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I N T R O D U C T I O N  

1. In 1936-37 triangulation, levelling, gravity alld magnetic 
detachments have taken the field, aucl the usual routine work has 
been carried out a t  headquarters. 

2. T.r.iangulation.-( Chapter I ) . The primary triangulation 
through the N%ga Hills between Assam and Burma has been 
completed ailil satisfactory collnection made with the Mandalay 
Meridional and Upper Irrawacldy series. Escorts were again 
necessary a t  the beginnillg of the season, although on a smaller 
scale than in the previous year, and detachments were provided by 
both the Assaln Rifles and the Burma Military Police. No opposition 
was encountered in the Nstga Hills, and south of the Hukawnc 
Vallcly no escorts were necessary. 

3. T,erellil~y.-(Chapter 11). Two detachlnellts moi-ked on the 
high precision level net, in Cent'ral India, and aclcled t'he equivalent 
of 4.63 miles of single levelling. 

A third detachment carried rlouble (precise) levelling from 
S u k l r ~ ~ r  on the Inclus, through Sibi and Quetta to Chainan, relevellil~g 
a tilie observecl 2.5 years before in orcler to detect c.hanges of level 
resnlting from the Mach and Quetta earthquakes of 1!)51 a,nd I !)35. 
C'on~i~lera1)It~ changes were founcl, and all elevatioii of over one foot 
in al~out 1 0  iniles a t  the lower end of the Boliiu Pass aly,ears to btl 
1 1 1  At Mach anrl Quetta chaliges were small, but* two roclr-cut 
1)1~11(~11-m:~i.l~~ 1ipar Quetta have undergolle a relat,ive inoveme~it of 
11c~a1.1.v onp foot. 

I.. (/~-cri~it?l.-(Chal~ter 111). C$ravit,y was ohserved a t  4 7 
statiolis ill or ilear Assam al i~l  Bengal, incluclillg stations in the 
N;ig:t and Lushai Hills. Tllc pendulums showed a inaterial change 
of I e ~ ~ g t h  a t  the encl of the srJason, but the resulting ullcertainty 
has s i ~ ~ c e  been cleared 11p by repeating six of the statioils a t  the 
11~qi1 11li1lg of the 1937-38 season. 

.;. iIf~(~lnetir-.-(Chapter IV) .  Magnetic observations were made 
ill  13il1iir in cont in~at~ion of work clone ill 1934-35. Force ancl dip 
w~1.t. observecl a t  200 stations spacecl along two north-south lines 
(~rossing the el~icciitral area of the 29334 earthquake. Very consicler- 
ahlv changes occur in tho intensity and direction of the n1agnet.i~ 
fol-cc*, but i t  has not heell fou~irl possil)le to velat'e them to any 
1~~01)al)If~ irrcgularitics in the shape of the alluvial trough. 

(i. Corn2~1 till(/ (!l'Jicr.-(Chapter V) .  The read justmeut of the 
t~~iai~gulatioil  of 11idia and Burma has been colnpletecl to the poiilt a t  
which I-evisetl co-ordinates of any asti-ollomical station call be im- 
mcvliately o h t a i ~ l ~ i l  if ~.eqnii-~rl  for scic~iitific purl~oscs. It is not a t  pre- 
sent illtenclccl tc 1 makc the> read justlnent the basis of cmrent surveys, 
ancl the calculation ancl publication of a fresh set of self-consistent 
latitudes, longitudes, sides and azimuths is not being undertaken. 
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The worlr on the Lambert grid which has occupied the 
computing office for inany years, is now very nearly complete, ancl an 
effort is being made to  overtake arrears in the computation of 
Hayfold corrections a t  astronomical stations. 

7. Hendqltnl.fe~s routir~e.-(Chapters V & VI ). The tidal preclic- 
tions, and the time, magnetic, seismographical and meteorological 
obse~~vntions a t  Dehra Dfin have been carriecl on as usual. The 
routine met8hods of tidal precliction have been overhauled and 
the strength of the section reclucecl. The standard bars and invar 
measurini wires have been compared a i d  have retained their lengths 
satisfactorily. The hope of obtaining new seismographs a t  Dehra 
Dfin has been postponed for a year. 

AII observatory has been openecl a t  Agra for latitude variation 
I ,hservations. 

S. Ft t tq t~~  p~ogrnmrnes. In  1953 7-38 primary triangulation is 
beiliq ta~clertaben near GauhSiti to improve the connectioii between 
thr  1!):54-35 morlc ancl the old Assam Longitudinal series. I n  
19:',S-:3!) i t  is proposed to start  a primary traverse run~ling 
rastwnrds from near Calcutta to replace the old East Calcutta 
Loi~qitocliual series. The later is considered unreliable, and the new 
traverse will constitnte the mail1 link between the triallgulatio~i of 
Aesain ancl Burma and that of the rest of India. 

Gravity is being observed in Baluchistkn and the Punjab, and 
a line of astronomical latitudes and longitucles is being ohservrd 
sl,uth\\-ards from Manclalay to carry the geoiclal section to~vartls 
Malay:\. Gravity obsel.vatio11s i l l  B ~ ~ r m a  have heen ])ostponecl 
until 1938-39 an(\ 1939-40. Three tletachments are worlcing 011 

the high precision level ]let. 
9. N~)t/-clr)~ccrtmr)~tnI y~tb1irnfions.-Brigadier Couchman macle 

"The Progress of Gt~oclpsy ill Inclia" the subject of his Presiclential 
address to the National Institute of Sciences a t  the 1937 meeting 
a t  Hyclerf~hr'td. 

Lt.-Colonel Glennie has continuecl his examination of the rela- 
tion hc'twe~11 gravity anomalies and geological structure in the United 
States,(" and also in the Gangetic and Cudclapah areas in Inclia.(" 

311.. (4u l s t~e  has discussed the relation between gravit8y aid 
cleviations nf thp vertical in mountainous a~.eas.( '~) 

C. M. THORIPSON, 
Colonel, 

llirorfo). of tlie Geodetic Brn,)r l~. 

RP:FERF.N(OES 
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( : '  Prorr~(l;ug~ r!ffha I)~rlicc?a Acatlen~y oj'Rciencea Vol. V, No. 3. 
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Reference numbere and Values of "m" and "M" for all Geodetic Seriea of & 
Indian Triangulat.ion. ( See  Records of the Survey of India Vol. IX, p. 137 ). 
For 42 Series entering the  Simultaneous Grinding (shown in italics below) Mean Square M - f 
For Series IIR t o  No. 109 ... ... ... Mean Square M = 2 1.a 
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No. 
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1H 
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30 
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33 
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3H 

+ M 
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55 
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57 
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63 
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65 

66 
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8O 

H3 I 
H4 
3r, 

HA 
Hi 
HH 
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gl 
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84 
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I 
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Assam Valley Triangu- 
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. . . 
~ ~ l l ~ ~ ~ ~ ~ ~ ~ ~  ... 
~ ~ ~ b ~ l ~ ~ ~  ~ ~ ~ i , j i ~ ~ ~ l  .., 
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~ ~ l d i ~ ~  ... 
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1853-54 
18.58-61 
163-63 

1854-60 
1H.55-58 
1855-60 

1R33-fi3 
lHG6-57 

X4 

SO 

41 

42 

43 '  
4t 
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TRIANGULATION 

BY CAPTAIN C. A.K. WILSON, R.P. 

I. Summary.-This season's 1)rograinine consisted of a series 
1-unniilg soiithwards from the point 111 the Naga tribal territory 
reached last year in the observation of the A ssain Longitudinal 
series, t,o inake coilnectioll with the Upper Irrawaddy series and the 
Maildalay Meridioiial series. 

This was successfully accomplished. Eleve11 stations Nere 
occu1)ieil slid the average triangular error was 0.56 sc~concls. The 
values of rn and M were + 0 422 aiid + 0 35 respectivelj. Abnor- 
mnlly cloudy weat,her hampered astronomical worlr, and latitucles 
were observecl a t  oilly 3 stat'ions. 

2. Connection wi th  o ther  triangulation.--Satisfactory 
coiln~ction was ~nacle with the Upper Irrawaddy series aild ihc. 
Mai~dnlrty Mel*iclional sei-ies. The new ancl oltl values of a i~gles  
reobscrvcd are given in the table below. 

'l't,ianglc Uunld,z\\~ BUIII-Loi Myc-Bu~llei~i BIIIII, ~ T ~ ) ~ I P I .  Irri~\\.i~~lcl.v svrice. 

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

Angle a t  l!'lO-ll l93Ci-37 
KC,\\, 

witlus old 

11 

-0.:31 

- - -- 

+(),:Is 
-- -- 

- o . L ' ~ .  - 

- - 

R~un~tl:i w ~ I I I I I I  11.8. 
~ -. . - 

J,I ti 31y(% I1.S. 

nuil~sxi Bull] 11,s. 

~ -- - - 

o " '  I Ci J i, 

56 21 26 .92  55 21 27.33 

----- - - - 

h2 1,; 17-15 I h2 
1 

'.l'l'in'llglf: 'I'n.ni~gtl~onlon--Loi Maw-Ma~\~huu~l, Mnlldnl;~,y Mc~ritlional scrica. 
~ -.-- - 

42 23 20.2:3 

- 

-1.2 2:3 20.47 

Aliglo at  

~~- - -  --. 

189 I.-!)(; 1937 
KC\\' 

~r~irr r(s old 
. 

r 1 I I I ,  

1 ~t1111gtI~onlo11 H.S.  ; :+O r>,j 45 . ZZ 

- - -- . - - _ -  _ - 

14  Mnw I1.S. 1 76 G(i  25.9:i 

---- - ~. -- 

n~ I ,  I 

30 55 4,ti. 67 I -i1.'i5 
. -- 

76 66 25.(iO + 0 . 3 3  
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The following table shows the discrepalicy in  position, scale 
and aziinuth between the new series aiicl the published values of 
the closing sides. 

3. General.-The initial coilnection with last yeala's work 
iuvolvecl the posting of lamp squatls on two stations on t h e  P:itkai 
Range. These lamp squacls had to reach their statiolis via Assam 
with a11 wcort proviclecl by the 4th Bn., Assam Rifles, Impllal, while 
the ohserving rletachment went round via Rangoon. and marched 
frcm Kamaing via the Hukawng Valley with an escoi~t of inilitary 
jwlice from Myitkyina. Early starts had to he made to ensure 
that 1~3th parties would arrive in tirne for observations to 1~ 
co~nrn~ncc~d at the l ~ c g i ~ i ~ l i n g  of December. The observing cletsch- 
ment left  Dehra. Dim on 2:3rcl October and Lungwulraw Bum, the 
initial station uf 01)servation was reached on 3rd December. 

( a ) - ( b ) 

- -- - 

-d1024 

+ 0 . 0 5 5  

+ 4  

+ 0.0000005 

0 . 0 0  
I 
-. . . -. . - - 

( a )  - (  I > )  

- . . 

-d:067 

+ 0 ,043  

+ 2  

Nil 

+ 1 . 0 6  

pn1111,l!ll>t 

-. - - -- -- 

9 2  C in l!)l7.  A revisetl value. 5111 feet. W:IS obtained 1,y an adjastlnc~nt mncli, in 
l ! ~ ) l R ,  which hns been nccepted in other pamphlets published since that  date. 

Vnlne 
in 

tcrlrls of 
1936-37 work 

= ( a )  
- - - -- - .. - - 

Vdue  
in 

terlns of Upper 
Irrawaddy series 

= ( 1 1 )  
- . - - - - 

25' 56 5011959 

96 29 -11.869 

5 126' 

5.0'70857H 

760 0; 35:52 
- - - -  -.-.. 

- -- - . . . . 

VB~IIC in 
t ~ r r n s  of 
Mandnlny 

Meridional series 
189-I.-96 
= ( b )  

-- 
I I / I  

I I ,  

Latitude of Loi Mye H.S. ' 2; 60 50.936 
I 

Longitude of Loi &lye H.S. / 96 29 41.91-k 
I 

Height in feet of Loi Mye H.S. I 6130 

Log side Loi Mye-Bumdaw Bum i 
H.S. ; 5.0708563 

tiziinath of Bnrndnw Bli111 a t  , , ,, 
Loi Mye H.S. 7.5 02 i15.52 

- - . - -- -- - ~~ -..--..---.-p----........-..-.. ~~ 

1 Valllc 

Latit,ude of 'I'al~ngthonlon E1.S. 2-10 5; 2$)y:iti0 2; 57 29.427 
! 

I,ongit~tde of Ta~~ngthonlon 1I.S. , 95 -1'4 23,092 i 95 48 23 ~ O - l t )  
I 

IIttight in feet cf Tanngthonlon 1 1 
H.P. I 5603 1 5603 

I 
Log side Tanngthonlon-Loi Maw 

H.S. ; 5 .  195280,; , 5.1952805 
1 

Aziu111th of Loi Maw a t  c I I I  Q I I  

Ta~ingthonlon H.S. ,279 45 -10.27 279 45 39.21 

As originnlly compnted in 1911 and pnhlinherl in trinngulntion 

- - - - - - - - 

in 
tc.rl~~s of  

1!,BR-37 work 
=(a) 
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4. Organization-'Che triangulat,ion detachment consist,ed of 
Captain C.A.K. Wilsou, R.E., observer, with surveyor S.N. Sharma 
and computer S.C. Dhar performiilg recoililaissance duties. Com- 
puter Padam Siilgh was recorder. 

61 inferior servailts were employed, of whom 8 made up the lamp 
squads post,ed from Assam. Twelve lamp squads in all were used. 

An escort of one platoon was provided by the Commandant, 
4t,h Bn., Assain Rifles, under the command of Capt,ain F.G.C. 
Macartney, I.A. to mount the two lamp squads for the l'ltkai Range. 
No separate Polit,ical Officer was appointed this year, Capt.ain 
Macart,uey performing all such duties, including the collectiol~ of 
coolies prior to the march. The observing detachment was provided 
with an escort of 1 Kachin officer ancl 30 Kachin other ranks by 
the Commandant, Western Bn., Burma Military Police, Myitkyina. 

Det,achinent field headquarters and khnrr~al were locat,ed at, 
Karnaing in the Myitkyina district. 

5. Supplies.-This year the rice crop all over the Kachin 
country was meagre, and local supplies were not to  be counted 011. 

All lamp squads were therefore rationed from Kamaing. 
6. Transport.-Chinese mules were used throughout the 

season, except in Ngga tribal territory where no mule tracks exist. 
A perinnnei~t coolie corps of $0 Rangpang Nlgas was employed by 
the Ass;~in column, supplemented by local casually recruited Niigas. 
Nign  coolies were used by the observing detachine~lt for the asceilt 
of Llungnwltaw Bum H.S., but  for all other stations Kachins were 
locally enlisted for the final climb. 

For the initial march oat from Kamaing five elephants were 
emploj c~d ill addition to the mules, aild marched as far as Taihpo 
Ga oi I t 1 1 ~  Taiiai Hka ( Ch intl win River ) . 

Some use was also lnncle of the water-ways of the area. The 
escort n l r r l  its ltit was t.ransportcd on rafts a i ~ d  country boats down 
the Chi~~clwin from Taihpo Ga in the Huknwng Valley to Daln, a1it1 
bhe :r!q~~)ach to Nainalaw Taung H.S. was also made by boat down 
tht> Tr,pll River. 

7. Description of country.-From the high and clensely 
fo~csstc~l Sa11g,rl>a11 Range in Niiga tribal territory the series was 
t ~ l i c a i ~  ~oll t l~wards over low ljiilg swamps south of the Tanai HBa to 
the li:lcbhi~i higl~ln~lds of the Irr:twntldy-C11i11cl~~iii divitle. These 
hi~lllnlr~ls form a wootletl plateau between :3,00O allcl G,000 feet high 
i l l t ~ b ~ * . ~ ( ~ ~ . t ( ~ l  1 ) ~ .  deep rn\-ii~es carrying fast  streams d~.ainiiig for the 
mosi I L I I ' ~  iirto t11c U?.n all(\ Chi~i(lwiii i.ivei-s. 111 thcm nl-c locntecl 
thrl 1':rrnolls I lyn  .Intlc Minc.s, ~ ~ l l l i c l ~  ~ ~ e i - c  opcnod again this jtlar 
n l r ( l  11 1 1  1,:) c .11~1 I 1111n1)cbi-s of C'hii~csc~ J , I ' O S ~ , P C ~ ~ I . S  f ~ ~ o i n  Yon11ni1. 

