


On a Shpli,ficatwn of the Computations relating to Rectangular Co-ordinater. 

From time to time variolls proposals hnve been put forward to  alter the method of changing 
the rectangular co-ordinates of a point from one origin to nnother. To some minds the method ex- 
plained in theTopographical Hand-book, 3rd edition, page 66, appeared unnecessarily complicated, while 
to  others i t  appeared, what i t  undoubtedly is, inaccurate. It is with a view of trying to  sntisfy both 
these classes that the present method is put forward. It is  claimed that  the computatione are not 
longer than they were before and are so simple that  any ordinary computer can curry them out. The me- 
thod depends on the fact that where approximate latitudes and longitudes are required they can be taken 
off the traverse plot with sufficient accuracy. This of course necessitates plotting the corners of 
the graticule on the trnverse plot to give lines to measure from, but as these corners have eventually 
to  he plotted they mny as well be done in the first instance and the computation on form P.48 
to  find the rectaugular co-ordiuates of these corners is very fiimple. 

If x and y are the rectangular co-ordinates in chains of n point P whose lat ,  nnd long, are A 
and L with reference to an origin whose lat. and long. are X, and Lo, 

(L - Lo) being in seconds and the notntions being those used in the Auxiliary Tables. 

(1). When the spherical coordiuntes are given it is quite straightforward to obtnin x and y ; nnd 
the  new form is probably as simple and short as nuythiug yet ~uggested.  

(2) .  When x and y nre given and it is required to find A and L, the old form necessitated the  
determination of an approximate value of A nnd L. I n  this method the latitude and longitudeare taken 
OK the traverse plot. This C U I I  be done correctly to 1 second of A and L from plots of 1-inch scale and to' 
much greater accuracy from lnrger scale ]dots, aud ~ i n c e  1" in the coeEcient of (L - Lo) only makes a 
difference of 14 linlrs in a distnnce of 6000 chalns in latitude 3s0, while in tlle other terms the error is 
much smaller, the approxim~ttion is suficient, and the npproximnte values of A and L, found and used in 
the old form, were no more accurate. 

W e  then have 

v C O A  A sin 1' (L - Lo) in seconda = z + v cos A sin 1" 
66 - correction for ( L  - + 

66 
v COR A @in 1' 4 and (i6 varies between 1.6 and 1.2. 80, if we take i t  1.3 or - as a divisor in the last term we 

3 
make very little mistake, but when greater accuracy is required a value of the divisor corresponding to  
the mean latitude can be used and will be the snnle for all the points. 

When L - Lo has been determined A follows from 

sill 1" 
A - Ao = [y - correction for (L - ~ ~ 1 9  for A] + PIn+~ - 

y 66 ' 





TABLE LXX.-Correction corresponding t o  m in determining the mekdional  
co-ordinate i n  c l a i m .  

I n  computing rectangular from spherical co-ordinates or vice vmad the  quantity m is  (L-LO)a, 
but when changing from one origin to  another m is (L-Ln)O - (L-L#. 

This table gives the  correction for m for every 10' of latitude. The qunntity a t  t he  top of e w h  

column is the correction in chain for the values of m in the  column for different latitudes. 

The nrguments in thia table are the latitude and the values of m. The corresponding correction 

should be found by interpolntion for both latitude and m. 

When m exceeds 1OOOOOO interpolation for the nearest minute will be necessary, otherwise the  
nearest 10 minutes will be sufficient nnd there will be no necessity for interpolation. 

Example:-Required the correction in chains a t  latitude 80' 54' 27", when m = 4856280. 

I n  this case 30' 54' 27" = 30' 54' (taking nearest minute). 

I n  the  horizontal line of 30' 50', we find 42656 in the  column of 0.07, and 4265600 i s  the 
next lowest number to  4866280 and corresponds to 7-00. 

We must therefore interpolate fo r  4' in this column. 

The change for 10' = - 133 

for a ' =  - 1 3 . 3  x 4 =  - 6 3  

:. For  42602* a t  30' 54' the correction is 0.07. 

correction 
4856280 

For 4260200 0'07 x 100 = 7'00 

596080 
For  548420 0.09 x 10 0 0.90  

For  47660 = 0.08 

:. For 4856280 n t  let. 30' 64' the correction is 7.98 chaina. 

TABLE LXX1.-Correction corre,yonding to  n i n  determining the longi t~idinul  
co-ordinate i n  chains. 

I n  computing rectnngular from spherical co-ordinates and vice versa the quantity n is (L-Lo? 
but when cllsllging from one origin to allother n is (L-L# - (L-Lo)S. 

T h i ~  table gives the correction for n for every 20' of Intitude. The quantity nt the top of each 
column ia the correctiou in cl~nins for one million timea the numbers given in the column for different 
latitudes. There is no neceesity for interpolation and latitudes mny be taken to  nearest 20'. 

I f  prclorred the rcsl or the interpolsbion mey be done by the ordinary rule of three; the reaulLing correction 
4 ~ 5 f i 2 8 0  r n 07 

Jzsoa ' 7.98. 



Example :-Required correction at  lat. 30' 54' 27" when n is 15987,723892. 

30' 54' 27" may be taken as 31' 0'. 

Ae n should be kept to the neareat million the last six figures of n should be dropped. 

15988 correction 
a t  31' for 14588 0'04 - - 

1400 

Therefore for 15987,723892 at  lat. 30' 54' 27" the correction is 0.04 of a chain. 

T A B L E  LXXI1.-Sq76arcs and Cudcs of  Nun~bers. 

This table contains squares nnd cubes of all numbers from 1 to 1000. Squares nnd cubes of 
numbers above 1000 may be found npproximntely, but sufficiently accl~rntely for the purpose, from this 
tnble in the following manner :- 

I t  is required to find the squares of 1579 and 1574 from this table :- 

(i) (1579)= = (1580 - = (1580)2 - 2 X 1 x 1580 + 1' 
= (158)" 100 - 3160 (leaving out the lnst term), 

or = 2696400 - 3160 = 2493240 (1BS2 having been found from the table) 

(ii) (1574)' = (1570 + 4)" (157)" 100 + 2 x 4 x 1670 + 42 

= 2464900 + 12560 (lenving out the last term) 

= 24774GO. 

