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I joined in the then Survey of Pakistan on the
23rd of October,1952 and scheduled to retire from the
service on the 1st August,1989. During this period,

I kept some notes on grids from dirfe}ent books and
publications,finelly compiled these notes during 1968
in the foxm of a GRID MANUAL as manuscript copy. This
is just a photostat copy with minor corrections from
the above manuscript.

I am sorry that I could not make sufficient
copieg of it for unavoidable difficulties. I shall
‘hope that officers & staff in possession of this copy
of GRID MANUAL will pess it on to & next suitable
person on his retirement or while leaving Survey of
Bangladesh,

My herd labour will be successful,if any officer
or staff of Survey of Bangladesh 1s slightly benefited
out on these notes.

‘

In this connection, I remember Mr S.Q.Hasan, the
then Deputy Surveyor General who went through these
notes and forwarded suggestions for improvement.
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( Waheduddin Ahmad ),
Superintendent of Survey,
Officer-in-Charye,

No. 1 Party,
Survey of RBRenglndesh,

Dbhaka,
JOth November,1987.
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Reference books, letters and other
publicatl
on grids published by Survey of India from
time to time have now become very rare and
requires reprinting with sufficient altere-
tioms and additions. So,an attempt has been
made to compile latest informations,instruc-
tioms and orders, im this manual from the
1iast of references mentioned in the next pu¢4,
go that an average worker can overcome the
difficulty of having a fair idea of grid
gystem at present used in the Topo Maps of
- the Survey of Pakistan.

Dacce,

1968

PREPACE:

ons and their subsequent amendments
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Waheduddin Ahméd{/”” ,
Extra Asstt Superintendent)

Survey of Pakistan.
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1.INTRODUCTION

(i) All maps, regardless of type, have a common
characteristic, in that they should skow relative
lecation of objectas, For references purposes,maps 1eeatJ
objecte appearing thereon by various methods, Durimg
the First Wold War it was found that referemce to leca-
tions and directiomns was too complex in the usual syste
of latitudes end longitudes recorded im degree, minute
and gsecomd, For this reasen, the French over primted
2 net work of squares upon their maps.

(ii) What is Grid:-

The military them employed this system of
ret work of squares fermed by straight, npproxinatalg
north-south and east-west lines superimposed on military
map s,

This system of met work of limes is known
a8 grid,

2 NEED FOR GRID

(i) The grid om maps provides & system of squares
whick simplify the location of poimta snd the computatie
of azimuthe and distances, The distance betweer lines
oR & map represents a distance on the groumd im yards
er metres,

(ii) Grid Co~ordinates:-

~—

By using & system of simple grid co-ordinates,
one car locate points er objects im a map and then
communicate their positioms to anyone posgsessing & copy
of the same map. The met work of north-south limes are
known as Bastings snd east-west limes are knewn ag
Northings. Referemce of & poimt with the help of Eastings
and Nerthings are kmown as grid co-ordinates,

3.,DISADVANTAGES AND ADVANTAGES.

(1) Disadventages:-

; This grid system apparantly hes many éisadvan-
toges, First of all, the so-called "Grid morth"™ may be
many degrees off from tke true morth. Them,too,the grid
co-ordinate of a certain lecality are true only on one
get of maps and are mot true om another set ef maps on
another prejectiom. It muat be kept im mind, also, that
the squares of grid are net exactly square om the earth'&
surface, apd their mctusl shape amd size are differeat
and dependent upom the projection system of map,

The defects can however be comtrolled im the
spacing of grid zomes,
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RN,

(11) Advantages:

Against these aerioua ebjections stands the
advantage of easy reckomimg. Eack point can be exactly
lecated by the use of a celluleid sheet that can be U
placed on any square. : i

\ -
\ {

4, NAMINGS OF GRID:

The grid is named after the name of the ‘projection
and the eriginm of the projectiem 1z the 'True Origin!'
of the grid.

]

5. DIFFERENT TYPES OF GRIDS: »_

(a) DOMESTIC:

(1) Lembert grids:
These have the advantage 67 Lembert projection
“and have been much used im the Survey ef Indis maps since
1929, If the extent is 8° frem Nortk 'to South, the saale
errer is limited to about 1:800,

(11) Cassini Grid:

Since this prejection 1s not ortkemerphie, grid
angles do met equal to ewserved angles and coemputations
can orly be carried eut in grid terms by using complicated
fermula., They may be dome in mpherisal or im er superposed
Lambert grid amd afterwards coaverted te Cassgini,

(1ii) Zrensverse Mercater Grid:

These are good grid with all the sdvantages of ' %,
Lambert, but meither Survey eof Imdie nor Survcy of Pakisten ]
is acquainted with this system,

(1v) Simple Pelycoenie Grid:

These may be met through but they are urcommon.
The projection is net erthomorphic.

Simple polycoric grids could be defined by true
squares on tepo maps but a separate grid would be required
for sach lengitude strip, correspornding to simple map width.

Cﬁutd LI 3
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») INTERNATIONAL:

During tkhe 18t Wer different countries used
their ewa grids and the many overlappimg grid gystems
caucged endless confusien, The Cartegrapkers then intre-
duced the followimg two systems of grid. .

1) Univergal Transverse Mercator Grid:

| Since it is & conformal grid all computations
are simplar. The world is divided in 6°N-S belts reachinmg
from 80%N te 80°S; Zones begim at 1280° numbered eastwards.
The origin ef the centrsl meridisn of each zone 1s at the
equater, Falss origin is 500,000 miles west of the equater
(fer the seutherm hemiéphere 10,000,000 miles south)Twenty
five miles of overlappimg is provided but never used for
reference,

ii) The World Polyconiec Grid System:

ee sgram Ne.J fer illustration).

} The maps of Asis,Africa and Australia were grided
by the British. Tke world polycenic grid system covers all
the areas net covered by the Britisk. It can be applied to
any part eof the world except the polar region nortkh and south
of T72° latitude.

Benda:~ The world im this system ig divided inte’
5 north-goutk 'bands',eack 73° longitude wide,with 1° overlap.
Bamd I is over the United States,Banc II is west of it.Bend
III 4s over Pakistam amd India, The band is known as N and S
as it falls in the rertherm and southern hemisphere.

Zenes:- Bech band is dividei inte mime north-south
segments called 'zomes' each 9° wide witk 1° overlap.-Théy
are maerked from east to west A,3,C,D,E,F,G,J (from whiek
the latter I is emitted).

A polycomic prejectien was drawn for eack of thesge
zomes and upom this was pluced & 1000-Yard meter grid. The
origin of grid is at the intersection of the equater and
the central meridien. Te aveid negative values the actually
used origims are gometimes away from the trues origin and
the so-6alled imagimary origin is known as 'Felse Origin’'.

6, SYSTEM OF GRID LETTERING:

1) Bvery grid has a poinmt wiere its north-south sad
epst-wagt limes oceincide with true & southk and engt & west,
This poimt ie known as the 'True Origin' of thke grid.Whether
it be the only poimt at which grid lines correspond with True
North - Soutkh etc.limes depends on the properties of the
projection to which the grid is aepplied,.

11) DBTAILED SYSTEM OF GRID LEIMTERING:

Contd..4
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WORLD POLYCONIC GRID SYSTEM
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11) Dotalled system of grid letterings-

- The ares covered by esch grid is devided into
squares 500,000 unit sides. Each of these 500,000 unit squares
1s agsin devided into twenty five 100,000 unit eides (See diagram II
& figure. 'A' of diagrem 111 ).

Both sises of squares are lottered from West to East
from 'A' in the north-west to 'Z' in the south-east omitting the
letter'l'. The; system of 500,000 unit squares is so placed, that
the south-west gorner of square 'V' is at the folse origin of
the grid and ite grid easting and northing are zero. A reference
%o the diagram will show that the north~west cormer of 500,000
unit square 'A' is 2,500,000 units north of false origin while
the south west corner of squsre 12V §p 2,%00,000 unite of it.
North snd esst of these two points respectively, the system
repeats 1tself so that jdentiocal references on the same grid
recur at intervals of 2,500,000 units or about 1500 miles odk &
yard grid 100,000 unit sqaures are eimilarly leid up (8ee figure
'8' ondi@grsm III).

111) Rare exceptions of such grid letteringi-

Departure from the system of lettering desoribed above
will be made 1f it is found that the 4nciderse of junctions between
two grids bringse jdentical letters dwo close together. Wheh thils
is done the conventional order of lettering throughout thy grid.
pffootod will remain but the 500,000 unit grid squares will, for
lettering purposes, not commence st the origin.

7. GR1D REPERENCES?S

Yhere full grid reference is necessary, the band,
gone and hemisphere have to be-given. Thus = full reference may
resd 111 BNI, 329, 200-2, 625, 400, on large sosle maps, however,
where the approximete location 1i¥ known 292-254 would be enough
to looste the point with 100 yards.

A grid reference normelly consists of two letters

- followed by a group contsining an even number of figurea. The
first letter is that of 500,000 squsre sand i» followed by that

of 100,000 squares. The former is smaller in type on the fese of
the map. I§ will be spparent from the previous psre that the

two lstters at once indioste the distsnce of the point esst and
north of false origin to within 100,000 units. The first helf

of the group of figures indioates the essting of the point from
the western edge of the 100,000 unit sousre in which it falls)
the second half indicates the porthing of the point from the
southern edge of this square. The fitst figure of the easting of
the reference. represents 10,000 unite, the second figure
represents 1000 units and the third 100 units and eo on. Thus,
to describde the poshtion of a point docurataly to one unit, two
letters snd a group of teh figures is required, Except for
survey work sueh precision is seldom necessary and for ordinary
references, groups of 8,6 or even 4 are all that are required.

