid azimuth-Monument 630 t o  Monument 6 1 2 ~  27O57’20”.3 

Monument 614 _ _ _ _  __.___ .. ____._._._._.._____.--.- ..____._. .- .._____.. ..__ 
Monument 615 ____....__._.____ ...__..__._._ ....______..____________ __.. _ _  

AzandAq _.___._._____._____..-------.--.-..------.-------.-----.--- 

log Az =3.0294000 
log Ay =3.3181781 

log t a n  a=9.7112219-10 

a = 27’1 3’01 ‘l.4 

Grid azimuth-Monument 615 t o  Monument 614= 27O13’01”.4 
Grid azimuth-Monument 614 to Monument 615=207°13’01’’.4 

\ 

Monument 617 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 145 574.69 
Monument 616 ____.___. _.._____.._____.. ...___..._..____..__------...-..-. 2: 144: 631.80 I 735 543.99 

731,287.73 

log Az -2.9744610 
log Ay =3.0990796 

log t a n  a=9.8753814-10 

a = 36‘53’24‘’.6 

Grid azimuth-Monument 616 t o  Monument 617=216’53’24”.6 
Grid azimuth-Monument 617 t o  Monumcnt 616- 36O53’24”.6 
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Computation of grid azimuths from coordinates, traverse no. tF4ontinued 

l r l u  

log A s  -3.1727139 
log Ay =2.1733320 

log tan a=0.9993819 

a =84O16’52”.S 
Grid azimuth-Hosp to Monument 631= 84O16’52”.8 
Grid azimuth-Monument 631 to H0sp=264~16’52 ’I.8 

COMPUTATION OF THE WEIGHTED-MEAN GRID AZIMUTH OF Z TO 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”I’27”.1. 
From Monument 612 to the eastward with 14 angles we get for 2 to 
Y 153O01’50”.9. From monument 612 to the westward through 23 
angles we get for Z to Y 153°01f49”.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 

n n  n same result by the weights - J  -J  and - in which n is some suitable 11 14 23 
number. 

Taking n as 50: 
50 - = 4.56 11 

50=3.57 14 

Since a.11 values have the same degrees and minutes, we can find 
merely the weighted mean of the seconds. 

27.1X4.553 123.305 
50.9X3.57= 181.713 
49.4X 2 . 1 7 ~  107.198 -- 

Totals==10.29 412.216 
412.216+10.29=40.1 

The weighted mean, therefore, is 153°01’40‘t.1. 
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Computation of grid azimuths, traverse nd. 1 

Preliminary 
Stations azimuth and  

angle 

Preliminary 
Stations I amimu;;and 

'0'- 

!zit:: m&h 
angle 

Monument 612 to  
Essex ____.______ 

LEssex to  Monu- 
ment 613 __._____ 

Monument 612 to  
Monument 613.1 118 56 36.8 

' ' I  

169 21 15.9 

309 35 20.9 

Monument 613 to  
Monument 612.. 

LMonument 612 
to  1 ____.___.____ 

1 _ _ _ - _ _ _ - _ _ _ _ _ _  _ -  105 57 55.1 I Monument 613 to  

298 56 36.8 

167 01 18.3 

1 to  Monument 
613 _ _ _ _  ~ ________. 

LMonument 613 
t o 2  _ _ _ _ _ _ _ _ _ _ _  ~. 

1 t o  2 _ _ _ _ _ _ _ _ _ _ _  _ _ _  
40 13.5 
53 22.0 
33 35.5 

33 35.5 
57 02.5 
30 38.0 

30 38.0 
42 55.0 
13 33.0 

13 33.0 
23 27.5 
37 00.5 

37 00.5 
19 17.8 
56 18.3 

Mi 18.3 
15 W.9 
12 09.2 

12 09.2 

40 01.2 

52 10.4 

52 10.4 
58 01.2 

50 11.6 

285 57 65.1 

187 42 18.4 
113 40 13.5 

158 07 35.4 

176 40 05.0 

334 47 40.4 

154 47 40.4 

177 20 18.4 

332 07 58.8 

152 07 58.8 

180 01 42.2 

332 09 41.0 

- - 
correct- 
ed azi- 
muth 
and 

angle - 
I ,I 

15.9 

m. 5 

36.4 

36.4 

17.9 

54.3 

54.3 

18. 0 
12.3 

12.3 
21. 6 
33.9 

33.9 
02. 1 
36.0 

36. 0 
54.6 
30.6 

30.6 
27.1 

16 57.7 

16 57.7 
17.4 
15. 1 

15. 1 
50.5 
05.6 

05.6 

00.8 

08.4 

08.4 
00.8 

07.2 

07.2 

01.5 
08.7 

._.___. 

-0.4 

..____. 

.__._ _ _  
-0.4 

.____ _ _  
_ _ _ _ _ _ _  
-0.4 

_ _ _ _ _ _ _  
15 to  Monument 

607 _.___.________ 
L Monument 607 

to  16 ... __.______ 
15to  16 _ _ _ _ _ _ _ _ _ _ _ _  

12 to 11 ._____....__ 
L l l t o l 3  ____...._ ~ 

12 to 13 _ _ _ _ _ _ _ _ _ _ _ _  

152 09 41.0 _ _ _ _ _ _ _  
180 09 10.0 -0.4 
332 18 51.0 _ _ _ _ _ _ _  

13 to  1%- ________.. 
L 12 to  14 ________.. 
13 to  14 __________.. 

Y t O l L . .  -.------ z t o y  1 _________._ 
Weightedmean- 

14 to 13 ________..._ 
L13toMonument 

14 to  Monument 
808 _ _ _ _  ~ -___._.__ 

Monument 606 to 
14 _._. . - - ..- .- - - - 

f 14 to  Monument 
607 ...-.-.--.-.-. 

Monument 606. to 
Monument 607.. 

. - - - - - - -. . - 

1 153 01 49.4 ._.___- 
153 01 49.4 .-..-.- 
153 01 40.1 .-..--. .____.___ 

151 33 32.2 .....-- 
180 02 51.8 -0.4 
331 36 24.0 _...._. 

151 36 24.0 ___..__ 
166 30 31.0 -0.4 
338 08 55.0 __.___. 

Discrepancy. ---, +9.3 ._.___-.-_------ 

9 to Monument 
605 _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

LMonument 6@5 
to10  -_________._ 

e t 0 1 0  _ _ _ _  ~ ______. ~ 

16to  15 _ _ _ _ _ _ _ _ _ _ _ _  152 18 51.0 _ _ _ _ _ _ -  
L15to17 _ _ _ _ _ _ _ _ _ _  179 53 24.3 -0.4 
16to  17 _ _ _ _ _ _ _ _ _ _ _ _  332 12 15.3 _ _ _ _ _ _ -  I i l  

132 50 11.6 

191 18 01.9 
324 08 13.5 

l 7 t o  16 _ _ _ _ _ _ _ _ _ _  _ _  152 12 15.3 _ _ _ _ _ _ -  
L16to18 _ _ _ _ _ _ _ _ _ _  180 21 66.0 -0.4 
17to 18 _ _ _ _ _ _ _ _ _ _ _ _  332 34 11.3 _ _ _ _ _ _ _  I I I  

08.7 
18.3 
27.0 

27.0 
51.4 

18.4 
30.6 
49.0 

49.0 
40.0 
29.0 

29.0 

04.6 

33.6 

33.6 

ia 4 

is. o 
51.6 

51.6 

41.8 

33.4 

33.4 

09. 6 
43.0 

43.0 
23.9 
08.9 

OB. 9 
55.6 
02.5 

02.5 
37. 6 
40.1 

40. 1 
40.1 

The stations Z, Y, and 18 are on a line, so Z to Y is the same BS 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-~=2,136,045.53 and y=701,506.57. 
From traverse no. 2--2=2,136,045.29 and y=701,505.21. 
From traverse no. 3--2==2,136,044.57 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- No. l=L 27,719-3’61’ 

100 000 - NO. 2=- 15,514 -6.45. 

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 
5.29)<6.45=34.1205 
4.87 X 8.87- 43.1969 -- 

Tot&= 18.93 97.2807 

97.2807+18.93=5.14. 

Therefore, x= 2,136,045.14. 
For the y coordinate we get, 

6.57X 3.61 =23.7177 
5.21 X 6.45=33.6O45 
4.30X 8.87= 38.1410 

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: 
2=2,136,045.14 
g= 701,505.04. 

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



COMPUTATION OF COORDINATES 
Traverse line No. 1 
State New Jersey countj Eseex I n i t i a l  Station Yon. 612 
Year 1934 Month Sanuary - A w l 1  Closlng Station P 

Statloa Azimuth Cr id €mg,. Lat. Latitude Departure Gria Coordinates 

Feet zag. aist. Feet Feet 
Plane Distance cos Az Feet Feet Y X 

Latitude Departure Gria Coordinates 

p i z { c e  1-1 zag. aist. Feet I Feet Feet Feet 
Y X 

FIGURE 'B.-Comput-tion of coordinates, traverse no. 1. 