When the last figure is more than 5, the 1st form should be used, otherwise the second. 

I t  is required to find the cube of 1579 from this table:- 

(1Gi0)3 = (1580 - 1)"llich msy be taken for this purpose as, 

i . e . ,  the number should he kept to netlre~t 10, the cube of the mndified number lc:~\,ing 
out last zero ulny be a t  once fount1 from the tnble, nnd then tliree zeros should be 
added to the end of the cube thus found. 



TABLES. 



TABLE LXVII1.-Logarithm of the Linear value in Chains of one Second of Arc measured 
along the Meridian. I 
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TABLE LX1X.-Logarithm of the Linear value in Chains of one Second of Arc measured 
along the Parallels of Latitude. 
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ozR.3 

o.lj18616 

0.1;10939 
52.i2 
35.55 
1848 
01.32 

0.1ioRdo6 
6070 
4924 
.316R 
'403 

0.169962; 
7842 

0.1696047 
4242 
2427 
0602 

o. 1688767 

6922 - - -  
5068 
3'0.3 
1.129 

0.1679444 
:5.50 
564; 2_--. 

o.16;.3;.31 
1Ro6 

100.1669R72 
7927 
5073 
4ooR 

20.34 
0049 

0.16~Ros.5 
60.50 
401.; 
2010 1 o I 

Lsti- 
tude 

0 I 

18 o 
5 
lo 
15 
7.0 

?:; 
30 
35 
40 
4j 
50 
55 

1s o 

5 
lo 
15 
20 

25 
30 
35 
40 
4.5 
50 
2 
20 o 

5 
lo 
15 
20 

2: 

do 
35 
40 
45 
50 
5; 

2 1  o 
5 

10 

15 
2 0  

25 - 
,30 
.35 
40 
45 
50 

22 o 
5 
lo 
15 
2 0  

2; - 
.zo 
3.5 
40 
45 
50 
5.5 

23 o 
5 
lo 
15 
20 

2,; 

30 
35 
40 
45 
50 
.55 
60 

Log. Length 
in chains 

0.1649975 
7930 
5875 
.@lo 
1734 

0'16.39648 

755.3 
5447 
3 33 1 
1204 

0.16z9068 
6921 

0 . 1 6 2 ~ 5 6 ~  
?59; 
0419 

0.16182.32 
60.34 
3826 
1607 

0.1609379 
71.39 
4890 
26.30 
0,360 

0.1gg808o 
5589 
3488 
1177 

0.158R8;5 
652,l 
41Ho 
1827 

0'1519463 
7089 
4705 
zjlo 

0 . 1 5 6 ~ ~ ~ ~  
7488 
5062 
2625 
0178 

0.1~57720 

5251 
li72 
0282 

0.154ij8~ 
5271 
2740 

0.1540217 
0'15.37675 

5121 
5 ,  

0.1529982 

7307.- 
4800 
2193 

0.1 jl9,i;b 
6947 
4,308 
1658 

0.1508gq8 
6.326 
3044 
o 

0'14982~7 
5 .  
2Ro6 
0069 

0.14R7122 
456.3 
'704 

O'l479014 
622.1 

Log. Length Lnti- 
in cl~ains tude 

0.1245448 36 o 
181.3 

o'1z~R166 lo 

Log. I.eng!.l~ 
i l l  cha~ns 

0.1842836 
21;Z 

1490 
oH16 
0124 

0.16.3942.3 
8713 
7993 
7264 
6526 
5779 
.so22 

0.18.34256 
3481 
2697 
190.3 
1100 

OZHA 

0'1829466 
86.36 
7795 
6946 
6037 
6219 

0~1824.342 
34.5.; 
2559 
1654 
0740 

o'rR19816 
8883 
7940 
6988 
6027 
5056 
4076 

0~1R13087 
2 0 8 ~  
1080 
006.3 

0'18090.36 
8000 

695s 
5900 
48.35 
3762 
2679 
l.iR(1 

o.~RooqRq 
0'1799373 

8252 
7122 
594.3 
4 H . 3 ~  
36;- 
25dS 
0 

0'4.3 
o.1;R8y47 
-- 5i41 
0.1786520 

5.301 
4067 
282.3 
1570 

.---.2'67_ 
0'17i90,3,5 

h-. 113.3 
('46: 
5163 
,1851 
: 
1 2 0 2  

Lnri- 
tnde 

0 # 

6 o 
5 
lo 
15 
20 

- 25 
30 
35 
40 
45 
50 
55 
7 o 

5 
lo 
15 
20 

5 
.3o 
35 
40 
45 
50 
55 

8 o 
5 

1 0  

15 
20 

25 - 
30 
3j 
40 
45 
50 
55 

9 o 
5 
10 

15 
20 
25 
30 
35 
40 
45 
50 
55 

1 0  o 
S 
lo 
15 
20 

li 
30 
35 
40 
45 
50 
5; - 

11 o 
5 
lo 
15 
20 

2; 

30 
35 
40 
45 
.io 
; 
I , " :  

~ ~ l i .  
,,,do 

a I 

0 0 

5 
10 

1 i 
20 

2 .; - 
30 
35 
40 
45 
50 -. 
13 

1 o 
5 

10 

15 
20 

2s 
$0 
35 
40 
4 5 
50 - - 
3.7 

2 o 
5 

10 

15 
20 

25 
30 
35 
40 
45 
50 
5 5 

3 0 

5 
10  

'5 
20 

2 5 -- 
30 
3 ,5 
40 
4 .i 
50 
5 :  

5 
10 

15 
20 

2 5 - 
30 
35 
40 
4 5 
so 
i 5 

5 
10 

I S  
20 

- I - 
.3 0 
.I .< 
40 
4 i 
50 

5 
6 9 1  

4507 
08.3,; 