¥

ooﬂtd- o,l

NOTE — B

The army requires a grid for two reasons vig:

(a) for map reference and (b) for R.A.and survey
computation.
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In the borders of meps two of the grid linees
 on each side show the full unit distance from the falee

origin, so that full reference mey be quoted when required.
One or two figures of each of these co-ordinates are printed
in lerge type , and wvhen giving grid reference, 1t is ususl
to omit the figures to the left of these larger figures, the
appropriate letters being substituted for them. The figures
in & reference thus give the easting or northing from the
gouth-west corner of the 100,000 square; those in larger type
representing the 10,000 and 1000 units respectively.

Jntermediute grid lines have one or more figures
acoording to the slze of the squeros on the maps. 10,000
unit squares on 1:250,000 maps have only one figure, while
the 1000 unit squares of 1150,000 end larger sosle maps have
two figures (See figures 10" end 'D' on diagrem IIT ).

8. FALSE GRID ORIGIN:

All distances to the east and north are positive snd

gare known as 'Eastings' and 'Northings' respectively; those in
the reverse directions are negative. As megative values of
points would be tnconvenient, the north-south and eest-west lines
pessing through the true origin are given positive values such
that the valuos of all points in the area covered by the grid
will be positive. The position of the irue origin does not
concern the ordinary map usere

The point on the grid of which the easting and
northing co-ordinates are Zero is known as the "fulse origin®.

9. GRID OONSTANTS?

e e e

Spheriesl co-ordinates sre converted to grid~co-
ordinetes with the help of special tables prepared for this purpése
These tables depend both on the projection and the spheriod
employed} adequate particulars of which must be knowm to the
computers. Distences end beerings computed from grid co-ordinetes
are some what distorted by projection, but are practically
independent of the reference spheriod from which they may have
been originated: but computations involving spherical co~ordinates
essentially require tables appropriate 4o the projection end
spheriod concerned.

The auxiliary tables for conversion of points and
the gridding of maps used in Survey of Pakisten have been
computed on Everost's spheroid, and must not be used with dbte
computed on other lphoroidoior with maps based on such datat
more detailed notes on this point will be available in the
explanation of suxiliary tables concerned.

Contd. 060

NOTE —C

.

In the departmental work, old survey of India

fo;l?:ed the usual cenvention of 'X' for Eastings
- an ' for the Northin
gs, bwut the war i g
'Y' for easting and 'X' for NorthingA T:rii::duded
c [ ]
. confusion Lembert Co-ordimates in India were referred ]
to as N (Nortking) and E (Easting) o

e e s



Universal Index to GRID LETTERS

Diagram I

A

C

H

500,000
000,000

400,000
800,00¢C

300,000
800,000

200,000
700,000

100,000
600,000
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100,000
6€00,000
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500,000

200,000
700,000

300,000
800,000
400,000
900,000
%00,000
000,000

500,000
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NOTE— D

. Page 6.

10. METHOD OF READING OF GRIDS:

To give grid reference of s point, first note
the letters of the 500,000 and 100,000 squares snd put them
fn this order. Now give the Full values of easting. Thie
is obtained by writing the one or two figures of the nearest
easting line west of the point followed by the easting of
the point meesured from this line to the pnearest 1/10th or
1/100th of the side of the square. The northing 1s similarly
taken out the ssme number of flgures.

It may be noted that by using all the figures
of the full co-ordinates, the use of letters may be dispenesed
with.Such large figures are 1ikely to give rise of errors.

It is sometimes the practice to omit one or
both the letters in a map reference without giving the full
co-ordinates. The prectice is however dangerous and may
give rise to ambigmity. '

A two letter grid reference on & yard grid
repeats itself in the same grid every 25,00,000 yards (About
1500 miles) There is therefore little danger of ambiguity.

One letter grid reference repeat themselves in
the same grid every 500,000 yards (about 300 miles) while
refersnces containing no letters repeat themselves every
100,000 yards (about 60 miles). Where however two grids
meet, it may essily happen thatjidenticsl refersnces on
different grids occur very much closer than the above.

In laying out new grids for India and adjacent
countries, lettering on adjoining grids has been arranged so
ithet identiocal references shall be es far as possible. Even
g0, reopetition may occur as close as $00 miles for a two
letter reference and 150 for one letter reference. If no
letters at all are used fdentical references may befound
just across the grid junction line & few miles awvay. It is
therefore always necesssry to use letters as well as figures
in the viocinity of s grid junction.

11.. JUNOTION BETWEEN GRIDS¢t

A system of "butt junctions® between gride
is now being used on all gridded maps published in Pakietan
and India. A line is chosen along which the change from one
grid to snother is to be made. Both grids are then cutoff
along this line and placed togehter forming "but joint®. All
co-ordinates, map references etc. on one side of this Junction
line 411 be in terms of one grid; while as soon as this line
is crosesed, they will be in terms of other grid.

Contd. -7.

The grid bearing is the angle between grid North

and that line joining two points whick appear Ahaight
obyemrh on the projection.
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Certain technical troops of army such as
Survey and Artillery, may, to preserve continuity
temporarily extend their work interms of one grid beyond
the junction line.

The fuctors regarding the selection of «
particular junoction line are

§1) Taotical
(14) Techniocal, and are following -

Tacticali- It is inconvenient to break from
one system of co-ordinates to another in the middle of the
battle.

Technicals~ A change of grids is likely to
lead mistakees in map references by careless map readers, so
junction lines shauld be selected which will enable the
danger of this to be minimised. 8uch mistakes as will
ocour, will probably arise from reading the co-ordinates
of a line on the wrong grid.

Other factors are also to be considered.~

(a) There should be as puch "stagger" as
possible between lines meeting on opposite sides of 1t.

§b) Junction line should be along the edge of
the sheets rather than the middle, so that the whole of
the sheet is on the same grid.

(¢) If & junction line be a grid line, it
should be a line of the nerthem or eastern grid so that no
south-west corners of squares are cat off on either grid.

(. See Diagram XV & XVI )

12. LAYOUT OF INDIAN GRIDS:

An index of layout of old Indian grids has
been shown in Diagrom IV.). on page 7/}

A series of eight Lambert Grids has been
designed to cover the whole of Pakisten, India and Burma.
Their origins sre as follows $-

G6rid I - Lat 32°30' Long 68°00°
' 11A - ' 26°00! * 74000
* 1IB - * 26000! ', 90°00'
* 1I1A - " 19%00! *  80%00!
* I11B - ' 19°00¢ *  100°00¢
" IVA - * 12900! ' 80°00'
JIVE - ¥ 12°00¢ ' 104°00'
l () - ] 39630' L] 68°00!
a)ﬂtdooao-

NOTE— F

Length of side in grid yards= length in true yards
‘and ,scale errer

€ (Length in Grid yards) = log (Length in true yards)+4
log scale factor,
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Layout and co-ordinate of

out and co-ordinate of
100,000 squars in 500,000 sq (M)

00,000 unit c]rid squars

[§0Q.000
B|C|D]|E AlBdl|lc|D|E
14,00,000
G| H| T | K FlGg|H|T|K
- 13,00,000 O
Ml N| O| P LIMINLO]|P
: . ."'__"'"n.,oo,ooo
@l Rl S| T}V _ QlR|S]T|V
I, 00,000
Wil X Y| Z \% VV{ X Y | Z
= 10,00,000
° o o g 2 2
s s ¢ 8 S 2 8 8 § ¥ g
o 3 Y 3 o S = -
2 ¥ & % 3 g8 v oe S
-— Ll (] (] . .
Fig-€ ‘ Fig-D
ypical 1/4 inch sheet (H-39-8) A typical 1/50,000 sheet 50 NP 88
uctrcfzn’ny m‘ctho‘d of lettering and . “ The 9,.;cf ,.efe,.ence‘af-‘ Pis NP 943837
mbering grld lines : _ _ =
© ° > >
g3 3 & 5o 9
SE $3 €3 &g H
P ° 2
9 271 2 3 & 5 & = . 1300000 S1- . 1300006
[ ] [ | Yards BEN Yards
];JT OU{ { I ! : : .
[oY oZ I 0 [ 1100000 . 4 11
; ,and: ; ~
y 12 90000 F 90. ? 12 90000
. Yards | Yards
-t - 6 T T T -1 13-
5 9p
Ha
: 80 ! 8
020 1280000 - : - _l'). Qeao
'Y2 :oo Yards + < oy Yards
° 1 2 3 & § ¢ o " ards oo & O <
v ° = o ~ o %
S? Sz % s o 9 a9
(SEU ay & ° » o r 3
o = o
Grid reference of point P is oZ Grid reference of point Pis nP
4865 (to nearest 1000 yards) 043837 (to nearest tooyards)
NOTE —E

Grid bearings and true bearings are reconed
clock wise from Griéd North and True-North
respectively. Azimutks are reconed clock wise

from Trus-South.
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The limit of 8° for the extent in latitude hns bee
the scale error’s not exceeding 1:800. To av
to two grids, the origins have been space: only 7° apart giving un overlap of 1°
co-ordinates may be expressed in terms of either grid without exceeding
. provision of these overlaps will enable the commander of & moving arm
of maps from one grid to another for large portions of his forc
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It wvill be seen that the grids designated by the
same number but with a different letter have origine on the
sams latitude; and the data for both 'A' and 'B' grids will
be found in thHe same table.

The limits to whioch each grid may be extended are
govemned only by the inconveniences of a large scale error,
if the extent in latitude is excessive, extension in longitude
renders conversion difficult or inscourate unless table of 8
figure logarithm: are availeble, and the map users will
probably complain of the awkwardness of a large convergence.

13, CGHANGE OF GRID JUNOTION:

In partial modifieation of the Layout of Indien
grid junction mentioned para 12 above and as shown in dieapram
{\V , some changes of the grid junctions falling both'in
East and West Pakistan have b:cen made vide Surveyor General
of Pakistan's No. 7O64/42-A-13, dated 3/11/51 (oopy ensclosed
as appendix A) and No. 8A23/42-A-3, dated 25/12/51 (eopy
enclosed as appendix B).

