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PREFACE,

In July, 1918, Maj. R. C. Kuldell, of the Corps of Engineers, con-
sulted with certain officials of the United States Coast and Geodetic |

Survey in regard to the possibility of devising a grid system for mili-
tary surveys and maps along the coast of the United States, to be
used in connection with artillery defense maps. The system adopted
was the one proposed by Mr. Bowie and is described in the first part
of this publication.

Shortly after the adoption of this system, Mr. Bowie was com-
missioned a major of Engineers and served from August 17, 1918, to
February 28, 1919, in the Division of Military Mapping of the Corps
of Engineers, Washington, D. C. The descriptive part of this report
was prepared by him while he was in the Army.

The derivation of formulas with. which the tables were computed
was made by Mr. Adams, who had also direct charge of all the compu-
tations connected with the preparation of the tables which appear
herein. He was assisted in the computations by a number of comput-
ers of the Coast and Geodetic Survey and by enlisted men of the Four
hundred and seventy-second Engineers, who were assigned to the office
of the Coast and Geodetic Survey to aid in the computation and inter-
polation of the tables. Especial credit is due Sergt. T. F. Shea, who
was one of the detail from the Four hundred and seventy-second
Engineers and who, after his discharge from the Army, became a
geodetic computer in the Coast and Geodetic Survey.

The table given in the publication consists of plane coordinates of
five-minute intersections of latitude and longitude.

If anyone wishes to go more fully into the discussion of the mathe-
matical theory of the polyconic projection that forms the basis of
this table, a complete development of the same will be found in
Special Publication No. 57, The General Theory of Polyconic Pro-
jections, by Mr. Adams. - Copies of this publication can be procured
by application to the Superintendent of the Coast and Geodetic Sur-
vey, or to the Superintendent of Documents, Washington, D. C.

NOTE TO REVISED EDITION.

While preparing tables for the War Department, the Mathematical Tables
Project undertook a check of the tables in this publication, corrections of which
have been incorporated in this edition.

The work was conducted by the Federal Works Agency, Work Projects Admin-
istration of the City of New York, Sponsored by the Bureau of Standards,
Dr. Lyman J. Briggs, Director ; under supervision of Dr. A. N. Lowan, Director

of the Project, assisted by Dr. Gertrude Blanch, Mr. Murray Pfeferman and
Mr. Milton Abramowitz.

current Miscellaneous File 106

THE LIBRAX:

& ~ THE UNIVERSITY
g OF TEXAS
i -
- CONTENTS.
)
F " . ; . K . . Page.
Preface. ... ... ... oo o S 2
ngtroduction.......................................- ....................... 5
o) vojection .. . ol .ol o0 L D 5
M Progressivespecialmilifarymap..........._ ... ... .. . ... 7
Gridtables . - - . 8
Oricmoligrideeordimates- = = ... ... . ... ... .. . 8
Limiting meridiansofthezones ... . . ... . . ___ ... ' __ 8
Designation of special military maps........... - . 10
System of laying out special military maps......cc.cooooiiiiiii L. 12
WUseofthetables ... .~ .. .. . ...... ... ... .. ...l . ... L 13
Interpolation of minute intersections from five-minute table.................. 13
The kilometric grid.......ccccoiccceccceccencncn.. seeen EE LR ET TR PP 14
Method of placing the spherical projection on special mlhtary maps. .. . . 15
Method of placing grid system on a map having meridians apd parallels...... 16
Planciablesheets . =0 . L0 0L 0 0 18
Control points on plane-table BhEETS. .. wevneeeanranreneiianiniiiinn e, 18
Determination of distance between points from their grid coordinates........ 18
\/ Transformation of geographic azimuths to grid azimuths........ . 19
Transformation of grid azimuths to geographic azimuths.................. seees 20
Transformation of geographic to grid azimuths and the reverse, approximate
\ 3 mothed .~ .. . Sl . L 20
' Transformation of geographic to grid coordinates........ enraeasaee e 21
\t" Computation of artillery grid coordinates from geographic coordinates............ 22
£ Transformation of grid to geographic coordinatf.ss. Bptereseeeratatataiitittinns 22
 “Gomputation of geographic coordinates from grid coordinates.................... 23
Reduction of map grid azimuths to true grid azimuths. ....... et 23
, \ Formulas for the computation of coordinates on the ordinary or American -
0lYCONICPrOJECHON . - - e ceccecccccsnesneasacaasnsessnccsoccencacccnconnes :
An Trgns}f,ormatilz)n ]of local plane coordinates to standard grid Foordinates ......... - 26
¢ Computation for the transformation of local plane coordinates to standard grid
> coordiRates . . L. ... .. ... S e e 29
Tables: .
Example of grid table for one-minute intersections..........c...c.......... 30
o Correctionstoy coordinates for magnification ofscale. ............c.ooee 31
Approximate corrections to y coordinates for magmﬁcatm;x ofscale.......... 32
Corrections for the reduction of geographic azimuths to gnd_azmuths. - 33
\ Es Grid coordinates for five-minute intersections.... .. - 34
\J Extension of table for eastern Maine........c.coceieeoaioiinan .. 220
Extension of table for Lake of the Woods Region.......--c........ 227
) ILLUSTRATIONS.
<
- Fig. 1. Grid zonesforfire-control maps........c.coeceemmceeccnerccnrne.nnen. 10
< Tig. 2. Special military mapofzoneC......cc.coeeiciiiiicoiciaiiiiionn s i;
~  Tig. 3. Projection and grid lines for standard ﬁre-.control'sl}eet ...... - :
1 Fig. 4. Construction of grid system on a map having 'mendlans and parallelsA. . 1
3 Fig. 5. Transformation of geographic to gri_d coord}nates .................... g;
Fig. 6. Transformation of grid to geographic coordinates....................

501325




THE LIBRARY
THE UNIVERSITY :
OF TEXAS

GRID SYSTEM FOR PROGRESSIVE ‘MAPS IN THE
UNITED STATES

By Wirniam Bowm Chwf, Dwmon of Geodesy &l}d OSCAB S. ADAMS Geod’etw C'om-
puter, U. S.Coast and Geodetic Survey. :

INTRODUCTION

In the first feW pages of this pubhcatmn Wlll be found a descrlptlon
of the quadrillage, or grid system, together with dlrectlons for the use
of the system for progressive military mapping. : ;

The intent when the computations were: started ' Was: to compute
only the necessary coordinates for the:areaicovered:by the eastern
coast of the United States. It was afterwards decided to make. the

computations complete for, a: whole.zone.;:| This-resulted.in a table

which can be used for. the: whole area:of the United States proper,
as the same values can be used for all of the seven zones: by merely
changing the designation of the longltude to fit the particular zone
needed. The tables now cover an area which is:9° wide in longitude
and 21° 20’ in length in latitude. There are several small aress,
notably in eastern Maine, southern: Florida, and: Texas, for -which
extensions of the tables beyond the above limits are provided.

The seventy-third meridian is the central meridian of the first zone.
The zones extending across country have their central meridians 8°
apart, thus providing an overlap of 1% in longitude which will make
it possible to have two systems of grid lines on a map ab the junction
of two zones in order that the map may: be used in connecmon with
other maps of either of the zones. 1.l /1

It is impossible to have:-one gnd system to cover the Whole area
of the United States without dividing it into zones, if it is desired to
have a small allowable limit:of error in the system. :The plan
adopted was to have such a width of zone as would make the errors
introduced in the maps negligible for practically all mlhtary purposes

PROJECTION.