0.1227151 

34.55 
0'1219747 

6026 
2292 

0'1208547 
4788 

0.1201018 
O'"97235 

34.39 
0'11896.31 

5811 
1977 

0'1178132 
4273 
0402 

0'1166518 
2622 

0'1158il3 

0'1154791 
0851 

0.1146909 
2949 

0'11.38977 
4991 
0992 

0' 1126981 
~ 9 . 5 ~  

0'11189'9 
4869 
0805 

0.1106729 
2640 

0.10gR5.37 
4422 
0q.3 

0*1oR6151 
1096 

0.107i82R 
3647 

0'"%452 
5245 
102.3 

0.1056789 
2541 

o.~ojRzRo 
4006 

0.10397rR 
5416 
1 1 0 1  

0.1026773 
24.31 

0.1018076 
.?io6 

o.looq.424 

0.1004927 
0517 

0.0996094 
1656 

0.0987205 
2740 

o~o97R261 
3769 

0.096926a 
4742 
0208 

0'09j56j9 
1097 

1.nti- 
tude 
0 ,  

12 o 
5 
lo 
15 
20 

5 
30 
3.5 
40 
jj 
50 
55 

1 3  o 
5 
lo 
15 
20 

25 

30 
3 5 
40 
4s 
jo 
.<.; 

14 o 
5 
10 

15 
20 

2s 

30 
3.5 
JO 

45 
50 
5; 

1 5  o 
5 
10 

15 
20 
25 
lo 
3.; 
40 
45 
50 
5.5 

16 o 
5 

10 

15 
20 

2.; 

,lo 
35 
40 
45 
50 

17 o 
5 

I.; 
2 0  

3. 
,30 

,3S 
40 
4 5  
;o - -  

Log. LenCtll 
in cllsil~s --- 
o,t8665,3j 

6531 
6517 
6494 
6462 
6421 

6.371 
6.312 
6243 
6166 
60i9 
594.3 

0~1865878 
5764 
5641 
S S O ~  

,5367 
5216 -- 
5057 
4888 
4710 
452.3 
4326 
4121 --- 

0.1863906 
3bg.z 
3450 
3208 
295; 
z6u; -- 
2427 
2'49 
1861 
1564 
12.59 
094.3 -- 

0.1860619 
0285 

0'1859943 
959' 
9230 
8860 
8481 
8092 
i095 
7zB8 
6872 
644i 

0'185601.3 
557O 
5117 
4656 
4185 
.3705 -- 
3z15 
I717 
2209 
1~9.7 
( 6  
oh31 - .- -. . - 

0.1850087 
0'18495.1.3 

H970 
R39R 
;I317 

- 7227 
o(127 
OolR 
5400 
477.1 
4 l . < i  
.11f11 
~n , ,o  

15 
20 

-. 25 
.30 
35 
40 
45 
50 
55 

3 7  o 
5 
10 

I j 
20 

5 
30 
35 
40 
45 
50 
55 

38 o 
5 
lo 
15 
zo 

2~ 

.30 
35 
40 
45 
50 
SF, 

39 o 
5 
lo 
15 
20 

25 - 
.3o 
3 3  
40 
45 
50 
55 

40 o 
! 
lo 
13 
20 

5 
30 
35 
40 
45 
50 
5; 

4 1  0 
5 

10 

15 
20 

5 
30 
3.5 
40 
45 
50 
55 
60 



TABLE LXX.-Correction corresponding to m in determining the 
meridional co-ordinate in chains. 

Correction in chain 

Lst. 



TABLE LXX.-Correction corresponding to rn in determining the 
meridional co-ordinate in chains. 

a 

, 

! 

Lst. 

0 I 

10 o 
10 

zo 
30 
40 
j o  

11 o 
l o  
t o  
30 
40 
50 

1 2 0  
10 

20 

30 
40 
50 

1 3 0  
10 

20 

30 
40 
50 

1 4 0  
10 

2 0  

.3o 
45 
50 

1 5 0  
10  

2 0  

30 
40 
50 

1 6 0  
l o  
Z0 

.3o 
40 
50 

17 0 
10  

2 0  

30 
4O 
50 

18 0 
l o  

lo 

30 
4' 
50 

19 
1 0  

lo 

30 
4O 
50 

0 .01  

-- 
15694 
15447 
1.;209 
14978 
14755 
145.38 

14.729 
14125 
13928 
13737 
13552 
13.371 

13196 
13027 
12861 
12700 
12.544 
'2392 

12244 
12100 

11959 
11822 
"68s 
"559 

114.32 
11309 
11188 
I I o 7 1  

10956 
'0544 

10734 
10627 
10.523 
10421 
10321 
lou.3 

1.3128 
10034 
994.3 
9854 
5767 
9681 

9597 
9515 
9435 
9,156 
9'79 
9204.  

