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1. Purpose of Stu@[

The purpose of the follow1ng study“s to detenmlne the-characterlstlcs
requlred in a mllltﬂrj grld and to select. a systom most nearly an9wer1ng these ’

requxremcnts. Mhrked dlsadvantages are inheront in most grld.systnms now used

These dlsadvnntages ‘are CQmplicated by the exlstence of many 1ncompat1ble systems. g

2. Exisbing Conditions ' e PN

»2;01. The polyconlc mllltary grid ‘is prescribed by Section VII, AR 300 15,
for use an all mllltary RADPS of the Unlted States., This system is laid out in
zones . 9 degrees w1de in longltude w1th 1 dcgree of‘overlap between zonns.?‘Iﬁ
is so 1naccurate at long ranges in certain dlrectlons that 1t cannot be used'
satisfactorily for the control of the fire of coast nrtlllery weapons or heavy

’

field nrtlllﬂry. .

‘2.02. Bocause of this 1naccuracj, the coast nr+1llerj harbor defense gr1d
for arcas in the nelghborhood of the harbor defenses in the continental United
States is also authorized in paragraph 28, Change lo. 4, &R 300-15. ‘This har-
bor defenss grid system is a Lambett conic conformal designed particulﬁrly to
serve the-guns of tho harbor delense concerned. It is not only not connscted
to the military grid system in the same arcea but is dncompatibla therewith,

2.03. HMany other grid systoms are in usc not only in' the United States

but alse in the rest of the world. Twenty stetes of the United States havo



adoptedvthe state plane coordinate_Sysfans measured in fcet and especially de-
signed to serve the partibular staté in question. mach such system is ha;dly
exﬁensible beyond the borders of thé state without the introduction of mater-’
ial inaccuracies. Ths inclosed map -ghows the ov;rall piotﬁfc of the grid sys-
tems used in allied miiitary operatiéns during the receéent campaigns, (Inél. 1)
2,04, If is obvious that the pﬁesence of so many systems complicates map
prepa?ation and imposes material coniusing handicaps oﬂ actual combat operetions.
The preseﬁcé of more than onc grid system covering one arce prosents no parti-
¢ulaf problem in peace time or on.maneuvers nvol&ing but one arm, Ythen the
fongf war confuses men's minds, ‘the presence of severel coordinate systems in
one nrea.for use of dlfferent arms 1s fraught wmth potent opportunlty Por dls—
qs*ers resulting from uncoordlnstlons nttributed to mistakes in using the m111~
tery grid. Involved in this mattgr age branch prida and br;nch stubbornness,
ceach bran&h fééling justified in havi%g a special grid systemrdesigned to the
Vparticular capabilities and needs of %hat bronch, An example of this occurred
in. the United ?ingdom whore fhe Britiéh coast artillery, Nevy and Air Force
covered the coastal aren with three incompatible,.incommensurable gridrsyétéés.
Intolerable confusion which resulted from the use of sthese grids during thé
numerous Germen eir raids in the Battle of Britain make# it highly probable
that these conflicting systems would have led to at least a few local disasters

had thera.been an invasion of Great Britein .

3. Basic Requirements

3.01. Primary Purpose of a Grid. The primary purpose served by the mili-

tary grid on a map is to provide quick solutions to problems of distance and
azimuth for the firing of weapohs. It provides a quick simple means for re- _
ferring to spot locations and for designating targots., It is an essential tool

in coordinstion of military operations,



}.02. The coordinstion of the efforts of the many arms used on land, sea,
end air, is a problem so complgx as to meke mandatory a single simple sﬁlution‘
for problems of target designation and determination of range and azimuth, This
requirement is believed to be so important iﬁ wear that the use of a sinéle sys—-
tem of limited but adequate accuracy is held to be better than the simultaneous
use of two incompatible but otherwise more accurato systens,

