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P R E F A C E .  

N o  originality is claimed for this work. I t  is merely an attempt to apply Mr. Hapford's 
method to 1ndi:r. I n  this paper his words are often used, though sometimes not shown i n  italics. 

I n  carrying out this long, and sornewl~at monotonous r~ndertaking, I have had the  willing 
assistar~ce of Mr. Waller-Senior, Survey of India. 

S I ~ I L A :  
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Investigation of the Theory 
of 

Isostasy in India 
by 

Major H. L. Crosthwait, R.E., 

Dy. Super in te t tde~~t ,  Stirve,y of I i td i i r .  

1. The object of this inves t iga t io~~  was to  ascertain, whether, makiug certain necessary 
assumptions, the condition calletl isostasy* esists in Illdin. 

L 'The method follomecl \\.as that  adopted in a similar i ~ ~ v e s t i g a t i o l ~  carried ou t  for the  
U~li te t l  St :~tes  of Alnerica I)y Mr .  J o h n  P. Hayford, of the  United States Coast and Geodetic 
Survey. 

Mr.  1 Ia~fo t .d  l ~ a s  rlisplayed considcrahlc i~ lgenr~ i ty  in adaptirlg t l ~ e  f o r m ~ ~ l a  so :ts to reduce 
the Ia l~our  of cornpnt:~tiorl to  n nl inimun~.  IVitllout s o ~ n c  sucll (levice the t i n ~ c  all11 l a l~our  iurolved 
mould make the work practicztlly impossi1)le. 

3. 'I'he tlnta xlrently availal~le, for Tntlia, col~sisted of the  geodetic and astro~iomical 
lati t~ldes of the stations undcr ir~vestigation ; from \rhicll the  quantity (A-G), or the  astronomical 
viinus the geodetic latitude for each s ta t io~l  has I~eeu derived. (A-G) is the  angle a t  the  station 
betwee11 the t l i r ec t io~~  of grnvity and the  uormal to  Everest's spl~eroid which has been adopted 
for  India ; it. has also hecn al)l~lied to  ttlc Hessel-Clarke spl~eroicl as esplair~ed on page 3 
p:ua. 1 4  a ~ r d  footnote papc 4. 

r j  lh i s  c l~~an t i ty  has a pllrs sign where the zenith of the  station, as defined hy a line 

11orn1al to  the  adol)tec\ spl~eroid, is north of tlre zeu i t l~  d e f i ~ ~ e d  I)y a line uorlnal to  Everest's 
o r  Bcsscl-Clarke sl)l~croid, and 1ir i , t7 i .o when the zcnith is to the  s o u t l ~ .  

4.. 'llhc following is a short a c c o l ~ ~ l t  of thc m e t l ~ o d t  ndoptetl in co~uput ing  the  orograpl~ical 
dcflcction a t  statiotls. By orograpl~ical or tol~ogmplric-a1 deflection is meant the  tlleoretical 
deflection ml~irh s l~onld 11e product~d l)y an irregular rlistrihntion of masses, if such clistri l~utio~l 
wcre to  Collo~v tlic irregularities of topography. Tllc formula used is that due t o  Color~el A. R.  
Clarke, R.E., P.R.S. ,  givcu in his norlc on Geodesy. 

6 1.' D = 12".44 - - / I  (sin n L  - sin n, )  lop, - - 
A ".I 

* Ironlnsp I I I : I ~  IIC ( I C C I . ~ I ~ I C ~  ns f ~ ~ l l o \ r n  :-'' 'rile excess of ~ n t ~ l e r i n l  rcj~rrsenteil  hy Llint uort,ion of l l ~ e  co l~ l i r~cnt .  wlricl~ 
" is nb,r\.o srn.lcrei, \rill bv c i ~ ~ ~ ~ p r ~ ~ s ~ ~ t . r r l  lor hg n d~1r1.l .  of ( l c l ~ r ~ t y  in I I I H  u n d e r l p ~ n p  r n s t r r ~ a l  T l ~ e  conl~nenls  n.111 hs 
" tli~alrtl, eo Lo eprnk, br1.1111rr tltr? e1.u co~~~pncl( .d ot ro l~ t ivr lg  lig111 ~limtel.inl ; and, siniilsrly, t l ~ o  floor of t l ~ c  orrun will be 
"c le~w~~swrl ,  ~ ~ P I I I I S I .  it is ~ O I I I ~ ~ O * ~ ~ ~  of I I I I I I S I I I I I I ~  dennu ~ ~ ~ n l r r i n l .  l ' l~ i s  p a r t ~ c ~ ~ l n r  co11dil.io11 of s l ) p r o a i ~ ~ ~ n l e  r q u ~ l l b r i u ~ t ~ ,  Iias 
" bren plrcn Ll~e Ilnlne ~sostnsy." 

t I.'or o duli~ilc(l I I C V O I I I I ~ ,  I J I P  rcnclrr in r14'crrrd to  " l ' l ~ c  F I Q I I ~ ~  of t l ~ e  E n r l l ~  onrl Isostusy from ~nensurenienls I I I  

1110 Un~lt-11 Ylntcs" l ~ g  J o l r ~ ~  F. H I I ~ ~ J P I I .  \ Y n s l ~ i ~ ~ g l o n  1905). 



L) is the deflect~on produced a t  the station Ily a mass of surfi~ce material of the earth, 
which is n stratum .?i miles th~t:lt, embraced by a four-sided compartment limited by two radial 
lines from the statiou, nnd hy arcs of two circles n.ith the station as a comnion centre, the circles 
haviug radii o f  1.' and r,;  rcl and a ,  are the angles bet nee^^ the radial lines and the meridian ; 
6 the meau surface der~sity of the earth, assumed to be 2.67 ; A the mean density of the 
whole earth taken as equal to 5.576." The constar~t I2".443 depends on the supposition that  the 
earth mag be co~~sidered n sphere of 3960 n~iles  radius. 