9130 
9058 
8987 
8917 
H849 
8782 

7 7  
8652 
8589 
8527 
8466 
8407 

0 .02  

31.388 
30895 
30418 
29956 
29509 
29077 

28657 
~ 8 2 5 1  
27857 
27474 
"10.3 
2674.3 

26.39.3 
26oj.7 
25722 
2j401 
25088 
24784 

24488 
24199 
23918 
2364.5 
23378 
2.3118 

22865 
22618 
22.377 
22IJI 
zlq11 
21687 

21468 
21254 
21045 
20841 
20642 
to446 

20255 
10069 
19886 
19708 
195.33 
19.362 

19195 
190.31 
lHn;o 
lnjl.3 
18559 
18408 

18260 
18115 
179i.3 
178.34 
17698 
17564 

174.33 
17304 
17178 
17054 
169.33 
16814 

0 .03  

47083 
46.342 
45627 
449.34 
44264 
43615 

42986 
4 2 7 6  
41785 
41212 
40655 
40114 

.39589 

.qgoAo 
38584 
. ~ R I O I  
376.32 
67175 

367.32 
36299 
35877 
35467 
35067 
34677 

.?4297 
3.3927 
33565 
.3.~212 
3 ~ 8 6 7  
~25.31 

31203 
,71881 
31568 
. 3 1 ~ 6 2  
.7og62 
30670 

.30,3R.q 
3010.3 
298.30 
29562 
29.300 
2904.3 

lRi9z 
28546 
28395 
28069 
2iHdR 
27612 

17.390 
27173 
26960 
26751 
26.546 
26.346 

16150 
25956 
25767 
25581 
25309 
zjz30 

0 . 0 8  

125554 
123579 
1216jz  
119824 
1180.38 
116.307 

114628 
11.3002 
l r1427 
109898 
1oR41j 
106971 

105,570 
104212 
102890 
101bo.3 
100353 
991.34 

97951 
96798 
9567.7 
94.i78 
9.3512 
92472 

91459 
90471 
89506 
88.564 
87646 
86749 

85874 
85017 
84182 
83.164 
82566 
81786 

81022 
80275 
79546 
788.31 
7813.3 
77447 

76778 
76122 
75481 
74Rj1 
742.35 
73631 

7.3041 
71462 
71894 
1 . 3 7  
70790 
70155 

697.31 
69217 
68712 
68116 
67731 
67154 

0.09 

1 . 1 1 ~ 8  
130027 
136881 
134x02 
1,zzigz 
130846 

128957 
127128 
125356 
12.3635 
121964 
120j~ .3  

118767 
117z.39 
115751 
114304 
112897 
1 1  1526 

11019.5 
108897 
lo;6.~2 
106401 
105201 
104031 

102892 
101j8o  
100695 
996.45 
98601 
97592 

96608 
95644 
94;04 
9.3785 
92887 
92009 

91149 
90.310 
89489 
88685 
87899 
8;128 

86.376 
856.38 
84916 
84208 
8.3515 
82835 

82171 
8 1 j r 9  
80880 
80254 
i96.39 
79037 

78449 
77869 
77301 
76743 
76198 
75661 

0 . 0 4  

62777 
6r igo  
608.36 
509'2 
59019 
58154 

57.314 
56501 
55714 
54949 
54206. 
53486 

,52785 
52106 
51415 
50602 
50176 
49567 

48976 
48,399 
478.36 
47189 
46756 
46236 

45730 
45236 
44i53 
44282 
43823 
43374 

429.37 
42508 
42091 
41682 
41283 
40893 

4oj11 
40138 
,19773 
,39416 
39066 
387a4 

38389 
38061 
37740 
37426 
37118 
36816 

.+65zo 
36231 
3.5947 
.35668 
35395 
.351~8 

34866 
34608 
34.356 
.34108 
3.4866 
33627 

clinir~ 

0 .06  
- ~ ~ - ~ ~ ~ ~  

94165 
92684 
91254 
89868 
BHjz8 
87230 

85971 
84752 
83570 
8242.3 
81.310 
80228 

791;s 
78159 
77167 
76102 
7 j26j  
74351 

7346.3 
72598 
71755 
70934 
701.34 
69354 

68594 
6705.3 
67130 
6642.3 
657.34 
65062 

64405 
63763 
6.31.36 
6252.3 
61925 
61.339 

60766 
60206 
59659 
5912.3 
58600 
58085 

57584 
67092 
56611 
i61.38 
55676 
55223 

54781 
54346 
5,3920 
5,7503 
5,3093 
52691 

52299 
5 1 9 1 3  
515.44 
511hz  
50798 
SOUL 

Oorrection in 

0.05  

78471 
772.37 
;do45 
74890 
73774 
72692 

71643 
70627 
69642 
68686 
677j8 
66857 

65982 
65133 
64.306 
63502 
61721 
61959 

61220 
60499 
59796 
59112 
58445 
57795 

57162 
56545 
55942 
55.853 
54779 
54218 

5,3671 
53136 
52614 
5210.3 
51604 
51116 

50639 
5017' 
49716 
49270 
4883.3 
48405 

47987 
47577 
47176 
4h;Rz 
46397 
46020 

45651 
45289 
449.34 
44586 
44244 
43910 

4.358.3 
43261 
42945 
426.36 
42,332 
420.34 

0.07 

109859 
1o81.1~ 
10646.3 
104846 
10.3283 
101769 

1oo.300 
98877 
97499 
96160 
94861 
93600 

92.774 
91186 
90028 
8800.3 
87809 
86743 

85707 
84098 
8.zi14 
81756 
81823 
8091.7 

80027 
79162 
78,418 
77494 
76690 
75905 

751.39 
74390 
7.3659 
72944 
72246 
71562 

70894 
;of41 
69602 
68977 
68.366 
67766 

67181 
66607 
66046 
65495 
64956 
64427 

63911 
6,3404 
62907 
62420 
61942 
6147.1 

61016 
60565 
6012.7 
59689 
5926s 
58848 



TABLE LXX.-Correction corresponding to m in determining the 
meridional co-ordinate in chains. 

Lot. 

Correction in clitrin 

0 I 0 . 0 2  I 0.00 I 0.04 1 0.M I 0.06 / 0.07 I 0.013 / 0.09 



TABLE LXX.-Correction corresponding to m in determining the 
meridional co-ordinate in chains. 

Lat. 

0 I 

3 0 0  
10 
20 
30 
40 
jo 

3 1 0  
10 

2 0  

30 
40 
j0 

32 0 
l o  

zo 
3O 
4O 
50 

3 3 O  
10 
2 0  

30 
4O 
50 

3 4 '  

20 
30 
4O 
jc 

35 
lo  

3O 
4O 
5' 

3 F 0  
l o  

O Z  

.lo 
d o  

37 
l o  

20 

.3° 
do 
5' 