9 
m 



COWUTATION OF COORDINATES 

county ERsnx I n i t l a l  Stat ion -kmn-, 
Month Janua r V  - ADI'l1 Closing Stat ion Y 

Btatlon Azimuth Grid m. LBt. Latitude Departure 

Feet  isg. d i e t .  
Plane Distance ' x x e .  cos AZ * Feet  Feet  

Traverse l i n e  No. 1 
State  .- 
Year 1934 

Grid Coordinates 
Y X 

Feet  Feet  
Zag. s i n  Az 

I o "  a. Dep. 716.234.82 2.132.985.67 
4 1  +VQ. 10 716.234.57 2.1 Z ? a  61 

F I O U R s  23.-Computation of coordinates. traverse no. 1-Continued 



COMPUTATION OF COORDINATES 

Btatloa 

_.__ 
Traverso l ine No. 1 
State New Jersey county Esse= I n i t i a l  Station Mona 6'2 
Year 1934 Month January - A m i 1  Closing s tat ion Y 

Azimuth Grid W .  Lat. Latitude Departure Grid Coordinate e 

Feet diet. Feet Feet 
Plane Distance w. COB Az Feet Feet Y x 

FIGUBd 23.-computetion of coordinates, traverse no. 1-Continued. 



COMPUTATION OF COORDINATES 
Traverse line No.-, 
state  New Jersey county Essex I n i t i a l  Station Yon. 612 
year 1934 Month January - ADI-11 Closing Station P 

FIGURE 23.4omputation of coordinates, traverse no. 1-Continued. 



COMPUTATION OF COORDINATE3 
Traverse, l i n e  No. 1 
State.- County Essex I n l t l a l  Station Mon. 612 
Year 1914 Yonth JanuAr.v - &rll Closing Station I! 

2.134.736.43 - 
iG 
0 

P 
ID 
d 
0 
P 
3 

-~ 

FIGURE 23.-Computation of coordinates, traverse no. 1-Continued. 
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g:zFg$ 
angle 

Compu.tation of grid a.zimuths, traverse no . 2 

Correction 
for closure Station 

0 . .. 
169 21 15.9 
148 42 15.0 
318 03 30.9 

Monument612to Essex .................................... 
LEssex to A ................................................ 
Monument 612to A ........................................ 

A to  Monument612 ........................................ 
LMonument 612 to D ...................................... 
A to B ...................................................... 

B to  A. .................................................... 
LA t o  C. .................................................. 
B to  C ..................................................... 
C to B..... ................................................ 
L B  to  D ................................................... 
C to  D. .................................................... 

D to  C ..................................................... 
L C  t o  E. .................................................. 
D to E ..................................................... 

E to D. .................................................... 
L D  t o  F ................................................... 
E to  ....................................................... 

........... 
-0.8 

........... 

1250 ..................................... 
It 1250 ....................................... 

Monument 1250 to F ....................................... 
L F  to  0 ................................................... 
Monument 1250 to  0 ....................................... 

0 to  Monument 1250 ....................................... 
LMonument1250to H ..................................... 
Q to  H ..................................................... 

H to  0 ..................................................... 
L Q t o  Monument 611 I . - .  .................................. 
H to  Monument 611 1 ....................................... 

H to  0 ..................................................... 
L O t O I  .................................................... 
H to I ...................................................... 

I to  H ...................................................... 
LH t o  Monument 610 1 ..................................... 
I toMonument610I  ....................................... 

I t o H  ...................................................... 
L H  to  K ................................................... 
I to  K ...................................................... 

K to I ...................................................... 
L I  to  x ................................................... 
K to X ..................................................... 
X to K ..................................................... 
LK to  Y .................................................. x t o y  .................................................... 

Y to x .................................................... 
L X t O  z... ............................................... 
Y to  z ..................................................... 
Z t o Y  ..................................... : ............... 

Weighted mean ....................................... 
Discrepancy. .......................................... 

201 20 02.9 
179 42 03.7 
21 02 06.6 

201 02 
8 5 0 8  
286 10 

201 02 IX.6 
180 19 38.4 
21 21 45.0 

........... 
-0.7 

........... 

........... 

........... 

........... 

........... 
-0.8 

........... 

138 CB 30.9 ........... 
301 41 47.7 ........... 
163 38 16.8 1 -0.8 

121 41 47.7 ........... 
179 16 04.2 1 -0.7 
300 57 51.9 ........... 

120 57 51.9 ........... 

302 35 23.8 ........... 
181 37 31.9 I -0.8 

122 35 23.8 ........... 

302 40 22.1 ........... 
180 04 55.3 j -0.8 

122 40 22.1 ........... 
258 54 06.8 1 -0.7 
21 34 28.9 ........... 

201 34 28.9 ........... 

21 20 02.9 ........... 
179 45 34.0 1 -0.8 

201 20 02.9 ........... 

21 20 02.9 ........... 
180 00 00.0 I -0.8 

mi ........... 
267 41 ........... 
109 03 i ........... 
201 21 45.0 ........... 

15 22 44.0 ........... 
174 00 59.0 1 -0.8 

195 22 44.0 ........... 
188 51 48.8 I -0.8 
24 14 32.8 ........... 

204 14 32.8 ........... 

29 02 40.4 ........... 
184 48 G7.6 1 -0.8 

XI9 02 40.4 ........... 
123 59 10.5 I -0.7 
333 01 50.9 ........... 

153 01 50.9 ........... 
153 01 40.1 ........... 

+lo . 8 ........... 

Corrected 
azimuth and  

angle 

. . . .  
15.9 
14.2 
30.1 

30.1 
16.0 
46.1 

46.1 
03.5 
49.6 

49.6 
31.1 
20.7 

20.7 
57.5 
1 2  a 
18.2 
08.1 
24.3 

24.3 
33.2 

19 57.6 

19 57.6 
179 59 59.2 

19 56.7 

19 56.7 
03.0 

01 59.7 

.............. 

.............. 

.............. 
01 59.7 

37.6 
37.3 

.............. 

.............. 

37.3 
58.2 
35.6 

35.5 
48.0 
23.5 

23. 6 
06.8 
30.3 

30.3 
09.8 
40.1 

40.1 

1 These stations are not on the main line of the traverse. see Egure 19 . and are not included in the adjust- 
ment of the  azimuths . 



COMPUTATION OF COORDINATES 
Traverse line No. 2 
State New Jersey counts Eesex Initial  Station _Ynn, 613 
Ye- 1934 Month F e m v  - octgbnr Closing Btation Y 

Station Azimuth Grid uog. Lat. Latitude Departure Grid Coordinates 

Feet uog. diet .  Feet Feet 
Plane Distance ' jmg.  cos Az Feet Feet J X 

jmg.  sin Ad 
0 '  " m. Dep. 



8tat:on Azimuth Grid h9ls: Lat. Latitude Departure 

Feet hae die t .  
Plane Distance h&t. cos Az Feet Feet 

FIOURE %.-Cornputstion of coordinates, traverse no. Hontinued. 

. Gpid Coordinatee 
9 X 

Feet Feet 



COMPUTATION OF COORDINATES 
Traveree l i n e  No. 2 
State Ne w Jereey county Eaeex Initial  Station Iton. 612 
Y e w  1934 Month February - October ClOSing Station Y 

FIGURE %.-Computation of mrdinates, traverse no. %Continued. 



COMPUTATION OF COORDINATES 

1 Station Azimuth Grid Lag. Lat .  Latitude Departure 
Plane Dlstance kag. COB Az Feet Feet 

Feet k#g. diet .  
I *  

e 

Treveree line No.- 
State New Jereey county Emex Init ial  Station Yon- 612 
Year 1934 Month Februam - Ootober Closing Station Y !$ 

G r i t 2  Coordlnatee 
Y X 

Feet Feet 

2.138.653.48 

2.138.656.63 

2.137.m.41 

2.137.873.25 

I I I I I I 
I I I I I I I 

FIGURE U.-Computation of coordinates, traverse no. 2-Continued, 
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Stations 

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

Cor- 
Preliminary ’”- 
azimuth and ti:: 

angle clo- 
sure 

log Ax =4.1988360 
log Ay = 3.6816952 

Stations 

log tai l  a =0.5171408 

a = 73’05’28”.5 
grid nzimuth = 286”4’31’‘.5 

Computation of grid azimuths, traverse no. 3 

Preliminary 
azimuth and 

angle 

,# 

31.6 
13.7 
45.2 

45.2 
13.4 
58.6 

M.6 
34.5 
33.1 

33.1 
38.0 
11.1 

11.1 
00.0 
11.1 

11.1 
41. 0 
b2.1 

I ,  , I ,  

__.___ 
4-1. 2 
__.___ 

_ _ _ _ _ _  
+l. 2 _ _ _ _ _ _  

_ _ _ _ _ _  
+l. 1 

--_-_-  
_ _ _ _ - _  
+1.2 -____-  

- _ _ _ _ -  
+1.2 _ _ _ _ _ _  

_ _ _ _ _ _  
+l. 1 _ _ _ _ _ _  

Newark to Weco-. 288 54 
LWeootoAQ .... 158 32 
NewarktoAQ-.-. I 85 28 

AQtoNewark -... 
LNewark to AF.. 
AQ  OAF _ _ _ _ _ _ _ _ _  

265 26 
296 55 
202 21 

ADE to AE _ _ _ _ _ _ _  
LAE toAD----.. 
ADEtoAD.-----  

19 25 
180 00 
199 7.5 

AD toADE..--.. 