Nesesssry changes mentioned thereon have been
shom in diagreas XII1, XIV, )

14. APPEARANOE OF GRID LETTERS AND PIGURES ON
RAPS:

The following are the main orders regulating the
appearance of grid letters and figures on maps published by
the Survey of Pakistani-

(a) Al1l gridded maps musd have & "Grid Box" in the
footnote or margins to explain how to read =

grid referenee. (gee Pigure A . diagram V).

(b)(1) Both grid letters must appear somewhere in
the body of all gridded maps so that they may
be found even if the headings end footnotes
have been ocut off. (See Figurs ELF of diagrem V).

(11) ¥Where the oorners of 100,000 unit squares
sppear in a sheet, the letters for each squaref
will be put on the corners.

(111) Were only & line between two 100,000 squares

appears the letters will beoless to it on oppo-~
site sides near the centre of the line.

Contd. -9.
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(iv) Where no 100,000 line appears the letters will
appear near the middle of the sheet. ‘

(v) Where a 100,000 unit line meets a grid Junetion
line, grid lettere will appear in both the
cornsrs thus formed end also opposite the end
of the 100,000 unit line.

(c) Brackets need not nermally be used for the

: 500,000 square letter; the exception being when
it 1s alone and not in conjunction with a 100,000
lettor.

(d) Every tenth grid line will have its co-ordimstes
from the false origin given in full, and two full
values will be given on each side of the sheet.

(e) Figures relating to the grid will be in the upright
type. 1In overlap areas where "ticks" of a secondary
grid line are shown at the edges of the sheet the
figures relating to those will be in the sloping
type. No letters of the 2nd grid will be given but
the values of every 10th tick will be given in full
values will appear on each side of them being in the
body of the sheet ot border. (gee diagram No.7).

(f) A grid junction line will be drawn twice the thick-
ness of the 100,000 lines and appropriate motes
such as

"6rid ¢ (meters)"
'Grid B (meters)"

will be entered along it in bold type.

15. OOLOURS OF GRID:

As desided in the all grid letters, numbers figures,
grid box, and other grid in formations will be in purple: The
'ticks' of secondary grid and their values will be in black Grid
Rumbers appearing beyond the junotion line along the edges of a
sheet will appear in black.

16, SCALE ERRORS

The map on which grid lines form perfect squares
contains inevitable distortions or errors of scale, the grid
squares on the ground are not exactly of 1000 yard eide. The
squares on the other hend are almost exactly square although a%
a distance from the centre the outside side will be inevitably
smaller than the side nearer the eentre. These scale errors are
given in the grid tables (Auxilary Table Part V).

Contd..10.
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17. GRID CORRECTIONS:

The angle formed by the three points on the ground
as measured »y a theodolite will be very nearly but net
exactly equal to the angle between the straight lines joining
them om lLambert's projection or the angle calculated from
their grid co-ordinates. The necessary correctioms to real
or observed directiers to reduce them to grid directions
are known as grid corrections and are given in grid Tebles
(Aux.Tables Part )e

18, GRID NUMBERS:

A grid number is the numerical velue of a grid line
indicating the distance of that line from the false origin
of the grid. All suckh numbers are skown im colours in whioh
they should sppear oRn & publisked map.

19, GRID LAYOUT OF MAPS:

There are twe types layout of maps - (1) Spherical
and (1i) Grid, ‘

(i1) In which the skeet is pounded by grid limes.
This layout is nore convenient for medium and
large scale meps of limited area.

20, GRID REFERENCE BOX:

It contains instructions for zivimg grid reference
of details by givimg reference of & selected peint.It appears
in tke lower margia ef maps. This box ia primted im Black
and will ®e imcluded ia the grid plate.(See figure 1A' of
diagrams V).

21, GRID X O T E:

This ig generally givem when an overlapping grid _
are shown in the map and takes the form 'outiing points of
grid 111B whick is in yards have been shows by ticks along
the edges of the sheet im sloping type'.(See figure 'tDY of
élagran e

22, QVER GRID:

In mapping an ares within 25 miles of the jumotion
of two UTM grid zomes or the areas rormally covered by other
grids it is necessary to show am overlapping grid, This
overlepping is showi by ‘ticks’ emarating from the edge in
cerrect delineatien. They are printed in lack unless other-
wise stated or im colours other then normal coleurs.Me letter
of the overlapping grid will be given but the value of every
10th tick will be given in full and two full values will
appear on each gide of them being in tke body of the pheet,
not worder.

22a. SECONDARY GRID:

In some countries like U.S.A.sometimes Areas covaered
by the present UTH grid system were formally covered by sther
grid which are termed a8 '"Secondary gridat.The secondary grid
usually appears oOR the sheet.This is = temporaly procadure,
tke purpese of whick is to provide & common grid system on
companion maps. Secondary grids may ®be deleted from the maps
after all maps from a given eresa have the UTM grid es the
major grid and all geodetic control and other mapping data
have been converted to UTM grid co-ordinates.

The secondary grid 1s shown by inside ticks emannting
trom the edge of the mosaic in the correct delineation,printed
and spaced at 1,000 intervals with the 10,000 unit ticks
accentuated in weight.
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of them being in the body of the sheet not border.

23, THE DECLINATION DIAGRANM $

(1) This disgram is usually shown in the top
of the large scale sheets. It shows the relationship of
the msgnetio and true north to grid north for the major or
main grid at the center of the sheet. Normelly the dlagrsm
conteine three pronges representing magnetic north, true
north and grid north. The prong for magnetic north is sur-
mounted by a half arrow or the capital letters "MN", the
prong for true north 1is surmounted by a five point star or
capitsl letters "TN" end the prong for grid north is -ugmountod
by the oapital letters "GN". See figure in diogrem V.

The angles b2tween the prongs as shown in figure
tees mmdiagyenm v are ususlly exeggersted far clerity
although approximate relative proportions shibuld be waintained
. Ares - correcting the prongs for grid north and magnetio north
and grid north and true north are indicated by dashed lines.

opposite each are sppears the value of the angle. These
values appear with the declination diagrsm on the grid plate.

(11) Declination Notei- Irmediately below the
declination disgrem appears the deoclination note See

figuré ... in diagram V).

24, CONVERGENCE!

The comvergence of Mean grid North with True North
is given in Aux. Tables, Part V. This should be extracted to the
nearest minute for the central meridian of each sheet on the
11250,000 and larger scales; and entsrad in the legend in the
north margin on sheets of emaller scale than 11250,000, this
legend will not appear. On a map drawn with grid edges, the
convergence and magnetio declination légend will appear thust

*True North in this sheet is 3° 3' West of mean
grid north'

Magnetic Deelinstion about 20 50'West of meun
grid Nortn in 1931.

(Increasing by about 4 gnmally)

(See figure ‘@' in disgrem V).

2%. INDEX AND INTERMEDIATE GRID LINE:

(1) The major grid for 15£100,000 and large scale
maps im indicated by s0lid lines st 1000 unit intervale., Each
10,000 unit line i scoentuated in weight. The thick line is
cslled The Index line and othere are celled intermediate lines.

(41) Where a grid line conicides with the edge of @

map, the grid line is omitted. The edge line is then labeled on
the grid plate with the values of the omitted grid line.

COBtdoolZn
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GRID 1 (Yards)

Grid seferences are glven In thousands of yards East and North
of the topth-west corners of the letrered squares: thus the grid
reference of is

(for grid fetters see body of map),

GRID U B (Yards)

Ples 0/ Gf’ld reference box Grid references are given in hundreds of yards East and North |

1 of the south-west corners of the lettered squares: thus the grid

reference of Is

{for grid letters see body of map).

Al

ple of Mag. decllnation N ‘ Magnetic Varation from True North about 0“40' West in 1963,

{ Aanusl Chings negligible ),

mﬁle Of Converqence .............. Mean Grid North, in this sheet, is 043 West of True North.

Cutting points of Grid 111 A which s in YARDS have been shawn by teks
d note | along the edyes of the sheet, wilh valves in sloping type

. &N
on oN on o L/ " oN on

{ e Al T2’ 1 {30 \
£ 018 218 A TN L 40 PETY )

T v’ b ‘o’ YY)

Jorth True North
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26. SCALE OF DRAVING '

‘ The grid will be drawn on theé scale of publication
and as such the typing should be sharp, clean and clear as it
will have no further scope of improvement after reduction.

27. MAGNETIC VARIATION:

(1) Vide IMP's 00 No. I (Professionsl) 1964, the
magnetic variation is shown to the nearest 10 minutes on all
topo maps except where there is insuffioient magnetic data when
it will be shown to the nearest 30 minutes in aceordance with
pars 281 of THB Chapter VI.

(11) Its value and anmual change should be obtained
from latest 'Magnetie Varistion Chart' or *Isogonic Chart”.
less
(111) Yhen the "Annual Change' is/then 5' " Annual Change
negligible® should be inserted. ,

(1v) Yhen the variation is 'Sers® and there is an eannual
change the hesding should be worded as follows!

"Magnetic Varietion from True North about 0° in 1966"
(Incressing by about 6' West snnually)
Esst

(v) This will eppesr centrally betwesen the longest line
of centrsl headings end sheet No.

28. COR N ER 8t

Yhen a separate grid originel is prepared, the corners
should be inked up in black with ticks 1/4 inch long drawn immedi-
ately outside the edge and lettere in blue, the following note in
blue being made at the foot of the original.

"Reproduce ABCD to dimensions of the outline plate’.

29. LINKE NUMBERS!

Grid lines will be numbdered at intervals along their
length, as show: in the diegram VII AA‘A?
positions of these numbers may be sltered to avoid important
detsil and typing.

Figures in the body falling nearer the edgee than 3%/60"
and others i{f necessary will be omitted. The figures 'O' and '00'
should be entered along these sheet edges whioch oconlcide with the
meridian of the origin of ocomputation, in such s wesy that their
positions will egree with those of the adjoining sheet.

Contd.. 01)-
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11250,000 and larger pcale maps will often be
folded in smsll map osses in field. It is, therefore, essential
thet in every 8'x 8" square of the sheet, there should be at
- least one set of Rorthing and Easting grid numbere.