. The earth’s surface is spherlcal and in order that it may be repre-

sented on a map it is necessary to show it on a plane surface. This

necessarily means that no portion of the earth’s surface can be

shown in absolute accuracy on a map. There are various: methods
0 : yalig 560 as UOHID 11 r
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6 U. S. COAST AND GEODETIC SURVEY.

of approximating the surface of the earth on the plane, one of the
most common of which is known as the polyconic projection.

. A projection is simply a system of lines on a map representing
'maginary lines on the earth’s surface.. The almost universal plan
for these lines upon the earth’s surface is to adopt a system of spherical
coordinates based upon the plane through the poles and the obser-
vatory at Greenwich, England, and the plane cutting the earth’s
axis at right angles midway between the poles. The first plane is
called the initial meridian,“to which longitude or angular distances
east and west are referred. The second plane is called the Equator,
to which angular distances north and south or latitude are referred.

It is possible to determine by astronomic methods the longitude and
latitude of any point on the earth’s surface. The problem is how
to show the location of some such point on a map with relation to
the initial meridian and the Equator. ~

There are various ways of showing meridians and parallels of lati-
tude on a piece of paper, with relation to which various points on
the earth’s surface can be plotted after itheir latitude and longitude
have been determined. . As mentioned ‘above, one of the most gener-
ally used projections is what is called the polyconic projection. This
is the one in which every parallel of latitude appears on the map as
the developed circumference of the base of a right cone tangent
to the sphere or spheroid on'that parallel. The central meridian
of this projection for any map will appear as a straight line, while
all other meridians will appear slightly concave toward it. The
parallels for this projection on any map will appear as ares of circles
of different radii with the centers of the arcs of circles on the central
meridian produced beyond :the limits of the map except in the case
of the region at the North Pole or the South Pole. The Equator
alone of all the parallels will be represented on the map by a straight
line and all of the other-parallels will be convex toward it. The
intersection of the various'meridians and parallels for the polyconic
projection will differ very little from right angles when the map
covers a limited area in the' east-and-west direction. The distance
along the central meridian will be true'to the scale of the map. This
will also be so in the case of the distance along each of the arcs of the
parallels, but diagonal distances and north-and-south distances will
be slightly in error, the error increasing with the distance from the
central meridian.

It will be readily seen that when a section of the earth’s surface
which is spherical, is flattened out to the plane of the map, there
must be some distortion in the distances as given by the map. If the
central meridian is held true to scale, as is the case in the polyconic
projection, and also the parallels are true to scale, then there must
be some distortion as the edges of the map are approached. This
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will result in a sort of stretching or elongating of the area in a north-
and-south direction. - e
For small areas the error in a polyconic projection is’infinitesimal
and can be ignored for even the very highest grade of :map, but
when the area approaches the dimensions of a number of square
degrees, then the distortion at the east and west edges of the map
may be material in size... In an area as large as-the United: States
the errors in & north-and-south direction along  thé Atlantic coast,
and also along the Pacific coast, are as great as 6:per cent. 'This,
of course, would make the polyconic projection a very poor one
for an area of sueh a large extent. .+ 0 i [ asthrgo o
'With an area no greater than-10° of longitude in width; the error
of a polyconic projection will be negligible so far as the scale of the
map is concerned. For instance;:at a distance of 5° east or west
from the central meridian any distance in:a nerth-and-south direc-
tion, as scaled from the chart, ‘will differ from 'the true distance on
the earth’s surface By only: 0.22 of 1 per cent. When it isirealized
that -the hygrometric condition will expand or contract'a map by
as much as 1 per cent, it is seen that the error of the polyconic pro-
jection is negligible for this width. abieea: Buidieydnnrae ol

PROGRESSIVE SPECIAL  MILITARY MAP.

The polyconic projection shows: the meridiansi'and parallelsas
curved lines, except for a central meridian: - 'With:relation to these
curved lines, points can be plotted whose geographic«positions in

- latitude and longitude are known, but it is a difficult matter, requir-

ing considerable time, to compute the distance and direction bétween
two such points shown on a polyconic-projection map. ~It is, there~
fore, not desirable to have such-a projection on a map' that is to be
used for military purposes, where: distances and directions between:
objects must be computed in a very short time.!' Such:a case is
in the use of artillery. The orientation officer! of & battery: may:
wish to know quickly the distance and bearing from his gun to some
point occupied by the enemy in drder that the enémy may be fired
upon. The only quick method. of obtaining this distance is by’ a
system of rectangular  coordinates.. The . distance . between . |the
two objects whose coordinates are known would be:the square root
of the sum of the squares of the difference of the z-coordinates and
of the y-coordinates of the two: objects. . These differences make
it possible to compute quickly:the angle between one of: the grid
lines and the line joining the objects. o ol 1
A system of rectangular coordinates could be used to cover any
local area without regard to any other locality, but this makes an
awkward situation when the maps of any two areas adjoin. The
boundary between the two areas would be on different systems,

T4bY L



8 U.. S. COAST/AND GEODETIC SURVEY.

and much confusion would result. . In order to obviate this there
has been ‘adppted a plan by which a single system of grid coordinates
covers the Atlantic coast from some point on the coast of North
Carolina to'the northeastérn part of the coast of Maine.

. GRm TamiEs.

In .order ; th?,t such a‘8ystem of. coordinates may be properly
f:oordmated with positions as given in longitude and latitude, it
is found necessary to have a' polyconic projection covering a
zone 9° wide in longitude and of indefinite extent in latitude. The
central me.ri(‘iian of this projection is coincident with the seventy-
third :merldlz?,n. A rectangular or grid system of squares 1000
yards on a side is then constructed over the whole area covered
by the.projection. The intersection of the seventy-third meridian
of .longltude agd the ‘parallel ‘of 40° 30’ of latitude, is the initial
point of the grid system./! All computations were made from that
point, and. a north-and-south line of the grid® coincides with the
seventy-third meridian and an east-and-west line of the grid is
tangent to the parallel of latitude of 40° 30’ at its intersection with
the seventy-third meridian. :

ORIGIN OF GRID 'COORDINATES.

The computation consisted of determining the grid coordinates
of al} intersections of minutes of longitude with minutes of latitude
within the area covered:by the polyconic projection referred to
above.: .'After the computations were made, a constant was added
to each.- of the z coordinates 'and another ‘constant to each of the
y coordinates in order to make all of the coordinates positive within
thfa area of the projection. The point selected as the arbitrary
f)rzgm- 13 1 OO? 0(})10 ‘yards west and 2000 000 yards south of the
intersection of the seventy-third meridian' o i i
parallel 40° 30’ of latitude.sfr 1 n-d'mn (-)f T Wlth 5

_ LIMITING MEKIDIANS OF THE ZONES.