I i n c ~ l i i  11s of this ai-pn F L ~ P  chccrful n ~ ~ d  appear l~rospeisous, 
compa~<iirg favourably wit,h their sullen and baclrwrtrci relatives in 
the Huliawlig Valley t,o t'he north-east. 
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South of t,he Jade Mines the tableland breaks up into wide 
valleys and ranges of hills. The valleys contain many Shall 
villages, especially around the great Jndanlgyi Lake. Elephants are 
~~umerous  in this area, and this year large numbers were trapped 
and sent to Assam via the Hukawng TTalley. 

Nainalam Taung H.S., the lowest station of observation, was 
established ill desolate and densely wooded country on the edge of 
the Laisai Tract aild Singkaling Hkiimti State, in the Chilidwin 
Valley. 

8. Narrative.-The observing detachment, with its escort a i d  
the three lamp squads required for stations in tribal territory, left 
Kamaing 011 foot on November loth,  reaching Maingkwan in 
the Hukawng Valley on the lGth and Sumbaw ill NLga tribal 
territory on the 24th. Several clays were spent here collecting 
Niga coolies, as it was found impossible to enlist Kachins, this 
being their harvest t'ime. Eventually sufficient men were assembled 
o n  :Wth and Lungmukaw Bum H.S. was reached on 3rd November. 
The Assnm column u~lcler Captain Macartiley had inarchecl from 
Blirgherita on 4th November and hacl posted the two lamp squails 
for To~iyollg H.S. ailcl Mu Bum H.S. on the 18th and 29th respec- 
tively. Oliservxtiolls mere much hindered a t  Lungwukaw Bum by 
c.loud, arlcl a 1.1 (lays' stay on this hill was necessary. From this 
hill the. detachment were spectators a t  a distance of a head-hunting 
mid in the Namphuk Valley, in which 37 heacls were ~.epoi.ted to 
have been taken. 

Low clouils and mist seem to remain in the Hukawng and Taro 
Vallchys throughout the cold weather, and observations a t  Wailtuk 
Eurn H.S. and Mawhpung Bum H.S. had to be completed uncler 
clifflcult co~ltlitions. The march southmarcls throngh the uninhabitetl 
and tlrnsrly forchstecl Taro Valley was made along a path 
prrparrd a year or two PI-eviously for the Hopwoocl-Vernay 
expedition. This was the most exacting march of the season, and 
after this routes, though circuitous, were never dificult. 

O n c ~  south of the clourly area obs~rvations proceecled apace. 
1)ense haze started in February hut observations were made possil~le 
1,)- the occasic)nal rain that occurs a t  this time of year. A few 
storms nere experienced in the neighbourhood of the I n d a w ~ g i  Lake. 
The ruined pagorlas reportrrl in 1'311 as obscuring the view from 
Taunztholllon H.S. to the nosth mere removed by the special 
permiseior~ of the authorities. Local Budhists were spectators a t  
the clomnlition, hut raised 110 objf~ction. 

Olwervations were completrrl a t  Bumrawng Bum H.S. 011 

19th March, and t l ~ e  cletachment reached Dehra Diin 011 4t,h April. 

9. H e a l t h . - ~ ~ n r t  frnm a few cases of malaria and scahi~s, 
which is rife ammg the Kachius, the health of the detachment was 
good. Much discomfort was caused throughout the season by 
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leeches, baiilboo ticks and blood-blister flies, but the work was iiot 
impeded to any appreciable extent. 

10. Observations.-Observationswere taken on 20 zeros, three 
separate lneasures being made on each zero, a total of 60 measures 
for each al~gle. The position of the foot-screws on the stand was 
changed hy 120' after each third of the zeros had been observed. 

Wild precision Theodolite No. 59 was used throughout, 
mounted o ~ i  a rigid stancl specially prepared in Dehra Dun. It waa 
fouilcl that this stand, probably 011 account of the special iron straps 
holding i t  together, was slightly sensitive to changes of temperature. 
Twists of as much as two secoilcls cluril~g the course of a single 
rouncl were very occasioilally noticed. The twists, however, when 
they occurred a t  all were in genel-a1 very much smaller, aiicl only 
occurred during periods when the rise or fall of temperature was 
ahnormiilly rapid. Evening ancl morning errors eltie to this cause 
tended to cancel, as (lid the errors on opposite swi~rgs. I11 view of 
the largc~ ntunber of measures taken, and the fact that  observations 
were sljrritd over several days a t  each station, the resultailt error in 
any a~rgle clue to this cause may be considel.ec1 to  have beell 
~riigatory. 

A~-qund lainps with 15-inch parabolic reflectors were used for 
night ol)hcrvation a t  all stations, and were oI>~ervt~(l 011 two r:ijVs of 
over siaty miles. Tlrey have bee11 little moclifietl i l l  desig~i si~rce 
th(lir i~~tl.otlnction to India 1)y Colonel Everest i l l  1836. Their 
1)lllli :t11(1 f~':~gility increase t r a ~ ~ s l ~ o r t  (liffi~~t~ltir s ill 1.c)tlgll n11~1 
m ~ u ~ ~ t : ~ i ~ r o u s  country, and i t  is hoped to i~rtroduce all electric I)cacon 
i r r  tllrh c-oiirsc of the lrcst fp \v  seasons. 

SI u- i~~ch,  ~ l i ~ l e - i ~ i c l ~  ail(l tcvclve-ilich heliotropes were used for 
(lap ~ll~~t*r.rations.  A f t e r ~ ~ o o ~ r  obs~rv : t t i~11~  were 1n:ttle n-hclrc~vc~. 
p o s ~ i l ~ l ~ ~  irr ntltlition to the usual mor~ling a~rtl  c ~ v e ~ ~ i ~ r ~  I I I ~ O ~ I  alrilne. 



LEVELLING 

I I. Summary.-The programme consisted of one double 
detachmei~t levelling from Sukkur to  Chaman and from Jacobiibid 
to Garhi Khnira ; one single detachment on high precisioil levelling 
from Katgho1.a to  Bilispur ; and another single detachment on high 
precis io~~ levelling from Bhopiil to Nigpur, 

The total out-turn of levelling was.- 
High Precision levelling in fore direction 183 miles ( 201 gross)" 
High Precision levelling in back direction 280 miles ( 305 gross )* 
Equivalent total in one direction . . . 463 miles ( 606 gross)* 
Precise lev~ll ing . . . . . . 415 miles ( 451 gross)* 

12. Sukkur  to Chaman and  Jacobabad t o  Garhi Khaira . --  
These lines mere ohservecl by No. 1 Detacbmei~t under Mr. A.A.S. 
Mtitluh Ahmad with 1st Class Leveller Hamidullah Khan as second 
leveller. The line Sukkur to Chaman was run in order to determine 
the disturbances in and around Quetta caused by the earthquakes 
of 1931 and 1935, and also to connect eight new primary 
pi.otect~cl hench-marlrs left for future investigation a t  four important 
zewl( bgicrtl faults hetween Quet ta  and Chaman. The route follow~d 
IYRP along the old level lines 101 and 54 A to Quetta via Jacobiibiid, 
a i d  thence along the motor road to Chamall. 

The line Jacobfihad-Garhi Khaira was undertaken, on payment, 
nt the request of the Irrigation Department of the Government of 
Sincl. The route followed was from the JacobLhiul-Nasiriibd roacl 
as Far ns nlilestone 19 of the Niir Wah canal to its head on the 
Rb*g5ri Canal, nrlcl thence along the latter to Garhi Khaira. 

13. Changes  of level in  Ba1uchistan.-Chart IV shows the 
diffrr~nce hetween the heights above the standard bench-mark at 
Srikkur now obtained and those obtained in 1900-10 and 1913-14 
when the line was levelled hy two officers, simultaneously but, 
inclep~ndently levelling short sections in opposite clirections. 

B ~ t r r e ~ n  Sulikrir and Sibi there has heen an apparent sinkagr 
rbf ny to  ahont 8 i n c h ~ s ,  but this may not be real as levelling in 
this type of cnr~ritry ( allllvial ynf ) has proved inaccurate i11 thc 
past. SPP Gpod~tic  R~po1.t Vol. V pages 94 and 95, Sukkur to  
Hvd~r;ih:id. Shortly after Sihi there is a suclden rise of 14 fert. 
-- - - .. -- 

Thb, f i n t  t l f  t h e ~ ~  figurw r~lwesents the direct distance levelled betwrfn 
tl.rminnl l-.nch-markq. 'I'he .ocontl inclndeg additional check-levelling ttt ends, ttnd 
branch-l~neq to G.T. -stations etc. 











LEVELLING 

This change was noticed by Mr. A.A.S. Mat,luh Ahinad and he 
etonce relevelled the section in which most of t,he change occurred, 
SO the change is either real or else common tjo the two 1913-14 
levellers. The position of t'he change exactly a t  the outer edge of 
the hills suggests t'hat i t  may be real. 

A few miles further on, just before Bibi Nini, this rise ceases 
alld the old a i d  new heights are again in agreement. The chailge 
of 2 feet occurs in about 7 miles and cannot be clue t'o any ordinary 
levelling error : nor can it be clue to a single blullder, as t'he change 
occuis progressively through several sectiolls between bench-marks. 
The part of the line between Sibi and Bibi Niili which thus appears 
to have been elevated between la and 2 feet is exactly the prolonga- 
t'ion of the Nagau Range, which is the high ( 6000-7000 feet ) outer 
range of the Baluchistan plateau on t'he south side of the Bol:in 
pass. 

From Bibi Niilli oliwards there are smaller, though rather 
abrupt chrtngt~s, but since these cllallges occur ill a, section where 
the lint1 is rising steeply from 1500 to  5000 feet, where levelling is 
liable to fall 1)elow its usual standard, they may not be real. On 
the other hand t,hey may be real, siiice earthquakes (Mach and 
Quetta) llave occul.recl in this sect~ion, allcl the discrepancies are 
more abrupt t l ~ a n  errors ought to be. 

At &net,ta itself bench-marks are fairly c o i ~ s i s t ~ n t  i ~ z t e ~ .  s t J ,  

except that t,he roclr-cut 1,ench-ma~lc a t  Murree Bre~very has 
apparently l~ecn raised about a foot relative to other Quetta bench- 
marla, i ~ i ~ ' l u d i ~ ~ g  a rock-cut bench-mark a t  Sh;~ltangi police c.1~auX.i. 
The Murrce Brewery bench-mark is oil a branch-line, hut. the 
challgo of one foot in 3 miles is very large and is probably real. 

111 c~o~~clnsion i t  inay be said tha t  a belt al,out 10 miles wide 
at the l~oil om encl of the Bol;ln pass has very probably heen 1,aisecl 
11 fcet ~ i l l c c  1913-14 ; from Bibi Nani onwarcls the general level is 
~ l l l c h a l ~ ~ ~ , l ,  1~1t changes of (i inches may have occnrrecl; a ~ ~ d  a t  
Quett:t itsrlf the Murree Brewpry roclr-cut behch-marli has l>rol~al~ly 
rise11 1 foot relative to otheie bench-marks. 

For the purpose of pul~licat,ion, the neur heights have beell 
adjustc{l 011 to olcl heights l>et,weea Sulikul* and Jacobibkcl, to 
avoid c! l?t tul,ing existi1 lg circuits, while fro111 Jacobkbicl onwards 
the llmv levelling has been accepted as correct. 

14. Katghora-Daltonganj and  Katghora-Bi1aspur.-No. 3 
Detaah~nc.nt ullder Mr. Mollamnatl Faizul Hasan carried out high 
]"ecisio~~ Icivrlling from Katghora to Dal tongni~j  in thc fore 
I .  The ]ille follows the cart-track horn i(:itgbol~a to Pondi, 
and t l l c~r  mlrs by pat,h and oart-trach to Lathanpur,  thmce along 
thr allmf~talled to Naaid ih  via Ambikiipnr* aud Ri~nimll j  Gallj, 
and th*llcae across country to the Garwa-Daltongauj road ~vhicll i t  
follows to  1)altongalrj. 
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011 completion of the work the detachment proceeded to 
Katghora and took up t'he back levelling of the Katghora-Bilaspur 
line. The line runs along the metalled road to Ratanpur and 
theiice along ail unmetalled road to Bilaspur. 

The progress of t,he detachment was much hampered by sick- 
ness and the aneven nature of the country. 

15. New Howrah Bridge.-The ~bservat~ion of a line from 
the bench-mark in the Surveyor General's Office a t  Calcutt'a to the 
New Howrah Bridge was undertaken on payment a t  the request of 
the Engineer to the Commissioners of the New Howrah Bridge, and 
was carried out by Mr. Mohammad Faizul Hasan. He completecl 
abont !) miles of single levelling, 44 miles in the fore ~lirect~ioil and 
-I.i in the back direction. 

16. Bhopal-Nagpur.-This line was observed in the back 
direction by No. 3 Detachment uncler Mr. X.A. Qureshi. The route 
follows the road from Bhopal to Obaidulla Ganj, ancl thence runs 
along the line of the railway to Hoshang%bacl, whence i t  follows 
the roncl to Nagpur. This cletachment also was delayed by sick- 
liees, c l i ~ c u l t  couuti-y and much releveln~ent. 

17. Probable errors.-The probable errors of the high precision 
nrlcl pre~cisc~ l i t i~s  completed ill 1'386-37 are tabulated below :- 

18. Progress of the  new level net.-The following aclditions 
IVPI-e ~nndr to tlie completecl mileage of the new level net :- 

1 
Line No. I Name. of line 

-- 

11.5 I Bhop5lLiU;Ig,~p11r ... 
I 

l0 lR ' Snkbnr- Chnnlan . . . 
I 

101C ; Jacobibicl-Garhi 
Khairn. ... 

Probable 
systematic 

error 

, f r c t / ~ ~ i l e s  

O.UOOV20 

... 

... 

L i n ~  XI). 

I n  arlclitinn to the above, 5 9 i  miles have l,eell c o m p l ~ t ~ t l  in 
onr dil.~ction ollly. T ~ P  total mileage of the level net \;I -311 

cninpleteql will be about 13,800 miles. 

Probable 
accidental 

error 
--- 

I 

j'eotjwoiles2 

0,00302 

0 - 0034'1 

0.00335 

11s 1 Kllispur-ICxtghora ... 
Previ~msly compl~ted  ... 

I ' T ~ ~ t n l  romplptocl to  dntp 

-. -- -- - 
11 i , Fh11p51-X;lgpnr The whole line is complctc. 

Miles 

Name of line 1 : o n ~ ~ ~ e c l  

main-line 

Remarks 

4 

5 5 

9.150 
-- 

9.130 

Portion of line 118 ( Raipnv- 
Aurangibid ) completed. 
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19. Protected bench-marks.-The following additions and 
correctioils have been made to the list of Primary Protected bench- 
,narks published in Geodetic Reports Vols. I11 & VIII and for 
1934 to 1936. 

Degree 
sheet 

No, of bench-marks 

47, 53, 65, 69, 95, 103. 127, 165, 
172, 183, 206. 

370 
(171 1 
165 to replace 23 of G.R,. Vol. I11 

reported destroyed, 304. 

Degree 
sheet 

-- 

55 F 

55 G 

73 L 

No. of bench-nlarks I 
11, 36, 87, 105, 115. 

8, 22. 

80 t o  replace 84 of G.R,. TTol. I11 
reported destroyed. 

TABLE 1 .-Tabulnl. stnten.tent of out-tu1.92 of w o ~ k ,  
season 1936-37. 

Detac ln~~en t s  
and 

li~les levelled 

- - - - . . 

NO. 1 Detnchwacnt. 

Linc 101 B 
Snkkur-Cllitn~nn. 

Lint 101 C 
Jacobnl-,id- 

i I a i r a  

No. 2 I)etrtcl~ntctrt. 

Linc 77 02 
Survcsor 

Cfrarl.nl's oficc 
to New Ho\r~rnh 
r i g  c t t  

Linc 118 
Portion Kat- 
ghorn-1)nlton- 

~ m l j  ( F o r c ) .  

J ~ I I C  11 8 
h . l i o n  Knt- 

ghorn~-Tiilisl>~~l. 
( II;LCIC ) * 

No. 3 7)rto~lt9,,c,lf. 

Line 11 5 
Nigl)11r-~3ho~;i1 

( Haclc ) 1 

* R~lcvelled 
1 Relevclled 106 miles. 