3.03. The characteristics of the using arms—and weapons which affect the
desigﬁ of the system to be ddopted involve relati%ely little research. ﬂs a
ageneral rule, it has beon essumed that permancntly cmplaced batte*les w111 be
more ;ccurnte 1n.thelr fer than batterles tcmporarlly emplaced in the flelds._
;herefﬁrc, the following table ﬁppears to prov1de su“flclent crlterla té deter-

mine the deslrable accuraCLCS of the grld systcm adopted

N

Sy _ Probablo Errors of Different Caliber.
-.lf\ Permanently Enplaced Guns at Rnnges Shown

o S s . Mlnlmum Probable Re-
: Probable Zrrors in Yards - lative Errors '
Range in 67 Gun 87 Gun 16" Gun
Yards Ronge Defl, Renge Defl. Range . Defl, ; Range Defloctlon
10, 000 22 2 68 3 18 3 1:555 1:5,000
15,000 .| 35 4 70 5. - 28 4 1:535 1:3,750
20,000 52 6 73 8 40 6 1:500 1:3,333
25,000 68 8 77 13 52 7 -[ 1:480 1:3,571
30,000 i 83 19 83 9 1:476 1:3,333
35,000 I ‘ : 73 10 1:479 - 1:3,500
40,000 - : 80 12 1:500 - 1:4,000
45,000 *77 - 47 *1:584 *1:6,428

* These valuss appear unusual,

4, Desirable Charucteristics

4,01, Primarily a grid system should be accurnte onough for all weapons
and all military uses other than for very long distence missiles, should be

 quickly applicable to any previously ﬁngriddcd native,map, should yield reesdily
to simple computing methods and should provide simple numerical designators for

location of targets.



4,02, Plane System. The system of coordinates desired is one with which
all computations for the most accurate artillery firing can be simply yet ac-
curately performed and especially one in which the integrity of angles is pre-

served, A mathematically oxact grabicule, such as that presented by the meri-
dians and parallels, requires the usc of geodstic functions to solve the spher-

ical triangles involves, and centails a long, time-consuming complicated compu-

tation. HMoreover, due to the bc-cnvergence of the meridians, the are of the
paraliel intercepted between:any’tWO meridians becomes shorter as the latitude
increasss, bompllcatcd geodetlc formulas would be necessary in the comnutation
of any d1stance except one along a meridian, Coﬁpléx fire control instruments
would be needed mnnned by personnel hlghly tralned in a branch of advanced-
mathe&aé;CS.- ﬂéithar the personnel the instruments, nor the time are normally
avaliable. AS a consequenc e, the system adoptcd should be one in which plans
trzgonometrj can be employed 1n “the solutlon of trlanglbs._ In such a plane
system-for general appllcatlon to large'arens, the Smelest Qnd quickes£ con—

putatlons cen be secured through use of a 'grid network of equallv spaced pnra1~

lel and matuallv perpenalcular lines,

4,03, Grid ACCUracy. & hlgh degree of accﬁfﬁcy is, of course, desirablé.,
Howevér, grid ugéuracies which arec groatly in exéess of the accuracies for the
most precise weapdn using the grid appear to bé neither necessary nor prectice
able. By recfersrice to paragraph 3,03 above, iﬁ will be\notéd that the p£osable
errors of artillery weapons ere much greater in range than are their proéabla
errors in deflection, The‘minimum prdbéble error of permanently emplaced
guns rarely is less than 1/555 in range and 1/5,000.in deflection. Consequently,
e suitable military grid should be one designed to conférm»tolthese ninimum
probable errors. |

4,04, idaptebility to Various Projections. The grid system selected

should be adaptable for use on netive maps without complicnted recomputation

or redrafting of that map. There are many map projections used in the making



of lerge scale maps throughout the world. It is desirable to be able to

_ . 7
overprint the adoptoed grid system on any or all of these projoctions without
the introduction of errors in range and czimuth beyond that probable in good

artillery practice,.

4,05, Unit of lMeasure, Three general systems of linear measure are com—

monly encountercd, on maps and in grids: the metric system, the so-called
Znglish system, and the nautical system. llixtures of these systems unfortunate-

ly are prevnlent;ﬁ This matter is fd;ther complicated by the fact that three .
'difféfing’elemeﬁts are invol%éd ;'mép'quahtities, gfid quantities, andftﬁéiéuan; N

-tities employed by the using arms and weaponse

s .