5. '"l'lie whole of the attracting stratum is assumed to be in the horizon of the statiou". 
" I f  the stratum consrdered witl~in any compartment be that which is limited below a t  sea-level 
"and above at  the actuitl irreg~llar surface of the earth, then with cor~siderable accuracy the 
"following statement bnsetl on the formula may be made :-Fur compartments hounded by circles 
" whose rxdii are in geometrical progression, the deflection produced a t  a station a t  the centre of 
" t h e  circles in a direction parallel to the reference liue, is for such conlpartment, proportional to  
" the  me;ln elevation of tlre land surface \ritlliu the compartment." 

G. As e s c e p t i o ~ ~ s  to  the above gener;~l statement the followiug cases require s p e c i ~ l  treat- 
meut : 

( n )  Cornpart~~leuts  so Ear from the station that  the c r~rva t~ i re  of the earth must be 
considered, a correctioti has been introduced to meet this, as will be showl~ later. 

( h )  Con~partments of which some part lies far ahove or  far below the mean ele- 
vacion of the c o m p i ~ r t n ~ e t ~ t .  

( r . )  Compartmeuts near the statioll the mean surfaces of uvhicl~ lie far  above or below 
the statiol~, to  these ;r slopc correetiou has to  be applied for wl~ich tables are 
provided 

7 .  In  order to  matte the compr~tation as simple and rapid as possible the L'ollowil~g values 
were atloptecl : 

).I 
- = 1 .4!26, sit1 it1 - sin a = 0 . 2 5 .  
1'1 

2.67 6 ' 
For - in the formula given in para 4 aud S u b s t ~ t u t i ~ ~ g  these ant1 rntio --;- = - 

5 316 2 -09  A 
espresslug the height of the compartment allove mean sea-level in feet illstead of miles, we get 

h 
D = 12".44 (> ' -  ) -- (0.25) logc 1 1.426 = O"~0001~~00 ( I ,  in feet). 

00 52H0 

From this it follo\v~ that  every huudred feet of s t ratr~m above mean sea-level, in any coln- 
partment, produces a deflection of 0".01 at  the station. 

H. Table I page ti shows the r i~rgs with the outcr rarlii of each set of co~npartments. The 
outer rnt l iu~ of ring 23 WIIS arllitrarily made equal to unity. 

9. In  tlle ca5e of compartments whicl~ fall in the sen, the tleptlr of the ocean in feet was 
multiplred Ily 0 GI5t  and tllc result treated as if i t  were a negative land elevation. For con~pnrt- 
ments which are partly oceall and parrly InrltL, the fraction of each was estimnted and treated 
accordir~gly, care I~cing taken to al)ply the correct sign to each portion. 

~ . . . ~  

* F I B ~  the  ~ ~ ~ l u * r  of 8 allil A .star " ' I l l ~  S,,l;~r Y ,u rn l l~~x  nnfl 110 HeI111rd (.onstnn'B1' 1)). W. 11nrk11e-r, M l n ~ b i n ~ t o ~ ~  1891. 
t '~'IIID quunlllr la drrlrpd u8 f o l l o r a  :-'l'l~e retlv of l11e dcn81ty of rra wtltel. to t l ~ r  tlsPrtlgr d e n ~ i t y  of the rrunl. 1111. 

been l u k r n  ar $ = 0 - 3 b 5  Tllr purfnce of the orron would, tl~c~.elorc, i f  t h e  r a t e r  ne r r  col~~preaecd to the drnr i lg  

of Ihe crunt, Ile ( l . ( Y @  - W3P6) = 0.616 tnulril>lierl hy Ille d r p ~ l ~  hrlow tile pl.rrr~lt eurfllc.e. 



10. 'I'l~e outer radii of rings 1 to  6, if c o m p ~ ~ t e d  in the same manner as the other rings, 
\~oul t l  I)e 2456, 1722, 1207, 847.1, 594.9 and 416.6 miles, respectively. But for  these rings i t  

was necessary to ~ntroduce the cor rec t io~~ for curvature mentioned in para 6 ( a )  which gave the 
radii the greater value shorn14 in 'I'able I page 6. 

11. The next step ill the process is the construction of the templates on which are drawn 
the co~nparttnents, oil the scale of the maps usctl, according to the cont l i t io~~s outlined in the  
foregoing paras. For this purpose sheets of transparent celluloid ahorit 20'' x 20" nerc i~sed,  
each template comprising oue quadrant o111y. Wheu applietl to r l ~ e  map with its centre on the 
station, and compartment KO. I w ~ t h  its northern edge along the prime-vertical, i t  was possible 
to see the area iutlicated by the 1)ountlaries of the compar t~ne~l t s ,  and from the contours, or 
Ileights, to cstirn:~te the average elevat i l )~~.  

