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1. Abstract. —  An attem pt has been m ade to m od ify  the ex isting  
form ulae of conversion  betw een Lambert grid and spherical co-ordinates 
and to design corresponding m achine form s o f com putation , w h ich  are 
m uch sim pler and less tim e-consum ing than others, w ith ou t requiring  
the use of elaborate trigonom etrical tables (except for som e listed  values 
of grid constants and a special table of S1 sim ilar to N1K of Survey of India  
or y' of U.S.C. & G.S.).

The suggested m ethod o f conversion, being sign ificantly  rapid and  
econom ical, is likely  to prove of im m ense value to the surveying profession .

2. Introduction. —  The Artillery requires a grid for conven ient m ap  
references as w ell as for gunnery problem s relating to position , range and  
direction finding. Grid m aps are thus an essentia l requirem ent o f the Army. 
But active service surveys are generally based on fixed p o in ts of existing  
surveys com puted in spherical term s. T hese therefore have to be converted  
to grid term s. S im ilarly  conversions are needed in  the case of detached  
surveys based on astronom ical co-ordinates. Conversion of co-ordinates  
from one grid to another is also som etim es required in areas o f overlap  
betw een grids, and in that case the reverse process of conversion  too 
becom es essentia l.

The m ethod of conversion  of co-ordinates is thus of special interest 
to the Arm y. A ttem pts have therefore been m ade at different tim es to  
im prove upon the conventional m ethod in  various w ays. The classical 
m ethod of conversion  is tim e-consum ing as it requires use o f 7- or 
8-figure logarithm ic tables even for ordinary accuracy, depending on the 
distance from  the origin  o f grid. The m ethod of con version  used  in  
U.S.C. & G.S., though sim ilar in  principle to the classica l one, has the  
advantage of being su itable for m achine com putations, and is  considerably  
faster. But all the sam e, it does not p ossess the m eans to  avoid the use  
of cum bersom e 10-figure trigonom etrical tables. The m achine com putation  
m ethod o f conversion, as used  by Survey o f India, on the other hand aim s 
at com pletely elim inating  the use of elaborate trigonom etrical tables, by  
designing som e special (not very long) tables. The m ethod  is  quite fast, 
though a little less so than  that used in  U.S.C. & G.S., because o f the great 
num ber o f special tab les needed in  actual com putations. H ow ever the



m ain  defect of the m ethod is that it does not lend itse lf to conversions  
from  Lambert grid to sphericals.

An attem pt has therefore been made in the present paper to evolve a 
n ew  m achine com putation  m ethod of conversion o f co-ordinates which not 
on ly  elim inates the use of cum bersom e trigonom etrical tables but also  
reduces the num ber of special tables to practically one, thus enabling  
com putations to be carried out more rapidly and econom ically  than by any  
other m ethod.

3. Conversion formulae. —  In the diagram below, let P be a point w hose  
co-ordinates are to be converted betw een spherical : XP, LP and Lambert 
grid : EP, N P where EP =  AE -f- E0 and NP =  AN +  N0, the grid co-ordinates 
of the point P being AE, AN w ith  respect to the true origin  O of the 
grid w hose spherical co-ordinates are Xo> Lo and grid co-ordinates w ith  
respect to the false origin  O' are E0, N 0 expressed u sually  in round figures 
of the unit of grid.

From the diagram w e have <*> the grid convergence :
ORP = C =  AL • sin X0 »

R

(*) G eo d esy ,  b y  B rig . G. B o m fo rd , pp . 137-138.



where AL =  LP —  L0 , and OL =  S <*) w here S is the spheroidal 
m eridian d istance so modified that the scale in m eridian is everywhere 
equal to the sligh tly  variable scale in parallel, thereby securing ortho- 
m orphism , the central scale factor being F 0 or 0"L  =  S +  N0 =  S' which  
is equivalent to N 1K adopted in Survey of India or y'  used in  U.S.C. & G.S. 
S is, as usual, obtainable from the form ula :

/  m s tan X0 (1 —  4 e2 • cos2 X0) \
S = F0 ( m +  — x--------- 1- ----- -------------- )

\  o Po Vo 24 p0 Vo /
5 +  3 tan2 X0 \  . „ tan  \ 0 (7 +  4 tan2 X0)

+ m --- o ■>-------I + mpo /  u p$ vs
where m  is the true m eridian distance from  the latitude of the true origin  
of grid, p0 and Vo the radii of curvature and e the eccentricity  of the 
spheroid in  use. S' as deduced therefrom  is thus easily  expressible in  
convenient tabular form s correct to 0.1 of a yard /m etre at regular intervals 
of one m inute of latitude.