. Tt is impossible to have a progressive map over a large area extend-
ing b(?th east and west and north and south without serious distor-
tions in the Projection.' “As explained aboveit was found advisable
to use the grid system within a zone restricted to 9° of longitude
but extending indefinitely in 'latitude. The tables used for thé
speclal.mlhtg,ry maps were computed for the zone extending 4° 30’
of longitude in both the east and the west directions from longitude
73°, and fx:om latitudé 128° to latitude 49° 10’. Over this whole
zone the grid is constructed with straight lines.- Extensions of the

table are made to cover the area in Maine to the eastward of meridian

v
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68° 30/, the small area above latitude 49° at the Lake of the Woods
near longitude 95°, and for Florida and Texas below latitude 28°.

The same tables can be used for any other zone having the same
latitudes by simply changing the degrees of longitude. 'When this
is done it is possible to have the whole area of the United States
covered. For instance, the meridians in the tables which are now
68° 30’ to 77° 30’ could be changed to 77° 30’ to 86° 30’, when they
could be used for placing the grid over the zone falling between
those meridians. -

Tt is not practicable, however, to change the tables exactly 95
for if this were done the maps at the junction of the two zones wouud
not have continuous grid lines; that is, a map at the edges of one’
zone could not be exactly connected with a map having the same
latitudes at the edges of the other zone and have the grid system
continuous from one to the -other. The grid lines of the two maps
would make decided angles with each other. -

In order to avoid this condition it is necessary to have an over-
lap of the two zomes. This is done by changing all of the longi-
tudes of the tables as given for the most eastern zone by 8°. This
provides an overlap of 1° of longitude, and the topography within
this overlapping area can be shown on two sets of maps—one
on each grid system—thus making it possible to have progres-
sive maps for each of the zones, or the two grid systems can be
placed in different colors on the same map. The amountiof over-
lapping of miaps will be decided at the Office of the Chief of Engineers.

By changing the longitudes of the tables by 16° a third zome is
obtained, and so on across the country in multiples of 8° of longitude.

The following table shows the designation of the several zones’
across the United States, with their central meridians and the
meridians which limit the zones: - - ~

Fire-control zones.

Designation. | _Central Limiting meridians.

meridian.
A 3 68° 30’- 77° 30’
B 81° 76° 30’ 85° 30’
c 89° 84° 30'~ 93° 30’
D 97° 92° 30’-101° 30’
B 105° 109° 30’-109° 30’
F 113° 108° 30’-117° 30’
G 121° 116° 30'-125° 30’

The only exception, so far as limiting meridians are concerned, is
the strip over Maine to the eastward of longitude 68° 30’ which 1s
included in the grid tables for zone A, though it is more than 4°
30" to the eastward of the central meridian of the zone. .

74693
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i dome e i o :93
The zones are shown graphically in figure 1. 3 3
_The one-hundred-thousand-yard grid lines are shown for zone @ | =~ ' a0
in figure 2. .. ‘ - - |
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DESIGNATION OF SPECIAL MILITARY MAPS.
It is necessary that each special military map be given the letter e e
. . o SRe 2 =t . . 3
of the zone within which it falls, TImmediately following the letter g & g
; should be given the coordinates of the southwest corner of the map. e é g
Cutrent Misic llineo = Bl e 7,_4{@::;)‘_% FIG. 2—SPECIAL MILITARY MAP OF ZONE €
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As the maps are all of the same size—that is, 10 000 yards east and
west and 6000 yards north and south—it will not be necessary to
give the entire = and ¥ coordinates of the corner of the map. They
can be abbreviated by omitting the last three figures of the 2z and y
coordinates. For instance, if in the first zone the z coordinate of
the southwest corner of a fire-control map is 1 160000 and the
y coordinate is 2 292 000, the designation of the map will be
A 1160.2292. .

In addition to the designation by letters and numbers each fire-
control map must be given a name. This name should be that of
some conspicuous topographic feature within the area covered by
the map, such as a village, stream, hill, crossroad, or some other
object which is locally well known. If, within the map, there is

AI160.2292  LAUREL
9860 ,‘2,6| 62. 63 - 64 65 - .66 . 67

. . - B S 0
+ e - + H+ e
97

; 97
% %
- 4+ + + + s
%5
9% %
ol £ I | + i+ o+ B
. o o = 3
2292 | — : : 92

60 8 162 & 6 65 B & e s 9

FIG. 3.—PROJECTION AND GRID LINES FOR STANDARD FIRE-CONTROL SHEET.

no such feature which has a name, it will be necessary to select a
 name arbitrarily. There must be no duplication of names of maps
within a State. ‘ '

The designation of the map, with its name, should be placed in
the upper right-hand corner, as shown in figure 3. The grid lines
should be numbered as shown there, namely, on all four edges of

the map. The geographic projection lines will be numbered at the
top and on theright. , .=~ | ‘

SYSTEM OF LAYING OUT SPECIAL MILITARY MAPS.

With a grid system covering the greater portion of the Atlantic
coast, a series of special military maps can be laid out in such a way
that mapping can be started at a number of places with the assur-
ance that when any two surveys are joined there will not be any

GRID SYSTEM FOR PROGRESSIVE MAPS. 13

s. gaps, or offsets in the various maps. In vor(éler that- this
?nvizﬁ:%é fcc%xilplished, it was necessary to adopt some-smgle sy;tem
of laying out the special military maps. - The one adgpte}d is to a.v]e1
the ¢ coordinates of the east and west limiting .grld lines on such
a map multiples of 10 000 yards, and the y ,co.o?dmates of the nprlt
and south limiting grid lines of the special ml.htary maps multiples
of 6000 yards. The coordinates to be cons.lderedzn}l..determmlgg
these multiples are those beginning at t]?e arbitrary origin of <3001"G i-
nates, and not the coordinatis Of/ the intersection of the seventy-

i idian and parallel 40° 30", Eunipng | G
'ﬁhlll‘él ﬁﬁr{)ﬂe necessali'y to have the grid system supenmposed upon
one or more small-scale maps covering the area to be surveyed a%d
mapped, in order that the relatiox.l ‘of the topography shown on 142 e
small-scale maps to the special military maps may be known. For
instance, if it were necessary to make r?peclal- military maps c-overg
ing Hampton Roads, it would be desirable to have tl?e limits o
those maps shown on some small-scale chart of the United States
Coast and Geodetic Survey of the lower Chega,pegke Bay or on a
small-scale map of the United States Geological - Survey covering
the region in question. With the limits of the special military maps
laid out on the small-scale map, the fieldwork could then be done
for any particular area desired. It is not necessary that the 1)1()1;t$(g1
of the limits of the special military maps on the oth.er maps sho
be done with extreme accuracy. It is simply a guide for the field
= USE OF THE TABLES. .

As stated above, nearly the whole east coast of thg.Uni’pec‘i States
is covered by tables which give the relatlor} betweeg-’spher;catlax%
grid coordinates on one continuous system oI zOne. 'The ‘table n
this publication shows the grid coordinates 1n yards of the 1nter;
section of each fifth minute of longitude with gaoh fifth mmute 0
latitude within the whole area covered by the gr}d system. .

The special military maps based on t}_le g_rld systgm are to de
10 000 yards long in an eg,st—and-west direction :’ylnd};600‘(ﬂ): ya,r Is

i -and-south direction. s ase o
de’i‘%;ngiigogksltem is placed on the field sheets ’and_ :ﬁngl ?aps as
even thousand-yard lines. - o e

INTERPOLATION OF MINUTE INTERSECTIONS FROMl FIVE-MINUTE
TABLE.