Months 

Number 01 
stations 
nt  \vlrich 

s t ruments  
\Irere 

se t  up 

Distance levellecl, 

-- 

Nov, t o  
Dcc. :j(i & 

Jan.  to  
Dlny 37 

Dec. 36 

act. 36 

Nov. 36 
to 

March 37 

April 37 
to 

May37 

Nov. 36 
to 

Mn'y.77 

6 ~nileg. 

-- 

Totnl 
Nuinber of 

bench-marks 
connected 

Rises Totnl $ 
.E: 

34.3 

68 

9 

183 

55 

225 

Protected 
P r i~unry  

m 
5 
g 

Falls 

5 

F -  d = 
24 
+ fi H ri 

M S  

z 

Z 
01 

g 
0 

O 

t 'I'otal of fore and 

26 

5 

6,590 

808 

369 

73 

2/13 

5,546 

1 

5.216 

back directions. 

1 

5 

2 

8 

, ,  

3 

1 

2 

. .  9 t  , 121 124 

! 1 

i ~ 

13,839 

1; 

2O(i 

74 

311 

18 

8 

17 

6,569 

! 
4 I22 

201 

63 

24.2 

1~1.,533 

1,807 

11,$0312,17f 

10,8.12 

3,724 
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TABLE 2.-Check-levelling. 

Diecrepancies between the old and new height's of bench-marks. 

Rock-cut (Type C )  
Rock-cut (Type C ) 
Flooring ... 
St,ep . . . 
Bridge ... 
Step ... 
Step ... 
S.B.M.. Sukkur ... 

I At Gctrhi Khairn o n  line 101 C. 

Beneh.rnuk8 of the origiunl ievellin. that 
were connected for check-levelliue 

Bridge over Eden tc~ci h 
Rail No. 213 . . . 
Rail No. 21.1 . . . 
Iron pipe . . . 

j "tiles 1 1 feet I b e t  I feet 
-- 

At Sukkur on line 101 B. 

o 

fi No. 

34 J Cnlvert 
,, I.B.M. (Type B )  ... 

34 N Rridge . . . 
34 J* Step . . . 

Rock-cnt (Type C ) 
3 + ~  Platform ... 

.. S.B.M.,Quettx ... 
,, Flooring ... 
.. Step .. Rock-cnt (Type C )  

I At Dnltongarlj on l ine  118. I 

Observed height nbove ( +  ) or 
below ( - )  atnl$i~lg bm~ch-.mk, 

RS determined by 

Check- ::= 

Differeuc~ 
(check- 
originnl). 

The signi 
dPllotes 
tllnt tlle 
height 

war3 
greater 
and the 

sigu - . les 
in 1936-3: 

Description 

-- --- 

Of 

P,%,"f:,"i 

133 72 D 
131 1 , 
188 .. 
1 3 4  ( .. 

Original 
levelling 

I.B.M., Daltonganj ... 1 0.00 
Flooring ... ) 0.29  
Rock ... 0.71 
Rock ... 0 .90  

rile 
1936-37 originally 

levelled 

1 1 .. Flooring .a. 0.95 
130 1 .. 1 step ... 1 1.83 

1916-17 0 .000  0-0001 0-1'00 

- 
Falls in degree sheet 34 N. ( con tu~~ted  

,, ' +  20.056 + 20.083 
,. + 36~0981t 8 6 . 0 ~ 1  -. + 45.0911+ 
,, + 51.746,+ 61.734 
,. + 21.266,+ 21.268 

+O 0 7  
r0.001 

45.089'-0.002 
-0,011 
t0 .002  
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TABLE 2.-Check-levelling-( concld. ) 

Discrepailcies between t'he old and new heights of bench-marks. 

M 
" 
'C 
% 
t; 

% 
:$ 

Bench- narks of the original levellillg that 
wore connectell for check.levellitlg 

Difference 
(check- 
onfinal). 

T;;,":I; 
that the 

height was 
greater 
and the 

sisn- ,less 
in 1936-37 

thnn whe 
originhllr" 
levelled 

Observed height above (+) or 
below ( - )  sb*ing b e n c h . m d ,  

as  determined by 

I I I m i l e a  I 1 feet I feet I feet 

At Rhopd on line 115. 

Description No, 
Date of Demee 

sheet 

27 
109 
110 
24 

111 
112 
113 
114 
115 
28 

105 

Original 
levelling 

Check- 

,935.36,, 

55 E 
, ,  
,, 
, 
.. 
,, 
, 
. 
,, 
,, 
, 

1909-10 
1928-29-30 

,, 
1909-10 
1928-29-30 

,, 
,, 
,, 
,, 

1909-10 
1928-29-30 

At Ncigpur on line 11 6. 

0.000 
+ 55,390 
+ 66.232 
+ 82.435 
+ 84.469 
+ 88.028 
+ 88.741 
+111.241 

- 0,200- 
+ 0.472+ 

0.000 
+ 55.388 
+ 66.232 
+ 82.435 
+ 84.466 
+ 88.024 
+ 88.741 
+ I l l - 2 3 8  

+ 9 8 . 3 6 4 + 9 8 . 3 6 7 + 0 0 0 3  

--- 

148 
17  
23 
25 
26 

l l i  
18 

11.7 

S.R.M., Blioplil ... 
Step ... 
Step ... 
Plinth ... 
Threshold , , , 

Step ... 
Threshold ... 
Plinth ... 
Threshold ... 
Piatform . .  
E'looring ... 

0.000 
-0.002 
-0.000 
-0.000 
- 0.003 
-0.004 
-0.000 
-0.003 

0.192+0.008 
0 ~ 4 8 3 + 0 ~ 0 1 1  

0.00 
0.56 
0.75 
0.95 
0.99 
1.10 
1.15 
1.36 
1.45 
0.83 
0.90 

6.5 0 
. 
, 
.. 
. 
,, 
.. 
.. 

S.B.M., Nngpnr . . .  
Step ... 
Step ... 
Bridge ... 
Bridgc ... 
E.B.M.. Indorn ... 
Rnsr of pediment . .  
Step ... 

0.00 
0.01 
1.63 
3.06 
3 . 6 3  
4..93 
0.20 
0.65 

1908-09 
1890-92 

,, 
1876-78 

,, 

0.000 
0.760 

- 0.898 
-37.185 
-4.1.221 

0.000 
- 0.793- 
- 0.912 
- 37.218 
- 41.321 

0.000 
+0.03:3 
+0.020 
+O.O2i 
+0.100 
-0.001 
+ 0.016 
-0.010 I 

1908-09 
18'74-79 
1908-09 

- 40.2131-40.214 
- 13-(ii9'-13.663 
- 1.862 - 1.872 
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TABLE 3.-Revision levelling. 

Discrepancies between t,he old and new height's of bench-marks. 

Bench-mnrks of the original levelling that 
were cunnected luring the revisionary 

operations 

M 

m k l  
8 8 
24 

5 
6 Description . No. 

I I 1 miles I 1 f ee t  1 Jeet I feet 

Degree 
sheet 

Difference 
(revision- 
original). 

Thesign+ 
deno.. 
thnt tile 
height 

WRS 
neater 

and the 
sign-,less 
in 1936-37 

than when 
originally 
levelled 

Difference between orthometric 
heights, above I+) or below ( - )  

the stnrting bench-mark 

Revision of old l i ne s  101 and 54A, Por t i o l z  

Date of 
original 
levelling 

0.000 
- 35.873 
- 26.886- 
- 17.188 
- 19.427 
- 13.619- 
+ 1.236 
- 49.074- 
- 56.401 
- 55.558 
- 57,549 
- 57,394 

- 56,445 

- 59.598- 
- 59.531 
- 59.711 
- 53.658 
- 57.387 

- 61,054 

- 61.539 
- 61.960 

. -  63.310 

- 57.479 
- 60.501 
- 61.299 

- 70.1R4.- 
- 57.986- 
- 68,367 

- I-* 
- 72.fi22 
- 69,129 
- 74.946 

- 81.284 

10l(PP) 
251 

53 

40 A G.B.M., Sukknr ... 1 0.00/ 1909-10 
,, Step ... 0.14  1921-23 
, I Step ... j 0.50 1909-10 

From 
~ublished 
helghts 

Sukku9.-Quetta. 
-- 

I 
0.000, 0.000 

- 35.878 -0.005 
26.897;-0.011 

From 
revision 
1936-37 

- 17.197 
- 19.442 

13.635 
+ 1.252 

49.087 

50 I .. / Briclge 0 .60  ,, 
250(4#) i , i Step 0.99 1921-23 
249(49) 1 ,, i Flooring 

I ,, Rock-cut (Type C) 190'6-10 
,, / Bock-cut (Type C)  

-0.009 
-0.015 
-0,016 
+ 0.016 
-0.013 

242 ,, / Culvert ... 
322(60) , E.B.M., B n p r j i  ... 
NO(G1) ,, Culvert ... 

62 ,, Culvert ... 

9.44! 1921-23 
l 040 i  1909-10 
11.781 1921-23 
13.661 1909-10 

- 56,466i-0.065 
-- 55.7871-0.229 
- 
- 57.4.93 

- 56.579 

- 
- 59.784 
- 63.774 
- 57.514 

- 61,333 

- 61,673 
- 62,235 

- 63.534 

- 57.729 
- 60.894 
- 61.601 

70.508 
58.275 

- 68.679 

I , . H ~ A - ~ H ~ R ~ - O . , I ( , ~  
- 7:3.014 
- (59.527 
- 75.453 

- 

328 (239) 
(6-1) 1 ,, 

836(2.36); 
8 , 

57.658~--0.109 
-0.099 

-0.134 

59.780-0.182 
59.544-0.013 

-0,073 
-0,116 
-0.127 

-0.279 

-0.134 
-0.275 

-0.224 

-0,250 
-0.:3!>3 
-0.302 

-0.::24 
-0,289 
-0,::12 

-0,:i!l2 
-O.:l98 
-0,507 

81.734,-0.450 
I 

Bridge 

Bridge 

( C o n t i n ~ d )  

: I P i ( , F )  1 ., ! Bridge ... 
7 )  , , 1 Bridge ... 
: 4 1 (  i ,, I Bridge ... 
342(77) 1 ,, :Bridge ... 
343(23.3) 1 

( 7 9  ( , I Iron plug ... 

22.05 
28.20, 
26.44 
27.46 

27.76 

27.89 
29.11 

20.46 

29.53 
39.59 
41.45 

43.34 
46.04 
53.99 

57.00 
57.58 
57.96 
67.38 

67-80 

1909-10 
,, 
,, 
,. 

1921-23 

,, 
1909-10 

1921-23 

,, 
1909-10 

,, 

,, 
,, 
,, 

,, 
1921-23 

,, 
1913-14 

,, 

Step ... 
Flooring ... 

:34-4(2.32) I 

Shikirpnr R.S. 

... 

... 
8 i , / Bridge ... 

10 .. I.B.M., (TYPC B), 
HnmiiynnR.S. ... 

156(12) j .. Bridge ... 
1 .. Briclge ... 
19 ' I 1.B.BI.. (Type B), ' " .Jncoh5htid ... 

123(?2) ) ,. 1 Flooring ... 
1.39(2) ,, Plinth ... 
1i;i(.72) ! ,, Flooring ... 
l'ii(i.7) : .. B (Typp A).  

I Jhatpat R.8. ... 
I 

(81) 
345(i5) 

,, 
, 



LEVELLING 

TABLE 3.-Revision levelli~ng-( contd. ) 

Discrepancies between the old and new heights of bench-marks. 

5 5 
m d  
B a 
84 
2 $ 
' 

Bench-marks of t.he original levelling tha t  
were connected d~wiug the revisionary 

operatious 

Difference 
(reviston- 
original). 

The sign+ 
denotes 
that  the 
height 

WRB 
greater 

and the 
sign- ,less 
in 1936-37 

than when 
originally 
levelled 

Difference between ortholnetric 
heights. &bore ( +)  or below (-) 

the start~l lg bench-mark 

No. 

1 miles ( I feet ( feet I f e e t  

Revision of old lines 101 and 5 4 4  Portioqz Sukkur-Quettn-(cogztd.) 

Fro? 
revis~on 
1936-37 

Date of 
original 
levelling 

Degree 
sheet 

-0.239 
-0.427 
-0.360 
-0.349 
-0.343 
-0.343 
-0.301 

-0,405 
-0.394 
-0.4,63 
-0,482 
-0.510 

35.330-0.500 
32.070-0.534 

29.960-0.292 
-0.544 
-0.410 

14.412-0.537 
-0.535 
-0.546 
-0.535 
-0.53.1, 
-0.543 
-0.559 
-0.618 
-0.621 
-0,625 
-0.626 

20.983-0.641 
-0.617 
-0 655 
-0.622 

26.106-0.627 
- O , 6 : 3 6  
-0.703 

-0,688 
-0.728 

Continued) 

From 
published 
heights 

Description 

- 64.942 
- 63.858- 
- 56.175 
- 55.613 
- 55.173 
- 54.165 
- 52.006 

- 48.683 
- 45.261 
-- 4,2.571 
- 40,805- 
- 37.504- 
- 34.830 
- 31.536 

- 29.668- 
- 27.230 
- 20.439 
- 13.875 
- 13.067 
- 11.063 
- 9.92:1- 
- '1..$31 
+ O.OJY 
-k 1.335 
+ 6.936 
+ 8.381 
+ 11.4.51 
+ 15.532 
+ 2 1 . 6 2 4 t  
+ 17.524 
+ 20.011 
+ 20..469 
+ 26.731+ 
+ 29,063 
+ 39.387 

+ 31.409 
+ 36,667 

182 (39) 
183 (40) 
186 (43) 
187 (44) 
188 (45) 
189 (46) 
190 (48) 
194 (PP) 

(56)  

195 (57) 
197 (63:) 
198 (64) 
200((j7) 
201 (69) 
203 (73) 

- 65.181 
64-285 

- 56.535 
- 55.962 
- 55.516 
- 54.508 
- 52.307 

- 4,9.088 
- 45.(555 
- 43.034 

41.257 
38.014 

- 
- 

- 27.774, 
- 20,849 - 
- 13.602 
- 11.609 

10.461 
- 5.26; 
+ 0.115 
+ 0.'77(5 
+ 6,324, 
+ 7.7(;0 
t 10.826 
+ 14.906 

+ 16.907 
t 19.356 
+ 19.847 

+ 28s-1.27 
+ 38,684 

+ 30.721 
+ 35.939 

( 

39D 
,, 
,, 
,, 
,, 
,, 
., 

,, 

,, 
,, 
., 
, 
,, 
,, 

1913-14 
,, 
,, 
,, 
,, 
,, 
,, 

,, 
., 
.. 
,, 
,, 
,, 
,, 

,, 
,, 
,, 
,. 
,, 
,, 
,, 

:: 
,, 
,, 
,, 
,, 
,, 
, 
,, 
,, 
,, 
,, 
, 
,, 

,, 
,, 

Bridge ... 
Stone pillar ... 
Stone pillar ... 
Stone pillar . . .  
Stone pillar ... 
Stone pillar ... 
Masonry tank ... 
I.B.M., (Type A ) .  

Temple Dcra R.S. 
Flooring ... 
Stone pillar . . .  
Stone pillar ... 
Stone pillar ... 
Stone pillar ... 
Stono pillar ... 
I.U.M., ('l'ype A), 

Shori R.S. ... 
Stone pillar ... 
Bridge ... 
Ston. 11illm ... 
Stone pillar ... 
Stonr pillar . . .  
Stontl pillar . 
Stonr pillar 

72.95 
74.15 
77.69 
78.19 
78.44 
78.70 
79.51 

82.69 
82.73 
85.33 
85.80 
87.31 
87.81 
89.83 

91.29 
91 .66 
93.43 
95.66 
95-91 
96.41 
6 

205 (78) 1 ,, 

206 (77) 1 , 
20R(;D) ,, 

[ ., 
,, 

212 (,q.i) 1 , 
213 ( S f i )  ,, 
21s (H7) ,, 
Zl(i(R!)) j , 
217 ( 9 1 )  I ,, 
218 (92) i ., 
219 (!I 1 )  1 , 
220(g.i) ,, 
2 ) 1 , 
222 ( 9 7 )  i , 
22:j ( ! IS) , 
22J(f)a) 
' 6 -  ( 1 )  
226( 10 f )  
) 
22H(111,q) 
22%107) 

230(109) 

Flooring ::: 1 :::;: 

, 
, 
, 
, 
, 
, 

,, 

Ston,! pillar ... 
Stone pillar ... 
Stono pillar ... 
Stonc pillar , . .  
Stone pillar ... 
Flooring ... 
Stonc pillar ... 
Stonrpillar ... 
St,ono pillar ... 
Stonp pi1ln.r ... 
Stonr pillar ... 
Flooring ... 
I.B.M., (Typr A ) ,  

Chukhm R.,S. ... 
Stone pillar ... 