12. Heights so read off' were c ~ ~ t e r e d  011 forms, specimens of which are sl~o\vn iu Tal)les 
111 autl IV.  Every hundretl feet of hright s a s  entered in its proper place as 0 . 0 1  secor~cl. 
T l ~ u s  ;I c o ~ ~ ~ p a r t r n e l ~ t  I I ; L V I U ~  all average heig11t ot' 800 feet fignretl as O".O8 i l l  the form. 

13. I t  will I)e 11otic:etl that  each riug c o ~ ~ t a i n s  16 c o n ~ ~ ) a r t m e ~ ~ t * ,  8 of \ r l ~ i c l ~  lie to  the sou t l~  
a ~ ~ d  8 to the north of t l ~ e  statio~r. :\ccortling t,o the c : o ~ ~ v e ~ ~ t i o ~ ~  used, ill the ~ ~ o r t l ~ e r u  conil)artune~~ts 
all elevations above sea-level produce ~ ~ e g a t i v e  and those hclow sra-level positive deflectio~~s, 
lvhile the opposite is t l ~ e  case iu the a o u t l ~ e r ~ ~  C O I I I ~ ) : I I . ~ I I ~ ~ I I ~ S .  The deflectious prod~icetl by all the 
compartments in each ring are s~inimed algebraically a11tl e ~ ~ t e r e d ,  wit11 their proper sign, in t l ~ e  
c o l u ~ l ~ n  heaclecl Hor izo~~ta l  SIIIU. T l ~ c  figures ill this c o l u m ~ ~  are the deflections t l ~ i ~ t  the topovraphy ? 
would produce if there \\.ere no isost:~tic con~peusntion. Mr.  Hayford s l~ows that  in  orcler to  
couvert these tleflectious into those prodncetl by au isostatically compensated t o p ~ g r a p l ~ y ,  all that  
is necessary is to m ~ ~ l t i p l y  the total for each zolle, or ring, by a factor de~)eudi r~g  on its limiting 
radii and independent of its meall I~eight. 

These factors vary accort l i~~g to tlre dep t l~  at  \vhich i t  is supposed that isostatic compensa- 
tion is con~plet,e. In  t,liis i~~vcs t iga t io r~  the rlepth ~ v l ~ i c l ~  hlr .  Hayford found to he the most 
~)rol)able for the 17. S. of A~uerica, ua~uely 1 13.7 Km., has been atlo1)tetl. The m e a u i ~ ~ g  of 
t l~ i s  is that while the density of t l ~ e  crust varies accortling to  surt'ace irregularities ahove a 
tlel)tll of 113.7 Km. Iielow t.hat dc11tI1 density illcreases un~formly and IS independe~rt of snrface 
contlitions. 'I'l~e Facto~,s for a tlepth of 113.7 Kilo~uetres conrl)~~tetl  by Air. Hayford (1:ide The 
A!/roe qf ! k c  Eat.//& urrd laoslas!/, p. 70) are give11 in Tnl)le I1 page 7. 

AII exilmple of their application in t l ~ e  case of Ka1ianl)ur is give11 in fall, see Table 111 page 7. 

14. 'I'lre topographic tleflec:tio~~s in t l ~ e  111eritlia11 \\ere c o m p ~ ~ t e d  for 102 latitude stations 
ant1 111 the prime vertical for 18 l o ~ ~ g i t , ~ ~ c l e  statiolls. 

On pages 9 to I4  w i l l  I)e fo~rnd the results. 'I'lic stations 11ave beell arranged accorcli~~g 
to reglous In the same manrler as t l~ey  arc groul)rtl in the Great 'I 'rigo~~ometrical Survey of' I n t l ~ a  
VoI. S V I I I ,  Astronon1ic:~l Ohscrvatiol~rc for L a t ~ t l ~ d e ,  pages (531) to (542) 

111 co111m11 3 is sho\vn the topograpl~ic tlcflertio~~ clue to  t l ~ e  visil~le surface masses. 
( : o l ~ ~ n ~ n  -1. shows the dcflcctio~r, ~lnil'orm isost:~tic c o m p r ~ ~ s : ~ t i o ~ ~  co~~sitleretl, the assu~iietl depth bei~rg 
113.7 Kilometrea. This is ol)t:li~~ed I,y :~pl)lying t l ~ c  f;~ctors givcn i l l  'l'ahle I1 to the tol)ograpliic 
(leflectioll for each ring. 'I'l~e valnes of ( A  - G )  11nvc I1ec11 ol)tained hy tleducting the geodetic 
\,slues of Intitucle from the astro~rorr~ical valncs. For the v a l ~ ~ e s  ot' ( A - G )  in col. 5 the geotietic 
Iatitlltles Lare heen computed on the nssumptio~~ that the d i r e c t i o ~ ~  of gravity a t  Kalianpur is 

vertical, nntl t l~cy  have been banetl 011 tlre ol)solcte spl~eroitl of Evercst (G.T.S. Vol. XVIII ) .  For 
the values of ( A  - G )  col. 6 the geodctic latitutles Imve h e c ~ ~  computed un t,he assumption, that 



the direction of gravity is deflected 4" south a t  Kalianpur, and they have heen based ou the 

Bessel-Clarke spheroid* :- Equatorial radius 6,378,190 metres, ellipticity 2 299.15 
C o l u r n ~ ~  7 shows the diffcrellce between column 6 and column 4, that is the difference 

hetween the value of the actual arid the  con~puted deflection, or the unexpli~ined residnal. 
'l'hese residuals, for  each statioll, have heen plotted on t l ~ e  accompa~~ying chart.  