38 
l o  

3' 
4' 
so 

3D O 
' O  

20  

.I0 
4 0  

So 
40 0 

0.01 

6194 
6173 
615.3 
61.31 
6113 
6094 

6075 
6056 
60.38 
6020 
6002 
5984 

5967 
5950 
5934 
5918 
5902 
5886 

5871 
5 8 ~ j  
5841 
5826 
5812 
5798 

5784 
5770 
5757 
5744 
5731 
57'9 

5707 
,5695 
i68.4 
5671 
6660 
5649 

5"3R 
3627 
I 

iho; 
5,597 
5jRi 

55;8 
5569 
5i60 
5551 
5542 
5534 

5526 
5518 
5510 
5,502 
54q: 
5488 

5481 
S 4 i i  
S.I(,R 
I 

5.Ii.i 
, 5 4 4  

5444 

Correclion in 

0.06 

---------- 

30968 
30865 
3076.3 
.3006,3 
30564 
30468 

3037.3 
. ~ O Z X O  
.30188 
30098 
30009 
29922 

298.16 
29752 
296f19 
zgj88 
29508 
29429 

2 3 . 3  
29277 
2920.3 
291.30 
zqosR 
zRgH8 

28019 
~ 8 8 5 1  
7.8786 
28721 
28656 
28594 

285.33 
~ R 4 i . j  
28414 
2835; 
28,300 
282.14 

24190 
281.17 
28086 
240,35 
2;9X5 
279.37 

2;Rqo 
z;R4,? 
2i;l)fl 
27;,i4 
2;;t  I 

27669 

2 ; f ~ ' R  

27589 
2 0  

2 7 , ; 1 2  

7 4 5  
27440 

2;405 
z ; .? ;~  
2;.338 
2 ; ;  

2 ; ~ ; ;  
2 1  

q i " R  

0.04 

24774 
24692 
24610 
245.70 
z i q j l  
24374 

24298 
24224 
24150 
Z J O ~ ~  

24007 
23937 

2.3868 
z.#o~ 
2373.5 
2.3670 
23606 
2354.3 

2.3482 
2,3422 
1.3.362 
2.3,30+ 
2.3246 
23190 

2.31.35 
23081 
z.30~8 
239;6 
22925 
22875 

22826 
az;:R 
Z Z ; , ~ I  
22f38.5 
nzhjo 
225% 

~ 2 5 5 ~  
22510 
224h8 
22428 
zz.188 
22.349 

22312 
2 ~ 2 ; ~  
222,38 
2220.3 
22169 
221.35 

z z l o ~  
r z o ; ~  
22040 
2 2 0 1 0  

r19Ro 
21052 

21924 
2189; 
2 l H i 0  

2184; 
~ 1 8 2 1  
21;'); 
21774 

p.08 

49548 
4938.3 
49221 
49061 
48902 
48749 

48596 
48447 
48300 
48156 
48014 
47874 

47737 
47602 
47470 
47340 
47213 
47086 

46964 
46843 
46724 
46608 
46493 
46381 

46270 
46162 
46057 
45053 
45850 
45750 

4565.3 
45556 
45462 
4;3;0 
45279 
45190 

4,5104 
45019 
440.37 
44856 
44776 
44698 

44623 
44549 
44477 
44406 
44.338 
44270 

44205 
44141 
44079 
44019 
43960 
43903 

43847 
4,3794 
43741 
43090 
43642 
4.3594 
4.3j48 

0.02 

12.387 
12346 
12.iOj 
12265 
12226 
1218; 

12149 
1 2 1 1 2  

r z o i j  
120 .~9  
12003 
11969 

11934 
11901 
llR6f1 
118.35 
11803 
11772 

11741 
11711 
I I ~ R I  
11652 
11623 
11jg5  

11568 
11540 
11514 
11488 
11462 
114.38 

11413 
11.389 
11.366 
1134.3 
11320 
11298 

11276 
I I Z ~ S  

112,34 
11214 
I I I ~ J  

1 1 1 j j  

I I I : ~  

I I I , ~ ~  
I I 119 
1 1 1 0 2  

11084 
110(!8 

11051 
110.35 
1 1 0 2 0  

1 1 0 0 ~  

log90 
10976 

In962 
loli4R 
100.35 
lorjz,? 
10911 
Ion09 
1088; 

0.09 

55742 
55556 
5.i.37.3 
55193 
55015 
54842 

54671 
5450.3 
54338 
541;6 
5401 j 
53859 

53704 
5355.3 
53404 
53258 
53114 
52973 

528.35 
52699 
j ~ j b . ?  
524.34 
52.304 
j H 7 8  

52054 
51932 
51814 
51697 
j1581 
51469 

51.359 
51251 
51145 
51042 
50939 
50839 

50742 
506.17 
50554 
5046.3 
503i.Z 
50286 

50201 
50117 
50036 
49957 
49880 
49804 

49730 
40659 
49589 
49521 
49455 
49391 

49.328 
49268 
49208 
49151 
49098 
49044 
48993 

chain 

0.06 

37161 
j;o37 
36916 
36796 
36677 
36562 

36417 
36333 
.jGzzj 
36117 
36010 
35906 

,35803 
35702 
35003 
35505 
35410 
d j31  j 

3522.3 
.351,32 
1504.3 
34956 
3 ~ H i o  
34786 

0 
34621 
34543 
4 4 5  
94,387 
.74313 

.34240 I 
34157 
34097 
.3.1028 
3.i959 
.3.389,3 

,33828 
.33764 
3370.3 
3,642 
3.3583 
33524 

3.3467 
I 

33,358 
.3,330; 
,3,325.3 
.3,320.3 

I 

j.3106 
.3,30,+9 
,4,3014 
,qzg;o 
.3292; 

.3zBR5 
32845 
,32806 
32768 
3 2 2  
32696 
32661 

0.03 

18.581 
18519 
18458 
18.398 
18.3.38 
18281 

18224 
18168 
181l.3 
18059 
18005 
li9.53 

17901 
17851 
1;Rol 
17753 
17795 
1;6g; 

17612 
17566 
17522 
17478 
I~J,: .s  
I 

173.51 
1 i 3 1 l  
1 7 ~ 7 1  

I ;  