A lso R0, w hich  is the radius of the developed parallel of the origin  
of grid, is equivalent to F 0 v0 cot Ao> or R„ +  N0 =  F 0 v0 • cot X0 +  N0 =  Rq , 
a know n constant correct to only 0.1 of a yard /m etre.

( a )  C o n v e r s i o n  f r o m  s p h e r i c a l  t o  L a m b e r t  g r i d  :

W e have from  the diagram,

AE =  (R0 —  S) sin  C =  (R'0 —  SO sin C (1)
and

C
AN =  S +  AE • tan —  =  R0 —  (R0 —  S) • cos C

2
or

R0 —  AN =  (R0 —  S) cos C
or

R'0 —  NP =  (R'0 —  SO • cos C (2)
Now expanding sin C in powers of C, we have from (1) :

/  C3 , CB C7 \
i E  =  (R1_ S ' ) . ( c - — +

= (RJ — so ■ c - ^1--- 2̂------- ’ by aPProximation
i .e .  AE =  (Rq —  SO • C • (1 —  T) (3)
where

C =  AL" • 48481368 10- 13 sin  Xo =  AL" • K ,
K being a know n constant, and

/  C2 \  1 
T =  C2 - I 2 -----------) -------

V 1 0 / 1 2
Df C, w e have frc

12
Again expanding cos C in powers of C, w e have from  (2) :

/  C2 C4 C®



or

NP .

l. e.

S' =  (R'o —  S') • 

=  <RS —  S') • - 

N„ —

C2

I T
C2

( 1 24 ( 2 ,0  ) ]  , by approxim ation

S' =  (R'o —  S') • C2 • (2 —  T) (4 )

Speed  and accuracy : Since K is a know n constant for a particular  
grid, values of C are easily  obtainable one after another from  the products 
of AL" and K, using calcu lating m achines. Moreover the expression  for T 
is given in the form  m ost convenient for m achine com putation; for once 
the values of C2 become know n, the evaluation of T takes hardly any time. 
T he form ulae (3) and (4) are thus extrem ely rapid, involving no trigono
m etrical tables, and com putable w ith  the help of only one special table 
giving values of S' to the nearest tenth  of a yard/m etre.

B oth the conversion form ulae are h igh ly  precise; the probable error 
of the com puted values being of the order of only ± 0.1 yard /m etre for 
any reasonably large longitudinal extent from  the grid origins, w hich  is 
very satisfactory.

(f>) C o n v e r s i o n  f r o m  L a m b e r t  g r i d  t o  s p h e r i c a l  :

Referring to the sam e diagram  and following sim ilar notations, we
have,

Ro — S =  V (R o  — AN) 2 +  a e 2
or

R'o —  S' =  V (R o  — N p ) 2 +  AE2 
or by the m ethod of successive approxim ations ;

R  ̂—  S' =  (Ri —  Np) r  l  AE r .  . 1

or

R'o —  S' =  (R'0 —  Np)

w here

C1
A E

R'o —  NP
or putting in a more convenient form,

N P —  S' =
0.5

1 +
C?

+  0.5
CI

Again from (1) and (2) , w e have : 
AE . _ C3 C®

(RJ —  NP)

C7

(5 )



AE

R'o —  NP 
or com bining (6) and (7) : 

2AE

— =  tan  C =  C +

AE

or

or

3C =

S' K  

2AE

■Nt

C3 2 C5 17 C7 

 ̂ 15 315

C7 

Ï 8~

C7

+ ... (7)

3C5
=  3C +  — -  +

AE

20

3C5

approxim ately

where

and

But

i. e.