100.48 
101.7.7 
101.98 
102.48 
102.98 
103.4.9 
104.49 
104.74. 
104.99 
106.49 
106.99 
l 0 $ ~ 0 5  

108.08 
109.04 
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TABLE 3.-Revision levelling- ( contd. ) 

Discrepancies hetween the old nncl new height's of bench-marks. 

I Revision of  old lines 101 a n d  54A, Por t ion  Sukkur-Quetta-(contd.) 

Bench.mnrks of the original levelling thnt 
were collnectecl diuing the revisionniy 

oyeratiolls 

I I I mites I I feet  / feet  I feet 

ta 

No, 

Difference 
(revision- 

1913-14 
,, 
,, 
., 
,, 

,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

,, 
,, 
,, 
,, 
,, 
,, 
,, 

,, 
,, 
,, 
,, 
,, 
,, 
,, 

,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

,, 

Degree 
sheet 

109.54 
110.80 
111.05 
112.31 
116.64 

116.73 
118.19 
119.95 
120.70 
121.20 
121.95 
122.69 
124.04 

124.08 
125.05 
125.30 
1 2 5 8 0  
127.9.4 
131 .85 
133 25 

133.2H 
140.45 
1.12.23 
1 4 2 . 9 ~  
143.23 
144.29 
145.16 

145.78 
145.89 
14H.29 
149.55 
157.84 
162. 10 
162.61 
163. 15 

171.50 

- - . - . . - - - . . . - - - 

231(110) 3 0 D  Stone pillar ... 
3 ( 1 1 )  .. %one pillar ... 
4 ( 1 1 )  .. / Stoue pillar ... 
1 )  , IFlooring ... 
1 1 1 )  , ' Flooring ... 
1 )  , 1 I.B.M., (Type A ) ,  

Bellpat R.S. ... 
:3 ( l )  8 9 C  Stonepillar ... 

19-1. (1' , ,  34 0 1 Stonc p~ l l a r  ... 
1 ( 7 )  , ! Stone pillar ... 
1x6 ( 1) ,, ' Stone pillar ... 
l r s  ( 1 ; )  ,. Stone pillnr ... 
1 9  ( 7 )  .. IRriclge ... 
1 1  ( 1  ,, 1 Flooring ... 
192 (9 ) '  .. I.B.M., (Type A ) ,  i na~nbnli  ... 
194 ( [ I ) ,  .. / Stone pillar ... 
1 ( 1  ? )  .. / Stone pillar ... 
1 ( 2 .. i Stone pillar . 
1 2 .. Flooring ... 
2 :  ( 0 )  .. Stone pillar ... 
4 ( 2  .. Flooring ... 
2 ( P I  .. I.B.RC., (Type A ) ,  

1 1 Lindsay ... 

Difference between ortllometric Original). 

the  starting bench-mark 
that the 

height was 

Description 

1  ' I )  , 
1 . ;  7 )  .. 
I : )  , 
1 . , 
1  ( I )  , 
2 7 )  , 
1 ( 9  , 

i 
2 2  I )  ,, 
2  4 , 
2 2  ( 7  . 
2 :  6 )  .. 
2  I .  ( 6  ,, 
2 I.H ( 6 4  . 
2 I .  i  .. 
2 . 7  ( 1  .. 

1 

i 

*f 
o a 

' 

Stone pillar ... 
St,onc pillar ... 
Stone pillar ... 
Stone pillar ... 
B r i d g ~  . . .  
S t ~ n e  pillar ... 
I.B.M.. (Type A ) ,  

Mit.hri ... 
Flooring ... 
Stone pillar 7.. 
Stone pillar ... 
I.R.M.. (Type R ) ,  Sibi 
Rrirlgc ... 
T3rirlge ... 
Masonry tank . . .  
I.R.M., (Type B )  

Mushk3f ... 

neater  
and the 

sign- ,less 
in 1936.31 
than when 
O1iginally 
levelled 

Date of 
original 
levelling 

f i o m  
published 
heights 

From 
revision 
1936-37 
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TABLE 3.-Revision 1evellin.g-( coqztd. ) 

~ i ~ c ~ ~ ~ ~ l l o i e s  between the old and new heights of bench-marks. 

DiEerence 
(revision - 
original ). 

Thesign + 
denotes 
that the 
height 

ma5 
greater 
nud the 

sign - , less 
in 1936-37 
than mlheli 
oririllall~ 
levelled 

~ ~ ~ ~ b - ~ ~ ~ k s  of tlle orisillnl lesellillg thut 
mere conllected during the revisiollar~ 

opercitions 

M 

$ A  u1 M 

a 'i g 4  
w g  2 

I I I m i l e s  I I feet I f e e t  I feet 

Revision of old lines 101 a n d  54A,  Port ion h'ukkuy-Qucttn-(cop~id.) 

Descriptioll No, 

Difference betweell ortl~ometric 
heights, nbove (+  ) or below (-) 

the starting bench.msrk 

Degree 
sheet 

+ 338.854 
+ 378.493 
+ 380.490 
+ 422-084 
+ -160.163 
+ -i(i9.531+ 

+ 339,746 
+ 379.620 
+ 381.76'7 
+ 423.288 
+ 461.257 
470.668+1.137 

+ 505.753 
+ 534.368 
+ 54e3.221 
+ 560,(.i73 

+ 691,358 
+ 731,358 

+ 727.049 
+ 763.130 
+ 838,575 
+ 857,896 
+ 901.797 
+ 92'7.17Ci 
+ 985.809 
+ 1048. 152 

+ 1 0 7 1 ~ 7 4 4 + 1 0 ~ 1 ~ 0 ~ ~ 9 - 0 ~ 6 4 5  

Froln 
revisio~l 
1936-37 

- 
Dnte of 
origiunl 
levelling 

+ 0.892 
+la127 
+la277 
+ 1.204 
+ 1.094 

4,98.644+1.166 
+ 1-161 
+ 1.259 
+ 1.298 
+ 1,343 

584.94.0+1.392 
+ 1.499 
+ 1.377 

+ 1.252 
+0.996 
t0.794 
+O.642 
+O,lf)5 
-0.310 
-0550 
-O.(i54, 

1913-14 
,, 
,, 
,, 
,, 
,, 

Pro111 
publislled 

heights 

178.44 
179.19 
179.81 
181.51 
183.59 
184.19 

202.00 
202.31 
203.65 
204.00 
205.68 
206.11 
206.91 
207.28 
207.98 
208.31 
2OF(-#I 
209.90 
210.31 
210.91 
211.93 
212.51 
213-94 

Bodder ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 

265 (75)  
266 (76) 

, 
.. 
,, 
,, 
,, 
,, . 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

185.14 
185.45 
186.38 
lS(j.76 
18'j.30 
188.18 
190.08 
193.29 

193.65 
194.79 
195.85 
196.61 
197.79 
198.34 
199.81 
200.85 
201.36 

34' 0 
,, 

,, I +  4%-478+ 

Bridge ... 
Bridge . . .  
Bock in sitn ... 
Bridge ... 
Bed rock . . .  

Bed rock 
Rock-cnt (lYypo C )  ... 
Rock ... 
Rock in s i t  .., 
Boulder ... 
Rock in sitn .,. 
I.B.M., (Typo B )  
Byidgo ... 
Milestone ... 
Milestone ... 
Rock in situ ... 
Milestone . ... 

306(10i)i , 
307(10S) ,, 

308(110), , 
309(111)' , 
3 1 )  , 

Bridge ... 
Culvert ... 
Bonlder ... 
Rock in sitn ... 

267 (77) ,, 
269 (7911 ,, 
27% (8111 ,, 
273 (82)! ,, 
255 (63); ,, 
276 (8411 ,, ,, 

., 
, 
,, 
,, 
,, 
,, 

,, 
, 
,, 
,, 
.. 
,, 
,, 
,, 
,, 

314(11 J )  + 1-1,77.824 
+ 1514.151 
+ 1579.518 
+ 1610.826 
1 lC,58.6:iH 
+ 1'748.322 
+ 1783.999 
+ 18.12.48.1. 

+ 2033.225 

278 (85) 
279 (86) 

+ 504.592 
+ 518.109 
+ 541,923 
+ 559.330 
+ 588.548+ 
+ 689.859 
+ '729.981 

+ 725.797 
+ 762.134 
+ H:37.781 
+ 857.254 
+ 901,602 
+ 927.386 
+ 98li.459 
+ 104,H. 106 

, 

,, 
,, ... 
. Culvert ... 

(Type B )  

( Conti?~zietl) 

+ 14877.305 
+ 1513.6(;6 
+ 15'79~072~ 
+ 1610. :i91 
+ l(iSH.25N 
+ 1'7-1.7.9H3i 
+ 1783.(i(il 
+ 1842. 131 

+195:3.8H5+:953.50'7-0.378 

1 )  ,, 
-0.519 
-0.485 
-0.446 
-0-4,;14' 
-0.3HO 
-0.339 
-0.388 
-0.353 

situ ... 
Rock-cut ('I'ype C )  
Milestone ... 
Bed rock ... 
Bridge ... 
Milestone ... 
Rock in sitn . . ,  

I.B.M., (Type B )  
Rock in sitn ... 
Bridgo ... 

291 (PP) 
(96) 

294 (98) 
296 (99)  

( 1 1 )  
31(;(llfi) 

+ 2032,8601-0.365 
+2256-136+2255 .742-0 .394  

,, 
, 
,, 

,, 
, 

29$(100)) ,, 
300(1Ul)l .. 
301(10?) , 
303(104)! , 
304(10!)1 , 

305(106); , 

7 1 )  ,, 
318(71~) 
319(1 [!I) 
3'2l(l2O) 
322(1!?1) 
'a3(I~'.') 
324(1%:1) 
326(1%.1) 

, 
,, 
, 
, 
, 
, 
, 





LEVELLING 

TABLE 3 .-Revision levelling.- ( contd. ) 

Discrepancies between the old and new height,s of bench-marks. 

Benclpmark8 of the origiual levelling that  
were connected during the revisionary 

. operations 

Difference 
(revieion - 

T ~ ~ n " d f ~ ~ ~  
that 

height was 
grenter 
and the 

sign - , less 
in 1838.37 
than when 

levelled 

bo 
.g 

m z  
.a EI 
gic 
r U  

1 
Description No. 

I I ( mites 1 I feet I feet ( feet 

Revision qf old lines 101 a n d  54A, Poi.tion Su,kkuv-Quetfn-(couclcl.) 

eheet 

Ditference between ortholnetric 
heigl~ts, aboqe (+) or below ( - ) 

the starting bench-mark 

372(173) 
373(174) 
a'ie(l75) 
375(1iG) 
377(177) 
ai8(178)  
379(179) 
382(181) 

3* 
4* 
5 ( 1 )  
6 . ( 2  

22 ( 1 )  
23 ( 2 )  
24 (3) 
25 (4) 
2'7 ( 5 )  
28 ( 6 )  
29 (7) 
30 ( 8 )  
32 ( 9 )  
33 (10) 
34 ( 1 1 )  
35 ( 1 2  
36 ( 1 3 )  
37 ( 1 4 )  

Date of 
origiual 
levelling 

n ~ n l b e r ~ d  182, l83/34 0. 
t Thin bench-mark has been show11 wrollgly in Degree Sheet 346 and is 

nnmbered 19/34 J, 

+ 5551.632 
+ 5560.267 

+5554.59:!+5554.446-0.147 
+ 5568.750 
+ 5589.084 
+ 5606.007 
+5613.131 
+ 5597.349 
+ 5597.358 
+5596.6l'i 
+ 5596.309 
+ 5598.393 
+ 5600.702 

+5602.925+5602.551-0.174 
+5597-340+6587.147-0 .193  
+6663.842+5663.640-0.202 

+ 5502.230 
+ 5481.083 
+ 5160.938 
+ 5443.16.3 
+ 6427.783 

+6415.836+5415.381-0.455 
+5&.&8+5403.940-0.528 
+5383 .7 i0+5383 .212-0 .556  
+5372.740+5372.169-0.571 
+5352.5?1+5351.950-0.621 

+ 6298.422 
+ 5254.059 
+ 5244.830 
+ 5236.579 

+ 5386 ,901 
+ 5260.212 

+ 6266.130 
+ 5.1:39.200 
+ 5604.b'il 
+ 5814.977 

Sheet 3 4 0  

-0.205 
-0.216 

-0.157 
-0.146 
-0.05'7 
-0.104 
- 0.092 
-0 096 
-0.002 
-0.113 
-0.106 
- 0,133 

-0.263 
-0.290 
-0.333 
-0.363 
-0.419 

-0.540 
-0.529 
-0.477 
- 0.488 

+ 0.627 
-0.468 

-0.423 
-0.301 
-0.325 
-0.319 

a.nd are 

From 
published 

heights 

+ 5551.837 
+ 5550.482 

+ 5568,907 
+ 5589.229 
+ 5606.084 
+ 5613.235 
+ 5597.441 
+ 5597.4.54 
+ 5596,509 
+ 5596.422 
+ 5598,499 
+ 5600.835 

+ 5502.493 
+ 5481.373 
t 5461.271 
+ 5443.526 
+ 5428.202 

+ 5298.962 

I I  
1936-37 

+ 5254.588 
+ 5245.307 
+ 5297.065 

+ 5386.2'i4 
+ 52GO.G'iO 

+ 5256.553 
+ 5339 501 
+ 5604 896 
+ 5816.296 

in Degree 

1913-14 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
, 
,, 
,, 
,, 
,, 
,, 

34 0 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

34 I( 
,, 
,, 
,, 

34 J 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

,, 
,, 
,, 

,, 
,, 

,, 
,, 
,, 
,, 

wrongly 

Bridge ... 
Milestone ... 
Bed rock ... 
Bridge ... 
I.B.M., (Type R) ... 
Bridge ... 
Rridge ... 
Bridge . . . 
Platforlll . ,. 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge . . . 
Bridge ... 
Bridge ... 
I .B.M. , (TypeB) . .  
Bridge ... 
Bridge 
Bridge .., 
Bridge 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge 
Bridge ... 
Cnlvert ... 

3 i ' ~  

237.75 
238.33 
239.09 
239.61 
240.40 
241.63 
242.66 
245.96 
246.45 
246.71 
247.35 
248.06 
248.70 
249.46 
250.24 
251.13 
253.14 
253.63 
254.08 
254.48 
255.15 
255.60 
256.43 
256.95 
25'7.39 
258.13 
259.98 

I.B.M. (Type B) ... 
Bridge ... 
Step ... 
Rock-cut (Typo C) 
PIYLtforlll ... 
S.B.M., Qnettn. ... 
Flooring ... 
Step ... 
Rock-cut (Type C) 

bench-marks have been 

l 9  (3) 
zot 
4 6 ( P P )  

2.7 (51 
25(1'P) 

3"1fi) 
40 ( I i )  

261 -09 
262. 35 
262.55 

265 96 
262.95 

263.51 
264.86 
267.38 
269.29 

shown 

34 N 
,, 

34 J 
34 K 

J ,  

3, 

,, 
3, 

* r !  l h r s e  
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TABLE 3.-Revisio~~ levelling-( concld. ) 

Discrepancies bebween bhe old ancl new height's of beach-marks. 

b ' 
2 t 
3 3 
k f  

g ' 

Deuch.mnrhs v l  the  oripinnl levelling t l ~ n t  
were connected during the resisronaly 

operntioi~s 

- 

Differeuce 
(revisiou- 

originnl). 
Tile sign+ 

dellote8 
thnt the 
height 

was 
greater 
and the 

sigu- .less 
in 1936.31 

than whe~ 
originall; 
lerelled 

Difference betweell ortllornet,ric 
heights, nbove (+ )  o r  below ( - )  

the  stnrtiilg bench-mark 

Nu, 

I I ! I I nt i les  

h'ecisiot~ of old 1i l~e .s  77,74 c~92d 1'7 V. 

j 
Demee!  Descriutiou sheet 

~ -- 

Fro111 
revision 
1936-37 

Date of 
original 

levelliug 

0-000 

-0.006 
+O-009 

-- 

Fro111 
p ~ ~ b l i s h e d  

heights 

- 

0.000 

- 0.502 
- 1,641 

0.000 

.- 0.496 
- 1,650 

36.5 .. 