15. On page 1 4  are exhihited t l ~ e  results of treating longitude stations for deflection in 
the prime vertical. Column 4 is the topographic deflection obtained by tn rn i r~g  the template 
throngh 90' (see example, Table IV)  as c o n ~ ~ a r e d  with the latitude position. Column 5 is the 
deflection, isostatic compensation considered. I n  columl~s 6 and 7 are given the values of 
(A-G) cos X applied to  the Everest spheroid and to the Bessel-Clarke spheroid, see para I4  and 
footnote. Column 8 is the difference between eolun~ns 7 ant1 5 and is the unexplained residual. 

As regards signs, the convention used is that a westerly deflection has + sign, while a - 
sign means a deflection of the plumb-line to  the east. 

Note opt Resiclztcids. 

What  are here called the residuals are the differer~ces hetween the deflections computed on 
the hypothesis of uuiform isostatic corupenvation rrn ' the ohservetl deflectiol~s A-G, applied to  
the Bessel-Clarlie spheriod. They are given for each station in col. 7 of the tal~les of results. 
As in  U. S. A, ,  the statious of India have heen divitled into groups, or regions, follonsiug those 
(for Indin) given in Vol. S V I I I .  

With n view to con11)aring results ohtnined ill the two countries the fo l lo r r i~~g  tables l l a v ~  
t~een prepared showing the nleall residual for each group, or region :- 

Group S .  E. meal~  residual . . .  -0.7-1, 
,, N. E. > > . .  -1.04 
,, Cclltral ,, . . .  -1.66 

> > IT. > > . . . - 4 .02  

Ili~lict 
I, 

Region No.  1 Hitunlays Riol~ntains ~ I C ~ I I  residr~i~l . . - I f  

)) 2 Plail~s at the foot of Himalaya l\lonntaitls , j . . ,  - 2 
, 3 N . E .  > r . . .  I- 8 
,, 4 Cer~tral ,, . . .  + 5 
7 1  5 N. \I-. ,> . . .  + 4, 
, 7 IV. ) J  . . . - 3 
,, 8 E .  , , . . .  - 2 
P, 9 S .  , , . . .  + 1 

Speaking geucrallp it wot~ld appear that i so~ta t ic  conditions are much more nearly realiaetl 
in America thau in I ~ ~ t l i a ,  i r . ,  iE me are to  take the smallness ot' the rcvidual3 as au indication of 

the cornpletcneas of isostatic rompensatiou. I n  India we have an ex~rnple of a continent wl~ere 
very large natr~ral convul.~inns have taken place, in recent geological timer, r)rotlucing upl~eavals 

- ---- -- .- 

For Rerscl.Clnrke rpl~eroid, lor zero o f  ~ e r t i c n l i l r  in Indin, and for moat prohnhle tlrflcrtion n t  I i n l i ~ ~ ~ ~ p ~ ~ r  arr 
Phil .  T~.nnanrl~ot~p.  R o y ~ l  S O C I P I ~  A .  Vol. 205, I905 ~nd'Profe~? l ionnI  Paper h o .  12 811rrry o f  Illtlin, On ,Be Ori,qt~r qf f4.0 
I I i rnnlnyn Blou~~lnina,  hp Colonel S. G .  Bnrrnrrl, C.S I. .  H.E., F H.8.. 1911. 



of the crust on a scale quite unknown in any other part of the globe. I n  U. S. A. disturbances 
have beell comparatively s l igl~t .  Taltiug these facts into consideration, and granting that  there 
is always a tendency towards isostatic equilibrium, is i t  i ~ o t  reasonal)le to  suppose that  wliile the 
attainment of  e q ~ ~ i l i b r i ~ ~ m  is already fa r  advanced in America, in  India  i t  is still in a n  immature 
state, and con~peusatiou is by no means so perfect P The eartllJs crust in India is in  a process 
of settling down and may be, con~paratively spealiing, in a state of strain. 

I t  sl~oultl be noted that the residuals are derived from quantities which result from a 
certain set of ass~in~ptious, namely the ratio of the densities a t  1/2,09, aud a dcpth of compensa- 
tion of 113.7 1;iloms. 

The assumed density of 5.576 for  the nrhole earth probably rests on a surer ljasis than 
2.67 for  the surface d e ~ ~ s i t y ,  wl~icli is not easy to  determine, ant1 probal)ly varies consideral)ly. 

I t  has heen asst~merl that  the distril~utiou of der~sity is uniform. A s s u t ~ ~ i n g  the  d o c t r i ~ ~ e  
of isostasy to hold, is it  uot possible that in any two columus of matter extending from the surface 
dowii to  t l ~ e  depth of compensation, there may he the same mass, and pct that  the density may 
be very differently distributed in the two columns? These two columns, though i n  isostatic 
eq~iilib~.ium, moult1 act differently on the plumb-line owing t o  the unequal distri1)utiou of mass. 

The clra\r-back to treatiiig this subject by hard and fast mathematical formulz is that  
we nre i ~ ~ t r o d ~ l c i u g  into a rliscussioi~ of tlie coristitution of t l ~ e  earth's crust a uniform method 
when, in  reality, probably no uniformity esi3ts. Wit11 these coucluclil~g remarlis the results 
are here presenter1 and left for future discussio~~.  