R o -

C3 =  C2 —  ix 

_  2AE  
—

K  —  NP 20 18

(8 )

a

Cs =  3 C

R'o —  S' 
0.000622

+
AE

K  —  Nr
cs

AL" =  C X  206264.81 X  cosec X0 
=  C3 X  68754.937 X  cosec Xo

AL" =  C3 • K', K' being a know n constant (9 )

Speed  a n d  accuracy : Since K' is a know n constant for a particular  
grid, the values of AL" are easily  obtainable one after another from  the 
products of C3 and K', u sing  calculating m achines. Moreover the expression  
for Rq —  S' though com paratively long, is  given in  a form  m ost suitable

C\
for m achine com putation; for once the values of —- — becom e know n, the

evaluation  of R  ̂—  S' takes hardly any tim e. The conversion  form ulae  
are thus very rapid, involv in g  no trigonom etrical tables, and are as before  
com putable w ith  the help  of on ly  one special table.

The form ulae are also  h igh ly  precise, the probable error o f com puted  
values being o f the order o f 0.01 second for any reasonably large longitu 
dinal extent from  the grid origins, w hich  is very satisfactory.

4. Computations. —  Sam ple com putations w orked out in  relevant form s 
have been appended in  order to m ake the m ethod clearer. T he necessary  
instructions, and the tables of S' and grid constants as given, are likely  
to prove usefu l for carrying out com putations w ith  extrem e rapidity and  
econom y.

Instructions for using Form 1

1. Complete headings, entering grid, spheroid  in  use and str ik ing  out 
m etres or yards w hichever is not applicable. The spheroid is  Everest 
in  the case of India.

2. Complete lines ( 1) —  (5) as instructed  on the form.



3. Set the values of K (from  Table of Grid Constants) on the Setting Lever 
and m ultip ly  by AL" i.e. line (5). Record the product from  the Product 
Register in line (6) w ith  the sam e sign as line (5), noting the decim al 
point carefully. Clear S.L. and the M ultiplier Register.

4. T ransfer the product from P.R. to S.L., clear P.R. and M.R. and 
m ultip ly  by itse lf i.e. by C. Record the product from  P.R. in  line (7). 
Clear S.L. and M.R.

5. Transfer the product from  P.R. to S.L. and clear P.R. F irst turn the 
handle backw ards tw ice and then after setting the gear lever to the  
m ark “ -r- ”, continue turning the handle forward till the figures on

C2 1
M.R. equal 2 -I--------- . Record -------- th of the product from  P.R. in

H  ^  10 12 
line (8). Clear S.L., M.R. and P.R.

6 . Put the gear lever back to the m ark ‘X’. Set the upper tabular value  
o f S' (from Table of S') on S.L. and transfer the sam e from S.L. to 
P.R. Clear S.L. and M.R. Set the corresponding tabular value of 
diff. for 1" on S.L. in  correct position  and m ultip ly  by the seconds 
part in  AP so that the sum  obtained in  P.R. m ay equal S' for AP. Record  
the sam e sum  from  P.R. in  line (9).

7. Set line (10) on  S.L. and m u ltip ly  by C i.e. line (6) Clear S.L. and 
M.R. Set the product on S.L., turn the handle backw ards once and  
then after setting the gear lever to the m ark “ -r- ”, continue turning  
the handle forw ard till the figures on M.R. equal 1 -f~ T. Record the 
product on P.R. in  line (11) w ith  the sam e sign as line (5). Set the 
gear lever back to the m ark ‘X ’.

8 . Set R  ̂ (from  Table of Grid C onstan ts ) on S.L. and transfer the sam e 
from  S.L. to P.R. Clear S.L. Set S' i.e. line (9) on S.L. in correct 
position  and turn  the handle forward once. Record the difference 
obtained from P.R. in  line (10) and turn the handle backwards once 
so that R̂ , m ay reappear on P.R . to be used for another value o f S'.

9. Complete line (12).
10. Set line (10) on S.L. and m u ltip ly  by C i.e. line (6). Set the product 

on S.L. and clear P.R. and M.R. Turn the handle backwards tw ice  
and then after setting  the gear lever to the m ark “ -t- ” continue turning  
the handle forw ard till the figures on M.R. equal 2 +  T. Record  
l /4 t h  of the product from  P.R. in  line (13). Clear S.L., M.R. and P.R.