In Survey of Pakistan Meps Canadien System of grid
numbering is followed which consists of placing the grid numbers
on the body of maps in rows. The grid numberse are pleced immedi-
ately to the North snd Eset of every thick Northing and Easting
grid lines. For deteil of grid numbering snd lettering please
see copy of GSG's No.%300/¥1-2, dated 2-5-47 enolosed ue
Appendix 'q'.

N\

30/ GRID LETTERSS

On the 1/M somle, grid letters will be placed in the
centre of the square to which they refer. When & square fells
socross the edges of two or more adjoining sheets, the letter
should be typed in the body of the sheat which contsins the
largést portion of the square and the borders of other eheets.
(8ee diagram X).

31, ALIGNMENT OF GRID LINES?

Grid figures andletters whether in the body or border
of maps, should be typed parallel to the grid lines to which they
refer, but typing of spheriocel values, nsmes etc. will be parellel
to the spherical lines end not to grid lines.

%2, THICKNESS OF LINE:

Grid lines will be ruled up in blsck before typing is
commenced, and core should be taken thet typing is not obscured
by them. The Tine lines should be drawn ss fine ss possible
consistent with being absolutely continuous and black. The thick
lines should be_ Jjust sufficient thick to give clear contrast with
the fine lines} on no account should they be broken for typing
other than grid values.

The thickness of junction lines should be doublethe
thiekness of thick grid lines.

33, FULL CO-ORDINATE VALUES IN BORDERS:

(a) The full Oo-ordinate values of thiok grid lines
will be entered in the borders on all sceles aysept the 1/Million.
¥here only one thiock line or no thick line fells scross a border,
full co~ordinste values should be sdded against suitsble fine
lines near the corners. In cases where the thick grid lines are
conicident with the edges of the maps, the full co-ordinke value
of the next line will be entered.

Contd...l4.
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In esge vhere thiock grid line does not reach the
opposite edge of the sheet but cuts the adjacent edge of the
sheet, the full value of the thick grid line will be entered
in the border ooneerned ae ususl, But in the opposite border
where the thick line does not appear the value of the next
thin line will also not be entered. (DSG's No. T-11276/h4~A-13
dsted 6/10/66.)

'(b) In the north and south borders full co-ordinate
value will be %yped to read from South to North where east of
the true origin snd from North to South where west of the true
origin. ' _

(c) The tops and not the bases of all figures should
be in the same line. '

3A. SPHERIGAL POSITION TO BE SHOWN ON GRIDDED MAPS:

(1) A1l grid originals should have spherical tioks of
length 1/4-inch long merked in the 4-corners with their values.

(11) Black ticks, 1/2-inch long, marking the position
of intermediate 5 or 15 aminutes lines, should be drawm in the
mergin pro jecting from the outer edge of the vorder. 8pherical
values should be entered in black. These ticks will not appear
in the published map, but will dbe retained on the complete outline
“plate for the purpose of oeompiling mapping. _

(111) Before typing it will be neceszary to rule lines
of latitude aoross the sheet in blue, to ensure that typing is
kept parallel to those and not to grid lines.

3. GRID ORIGINAL TO BE PREPARED SEPARATE!

‘ Aocording to the latest colour poliecy, the grid e
to appear in purple as such s separate grid original will be
prepsred on publiscation soale on & blue print of the sheet on
drawving paper. Grid should be drawm in black and imprinted in
purple.

36. PLOTTING GRIDS ON SMALL SCALE MAPS:

In oase where table @ Grid is not available, and
for all sheets on scale smesller than 1 inch <o 1 mile, the
the cutiing points of the nearest 10,000 yarc grid lines
(100,000 yard lines in 1/M sheete) will be plotted from the
sheet corners from sppropriste grid tables.

Q)ntd.io . 15.
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57. SHARP DRAVING AND TYPING ESSENTIALS

Typing and line work en g®¥d originsls drawn on
scale of publication should be particulerly clean and sharp
as there will be no reduotion of soale to eliminate imperfections.

38, PLOTTING OF GRID LINES:

The following procedure will be adopted for the
plotting of gride for 1130,000 sheets:

(a) If a mosaioc is prepared,

1) Project the spherical grsticule, subdivide
and rule up the 5' lines.

14) Prom table 9 Grid plot (by sros) the distances
in ysrds of the nearest 1,000 yard grid lines
in both directions from the fowr corners of
the sheet. :

111) By interpolation in table 9 grid plot the
distanees of the 1,000 yard grid lines nearest
to the A internal 5! lines.

iv) Rule up eight grid lines (Four east end West
and four north and south), two arcs fixing
each of which have been obteined in (ii) & (1i1)
above.

v) Subdivide between the lines already drawn, for
the remaining grid lines.

vi) Cheok up subdivision for equality along the
full length of each side and rule up the remaining
lines.

. (b) If there is no mosaio, the procedure detailed in
sub-para (o) above should be carried out on the fair sheet before
the drawing is commenced.

(e) In exceptional csses, owing to inequaliting in the
 internal gratioule lines proceed as in (15(11) above: rule up
the four grid lines and subdivide for the remaining grid lines
instead of plotting them as in (a)(ii1).

39. DETAIL PROCEDURE OF GRID LINE DRAVING!

(a) Materials snd equipments required:-

1) One plece of drawing paper(130 lb. drawing
paper vide para 466 of THB Chapter VI).

11) Calibrated stesl straight edgs showing inches
and centimeters

%ﬂ*d- iol6.
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111) Besm Compass '
iv) Engineering soale “
v) Ruling Pen
vi) Crowquill Pen
vii) Straight edge
viii) Black ink, Pencil blue and black
;x) Auxiliary Table.
(b) Procedure (See diagram No. v] )

1) First locate the approximede centre of the
sheet by means of diagonals .... (Figure 1).

11) Draw a vertioal line v-V' through O and then
construct & horizontal line ss perpendicular
to V=V'. Extend the horizontal end vertical
lines to the edge of the sheet. Oomparatively
more space to be kept at the bottom of the
sheet for marginal information...(Figure 2).

111) Set up beam compass at 1/2 the north-south
length of the grid; at mep scale strike off
arcs A and B from point 'O' on line V-v'.(Fige3).

iv) Determine the length at map soale of the east
west dimension of the grid, sand péwing Aros
C,D,Es E'y A)O and B ....  (Figure N).

v) With the bar beam compass set as it was for
_step 3, strike off arcs G.6',J.J', from the
intersections C snd D with line H-H'. The
intersectioon of E and G, E' and G'y J and F,

J' and F' will be cormers of ihe outermost
limits of the grid psttern.....(Pigure %).

vi) Oonneet the corners with straight lines, meking
sure the lines psss through pointe A,8,C,D.(Fig.6).

vii) Complete the grid pattern by dividing the large
squares into proper number of grid intervals
. -.(H.guro 7)0

viii) Test the grid psttern by setting the beanm
compass and checking the diagonals.(Figure 8).

ix) Assign grid values to the grid lines as as
required sgainst .... (Pigure 9).

Contd. c-17o
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x) Plot the & corners of the projection and then
divide each side into 5' minute intervals. The
position of the intersections of the meridians
with the limiting north and south parallels 1is
plotted by the following grid co-ordinates
obteined either from Auxilary Table Part V or
by computetion on 14 Mech. (See Appendix D & E).

Inter section of Eastinge . Northinge
. Corner A - - - -
) B - - - -
. o) - = T e -
| ] D - - - .

Pirst deterwine the grid squsre in whioh the
intersection falls and then plot the comers
as shown in Figures 10 and 11.

xi) Connect the 4 corners with a thin blue penoil
line ooo-t(n!\lr' 1,).

xi1) Looate 5' intervals by dividing each side into
5 nml P.rt. seee (ngrc l;:%o

xii1) Ink thovroiictrntion tioks in & ocorners which
will be 1/4 inch long and at right angles
vs ..(ngr' 15).

xiv) Ink all grid lines, First ¢hiek lines and then
other then lines......(Figure 16).

xv) Ink the projestion ticks ...(Figure 17).

40, RE -1 S8 U Es

Most of the departmental sheet prepared in Survey
of Pakistan are 1009, gridded ans sepsrate grid BFO already
exist. To save time some sheet have been printed with grids
{n bleck so while correcting any of such sheets for re-issue,
it should be seen that any typing that is fouled by the thick
~grid lines and their border values are shifted fhe duffing out
of the grid lines ticks and of the internal spherical lines,
and sccessory letters and figures will be done in the reproducing
office. A separate grid original on the scale of publication
should be prepared on & RXXIUINg blue printzpt the outline sheet
after it has been corrected for re-issue.

Contd.. 016.
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GRID FORMULA: \

See Auxilary Table ?art V¥V, and the Lambert Talles

(grid B angd C)

o« Also see 'Notes on how to compute a Lambert

or Trensverse Mercator Grid' im thke computation supplement
to TEB Chapter VIII and XII, a few simple formula for Lambert
Grid are given bdelow:-

Let M = meridian distance of extreme parallel

'Then (a)

(»)

(c)

(a)

(e)
(£)
(2)
(h)

42,

from the central parallel,

m = meridian distance of any parallel from
the central parallel,

R = radius of the eartk (21 x 10° ft.approx.)

o = normal to the sphercid at tkhe Centrarl
parallel,terminated by the minor axis,

o = Latitude of central narallel.
Lo = Longitude of Central meridian.
L = Longitude of any meridilan.

S = modified meridienal distance.

2
scale error X = 1 approx.
E2 PP
* 2
Imposed scale error = :ﬁ?_ usually

2R

Modified meridienal distance from2
- n .
Central Parallel 8 = Fo(m = ) apprex

Where Fo = Centrgl Scale factor
a1 -8 usually.
| i v

True meridional distance m = XR_ apprex.
| 338 7

Radius of central Parallel = Ro » cot
Radius ¢f any parallel = Re - Sin.
Ckord from Central meridian = 2(Ro-S) Sin ¢/2

Convergence C = (L-Lo) Sin .