AD to AC _ _ _ _ _ _ _ _  LADE to AC --... 

- - 
Cor- 

rected 
a m  

muth 
and 

angle 

19 25 

208 47 
189 22 

, I ,  

31.6 
14.9 
46.4 

46.4 
14.6 n 01.0 

22 01.0 
35.6 
36.6 

36.6 
39. 2 
15. 8 

15.8 
01.2 
17.0 

17.0 
42.1 
59. 1 - 

1 .  ,,, 
AC to AD ___.._._ 28 47 52.1 
LAD t0.4B _ _ _ _ _ _  160 01 31.3 
AC to AB _______._ 188 49 23.4 

AB to AC .___.____ 8 49 23.4 
LAC to AA __.___. 182 17 27.2 
AB to AA _ _ _ _ _ _ _ _ _  191 06 60.6 

Park to AA _ _ _ _ _ _ _  2 55 50.4 

Park to 2 _ _ _ _ _ _ _ _ _  144 20 11.1 
LAA t o z  _ _ _ _ _ _ _ _ _  141 24 20.7 

Z to Park _ _ _ _ _ _ _ _ _  324 20 11.1 
LPark to Y ..____. 188 41 16.0 
ZtoY..  -_ - -____-_  153 01 n.1 

Weightedmean.. 153 01 40.1 
Discrepancy. _ _ _  -13.0 

_. - 
Cor- 
rec- 
tion 
for 
clo- 
sure 

- - 
Cor- 

reo@ 
muth 
and 

angle 

an- 

, I ,  

59. 1 
32. 5 
31.6 

31. 6 
28.4 

07 00.0 

07 00.0 
61.0 

56 01.0 

56 01.0 
21. 9 
22.9 

22.9 
17. 2 
40.1 

- _ _  - - - -- 
- - - - - - -_ 



COMPUTATION aF COOFIDINATES 
Traveree line No.-. 
Btate New Jereey County Emex 
Year 193 4 Month - Cloelng Station v F e b m r v  October 

Initial Station N e a s r k  

FIGUEE %.-Computation of coordinates, traverse no. 3. 

c3 x 
M 

Y 



COMPUTATION OF COORDINATES 
Traveres l ine  No.-, 
S t a t e N e w J A s e m t -  county . E ~ e e x  I n i t i a l  Station Mewark 
Year icn4 Month P e b m n  - October Closing Station Y 

Grid M. Lat. Latitude Departure Grid Coordinates 

Feet taR. die t .  Feet Feet 
Distance &g. COB Az Feet Feet Y X I 9 

m 

0 
M 
0 
U 
M 

8 

WWBE %.-Computation of ooordinates, traverse no. 3-Continued. 



COWUTATION OF COORDINATE8 
haverec llne No. 3 
State Hew Jer 9ey county Eeeex I n i t i a l  Station A w d -  
Year 1934 Month P e w  - October CloSlng Station Y 

FIGURE %.-Computation of coordinates, traverse no. 3-Continued. 



Y 

9 
3 

1 -  -__I I __ 
----I 

FIWBR %.-List of plane coordinates. 
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Computation of grid azimuths from coordinates, traverses nos. 1, 8, and 9 

l = l y  

log Az =3.1591399 
log Ay =2.9018233 

log tan a=0.2573166 

a =61°03’35”.1 
Grid azimuth-Monument 613 to Monument 612=29S056‘24‘‘.9. 

1 1 

log Az =3.1878195 
log Ay =3.4645850 

log tan a=9.7232345 - 10 

a =27O52’00”.4 
Grid azimuth-Monument 606 to  Monument 607=332O07’59”.6. 
Grid azimuth-Monument 607 to Monument 606= 152’07’59”.6. 

log =2.8939725 
log Ay =3.2983683 

log tan a=9.5956042-10 

a =21°30’33’’.5 
Grid azimuth-Monument 610 to Monument 611 = 201°30’33”.6. 
Grid azimuth-Monument 61 1 to Monument 610= 21°30’33”.5. 
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FIGUBE 27.-Map of New Jersey with grid system outline. 
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TR4RBvERFB: =ATOR PROJEOTIOR POR IVZW JERSEY 

TABLE I. 

I 1- Lt. ut. 

101.18ooo 
101.18017 
101.18050 

LOl.ls08 

LOLl8133 
roi.18167 
101.18m 

Lol.l8ll? 

101.18 3 
101.184 3 
101.18487 
101.Uu3 

1 0 1 . ~ ~ 0  

FXQIJW 28.-F'rojection tables for New JerjeY. 
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W B V W B E  YEROAMR PROJECTIOA FOR NEW JEReEp 

TABLE I (COlVT’D). 

101.18817 

101.18900 
101.18933 

101.19000 
101.19017 

101.18850 
101.18863 

101.18967 

101.19067 
101.190g3 

101.19117 
101.19133 
101.19183 
101.19200 
101.199233 

101.19267 

::::%3 

lOl.19gO 

101 a1939 
101.1993 

101.19bO 

101.19 7 
101.19500 
101.19533 

tabular dif- 
ference for 
one e o .  of 

la t  . 
101.19700 

::::;Z;t? 
lole198M 
101 e19817 

101.19867 

101.199 3 

101.20000 
101.200 3 
101.20083 
101 20117 

101.20150 

101.20250 
101.20283 

101.20367 

::::;;;3 
101.19927 

101.20027 

E:%:$ 

::::223 
101.20450 

101.20500 
101.205 3 
101.20&7 

101.20k33 

101.20600 
101.2063) 
101.20650 
101.20683 
lOl,eO’l17 

FIGUBB !B.-ProJectIon tables for New Jemy-Continued. 
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TRANSVERSE MERCATOR PROJECTION FOR NEW JERSEX 

TABLE I (CONT'D) 

Tabukr dlf- 
ference for 
one eeo. of 

lat. - .- 

101.20750 
101.20767 
101 20800 
101 e20833 
101.20867 

101.20g00 
101.20917 
101.20950 
101.20983 
101.21017 

101.210 lol 210zo 7 
E::;:; 
101.211 7 
101.21183 
101.21217 
101 -21250 
103.21283 

?,(Central meridian) = 7 4 O  40' 000000 

109 R -106.6 

log  (1/6eoa), = 4.5810213 - 20 

log (I/": ein 1")g 0 9.6954464 - 20 

Cor. t o  azimuth o + J2 - 11 ( 2 4  + x;, 
ein 1n)g 

hawa ?d.-Projectlon tables for New Jersey-Continued. 
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TRANSVERSE MZRCATOR PROJECTION FOR XEW JERSEY 

TABLE 11. 

Colog A I Log C 

464 
506 
548 

1.49085674 
716 
758 
800 
842 
a 4  
926 

052 
1.49086094 

220 
262 

2;: 

;:%:%E 

32 

3z 
$30 

EE 

304 

472 
1.49086514 

556 

682 

1.310415 

0929 
0672 

1699 
:E2 
1956 2213 
2469 
2726 
,2983 

3.313240 

4522 

5035 
4778 

5% 55 

l*T% 
2g 
6317 

7085 
1 7341 ' 7598 
~ 7854 
1 8110 

~ 1.31s 66 
8878 
8222 

Lat. 