11. Complete line (14) as instructed  on the form.

Instructions for using Form 2

1. Complete headings, entering grid, spheroid in use and strik ing out 
m etres or yards w hichever is not applicable. The spheroid  is Everest 
in  the case of India.

2. Complete lines (1) —  (4) as instructed  on the form.
3. Set Rq (from  Table of Grid Constants') on S.L. and transfer the sam e 

from S.L. to P.R. Clear S.L. Set line (3) on S.L. in correct position



and turn the handle forward once. Record the difference obtained from  
P.R. in line (5) and turn  the handle backw ards once so that R'0 m ay  
reappear on P.R. to be used  again for another value of N P. Clear S.L., 
M.R. and P.R.

4. D ivide AE i.e. line (4) as usual by line (5). Record the d ividend from  
M.R. in line (6) w ith  the sam e sign as line (4). Clear S.L., M.R. and  
P.R.

5. Set line (6) on S.L. and m u ltip ly  by itse lf  i.e. by Q . Record h a lf the  
product from P.R. in  line (7). Clear S.L., M.R. and P.R.

C2
6 . D ivide 0.5 as usual by 1 -j----- ——i.e. 1 plus  line (7). Clear S.L. and P.R.

Set the dividend (from  M.R.) p lus 0.5 on S.L., clear M.R. and then  
m ultiply by line (7). Clear S.L. and P.R. Set the dividend (from  M.R.) 
plus 1 on S.L., clear M.R. and then m ultip ly  by line (5). Record the 
product from P.R. in line (8). Clear S.L., M.R. and P.R.

7. Complete line (9) as instructed  on the form.
8 . D ivide AE i.e. line (4) as usual by line (9). Clear S.L. and P.R . Set the 

dividend (from  M.R.) on S.L. and m ultip ly  by 2. Clear M.R. and S.L. 
Set Q  i.e. line (6) on S.L. in correct position  and turn the handle  
backwards once. Record the sum obtained from  P.R. in  lin e  (10) w ith  
the sam e sign as line (4). Clear S.L., M.R. and P.R.

9. Set C2 i.e. line (10) on S.L. and m ultiply by itse lf i.e. by C2. Clear S.L. 
and M.R. Set the product from  P.R. on S.L., clear P.R. and m ultip ly  
by itse lf i.e. by Cf. Clear S.L. and M.R. Set the product from  P.R. 
on S.L., clear P.R. and m ultip ly  by C2 i.e. line (10). Clear S.L. and  
M.R. Set the product from  P.R. on S.L., clear P.R. and m u ltip ly  by 
0.000622. Record the product from P.R. in  line (11) w ith  the sam e 
sign as line (10). Clear S.L., M.R. and P.R.
N.B. Never use more than 4 figures in the above operation.

10. Complete line (12) as instructed  on the form.
11. Set K' (from Table of Grid C onstan ts ) on S.L. and m u ltip ly  by C3 i.e. 

line (12). Record the product from P.R. in  line (13) w ith  th e sam e 
sign as line (12). Clear S.L., M.R. and P.R.

12. Complete lines (14) —  (15).
13. Set Ro (from Table of Grid C onstan ts ) on S.L. and transfer the sam e 

from S.L. to P.R. Clear S.L. Set line (9) on S.L. in correct position  
and turn the handle forward once. Record the difference obtained in  
line (16) and turn the handle backwards once so that Ro m ay reappear 
on P.R. to be used again for another value of line (9). Clear S.L., M.R. 
and P.R.

14. Set the lower tabular value o f S' (from  Table of S') on S.L. in  correct 
position and turn the handle forward once. D ivide the product in P.R. 
as usual by the corresponding tabular value of diff. for 1". Obtain  
the seconds part in XP from  the dividend (from  M.R.) and th en  record 
the com plete value of \ P in  line (17). Clear S.L., M.R. and P.R.



T a b l e  o f  g r i d  c o n s t a n t s  

( .....  spheroid)

Grid X Grid Y

Lo
o / 0 r

. . .