SIGNATURE ON GRID ORIGINAL:

The mame of Sectional Officers and OC Unit etc.
will be written im wlue at the lower margim of the sheet
but Sectien Officers and Officer-in-Ckarge of the Party
or Drawing Office will sign in ®leck with dates. As gar
para 467 of THB Ckapter VI, Circle Directors need ne
sign on the grid original. '
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GRID MANUAL
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APPENDIX A

\

No.7064/42-A=3
Surveyor General's Office
Blook No. 40, OMH Lines
Karschi-b,dt.%/11/51.
Prom ’
The Surveyor Gener:'l of Pakisten.

To
1. The Deputy Director Msp Publication, i
Survey of Rakistaf, Murree. !

2. The Deputy Director Bast Pakistan,
Survey of Pakistan, Comille.

Sub 1= GRID JUNCTION:

In view of the disability of having all the maps of
East Pakistan in one grid, it hes been decided

91°E, and E will be at lstitude 20°30' north,
Above this 1.titude grid II B will eppear in the
body of the map.

(a) Junction of}grld 11 B with III B between longitude
91

(b) Maps where grid III B is required to be changed on
aceount of (1) as grid I1 B, will show the tioks and
value of the existing grid in the border of the sheste.

2. A diagrsm showing the locstion of this new jubction is
attached. '

8d4/= Mohd. Nsjmuddin.
Por Surveyor Genersl of Pakistan.
Copy to 3/
E-inC General HQe., Rewalpindi with reference to his
No. O66A/8/8G, dt. 1T7th 8ept.,31.

NOTE — G

Surveyors are primarily concerned with 3 types
of computations (a) given the co-ordinates of
two points, to find their distences and mutual
pearings (») given the co-ordinates of one point
and the distance and bearing trom another, to
find the co-ordinates of tke latter and (c)given
the angles and one gide of & triangle to find
tke other two sides.

The simple possikble formula for twese computations

are -
$ = vearing -tm-1SE/5N
C = distance =5E Cosee @ =5usee B

Sin A = Sin B = Sin C
a , » c

Where SE and SN are difference of eastings and
northings respectively.
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APPENDIX B

Telegram Pak Surveys Survey of Pskistan

Telephone 5511 Ext No.8423/42=A=3
%%512/16 Surveyor Genersl's Office
Blook No. A0 OMH Lines
Kerschi~-&, the 29 Dec'5l.

Fronm
The Burveyor General of Paiddstan.

To '

The Deputy Director, Map Publicetion,
Survey of Puldesten, Rawelpindi.

Sub t- GRID JUNCTION:

The undermentioned modifications in the grid junction
will be adopted in future.

(a) The junction of grid '0' with grid 1 will now be
at latitude 37° North.

(b) The junction of grid I with II A between longitude
66° B and T1°E will best 1stitude 29° KRorth.

2. Msps where grid O (or I) 1is required to be changed to
grid I (or IIA) will showi the ticks end valuees of the existing
grid in the border of the sheet.

3. An index showing the locations of the new grid junction
is attached.

Sd/- SoQo H.U.n.
for Surveyor Generel of Palkisten.

Copy to -

1. The E-inC GHQ Rawelpindi with reference to his No.
0664/8/8G ,deted 7/11/51.

2, The Deputy Director East Pakisten, Comilla.

R

e e EeE e e

O] Origin r -

Conversion of Coordinates

NOTE — H ~—_—— Spherical
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Diagram showing change of
Grid Junction and letters

- Diagram XIV IN “
west Pakistan. : 0
o 78

: . o 7
| & GRID QiQardy A,

L3 Lil gl ‘

: - $ 8 T {8 <
6 H 3 ['4 \“-; G L} J iF G ] H J l g;{ 5 1 P l " 37‘

Yyl z v w x '3 2 v { W x Y z v W M J Y 2
: o\ clalsfclo|efafBlcfolefnls ¢ ,D . [ _3¢*
1 \n§ Fla|n| s8] rfe[n] Kg Fla |n o % |-
- ‘0 »
B (o [ (o | et [ [Rafe o] Tu NI o[
s Tlv Q R s 'AT V] qQ R S T u Q R 1 s ! ? u $
‘! Y iz v “:”o)(“‘ Y_Z-(L}v- “lx viz Y wf * [ X. Zgl
i X1 .8 / . A " Al 0
cGRi0 rraddsy c| o E PR elciDIE] GRID & {d9 — 3 8)°
el |« Fla lrl2 K }F G W[ I KLFIG]|H JIK Fjg I\l 3°
: H ()
ol L e L [ R T = STe o Tfar fe
.&5"""""\’. QR | 8§} Y]V R}pSIT|lvlIQl RS Y‘IUIQ R/‘/’ ’g
i . Y 3 v AN - . A
;M k) Y ‘vz Y w x p—re 0 gy Pr el @ Y z v w » I °
AR F___Lf 0 :‘ oo >4 200 m:ﬁ . . . Y| z Iv lw 98° 81
, < olL [ ™ Tl e -] I NfO d L] m]N]O p LI

Mt N e W
; , s TR T [ T V4 Q| R s |+ ugﬁrlR SIT v [o] 5,0
‘,., T l I c] 1 l T l I J o :J h T ) l lo o
- % 65GRID A (Yard®) ' | 8
. References.- Urigin of grid I (Yard)
. Latitude 30° 30° '
Longitude 88° o'
Gridjunct‘ion shown thus.....
Note:— -
Please see S.65 No. 5423/42-4-3 dated 29./2.51
appendix B' for ckange of grid<jnnetion.
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(ooPY)
_ APPERDIX O
AMENDMENT TO 0SGS(Indis) G8GS No.5300/TI-2
Dated 27 July, 1944, Dated 2 May,'47.

(Grid Numbering and Lettering).

1. Pare 2 ADD Maps of 1/4 and larger seales will often be folded
in small map osses in the field. It is therefore
essentisl that in every 8 x 8" square of the sheet,
there should be st leest one set of Northing snd
Easting Grid Numbere.

2. Delete Pars 5 and put instesd:

5. The Canadian system of Grid Numbering consists of placing
ihe Grid numbers on the body of the map in rows. The Orid
numbers sre placed immediately to the North and East of

every thick Northing snd Busting Grid Lines.

In addition @

On Quarter-inoch,

An extrs row of numbers is placed slong esch, 50,000
yd/Metre Grid line.

On Half-inch.

Rows of numbers are pleaced along each 20,000 Yd/Metrs
Grid line (i.e. each Northing line corries a number )=

Midway between the 0 snd 10,000 Basting line. .
20,000 * 30,000
ko,000 * 50,000
60,000 ' 70,000
80,000 * 90,000

On one=inch.

As the Grid lines are close, only the evan thousand
grid lines are numbered.

On 1/100,000.
As the grid lines sre close,, only the even thousend
grid lines are punbered and the numbers are only
written along the thick Grid linee bearing even
numberedd tens of thousands. '

On 1/25,000.
An extre row of numbers is placed along each
5,000 Yd/Metre line.

Samples are attached showing how the numbering system is applied
to eedh scale. Other scale will be trested in similar style, the test
being that there is a row of grid gifuree in any 8" x 8" square of the
fuce of the mep.

« Delete para 7 & 8.
. Re-number paras 9,10,11 ss, 8 &09. 8d/- Jrr Lsthbury,
Lt Col RE
for D. Survey. Indis Command.

Distritutionss

(1/2.. 1'ould recipents kindly add the extrs rowe of grid numbers to the
and 1/2%,000) esmples alresdy forwarded so as to make thew
agree with above text.
: D.Mil.8urvey, War Offioce ete. 240, ~m—em—---

4 e T ST ey . e
v e TR PRSIy
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APPENDIX - D

SURVEY OF PAKISTAN

COMPANY, DATE

SECTION
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L
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Grid

Machine Deduction of Grid Co-ordinates from Spherical
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APPENDIX 'E' Pege 23.

arid Co-ordinates to the nearest yard of the corners
of 30! squares (i.e. of standsrd 1/2 inch sheets) sre given
in Aux. table Part V. It will generally be necessary to obtain
the grid ooordinates of the corners of the 15' square on 1150,000
scale sheet. In interpolating these values small corrections
are necessary and these are tabulated st the end of each table
or as under 8- '

(a) INTERPOLATION FOR 15' OORNERS:
i) For imberpolation along s parallelt

1f N1, N2, El, E2 are the tabulated northings and e2=l" 1"
of the corners 15' east and west of the point P; ahd

Ar /\ L degrees is the longitude of P minus that of

the origin then

Np = Nl N2 - x

By El < K2
2

4+ 0.000xx A\ L

11),For interpolation slong & meridiant

If N3, K&, E3, B4 are the tabulated northings and
essting of the corners 15' north and south of the
Point P; and 1f /\ L degrees 1s the longitudes of
P minus that of the origin

Np ®= N3 -+ K4 y
2 L)

B = !2.‘%.‘.1- — 0,008y X /\ L

x,y for each latitude are tabulated. 1f the co-ordinates

of the Central Point of a 1/2° tho«/mst be applied in
ngihrigg‘gii;e succession. S

sets of formula Example -

It is required to find the grid co-ordinates
(grid 11 B) of sheet No. 78 ¥/h bounded by 26°00 K, 26015' N,
89° 00' E and 89° 15!

~ 89°00" 89°15"
26°15! - ——pE015 !

788 /M

26°00" 26°00"

85°00" 89015

Oontd...2M.
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The following are the tabulated valuess-

L 89°00" : ’ <y

A |
26°00¢ El 2800659 K1 1000418 | R 2 2943329 N2 1000104 |26 |1
26° 30! K1 2891122 K1 1060920 B 2945560 N 1060607 |26 |-+1

For the point = 26°00', L = 89°15!