Linear or straight interpolation for the minute intersgctmng can
be made between the @ coordinate vah.les for' the five-minute inter-
sections in the direction both of increasing latitude and 9f 1n.creasm1g1
longitude without introducing appreciable errors. Likewise suc
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3nterpo.lations. can be made between the y values in the direction of
Increasing latitude, but in the direction of increasing longitude an
error as great as 1 yard may be introduced in the value of y by

linear interpolation. ' :
If the work ‘in hand is such that this error is appreci
o : x _ error 1s appreciable, the
values 'should be'inteérpolated in the longitudi irection i .
following manner: i=lizios »0 o '.;:H?;L(gliudmal dnectlon e
The departure of the parallel from th id li
Che re of | e z grid line tangent to it
at its intersection with ‘the’central meridian should be.inferpolated
as the squares of the dls:tances out from the central meridian. For
example,. if we wish' to interpolate the y value for latitude 37° 05’
and 'lqng{Fude 75° 02’, we should proceed in the following manner:
8705
73° 00 ¥=1585214.0
372057 L -
= OO,}yf=1587260.3
Y =y’ =2046.3
75° 00’ i3 2° or 120’ out from central meridian
75° 02” is 2° 02’ or 122’ out from central meridian.

y for 75° 02/ =1585214.0 +(122)2>< 2046.3

. 120
: =1587329.1.
- Corresponding values are
"1587329.0 from minute table
or 1587329.9 by linear interpolation.
Afﬁer tl}e z anq’ 7 coordinates have been interpolated along two
fx(::etlglll()];? ﬁvamI;]ze rparallels, ‘as explained above, then straight
rpolation along the meridian between the
for intermediate parallels. : Ll e~se e

 THE KILOMETRIC GRID.

Th.e gri.d tables computed in yards can be used to place a kilo-
metric grid on a map. - This can be done by converting to meters
the yard coodeates: of one of the thousand-yard intersections on
th_e map. With these meter coordinates points can be plotted which
WI-H h?,ve va_lues to even kilometers. . Through these points kilometer
grld lines .Wﬂl be drawn parallel to the regular yard grid lines. For
instance, if the 2 and y coordinates converted to meters had .values
at thfa southwest corner of the map of 953 624 and 1 242 719 re‘-
spectively, then the first north-and-south kilometer grid line \;v:)uld
be 376 meters east of the corner and the first east-and-west kilo-
meter grid line would be 281 meters north of the corner. After these
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‘two points of the kilometric system have been found, north-and-

south and east-and-west lines can be drawn throughi:them: parallel
to the thousand-yard grid lines. After two kilometric grid lines have
been placed upon the map, the Whole map can easily be covered by
the kilometric grid system. This is done by simply plotting along
the east-and-west line distances of 1, 2, 3, etc., Klometers from 'the
north-and-south kilometer grid line: - Similarly . the east-and=west
kilometer grid lines can be laid off on the north-and-south line.

If the map has been at all distorted since the yard grid was placed
upon it, it would be well to convert the coordinates of several of the
thousand-yard grid intersections into meters, and the inter-
mediate grid lines of the kilometric system can then be interpolated.
In this way the effect of any distortion of the map is minimized.

METHOD OF PLACING THE SPHERICAL PROJECTION ON SPECIAL
MILITARY MAPS. '

Let it be supposed that a series of special military maps have been
laid out on a small-scale map covering the area to be surveyed and
that it is desired to place the spherical coordinates on a special
military map on which the thousand-yard grid lines have been drawn.

From the small-scale map some intersection of a minute of latitude
and a minute of longitude is selected which falls within the special
military map in question. ; 1 |

The tables are entered for that particular longitude and latitude
and the z and y coordinates are found. The difference between the
2z coordinates of the intersection and the thousand-yard north-and-
south grid line just to the westward of the intersection isjlaid off to
the eastward of that thousand-yard grid line. Likewise, the dif-
ference between the y coordinate of the intersection of the minute
of latitude and longitude and of the y coordinate of the even thousand-
yard east-and-west grid line just'to the south of it will be the dis-
tance to be plotted to the north of that grid line. These two dif-
ferences in the z and y coordinates will locate accurately on the grid
system of the special military map the particular intersection of the
minute in longitude and latitude.  In a similar manner all the other
intersections of minutes of latitude and longitude coming within the
area of any special military map can be plotted.

In figure 4 let it be supposed that the grid system is already on the
map as shown and that it is desired to put spherical coordinates on
the same sheet in the proper relation to the grid. An inspection of
the tables shows that the intersection of latitude 42° 55’ with longi-
tude 70° falls in the lower right-hand corner of the sheet.” The co-
ordinates of this intersection are z=1 267 834 yards and y=2 298 311
yards. The position of this intersection can be obtained by plotting
334 yards east of the grid line 1 267 000 and 311 yards north of the

796%e



16 U. S. COAST AND' GEODETIC SURVEY.

grid line 2 298 000. :* The other intersections within the area of the
map ‘can be plotted in the same way. ‘

METHOD OF PLACING GRID SYSTEM ON A MAP HAVING MERIDIANS
: - - AND. PARALLELS. '

If it is d§§ired to put-the grid system on a map which already has

the polyconic system of projection, the operation will be as follows:

o o = . .
o o s S S
S i 2
3 2 e = =3
= ' &
2303000 .
- ; o o
e : : |
: v X-1267690yds. |
e 4 oo y=230236|.-!a o
h ! : * on 0l
2000 » - yd
I - '
I
]
|
wl
. Z|
. ; E:
1000 !
- I
J: l
1
|
s aelunid o ity | s
- 2300000 | s |
9| i 2
v 5|
: =)
oy
&
o ol
. 2
9000 gl
1 ;
|
L X-1267834yds |
no8 ol s50] + y-2298311. - + .
2298000 : 1 ' !
70002550y el oo 7000 . 7000°
FIG. 4—CONSTRUCTION OF GRID SYSTEM ON A MAP HAVING MERIDIANS AND

° PARALLELS.