O.~~e-i~rclr old Standard S/reers.-'l'l~esc iilaps are generally speaking old and out of date. 
They are not contoured and some of tlicm cxhibit very few heights. The!. were used in some 
cases from ring 25, or 0.4.9 mile, up to ring 15, or 17.1  miles. I n  many instauccs the ground 
1,outld the stations is so fliit that  the iliiicr rings producc 110 dcflcction. Maps, oli this scale, are 
not available for s o ~ ~ t h e r n  India. 

Atlas Sheets qf Inrlin, scale I i~tch to , forr~ n~ile.~.-'l'liese are available for allnost all stn- 
tions. They were used fro111 ring 15 to r i t ~ g  11, or to radius 70.7 miles. They are also mostly 
very old and uot up to modern reclnire~nc~its. 'I'hcy are not contoured a ~ i d  some of the sheets 
have 110 hcights on them a t  all. Tlley, generally speakiug, extend up to, and inclnde, the first 
snowy rauge of tlic Himalaya. I n  dealing wit11 Himalayan compartmeuts considerable difficulty 
W:IS enco~intcred. 111 mauy oE tholn uo hcigllts n,Iiatever are slnowu. I u  these cases the  estima- 
tion of compartmcut I~cights rcsolveci itsclt', tilore o r  less, into guess \rorli. I n  other compart- 
me~i t s  the l~cights wliich are givcll represent t l ~ c  tops oE hills only. None are shown in tlie 
valleys. T11c ahscnce of hcigllts io  the valleys, the sides of wliich are geuerally very steep, 
lualtes it  cstremelp difficult to estimate thc average elevation, aud probably a tendency 
t o  givc too Iiigh a valr~e thereto. DcEective as these maps are they mere the most reliable avail- 
a l~ le  for India gcricrally. Had they hecn cor~torired it mould have added grei~t,ly to  their value 
for this, and other purposes. 

(:ontoured mops of I d a  on  scales qf 1 inch lo 32 miles, and 1 incll to 64 miles.-These 
maps were used nhell the distance I~ecamc too grcat for thc Atlas Sheets. They are  old and 
contours arc approximate only. 

Stanford's Orogrnphical Map ?f Asia, ~ c a l e  1 inch lo  137.6 miles.-This map mas used 
heyolid thc limits of India up t o  the cxtreme radius of 2564 miles. I t  includes countries where 
data are very meagre, such as Arabia and parts of Central Asia. The information regarding 

thesc regious must very often he in error. But  the compartments in  these outer rings are a t  a 



considerable distance from the station, ant1 when the factor for compensation (see talble 11) is applied 
to  them a very considerable error can exist without producing any perceptible eft'ect on the final 
result. At considerahle distances from stations the projection of the map prorluces a displacement 
of the compartment in azimuth that  co~~lc l  not have heen corrected without the expenditure of 
an amount of labour, which, owing to the smalll~ess of the compensation factors, above referred to. 
i t  was not  considered necessary to  undertalte. I-Ioaever, the data available are so uucertain as to  
malie the introduction of a correction for PI-ojection of clo~tbtful value. 

ilfap on o scale of 1 i t ~ c h  to 192 miles.-On this map were plotted all oceanic depths which 
could be obtained from available marine charts. Depths i n  fat l~oms were collvertecl into feet, and 
the map was contoured. From these the average depths O F  compartmeuts mere estimated, the 
results being treated as described in para 9. 

Speaking get~erally the maps availa.hle for this investigatior~ were defective €01. the  purpose 
for which they were required. Those which affect the results most are the one-inch and the 
quarter-inctr maps, because the compartments falling in them, being Ilearest to  the station, have 
the largest factors. A3 already noted these maps are not contoured, and iu many cases heights 
are deficient. 

TABLE I. RADII OlP RIEGY BOUiSDlR'G CO&IPAXTAlENTS. 

Outer rnrlius 
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TABLE 11. FACTORS (F) UNJFOHM ISOSTATIC COMPENBB'L'ION CONSIDERED. 

T A B L E  111. C03IPW"l'lTIOX FOlC LhTI  I'UDF: STATIOX R d L I . 4 S P U R .  

IJrctlfurle Sto t io t~  iVo. 4?.-Z~nlza1~pro., Ltc t~lude  '?fa 7" a t ~ t i  Z?rriylrt rcbove ,VJ. S .  L. 17G.5,feet. 

Ring 

25 " 
2 :  
92 
21 
20 
19 
1s  
17 
1~ 
1.3 
1-E 
13 

SO, of Sector 

-- 2 
0 F 

=L South Kor lb  IIor F, x 
. - .* - Roman + Itnlic - lio~nnn - italic + S u ~ u  '5 Eor. 

a 
C, 

S o m  

30 
29 
2s 
27 
21; 
2; 
24 0 .00  ,993 
23 i aa I I ' 01 I .  IS:^ 

. 1 : -0 '01-  0.02 . l i l i -O.(12 
' 1 ;  -0.o:! - 0 .04  .!I(;; -0.02 
'11; -0.01 - U.05 .!l.il -0 .01 
1 5  (7.0 - 0.05 .!la 0 . 0 ~  
'14 + l l . < l ~ -  0.U4 .!IUO+~.IJ; 
'14 +0'03 - 0.01 . Y X  +0.0:1 