/A L =(89°15' - 90°00) = -0%45' = -0°75

stj_l_;;_!é-x.ns= 5_1_;!1.+.009xxAL

~ 1000418 - 1000104 - '

2
x 0.75
= 1000261 - 26
= 1000235 - T 2917994 x 0.234 x ~0.75
= 2917993.85
= 2917994,

It is thes necessary to find the co~ordinastes of the point
A=AR26°30'" L = 89° 15' although this is not a corner of
the required sheet ,

= 1060920 ;- 1060607 _ ¢ = 289E122 = 2945560
2
= 1060737.5 o+ 0-009 x 26 x -5

T 2918341 - .2515

2918340.75

Contd...25.
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The following are the tabulated valuess-

L 89°00" ' x|y

N _
26°00* Kl 2890659 K1 1000418 | K 2 2945329 N2 1000104 (26 |1
26° 30! K1 2891122 K1 1060920 | E 2045560 N 106060726 |-+]

For the point = 26°00', L = 89°15"

AL L =(89°15" - 90°00) = -0°45"' = -0°75

35:_1_'_1__'_‘_‘;__1;‘3.-1:,:5: Q__;E_+.OO9XXAL
1000418 =+ 100010% _ »¢ =
2

2800639 -+ 29499

009 x 26
x 0.75
= 1000261 - 26
= 1000235 - T 2917994 x 0.23% x =0.75
= 2917993.85
= 2917994.

It is thog necessary to find the co—-ordinates of the point

A=A263%0"' L= 8° 15 although this is not w corner of
the required sheet .

N6 = 1_!2_'_"2.!&-_26. 35:32%31&

1060920 ;- 1060607 _ .4 = 2891122 =+ 2945560
2

1060737.5 4 0.009 x 26 x T3

2918341 - .2515

2918340. 75

mntd'..zs.
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The point A = 26°15', L = 89°15* ( F?T‘:} )

may then be found by interpolation along the meridian
between these points

P N e T
= 1000235 '*; 1060738 _ |, = 201799% - 2918341
2
- 10)0“86 *.009 X o1 X =0.75
’ = 218 16R

The fourth point A = 26°15', L = 89°00
osn be found out by interpolation along the meridian

L = 89°00'
= - El 4+ K
N8 = K1 :LE B _, E8 =
= 1000418 <= 1060920 _ . e 2800639 -+ 2891122
2 2
= 1030669 = 2890890
S8e¢s the oco-ordinatbe belows-
89000’
g3 = 2801122 (given) B5 = 2918341 89°30°
pAs 2945560
1060920 (given) K6 = 1060738 N4= 1060607(glven)
26° 30" S ——
E8 = 2800890 E7= 2918168
10 S =1
aiha Sesndiee ' 26°15!
78 ¥/ 1
|
E1 = 2800659(given) | 5= 2917994 |
- ' |
<Bl = 1000418(given) 'l//’ns_-. 10002 34 i
26° — - 260
(+]
815" = 2045329(given)
N2Z 1060104(given)

Contd. . .?6 .

B&
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SURVEY OF PAKISTAN
DEPUTY SURVEYER GENERAL'S OFFIOE
JEJGAON INDUSTRIAL AREA

DACCA 8.
No. T-11276/ A4-A-13. Dated 6th Oetober,65.
F rom
S. Q. HASAN, EOQR.,
DEPUTY SURVEYER GENERAL.
To

OC No 2 Do
0C NO 4 party

0C KO 6 party

0C WO 2 ph Offiee

00 RO 1/2 EPVAPDA Survay party.

Subi- FMILL VALUES OPGRID LINES APPEARING IN THE MARGIN O& SHEETS.

Rules as under already exist for entering grid values in the
border of the sheets.

Full ocoordinate value in borderst

a) Thé fudl coordinabe values of thick grid linea will be
entered in the borders on all soales the 1/Million. Y¥here only one thiok
line falls sceross w border, full coordinmte velues sheuld be adde sgainst

nes nesr the oorners. 1n cases where the thick grid lines
e full coordinate vslue of

the nexy line will be entered.

b) In the north and south borders full coordinate values will
be typed to read from south to morth, where east of the true origin, snd
from north to south, whers west of the origin.

c) ‘he tops, and not the bases, of all figures should be
in the same lined

2. The above rules are sinply amplified further as followst

2) Except the portion underlined as at 0a) above full grid
values against fine lines will not be entered in the border.

11) In cases where thick grid line does not reach the opposite
edge of the sheet but cuts the adjecent edge of the sheet the full values
of the thick grid line will be entered in the border conoerned as usual.
But in the opposite border where the thick 1line does not appear the velue
of the neky thin Fine will also not be entered.

8d/~ 8.Q. Hasen

DEPUTY SURVEIOR GENERAL
SURVEY OF PAKISTAN,DACCA.
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THE UNIVERSAL TRANSVERSE MERCATOR GRID

GENERAL

1. DEFINITION

a. A grid is a system of coordinates on the earth's surface
expressed in linear units. It is also the system of squares repre-

senting the coordinate system on a map. '

b. A spheroid is an assumed size and shape of the earth, used

for computing geodetic positions.
2. SPHEROIDS

(a) This is designed both for the map user and the map maker.
For the benefit of the latter, a brief discussion of the spheroid °
is inserted at this point, for use especially in connection with the

system of reference.

a. So long as calculations are made in E, N coordinates or in
terms of distance and bearing, there is no need to know the exact
form of the earth. but if it is required, for example, to express a
length measured along the Equator as a difference of longitude, then
it i8s necessary to have the length of a degree of longitude at the
Equator; this in turn means knowing a, the earth's equatorial radius,

since

3-%-1§9 - length per degree of equatorial longitude.
T
In the same way, other conversions require a knowledge of the polar
radius b. From a and b can be derived the flattening, f, which is
defined by the equation |

a->b
a

= fo

The quantities a and f are generally considered to define a spheroid.

Among the spheroids in present use are several for which
Transverse Mercator tables are being prepared by the Corps of Engineers.
These spheroids, with the accepted values of their dimenslons, are
listed below :

TAELE 1

Name ‘ a (International meters) ' I/F
International 6,378,388,0000 297,000 000
Clarke 1866 6,378,206,4000 294.978 698
Clarke 1880 6,378 ,249.1450 ' 293.465 000
Everest 5,377,276.3452 300.801 700

Bessel 6,377,397.1550 299.152 813




(b) In Afganistan, India, Pakistan, Burm&, Ceylon, Thailand
Malay etc Everest spheroid is used. ‘ l
The fundamental defining parametes of the Lverest spheroid are ;
Flattening f = 1 o

300.8017 ,: ?

Equatorial semi-axis a = 20,922,931.80 Indian feet which was
reduced to meters by considering the relation 1 Indian foot = 0.30479841

meters as exact
Therefore a = 6,377,276.34518 meters

3, NOTATION

The elements of the Transverse Mercator projection are illustrated
in Figure 1.
P = the point under consideration

GN F = the foot of the perpendicular ffom P to
Z the central meridian

- O = the origin '
02 = the central meridian
LP = the parallel of the latitude of P |
. 2P = the meridian of P )
- OL = Ko S, the meridional _are from the equator ; ‘
. £ \ LF = the ordinate of curvature
P OF w N, the grid northing

T ~ FP = E', the grid distance from the central
NT meridian

‘ i
koS L ~ GN = Grid north ‘ {

\o

: C = the convergence of the meridians; i.e. i
the angle at P between true north and !
grid north

In Figure 1, P represents a point in the northern hemisphere, and
east of the central meridian. By inverting the diagram, overturning it,
or both, the figure can be made to represent the situation in either §~
hemisphere or on either side of the cent}al meridian. b

4, SPECIFICATIONS

The Universal Transverse Mercator grid has the following
specifications :

a. Projection : Transverse Mercator (Gauss-Kruger type), in gy
zones 6 wide (See diagram) ra,

b. Spheroid: Clarke 1866 in North America; for other areas A
' see Plate 1.

c. Longitude of origin: Central meridian of each zone.
d. Latitude of origin: 0 (the Equator) : ‘ iy

e, Unit: Meter
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False northing: O meters (10,000.000'for Southern Hemisphere)
False easting: 500,000 meters
h. Scale factor at the central meridian : 0.9996

i. sone numbering : Starting with 1 on the zone from 180 W.
W. and increasing eastward to 60 on the zone from 174 E. to
180 E.

.jo Latitude limits of system :
North : 80 N.
South : 80 S.

k. Limits of zones and overlap : The zones are bvounded by
meridians whose longitudes are multiples of 6° W. or E. of Greenwich.
On large-scale maps and in trig lists an ovérlap of approximately 25
miles on either side of the junction is provided for engineer surveyors
and for artillery survey and firing. This overlap is never used, however,

in giving a grid reference.

5. POLAR AREAS

In the North and South Polar Stereographic grids-will be used.
These will extend from the poles to 79030' N or 79030' S, thus

providing a 30' overlap on the Universal Transverse Mercator.

6. CONFOXMALITY

The Transverse Mercator is a conformal projection; that is, angles
measured on the pro jection or computed from the ~rid coordinates closely
approximate their true values; at any point length corrections are the
same in all directions. Conformality 13 an important advantage for all
users of the numerical values of the grid, whether gunners, surveyors,

or mathematicians.
7. GENEKAL

The preferred as well as the easiest method for constructing the
Transyverse Mercator graticule and grid for a map sheet i8 to plot the
grid first, and from this, plot the graticule. the reason for this
choice is that the grid is a sample system of squares which is the
same, except for position, for all maps at a given scale anywhere.