a. Map quantitios include azimuths, horizontol distances, con~

E

tour' intervals, and underwater depths. To the map user, the unit of médsurq_f

in whiggihoriZOntal disténéééion a’mép are exﬁresséd is not égrticuiﬁ’f;éiﬁm;
.portaﬁf} ns the conversion from m&b.distaﬁcss to ground distances is fr;qﬁéﬁfly'
_ done"g?%phically ag&iﬁst cither nn.ap?fop}iately graduated bar scale én»thé
: maph;f,?ange scele. However, the unit of l;neér nensure used in the bﬁsi@
surveyiﬁf the mép nay compligate the computatio; an& compilation of trig'iists'
for fire control. This 1qtter operation is elready gquite complex due to the
diffefing origins of 1ongitude, datun pianes, spheroids and schcmes of'projec-
tion, and other variatidns encountered in the native surveys of the world,.
Thus,‘the coﬁversion from one upi£ of linear measure to another incémmensur-
able unit adds an operatiOn'subject to mistakes and affecting final aecuracies.
b. Contour intervals and spot elevations should, but ma& not; be
in the same unit'of measurs as the horizontel distances; in order td provids |
for the ready calculation of tfue slent ranges, defilade, mask, profile, etc,
c. Underwater depths ere penerslly cxpressed either in meters

or in fathoms, although shoal water depths may be also exprossed in feet,

It is highlv desirable that these units of neasure be the same as the hori-

te .. - . - . - .- -~ - . .- .



profiles and beach gradients,

d. The military grid; while essenbially concerned with angles
end horizontal distances, must be precisely related to the computed geographic

.

positions. The necessary correlition between the vertical unit of measure and

-

the horizontal unit of measure on the grid as indicated in b above, is essential

»

for the quick $olution of problans involving defilade, mask and true.gun.target
distance, | | ’
e. The using arms and weapons arc not entirely coordinated in

the units of measurc employed in the laying of the piece. The Coast A;tillery
'measufés azinuths in degrees and hundrédths of & degres from grid south as the
origin. The Fiel& Artillary nedspres angles.in mils, with fieldvoriontntipn

§ﬁ 5&53 circles. The Coast Arﬁillery measures its rahgp in yards, while the
Field “Artillery may measure it in yards or heters.- Due té'the tangent relation-
shiplof the nil, Field Artillery can readily transpose from angular measure to
linear distance in either msters or yards. Each artillery weapon is‘servéd

and laid by empléyiné a nultiplicity of tabular information, plotting tools,

and gunger's instruments.' £11 these things must be related to the unit of
meas;ré sclected for map and grid quantities. At‘the present moment, due to
the‘fecent tremendous concehtration of field artillery weapons in the Suropean
caméaigns and to #he use of the metric system througho;t in that area, our
Field Artillery is well equipped and trained in the usc of the motric system,
The Seacoast Artillery of the United States, iﬁcluding +he Panamg Canal and
Qahu, are not so equipped or trained. They use the yard-hundredths of a degroe
system, except in the coast defenses of San Diego where the coast De.ense

grid is gradusted in feet rather than in yards.

f. Bxisting Conditions. The majority of the large scale maps

of the world are nade on the reiric system. =Exceptions to this rule &are the
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United States, Canada, Australia, United Kingdom, Union of South Africa;
India, lMelanesia, and Middle Zast. The following table shows the unit of
measure of native maps and military grids employed in opsrational ereas of

th2 recent canpaigns,.

HLP UNITS GRID UNITS
ARBA HORIZONIAL UNIT VoRIICAL UNIT DEPTH UNIT GRID UNIT GRID TYPE
(Map Bar Scale) (iMap Contour) (Bathymet-
, . ric Contour)

1.France Metor eter Meter ietor Lanbert
2. Germany Ueter leter, Meter ° lieter Trans,Merc,
3.1taly Meter Ueter Ueter .
4,Tunisia Heter - Mater lister
5,Libya Meter Meter Meter Meter Trans,lierc,
6.3gypt Hster Heter Fathom v Meter Trans.Merc,
7.0kinawa  Meter, Chwr Meter = Meter Meter Unknown
8,Burma Miles " Foot Fathon Yord = Lambert
‘9.China - Li, Metor " Meter Foot Meter Lambert
10,Russia Heter Heter Foot lieter = Trrws.Msrc.
11, ,Hawaii Mile Foot. Fathom Yard Polyconic
12,Philippines Mile - Foot Fathom Yard Polyconic
13.Poland Heter Heter ? Meter Stereographic
14 ,Holland Heter " Meter Meter Heter  Stereographioc
15,Belgiun Heter Metor ~ Meter - feter Bonne
16,Japan Meter, Chu Meter Heter Meter Trans,lerc,