3 

- 
I I +0.07 

Pnctor 

0.99.3 
0.992 
0.988 
0 .983  
0.976 
0°9G.3 
0'931 
0 .930  
0 ,900 
o.s.59 
0 . S O 1  
O . i 2 l  
O ' G I Y  

Ring 

- 

12 
11 
1 0  
9  
S 
7 
6 
5 
4 
3 
2 
1 

Factor 
. . .- - . - .- 

0 ' 4,93 
0.338 
0 , 2 8 4  
0 .  1 :in 
0.077 
0 
0 .020  
0'010 
0 ' 003 
0.003 
0 ' 0 0 1  
0.001 



TABLE I V .  CONPUTATION FOR LONGI'L'UDE STATION K A l ~ l A ~ 1 ' U 1 1  

Longitude Station A'o. 42.-Katianprcr, Lalilude 24' 7' ,  L o n g i f ~ d e  77' 42' nnd Height above 
rM. S.  L. 1765 *feet. 

N o u ~ b e r  of Sector D - 
.. - 0 

b0 
c \Vest, Enst 

R o n ~ t ~ n  + I t n l ~ c  - Rolnnn - Itr~lic + 2 0 
. .. -- . . . - - - -- 0 Sum 

--- 
30 

2i i 
26 
25 n . o ( ~  ,995 
24 0 .00 ,992 
P 3 . l i  ' 17  ,988 

+ 0 . 6 5  
! 



DEFLECTIONS A'I' LATITUDE STATION I N  TI-IE MIE&IL)IhN. 

R E G I O N  Xo.  1 . -HIMALAYA hI0UN'l 'AINS.  

DEFLECTIOKY A'L' L.4TITUDE STATIONS I N  THE MERIDIAN 

R E G I O S  NO. 2.-PLAINS A'L' THE FOOC OF THE IIIh lAI .AYA.  

7 

Residual  
6-CuI. I 

I 

- 13 
- 13 
- 34 
- 28 
- 2 
- 18 

- 16 

1 

Xo. 

19 
68 

1 
181 
67 

183 

3 1 I 2n 3 j . I  6 I l i I I  

2 3 4 5  1 
(-----A- 

Ko111e /neeael.clorhe:COI. 

No.  

- - - 

$ 1  
234 
166 
... 

Dehra l)hn ... 
;\Iussoorie ... 
Biro~id ... ... 
Kurseoug ... 
lfurree ... ... 
La~nbatacli ... 

-- ~ ~ -- - - --- . - 

N a ~ n o  

--. .. - - - 

,feet 
Kaliana .. . 828 1 + 2  
Bilig~~ri ... 401 7 
-1ulpnig11ri ... S O  
L'athardi .. . 320 

-- 
I I I l e n s  - 2 

I 

feet 
2280 
ti937 
6967 
44.28 
2 . 5 ;  

10474 

- 86 
- 86 
- 74 
-103 
- 45 
- '71 

= c , ~ p l l e r o l d  i Splleroid 

- 18 
- 17 
- 14 
- 23 
- 10 
- 9 

- 37 
- 37 
- 44 
- 5 1  
- 20 
- 34 

- 31 
- 30 
- 38 
- 46 
- 12 
- 27 

JIeau 



I)EFLECTIONS .IT LA'L'ITUDE SrI'ATIONY I N  TI-IE ME1tTL)IAN. 

R E G I O N  KO. 3 . -NORTH-EAST I N D I A .  

DEF'LECTIOXS AT LATITUDE YTATIONY I N  THE 1CIEkII)IAN. 

I tEGION No. 4-CEIVTHAL INDIA.  

1 

- 

No. 

I 2 

-- -- -- - - - - - 1 
- -- 

lo. Name 

- -- 

fert v 

44 Knnkrn ... 1652 - 35 - 1 - 1 + 4  + 
60 Benrl . 1 4 7  3 + 1 + 6 + 1 0  + 
93 Hemat ... 1642 - 23 + 1  + G  + 

222 Snugor 2033 - 29 + + 1 + 4 + 1 ... 
7 Pnhnrgnrl~ 1041 - 30 + 1 0 + 4  + 3  

149 Dn~nd hnr~ ... 1867 - 31 0 + 1  + 6  + 5  

i 
- - --- 

Meat~ + 6 

2 2n 

-- - --- 

Kame 

I - - -- - - -- ~ 

13 
14 

143 
37 
43 
32 
72 

189 
130 

... 

feet 
Calcutta ... + 4 + 4 
Chendwar ... 0 + 3 + 7 + 7 
Chnnduria ... 
Hurilnong ... 
Knnnkl~err ... 
Gurnnni ... ... 
Nimkar ... ... 
Mndhupr~r . . 
Bnnsgopnl ... 

160 
13i8 
416 

2083 
486 

92 
Gi7 

- 2 
+ 2 

0 
+ 1 
- 1 
- 1 
- 1 

- 6.7 
- 37 
- 39 
- 35 
- 44 
- 47 
- 44 

Sora ... ... 1 400 O - 44 

+ 4 + 11 + 5 + 3 
0 + 4 

- 5 
+ 8 

+ 9 
+ 16 + 10 + 7 + 6 + 8 + 1 

+ 11 
+ 13 + 10 
+ 6 + 6 + 9 + 2 

+ 11 

Men11 

+ 11 
--- 
+ 8 



DEFLECTIONS AT LATITUDE YTATLONS IN THE MERIDIAN 

REGION NO. 5.-XOItl'H-WEST I N D I A .  