17194 
17156 

17120 
17084 
1 7 0 ~ 8  
1 i o 1 4  
109Ho 
16946 

I 
1f18Xz 
1(&;1 
I O R Z I  
1h;91 
1 6 j h ~  

16i34 
16;06 
16679 
10651 
1hfbz7 
16601 

16,i;i 
1 h ~ g , 3  
165,;o 
1hjo7 
1 6 ~ 8 ;  
16464 

16443 
1fbjr.3 
1640.3 
1fn.qH4 
16,3hO 
10.34R 
103.31 

0.07 

4.3355 
4.~210 
43068 
42928 
42790 
42655 

4 2 ~ 2 2  
42.391 
42263 
421.3; 
42013 
41890 

41770 
41652 
415.~7  
41423 
41,311 
41201 

41094 
40988 
40884 
40;Rz 
40681 
40583 

40487 
40.491 
~0 ,300 

40209 
40118 
400.32 

39946 
39862 
~ 9 7 8 0  
39099 
39610 
39542 

39.166 
39391 
39320 
2 

39179 
-39111 

3904; 
.&no 
38017 
.3RH;6 
38795 
38737 

3R679 
.38hz~ 
,38;09 
3@517 
38465 
.38415 

38.366 
3R.119 
.382;,3 
.qRzq 
J R I R ~  
3R14.i 
38105 



TABLE LXX1.-Correction correspollding to m in determining the longitudinal 

Lst.  

- 
6 ;  

20 
40 

1 0 
10 

40 

2 0 
20 
40 

3 0 
10 

40 

4 0 
20 
40 

5 0  
20 
40 

6 0 
10 

40 

7 0  
20 

40 

8 0 
20 
40 

9 0 
20 

40 

10 0 
zo 
40 

11 0 
20 

40 

1 2 0  
20 

40 

13 0 
2 0  

40 

14 0 
10 

40 

15 0 
20 

40 

1 6 0  
20 

40 

17 0 
10 

40 

18 0 
10 

40 

19 0 
ao 
40 

co-ordinate in chains. 

0 . 0 1  

24541435* 
6134594 
2725210 
1717117 
10'31932 

681711 
520475 
397283 

30.33'9 
1.50669 
20iI09 

'7"59 
147537 
127204 

1'39648 
97252 
86258 

76507 
69072 
62.373 

56311 
51594 
47261 

43311 
40077 
37094 

343.32 
32070 
29957 

27990 
26.309 
24719 

2.3243 
21968 
10568 

'9629 
18651 
177.30 
16846 
1607.3 
153.36 

146.33 
14006 
1,3406 
128.31 
12.32.1 
"8.30 

11.361 
10942 
10541 

10153 
9804 
946; 

9141 
8847 
8564 
8181) 
80.37 
7i91 

Tbe m i t  of 

0 . 0 2  

m 

49082870 
12269588 

545042O 
3434l34 
zl'J.3864 

I363422 
1040950 
794566 
6066.38 
5013.38 
414218 

342.318 
29j074 
254408 

219296 
194504 
172516 

153014 
138144 
124746 

112624 
103188 
94522 
86621 
80154 
74188 

68664 
64140 
59914 

55980 
52618 
49458 

46486 
43936 
41j.36 

.192jR 

.37302 
35460 

33692 
.32146 
30672 

29270 
28012 
26812 

25664 
24646 
23660 

11722 
21884 
21082 

20,306 
19608 
189.34 
I R Z R Z  
17694 
17128 

16578 
16074 
15582 

the qusntitiee 

0.03 

m 

73624305 
18404382 

81756.30 
5I5'35I 
3245796 

2045133 
1561425 
"91849 

909957 
752007 
621327 

5'3477 
442611 
381612 

328944 
291756 
258774 
229521 
207216 
187119 

1689.36 
154iRz 
141783 

129933 
I202.31 
"1282 

102996 
96210 
89871 

8.3970 
78927 
74187 

69729 
65904 
62304 

58887 
55953 
53190 

50538 
48219 
46008 

4390.5 
42018 
40218 

38496 
36969 
35490 

.3~083 
32816 
31623 

.30459 
29412 
r 8 j o 1  

2742.3 
26541 
a56g2 

24867 
14111 
1337.3 

forming 

0.07 

m 

171;90045 
429433jR 

19076470 
12019819 
7573 524 

4771977 
3f14 ,3~zj  
27Uo981 

21232,3,3 
1754083 
1449763 
119811.3 
I O . Z Z ; J ~  
890428 

76:5.36 
6 8 0 7 6 ~  
60.380b 

5.75549 
483504 
436611 

394184 
,361 158 
330827 

303177 
2805.39 
2j96j8 

140,314 
Z I - I J ~ O  
109609 

195930 
18416,q 
Ii3103 
162701 
153776 
145376 

137403 
1,30557 
124110 

11;91a 
I 1251 I 
10j.352 

102445 
98042 
93842 

89824 
86261 
82810 

19527 
76594 
73787 

; I O ; I  
6R62R 
66269 

63987 
61929 
59048 

5802.3 
56259 
54537 

for 

0.08 

w 
1963,31 
, + 9 0 ; ~ 3 ~ ~  
2 1 ~ 0 1 6 ~ 0  
l.3i,36936 

5453f,88 
416JR00 
3158264 

2 4 ~ 6 ~ 5 2  
2005352 
1 6 ~ 6 8 ; ~  

1,369272 
1180296 
101;632 

877184 
778016 
690064 

612056 
552576 
498984 

450496 
41 27.52 
358088 

346488 
310616 
296752 

~ 7 4 0 5 6  
1565130 
239656 

az,39zo 
110472 
1 9 i 8 . z ~  

185944 
1757.14 
166144 

1570.72 
149208 
141840 

134768 
128584 
1 ~ 2 0 8 8  

I l io80  
I 12o4H 
107248 

102656 
98584 
94640 

90888 
87536 
8.1328 
81224 
78431 
75736 

73128 
;o i i6  
68512 

66.311 
64296 
62318 

24,641,436,000,000. 