4.06, Width of Zone. 4n inherent fault of any system of plane coordinates

applied to the surface of a spheroid is the fact thet inoccuracies increase
as the zono is oxtended east and west or in other cas2s, as the belt is extended
north nn& south. It is also desirable, althgﬁgh nbt entirely necessary, to keep
at a minimun the deviation of grid north from true north. This deviation like-
wise increases naterially es the distance from ths central meridian increases.
Thess inaccurncies can be kept within ﬁéasonﬂble limits by the adoption of narrow
grid zones. I+ has been stated only semi-facetiously ihat there are thres
military engineering axioms: |

a. It always rains in war,

b, It's always £oo cloudy to get acrial mapping photographs,

c. Battles are inays fought on grid junctions,



This lnst axiom is spoken from the depths of bittgr experience, rendering it
obvious thet & grid zone should include as ruch area as possible so as to
obriate too frequent junctﬁres between grid zones on the batflefield. However,
this desirable criterion cannot be widely applied without including intoler=
able inaccuracics of the grid. Sliminstion of the undesirable features conscs
quent upon fighting a battle on a grid juncture can be partially accomplished
by providing for overlap between grid zones. The 9 degroee wid;h of the military
grid system presently prescribed for use in tho United States introduces appre-
ciable inaccuracies neﬁr the edges. & rgduction in width to 6 degroes betters
this situation materially. The comput#ﬁion of>raﬁges and azimgths where:the
gun position is loceted in one grid zone and the targét in another can béiéfo~
&ided.for by a half degree ovérlap bétwéen grid zones, enabling the coof&inates
of the gun zone to Be evtended a half a degrce into the gri& zone in‘whigh;bhé

target is located, . o ' .

5, Comparison of Grids

5,01, Polyconic Grid. ~or military purposes, a grid may be regarded as

a set of perfect squarcs ruled on a plane map, scole 1:1, and then transferred

to the earth's surface. Bvidently after being transferred to the ocarth's sur-
face the squares will no longer be perfect; andjdistortions they will have re-~
ccived in Leing put on the surface 6f the earth will roflect the distortions
of the projection used for the map.

a. The polyconic projection is defined as one which the central

meridian and all parallels are mapped %o scale and with trﬁo.curvaturo. A1l
other lines arc stretched, the amount increasing as the square of the distance
from the central meridian, and being greates t for north-south lines. Angular_
errors also appear, increasing with distance from the central meridian, Of

course it is possible to compute those errors, at least roughly, and to ellow



for them, and this is regularly done by engineer survey troops. But the cor-
rectiéhs are generally considered beyond whéﬁ is to be expected of artillery
unit; in the field, and for that roason al; mention of them is omitted in
artillery technical manuals, even whon survey p;ocedures are discussed. It
is proper, -therefore, to comparc the errors of tho projection as shovm in thﬁ
following table, directly with the orrors of the guns (Scotion 3.03).

grrors of U. S, Military Grid at 4° zg:
from Contral Meridien, and 30° Latitude

Truo True hzimuth 0° True Azimuth 450 Trie Lzimuth 900

Range Range Rela-~ . Defl, Rolew Range Rela~T] Dofl, Rele- Range "Rela~

(vds)  Error tive |Error tive | Brror tive Error tive | Error tive :

~ Kyas) Error | (yds) Error (yds) =rrori (yds) Irror (yds) Error
i - -

10,000 123 . 1:435; 0 - 0 12 1:836! 12  1:838] o o . =
30,000 ! 70 1:428{ 4 1:7500 35 -1:859! 35  1:859| o0 0 :
40,000 |93  1:430); 8 1:5000{ 47 1:850| 47  1:850! o o)
True Azinuth 90°
(cont'd)
Def'l, Rela-
Brror = {ive
{yds) Brror
0 o
- ) 0
0 0

I¥ is evident that at 40,000 yards, and an azimuth of 45°, the error of the grid

- in deflection is alnost five times the probable error of o 16-inch gun, Brrors

of the nbove amount are characteristic of the so-called non-conformel projections,
i.e,, those in which the shapes, as well as thé scale of small aress is distorted.
Such non-confornal grids were widely used prior to liorld “jar I; but most of them
have been abandonsd in recent years, chiefly, no doubt, becruse of the breakdown
of the old French Bonne grid during the War. In addition to its lack of conform-
elity, the polyconic projection possesses the disadvantage that it has no% been

studied thoroughly from a mathematical stendpoint. Hence the small corrections



needed for preciss surveys are not knownj; the transformetion from other
grids to thevpolyconic is not known; not even the transbrmation from one
polyconic belt to another has been stqdied.