. - - ~  

36% 79 B 

3ii? .. 
987 (.:(;ti) .. 

B n ~ e  r ~ f  pill;tr - 0.324 - 0.348 -0.024 

- 

S.B.N., Culcutta ... 

E'11)oring ... 
Step ... 

8 ( 0 )  1: I %--merit ... 1.83  1936-27 - 0,071 - 0.086 -0.015 

0.00 

0.04 
0 .14  

1882-83 
1894-!IS 
1809-1002 

.. 
, ,  

31 .. 

!I90 (,996'): . 
(.32)' 

P a v e m e n t  . . .  

B a s e m e n t  ... 
2.15 

3.53 

- 0.982 

- 1.261 

1862-63 
1882-83 
1926-27 

597 .. 
3 ( I )  , , 

+ 1.031 
- 0,572 
- 2.074 

Stone 
Stlilt 

- 1-00-1 

- 1.314 

3.-,:{ E.B.PtI.. C'n.lcr~tt;l 
1HR-1.-95 

I I 
I 

-0.022 

-0,063 

+ 1.025 
- 0.587 
- 2.069 

-0.006 
-0,015 
+ 0.005 



TABLE 4.-List of triangulation stations con,nected by spirit-levelling, 
season 1936-37. 

Height above 
mean sea-level Difference 

Name of station (Trian.-Lev.) R l M A R K  8 

I feet I feet I feet I 
Baluchistcin and Afgh8nistan Series. 

400 

1033 

Mithri 3. 

Lat. 24 2 i  4 0 ~ ~ 9 3  
Long. 67 49 3.75 

Dexgat h.s. 

Lnt. 2; 31' 44('13 
Long. 67 38 41.22 

+ 3 

- 4 

396.609 

1037-062 

Top of p~ l l a r  a 
few inches below 
ground level. 

Mnrk-stone level 
with ground. 

G. A. Knight 1901-02. 

Khojak h.s. 
'a I 

Lat. 30 51 241?1 
Long. 66 34 4.1.08 

Chnn~an 11 .s. 

Lat. 3; 52' 05(;i9 
Long. 6ci 31 26-91 

'787 3 

5467 

'iP60.526 

5454.133 

Great Arc nlreridional Series, Section 18' to 24'. 

+12 

+ 13 

Top of pillar 
about 1: feet 
abovc gronnd 
level. 

Mark-stollc level 
with gronnd. 

Bhimbat H.S. 

Lat. 2; 50' 2(b6 
Long. '77 37 15.53 

Dhiibn Deo H.s. 

Lat. 2; 5' i 9 ( k0  
Long. 77 55 4.07 

eJagc1hnr 1I.S. 

Lnt. 21" 4 6  39-"40 
Long. 77 58 31.22 

- 2 

+ 1 

- 1 

Upper-mark. 

Top of protecting 
pillar about 
3 feet above 
upper-mark. 

Top of protecting 
pillar nbont 
3 feet 6 illc~ies 
above npper- 
mark. 

2122 ( 2120 

2702 

2705 

2703 

270 1 



GRAVITY 

20. Summary.-During the field season 1936-37 gravity 
observat.ions were made a t  47 stations, of which 26 were in Assam, 
17 in Bengal, 3 in Bihar and one in  the United Provinces. The 
detachment consistred of Mr. M. N. A. Hashmie, B. A., in charge 
(observer) and eight khal&sis. Apart from some malaria the health 
of the detachment was good. 

Since the observations a t  Dehra Dm in February 193 7 indicated 
a considerable change in the tinies of vibration of t,he pendulums, 
repeat observations mere macle in October and November 1937 at 
six stations, and the opportunity was then talren t o  establish one 
aclclitio~ial g~av i ty  station in Bengal. For the sake of completeness 
these additional observatiolls are included in this report. The 
method of observation was t'he same as in fielcl season 1935-36. 

21. Narrative.-Transport was mostly by rail, though 
occa~ionally local motor, 101-ries were used. For the journey to 
Mokokchung in the Nlga  Hills relays of coolies were used, a march 
of 32 miles being accomplished in one clay. To and from Aijal the 
transport consistecl of small country boats, poled along t,he 
Dhaleswari River, which during the last 9 0  miles of the journey to 
Aijal, wincls through dense jungle. Tigers, elephants and other 
wilcl animals were frequently seen. There were numerous rapids, 
p ~ s t  which the instruments hacl to be portagecl. 

Special thanks a,re clue to t,he local dist,rict aut,horities, wit,hout 
whose help these two difficult journeys coulcl not have been 
macle. 

22. Recess.-The recess work was carried out by Mr. Hashmie 
assisteel by three computers. 111 aclclition to the computat,ions the 
average height map of Inclia was extended to Lat,itude 36' N., and 
Longitucle 104' E. 

Compilation of the topographic and isostatic correct,ion data 
of all Survey of Inclia gravity stations to date was also undertaken, 
ancl is publishecl separately as a supplement to  bhis report. 

23. Results.-The times of vibration a t  Dehra Dfin are shown 
in Table 1 ancl 1 8 ,  In Table 2 are given t,he mean differences 
between the times of vibration for each pair of penclulums, and in 
Tahle 3 the times of vibration, the declucecl value of g, ancl t,he 
probable error at each field station. 
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Table 4 gives the details of theoretical and observed gravity, 
&lid t,he ,Free Air, Bouguer, and Hayford or isostatic anomalies, 
with refel*ence to Helmert's formula of 1901, and forms a sixth 
addel~dum to Table 2 of the Supplement to Geodetic Report Volume 
VI. Table 5 gives values of g-  y,, the crustal warp anomaly, and 
Table G gives values of g-ycl, the isostatic ailomaly with reference 
to the International gravity formula of 1930. This last table is 
the fourth addelldurn to  Table 6 in Geodetic Report Volume VIII. 

Probable errors computed by the method given in Geodetic 
Report 1934 are given in Table 3. These proba,ble errors show t,he 
observations to be fully up to the sta.ndard of previous field seasons. 

24. Changes in  pendulum periods.-The times of vibration 
at Dehra D1i11 are tabulated below :- 

A B C 
Mean Mean Mean 

S S s 
October 1936 0.5079 242 0.5079 263 0.5059 238 

220 1 239 
February 1937 

1 218 
198 214 198 

Octobcls 1937 

November 1937 
243{ 243 
24 3 

2291 231 
233 

2171 217 
216 

I t  will be seen that  the mean values of the October 1936 and 
February 1937 results for pendulums B and C are not greatly 
different from those obtained in October ancl November 1937. If 
the cliffprcnce Dehra Dun value minzts Field Station value of the 
times of vibration for individu;~] peildullns are tabulated for the 
repeatccl stations, we get :- 

Stn. Pcr~dlllllm A. Pendnllin~ B. Pendulum C. 
Lion 
N" I I1 111 IV I I1 TI1 IV I I1 I11 IT' 

wh~rc  the unit is seconds x 10-7, and 
where I=Dehra  Dlin Octolwr 1936 win?rs Field Station 103G-37. 

TI= ,, February 1937 ,, 9 ,  9 9 9 ,  

111 =mean of I and 11. 
1V = Dehra Dill1 October-November 1037 n/  iuus repeated ~ a l u e  

a t  Field Station. 
Scrutiny of this table shows a change of length in all pendu- 

lums after station No. 415. The change 4-3 i n  the same directioll 
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ae, but maller than, that indicated by the October 1936 and Febl.uary 
1957 wlues at  Dohrs DQn. 

To make this clear t,he differences I minus mean IV, I1 m.inue 
mean IV, I11 tninus mean IV are tabulated below:- 

Station I - mean IV 11-mean IV 111-mean IV 
No. A B  C  A B  C  A B C  

Those pairs which give t,he least dxerence a t  each station are 
in hmvy type. Evidently after station 415 all penclulums changed 
length equivalent very closely to half the amount of change between 
the Octohr  1936 and February 1937 swings a t  Dehra Dfm. Since 
the. cha11gt.s are all about the same i t  is not possible to detect 
without nctunl repeat observations exactly when the change occurred. 
There is therefore an uncel-tainty about stations Nos. 416, 417 
-118, 11!1 and 420. Applying half the change to these five ~tat~ions, 
they are liable to an error of + 4  mgals on this account. 

Hence the adopted values a t  Dehra Dfin for the times of 
vibration are :- 
For stations 311 to 417 inclueive, the October 1936 values. 
, y . . 118 to 4.i7 ,, the mean of the October 1936 

and Feb. 1937 values. 
,. ,, 3.i8 ,, the mean of t,he October and 

November 1937 values. 
To adjust the stations between Nos. 41 5 ancl421, a correction of 

- 4 mgale hae been applied to the value of g ancl to all anomalies at 
etatioils 416 and 417, ancl + 4 mgals a t  stations 418, 419 and 420. 

A further correction has been applied to the repeated stations 
$0 as to incorporate the October and November 1937 resulte. 
4':iving rlouhlt~ weight to the repeat observations the corrections on 
thie account are :- 

Station . . . Correctmion 
No. . . . mgals. 
41 1 ... + 1 
4 1.5 . . . 0 
42 1 ... - 1  
431 ... 0 
440 ... 0 
419 . . . + 1 

The value@ of 9 ,  g - YA, g - VB, g - VCA, g - YCI ancl g - yF in Tablee 
3.4, -3, end 6 include these two correctione. 



GRAVITY 

25. Consideration of results.-(i) The gravity results ehow 
extreinely rapid variations of gravity in  the Assain area. Both 
positive aiicl negat'ive anomalies are notably greater than those 
hitherto found ill Inclia. The value of 9 - ~ C H  a t  Station No. 435 
is + 108 ingals and a t  Stat'ion No. 44*1 is - 120 ingals. These 
st~tions are kbout IGO iniles apart. Between stations Nos. 435 ancl 
487 tlic. isostatic ailomalies show a change of about 4 . 6  l~igals per 
inile which is quite exceptional. 

These results are perhaps not SUI-prising in view of the obvious 
instability of this region. 

As anticipated the Gangetic trough cloes iiot extend below the 
clelta into the Bay of Bengal. Though locally closed in the 
Jalpaiguri area the  trough recoinineilces furtber east a i d  then 
almost certainly bends south following the curve of the Arakail 
Yoma Rangc ancl of the Andaman and Nicobar Islands. The 
struct~~re lines are shown accorclingly in Chart IX. 

The situation in this north-east corner of Inclia is strikingly 
similar to that in the north-west corner, where the Indo-Gangetic 
trough is closecl west of Dehra Dan, recomnlences near Pathankot 
and the11 eilrves south through Dera GhSzi Khjil  to the Ranri of 
Cutc11. 111 each case the peninsular projection round which the 
trougli l ~ c ~ i d s  sho\vs high positive anomalies, but the greater 
stability of the north-west area is iuclicated by comparatively small 
llegative anonlalies in the tl-ough there. 

( i i )  111 ihe Madhnpur jungle of Bengal a Iate~i t~ic  exposure 
occurs,  unusual ill an area which otherwise appears to be wholly 
alluvial. The Director of the Geological Survey of India drew 
attentioil to this, a i d  observations were made over this exposure a t  
Madhul)ur, Station No. 458. The local warp aiioinalies ( g  - y~ ) 
indicate n spur extending down unclcr this area from the Giro  Hills. 
One would expect that  the strike of the tertiary rocks where t;hey 
emerge from the alluvium would he in conformity with this spur but 
this is ]lot the case.* 

( i i i )  On the return jouriley to Dehra Diin in February 1937 three 
supplemt*ntary gravity statioils were establishecl to fix inore clefinitely 
the sontherii margill of the Gangetic trough. It is now evident 
from Chart VII I  that the Viildhyan downmarp south-east of the 
Arivallis is quite separate from the Gangetic dowilwarp. 

26. Local and  normal warp  anomalies.-The g - yh- ailomalies 
R1.e iiitcnded to indicate the local crustal nrarpings after eliiniilnting 
the cbffrct of the broad Hiddell Range marpings. Chart XI1  
r c l ) r ~ ~ ~ n t s  the ! I -  y~ ai?oi~lalies wit11 the Hidden Range effect re- 
introclurecl, and may be termed the chart of 'Normal warp 
R11o1nalies '. 

I t  is i i~ te res t i l l~  to compare this chart witch Chart X and with 
the Geoid charts given in Georletic Report 1936, Chapter 111. 
.- - - -- - - -- - ' 1 am illdehted to Mr. P. Evans, Chief Geologist, Burma Oil CompanJ'~ 
Assam for this information. 
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TABLE 1.-Times of vibratiova at Dehra Dan, sensofi 1936-37. 

Date I (Weight1 R Iweightl C IWeirht 

Adopted mean times of vibration. 

Date 
. 

1937 

Febr~lsry 25 ... 
36 ... 
26 ... 
26 . . .  
27 ... 
27 ... 
27 ... 
2.9 ... 
28 . . .  

Weighted mean ... . 

OS50$ 9273 
9225 
9295 
9257 

9266 
9268 
9249 

0.507 9263 

10 
6 
8 
8 

8 
6 
8 

... 

Stetions C 
- -- I 8_-- 

10 
6 
8 
8 

8 
6 
8 

. . . 

1H3ti i 
October $4 ... (;SO7 9259 I 10 .... 9208 

10 . . . I  9281 

Weight 

10 
6 
8 

8 
6 
8 

- 
... 

i l l  to3 4 l i  inclrlsive ... 
419 to 457 inclusive ... 

S 

0.507 9244 
9244 
9225 

924Q 
9242 
9236 

0,507 9238 

13 ... 
10 ... 
11 ... 
11 ... 
11 ...i 
11 ... 

, 11 ... 
Weighted mean ... 

c 

8 
0.507 9201 

9194 
9199 

9198 
9194 
9199 

0.507 9198 

1i IWeiebtl R IWeight 

8 
6 
8 

8 
6 
8 

... 

4 

9330 
i 9233 

9229 

0.507 92#2 

8 

0.507 9198 
9191 
9197 

9206 
9188 
9204 

0.507 9198 

s 
0.507 9238 

0.507 9218 

I 

10 
6 
8 

8 
6 
5 

9 

0. ,507 9242 

0.507 9220 

S 

O.SO7 9263 

0,607 9339 

9 

0,5079216 
9219 
9216 

9214 
9205 
9216 

8 
6 
8 

8 
6 
8 

-1 ... 0.507 9214 
I 

... 
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TABLE 1 A.-Times of vibration at Dehra Dan, season 1937-38. 

Date 1 A IWeightl B IWeiybt 1 C iweight 

Adopted mean times of vibration. 

1937 

October 2 ... 
2 ... 
3 ... 
3 ... 
4 ... 

j* 4 ... 
> 4 ... 

5 ... 
5 ... 
5 ... 
6 ... 
6 ... 
6 ... 
7 ... 
7 ... 
8 ... 

Weighted mean ... 

Date 

8 
14 

8 
6 
8 

8 
6 
8 

10 
8 

... 

s 
0.507 9255 

9238 

9258 
9286 
9241 

9251 
9241 
9235 

9236 
9224 

0 -  507 9243 

weiglltl C I ~ e i g ~ l t  

8 
6 
8 

6 
8 
8 

... 

1937 

November 13 ... 
13 ... 
14 ... 

8 14 ... 
, 15 ... 

16 .., 

I >  15 ... 
15 ... 
16 ... 

Weighted mean ... 

6 

0.5079257 
9242 
9255 

9231 
9234 
8243 

0.607 9243 

6 
8 
8 

8 
6 
8 

... 

s 

0.507 9229 
9211 
9222 

9248 
9248 
9229 

9229 
9230 
9206 

9238 
9224 

0.507 9229 

S 
0.6079214 

9212 
9205 

9225 
9203 
9234 

0.507 9216 

S 

0.607 9221 
9225 
9214 

9250 
9238 
9262 

0.607 9233 

S 

0.60'7 9 2 U  
9217 

9213 
9191 
9207 

9240 
9217 
9221 

9217 
9215 
9194 

0 -  507 9217 

8 
6 
8 

8 
6 
8 

8 
6 
8 

10 
8 

... 

8 
6 
8 

8 
6 
8 

... 