390 26t 

29 
30 

39O 31' 
32 

35 
390 361 

3 

33 

g 
390 418 

42 

45 
390 46' 

49 
50 

39" 51' 
52 

55 
390 56' 

57 
58 
59 

400 00 

tz 
2 

5t 5 

Colog A - Log c 

FIGURE 28.-Projection tables for New Jersey-Continued. 
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TRAXiBv- MWCATOR PROJECTION FOR NEV JERSEY 

TABLE 11 (CONT'D) 

Colog A -1 Log C 

1.49088622 le33112 
1 8% 
1838 

664 

% 791 33 
2401 
2656 

918 2910 
z7f 

1.49088960 
1.49089002 

1.490690'6 1-333673 

4436 

256 4941c 

' 

$3 
2; 2%72 
,% 4690 

I. 49089468 2.336215 
510 b469 
553 6723 

6977 g;z 7231 

Lat. I Colog A I Log C 

FIGUBE 28.-Projection tables for New Jersey-Continued. 
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TRANSVERSE rnRCATOR PROJECTION FOR N E W  JERSEY 

TABLE I1 (CONT'D) 

FIGURE 28.-Projectiou tables for New Jersey-Continued. 
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200,000 
205,000 
210,000 
215,000 

225,000 
230 000 
2 5'000 
2&:000 I 245,000 

220,000 

- 
X 

( feet)  

+ 90.0 +ioo.o 
+110.4 
+120.9 

+142.7 
+ i  4.0 
+1%5.6 
+177.4 
+U9.4 

+131.7 

0 
5,000 

10,000 
15,000 
20,000 

25,000 
30,000 

45,000 

60,000 
65,000 

75 , 000 
80,000 

g:::: 
50,000 
55,000 

70,000 

%::E 
95,000 

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

125,000 
130.000 

145,000 

160,ooO 
165,000 

32:::: 
150,000 
155,000 

170,000 

250,000 

265,000 
270,000 

280,000 
285,000 

255,000 
260,000 

275,000 

290,000 
295 , 000 

TF(AN8VERSE KERCATOR PROJECTIDN FOR NEW J-Y 

TABLE 111. 

e o i . 7  

+239.9 
+253.3 

+280.6 
+294.7 

+214.2 
+227.0 

+266.9 

+308.9 
+323 5 

lcale in 
7thplacc 
>f logs 
-108.6 
-108.5 
-108.1 
-107.5 
-106.6 

lnit8 Of 

:E?:? 
-102.5 
-100.7 - 98.5 - 96.2 - 93.6 

- 80.7 - 76.8 

- 63.6 
1 G:2 

- 37.1 - 31.0 - 24.7 - 18.1 - 11.3 - 4.2 

+ 3.1 
+ 18.5 + 26.6 
+ 34.9 

+ 10.7 

305,000 
310,000 
315,000 
320,000 

- 
Bcale ex- 
pressedae 
a ratio 

0.9999750 
0 9999750 
0 09999751 
0.9999752 
0 9999755 
0.99997-7 
0-99997h 
0.9999764 
0.99997a 
0.9999773 
0.9999773 
0.9999784 
0.9999791 
0.9999798 
0.9999806 
0.9999814 
0 -9999823 
0.9999833 
0.99998 3 
0.9999853 
0.9999864 o .9999876 
0.9999888 
0.9999901 
0.9999915 
0,9999929 
0.9999943 
0.9999958 
0.9999974 
0.9999990 
1 .0000007 
1.0000025 
1.0000043 
1.0000061 
1.0000080 

+353*3 
+3&.5 
+3g4.0 
+399.8 

7th placc 
of l o a s  

325,000 
330,000 
3&,000 
3 5,000 
345,000 
350,000 

I 195;ooo I + b0.2 

415.8 
+& 2 1 

+465.3 
&:6 
&2. 
e 9 - 2  

Bcale ex- 
pressedae 
B ra t io  

1.0ooO100 

1.0000141 
1.0000a20 

F ;ooooi6- 

1.0000230 
1.0000278 

1.000018~ 

1.0000207 
1.0000254 
1 .0000303 
1.0000329 
i::E352 
1.0000& 

:::E$; 

1.0000436 
1.0000468 

1.0000523 
i.oooob93 

1.000061 
1.0000679 
1.0000745 

1.000064~ 
1.oooO711 

:::E%; 
1. ooooslrs 
1.0000884 
1.0000921 

1.0000957 
l.00009g5 
1 .OOOlO33 
1.0001111 
1.0001150 
1.0001071 

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 corne.rs, 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: 

Let us suppose we wish to show grid lines for ever 10,000 feet 
beginning with 720,000 in the x values a t  the west an B ending with 
780,000 at the east; with the y values, we should begin With 1,100,000 
a t  the bottom and end with 1,210,000 a t  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 a t  each of the 
corners could be located in both directions. 

Now straight lines 'oining the respective points a t  the top and 
bottom of the map wh 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 a t  the east of the map and a t  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 OP 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 141 
PIANE COORDINATES ON TRANSVERSE MERCATOR PROJECllON 

State l e -  York-West Statim Quadrangle Corner 

1 
X (Central meridan) 7s' i5 . 

77 'jo 
+ 1 05 

e o .  + b3 00 
AX(Centra1 meridian-%) 

9 

*Take out C firstfor 6 and conat for approxlrnate 4. 
FIGUBE 29.-Computation of coordinates for qusdrangle corners. 

620745 0 - 44 - 10 
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PIANE COOROI#ATES QN TRANSVERSE MERCATOR PROJECTION 

State New York-Went Station Quadrangle Corner 
.) 

X (Central meridian) 7d 3$ 
x 77 30 

t 1 05 
4; m: . 

AX (Central meridian-X) 
u 

'Take out C first for @ and correct for appmdmate +'. 
FIGWEE ZQ,-Computation Of coordinates for quadmngle corners-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

StateNen York-Weest Station Quadrangle Corner 
X (Central meridian) 78 35 

77 45 
t 5 0  

e * "  
I 43 20 x 

A X  (Central meridian-A) 

'Take out C flrd tor $ and anmt for approximate #'. 
FIGUBE B.--Computation of coordinates for quadrangle corners-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State New York-Weat Station Quadrangle Corner 

77 45. 
+ 50 

X (Central meridian) 7; 35 e . .  x 4 43 00 
AX (Central meridian-h) 

m 
a X ( i n s e c )  +3ooo 

l-xT[bg~ 

-Aa 
0 ' .  

* fakc out C first for 4 and carrect for spprmcimate +' BW) 

FIGIOUBE 29.-Computation of coordinates for qU8d1angb 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 

In order to show how this can be done,. we have 

Rochester, N.P.  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 whch can be plotted by their coor- 
dinates on the grid o u t h e  of the reeon. 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 rid section as 

sdcient ly  accurate to locate the outer parallels and meridians and 
then divide the space between them proportionally for the other 
meridians and parallels. Strictly speakmg, 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 ths case the outer meridians and 
parallels can be computed first, and from these it can be seen whether 
it would be necessary to compute all of the intersections throughout 
the region. 

By this method complete maps of counGes can be made which show 
the meridians and parallels as well as the id lines. In another 
section we have shown how to place the gr idKes on the Geological 
Survey uadrangle ma s. The method o u t b d  here, however, gives 

they are both dependent UFOR the same projection. Maps for lazger 
rqgons such as power projects can be made by this method so that 
the are correctly related in all of their parts. 

&e computations for the Rochester region shown in figure 5 are 
given in figure 30 immediately following t h  discussion. The are of 

PurpO=* 

made as the t rd e com lines. utations necessary for the region in the mcinity of 

lar e as a Geological Survey quadrangle map, it wo 9 d probably be 

the meri % 'ans and para E els in perfect accord with the grid lines because 

mterest as samples of the computations that are required 9 or this 
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P U N E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

Statelew Pork-West Station Two-minute interSeOtlOn 
X (Central meridian) 78 ’ 3 5  ” 

4 4; od * u 
Ah(Centra1 meridian->) + O5 

@*Take out C first for and wnect for approximate 4’ 
FIGURE 30.-Computation of coordinates for %minute intersections. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

StatdOT York-Wort Stationho-rfnutr lntrrarotlon 
x (Central meridian) 78" 3s 

6 4 j o d  x 77 32 
AA(Centralmeridian-X) + ' O3 

*Take out C fust tor 6 and correct for approximate +'. 
FIGWE Xl.--Computntion of coordinates for Dminute intersections-Conthued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

StateMew York-Weat StationTvo-alnute igp!eotion 
X (Central meridian) 78 35 

+ 1 01 
I 43 04 x - 

A X  (Central meridian-%) ,, 

I I I 0 . .  

*Take out C first for 0 and correct for a m m a t e  6'. 
FIOUBB 30.-Computation of coordinates for %minute intersections-Continued. 



TRAVERBE COMPUTATION ON THE MERCATOR GRID 149 
PUN€ COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State I n  Yo*-Weat Station Two-nlnute intrrrrotlon 
X(Centralmeridian) 78 O 35' ' 

0 , .  + 43 04 1 77 -36 
n~(~entra~ meridian-X) + O 59 

' T a l r e a n C f i f a *  .ndcmactfaappm*matrl *'. 
Frorrrrr 30.--Cornputation of coordinrrtes for %minute intersections-Continued. 
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PLANE COORDINATES ON TRANSVEGSE klERCATOR PROJECTION 

Stab Yew fork-Vert Station Two-rinnte intcrDeotlon 

X (Central meridian) 7 i  i5 
* 4 P & .  x 77'38 

+ 0 57 
A X  (Central meridian+) 

I 
I 

of y for 1" of 6' 

*Take out C first for 6 and car& for approximate 6' 

FIGUBE 3O.-Computation of coordinates for Zmlnute intersections-Continued. 