Take some one intersection of a meridian and parallel in one corner
of the map and enter, the grid tables with these values and obtain
the z coordinate for that intersection. . Next take an intersection of
the same meridian with a much higber or lower latitude. TFor in-
stance, if the first intersection: was in the southeast corner of the
map,, thep take an intersection in the northeast corner,.if the map is
square with the meridians and parallels. Obtain from the table the
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z coordinate for this northeast intersection. - Next take the difference
between the z coordinates of these two intersections, and with this as
a radius describe an arc of a circle around one of the intersections
(say the northeast one). This should be to the westward of the
point, if the longitude is greater than 73° and to the eastward if less
than 73°. After this arc has been drawn, place a straightedge on
the other intersection of the meridian and parallel and tangent to
the arc and draw a line across the map. This line will be parallel to
the y grid lines and upon it can be constructed the grid system of
the map. ! ’
Let it be supposed that in figure 4 the projection lines have
been plotted and that it is later desired to superimpose the grid
system. In this case the table should be entered and the z and y
coordinates obtained for the intersections of latitude 42° 55’ with
longitude 70° 00’ and for latitude 42° 57’ with longitude 70° 00’.
The tables show a difference in the x coordinates for these two inter-
sections of 144 yards. With this distance as a radius, an arc of a
circle is described to the eastward of the more northern one of the
two intersections. (This arc could have been described to the west-
ward of the southern one of the two intersections.) Next draw a
line through the lower minute intersection tangent to the arc of the
circle which was drawn to the eastward of the upper minute inter-
section. This line is parallel to a north-and-south line of the grid
and may be considered a construction line.. The next operation is
to lay off a distance of 834 yards to the westward, and at right angles
to the construction line at the lower part of the sheet, and thesame
distance to the westward of the construction line at the upper part
of the sheet. A line joining the two points thus laid off will be a
north-and-south thousand-yard line of the grid system whose z
coordinate is 1 267 000 yards. . e
The next operation would be to lay off the distance of 311 yards
along the construction line to the southward of the intersection of
latitude 42° 55’ with longitude 70° 00’. =The point thus plotted will
be an even thousand-yard grid line running east and west. This point
can be transferred to the north-and-south grid line previously con-
structed by drawing a line through it at right angles to the con-
struction line or to the north-and-south grid line. . :
If the map is true to scale and not distorted, the grid system can
now be extended over the whole sheet; but it is probable that the
scale of the map will be somewhat changed from weather conditions
and there may be some distortion in the sheet. This being the case,
it will be well to lay off a point on the grid system near each of the
four corners of the map. The intermediate 1000-yard grid lines run-
ning both north and south and east and west can then be interpolated,
312691°—41— 2 ‘
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and thus the effect of>any error in, the scale of the map or of distor-
tion will be lmmmlzed or eliminated. | 7 .

: PiANE—TABLE méETé

of a&l Linors

The plane table W}ll be. used for the loca,tlon of the topograplnc
features .of the. earths surface . On, the plane table is placed a sheet
of paper, on. which: thefcqntrol pomts have been plotted. In order
that;these control points:may be shown in. the _proper: relation to each
other, it_is necessary;to, have some, hnes on the sheet which will
represent some system of projection. In all of the special military
surveys the polyconic projection will be used on the plane-table sheets;
and each sheet: will haye; a, separate: projection laid out upon it.
There will: be no relation between the projection shown on the single
plane-table sheet, and the general polycomc prOJectlon for the whole
area of .a zone.. .

_When a. plane—table sheet has 8 loca.l polycomc pro;ectlon placed
upon it and has also the. general grid system of coordinates on it,
theoretically .the gnd lines, will not be straight. The deviation of
a grid, line from a: straight. line,, ,under this' condition, will be so
slight at any place within. the whole zone covered by the grid system
that no error will result. In fact the deviation of the grid line from
a straight, line will, always be, within the amount of . dlstortlon of the
paper due to weather. condmons o il

; The method of 1ay1ng Qms the polycomc pro;ectlon is descrxbed in
detall a,nd the necessary, tables are giyen,, in:Special ] Publication No. 5
of the, Umted States Goast and Geodetlc Survey, copies of which can
be obtained, through the Office of the Chief of Engineers, Washing-
ton, D. C. Bneﬂy, the. process. of makmg a polyconic projection on
a plane~ta.ble sheet is to lay, out, the central meridian, as a straight
line and then enter the tables in Specml Pubhcatmn No. 5 and plot

Jectlon placed upon 1t the next operatlon will be to have the control

pomts of the tr1angulat1on and tape traverse ‘plotted upon the sheet

in their true geogra.phlc posmons -These points will be used for the
control of the topographlc Work in the field. A

DETERMINATION OF DISTANCE BETWEEN POINTS FROM THEIR GRID
i COORDINATES :

The dlsta.nce between two pomts whose gr1d coordma,tes are given
is equal to the square1 root of the sum of the squares of the differences
of the 2 coordinates and of the ¥ coordinates. This distance will be
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true over the whole map for lines running east and west. It will be
within 1 part in 1000 for lines running in any direction if within 3°
of the central meridian. Beyond that limit the error in a north-and-
south line will increase until it is about 14 parts in 1000 at a distance
of 4° 30’ from the central meridian.

If an accurate distance is desired, it may be obtained from the
differences in the z and ¥ eoordma,tes, if to the v dJﬁerence is applied
the scale correction.

These corrections are shown in the accompanying table (see p. 31.)

The uncorrected grid distance is always greater than the true or
ground distance.

TRANSFORMATION OF GEOGRAPHIC AZIMUTHS TO GRID AZIMUTHS

Owing to the converging of meridians, any line on the earth’s
surface will make a different angle with the grid mendmn from the
angle it makes with the geographic meridian. ,

In order to determine easily the difference between the two azi-
muths, tables have been prepared from which the correction may be
computed. These tables are given on page 33.

- The following is an example of the computation of the difference

between the geographic and grid azimuths.
- Let it be desired to determine the difference between the geographic
and grid azimuths at a point whose latitude is 42° 50" and longitude
70° 18’. In the azimuth tables it is found that the azimuth correc-
tion for latitude 42° and longitude 70° is 2° 00’ 24’’.8, and the cor-
rection for the same latitude and longitude 71° is 1° 20’ 17”.2. The
difference between these two corrections is 40’ 07’”.6. The point for
which the correction is desired is in longitude 70° 18’, which may be
expressed as 70°.30. The difference mentioned above multiplied by
0.30 is 12’ 02’’.3: This, subtracted from 2° 00’ 24’’.8, which is the
correction for latitude 42° and longitude 70°, gives 1° 48’ 22’'.5. It
is similarly found that the correction for latitude 43° and longitude
70° 18" s 1° 650 271 6.

The difference between these two corrections for longitude 70° 18’
is 2’ 05’.1. Latitude 42° 50’ may be expressed decimally as 42°.83.
The difference between the two corrections multiplied by 0.83 is
1’ 43’’.8. If this is added to 1° 48’ 227’.5, the correction at 70° 18’
of longitude and 42° of latitude, the result will be 1° 50’ 06’’.3, which
is the difference between the grid and the geographic azimuths at a
point whose latitude is 42° 50’ and longitude 70° 18’.

To the west of the central meridian of the polyconic projection on
which is superimposed the grid system the grid azimuths, counted
clockwise, will be larger than the geographic or spherical azimuths.
Therefore, when azimuths are reckoned clockwise, the difference
between the two kinds of azimuths as computed from the table must
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be added to the geographic azimuth to-obtain the grid azimuth.
Similarly, to the eastward of:longitude 73°, the difference between
the geographic and grid azimuths as computed from the tables, must
be subtracted from the geographic aznnuth in order to obtam the grid
azimuth.

The tables for the special military maps apply to the whole coun-
try. Therefore, the azimuth tables can be used to obtain the differ-
ence between a geographle and a gnd azmmth at a.ny place in the
United States. L prneten

The ‘azimuth tables are extended to cover that portlon of Maine
to the eastward of the 68° 30’ of longitude.

Care must be taken in computmg the azrmuth correctlon in the
area Where two zones overlap

TRANSFORMATION OF GRID AZIMUTHS TO GEOGRAPHIC AZIMUTHS

The ammuth correctlon tables on page 33 aro also used in computing
the difference between a:grid azimuth!and a geographic azimuth.