Once it has been constructed, the graticule can be plotted from the
coordinates of the intersections of meridians and parallela.'When

this is done, the graticule will be on the same ransverse mercator
projection as the grid. As compared with the older method of construc-
ting a separate graticule, on its own central meridian, for each sheet,
this method gives a true representation of the projection, which is
slightly out of scale to true distance at any point, The scale differ-
ences, although measurable at the compilation stape while the material is

still on a stable medium, are not measurable any longer in the printed

mlnat ainra thav are masked by the very much larger errors of paper
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corners as centers, and these first grid lines may be drawn tangent i
to each pair of arcs. It is more convenient, howevelr, to measure ‘ ;
these distances directly on the graticule neat line; and this is %
sufficiently accurate provided the declination of the secondary

grid from the neat line is not more than 36. (When the declination

is greater than 3°, the distance must be divided by the cosine of zg
the declination and th§ result measured on the neat line.) By '
connecting the points, or, as the case may be, the tangents, the
large grid rectangle is obtained. ihe rest of the grid lines are
obtained by subdividing this rectangle into the proper number of
intervals.

12. MAKE-SIZES

] There are two ways of specifying the size at which a sheet
should be reproduced. The first, and simplest, can be applied if
the grid is shown on the copy for reproduction. It consists simply
in giving the make-sizes in terms of the grid rather than the grati-
cule; for example, by putting an exactly ruled grid on the ground-
glass of -the camera. the final grid is often on a separate drawing;
consequently the grid drawing is brought to reproduction size first,
and then, using the same camera setting, all other copies are photo=-
graphed; or else all other covnies are photographed to the size of
the sheet corner ticks on the reduced image.

A second method is to compute the dimensions of the neat lines

by the Pythagorean Theorem, as follows :

a. The length L of any side is expressed by the equation
L =YAat % an" where AE is the difference is easting coordinates,
and A is the difference in northing coordinates between the end-

points of the side.

b. The lengths thus obtained are the true dimensions of the
Transverse Mercator projection pased on the central meridian of the
grid zone. Due to the properties of this projection, for standard
size sheets these lengths of sheet lines will vary within the same
1atitude band by amounts up to a maximum of 0.03 inches at any
standard scale, devending on the distance of the sheet from the
central meridian of the zone. towever, the grid squares will always

remain true squares at the proper size.

--000==
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APPENDIX H

LAMBERT GRID FOR INDIAN SUB-CONTINENT

The Lambert Rectangular Grid was adopted by Survey of India
in 1929 and professional paper No. 26 on Lambert Préjection and itse
application to griddings was revised by removing the theoretical
portions and adding the actual practical working of the system for

use by those who are concerned with this side of survey.

2. Survey of India, in the begining, desired that all references
will be prepared in spherical terms. But, army faced difficulties in
gunnery relating to ffxing of their batteries, computing their ranges
and in finding out directions. Such a system cannot be drawn on a

sphere and grid system was then introduced with considerable labour.

3, Seven grid system was introduced with seperate grid origins
to cover the whole of the then India and Burma, with a view to
accommodate scale factor differing from unity by more than 1:800.

L. Definition of grid : Although a system of equal squares
cannot be drawn on the earth's surface, but such a system can easily
be drawn on a map whose edges fit together. Such a reference system
is called grid and it is named after the projection of the map on
which it is drawn.

5. The best reference system is a set of ""squares'" or rectanges
ruled on the map, with reference to which the positions of points are
described by ordinary East and West or nY" gnd "Y" co-ordinates.

6. The system of map references, now, being used in our maps,
is that of "Modified British Grid". The reference system, being
used, is mainly a set of equal squares drawn on a plane surface but

such a system cannot be drawn on a sphere.

e A Lambert grid consists of equal and perfect aquares. Buﬁ when
represented on its own Lambert projection, it will not do so on any
other projection. On any other orthomorphic projection small squares
will be correctly shaped, but their size will vary from place to
place. In particular, when the grid is drawn on the polyconic maps
of the Survey of India, which are everywhere very nearly true to
scale, the squaree will appear square but they may differ from their

reputed sizes by as much as one part in 820.

8. For a clear understanding of the Lambert grid it is necessary
to be familiar with the Lambert projection. A projection is any
orderly system by which the meridians and parallels of the spheraid

are represented by straight or curved lines on a plane map.

9. Anyone is at liberty to devise and name any new system which

may occur to him, but various well estab!ished systems have certain

BT e et . i
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advantages. From the grid point of view a most important desideratum
is that the projection should be orthomorphic; that it to say meridians
and parallels should everywhere cut at right angles, and at any point
the scale along the meridians should be the same as the scale along
the intersecting parallels, 80 that in any small area, a map on the
projection should give an undistorted picture of the earth's surface.
;t is too much to exﬁect this in large.areas, for a plane represen-
tation of any consid;rable part of a spheroid must be distorted.

But if the projection is orthomorphic every small area is itself
represented without distortion, although different small areas may

be at different scale.

Computation on the Grid - The Lambert;Grid consists of true squares
when exhibited on n‘maﬁ drawn on Lambeft projection (with the same
central purallel). Since the projectioh {8 orthomorphic each small
grid square will represent an almost perfect square on the ground:
but these squares on ground will not all be equal. For if grid
squares in the latitude of the standard plrallels-fepresent 1,000~
yard squares on the ground, it is clear that in central latitudes
1,000-yard grid squares will represent squares with sides of rather
more than 1,000 yards, and that beyond. the standard parallels they
will represent smaller squares. Thus although the squares are called
1,000-yard squares, they are not actually so. They represent thousands

of a new unit, a 'grid yard", whose length varies with latitude:

In exactly the same way, & ngrid angle" does not exactly equal
a true angle. If ABC are three points on the ground, the straight
1ines (rays of light) Joining them from a
triangle with certain anglod‘. If these
points and their joining lines are plotted

on the projection, the 1ines which are

straight in nature will appear slightly
curved, and the triangle formed by the

three points as projected will have
angles different from those of the real
triangle (see fig. 4), If the sides of

the triangle are very short, the two éiﬁfg
triangles are similar, for the projec~ c'l:7~_~_4

tion is orthomorphic; but the orthomor-
phic property only holds rigorously in

a small area, and the ordinary triangles
of minor triangulation are large enough'
for the difference to be appreciable,
especially at some distance from the
central parallel of the grid.

e o i e

'&
!
!
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10. The method of calculating directly in grid terms in this - ) ;

All measured angles and distances are first converted grid

angles and distances and are then deducted to grid corordi- '?
nates and grid distances. ,lF

11. For the range of a gun the R.A., need true yards, but they
are prepared to neglect an error of 1:800, which is the
greatest difference between true and grid yards in an 3 :
8° grid. ' .

DJECTIONS COVERING DIFFERENT PARTS OF THE WORLD ASIT STANDS TODAY
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43. NOTES ON PROJECTIONS NOW BEING USED IN ¥ Do
SURYEY OF PAKISTAN: P

S
(a) SIMPLE CONICAL PROJECTION: : g 1%
' P &

The rules for comstructing thie projection are as 5
follows (see fig.1):- é ?
i

Select any parallel QQ (latitude Ao )passing centrally
through the area under consideration. Let PP be the Earth's
axis,QR a tangent and QS a normallmeetinz the axis at R and
S regpectively. The length of QS (known as ™V, )is reguired
for meny purposes,and tables for it exist (Table 1 of the
Auxiliary Tables,4th edition). Then the gystem of the projec-
tion is tkat the parallel QQ is represented by a circle of
radius QR (= V, cot X o). The meridians are represented by the g
radii of this circle,so spaced that two meridians such as PC 3
gnd PD separated by a difference of longitude of A L are
represented on the projectioa by two radii which include an
angle C'R'D' of & L sin Aa.Otker parallels are represented
by comcentric circles gseperated from the central parallel
by their true meridien distances; thus on the projection
A"'C' equals the true distance AC meesured along the Barth's 3
surface., The projectiom as deccribed above may be represented r
on a map at eany conveniently reduced sczle (e.g.,at 1 inck ;
to one mile).

P

(@)SIMPLE CONICAL PROJECTION IS NOT ORTEOMORPHIC:

Tnis simple cenical projection is not orthomorphic.
Whereas nortg and south lines such as A'C' and 3'D' are
true to scale,east and west lines such as A'3' are not;

s suck as A'B' are too large on the ojection,
:iée;%ﬂzig:: 1ike C'D' on the central parallel,wgic are
correot. The scale errol in a east or west direction increases
repidly at & distance from tlke central perallel,so that the
prejection is suitewle for a belt of small extent in latitude,

but of indefinite extent in longitude.




(c)CONICAL ORTHOMORPHIC PROJECTION: 3

The simple conical projection can be improved in two
obvious ways. In tke first place it is easily made orthomorph¥t
Instead of making A'C' on tke -projection equal to the true
meridien distance, it is 80 modified that at any point its
gcele errer 1s equal teo that of the intersecting parallel.
Calculation shows thnt it m is a true meridian distance *

from the central parallel,and S is this modified distance,

S=m+ 3 4+ smaller terms ce .- (2) 3
?0 Vo :
where ig the radius of curvature of the meridian in the

central latitude (gsee Teble 1T eof Auxiliery Tables,4th edition
The projection ig then ortkemorphic.

(4) STANDARD PARALLELS AND LAMBERT CONICAL
SRTHOMORPELC PROJECTION.

The second modification is as follows:~ As it gtands,
the scale is correct on the central parallel,and is too
great elsewheTe. Suppose the extent of the progection to
be suck that the gcale error is K (e.g.,1:1000) at the
extreme edges,Then if twe scale of twe whole is reduced
vy WK (1:2000) the reputed scale remaining unchanged, the
gscale error in the eentre will be 1: 2000 too small,at the
edges it will be 1:2000 too large,and et two intermediate
parallele,called gtandard parallels it will ¥e correct.The
meximum scale erroer was consequently been kalved.

The projectien modified as above is called nLambert's
coniocal orthomorphioc projection,with two standard parallels'.

Limiting Parsalle!

!
standard Paraliel

Central Paraliel

standard Parsilel

Lirmiting Paraltel

Faise Origin e
Fig. 2




(e) SCALE ERROR.