- y  (for min. of 

-y  (for seconds of 6') 

-Y 

I 

-log sin -+ I 

-b 

- A a  
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

Statelier York-Vert Station TWO-mute IntecleotlWI 
~ ( ~ e n t r a l m e r i d i n )  78 35' " 
L 0 . .  * 43 04 x 

Ah(Centralmeridhn-A) + 55 
nX(insec) + 3300 

- y (for seconds of 

Take out C first for * and correct for approximate 6' 

FIGUBP 30.-Computation of coordinstes for %minute intersections-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State Sev Pork-Weet Station Two-minute 1nter.OOtiOII. 

A (Central meridian) 7aa 3i  - 
* I  + 4; 04 x 77 42 

Ah(Centra1 meridian-A) + 53 

+ 3180 a X ( i n  sec.) 

-y (for min. of 6') 

- y (for seconds of 

+Take out C first for 6 and correct for approximate ." 
F I G U ~ E  30.-Computation of coordinates for %minute intersections-Continued. 
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M E  COORDINATES ON TRANSVERSE MERCATOR PROJECTlON 

state Hew Yo*-Went station ho-minute intrrneotioo 

0 . .  A (Central meridian) 7; 3; - 
# 43 04 x A 

A X  (Central meridian-A) ' '' 

Cor. arc to sine- 

log COI @- 

colog A 

CW. she to arc- 

lop Sm 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

StateWer York-West Station ho-mlnute lntereeotlon 
X (Central meridian) 78 34 " 

77 46 0 1 "  

I 43 04 x 
Ah(Centra1 meridian-h) + O 49 

aX(insec.) *2940 

*Take out C first for 6 and meet for aDDroxirnate #'. 
FIGWE 30.-Computntion of coordinates for ?-minute lnters&ions-Cont. 
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PLANE COORDINATES ON TRANWERSE MERCATOR PROJECTION 

state Her Yorr-Weat Station hro-minute iper!eot;on 
'x (Central meridian) 78 35 

* 4; 18 x L 
AX(Centra1 meridian+ ' O5 

A X  (in.sec.) + 3900 

y (for seconds of 

*Take out C first for and mect  for approximate +'. 
FXGUBB 30.-Computation of coordinates for %minute intersections-Continued. 
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+"E COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

Statelew Yo&-Weat Station Two-mlautc intermeot!on 
h (Central meridian) 78 35 

4). Id x 77 32 
+ 1 03 Ah (Central meridian-X) , 

- y (for seconds of 

Take out C first tw 0 and correct for approximate 6' 
FIGUBE 30.-Computation of coordinates for %minute Intersections-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTlON 

Stab Mer rOrk-Ve8t Station Two-minute iptrrfcot?oa 
78 35 A (Central rneridianl 

* 4 3 O  li x - 
Ah(Centralrneridhn-A) + O1 

- y (for rnin. of 6') 

-y  (for sacondr of 

Take out C first for 6 and correct fa apPDxIIMte 6'. 
~ l o u s a  ~.-computatfon of wordinatas for %minute intersectfons-Conthued. 

620745 0 - 44 - 11 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State Iler Yo*-West Station Two-minute Interreoq?on 
X (Central meridian) * 35' 

# 43' 1; " x 
A h  (Central meridian-A) 

, 

3.54898194 

4.90219199- 

1,190,247.99 

- y  (for seconds of 6) + 1.540.60 

1,191.788.59 

+261.915.00 

lake out C first for # and d r e c t  for approximate 6' 
FIGURE 30.-Computation of coordinates for %minute intersections-Continued. 
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PLANE COORDINATES 0N.TRANSVERSE MERCATOR PROJECTION 

StatelIew Yo*-Weat Stationho-nlnute Interscotion 
X (Central meridian) 7 8 O  3; - 

77 38 
A X  (Central meridian-X) + 0 57 

0 . .  

4 43 16 x 

Take out C f i s t  for 0 and correct for approximate #'. 

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

Stateitow York-Teat Station two-minute ln teyeopon  
X (Central meridisn) 76 35 

I 430 1; x 77 40 
+ 0 55 A h  (Central mer id ian4  

I 
I l k b  I 

'Take out C first for 4 and wrract for approximate 4'. 

FIGUBE 30.-Computation of wordinatas for %minute intersections-Continued. 
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W E  COORDINATES ON TRANSVERSE MERCATOR PROJECTlON 

State New York-We6t Station Zro-mlnute lntWreotlOII 
x (Central meridian) 78' 34 - 

+ 4 3 O  1; " x 77 42 

Ah(CeIItr8lmeridkn-A) + O 53 

* frko out c f h t  (or + and wmct for approxlmrta ". 
FIQWE 30.-Computation of Obordlriates for %minute Lntersection+Contlnned. 
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-log AA 1.48512143 -log S,' 9.677825 + -Cor. arc to sine - 1593 1 0 g c *  

-log eos 0 9 .a622337540 
-log AX1 1.48570550 IOg A6 

-cOlOg A 1.49096500 -+ 43' 16' O O ~ ~ o o O  

700 --log SI 
-Cor. sine to arc + 845 -6' 43 16  1l.W 

--log Sm 4.magi270 

4.a3890425 A( + 11.3% 

U. S. COAST AND GEODETIC SURVEY 

a x ( i n  sec.) 

-y (for min of 8') 

-y (for seconds of 0') 

*Take out C first for 6 and correct for approximate 6'. 

+ 1060 

101.24100 

1.190.247.99 
.c 1,151.11 

1.191.399.10 

" 
0 . .  



TRAVERSE COMPUTATION ON THE MERCATOR GRID 163 
‘PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State Hew Y o r k - T e s t  Stat ionho-mlnute lntereeotlon 
X(Central meridian) 78’ 35’ 

77 46 

Ah(Centra1 meridian-A) + 49 

aX( ln  sec.) + 2940 

0 1 .  

I 43 16 h 

I 

*Take out C fint tor and wmct for rpproxlmate #’. 
FIQUBE 30.-Computation of coordlnatas for %minute intersections-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 
State New York-Vest Station Two-minute interscotion 

XCentral meridianj 78 ' 35' " 
. 77 30 

+ 1 05 

0 . .  x # 43 06 
AX(Centnl meridian+ 

A X ( h  sec.) + 3900'' 

*Takeout C first for # and cnrrect for approximate A'. 

F10vsE 3O.-Computation of mrdimtas for Z-mlnute interntiom-Continued. 
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l a k e  out C f& for 6 and ccurect for amroximate 6.. 
FIGUBE 30.-Computation of caordlnatss for %minute intersections-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

Statelyew York-Vest Stationm-mlnute l n t e r c l e o t l o a  

X (Central meridian) 7; 35’ - 
0 4; Id x - + 1 05 A X  (Central meridian-A) ,, 

Take out C first for 0 and correct for approximate 6.. 
FIGURE 30.-Computation of coordinates for Bminute intersections-Continued. 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 167 
PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State Mew Yo*-West Station Two-minute lntereeotion 
X (Central meridian) 7; 3; " 

4 45 12' - x 77 30 
+ 1 05 

A h  (Central meridian-A) 

*Take out C first fw 0 and correct for approximate 0'. 
FiCURE N.-Computation of coordinates for &minute intersections-Continued. 
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M E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

sbt~ New York-Wat s b t i ~  Two-ainate lntereclotloon 
X(Centra1meridian) 78" 33 - 

? 7 3  + 1 05 
# 4; li x 

A X  (Central meridian-X) , 

*TaksoutCflrsttw+ andanectfwappmdmate +*. 
FKWBE W.-Computatiou of mrdlnataa for %minute intersections-Continued. 
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W E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State Bern fork-Vert Station hD-mlnute lnterero~ion 
X (Central meridian) 78 35' 

+ 4s 08 * x 77 46 
4 0 49 A X  (Central meridian-h) 

0 " "  

-0 
.A6 + 10.4999 

-4 06 00.0 

- 0' 43 06 1,.& 

Tabular difference 
of y for l" of #' I+"""--- 
y (for min. of 0') 

y (for seconds of #') 

-Y 

.tog sin 

1% AA 

108 (Ax)' 

log F 
log b 

AaI 

b 

AI I  

Take out C fint fw 0 and conect for approximate #. . 

FIGUBE 30.-Computation of coordieates for %minute intersections-Continued. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 
ststc new rork-veat Ststion ruo-mmte lateneotion 

X (Central meridian) 7; j 5  
I 4 ; &  E x - 

AX(Cenbal meridian4 ' 49 

*Take out C first for 0 and correct for approximate #. 
FIGURE W.--Computation of coordinates for 2-minu:e intersections-Continued. 
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F ” E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

statenew Yo*-West station Tw-rinutc l~trrrcotlon 
X (Central meridian) 78 34 

77 46 
0 49 

0 1 .  