K =  48 481 368 • sin X0 • 10 " 13

K' =  68 754.937 cosec

R̂ , =  R0 +  N0 (yards/m etres)

E0 =  Grid easting of origin (yards/m etres)

N0 =  Grid northing o f origin (yards/m etres)

T a b l e  o f  S'
( ......  spheroid)

Grid X

Latitude S' Diff. for 1" Latitude S' Diff. for 1"

0 t 

. . .  00 
. . .  01

Y ard/M etre Yard/M etre 0 > 

. . .  00 

. . .  01

Yard/M etre Yard/M etre



F o r m  1

Machine deduction  of grid  co-ordinates from  spherical  

Form ulae :
(1) C =  K ■ AL"

/  C2 \  1
(2) T =  C2 ( 2 -----------) --------

\  1 0 / 1 2
(3) A E =  (RJ — S') • C (1 —  T)

1
(4) NP —  S' =  (R£ —  S') C2 (2 —  T) —

Grid : Spheroid : Y ards/M etres

1. Point P ................................................................................... 1

2. Latitude of P  — ................................................................ 14° 01' 40756
3. Longitude of P — LP ....................................................... 65 42 2 8 .40
4. AL -  LP — L0 (*) ................................................................ —  14 17 3 1 .6 0
5. AL" ............................................................................................. 51451  60
6. C (8 places) [Form ula (1)] ........................................... —  0.081 211 15
7. C2 (8 places) .......................................................................... 0.006 595 25
8 . T (8 places) [Form ula (2)] ........................................... 0.001 098 85
9. S'<**> for .......................................................................... 398 291.7

10. R' <*) —  S' ............................................................................... 20 839 116.4
11. AE (1 place) [Form ula (3)] ......................................... —  1 690 509.0
12. Grid easting of P — EP : line (11) +  E o ................. 1 309 491.0
13. N P —  S' (1 place) [Form ula (4)] ............................... 68 681.8
14. Grid northing of P =  NP : line (9) +  lin e  (13) . . 466 973.5

(*) V a lu es  to  b e  ta k e n  f ro m  T a b le  o f  G r id  C o n s ta n t s  f o r  th e  g r id  in  u se . 
(**) V a lu e s  to  b e  ta k e n  f ro m  T a b le  o f  S ' f o r  th e  g r id  in  use .



F o r m  2

Machine deduction  of spherical co-ordinates from  grid  

Form ulae :
AE

(1) Cl R'o —  NP
r  0.5

(2) NP —  S' =

1 +
Cf

0 .5

(3) C2 —
AE

R'« —  S'

2

2 +  Cj

Cf
(R6 —  NP)

(4) a  =  Co • 0.000622

(5) Cs =  C2 —  a
(6 ) AL" =  K' • C3

Grid : Spheroid : Y ards/M etres :

1. Point P .................................................................................... 1
2 . E asting of P — EP ............................................................ 1 309 491 •0

3. N orthing of P — N P ............................................................ 466 973 .5
4. A E - E p —  E0 <*> ................................................................. —  1 690 509 0

5. RI, N P : R'o —  line (3) .............................................. 20 770 434 .6

6 . Q  (8 p laces) [F orm ula (1)] ......................................... —  0 .081 390 16

7.
C2

0 003 312 18

8. N P— S' (1 place) [Form ula {2)] ............................... 68 681 9

0 . R',—  S' : line (5) -)- line (8) ......................................... 20 839 116 5

10 . C2 (8 places) [F orm ula (3)] ......................................... —  0 243 633 99

11. a  (8 places) [Form ula (4)] ......................................... —  0 000 000 53

12. C3 : line (10) —  line (11) ............................................. —  0 . 243 633 46

13. AL" (2 places) [Form ula (6)]  .................................... — 51 451. 60

14. —  1 4 c 17' 31 "60

15. L ongitude o f P =  Lr : line (14) -)- Lfl <**................. 65 42 28 40

16. S' : R'0 <*) line (9) ....................................................... 398 291. 6

17. Latitude of P -  \ P (**> for S' (2 places) ................. 14< 01' 40'.'56

(') Values to be taken from Table o f  Grid Constant s  for the grid in use. 
( " ) Values to be taken from Table o f  S'  for the grid in use.