b., S§ far as grid junctions are concerned, the polyconic
is theoretically excellent; it can be extended indefinitely both north
end south, so that the world can be divided up into meridianal stripss
In practice, the present World Polyconic has two latitudinal junctions,
one near 249, due to failure to put the origin of the old U. S. grid suf-

ficientlv far south; the o£her.i; near 49°,Aanﬁ is due to inaccurac&Ain
,the old éables which anounts to 1.1 meters. |

. Ce The polyconlc crrld is not Well suited for forelgn maés
'dué.to its lack of c°nforma11ty. By the older laborious hand methods
of grid plotting, this introduced no difficulties other than laborigﬁs
calculetions; but the use of the coordinatograph, for rapid plotting of
grids and projections, requires a conformal grid. o,

5,02, Cassini- ®ldner Grid. This is a non-conformal grid,‘vgry"'

similar to the polyconic, and open to ths same objections. It differs

>

only in that the grid east-west lines, rathsr than the parallels are re-

presented to true scale and with true curvature.

5.03. The Bonne Grid. Both meridians and parallels are represented
to true scale on the Bonne'projection; the error shows up on lines ﬁhich
un I3 4o SV, or MWW to SE. It is just as bad as in the case of the other
non-conformal projectlons, and this projection has heen generally abandoned.

5.04. The Stareographio Grid. The stereograpnic grid may bo briefly

defined as a conformal grid (that is, one heving zero angular distortions
for smail distances, and very small angular distortions for any distance)

- - - . . 1.!‘
in which the scale error is zero on a shiandard circle. +the fact that

10



this gfl& is conformal insures that‘within about 200 miles of the éenter.
point, the error in deflection will be less than the error of the most
accurate guns, The range'error is considerably larger than the deflec-
tion error, but is considerably les’s than the range crror’ of permanéntly
emplaced artillery. anortunnteiy, this grid cannot be extended more
than 300 miles from its centgr point end grid zones are circular in
shape, It is quite suitable for small roughly circular countries such
as Poland, Holland, or Runnnla,‘whlch use 1t but on a wor1d~w1de basis
it'would lend *o 2 great multlpllclty of grld junctions, and 901nts where
three or more érlds mee*_could no+ be nv01ded ? |

5,05, Lambert Grld lee the stergographlc, the Lembert'is a con-

;O“ma¢ pfOJectlon., It maj be dcflned as a conzormal proJectlon in Whl;h
the scple errors are zero alon6 two parallels. It is well suited to the
napplng of moderatcly large areas,_and has been exten51velv used by the
British and French, esp601allj in recont years. The numerical values

of the errors are Simllﬂrhto those for the Transverse lercator glvenvln
the next paragraph. Theierrors are very smell in deflection, as 1s nsces~
sary for an artillery grid. It is.readily'adaptable to gridding maps
‘on other projaetions. In genef&l a élight change of scale only would be
required. On tge othcf ﬁ;nd, the rapidly ;ﬁcre&sing grid dgclin&tion 
nakes it imprécticable to extend the grid more than about 152 from the
central meridian (except alohg the Eéuator, where grid declination is sl-
voys zero). +~or this resson, the British and French were forced to in-

troduce numerous zones, and to permit junctions of three grids at the

some point. These numcrous grid zones necessary, both north-south and

cast-west, meke the Lambert undesirable for extonsive worla coveraga,

11



5.06. Trensverso dercator Grid. The Transverse liercator grid may

=2
(6]

dofincd as a conformai grid in which the central meridian is represented
by = straigﬁ% line at true scéle. It is well suited to lerge areas, and
is being used by the qumans,.ﬁussians, British, and Jepencse. The errors
at a given éoint vary littlo—in 011 azinuths and average values for dif-

ferent ranges cre givon in the following table for 30° north latitude end

2 s 3
for 33° from the central moridian.