I 43 10 x 
aX(Csntra1 meridian-X) 

‘Take out C first for p and correct for approximate 6‘. 
FIDUBE 3O.-Computation of coordhates for 2-minute intersections-Continued. 
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PLANE COORDINATES ON TRANSVERSE HERCATOR PROJECTlON 

State Mer York-Wort Station Tro-dnutc lntcrrht ion 
x (Central meridian) 78" 35 * 4 s  12' x 77 46 

+ 0 49 
AX (Central meridian-Xl 

-Tabular difference 
Ofyforl"of*' 1 I 

-y (for min. of #') 

.y (for seconds of 4') 

-Y 

Taka out C Rnt for and correct for appmximte 6' 
FIGWE 30.-Computation of coordinatm for %minute intersections-Continued. 
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RAIYf-CaORDINAm ON TRANSVERSE MERCATOR PROJECTION 

Stabler Xork-Veet station Twvo-mlnutr Lntmrotion 
)~(Centra~meridiin) 78" 33 * 

# 43" li x 
Ah(Cenba1rneridian-X) '' 

-y (for semnds of 

*Take out C first fa 0 and canect for approximate 6* 
FIGUBB 3O.-Computation of coordinates for %minute Intersections-Continued. 

62074s 0 - 44 - 12 
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TRANSFORMATION OF A LOCAL SYSTEM OF PLANE COORDINATES 
TO GRID COORDINATES 

We shall now shqw how it is possible to transform a local system of 
plane coordinates directly to grid coordinates without passing through 
the geodetic gosition?. . The first requisite for this is that we should 
have the geo etic osition of the origin. The city of Rochester, N. Y., 

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; 
so it was necessary to transform the cpordinates 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 wbch we also have the geodetic positions. We can 
then com are the results obtained by transformation with those 

bear in mind, however, that the geodetic positions are 
three decimal places and that one unit 111 the third ecimal pace 
represents approximately one-tenth of a foot. We cannot expect 
that the t@o 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. 

The 
geodetic positions of the city triangulation have been recomputed 
on the North American datum of 1927, but the plane coordmates 
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 ordmary coordmate systems 
this would require a transformation of the coordinates by +6“.15 to 
make them consistent with the geodetic positions. From the back 
azimuth computation shown 111 figure 4 we see that the local system 
must have the axes swung through -0°39’32”.51. It isnot necessary 
to make these two transformations separately by swinging the axes 
first through +6”.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. 

has a system of p P ane coordinates that we can now use as an illustra- 

resulting P rom the reduction of the geodetic. positions: We must r OnlT to 

There is one fact that we must call attention to at the start. 

0 1  R 

-0 39 32.51 
+06.15 

- 0  39 26.36 

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 +6”.15 in the transformation. 

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

x= 757,043.84+2’ cos e-y‘ sin e 
y=1,153,142.41+zr sin e+y’ cos 0 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 175 
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 e 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 meridian, 
the sign of sin e 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 s stem of coordinates is free from scale 

systems are small in extent and hence the distortions are negligible 
for the purpose in hand. In Rochester, however, the coordinates 
were com uted after increasing the sea-level length by +lo4 in the 

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 x' and y' 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 2 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 x 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 

the scale factor. We shall make the computations with natura ? from their geodetic positions, we shall use these values in determinin 

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. 

distortion. This is not strict r y true, of course, but in general such 

seventh p P ace of logarithms. This was done to base the computa- 

sin 0=0.01147219 
COS e=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 x' values of 
Eastman and Pinnacle expressed in thousands of feet. We must 
merely subtract the constant 500,000 from the x value. 

Eastman= 257.0 
Pinnacle =266.2 

523.2 

Mean ~261.6 

- 

From the State tables on page 91 (fig. 18), by inter olation we find 

system to sea level. Therefore, we have -104+68=-36. This is 
the correction in the seventh place of logarithms. 

4-68 as the value. Now -104 has to be applie B to reduce the 
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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 

or to the approximation required 1.00000000-0.00000829 1.00000829 
=0.99999171. 

In practice, to determine the factor in numbers, the easiest w8y is 
to divide the log correction by 434 and add the result algebraically 
to 1.oouo. 

0.0829 -36 --- 
434- 

1.0000,0000 
- 0,0829 

0.9999,9171 

The commas are inserted to emphasize the point of separation: In 
the examples that follow the abridged computation is given, ormtting 
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 d= +9,064.635 
local y'= -9,369.172. 

With these values, we can compute the coordinates. 

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

As 'ven in the tables this correction can be computed from the 
form 3 a: 

This will give the correction in seconds, the minus sign being used 

For the purpose in hand it is better to have this correction in radians. 

From the table, we have 

because it is to be applied to the geodetic azimuth. 

We need only to omit the sin 1" in the denominator. 

log(&).=4.5807825-20 

The number corresponding to this log is 3.80875 x 
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Hence the formula for the correction is given in radians in the form 

If we denote this correction by An, the correction for the x coordi- 

In  this case 

- (v2-yi) (%I'+Q/) (3.80875X 10-16). 

nate=AyAn, and for the y coordinate= -AxAn. 

yz ~1,143,877.84 q ~766,215.36 
2/1 =1,153,142.41 21 ~757,043.84 

A v  = - 9,264.57 Az - +9,171.52 
21' c: +257,044 

= +514,088 
5' ~ + 2 6 6 , 2 1 5  

2 2 1 ' + ~ ' =  +780,303 

An= +9,265X780,303X 3.80875 X 10-16 

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

&E -9,265X9,265X780,303X3.80875X 10-1'' 
dy= - 9,172 X 9,265 X 780,303 X 3.80875 X 10-16 

To take care of the factor 10-l6, we can point off 5 decimal places 
in each of the first two factors and 6 decimal places in the third factor. 

&= -0.09265X0.09265X 0.780303X 3.80875= -0.03 
dg= -0.091 72 X 0.09265 X 0.780303 X 3.80875 6 - 0.03 

In actual computation, it would not be necessary to carry so many 
fi ures. Each factor could be cut down to the nearest third decimal 

With these values applied we have the coordinates for station 
Pinnacle, 

p B ace to obtain the same result. 

figure 31, we see that the x value checks exact 5 y and the y value 

Z= 766,216.33 
p= 1,143,877.81. 

By comparison with the computation from eodetic position in 

M e r s  by 0.02 foot. This agreement is closer than could be expected 
from the nature of the case. 

For the station Standard, 
loa1 Z= -9,404.19 
local y- - 11,133.00. 

21' 
21' ~ 2 4 7 . 8  

e257.0 (with 1,000 as unit) 

%(zI'+Q') ~ 2 5 2 . 4  

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

-=- -" 0.136 
434 

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. 

~2 = 1,141,902 
y1 =1,153,142 

~747 ,768  
21 =757,044 

Ay= -11,240 &z= - 9,276 

221’ - +514,088 
za’ = +247,768 

221’+22’= + 761,856 

An= +11,240X761,856X3.80875X 

dz= -0.1 1240 X0.11240 X 0.761856X 3.80875- - 0.04 
dy= +6.09276X 0.11240 X 0.761856 X 3.80875= +0.03 

Hence the h a 1  coordinates for Standard become, 
Z= 747,768.08 
y = 1 , 141 , 902.43. 

By comparison with the coordinates computed from the geodetic 
position, gven in figure 31, we see that this x value is 0.03 foot larger 
and this y value 0.02 foot smaller than those ven from the geodetic 

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 b= +10,743.14 
local y= +8,877.87. 

Reduction to sea level= - 104 
Grid-factor reduction = +70 

position. This is as close an agreement as cou f d be expected from the 

Total reduction -34 

0.0783 -34- 
434 

1 .oooo 
- mi83 

0.999992 17 

local z’= + 10,743.056 
local y ’ c  +8,877.800 



yz =1,162,142.88 Q = 767,684.34 
yl -1,153,142.41 ZI = 757,043.84 

Ay= +9,000.47 &z= + 10,640.50 

221' - +514,088 
22' - +267,684 

221 '+~ '=  +781,772 

An= - 9000 X 78 1,772 X 3.80875 X 

(lZ= - 0.09X 0.09X 0.782X 3.809= - 0.02 
dy = +0.1064X 0.09 X 0.782X 3.809= +0.03 

It wi l l  be noted that we have dro ped the unnecessary figures in 
each of the factors after pointing offthe places to take care of the 
factor lo-''' 

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

x= 767,654.32 
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 hal  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= + 12,327.07. 

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

Total reduction - -61 

-61 -- 434 --0.1406 

1 .oooo 
-01406 

0.99998594 

local z'= - 10,783.308 
local y'= + 12,326.897 
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~1 = 1,165,344.79 21 = 746,119.82 
YI ~1,153,142.41 21 = 757,043.84 

Ag= + 12,202.38 Az= - 10,924.02 

&I’ = + 514,088 
22‘ = +246,120 

U 

1,153,142.41 
-123.71 

+12,328.09 

1,185,344.79 

221’+22’= +760,208 

An= - 12,202X760,208X3.80875X 10 

&= - 0.122 XO.122X0.76OX3.809= -0.04 
dy=,-0.109XO.l22X 0.760X 3 . 8 0 9 ~  -0.04 

When these corrections are applied, we get for the final coordinates 
of Mount Read north base, 

2- 746,119.78 
g- 1,165,344.75. 