4 5 

--- - -- I I I 
A - G  

,, i Topograpl~i- 

Nume lopo,orapi~i- c111 1)rHertion i Resid~l~~l  No. Heigl't el11 D ~ l l c c t , i o ~ ~ ~ C o m p e n s ~ ~ t e d  Everest's Beepel-Clnrke col .  G-CO]. 4 
I = c Spl~croid Spl~croid 

- 3 
+ 2 

0 
- 3 
+ 4 

0 
- 5 
- 1 
- 1 
+ 3 
- 5 

0 
- 3 
- (i 
- 4 

0 
- 3 
+ 1 

O 
- 6 
- G 

- 
201 
174 
215 
194 
124 
101 
120 
122 
96 
4 
117 
4,s 

233 
2 13 

HS 
80 
53 

232 
73 
17 

106 

+ 1 
+ G 
+ '1; 
+ 4 
+ 11 + 6 + 2 
+ 3 + ti 
+ 8 

0 
+ 4 + 3 
+ 2 
+ :I 
+ 4 
+ :< 
t 7 
+ 5 

0 
- 1 

O 
+ 6 
+ 5 
+ 5 
+ 12 + 5 + 3 
+ -& + 6 
+ 7 

0 
+ ti + 4 
-t 7 + 4 + 3 
+ 3 
+ '7 + 6 + 1 - 1 

Mean 

-- -- 

Oria ... + 1 
Khaukharia - 37 0 ... R o j h r s  ... ... - 1 

... Mool tnn  - 1 

... Amritsar 7 7 0  - 45 - 1 

... Tas ing  ... 2050 - 3:{ + 1 
AI( bar ... ... G4L - 29 - 1 
A ~ I I ~ I  K h a n  ... G 7  - 36 - 1 
Snn.aipnr ... G97 - 30 0 
Bit1111ok ... 7 7 1  - -27 , .+ 1 

... Agra ... 550 - 35 0 
... ICarnchi ... 35 - 4 . 5  - 2 

... 'l'llob ... S5G - 32 - 1 

... l inl~gitgarl l  900 - 44 i - 6 
.... Jsnnpur 874 - 35 - 1 

+ 1 
( )  

0 
- 1 
- 1 

0 

l i ; ~ m t h a l  ... 
ICl~imuaua ... 
Telri ... ... 
N o h  ... - :is 
Datairi ,.. 
Usira  ... ... 

951 
7 
470 

- 27 
- 3 . 7  
- 29 



T ) E F L E C T J O N S  AT L A T I T U D E  S T A T I O N S  I N  THE BIER1DI.IN. 

REGION No. 7.-WESTERN INDIA. 

I 2 1 2 * 1  I 5 1 s 1 7  A - (3  

No. 

I--  a.) 
145 
147 
104 
16 
53 

5 
3L 

107 
I9  
59 
HO 
RI 
63 
199 
100 

70 
66 
40 
57 

102 
... 
... 

R e s i d ~ ~ a l  
6-Col, 4 

- 3 
- 5 
- 9 
- 1 
- 1  
- 4 
- S  

0 
- 5 
- 1 
- 1 
- G 
- 5 
- 1 
- 3 
- 3  
- 3 
- I 
- 2 
- 2 
+ 4  
- 5 
+ 1  -- 
- 3 

Evel.est~s 
Jpheroid 

- 8 
- 1 1  
- 1 0  

'I'opogrnphi- 
r n l  Deflectioo 
Colnpensated 

= C 

- 1 
- 3 

0 
- 1 

0 
- 3 

0 
0 

+ 1 
0 

- I 
0 
0 
0 
0 

- 1 
- 1 
+ 2 

0 
+ 1 

0 
- 2 

0 

- 

Name 

Deesn ... ... 
Chaninnn ... ... 
Colnba ... ... 
Mnndr i  ... ... 
D a l n n r ~ i d a  ... 

... Khnnpisura 
Rndgaon ... .. 
H n ~ . n n s a  ... ... 
Vnlvndi ... ... 
Den Dongri  ... 
Lndi ... ... 
Pedtlnpatl ... ... 
Pialmudi ... ... 
J I ~ i a l n  ... ... 
Nitnli ... ... 
Voi ... ... 
S a v n l ~ i r  ,.. ... 
hlnvinhuntln ... 
Kern ... ... 
Rundpol ... ... 
Thikri  ... ... 
Dnnrnrvadi ... 
Kt~nks \ .nv  ... 

Bessel-Clarkr 
spheroid 

+, 

- 4 
- 8 
- 0 

Topaeraphi- 
Height ral Deflect,ion 

-- 

feet 

1 .  
44.8 - 38 
953 - 35 

7.5 - 37 
4121 - 37 
1941 - 25 
2751 - 3H 
1128 - 33 
181t; - 31 
1125 - 20 
1727 - 30 
1875 - 31 
1090 - 3-4 
18G9 - 3-k 
2613 - 3 5 
2299 - 33 
1439 - 3E 
244.5 - 3'3 
2582 - 33 
!95l - 35 
2117 - 3G 
851 - 30 
9G - 44 

591 - 38 

I 

- ; 3 1 -  2 
- 2 
- 8 
- 8 
- 3 
- G 
- 5 
- 5 
- (5 
- 5  
- 1 
- 4 
- '  ;> - :3 

0 
- 3 
- 1 
+ 1  
- 9 
- 3 

- 1 
- 7  
- 5 

0 
- 4 
- 1 
- 2 
- 0 
- 5 
- Z 
- 3  
- 4 
- 3 
+ 1  
- 2 
- 1 
+ 4  
- 7  
+ 1  

3lenn  
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D E F L E C T I O N S  AT LATITUDE STATLORTS I N  THE MER1Z)IAN. 