ITransverse Mlor- Transverse iMer—

b |
True | ecator Grid cator Grid :
Range |  Rango Relative Deflection - Reletive
(yds) ! ~ Brror ~ Brror Error (yds) Zrror
b b yas) ' ‘
.10,000 .10 . 1:1000 0 [s I
130,000 § -~ .30 - 1:1000 3 '1:10000
40,000 | 40 1:1000 5.8 1:6900
) : ‘

05viou=1§, the grid is woll-suitod to artillcry‘purposcs #ince the in-
‘e#iiable errors are thrown into‘range rether than deflection. The grid
can.be extended indefinitely in latitude likes the polyconic. dence it

. . :
is never necessary to have a.grid Jjunction involving more then two grids
(except, of course, near the Poles). Transformation pf coordinates from
one belt to another can bo done by 2 formula alrendy worked out. The
formula is always the same, end is very simple in character. The grid
declination will remain nmoderate throughout the belt; The grid can be
readily adapted to use on othsr projections. Huch thcorcticxlwofk hes
already been done on this subject by & large group of mathen~ticians,
including especially Professor W. K. Hristow., B&Extensive computations,
gspecially for the Balken countries, wore done by the German High Com-
mand (O. K._H.) during lforld Viar II which could, in an cmergency, be

promptly utilized if the proposed projection is adoptod. In addition,

12
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much geodetic data of-foreign arcas on file at Army lap Service are on
this system. The projection is well sqited for converting data on var-
ious spheroids to a common basis. Traverse and lower orders of triangu~
lation may be computed and adjusted directly on the grid due to its con-
formality. This feature, which is a largo saving in ficld and office,
is not practicable where a non-conformal projection such as the pres§nt
Polyconic is. used, | |

5.07. Tabular Comparison of Grids.

GRID SYSTZ4 APPLICABILITY TO GRID MAXIMUM  IAXTMUM

FOREIGH MAPS / - . JUNCTIONS ~ RELATIVE - RELATIVE
- RS . ~ RANGE ERRORS*  .DEFLECTION
T (45,000 yds) ERRORS*
o : L - ' (45,000 yds)
Polyconic R Very poor Few & sinple 1/1228 - 1/2454
Cassini-Soldner meoow oo w1128 - . 1/2454
Bonne ‘ N R lany & complex 1/245¢ 1/615
Stereogrephic Good - " " 1/2454 1/15,360
Lambert - " " " 1/2416 1/7,663
Transverse o -
Mercator Bxcellent; much
work already . . '
done - Few & sinplse 1/2416 1/7,663

/'A grid system is considered applicable-to & foreign mep if it can be put on
most maps without changing map or grid except in scale, v

* Range and deflection errors are maximum values within 160 miles from the center
of th3 projection, whether the center is a line, as in the Transverse liercator,
Lamber, Cassini-Soldner, and Polyconic, .or a point as with the othor two. The
figures are based on GSGS “Survey Computation®. 160 miles is the approximate
distance (at 40° of latitude) from the center of the proposed Transverse Mer-
cator zonds to the junctions, about 3° of longitude. The actual maximum errors
of the presont liorld Jolyconic grid aro considerably larger, since the grid
zonos are 99 in width. '

6. Conclusions as to Systenm .
to be Adopted.

8.,01. The Lambert Orthomorphic projection is conformal but is not
suitabls as it requires grid zone juncturcs both north and south and east

and west. The polyconic grid system now prescribed for use as military

“~ -



grid on all maps of U. S. is inaccurate in both azimuth and distance.
The grecter imaccouracy is in azimuth ond is more than the probable error
in deflection of permanently émplaced guns. The transverse mercator grid
is conformal and is immcdiﬁtely &epplicable without plottable error, to
the nejority of tho map projections commonly encountered on the nativoh
meps of the world. The transverse nercator grid reduces inaccuracics
to o point where they are conpatible vith the accuracies regquired by all
modern artillery weapons., This grid is sufficiently nccurate to elimin~
ate the necessity for & special Coastsirtil}qry grid in the viecinity of 
coast defense lacatlons. . |
| 6.02. In view of thekzor0501ng, a military grid systew based on
the transverse mcrcator'projection applied to the local sphqr01d an&~
ﬁe98ured in meters, or in the standard unit of the country concernod |
_’shoula be applied in zones running from Latitude 80° N to Latitude 860
S, 6 degreos 'of.’ longitudeﬂwide, with one 'degr.ee of overlap (ﬁ degree
each side). The llati-t-ude of the origin is the equator. (Incl. #2).
The false easting to be apulled for cach zone would be 500 000 meters
or yards. Scale factor on the C. M. should be 0.9998. The zones should
be numbered, commencing with Zone 1,.with its w;sterg edge at 180° longi~
tude, running east to 174° west longitude. Consecutively numbered zones
continuc eastward by successive steps of 6 degrees until reaéhing tﬁe
point of begiﬁ;ming; thesc number designations being identical “to the
1.L¥. 1:1,000,000 layout. It will be noted thet in cortain countries
whero the native nmaps use the English units in elevations and contours,
such as the U. S., Canada, -’-ustralia,' India, the proposed grid system
should be graduated in yards rather than meters. In certain training