This result is 0.04 foot less in the x coordinate and 0.03 foot less in 
the y 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 eodetic positions. 

We s h 8  now transform the loeal coordinates of the other stations 
that are needed for the C. W. A. ties. We shall h t  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 computations of the x d u e s  to determine the 
scales have already been made. The correctness of the results can be 
verified from the h a l  rwults that are given. 

local z= - 10,808.33 
local y- +9,855.60. 

For station Canal, 

1 +zme _ _ _ _ _ _ _ _ _ _ _ _ _ _  -io,so?.m I -u sin e _____________. -113.07 

Canal -._.._______ 7% 123.16 
I 



TRAVERSE COMPUTATION ON THE MERCATOR GRID 181 

Now in units of 1,000 feet, xl’ for Eastman is +257.0 and for Canal 
G’ is +246.1. Therefore the mean x’ for theline is %(257.0+246.1)= 
4-251.6. 

From the State table on page 91 (fig. IS), we find the correction 
for250.0 to be -I-38.7. Now 1.6 thousandsis0.32 of 5,000 which is the 
tabular interval. The tabular difference is 4-12.5; 0.32)<12.5=4.0; 
+38.7+4.0=+42.7 or +43 in the seventh place of decimals. 

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

Total reduction - -61 

-61 - = -0.1406 434 

1 .oooo 
-01406 

0.99998594 

With this reduction factor, we find the values: 

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

a l=b 

yz =1,162,873.23 z= 746,123.31 
111 =1,153,142.41 ZI - 757,043.84 

Ay= $9,730.62 h== - 10,920.53 

221’ E 4- 514,088 
ah‘ - +246,123 

&’ +%’= 4- 760,211 

An= --9,731X76OJ211 X3.60875X 

&= - 0.0973X 0.0973X 0.7602X 3.8088= -0.03 
du= - 0.1092X 0.0973 X 0.7602 X 3.8088= - 0.03 

With these corrections applied to the coordinates, we get the ha l  
values for Canal, 

Z- 746,123.28 
y= 1,162,673.20. 

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 reliminary computation of the approximate z and calculate 

was carried out in full just as given in the computation for the station 
Canal above. Also, if an similar computations should be made by 
anyone, the station Can 87 should be used in all cases as a 
the method to be followed. In the following computations, e value 

the grid P actor at once. Of course, in the h t  computation this work 

vde for 
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of x as given can be used to check up the correctness of tho computa- 
tions. 

- 

For station Rosalind, we have given 
local r= -9,894.59 
local y= - 10,046.55. - +257.0 (in thousands of feet) 211 

mcan z'= +252.15 

correction for +250.0= +38.7 
and 2.15 thousands =0.43 of 5,000 

2 2 '  e-247.3 

From the State table on page 91 (fig. IS), 

0.43 X + 12.5=5.4 

+38.7+5.4= +44.1 

Reduction to sea level = - 104 
Grid reduction = +44 

Total reduction - -60 
- 

-60- ---0.138 434 

1 .oooo 
-0138 

0.9999562 

With this reduction, we get 
local 2' = - 9,594.453 
local y'= - 10,046.411. 

I =  v 

1,163,142.41 
-113.61 

-10,045.75 

1,142,883.15 

2 2 1 '  =+514,088 
= +247,265 22'  

22: +z2) = + 761,353 
--- 

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

Z' COS e= -9,893.80 z' sine= -113.51 
-y'sin 0 = +115.25 COS e= - 10,045.76 

AZ =-9,778.55 Ay = -10,159.26 

An==+10,159X761,353X3.80875X 

&= - 0.1016 X 0.1016 X0.7614 X 3.8088= - 0.03 
dy = + 0.0978 X 0.1016 X 0.7614 X 3.8088 = + 0.03 

Hence the final values for Rosalind are 
Z= 747,205.26 
y= 1,142,983.18. 
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For Penhurst, we have 
local Z= - 10,652.46 
local y= -8,593.90. 

21’ - +246.5 
mean X I =  +251.75 

From the table, the grid reduction for 251.75 is found to be +43. 
Sea-level reduction -104 gives the total reduction as -61. 

21’ -4-257.0 

In the 
usual way this is found to give a grid factor of 0.99998594. 

Henco local z’= - 10,652.310 
and local y’= -8,593.779. 

Iris 

In the usual way we find 
~ Z I ’ + Z ~ ’ C  +760,579 
Az = -10,553 
Ay = -8,715 

With these values, there results 
An= +8,715X760,579X3.80875X 1O-Io 

dy= +O.l06X 0.087X 0.761 X 3.809= $0.03 
d ~ =  - 0.087X 0.087X 0.161 X 3.809= - 0.02 

With these corrections Penhurst has the coordinates: 
z= 746,490.80 
y= 1,144,427.02. 

We shall next reduce stations Farrel and Church wbich 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 I= + 5,488.24 
local y= +29,072.29 

sea level= - 104 
grid = +63 

total == -41 
Resulting grid factor= 0.9999906. 

local x’ = + 5,488.19 
local y’ = + 29,072.02. 

An = - 29,133X 776,286X3.80875X 

dZ= -0.2913X 0.2913X0.7763X 3 . 8 0 8 8 ~  -0.25 
dg= +O.O515X 0.2913X0.7763X 3.8088= + O M  
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Final coordinates for Farrel, 
z= 762,197.90 
g= 1,182,275.52. 

For station Church, we have given 
local x= +5,628.33 sea level= - 104 
local y= $31,081.90 grid - +63 - 

t o w  = -41 
Grid reduction factor=0.9999906 as for Farrel. 

local a?= +5,628.28 
local y'= +31,081.61 

II 

1,153,142.41 

+31$%&87 

2 2 1 ' + ~ ' ~  +776,403, Az= +5,271, Ay= +31,144 

An= -31,144X776,403X3.80875X lo-" 
dc= -0.3114X0.3114XO.7764X3.8088= -0.29 
dy = + 0.0537 X 0.31 14 X 0.7764X 3.8088 = + 0.05 

Final coordinates of Church, 
X= 762,314.89 
y= 1,184,286.59. 

Next we take Ridge and Nearpipe. For Ridge, we have given 
local z= + 15,407.16 
local g= + 15,511.48 

sea level= - 104 
grid = +76 - 
total = -28 

Grid factor=0.9999936. 
local z'= + 15,407.06 
local y'= +15,511.38 

12b 

22,'+a'= +786,360, AZ=+15,228, Ay=+15,687 
An= - 15,687X 786,360X3.80875X K P 1 6  

dy= +0.1523 X 0.1569 X 0.7864 X 3.8088= +0.07 
&= -0.1569X0.1569XO.7864X 3.8088- -0.07 

. .  
1,168,828. I 

With these corrections, we have for Ridge, 
x= 772,271.87 
y= 1,168,829.59. 
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For Nearpipe, we have given 
local z= + 15,546.89 
local y- + 12,597.85 

sea level= - 104 
grid - +76 

total = -28 
Grid factor is same 88 for Ridge, 0.9999936. 

local z'= + 15,546.79 
local y'= +12,597.77 

1,163,142 41 
+178. a6 

+12, 696. L)4 

I-I Nearpipe- _ _  _ _  _ _  - - ~ _ _ _ _ _ _ _ _ _ _  - _ _  _ _ _  . _ _  - - - - ..._____ - - _.. - __. _ _  _._ _.. _ _  775 445.08 1,165,917.71 

221'+~3'= +786,533. AZF + 15,401, Ay= +12,775 . 
An= - 12,775)<786,533X3.80875X 1O-Ie 

dy= +0.1540X 0.1278 X 0.7865X 3 .8088~  +O.OG 
&=- 0.1278X0.1278 X0.7865X3.8088= -0.05 

Hence the final coordinates of Nearpipe are: 
X= 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 x= + 14,444.19 sea level= - 104 
local y= -12,376.75 grid = +75 

total = -29 
- 

Grid factor=0.9999933. 
local z'= + 14,444.09 
local y'= - 12,376.67 

2 2 1 ' + ~ ' i =  + 785,717, Az= + 14,585, Ay= - 12,210 
An= + 12,2lOX785,717X3.80575X 10-16 

dt= -0.122X0.122XO.786X 3.809= -0.04 
dy= -0.146X0.122XO.786X 3.809= -0.05 

Y 

1,163,142.41 
+lea. 71 

-12,375.86 

1,140,832 26 
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Eastman .................................................................... 

+sin B and +y’ cos B ...___..__._..______------------..----.--------------- 

Medicine ._______._______________________________.-. ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
+z’ cos e and +z‘ sin .___._._. ___.__________._.__ _ _  __._..._._____________ 

Final coordinates for Twelve Corners: 
X= 771,628.93 
y= 1,140?932.21. 