0.04 

m 

98165740 
145.39176 
10900840 
6H68468 
4327728 

1726844 
2081900 
15891.32 

121.3276 
1002676 
8284.36 

684636 
590148 
508816 

438592 
389008 
345032 
306028 
i i6288 
249492 
22;248 
206376 
189044 

173244 
160308 
148376 

1,173~8 
1z8rRo 
119828 

111960 
105236 
98916 

92972 
87872 
8.3072 

78516 
54604 
70920 

65384 
64292 
61.344 

58540 
56024 
53614 

51,328 
49292 
4j.320 

45444 
4,3768 
42164 

40612 
39216 
>;868 

36564 
.35.388 
34256 

33156 
ja1q8 
31164 

argument in 

0.09 - 
w 

2 Z o R j 2 9 1 j  

55213146 

24526890 
15454053 
973738B 

613j,399 
468427i 
3575547 

27z98il 
2256021 
1 8 6 ~ ~ 8 ~  

1540,31 

~ . z z ; s ~ ~  
44836 

98(,83r 
~ ~ ~ ~ 6 8  
i;6322 
680563 
621648 
561357 
j~6808 
464346 
42j349 

.389;99 
360693 
333846 

,308988 
~RBbjo 
169613 

251910 
236;Rl 
222j61 

209187 
197712 
186911 

176661 
167859 
159j7o 
151614 
144657 
138024 

1,31715 
126054 
120654 

11548~ 
I 10907 
1064;~  

102249 
9 8 ~ ; ~  
9 ~ ~ ~ 9  

91377 
8R2.36 
8520.1 

82269 
79623 
7 7 0 7 ~  

74'" 
7'3.33 
7°119 

Correction in chain 

0 . 0 5  

m 

122j0717j 
306j39i0 
1.3626050 
85RjSRj 
j409660 

3408955 
~ 6 0 2 . i j j  
198641 5 

1516595 
1253345 
103jj45 

8j5795 
737685 
636020 

548240 
486260 
431290 

382535 
.Mj.360 
.3ll86j 

281560 
a57gio 
236.305 

t1655j 
200.385 
18jq io  
171660 
160.350 
149785 

1399jo 
1.31545 
123645 

116215 
1 0 9 8 ~ 0  
1 0 3 8 ~ 0  

98145 
9,3255 
88650 

84230 
80365 
i6080 

7.3175 
700.30 
670.30 
64160 
6161; 
591j0 

56805 
54710 
52705 

50765 
49010 
473.35 

45705 
44235 
42820 

41445 
40185 
38955 

million, i.s., 

0.06 

m 

I 47248610 
36808764 

16.3g1260 
10.302702 
6491592 
4090266 
3122850 
2.38.3698 

1819914 
1504014 
1242654 

1026954 
885222 
76.3224 
657888 
58.3512 
j175.48 

459042 
414432 
374238 

.33787~ 
go9564 
28,3566 
259866 
240461 
222564 

205992 
192420 
179742 

167940 
1j78;4 
148374 

139.1,;R 
131808 
124608 

117774 
I I 1906 
1obj80 

101076 
96438 
92016 

85810 
R4036 
80436 

56992 
7,3938 
; O ~ A O  

68166 
6 ; 6 ~ 1  
6,3246 
60918 
5RR24 
56802 

54846 
5.3082 
51.384 

40734 
4 R z ~ a  
46746 

24,641,438 stands 





TABLE LXXI1.-Squares and Cubes of Numbers. 



TABLE LXXI1.-Squares and Cubes of Numbere. 

I, squaw Cube N o . / S q u r r e  Cube No. Square Cube -- -- 

392 
393 
394 
,395 
3 
397 
398 
399 
400 
401 
401 
4'3 
404 
405 
406 
4'7 
loB 
409 
410 

4" 
4'3 
4 4  
4 
416 173056 71991296 491 241081 I 18.37077 I 566 320356 I R I , ~ ~ I ~ ( ~ ( I  641 ~ 1 0 8 8 1  163,374721 716 512056 .~07061696 

153664 
154449 
155236 
156015 
156816 
157609 
158404 
159201 
160000 
160801 
161604 
16'409 
16.7116 
16401,!! 
164836 
165649 
166464 
167281 
168100 
168921 
169744 
170569 
171396 
5 

602,36288 
60698457 
61162984 
61629175 
61099136 
6257077.3 
63044792 
6.3521199 
64oooooo 
64481201 
64964808 
6.5450817 
65939264 
664.301~; 
6692.3416 
6741914.3 
67917312 
68417929 
h8921ooo 

69~2(>5,31 
69934528 
70444997 
70957944 
71473375 

467 
468 
469 
470 
471 
473 
473 
474 
475 

218089 
~ ~ 9 0 2 4  
319961 
220900 
221841 
222784 
zz.3729 
224676 
225625 

10184756.3 
102j~g2.32 
10.3161709 
103823000 
1044H7111 
10515404R 
10~8z.3817 
106406424 
107171875 

476 
477 
478 
479 
4Ro 

' 481 
482 
48.3 
484 
48; 
486 
487 
488 
489 
490 

551 
552 
553 
554 
5.~5 
556 
5 j i  
558 
559 
560 
561 
562 
563 
564 
56; 

542 
54.3 
544 
545 
546 
547 
5jR 
549 
;;o 

226576 
227.529 
2284R4 
229441 
z.30400 

.3@.;601 
904704 
305809 
306916 
308025 

,3orj1.~0 
310:49 
.?I 1.164 
,312481 
,q1.j600 
614721 
315844 
3!6969 
3 18096 
31922; 

107850176 
1085.31.i.3.i 
109215352 
10<)9022.39 
~ ~ o ; q z o o o  

29.3764 
294849 
295936 

3 7 0 2 5 -  
~ 9 8 1 1 6  
299209 
300.304 
.301401 
.30?500 

l b j 2 H 4 1 j 1  
16R19660R 
169112.777 
1700.i1464 
I;O();?!X 
17 1879616 
172808'59.3 
173741 I 1 2  

174676879 
1fi616ooo 

1765584X1 
17 i~04328 
17845.3j47 
179406144 
180,3(~212,; 

--I 
231361 I I I 2Hj641 
232.324 I I I ~ R o ~ ~ ~  
2.3.3289 I 1~678.~87 
234256 113.3791jo4 
235225 I 14oH412; 