8 
14 

8 
6 
8 

8 
6 
8 

8 
6 
8 

... 
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TABLE 2.-,ICecln tlifere~rces o f  pair8 qf g)e),tlulums, senstm 1936-37. 
( The unit is sec. ) 

i 
Station I 

&'. i 
B 1 v 

' Repeat stations. 

t i  1 1 I 

No. 

- 1 -1  
t 7 .5  
+ 5 . 4  

t 3.8 
- 2.1  
t O . 7  

- 2 . 3  
- 2.7 
- 4.9 

- 3.7 
- 5 . 4  
- 4 . 6  

- 1.8 
0.0 

I +  1.4 

- 

413 
416 
419 

'PAY 
$23 
SAY 

'1.31 
43-1. 
437 

440 
3 
4-k6 

449 
4r,a 
45; 

+ 6 . 6  
+ 15.1  
+ 13.0 

+ 10 .4  
+ r1.5 
+ f c . : j  

+ 3 . 3  
t ,I.!) 
+ 2 . 7  

+ 3 .9  
+ 2 . 2  
+ 3 . 0  

t 6.0 
+ 7 . 6  
t 9.0 

,457 
I 

+ '7.3 - 0.3 
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TABLE 3.-Mean times qf vibration, deduced valuee of g and 
probable ewors, seasorb 1936-37. 

1 

* Valaee from 19'37 repetition. 

Station 
No. 
- 

Probe ble 
Mean / error of 

Meen 

PENDULUMS 

I R  - -. - 

sec Y 10-7 
+ 1.17 - 

1.71 

1.29 

1 . 2 9  

1.42 

2 .51  
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TABLE 3.-Mean times of vibration, deduced values of g and 
errors, season 1936-37- ( contd. ) 

PENDULUMS 
Station 

No. l A B C  I I 

Probable 
error of 

sec x 10-7 
+ 1-77 - 

Mean 

0.507 9522 
978.950 

I 1 I I 

Valllee from 1937 repetition. 
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TABLE 3.-Mean times of vibration, deduced values of g and 

probable errors, season 1936-37-(concld.) 

PENDULUMS 
Station 

No. 
1 Mean * I B C  

I 

* Values from 1937 repetition. 

Probable 
error of 1 Mean 

sec x 10-7 
+ 1.41 - 

2.98 

1 .72  

1.27 

1.42 

1.40 

1 .32  

1.50 

1 .54  
a 

0.92 

1.29 

1.44 

1 .30  

1.47 

1.89 
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TABLE 4.-Modern gravity observations in India. 
( Additions in field season 1936-37 ) 

1 

. 

Latitude Lon$.tnde I i n  1 m e  1 I X. 1 

I 

1 

cm/seca 

- .061 

cnt/see! 

-.OTd 

cm/sec2 

978.923 11 

417 78H Sirijganj . . . I  31136 
418 79 E Kushtia 1 5 1 1 3 6  
419 179 El  Faridpur 

I 

$20 '79 I Dacca 101136 
-191 i*  L Yymenslngh ... 118 11 36 
422 T R  Ci' Bahndl~rabnd ... 15 11 36 

I 
-I.?:< 7 H  F bhnhrl 

i 
!181136 

42 7HK 'l3ua ... 1 20 11 36 
425 78 J Bijni ... 23 11 36 

cm/seca 

- .057 72 0 Kntihnr ' 20 10 36 

t.020 
+.020 
-a001 

+,OM 
t ,013 
-.OO4 

t.043 
+ ,069 
t -0'20 

1 ,017 

978.911 
$)78.879 
978.843 

978.857 
978.918 
978.925 

979.004 
978 917 
978.988 

978.980 
978.950 

:12 
413 

43 
48 
22 

49 
69 

106 
1420 
153 

918.967 

918.929 
958.937 
gjR.901 

978. ,968 
978.607 
978.861 

978.775 
978.815 
1~78.817 

7. a 
78 F 

feet 
104 

95 36 36 
94 54 1.2 
94 43 54 

92 48 00 
92 43 22 
91 10 00 

91 '1.9 58 
92 12 50 
g l  06 10 

111 * 1 ~  saikhon Ghl t  46 33 
44.5 43 I D~hrngarh 27 29 18 
4I.6 93 .I Nizira 26 54 15 

447 43 D Silchar 24 49 4.0 
4l-9 54.1 Aijal 23 43 00 
449 70 DI (-'ornilla 23 28 00 

- - 032 - -028 

978.975 

131978.954 
978 992 
978.991 

978.691 
978.898 
978. a64 

978.867 
978.929 
978.649 

958.686 
978.927 
978.892 

978.867 
978.635 
978.923 

I I ' I' 

25 32 35 87 34 20 

2 4 2 6 5 0  
2 3 5 4 3 3  
23 35 25 

2 6 1 2 3 1 3 2 5  
24 46 02 
25 09 40 

2 6 0 1 1 6  
25 30 45 
26 29 10 

Ranmur  1 23 10 36 

+ - 0 0 1  
+no06 

1-.013 

-a007 
- .013 
- .  032 

-.010 
+ .062 
- .055 

- - 057 
- .095 

-4% 74 X Rangia ... 25 11 3fi 1 174 
427 9 3  B Eanq,tplrx ... ' 27 11 36 1 387 
$24 9.3 R Sllghn t . . . I  2 9 1 1 3 6  234 

129 83 B Nowgong I 112361 203 
Y:< B Dharamti~l ... 3 12 36 1 186 

450 79 N Chittagon5 ... 
51 ;qI. R Rinqlimitl . 

:I2 79 B Soikhll i  ... 
1 

t .Olj 110 
155 

8 9 4 4 2 0  
8 9 0 7 4 0  
A9 50 40 

9 0 2 4 3 5  
90 21 02 
89 45 53 

8 9 5 5 5 5  
90 13 35 
90 43 15 

26 26 13 
26 48 50 
2 6 3 6 2 4  

26 20 53 
26 10 00 

( 26 11 00 

Cooch Behir ... 
14 78 F Dalsingpzira ... 

000 
+.00& 
-.014 

-.008 
- ,015 
- .034 

-.014 
+ .02l 
- .Of50 

- .062 
- .lo7 

- .  185 
- -161 - ,165 

- 065 
+ -095 
+ ,015 

+ -003 
+ .048 
+ ,012 

4.31 l7nN f+auh;lti 
1 

5 12 36 

t .026 

-.006 
+.OM 
t.001 

978.987 

978.914 
978.919 
978.891 

514 
62 
48 

91 37 27 
92 41 10 
92 55 57 

92 41 
92 21 28 
91 45 10 

26 10 36 

28 10 36 

-.Of39 

-.074 
- 025 
- .O28 

+ .169 
-.043 
- 8 036 

+ .I12 
- .032 
+ 088 

- .012 
- . lo2  
- .  167 

- .214 
+ -002 
- ,146 

174 

30 1 37 
1 2 37 
4 2 37 

91 53 42 
91 5225  
91 27 20 

93 01 20 
93 10 55 
94 06 30 

93 56 28 
93 58 08 
94 12 50 

94 06 28 
94 31 18 
95 40 40 

25 45 14 
26 19 08 

:l5 J ~ R A ]  Bogra ... , 30  1036 
416 '7HD1 Nator 11136 

- -198 
- ,172 
- el66 

- .067 
- ,020 
+ -014 

+ ,002 
+ .040 
+ -011 

( 

4:lY 78 0 Shlllong 7 12 36 
-k:i:3 78 P Sylhet ... 101236 
434 74 P' Shilstaqanj 12 12 36 

l.:3.; 43 GI HlHang 
'.. I 
... 1 11 12 36 

-1.36 43 C+ L ~ ~ m d i n g  . 16 1L 36 
437 S:i K Icohima I 19 12 36 

-438 q3 H I~nphal  ... 21 12 36 
439 '83 F c:vlighSt ... 24 12 36 
4-40 53 J J O I  h i t  26 12 36 

I 
441 93 I Lakhi~npor N. 28 12 36 
442 83 J Mokokchi~ng .. , 2 137 
4-43 93bI 316rgherlta .. , 6 137 

81 15 28 
89 27 24 

26 46 55 
24 50 50 
2 4 2 4 3 0  

- .043 1 
- .116 
-.017 
-.016 

-#No 

-'OSi 

+ OJ? 
tao3' 

4 'Oli 
t .OTO 
+ aoB 
/ 

continud' 

-.O77 

-.OR1 
- .031 
- .034 

+ -004 
-so44 
- .037 

+ ,039 
- .047 
- 065 

- 098 
- .  113 
- .  166 

- 224 
- ,133 
- el61 

30 
300 

19 

89 22 05 
89 22 30 
8 8 5 7 5 6  

- ,048 

- .I31 
-.019 
--018 

t.@% 

- 010 
+ 0'37 
+ '037 

t ,090 
-.OOfi 
-*oil 

+ ,108 
t ,018 
+ ,04? 

-#0l0 
- ,034 
-'m3 
- ,120 
-*0z7 

1 

22 20 02 
22 38 25 
22 49 35 

5021 
45 
28 

2240 

25 55 
2453  15 
24 16 30 

25 10 53 
468 25 45 10 

, 4678 ' 25 40 15 

2572 ' 24 48 30 
323 1 26 30 45 
289 1 26 45 10 

326 27 14 20 
4400 / 26 19 20 
490 ,27  17 10 
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TABLE 4.-Modern gravity observations in India. 
(Additions in field season 1936-37)-(concld.) 

TABLE 5.-Values of g - yp. 
( The unit is 1 ingal. ) 

Latitude 
0 .  station I fit. 1 1 

N o . r ~ :  - This table is t h e  sixth addenduin t o  Table 2 of t h e  Supplement t o  Geodetic Repor 
Vol. VI. 

Lonaitude 
E, 1 g - y A g - y B g - y C  

Corrections to g - ycH 

O ' " 

20 25 
34. 22 

86 33 30 

47 50 
19 35 

90 01 41 

Corrections to g - ycH 

6 2 37 
9 2 37 

12 2 37 

14 2 37 
18 2 37 
24 10 37 

453 
454 
$55 

456 
457 
158 

f e e t  

10 
12 

126 

193 
4'67 

45 

O ' I t  

22 42 0090 
22 48 4889 
25 30 30 

26 12 3084 
26 08 4479 
24 36 16 

cnt/sec2 

978.819 
978.812 
978.904 

978.943 
978.978 
978.928 

79 J 
$9 F 
72 K 

$2 B 
54N 
78 L 

q-YF 

412 

cm/sec2  

+ .021 
+ ,007 
- .07Z 

- ,076 
- .011 
+ .007 

cm/sec2  

+ .021 
+ .007 
- .076 

- .083 
- .027 
+ ,005 

Barisill ... 
Khnlna ... 
Mansi . . . 
Rajipatti  ... 
Jnlaun ... 
Madhnpur . . . 

485 
436 
437 

438 
439 
44'0 

4.41 
442 
443 

444 
425 
4,'Eti 

447 
4.488 
449 

450 
45 1 
452 

4,153 
4,54 
455 

456 
457 
468 

cm/sec2  

+ ,028 
+ .Oldt 
- .039 

- ,038 
+ .005 
+ .028 

4.14 
415 
4-1 6 

417 
418 
4,19 

420 
442 1 
C22 

423 
424 
425 

426 
427 
4~28 

429 
430 
43 1 

432 
433 
434 

U 

-18 
- 'i 
-38 

-28 
- 5  
- 4 

- 7 
-27 
- 12 

- 5 
- 4 
- 6 

- 3 
-21 
- 1  

0 
- 5 

0 

0 
0 

- 1  

- 2  
- 6  

0 

-15 
- 1  

0 

0 
0 
0 

0 
- 1  
- 1  

- 1 
-10 
-- 2 

- 2  
- 5  
- 3  

- 2  
- 4  
- 5  

-36 
- 1  
- 1  

+31 
+36 
+33 

t52  
+37 
+12 

+22 
+4!1 
+29 

+8A 
97 

+68 

+64  
+42 
+52 

+348 
+77 
+77 

+93 
t 2 3  
+ 8  

+ 22 
+ 2 
+ 4  

+ 4  
-10 
-14. 

2 
+ l  
1 . 5  

+16 
+ 9 
+ 20 

+19 
+20 
+18 

t 1 6  
+14 
+15 

+10 
+ 2  
- 8  

+ 30 
2 
+ZH 

+28 
+27 
+27 

+27 
+2H 
+29 

+30 
+ 29 
+ 30 

+30 
+30 
+30 

t 3 0  
+30 
130 

+29 
+28 
+28 

+ I 2 1  
+ 49 
+ 4.1 

+ 14 
+ 7 
- 39 

- 74 
- 10 
- 17 

- 30 
- 19 
- 36 

+ 7 
+ 34 
+ 4 , 0  

+ 17 
+ 67 
+ 28 

t 32 
+ 20 - 6 

- 2 
+ 21 
+ 5 9  

+ 2  
. I -  9 
+ 7 
- 44 
416  
+18 

+23 
+ 14 
+20 

t24,  
+22 
+ 1 H  

0 
-14 
-16 

-26 
-24 
-21 

-22 
-21 
+ 5  

+ 8  
- 9  
+ 3  

+29 
+ 29 
+ 29 

+2H 
+30 
+30 

+30 
+ 30 
+31 

+31 
+31  
+30  

+2H 
+ 27 
+27 

+26 
+26 
t 2 7  

+26 
+27 
+29 

+30 
+30 
+28 
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TABLE 6.-Values of g - ycl. 

(The unit is 1 mgal. ) 

N o ~ ~ : - - l ' h i ~  table is the fourth addendum t o  Table 6 of 
Chapter IV,  Geodetic Report Vol. VIII .  

g - ycl 

- 27 
+ 19 
+ 20 

+ 73 
- 23 
- 28 

+ 91 
+ 1 
+ 26 

- 27 
- 51 
- 100 

- 137 
- 44 
- 73 

- 98 
- 85 
- 94 

Station No. 

447 
448 
449 

450 
451 
452 

453 
454 
455 

456 
457 
458 

Station No. 

41 1 
412 
413 

414 
415 
416 

417 
418 
419 

420 
421 
422 

423 
424 
425 

426 
427 
428 

g - ycl 

- 36 
+ 24 
i- 13 

- 1 
+ 52 
+ 4 

+ 11 
- 3 
- 56 

- 65 
- 12 
+ 11 

g - ycl 

- 40 
- 2 
+ 9 

- 23 
-10 
- 16 

+ 2 
+ 2 
- 18 

- 10 
- 5 
- 22 

+ 26 
+ 52 
+ 3 

- 1 
- 20 
- 10 

Station No. 

429 
430 
43 1 

432 
433 
434 

435 
4 36 
437 

438 
439 
440 

441 
442 
443 

444 
445 
446 





















MAGNETIC SURVEY IN BIHAR 

27. Field observations.-Geodetic. Report 1935, Chapter V, 
describes a line of magnetic stations observed across the epicentral 
tract of the 1934 Bihsr earthquake, with the object of elucidating 
details of unclerground features which may h a w  beell responsible 
for the occurrence of the earthquake. During 1936-37 two longer 
lines of lnagnetic stations have been observed, running north and 
south parallel to the 1934-35 line, 10  or 15  iniles on either side of it, 
in order to amplify the results previously obtaihed, and to see to  
what extent a single section call be t,ypical of a larger area. These 
two lines run roughly along the .meridians 84' 40' and 85' 07' east, 
and extend from the Ganges to just south of the crest of the 
Siwalilr hills. Observations for horizontal force and dip have been 
made a t  intervals of 1.oughly one mile along each section, a t  a total 
of 205 field stations. A programme of cleclinatiol~, dip and force 
was also observed a t  Bettiah, one of the repeat stations of the 
Indian magnetic survey. 

The observatioi~s were made by Mr. Shyam Narnin, with a 
squad of one computer and eight l i l / ~ l ( 7 . ~ i ~ .  Two or t11rc.e statioils 
were occupied each xvorlring day, and canlp was ge~lernlly inoved on 
carts every third day. Worlc started a t  the northern entl of the 
western line on December 3iud, 1936 and closed a t  the northern end 
of the eastern line on April 20t11, 1937. Perinissiol~ to enter Nepjl  
for the last 30 stations was kindly given by the Go\-cruinent of Nepsl. 