The sphérical coordinates of : the station may be scaled from the
map or may be computed.’: Where  the spherical ‘coordinates are
known the. tables: are used in thesame-manner as that described
under the heading “Transformation of geographic to grid azimuths,”
but when the ‘azimuths are reckoned clockwise the difference will be
added when to the east of the central meridian and subtracted when
to the west: ' Note especially the cautlon m the last paragraph under
the precedmg hea,dmg °% &l 207 sbuligh

TRANSFORMATION OF GEOGRAPHIC 'TO’ GRI'D AZIMUTHS AND THE
- REVERSE APPROXIMATE METHOD

When only an approxmlate dlﬂ'erenee between the gnd and spheri-
cal azimuths is needed, it may :be computed from the 2 and y coor-
dinates given in the grid ta.bles. L

The process would -be to take the. dlﬁ'erence between the z coor-
dinate of the nearest intersection of one minute of longitude and
latitude and the z coordinate of an intersection of a higher latitude
with the same minute of longitude and divide this difference by the
difference in the ¥ coordinates of the two intersections. The quotient
would be the tangent of the angle between a grid meridian and a

geographic meridian.: |For, instance, the difference in the y coordi-

nates of the mtersectmns of 70° 00’ with' 42° 55’ and 42° 59 is 8100
yards. The difference in the z coordinates is 289 yards. | The z differ-
ence  divided by the ¥, difference would be 0.03568. . This is the
natural tangent, of 2°.027.:40!. ;. .

This angle is added to.or subtracted from the sphencal azimuth
to obtain the grid azimuth, or is applied to the grid azimuth to obtain
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the spherical azimuth. In this particular case it must be subtracted
from the spherical azimuth to get the grid azimuth.
The angle will be correct within one-half minute in all cases.

TRANSFORMATION OF GEOGRAPHIC TO GRID COORDINATES.

Let P represent latitude,
L represent longitude,
C be the station,

A be point on first full minute to the west of C of same latitude
as C,

B be point on first full minute to the east of C of same latitude
as C,

z, and ¥y, be grid coordinates of minute intersection southwest
of C,

x, and ¥, be grid coordinates of minute intersection northwest
of O,

z, and v, be grid coordmates of minute intersection northeast
of C,

z, and 7, be grid coordinates of minute mtersectlon southeast
of C,

C, =seconds of latitude of C divided 'by 60
0, =seconds of longitude of C divided by 60.

2202000

42°08'
sl o 8
o] + 1 &
3l » ‘@l 8
o © =
e
2200000
201

FIG. 5.—TRANSFORMATION OF GEOGRAPHIC TO GRID COORDINATES:

‘Then we have the following equations: '
_ QGrid z coordinate of A =x3=x, + C.(z,—=,).
z coordinate of B=ax,=x,+ Co(z,—2,).
z coordinate of O=2,=21+ G, (Ta—2p).
1 coordinate of A =y,=1v, + G(y,—1,).
g coordinate of B=y,=1,+ G(y;—Y,).
gy coordinate of O=Y.=Yp+ C.Wa—1).
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COMPUTATION OF ARTI‘LLERX GRID, COORDINATES FROM GEOGRAPHIC
COOR.DINATES. ok

[Station Browne. Coordmatesam given in,yards. The numbers inclosed in parentheses in column 2
represent the values in column 3 opposite the eorrespondmg numbers in column 1.]

1 SR OO0 GosiBo0S AT [ ADBEY 10, e gy )
2 Ce .512 16 x—xb+(4)><(15) 927 429. 2
3 L 73° 47/ 19757 g "I 2040 817. 5
4 C. ' , . 210 18 g i T8adtie Y 049 841 6
b 2, C 1926205, 3 19 gptlilz g 2 042 827. 7
L6t Ser¥g s s }v}:’,926223-8 : 13”20, et UP O i e 2 040 803. 6
7 2 . 997760 8 21 y2—-y1 . 2024. 1
= . 927742 L2y Ly L 200
oy Hgh g 01,(3/2 yl) “ 1036. 3
10 23—, 18.1 24 Co(Ys—1,) 2 10363
ALl 14 Cp(rp=2;) =mind 0l 94501950 50280 0y, =y, +(23) 2 041 853. 8
12 Co(2y~2,) 9.3 26 yy=y,(24) 12041 839.9
L 138 . m=(11) SBaLe L 28 N 13.9
% ) “oo7752.0 | 28 Y=y, ()X (27) . 2041 842. 8

 TRANSFORMATION :OF : GRID 'TO :GEOGRAPHIC COORDINATES

In figure 6 lt 1, 2 3 {a!nd 4 be a quadrangle of mmute 1ntersect1ons
within which thé given point P lies.
Let 2 y be the grid coordmates of P,

Let z,, 2,, #, and 2, b6 {:he z coordmat&s of the corners 13 3 and 4,

o

a- by i1
respectively. Tt Y1 :c},’,' ¥/, and 9, be the ¥ coordmates of the
corners 1, 2, 3, and 4, respectlvely
ic 3.
Le o oglls
. S| [
’{u'&' ‘t') 25
R =
3 ! S 2
* a il 8lis
H i P
i iH
el e !
o B L1 S
A =

Bt s s sl i

FIG: S—TRANSFORMAflON OF GRID TO GEOGRAPHIC COORDINATES.’

A, B, C, and D are pomts at which gnd hnes through P intersect the
]Jnes of the minute quadrangle. »

Let a, 2v, 2o, Za, Yay Yn; yc, and yd be the gnd coordmates of the points
A B ¢ and D

Then

dots g~
T

Yo ys+zs_x —9s)-

e
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Then the seconds of latitude of P above the minute line 1-4 will be:

Seconds in latitude =60’ _.___??// ~Ya )

_.tya
Th =1, +g g;‘ (z, —a;l)
Ld—2, 3 ?:{;(xa—ag).

Then the seconds of longitude of P west of the minute line 3—4 will be:

77 ..__E_ .
Seconds in longltude 60 ( 5 xb>

The computation can best be made on a form similar to the fol-
lowing sample. The grid coordinates of the point P are known,
while the grid coordinates of the four-minute intersections are
obtained from the grid tables. Care should be taken regarding the
signs of differences shown in the form.

COMPUTATION OF GEOGRAPHI% fl%%RDINATES FROM GRID COORDI-

[Station Cary. Coordinates are given in yards. The numbers inclosed in parentheses in column 2 repre-
sent the values in column 3 opposite the corresponding numbers of column 1.}

1 Lat. minustosouth 35° 47/ 21 Y—Ya 459.4
2 Long. minusto east 78° 46/ 22 Yo—Ya 2023.9
3 z 1220027.5 | 23, Sec. lat.=60" gg 13.62”7
4 y 14304145 |, v . o
5 z, 12191549 | o iy onot &
6 x, 1219 109.2 26 x’_ x‘ —45.7
2 1 o
7 z, 1 220 756.3 (24)
8 e 12208024 |27 zp=(5)+rgx (26) 12191441
9 v 14299353 | 50 Vv 4418
12 Y 1429 972.7 28)
13 -2 7749 |31 n-—(8)+(29) (30)  1220792.3
14 Ty—2y 1647.5 32 Tp—2 764.8
15 % —2(1;3) =l Tp—1p 1648.2
16 yu=(12)+3p (15) 14299551 |34 Sec. long.—60” 8“% 27,847
17 T2 728.8 |35 Lat. =(1)4(23)  85° 47/ 13.62”
18 Ta—7p 1647.1 |36 Long.=(2)1-(34) 78° 46/ 27.84”
19 Y=Y —37.4
a7
20 go=(D+{g19) 14319790

REDUCTION OF MAP GRID AZIMUTHS. TO TRUE GEOGRAPHIC
AZIMUTHS.