REGlOZ1 No. 8.-EAS'I'IIRS 1 X D l d .  

DISPLECTIONS A'L' LA'111TUD2 STATIONS IN THE MERIDIAK 

REGITOX No. 9.-SOUTHILRN I X D I A .  

1 

-. - 

No. 

- 

2 

- .- - - -- -- -- 

I i a ~ n e  

--- - 

58 
(i.5 

X 
280 

85 
1 
111 
I S 0  
35 
69 
55 
12 

1 
1 

21, D l 4  1 

Iiutil~nrni . . . 
h1:~u~aloro  ... 
R;ln~nlore ... 
St .  l'hom~.s' Mt. ... 
I'unua, . .. 
Teruvc~~dil)r~rnm ... 
I'ettimnlni ... 
Tiistnma ... 
IIoi~unrnlli ... 
Nn~ntl~abad ... 
TZornmr~r ... 
I3on1maei~udrn ... 
G~~dn. l i  . . . 
1Ionur1r ... 

- - --- - 

J I c i ~ l l t  

. . .- 

.#eel 
347 
186 

3126 
260  

48 
... 
617 
468 

2775 
llG9 
2527 
2'006 

292 
1579 

5 7 
-- 

1 'ropoyrq>bi- 
Tol~opr~rpl~ i -  rlrl I)ellect,ion 

ral ~ , , . ~ c r , i o l , ~ o r l l p r r l P n l p ~  

1 = C  

Reridrtnl 
co1, ,= , -~~l .  ,1 

-- 
+ 7 + 3 
- 4 + + 3 
+ 5 + 1 - 3 
- 1 

0 
- 7 + 4 

0 
+ 2 
-- 

+ 1 

A - C f  

- 60 
- 1 2  
- 37 
- 41 
- 64 
- 40 
- 4 3  
- 42 
- 37 
- 35 
- 3G 
- 31 
- 42 - 32 

+ + ;  + 3 + 2 

-- 

E':rcreutt'* 
Spl~eroitl 

- 4 
- 1 
- 1 
- 1 - 4 
- 1 
- 1 

0 
- 1 
- 1 
+ 1 + 2 

0 
+ 1 

- 5 + 6 + 2 + G + 2 - 2 
- 2 
- 1 
- 6 
+ 6 + 1 
+ 3 

Uessi,l-Clnrke 
Slil~eroid 

- 5 
+ 5 
- 1 
+ 4 

0 
- 3 
- 2 
- 1 
- G 
+ (i 

0 
+ 3 

3Iean 

.- 



DEFLECTIONS AT LONGITUDE STATTONS I N  PRIME TrEtll'lCAL. 

2 
.. . ............. 1 3 1 4 1 5 1 U 1 7 1 8  

Refc~.mce 
Letter 

H 

L 
E 
O 
P 
C 
G 
N 
:\ 
B 
Y 
Q 

M 

-- 

RPsi"'lal 
"" 7-Co1. 

( A  - -- 

Everest's 
Spheroid 

---- 

Topoernpl~i- 

S U I I I ~  
= 

O )  r o a  A 

Yessrl-Clar~.lie 
Spheroid 

... 

... 
- 3 

... 
- 3 
- 10 
+ 7 
- 3 
- 22 
- 18 
- 9 

... 
- 1 
- 7 
+ 2 

... 

... 

... 

Agrn ... 
... ~mrit , snr  

Bangdore ... 
I3ellii1.y ... 
Rolnrl~rn ... 
('alcuttn ... 
Colnbn ... 
l leen;~ ... 
Deh1.a T)6n ... 
.Tnlpaigu~.i ... 
.Iubbulpore ... 
Knlianpur ... 
ISarnchi ... 
1lrdrn.u ... 
Rlar~galore ... 

... Rlultnn 
Pephawar . . . .  
Punllz ... 

- 1 7  0 550 
770 

3126 

1971 

f! 
4x3 

22-10 
280 

1306 
1765 

: 
-54 

1% 
420 

1100 
48 

0 

I 

... 

... 
- 3 

... 
3 - 

- -% 
+ 4 
- Ci 
- 23 
- 18 
- 8 

... 
-- Ci 
- 5 
+ 1 

... 

.., 

... 
+ 17 , + 6 - 3 

j 

- 30 
0 

- 
- 2 
- 7 
- 29 
- 4 0  
- .i7 
- X 
- 9 
- 11 
- 16 
+ 31 
- 29 
- 1 1  

IValtair . - G 

I 

... 

... 
- 3 

- 3 
- 4 
+ 8 - 4 
- 9 
- 13 
- 7 

... 
- 6 
- 11 
+ 4 

... 

... 

... 

- 1 
0 
0 
0 
0 

- 4- 
- 2 
- 13 

0 
- 1 
+ 1 - 1 
+ 6 - 3 
+ 1  

2IIO 

- 9 1 + 4 
0 

/ + 1  
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