Tlie observations were inade with magnetometer No. 4 and earth 
inductor No. 45. The programme of obsei~sation of horizontal force 
at  each station was two sets of deflection observations ( a t  33 .5  cin ) 
each of 4 reaclings, and two sets of vihrntion observatio~ls each of 
217 vibrations lasting about 10 minutes. A t  every 6th station two 
sets of cleflections were inensured a t  all three distances ( 23. 5, 30 
and 40 cins ) to cletermiiie the distribntioll factor. For dip the 
Programme was two sets of eight readings each. The total 
Programme a t  each st,ation, includiag set,ting up the instruments, 
gellerally lasted about two hours. 

For the vibration ohservations two hox chronometers were 
cal-ried, which were comparc~tl clnily and rated by astronomical 
ollservat ions f o r t ~ l i g h t l ~  or 1noi.C frty11~11tly if ilecCssary. 

Comparative obstl.vations ~ r i t h  the stni~dartl i~~s t ru inents  a t  
D"h1.a Dllll were made lwfore and after the iicald seasoil, 5 sets of 
H and 6 sets of clip on each occasion. The value of log .rro K wss 
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also determined hefore the field seasoil ( 3.37905 ), and the value 
which has been acceptecl is 3.37861. The value of the factor 
log ( 1 + P/r? + Q/rb ) - I  obtained from the fielcl observations was 
T - 99341, and the value which has been accepted is T. 99274. In 
130th cases the acceptecl values are based on previous years' results. 
Any sinall change in them will have little effect on the computed 
anomalies of H and IT, as the fielcl observations and the comparative 
ohsewations a t  Dehra Diin will change by similar amounts. 

28. Accuracy.-The two set's of H a t  each field station differed 
by an average amouilt of l l y ,  wit,h a maximum of 78y. This 
suggests a probable error of 5y for the mean of t,wo sets. The two 
sets of clip differed on the average by 0'. 3 with a maximum of 2j.6, 
which suggests a probable error of 0'. 15 for the mean. Both these 
figures for the prohable error are clearly much too low. 

The comparative observations a t  Dehra Diin gave t'he following 
figures ( ~ n e a n  of two sets ) for the necessary correction to the field 
magnetometer : + 30, - 3, - 27,  + 56 and - 9y. This gives 177 
as the probable error of the mean of two sets with either instrument. 
Similarly, ~oinparat~ive observations for clip gave discrepancies of 
+ 1 ' . ' 3 ,  -0'..j, -1 '*6 ,  +0 ' .6 ,  +1 ' .8a i ld  -0'-9,givingaprohable 
error of 0 ' .  7 for the mean of two sets with either. These figures are 
reasonable. To them must be acldecl something for the probable 
error of the correction for cliurnal variation and disturbance obtained 
from the Dehra Diin magnetographs. This may be estimated as 
1 . 5 ~  and 1' 0, giving final total probable errors of 237 in H ant1 1' - 2 
in dip. The resulting figure for V is 22y. 

29. Normal values.-In order to cletermine what may be 
clescribecl as anomalies, i t  is necessary to clecide on "normal values" 
of the elements i11 the area. Table 1 gives the values of H and V 
in 1920.0 at  various lmints along mericlian 85' to  the south of the 
area now under consideration, interpolated between stations of the 
magri~t ic  s11n-s~ ( R~cords  Volume XIX ). For the changes bdween 
1920 - 0 and 19.17 0 the following data are available :- 

( r c )  The 1037.0 observations a t  Bettiah. 

( 1 )  The data given in Geodetic Report Vol. VJI, C'hap- 
ter VI, fibom which a lit'tle extrapolation to  t,he east gives the 
changes from 1920 - 0 to 1931.0. 

( r ) Ohs~1~vatioi~s a t  Dehra D i ~ n  ancl Alibiig ( Bombay ) 
show how the annual rate of change has variecl bet,ween 1931 
and 19:37. 
From these data it is possible to estimate the total chnnges 

he tmc~n 19.30.0 and 1937.0, which are entered in Table I .  Plate 
XIV shows the 19::; .O values and also the curves which can 1)c drawn 
through thein to represent the normal values. These curves are 
nearly straight. lines, but consideration of the general rate of vari- 
ation of H ancl V from equator to pole shows that in this area the 
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centre of the curves, which are 8' ill length, should be above the 
chord joining their ends by 140 7 in  H and 200 y in V. The curves 
which have been fittecl to  the plottecl point,s have therefore been 
shaped accordingly. The H clata show two maxima near latitudes 24' 
and 25', which have been ignored whe~l  fit,ting t,he curve, siiice 
exalnination of 1920 .0  data to the east and west shows tha t  these 
variations are wholly excesses. 

The curves show tha t  in Bih5r the norinal 1937 - 0  values of H 
and V oil meridian 85' are :- . H = 36200 - 8  6+ 

V = 28400 + 25 6+ 
where 6+ is the excess of latitude over 26' expi~essed in ininut,es. 

For the west sectio~l H is talcell to be 20 y less, niicl for the east. 
section 20 y greater than t,he above. Normal V is the same for all. 

The above appear to  be the most probable figtires, but i t  would 
be quite possible to  adopt formulae differing 1)y 100 oi- 300 y in t,he 
constant term and by 1  or 2 in the factor giviiig chai~ges per iniilute 
of latitude. 

30. Observed values.-The field values for 11 and dip were 
corrected for diurnal variation and disturbance by ineails of the 
Dehra Diiil magnetographs. They were reduced to the epoch 1937 .0  
by assuming an  annual chaiige of + 6 5  7 ill II anil of - 0' 7  in clip, 
obtained froin the total change a t  Bettiah l ~ e t ~ r e e n  1030 .0  ai~cl 
1937.0 combined with a consideratioi~ of the 1 a1~i:ttioii in tlie rate 
of change a t  Dehra Dull. The 1934-85 obser~nt io l~s  have beell 
reduced to epoch 1937 0 with the saine alliiual chaiige*. Tables 2, 
3 and 4 give the values finally recluced to 1937.0,  the calculatecl 
normal values, ailcl the alloinalies obsel.vecl nrilircs iiorinal. The 
alloillalies are show11 graphically in Plates XV ant1 XVI. 

P re l i i n i i~a r~  conlputatioils were carried out ill the fielcl, which 
were checked in t,he Observatory Sectioi~ ulider Rai Sahib Ra j  
Bahadur Mathur, who also supervisecl the o1)servatol-y ccrrectioi~, 
reductioll to epoch a i d  filial tabulatioli. 

31. Calculation of magnet ic  anomalies.-If a body contain- 
ing iron lies in the earth's inagiletic fielcl, magnetic: poles n i t  induce11 
on its surface which lnodify the fielcl and cause the local values 
of 11 sncl V to  differ from the llorinal values in the i~eigl~bourhoocl t. 
The thcory by which t,he alloinalies 6 1 1  and 6 17 c:tn be calcnla~tetl is 
elemental.y, but dificulty has been fouilcl in findi~lg an accuinatc ant1 
easily i ~ ~ t e l l i ~ i b l e  text-book, and the incthotl nsed call ncl~.niitag:.c- 
ously be recorded. - - - -- 

* 'I'l l~ res~~ltcl givcn in Goc~tlctic Rept~rt 19.75 have I L I ~ , I  rcceiwd R c~i 'rect ioi~ 
tgZy to H,  zero t o  clip nlid t 81 y to V, on account of l!l:lt-35 ~ u ~ ~ l p a r a t i r c  0b4cr- 

vations nt L)~hra D i n  whic.11 had not prcvionaly Iwen inclatlc(1. 
t ?his change in the f i ~ l d  il l  t1u.n i~loclifics tho i11dllc ed p o l ~ c ,  11nt . i~icc fill 

8 1' n l o  i ior~~lally only slilall pcrcenti~gcs of If and IT,  this c c ~ n i l ~ l i c ~ t t ~ l ~ n  call Gc 
ignored, 
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I n  Plat,e XVII, figure 1, A B  C D  is a body containing iron, 
LM is an element of the bocly of cross-sectional area s lying parallel 
to the eart,h's t'otal magnetic force T. 

Then a t  M there is intluced a negative pole of strength s K T 
ancl a t  L t,here is induced a positive pole of strength s KT, where 
K is a number, k11ow11 as the susceptibility of t,he material of which 
A  B C D is composed. 

Arouncl M, therefore, there are inducecl negative poles with a 
~onceiltrnt~ion of K T  sill a , ,  per unit area, ancl arouncl L there are 
induced positive poles witlh a concentration of I< T sin 4, where a,, 
and a,, are the angles (not  necessarily in the plane of the paper) 
between T and the snrface of the body a t  M ancl L respectively. 

Positive and negative poles are similarly iiiclucecl on the 
surfaces AD and AB. 

The ai~omalous foi-ce a t  any point P is the attjraction of all 
these poles on allit positive pole at, P, so t'hat unit  area near M 
co i~ t r ib~ te s ,  

( li Y' sill a l ) /PM?,  along P&f. 
The total a~~omal i e s  of H aiicl V art: then simply obtaiilecl by 

i~itegration. 
To talie a colicrete case, which is al~plical)le to Bihii-, suppose 

ABCD represelits the cross section of a plane-siclecl 11ocly of infinite 
extent a t  right arigles to the paper, with i ts axis lying (magnetic) 
east and wtlst. If PQ is the normal a t  P let &PC = $ c ,  ancl let it 
he positivc' when C is south of P. Let be the angle which T 
malres with any sicle (e.g., CL)), 9 the dip, and y the incli~lation of 
CD to the horizontal. The11 the component of the anomalous force 
acting ill the tlirectio~i from C to D is:- 

1; = '? li T sill P log, PC/PD, 
a ~ l d  the coinpone~lt act,iilg at  right angles (downwards positive) is:- 

19 = - 2 K T ( $  c - $u)  sill P ,  $ c & +u being measured in 
ratlians, 

The horizontal anomaly 6 H =  R cos y + S sill y 
alitl 6 V =  - R sin y + 8 cosy. 

Remem1)~riiig that positive poles exercise a repulsioil on a 
positiv~ pole at  P, the signs of R and 15' and the signs of the two terms 
in the formulae for 6 T i  ancl 6 V are best deternlilled in every case by 
rommn~l-sense rather than by a necessarily elaborate rule of signs. 

The attraction of other faces may be obtained in the same 
way, and the total effect of the bocly is the total of its faces. 

As regards climensio~~s, i t  will 1)e noticecl tha t  K, siilfi 
Ing,PC/PD ant1 ( 4 ~  -$D) are pure numbers, so t,he anomalou8 
forces are exl~resserl as a fract.ion of the total force T, ancl distances 
may he m~nsurecl in ally convenient unit. 
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There are two practical di5culties in calculatii~g the ailomalous 
forces due to any body. The first is tha t  i t  may be permanently 
magiiet,izecl quite iildepeildeiltly of the induced magnetism. The 
amouilt and clirectioll of this permanent magnetism can oilly be 
determined ( and tha t  with clifficulty ) if suitable specimens are 
available from throughout the bulk of the roclr. The secolld 
difficulty is t ha t  the susceptibility K call oilly be very roughly 
guessecl ui~less similar samples are available. A list of values which 
have been recorded is given in Die magnetischew, Ve~fcthren der 
nngezva~zclte~z Geophysik by H.  Haalck, on which the followiiig is 
basecl. 

Values of susceptibility (K) 
Lirnestoile, sa~iclstone, coal ... 0 to 000100 
Syenite,. granite . . . .000040 to 00 13 50 
Hacmat'ite . . . .000100 to 00:j000 
Dolerit,e, basalt . . . 000200 to - 005000 
Magiiet,ite . . . 004000 to 097000 

These ligul-cs show that the susceptibility of ally large sect,ioli 
of the ea~.t,ll's outer crust is u~lliltely to exceed -005000, ancl that 
.001500 inay be taliell as a t,ypical high value, such as is prol1a1)le 
for basaltic roclrs, but  unlikely to he recorclecl in sedimentary or 
granitic rocks except locally ill I)eds of (magiietite) iron ore. l u  
the lower crust (below 1 2  miles) the temperatme is such tha t  the 
snscel)til)ility is likely to be zero. ( Dictio)rcr oj'  ,11,pliecl l'h!/sica, 
Vol. 11, pages 546 ancl 550). 

32. Effect  of su r f ace  f eatures.-The Gangetic alluvial 
trough runs roughly east alicl west and is long coinparecl wit,Il its 
breadth. It is filled with alluvium of presumably zero susceptibility 
while its flanks aii(l base may consist of siisc~ptible i611eous rocLs. 
If assulnptioils 11e made regarcling its cross sectioii aiicl the 
~usce~tibi l i ty  of the unclerlying and flanltiiig rocks, the a~ioinalies in 
I1 ailtl V call be calculated ant1 compared with those actually 
observed. 

Plate XVII, Fig. 2, shows the result of calculatilig on the 
assnmptioll that the trough is 150 lniles wicle*: t,hat its sides slope 
rlown at a slope of 2' froin a depth of 0 .02  iniles to 1 .07  miles: 
and that t h ~  susceptibility of tlie flanking roclts is .001500. Apart 
from thr fact that they are about 50 timcbs too small, the calculated 
a~oinalicls show colisiclcrable agreement with the ol~served west 
section (p la te  XV). Starting from the south, 6 V rises to a 
maximum, falls to a nli~limum, rises again to nearly zc1.0, ant1 then 
starts to fall towards the Si\villilts : while 6 If falls to a mininlum, 

-- -- - - - -- 

* 14'roin t h e  Cfangoq to the  north of t h e  Six\r.ihks The qedlnlc~nt,lry rocks of t h e  
S i \ r i l~ks  ,II.I> ,wol)ably of xclro q ~ ~ s c e p t i h i l ~ t y  lilm tllv a1111\illn1 S o n t l ~  of the Cfangeq 
tho  nllnvinl~l is probably s11:~llorn 'I'hc f o r n ~ u l a ~  of pnm 31 a r c  nppliell tn t h r  two 
Semi-infinito scctiops A'BC D ~ n d  A'B'C'D'. The  effect of the  unlfor~nly magnetized 
rocks below DD' is clearly mro. 



42 GEODETIC REPORT [1987. 

rises again to  low maximum, sinks to  zero, ancl then starts to rise 
again*. There is much less resemblailce to  the east sect'ion. 

Fig. 3 shows a cleeper cross section for the south side of tlhe 
trough,. with a variable slope. This reproduces the form of the 
a~~omal ies  of the west section more closely, although i t  gives results 
which are still about 1 5  times too small. 

Plate XVIII,  Fig. 6, shows the result of assuming a trough 
21 miles cleep, with the result that  even this depth gives a~lomalies 
equal to o~i ly  one thircl of those observed. Plate XVII, Figs. 4 and 5 
show the effects of two other forms of irregularity which have been 
calculatecl. 

The calculatecl anomalies are directly proportional to the 
assumecl susceptibility, so the sectioi~ shown in Fig. 3 would 
reproduce the observed west section if the susceptibility was taken 
as -022500, but this is an  impossibly high figure. Fig. 4 would 
suffice if the susceptibility was .004500, which is perhaps a possible 
value, but t,he figure hardly represents a possible section of the 
alluvial t,rough. 

It is not possible to  avoicl the conclusio~~ tha t  variations in the 
clepth of the alluvial trough cannot be responsible for ally consider- 
alble part  of the magnetic anomalies observecl in Bihiir. 

33. Effec t  of changes  of susceptibility.-Plate XVIII 
Figs. 7 and 8 show 6 H and 6 V for two semi-infi~lite blocks of 
susceptibility .001000 whose upper surfaces are a t  depths of 0.02 
and 1 . 0 0  iniles respectively, ancl whose lower surfaces are a t  a clepth 
of 10 miles. The effects of the two diffe~.ent bloclcs are very similar, 
except tha t  the 0 . 0 2  clepth gives a sharp ancl very local mi~limurn 
1)oth of 6 I i a n d  6 V immediately over the vertical face. The smooth 
curve is a mean curve corresponding to a clepth of about 4 mile. 
which (for the purpose outlinecl below) may be accepted as typical 
of' ally such block whose upper surface is a t  a clepth of less than 
one mile. 