The map grid azimuth, denoted by 8. is determined by the formula
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By applying the proper correction for the reduction from grid azimuth
to geographic azimuth (see table on page 33) the approximate geo-
graphic azimuth can be found. By interpolation in the table below
with this azimuth as one argument and the latitude and longitude of
the point observed as the other arguments the proper correction to
this approximate azimuth can befound. This is the angular distor-
tion of the projection. -When this corre¢tion is added to the approxi-
mate angle from true north or south, the angle being always taken
less than 90°, the true geographic azimuth from this point is obtained.

If the difference of the 9’s is corrected for the error in scale before
computing tan B above, the approximate true grid azimuth will be
obtained, and this can: be reduced to the approximate geographic
azimuth by applying the proper angle as taken from the table on

* Corrections for the redubtion, of map grid azimuths to true grid azmuths.
LATITUDE 2. -

s

-« . A Longitude from central meridian.

Angle from true north or south, degrees. [—

o1 (a2 L 32 3°30" | 4° 4° 30’
s s ) " ” ” "
0.0 0.0 0.0 0.0 0.0 0.0
4.4 -17.6 39.7 54.0 70.5 89.1
.83 ‘ 33.1 74.6 101.5 132.5 167.5
11.2 44.6 100.5 136.8 | .. 178.5 225.8
12.7 50.8 114.3 155.6 203.1 256.9
12.9 : 51.6 116.1 158.0 206. 3 260.9
12.7 ..50.8 114.3 155.6 203.2 257.0
11.2 ~44.6 100.5 136.9 178.7 226.1
8.3 £ 33.1 .6 101.6 132.7 167.9
4.4 17.6 39.7 64.11° 170.6 89.3
0.0 of . 00 0.0| « 0.0 0.0

e

LATITUDE 30°%"

e
o

0.0 . 00 0.0 0.0 0.0
4.0 16.1 36.2 49:3| 644 81.4
7.6 (303 68.1 92.6|  121.0 153.0
10.2 40.8 91.8| 124.8] '163.0 206.2
11.6| -46.4] 1044| 1420 1855 246
1.8 .47.1| 108.0| 144.2| 1884 238.3
1.6| 46.4] 1044| 142.0| 185 234.7
10.2 40.8 o1.8| 1249 1632 206.5
2 7.6( 1303 68.1 92.7( « 121.2 153.3
= 19 16.1 36.2 493 64.5 81.8
. 0.0 - 0.0 0.0 0.0 0.0 0.0
LATITUDE 35°,
0.0 <00} ' 00 0.0 0.0 0.0
5.6 14.4 32.4 441 57.6 72.9
6.8 2.1 6.0 -829| 1082 137.0
9.1 36.5 g1 m.7| 1459 184.6
0.4 45| - 934 121.1| 1659 210.0
S105| 422 948| 1200| 1685 213.3
21104 1R 45 34| 12721| 166.0 210.1
9.1 36.5 821( 111.8{ '146.0 184.8
68l 211 61.0 83.0| 108.4 137.2
D oaefoiieals 325 442 57.7 7.0
0.0 0.0 0.0 0.0 0.0 0.0
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Corrections for-the reduction of map grid azimuths to true grid azimuths-~Continued.

LATITUDE 40°.

- Longitude from central meridian,
Anglo from true north or south, degrees.
12 2° 3° 3° 30" 4° 4° 30/

”n ” " " ” ”
0.0 0.0 0.0 0.0 0.0 0.0
3.1 12.6 28.3 38.6 50.4 63.7
5.9 23.7 53.3 72.5 94.7 119.8
7.9 32.0 71.8 97.7 127.6 161.4
9.0 36.3 s1.6) Ml 145.1 183.6
9.2 36.9 82.9 112,9 147.4 186.5
9.0 36.4 81.6 111.2 145.1 183.7
8.0 32.0 71.8 97.8 127.7 161.6
5.9 23.7 53.3 72.6 94.8 120.0
3.1 12.6 28.4 38.6 '50.4 63.8
0.0 0.0 0.0 0.0 0.0 0.0

LATITUDE 45°
0.0 0.0 0.0 0.0 0.0 0.0
2.7 10.8 24.1 32.9 42.9 54.3
5.0 20.2 45.4 61.8 80.7 102.1
6.8 27.2 61.2 83.3 108.7 137.6
7.1 31.0 69.5 94.7 123.6 156.5
7.8 31.5 70.6 96.2 125.5 158.9
7 31.0 69.6 94.7|  123.6 156.5
6.8 27.2 61.2 83.3 108.8 137.7
5.0 20.2 45.4 61.8 80.7 102.2
2.7 © 10.8 24.2 32.9 43.0 54.4
0.0 0.0 0.0 0.0 0.0 0.0
LATITUDE 50°
0.0 0.0 0.0 0.0 0.0 0.0
2.2 8.9 20.0 27.2 35.5 44.9
4.2 16.7 37.5 51.1 66.7 84.4
5.6 22.5 50.5 68.8 89.9 113.7
6.4 25.6 57.5 78.3 102.2 129.3
6.5 26.0 58.4 79.5 103.8 131.3
6.4 25.6 57.5 78.3 102.2 129.3
5.6 22.5 50.6 68.9 89.9 113.8
4.2 18.7 37.5 51.1 . . 66.7 . 84.4
2.2 8.9 20.0 27.2 35.5 44.9
0.0 0.0 0.0 0.0 0.0 0.0

FORMULAS FOR THE COMPUTATION OF COORDINATES ON THE
ORDINARY OR AMERICAN POLYCONIC PROJECTION.

The latitude is denoted by ¢ and the longitude out from the cen-
tral meridian by A.

t . :
/2(_1% sin (4 sin ).

a cot ¢ . ___2acot ¢ - 2(/’lsin ¢)'
Y u g 0O
Tabular =1 000 000.0 +z’
Tabular ¥ =2 000 000.0 +, +¥’ o
9/, is the meridional arc from the parallel of 40° 30’ to the given
parallel. 2 000 000.0 +, is equal to the value of y on the central
meridian.

.. ¢
= —& sing)h
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i pg in meters is connected with the A4 factor in Special Publication
No. 8, United States Coast and Geodetic Survey, by the relation

- log pa=colog A +colog sin 1”7 -~——
log ¢n in yards=colog A +colog sin 1”7 +0.0388629.