areas in the U. S., both metric end yard grids will be required for




v

training purposes. \nere the metric grid is used in the donestic U.S.,
- the spot elevations should be in meters and the contours should be cone
verted to a metric 1nterva1, prpv1ded that such conversion of contours

shall be limited to those maps to be used for metric tralnlng purposes,

7. Proposed Specifications
Projection: Trans{erse liercator.
Spheroid: Same ns that used to compute the triangulation

of the area,

 Unit: " Meter' in most sreas; yard in U. S. and other
- areas where the English system is firmly
. © established. -
‘antral Heridians: 'ffHSO*E (or W) of Greenwich and every €0 théreafter.. _’
Latitude of Origins: 09
False Besting: 500,000 meters (or yards)
False Horthing: 0 for northorn hem13pﬁcre '
10,000,000 for southern hemispheres ) ’
Scale Factor: : 0. 9996
Zone Width: 6° of IOLgltude (plus %° overlap ot each edge)
Limits of Zones: North: /@0° latitude

South: =809 latitude . . -

Zons Numbering: : Comnencing with Zone 1 east of 180° longitude, and

.  continuing ensterly around the earth, (Identical
to I. H. W. s;snpn designation)

 Linits ol Tables: North: ;#80° 1ntitude
South: ~B0C latitude

8. Implementing fLctions &nd Costs

8.01. It should be noted that the application of the tronsverse
" mercator grid system should be progressive rether then instanta Aneous.

Priorities for conversion are indicated as follows:
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a. Military areas in the United States,

b. Happing and nap revision Of'foreign arces embraced in
the 20-year strategic mapping pian approﬁed Ey the War Department,

¢. General areas of the United States as stocked by the iLrmy
Map Service,

di Other maps of foreign arcas as reissued.
Upoﬁ the issue of the new map in any area, the new grid-willvnormally
‘b6 shcwn in full, Sut to safeﬁuard against the event of the occurrenca
of-én ewergenby while ; se*ies is still in.a'étate of pdrtial conversion,
+he maps w1ll carry marglnal merks to permit easy plottlng and overérln

~

1ng of the old gricd.

8.02. Slnce Lrm Ha Serv1ce and map dapots in vhe theaters now.
Y P

A

hold exteqslve ‘stocks of maps carrying the yxpedlenu'war-tlmu grlds 1t '

is +o be expected that the proposed standardization of the transverse

mercator grid.automaticglly rendors obsolescent these stocks. The cost
of a conversion in this respect is estimated as follows:

a. Cost of conversion of points and correction of draf tlng copy

(1) Unitgd States arees & 99,500
(2) Suropean arees - $103,000
(3) Other oversens areas 8 22,000

b. Cost of replacement of stoeks to be retired

(1) United States arcas 8 _O-
(2) Overseas nreas 8 10,000

Since all United States maps are to bo coqverted to military scales
‘ (1/25,000, 1/%0,000), new stocks are to be prepared in any ovont. Over-
sens accumulntion of war timc maps, it hes been reported, core being sal-

vaged except for smell roserves which wi 111 probably not be replaced, The



$10;000 rigure should be ample to provide for all requisitions diractly
attributable to the change in grid. The cost of now authorizing the
proposed coﬁvefsion is properly to be weighed against the much greater
cost thntiwculd be borne should circumstances require tha conversion
ton years hence. The conversion rust ultimetoly be méde in view of the
iméequacie‘s of the prosent medley of grids to suff‘ic.‘e for the antici-
peted requircments of another war, It 1s considered unquestion&ble
:tpn% the'cost of the con%e?sion should be accoepted now if it be agreed
vﬁyiéhe Genefﬁl Starf thﬂ% fﬁe tfnnsversp merﬁntor grid is in fact tﬁéi“';ﬁ

' oorréot dosign for the future, based on whet can now be discernced as to

.future characteristlc roqulranents.
| 8.03. It is suggested that the views of the Jevy Depsrhnent be ob- |

ta;ned prlor to flnal standardlzatlon in v1ew of tho application of tne'

military grid to maps and charts for amph@blous operations. It would

. also be desirable ﬁo coordinnte the design so far.as possible with the

Director of Hilitary Survéy, War Office, London, who has expressed his 

general views in an informal Yetter (Incl. :3).
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