For Peck, we have 
local X= + 15,189.62 
local ?/=-10,488.18 

757,043.84 1,153,142.41 
-1,878.32 -21.55 

+152.18 -13,263.97 

755,317.70 1,139,856.89 
, --__. 

sea level= - 104 
grid = +76 - 
totd = -28 

Grid factor=0.9999936. 

local x’= +15,189.53 
local 1~‘= -10,488.11 

I = b  

~ x ~ ’ + Q ’ x  +786,441, &= + 15,309, Ay= - 10,313 

An- f lO,313X786,441 X3.80875X 

&= -0.103 X 0.103X 0.786 X3.809= - 0.03 
dy- -.O. 153X 0.103 X 0.786X 3 . 8 0 9 ~  - 0.05 

With these corrections, we get the final coordinates for Peck to be: 
X= 772,352.65 
y= 1,142,829.20. 

We next transform Medicine and Mount Hope. For Medicine, we 
find from the list: 

local X= -1,878.46 sea level= - 104 
local g= - 13,264.90 grid = +54 

total c -50 

Grid factor = 0.9999855. 

local I‘= - 1,878.44 
1 0 ~ 1  y‘= - 13,364.84 

x= 755,317.65 
y =  1,139,856.90. 
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For Mount Hope the list gives: 

local z= +213.16 sea level- - 104 
local I/= - 13,162.50 grid = +57 

total --. -47 

Grid factor=O. 9999892. 

local z'= +213.16 
I O C ~  y'= -13,162.36 

( = I q  

An= + 13,159X771,496X3.80875X 10-16 

dZ= -0.132X 0.132X 0.771 X 3.809= - 0.05 
d y =  - 0.004, X 0.132 X 0.771 X 3.809= - 0.00 

Hence the final coordinates of Mount Hope are: 
Z- 757,407.94 
y= 1,139,983.37. 

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

local z- -G6,324.63 
local y= + 15,095.87 

sea level= - 104 
grid = $48 

total = -56 
Grid factor=0.9999871. 

local z'= -6,324.55 
local y'= + 15,095.6s 

I = b  

2 ~ 1 ' + ~ ' =  +764,634, A~=-6,497, AYC + 15,022 

An= -116,022X764,634X3.80875XlO-'~ 

dc= -0.15OXO.150XO.765X3.SO9~ -0.07 
dy= - 0.065 X 0.150X 0.765 X 3.809= - 0.03 

Hence the final coordinates of Flower are: 
Z= 750,546.46 
y= 1,168,164.51. 
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For the station Bonesteel, the coordinates are:. 
local%= --8,501.8@ sea level- - 104 
localy=+15,508.16 grid == 4-45 

total =: -59 
-- 

Grid factor =0.9999864. 

local d= - 5,501.68 
local y'= + 13,507.95 

I z  Y 

1,163,142.41 
-97.63 

+16, WB. 93 

1,lss. 661.81 

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= +32,391.49 grid =: +58 

total = -46 
-- 

Grid factor=0.9999894. 

local d= + 1,880.56 
local y'= +32,391.15 

1,163 142 41 

+32 389. m kzl: 57 

221'+%'=+772,641, A~=+1,609, Av= $32,411 

A?&= -32,411 X 772,641 X3.80875X lo-" 
dZ= - 0.324 X 0.324 X 0.773X 3 . 8 0 9 ~  -0.31 
dy= +0.015XO.324)(.0.773X3.809= +O.Ol 

With these corrections, the h a 1  coordinates of River become: 
z= 758,552.37 
y= 1,185,553.01; 
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For the station Stutson, we have 
local z =  - 162.73 sea level= - 104 
local y =  +33,432.49 grid = +5G 

total -- -45 
- 

Grid factor =0.9999889. 

local z'= - 162.73 
local y'= +33,432.12 

J 

1,153,142.41 
-1.87 

+33,429. o? 

1,186,570.46 

221'+~'= $770,586, AX= -546, Ay= +33,428 

An= -33,428X770,586Y3.80875X 1O-lo 

dZ= -O0.334XO.334X0.771X3.809= -0.33 
dy= -0.005X0.334X0.771 X 3 . 8 0 9 ~  -0.00 

Hence the fina.1 coordinates for. Stutson are: 
X= 7.56,497.25 
y =  1,186,570.4G. 

As final examples, we shall transform the stations Boulevard and 
Whelehan. For Boulevard, we have 

local z= - 10,524.51 
local y= +33,573.00 

sea level= - 104 
grid = +43 

total = -61 
Grid factor=0.9999860. 

local 2'- - 10,524.66 
local y'== +33,572.53 

l r l y  

221'+22'= +760,223, AX= -10,909, Ay= $33,450 

An= - 33,450X 760,223X 3.80875X 10-16 

d ~ =  - 0.3345X0.334*5X0.7602X3.8083= -0.32 
d y =  - 0.1091 X0.3345 X0.7602 X3.8088= -0.1 1 

With these corrections, the final coordinates of Boulevard become: 
e= 746,134.40 
y- 1,186,591.88. 

820745 0 - 44 - 13 
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For the station Whelehan, we have 
local x= - 10,501.69 
local y= +31,366.40 

Grid factor=0.9999560. 

locnl 2’ = - 10,501.54 
local y’ = $31,365.96 

8ea level = -104 
grid = $43 

total = -61 
-_ 

221’fq’= +760,271, AX= -10,561, Ay= +31,243 

An= -31,2433<760,271X3.80875X 1WL6 

G?X= -0.3124 X0.3124 X0.7603X 3.8088= -0.28 
d y z  -0.1086X 0.3124X 0.7fi03X 3.8088= -0.10 

The h a 1  coordinates of Whelehan therefore become: 
x= 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 c o m e  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. 
Theadditionof the angle 6”.15 to the angle 8 due to the recomputa- 
tion of the geodetic posit,ions 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. 
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PLANE COORDINATES ON TRANSVEpSE MERCATOR PROJECTION 

StateNen York (8eet)Station Pinnacle 
X (Central meridian) 78 33 06.000 

77 35 09.602 

t 0 59 50.390 

t3590 .398 

I 4; 0; Oi.327 x L 

A h  (Central meridian-A) 
A X  (in set.) 

Car. arc to sine 

Car. sine to arc 

A. 51590417 - 
- - 2714 H 

16.2756640 -y (for seconds of 4') + 2.224.a5 

1.143.077.03 

r266.215.33 

766.215.33 

I - 
0 . .  

Take out C first for 0 and correct for approximate 6'. 
FIGURE 31.-Computation c f  coordinates for New York. 
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PLANE COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

State New York - WestSation Standard 
X (Central meridian) 78 35' 0 ~ ~ 0 0 0  

6 43O o i  &gii x 77 39 18.659 

~X(Centra1 meridian->) t 0 55 41.91 

A> (in sec.) +3341.'%1 

Take out C first fa 6 and correct for approximate 0'. 6-w 

FIGURE 31.-Computation of coordinates for New York-Continued. 
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I - A0 

W E  COORDINATES ON TRANSVERSE MERCATOR PROJECTION 

Slate New York-Weat Station J a c k s o n  

X (Central meridian) 78 35’ 00.000 

?+%--e& 6 43’ ii oi.542 x 
Ah (Central meridian-A) 

ah(insec.1 + 3613.158 

- 
A 2.266.97 

1.162.142.95 
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P U N E  COOROlNAlES ON TRANSVERSE MERCATOR PROJECTION 

SUkNew Yo* -Weat Station Yt ,  Read No+ Base- 
h(Cantnlmeridian) 78 35 00.000 

I *I* 11' 40..615 -A 77 39 37 -400 
Ah(Cantnlmeridhn-A) + O 55 22*600 

lake out C first for # and correct for lDD~OXinI8tS #. 
FxausE 31.-Computation of coordinates tor New York-Continued. 
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PUBLICATION NOTICES 

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

Should you desire to receive such notices, you may use the form 
given below, checking the lists covering the subjects in which you are 
interested. 

(Date)-------------------------- 

Washington, D. C. 
DIRECTOR, U. S. COAST AND GEODETIC SURVEY, 

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: 

0 109. 
0 109-A. 
0 109-B. 
0 109-c. 
U109-D. 
109-E. 

0 109-F. 
0 109-G. 

109-H. 
0 109-1. 
0 109-5. 
0 109-K. 
0 109-L. 
0109-M. 
0 109-N. 
0109-0. 
0 109-P. 
0 109-R. 

katronomical work. 
Base lines. 
Coast Pilots. 
Currents. 
Geodesy. 
Gravity. 
Hydrography. 
Leveling. 
Nautical charts. 
Oceanography. 
Traverse. 
Seismology. 
Terrestrial magnetism. 
Tides. 
Topography. 
Triangulation. 
Cartography. 
Airway ‘maps. 

(Name)________-- - - - - - - - - - - - - - - - - - - - -  
(Address) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

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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