* When 2 does not exceed 4° 30’ the followmg a,pprox1ma.t1ons can
be used: - . =

"-pnl cos qS (1 -—A’ sin?¢)

. p,,xz sin2 ¢ (1 ———/12 sin?¢)

Because of the fact that mterpola.tlons were employed in the com-
putation of the table, the values resulting from rigid computation
will differ slightly from the tabular- Values These differences should
in no case to be greater than 1 ya.rd

. Scale error along the mer1d1an=—i(2 cos? qS
If 7is the angle formed b%r the mtersect10n of the meridian with the

:parallel on the 31de facmg the central mendla,n, we have

ion 10 :; i n_g ‘
e e _51P=17—*‘7-2§-———13 sin 2qS cos ¢.°

 In thelastfour formulas /1 must be glven in units of circular measure
-or radlans e o6 v

i &

TRANSFORMATION OF LOCAL PLANE COORDINATES TO STANDARD
GRID COORDINATES

In the trla.ngu]atlon of Greater New York! the pos1t1ons of the
‘statlons are given by local plane coordinates, that is, by their dis-
tances north or south and east or west from some arbitrary local
origin. " ‘A test’ has been ‘made to see 1f a direct transformation can
be made’ from 'these local “plane ‘codrdinates to the’grid ‘coordinates
without having to computé or make use of the geographic positions
of the stations. Prescott Water Tower, one of the stations selected
for the test, is the ongm of the plane coordinates for a part of the
New York trmngulatlon Payne is the name of the other station
used in the test. « !on n&

From an mterpola,tlon of the tables for the “Reductlon of geodetlc _

azimuths to grid azimuths’’ (see p. 33) the value of a (which is the
angle between the meridian  and the grid line, at Prescott Water
Tower) is found to be 37 / 50.3"". The geodetic position of Prescott

Water Tower is as foHOWs Lat 40° 40' 20. 721" long 73 58

Gaoall e

1866 Report on the Triangulation of Greater New York by the cooperation of the City of New York
and the U. S. Coast and Geodetic Survey.. Published by the City of New York.
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- This value of @ would be used for every transformation of coordi-
nates in which Prescott Water Tower is taken as the origin of coordi-
nates (z=0, y=0). However, for each origin a new a would be
figured. ’ _

If the local origin lies east of the central meridian, the angle a should
be considered negatwe, which would merely cha;nge the sign of the

terms containing sin a.

Computations were then made to determine whether there would

be an appreciable difference in the grid values of station Payne when

figured by -two methods: First method—Plane coordinates of Payne,
holding Prescott Water Tower as an origin with the Y axis parallel
to the seventy-third meridian were computed, and the values so
determined were added to the computed grid coordinates of Prescott
Water Tower; the summation of the two gave the grid coordinates
of Payne with respect to the standard gridsystem. - Second method—
Grid coordinates of Payne were figured directly from the geodetic
position of Payne, with respect to the standard system in the usual
manner. ,

First method.—The computation of the grid coordinates of Payne
with Prescott Water Tower as origin is as follows: For the transfor-
mation of the coordinates, with respect to the grid line through the
local origin, the following formulas are used:

2= xcosa+ysina
y'= —z sin a+ycos a
z and y are the old local coordinates.
2’ and ¥’ are local coordinates referred to local origin but with the
Y axis parallel to the seventy-third meridian.
For station Payne:

2 =22 916. 16 yards. y —10 387. 999 yards.

loc s — 4.3601418 Ilogy = 4. 0165319

Log cos a= 9. 9999737 Log sin o= 8. 0416780
14.3601155—10 12. 0582099 —-10

zcosa =22914.76 yds. ysine = 114,343 yds.

2/ =22 914.76 +114.343 =23 029.10 yards for Payne (origin Prescott

Water Tower).

lLoco. — 15601413 Logy = 4. 0165319

Log sin = 8. 0416780 Log cos a= 9. 9999737
12.4018198—-10 14. 0165056 — 10

—zsin a= — 252,243 ycosa =10387.4

Y =10387.4—252.24=10 135.16 for Payne (origin Prescott Water

. Tower).

The computation of the standacd grid coordinates from geographic
coordinates for Prescott Water Tower (the local origin) was then made

gL on
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in the usual manner, and the above values determined for Payne sta-
tion were added to the standard.grid coordinates of Prescott Water
Tower to determine the staridard grid values of Payne.

; 2= 910518.0
Standard grid values Y;fox:_. 'l?rescott,Wat?r:Tower { y=2 021431, 2
Tog = 11910 518,01 ¢losert Dl i i
23 029. 1 (referred to Prescott Water Tower).

/ =
L payne =

% rayno = . 933 547. 1 (standard grid value).
Yeun:i=2 021 431 21 1 -
Y'rayne = . 10 135.2 (referred to Prescott Water Tower).

Y rayno =2 031 566. 4 standard grid value.
Second method.—Computations were then made for Payne in the
usual manner to determine directly from its geodetic position the

values of the standard grid coordinates., .,
Values determiped are as . follows: , .

L {L_at. 40° 45’ 27.701"".
| Jo ae onilios MYRN) G 6w 730437 10, 5177,
;:2 ?)3:;?; g‘g? ::;zrrg:} Correct, values on standard grid.

The y value as determined by the first method may now be cor-
rected for scale error. ‘For station Payne (Lat. 40° 45’ 27.701"—
Long. 73° 43’ 10.517"’) ‘the scale error in yards per thousand yards,
to be applied to the y’ value as determined in'first method, is found
from the table of ¢corrections to ¥ coordinates for magnification of
scale” to be approximately 0.05 yard per thousand yards.

Vo =10.1352 thousand yards
Correction to be applied =10.1352 X 0.05 yd. =0.5 yard

Y'payne (corrected) . =10135.2+0.5 - =10 135.7 .
y Prescott Water Tower . ; (standard grid) — =2 021 431.2
Yrayne (standard grid) : =2 031 566.9

Difference between the % value (standard grid) of Payne as deter-
mined by the two methods, the scale correction having been applied
to the value obtained in the first method, equals —0.2 yard.

y value (standard grid) computed directly from the geodetic position
of Payne=2 031 567.1 yards.

y value (standard grid) computed about Prescott Water Tower as
origin, with correction for scale error=2 031 566.9 yards.

Difference = — 0.2 yard. o

The z values as determined by the two methods differ by +0.1
ya,rd. =
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By applying the correction to the ¥ value the grid coordinates, as
computed about Prescott Water Tower as an origin and then trans-
ferred to the standard grid, lie well within the range of precision
required. ; ‘
COMPUTATION FOR THE TRANSFORMATION OF LOCAL PLANE COOR-

DINATES TO STANDARD GRID COORDINATES.

[Station Payne. Coordinates are given in yards. The numbers inclosed in parentheses in column 2
represent the values in column 3 opposite the corresponding numbers in column 1.]

i 7 910 518.0 14 2/=(11)4-(@13) 23 029.10

2 un 2021 431.2 15 Log z sin 2.4018198

3 «a 00° 377 50.3”7 | 16 —zsine —252.243

4 7z 22916.16 | 17 Logycosa 4.0165056

5 y 10388.00 | 18 ycosea 10 387.4

6 Logz 4.3601418 | 19 y’=(16)4-(18) 410 135.16

7 Logy 4.0165319 | 20 Scale error per 1000 0.05

8 Logsin & 8.0416780 yards

9 Logcosa 9.9999737 | 21 Scale corr. to y’ +40.5

10 Logz cos e 4.3601155 | 22 y,=(19)-+(21) +10 135.7

11 zcosa 22914.76 | 23 Grid z=(1)+(14) 933 547.1
12 Logysina 2.0582099 | 24 Grid y=(2)+(22) 2031 566.9
13 ysina 114.343.

.
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Corrections to y coordinates for magnification of scale—Continued.
EXTENSION OF TABLE FOR EASTERN MAINE.
Approxi')nate corrections to y coordinates for magnification of scale.
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