Kalving the Bcale error ig all to the good, bwut
the utility of the projection 1s not increased thereby
as muck as might ve thought at first sight. A simple
error of scale is a very easy thing to deal with: what
inconveniences surveyors is a rapldly changing scale
error,with which is associated a narrowing of the area
over whick the orthomorphic property holds vith any
specified degree of accuracy. And this trouvle is not

remedied by tke introduction of the two standard parallels.

If this reduction of scale is net employed the scale

error ir any latitude is
(A'E' - AE)/ABE (see fig.1)
- Q'E' -1
AE

-1

2 W)
. &

m + smaller terms (from (2))
2 Po Vo
2

= m approximately,vwhere R ig the

2RZ Earth's measn radius ......

(3)

“* Positive for a point north of the origin.

o I @ projection is intended to cover & belt of (sa %
2% of latitude,the greatest scale error will de §% X G?E =114
, 2(39

Then if an errer of - 1:824.1s imposed on tke whole, the

error in the centre will be .- 1:824, at the edges it will

e + 1:824, and the Standard parallels will Dde in such
latitudes tkat m2/2R
of the central paralle.

=1/824 or m = 2°0.83 north or soutk

Te summarize, it 1is seen tkat the Lambert projection

is orthomorphic,in central 1gtitudes tke scale is too smell,

and in outerx latitudes it is too large."

(£) LIMITTING PARALLELS.

It must be realised that the so-called limiting
parallels are net hard end fast limits. The projection
and grid can bpe used deyond tkese 1imits,but the scale
error increases mere and more rapidly as m» increases.
The limiting parallels are only definite in so far as
they mark the point where tke soale error is equal and
oppesite to ths central scale errer.
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Notes :-(a) The limitg of this
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APPENDIX |

s |

Index illustrating a part of GRID I GRID SYSTEM (in black)
with reference to Survey of India Sheets (in red)

7:'l ﬂ\

IIIITIIIIX37IIIII‘II|
grid (Grid I) are the parallels 28° 30’ and 367 30'; if required,

the southern limit may be extended to parallel 28°,

(b)The origin of computation Is Lat. 32 30 and Long. 68" ; the origin of co-ordinates
Is 3,000,000 yards west and 1,000,000 yards south. The above index, therefore,
8hows only a part of the GRID I GRID SYSTEM,
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APPENDIX J

GUIDE for preparation: of GRID ORIGINALS D

W

Note:-(1) In this grid system, a 500,000-yard square is divided into twenty-live 100,000-yard f i
squares and lettered from A to Z (excluding the letter 1). f '
On the milllonth scale each of these 100,000-yard squares is shown with sides sub-
divided into tenths by ticks. On the %—-Inch and -%-lnch scales these gsquares are further
divided into a hundred 10,000-yard squares and, on the latter scale, shown with sides
subdivided into tenths by ticks. On the 1-inch scale each 10,000-yard square is again
divided into a hundred 1,000-yard squares. The index above Wustrates a part of Grid I;

_Jthe names of other grids In the system will be notifled in due course. e :
L s e e e = ]

Note:-(2) A grid origlnal wiii normally be prepared on scale of publication on 2 130 Ib. d. p. blue
print of the complete outline plate. For items to appearona grid original, for the two
thioknesses of grid lines to be used, for flgurea. and letters to be completed in body and
border eto., see samples on this guide, )
In addition, grid reference footnote and diagram ol incidence of grid letters are to be
completed, vide specimens on this gulde. For this purpose black and:blue prints will be
supplied for completion appropriate to the sheet concerned. rheae, with the co-
ordinate gauge, the exact positlons of which should be, marked # blue on the grid
Ariginal  will ha ninnad ub by P.L.O.before phatnsrank.. S e T~ TSR S

S R

Note:<(3) The full co-ordinate values of all thick grid llnes wii De entered in the border On the
t-inch, ;—-inch and %-inch scales. In addition,on the %—-inch and —1—-Incn scales full co-
ordinate values of the fine lines nearast the corners will be entered;but where the value

By

falis iess than 1-%—-inchet from thecorner.the next line should be selected. Onthe1-inch

scale, lulLl co-ordinate values of fine lines are not required at corners.
- i = RO
Note:-(4) Letters and figures In the body of the grid should, as far as posaible. be placed symmaet-
rically, but their positions may be altered to avoid important detall or to take advantage

of an open space. Figuresinthe body may beomitted whero necessary but approximately
thirty should appear in the body of each 1-Inch sheet. Those in the body falling nearer

Note:«4) the edge thané% should be omitted. Thick grid tines should be broken to clear typing

(contd.) or imnnrtant datail . e e
= e

Note:«b) The convergency of Mean Grid North with True North wili in future be given In table
44 B of the Auxiliary Tables, but may at present be found on page 48 of Prolessional
Paper No.26 (Provisional issue). This convergency must be extracted for the centre

meridian of each sheet on ail scales to the nearest one minute

»

Notes:-(a) The grid name should be entered 22 clear above the sheet number and
”
650 to the west of eastern edge of the sheet, care bsing taken not to foul

the F.O.U.O. note on sheets already published.

~

(b) The co-ordinate gauge wiil appear 6_86 clear above the grid system name

and ;—g east of the extreme border line.
Ve

(c) East of the origin of computation, full co-ordinate values in the north and
south porders should be typed from south to north,and west of the origin
of computation from north to south, alt fuli co-ordinate values should be

typed in the direction of the co-ordinate lines to which they refer.

(d) The expression‘i5 D.O, etc. means the number given Lo that particular

type in No.1 D.O.'s type list, the numbering in which is the same as thatin

the Type Table.

(e) Type numbers and dimenstions quoted are for gcale of publication.




THE LAMBERT GRID FOR INDIA

HOW TO PLOT GRID LINES

APPENDIX K

Case I. When the spherical values of the cutting polnts of
10,000 yard grid iines with meridians and parallels
are available, the cutting points will be plotted from
diagonal scaies of latitude and longitude drawn In
blue on the falr sheet, and the grid completed by
Joining the cutting points, sub-division being made
as required between ocutting polints.

Case II. When only the grid co-ordinates of the corners of
spherical sheets are avallable the instructions for
plotting glven below will be followed.

A B
F
E
H
G 7N
o
, C D
|

Let ABCD be the graticule of tha sheet to be grldded.
From the glven rectangular co-ordinatos of the spherical
corners of the sheet, ascertaln the grid iinos falling

closest to each graticule side. Thon enter the grid ilnes
as follows. Supposs E G I8 the grid line to bo Inserted.
With A as centre, and radlus equal to the distance of A
from the grid line (east or west), describe an arc of a
circle. Simliarly with C as centre,and radlus equaltothe
jlstance of C from the same grid line (east or wost), des-
cribe an arc of a circle. Carefully place a straight edge
so as to touch both these arcs of circles simuitancously,
and draw the common tangont € G, which s the grid line
required. In order to do this accurately, particularly n
the case when the two clrclos Hle on opposite sides of
their common tangent. as In E G, It Is bost, first of all, to
piace the stralght edge touching the arcs of circles as
above, and to draw two fine dotsat the polnts of contact
as nearly as they can be judged by eye. The dots must
be exactly on the clrcumlferences of the circles. Then
join up the two dots.

'n a similar manner, the other grid linesEF, FHand GH
are obtained. The right-angular figure EFGH Is then
sub-divided inta the necessary number of squares and
the gridding of the sheet completed.

Scale Class of Grid lines .
of
Map Thick Fine
"’ Multiples ot 10,000 yards Muitiples of 1,000 yards
1 Sheets ultiples ©
X B rd Mulitiples of 10,000 yards
1_ Sheets Multipies of 100,000 yards
2 s
- " A
X 0.000 yards
Multiples of 100,000 yards Muitipies of 10,000 yards e
1 sheets uitioles
4 - ——— T 0 o p——
t 100,000 yards
1 Multiples ot 500,000 yards Multiptes o 3
M Sheets




ALPHABETTICA L INDEX.

Para:

A Advantsge of grid  3(ii)
Alignment of grid 31
lines.

Annual change 27(11)(141)

B Butt Junctions 1N

C Cassini grid. 5(a)(il)
Change of grid 13
junction. ‘
Colours of grid 15
Coavergence. 24
Canadian system of 29
grid. ‘

D Definition of grid 1
Disadvantage of grid 3(1i)
Diftferent types of 5
grid.

Domestic grid. 5(a)
Declination diagram 23
Declimation note. 23
Detail procedure of 39
grid drawing.

E Edge of map coniciding

v with grid line. 25(411)

P Palse grid origin. 6(b)(1i)
Full Co-ordinate
values of grid. 14(d),33.

G Grid reference . 7

" constants 9
"  Jjuactionms 11,14(2)
" Letters & figures,14
"  corrections 17
" Numbers 18
" Layout of maps 19
" Note 21
n Letters 30
" Origimal to prepare
separate, 35
" - PFormulse 41

I Introductionm 1
International grid 5(b)
Intermediate gridlimes 7,25
Index_line. 25

J

L

U
W

Para:
Junction betwecn
grid. 11,14(2)
Lembert grid. 5(a)(i)
Layout of
Indien grid. 12
Line numbers 29
Method of reading
grid letters 10
Magnetic
variation. 27

Materials required
for grid drawing 39(a)

Need for grid 2
Haming of grid 4
Overlapping grid 14(e),

15,21,22

Plotting of grid
on small scale maps.36

Plottimz of grid
lines. 38

Rare exceptioa of
grid letterimg 6(1iii).

Reference bhox. 14(a),20
Re~isaue. 40

Symple Polioconic

grid. 5(a) (1iv
System of grid
lettering.

Scale error. 16

Secondary grid. 22s.

Scale of grid
drawing. 26,

Sphericel positionr
to be shown im grid

original, 34
Sharp drawing and
typing. 37
Signature on grid
original, 42
Tmioknens of lime.14(f]
32.

True Origin of
grid, 6(1)

Typing of names parelli

———

to apherical linesz34

iiﬂ
Univeral Transverse
Mercator Orid. 5(b)(
World Polyconic grid j

~yatri 5(-13}&:1—1— |
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