159220088 
160~0.3007 
160989184 
161878625 

162771.336 
1636(~;.32.3 
16.156(1592 
16.5469149 
166.37i000 

2.3b196 
2.37169 
2.38144 
2391 21 

026 
627 
628 
629 
6,30 

I 1 ~ 7 9 1  256 
11550!,303 
I 16214272 
I 169,30169 

01; 

618  
619 
620 
()21 
622 
62; 
624 
(,*; 

z40loo 1 l;hj90oo 

391876 
303;29 
394384 
91~9641 
.~96900 

380689 
.38192~ 
.3R.3161 
38~400 
385641 
.38(1884 
388129 
389376 
,7rj0625 

245,314,376 
24h4918S.3 
2 4 i h i . 3 1 ~ 2  
z-IRR~HIH~ 
Z ~ P O ~ ; O O O  

398161 

23488511.3 
2350290.32 
2371 766.59 
?~H.32Wooo 

2.3yqX3061 
~40641844 
z.11fic4.3f17 
2429;0(124 
2 ~ 4 1 ~ 0 6 2 5  

ISI~.~O~)I 
253435O6H 
25,$1;6137 
254840104 
25604iR;5 
2572j9456 
2584;~85,i 
2j969.1072 
26091 71 19 
2621 J.~OOO 

6.32 
6 , ~  
6:3; 
0,?5 
h.36 
6.37 
638 
639 
640 

;ON 

702 
703 
704 
705 

309424 
400680 
401956 
463225 
4044(jO 
4 0 j i 6 9  
407044 
408.321 
409600 

692 
693 
694 
695 
696 
(197 
698 
699 
700 

706 
707 
708 
709 
710 
7 

712 
7 1.3 
7 14 
715 

491401 
492804 
494209 
495616 
~ ~ 7 0 2 5  

3 4 ~ 4 7 a 1 0 1  
945948408 
347428027 
348913664 
,350402625 

478864 
480241) 
481636 
4H302.5 -- 
484416 
485809 
487204 
488601 
~ ( ) O O O O  

JoB,,~G 
499849 
501264 
502681 
;04100 

~ O ; $ Z I  

506944 
508.3(19 
509796 
,511225 

.?.31.373fiBR 

.1,i281aj,;7 
3.14255.3H~ 
,3357oz.375 
.3.371535.30 
3.14608873 
,440068,392 
3415.32009 
+$.~oooooo 

j51895816 
353.39324.3 
354894911 
.3.i64ooB~r~ 
35701 1000 
.3,;94zj4.31 
~(~0944128 
,362467097 
363994.344 
,365;278;; 



TABLE LXXI1.-Squares and Cubes of Nurnbe1.a. 

No. square Cube No. Square Cnbe No. Squnre Cube No.  Sqrrore cube  N ~ .  sqlrare cube 
1 

-- -- -- -- 



COMPUTATION FORMS. 



. E~ating Northing 
nocording an (L-Lo) ia 2. - t Sign asme M M. 1 EGG m r d i n g  Y the mm i n  2. - 



P. Buttbeg o f  nabia. 
NO,"  ,,,.,,,, " ."..... P A R T Y  1 S E A S O N  19 .......... - ........ 

Computation of Spherical Co-ordinates of Stations from the given Rectangular Co-ordinates. 

B'rorn Origkn 



P. . Surbtg o f  Bnbia. 
N O - P A R T Y  (---- ----- - - - .) S E A S O N  19 - - - - - -  

Transformation of Rectangular Co-o~.diuates of Stations from one Origin to anothel*. 

Conzpr~ted and co~tqared I,y 19 - -  . 

Name of Old Origin ... 

,, ,, New Origin ... 

Long. of Old Origin = Lo ... 

,, ,, New ,, = L  .... 
Lo-L.= ... ... 

,, in neconde ... 
Lat. of Old Origin = X, ... 
,, ,, New Origin = An ... 

x. + An e#, =- ... 
2 

... AA = A, - An 

A A  in eeconde ... 
Log. A X  ,, ... "' 

... Log. from Trb. L X F I I I  for e#, 

... S u m = I n g A  ... 

... +A ... 

'1 '1 ''1 
I 1 

- 1 I I 
- _- I 

I 1 I 
I I 1 
I 1 

- 1 1 1 
- I 

I 
I I 

- 

I r 
- I 

Name of Stntion (s) ... ... 

Lat. of (S) (from chnrt) = X ... 
Long. of (S) (from chart) = L ... 

,, ,, Old Origin = Lo 

... , . , N e w  , , = L .  "' 

... 1.-L.9 ... 

,, to nearest eecond = 

... ... L - L o =  ..' 

... ,, to  ueareat eeeond = 

... ... (1-Ln) '= 

... ... (L-Lo) '= 

... m=diff.=(l-Ln)9-(L-Lo)9 

t ( L -  LJ3 (to be kept to nerreet million) 

$(L-Ld3 

... I = ~ ~ ~ ~ , = ( L - L ~ ) ~ ' ~ ( L - I , ~ ) ~  " 

... ... Log. (Lo-Ln) 

Log. from Tab. L X I X  for A 

... ... sum = log, p 

... ... II P . . a  

$X=Co-ord. with refer. to Old Origin 

.. SCorrn. from Tab. L X X I  for n for A. 

@X'=Sum=E. or W. with refer. to Kew 

... $Y=N. or 9. with reference to Old 

... ... *A = #.. 

$ Corm. from Tab L 3 X  for m for X... 

qY1=sum=N.  or 9. with refer. to  New 

Sign same M A& 

t ,* - #  (L - L.) 
, , (" - Lo) 

I1 ,. ,, (Le - L.1 
Ewting Northing 

$ %cording as the co-ordinate is ar - - - ~  Weatlog Soothlog 
and m'ee asrrd. 

9 Sign same M 

I ,, ,, * 

-- 

a/ I\ "I 
I I L  
1 1 1  
I 1 i 

- 1  1 1  
- _ 
- I  I I 
+ 
+ 
- 

-. - 

- 

- 
- 

I I 
I I 
pp 

I I 
- I 

I 1- - 
T--~- 

- 1 BW 

- 

- 
- 
'r 

- 

1 -  
--rv 

I!-.B 
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