The effect of a general decrease of susceptibility from south to 
nvrth is obtained by superposing five such bloclts as shown in Fig. 9. 
Here five blocks of susceptibility .001000 are superposecl, each 
tlisplacecl 4 miles relative to the prececling one. The curves for 
6 11 and 6 V are obtainecl by aclcling the ailoinalies clue to each of the 
five blocks, and the general effect is that  of a slllooth change of 
susceptibility of ~000250  per mile for 20 miles or of a, gradual 
change from .005000 to zero. These curves will be quite accurate 
far ally shallow clepth of the top surface, since although a shallow 
depth proclucee the large local ailomaly which has been rounded off 
in Figs. 7 ancl 8, the area ro~ulcled off is very small a~icl if the five 

- - -- . - _  _ - _ - 

* The calculated nnomalies show sharp and very local peaks when nn angle 
the section lies near t11- surface. These peaks nrp of purely local significrtnc~ and 

\bl)lllfl disepp~ar if the angle was rounded off. l'he dotted lines in the sectioii clhow 
what moulcl probably result from rounding off the angle. 
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curves corresponding t o  a depth of 0 ~ 0 2  miles had been superposed 
and rounded off, the result would have been very similar. 

Fig. 10 gives the result of a change in the opposite direction, 
a decrease from north to south, and Fig. 11 combines Figs. 9 and 
10 to give the effect of a band of susceptible rocks 40 miles wide of 
susceptibility 005000 a t  the centre, clecreasing to zero a t  the edges. 
The effect of a similar band of low susceptibility, with its centre 
-005000 less than its edges is simply the opposite of Fig. 11, and 
is show11 in Fig. 12. The values of 6 H and 6 V for other values of 
the change in susceptibility are in simple proportion. For bands of 
different widths Figs. 7 and 8 must be further superposed with 
lateral displacements, but the effect is roughly to wiclen or narrow 
the peaks in the curves of Figs. 9 to 12 in proportion to the width of 
the hand. 

Referring to the anomalies actually observed (Plates XV and 
XVI) i t  is seen tha t  Fig. 11 bears a strong resemblance to the west 
section, while Fig. 10, with orclinates divided by three resembles 
the east section. These curves have been shown on Plates XV and 
XVI, plotted relative to a ilorinal H 55 y greater than tha t  derived 
from Plate XIV, ancl a normal V 70 y less. I11 the west section the 
agreement is very good ailcl a band of high intensity centered on 
about latitude 25' 50' is clearly indicated. The agreement het~veen 
the oLs~rvec1 and calculated anomalies could be iinprovecl by taking 
a bautl less illtense nncl narrowel- than the 40 miles for which 
Fig. 11 is calculated*, but for i.easons noted below there is 110 

objcct till lnalring detailed calculations. A band 23 iniles witlet 
with a cclntral I< of .003000 would probably give the best fit. 

I n  the east section the fit of the curve is also good, but the 
variatlo~ls are smaller and it cannot be said tha t  the changes of 
s l l~~~l>t i l ) i l i ty  suggested necessarily have any real significa~lce. For 
what they are worth the curves suggest tha t  in the 20  iniles south 
of latitr~tle 26' :10' susceptibility increases f r o ~ n  sonth to  ~ l o i ~ t h  1,)- a 
total :~nlount 1 of .001700. 

111 the most nol.therly 25 iniles both the east and west sections 
show siinilar clepnrtm.es froin the calcnlated curves: a depi-ession of  
nhor~t 200 y in 8, ancl n fall of almut 100 y in 71 followecl by s rise 
to nol,~nal. These variations suggest coinparison with Fig. 13, 
i1ldicating a tlecl-easc of susccptihility uncler- the Siwiililrs, but the 
variations are too sinall a11cI too c l~ l~endent  on the accepted 11o1-ma1 
valacs to innke any interprctntion ~)ossible. 

Plates XV nncl XVI show that the anoinalies in the east and 
wmt section8 brn1- IittIp rcsc~m1)lallce to each other, and this adds to 
t h ~  cliffic~llt~~ of intcq.p~.ctatio~i in t ~ v o  mays. Firstly, the cnlculstrd 
curycs arc l m s ~ d  on an i n f i u i t ~  extension a t  right angles to the -- - -  - - -  - - - - -. - - - . - - - 

* Shown in l>roken linca : ~ t  thc bottom of Plntc XV. 
t shown c1ottc.d nt t h ~  bottom of J'lnte XV.  
% Shown in broken line at the bottolll of Plate XYI. 
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paper, which is clearly not the case if the two sections differ. And 
secondly, a difference between the t,wo sections indicates changes of 
su~cept~ibility from east to  west, which must be responsible for part 
of the anomalies of H ancl V. It is not therefore correct to ascribe 
all the anomalies to changes from south to  north. 

The observed anomalies vary abruptly from one st,ation to the 
next by somet'imes as much as 100 y. If  the estimate of accuracy 
given in para 2 is a t  all correct, these variations are not due to 
error. It is not possible tlo trace any connection bet,ween these 
abrupt changes in t,he three differei~t sect,ions, and nothing can be 
said about their cause. 

34. Conc1~~ions.-The conclusiolls which may be drawn from 
the above paragraphs may be summarized as follows:- 

( a )  The effect of any probable form of the alluvial trough on 
H and V is far  too small to  account for the observed anomalies. 

( b )  A belt of rocks of high susceptibility underlies the 
south end of the west section, but  does not extend as far as 
the east section.* 

( c )  B0t.h the east and west sect8ions indicate some 
dist~urbance a t  t'heir nort,h encl. 

TABLE 1.-Pnlues of H and V on me~idian 85' E. 

Lntitnrle 

- 

J I 

1 9  27 
20 0'2 
20 23 

20 57 
2 1 2 4  
21 14 

22 IH 
2 2 
2:; 2 k 

2:< .-B k 
2k 13 
21. k7 

2.5 1 C 
23 35  
2; 11. 

26 30 
26 I.6 

area ir shown in sheet 72C. 

t The  nnmher refers to  Record Volume XIX. The interpolation is not 
necessarily w t h  equal weights. 

Interpolated 
betwc1t.n 

station Nos.? 

- - - - - - - 

LX. 694 
940, 697 
1 3 

936, 1168 
1 1 6 1 1 5  
1166, 1 1  

e-r  
0 .  5 4  

1082. 1031 
H44. 1030 

483, 879 
882. RHO 
XIV 

511 
1064. 510 

998 

529 
LIII, 531 

This i a  inrlicaterl 

Values i n  1920.0 

- -- " - - I - 
34288 
34114 
:38026 

37872 
:I7595 
35452 

3719k 
3tj9Cl6 
36412 

37087 
36509 
36680 

17672 
18564 
19062 

20003 
20711 
21-120 

1 21937 
23159 
23661 

2t61.E 
24400 
26061 

Change from 
1920 to 1937 , 0  

v - - - " l - L  
Values in 1937.0 

" I v-- 

776 
755 
741 

719 
700 
688 

667 
634 
617 

595 
579 
555 

535. 
519 
512 

4.78 
466 

3906-1, 
38468 
38567 

38591 
38295 
38140 

37861 
37630 
37129 

37682 
37088 
372:jj 

36702 
36481 
36317 

36061 
. j j # ~ ! )  

652 
671 
683 

'703 
721 
3 3  

748 
766 
"- 1 l a  

788 
787 
782 

777 
773 
$51 

6 
7(j0 

36167 26465 

18324 
19235 
19745 

20706 
21462 
22153 

22645 
23915 
2k4% 

25k02 
25587 
2HR43 

27242 
2%S* 
37962 

29823 
2!lliO8 - 

Records Vol. XIX, 

:33962 
35835 

whel-e a ilistnrl~ed 

26901 
27191 

:13583 2RI.60 
3j33k3 , 28818 

In t h e  final chart  of 
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TABLE 2.-Magnetic Btations 1936-37. 

WEST SECTION 

Latitude 
I I Observed (Reduced to  1937.0 

Longitude 

Norma1 1937 0 

H.F.  I V.F. 

y 

+30 
+38 
+34 

+23 
+ 24 
+ 20 

+26 
-t 2 
- 1 

- 8 
- 4 
- 4 

- 8 
-21 

0 6 0 - 1 1 - 9 9  

-35 
-38 
-42 

- 5 
-53 
-52 

-55 
-49 
-81 

-48 
-30 
-29 

+ 4, 
+ I 5  
+ 7 

+ 5 
+ 20 
+31 

+26 
+48 
+51 

+48 
+57 
+ 64 

Continued 

C. G. S. 

0,35545 
550 
557 

565 
571 
580 

586 
595 
ti02 

609 
616 
622 

628 
635 
642 

651 
658 
6ti6 

673 
682 
690 

697 
$04 
711 

718 
725 
734 

751 
758 
766 

773 
780 
788 

795 
803 
811 

818 
825 

1.36832 

Anomaly 

H.F.V.F. 

y 

-246 
-296 
-264 

-178 
-238 
-196 

-244 
-228 
-166 

-169 
-175 
-146 

-136 
-138 

-106 
- 71 
-139 

- 62 
-13ti 
-135 

... 
- 2'7 
- 58 

- 160 
-107 
- 60 

- 69 
- 75 
- 54 

- 35 
- 52 
- 83 

-123 
- 88 
- SO 

- 74 
- 66 
- 94 

) 
F 

C.G. S. 

0.30385 
370 
348 

323 
303 
275 

255 
228 
208 

185 
163 
143 

125 
103 

053 
032 

0.30005 

0.29985 
955 
930 

910 
888 
865 

845 
883 
793 

740 
718 
695 

673 
650 
625 

603 
678 
553 

530 
610 

0,29488 

( 
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TABLE 2.-Magnetic Stations 1936-37. 

WEST SECTION-(cmtd.) 

'" 

3~ 
LI) 

40 
41 
42 

43 
44 
45 

46 
47 
48 

49 
50 
51 

52 
53 
54 

55 
56 
57 

59 
59 
60 

61 
62 
63 

64 
65 
66 

67 
68 
69 

70 
7 1 
72 

73 
74 -- 
1 D 

76 
77 
78 

Normal 1937.0 

I V. F. Latitude 

, ,, 
26 42 e2 

41 52 
41 01 

40 02 
39 12 
38 20 

37 25 
36 33 
35 40 

34 48 
33 49 
32 65 

31 53 
30 59 
30 05 

29 08 
27 32 
2640  

25 48 
25 00 
24 10 

23 20 
22 28 
21 36 

20 36 
19 31 
18 24 

17 32 
16 39 
16 43 

1450  
13 57 
13 04 

12 11 
11 16 
10 23 

09 33 
OR 37 

26 07 46 

y=o-00001 

C.Q. S. 

1.35838 
845 
852 

860 
866 
874 

881 
887 
894 

902 
910 
917 

925 
932 
939 

947 
960 
966 

974 
980 
986 

0.35994 
0-  36000 

007 

016 
024 
033 

040 
046 
054 

o t ; ~  
068 
076 

082 
090 
097 

103 
111 

0.36118 

) 

Longitude 

, ,, 
84 39 44 

39 51 
4.0 03 

4.0 06 
40 02 
39 57 

39 52 
3942  
39 42 

39 45 
39 36 
39 29 

39 21 
39 11 
39 01 

39 13 
39 43 
39 51 

40 03 
40 23 
40 47 

41 00 
41 22 
41 34 

41 4.4 
41 42 
41 38 

41 27 
41 22 
41 22 

4104 
4050 
40 42 

4035 
40 39 
40 43 

40 52 
40 48 

84 40 39 

C. G. S. 

Anomaly 

H. F. 

y 

+ 74 
+ 97 
+ R l  

+ 82 
+' 80 
+ 112 

+ 122 
+ 95 
+ 95 

+ 111 
+ 118 
+ 121 

+ 149 
+ 143 
+ 168 

+203 
+ 152 
+ 171 

+ 155 
+ 207 
+ 177 

+ 166 
+ 152 
+ 181 

+ 177 

+ 183 

+ 167 
+I59 
+ 179 

+ 170 
+ 164 
+ 159 

+ 158 
+ 126 
+ 126 

+ 89 
+ 76 
+ 

( 

Observed (Reduced to 1037.0) 

H.F. I Dip 1 V.F. 

C. G.  S. 

0.29468 
448 
425 

400 
380 
358 

335 
315 
293 

270 
245 
223 

198 
175 
153 

128 
OR8 
068 

045 
025 

0.29005 

0.28983 
963 
940 

915 
HHH 
8(;0 

8.79 
817 
793 

770 
750 
728 

705 
682 
660 

640 
615 

0.28596 

V. F. 

7 

-118 
- 31 
- 1 

- 67 
- 81 
- 77 

- 81 
- 31 
- 8 

- 38 
- 76 
-152 

- 86 
-133 
-145 

- 95 
-1.50 
-I@ 

-167 
-155 
-188 

-211 
-288 
- 198 

-158 
+190-155 

-217 

-231 
-371 
-282 

-316 
-319 
-300 

-317 
-304 
-356 

-486 
-M3 

82-42e 

~ o n t i n ~ d  

C.G.S. 

0.35912 
942 
933 

942 
946 

0.35986 

0.36003 
0.35982 
0.35989 

0.36013 
028 
038 

074 
075 
107 

150 
112 
137 

129 
187 
163 

160 
152 
188 

192 
214. 
216 

207 
205 
233 

232 
232 
234 

240 
216 
223 

192 
187 

0.36200 

, C.G.S. 

39 15.2 0.29350 
17.6 417 
18.41 424 

12.8 
10.6 
07.7 

05.4 
08.1 
07.8 

39 03.6 
38 59.3 

53.2 

53.9 
49.8 
46.3 

45-6 
42.0 
40.3 

37.7 
34.6 
32.6 

30.1 
24.8 
27.0 

27.8 
25.3 
20.0 

18.3 
08.9 

1 11.4 

08.2 
06.8 
06.6 

03.9 
38 04.4 
;37 59.7 

62.3 
53.6 

37 62.8 

333 
299 
281 

254 
284 
285 

232 
169 
071 

112 
042 
008 

0.29031 
0.28938 

928 

878 
870 
817 

772 
676 
742 

757 
733 
643 

607 
446 
511 

454 
431 
428 

388 
378 
304 

154 
142 

0.28169 
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TABLE 2.-Magnetic Btations 1936-37. 

WEST BECTION-(c~n~ld, ) 

5 .  .- 
2 2 
;; 

i 9  
SO 
81 

82 
R3 
84 

85 
86 
8'7 

RN 
89 
90 

91 
92 
93 

94 
95 
96 

9; 
98 
99 

100 

Longitude 

, ,, 
84 40 42 

40 52 
41 08 

41 18 
41 23 
41 32 

41 27 
41 32 
41 23 

41 31 
41 52 
41 54 

41 58 
42 13 
42 02 

42 23 
42 41 
42 57 

43 00 
42 57 
42 40 

84 4'2 27 

Latitude 

, , 

26 06 4.4 
05 47 
04 52 

04 02 
03 13 
02 20 

01 25 
26 00 33 
25 59 38 

58 38 
57 44 
56 53 

56 00 
5 5  00 
54 00 

53 04 
52 17 
51 28 

50 31 
49 41 
48 55 

25 47 42 

C.G.S. 

0.36153 
175 
124 

086 
0,36030 
0.35992 

887 
780 
657 

539 
392 
386 

387 
313 
601 

807 
939 

0.35956 

0.36126 
201 
221 

0.36467 

C.G.S. 

0.36126 
134 
141 

148 
154 
162 

169 
175 
183 

191 
198 
205 

812 
220 
228 

235 
242 
248 

256 
262 
269 

0,36278 

, 
37 47 -5  

46.3 
43.4 

42.1 
42.4 
43.7 

44.5 
45.7 

37 36.3 

38 03.3 
37 41 5 
38 31 - 3  

43.8 
47.7 
41.0 

38.6 
33.2 
32.0 

27.7 
25.9 
29.0 

38 13.8 

C.G.S. 

0.28568 
545 
523 

500 
480 
458 

435 
415 
390 

365 
342 
322 

300 
275 
250 

227 
207 
187 

162 
142 
122 

0.28092 

C.Q.S. 

0.28043 
0.28040 
0,27952 

901 
863 
855 

787 
724 
454 

829 
0.27355 
0.28176 

387 
394 
512 

635 
649 
642 

704 
732 
802 

0.28728 

y 

+ 27 
+ 41 - 17 

- 62 
- 124 
- 150 

- 282 
-395 
-526 

-652 
-806 
-819 

-825 
-907 
-627 

-428 

y 

-525 
-506 
-571 

-599 
-617 
-GOY 

-648 
-691 
-916 

- 536 
-98'7 
-146 

+ 87 
+119 
+262 

+4OH 
-303 t41.2 
-292 +455 

- 130 + 542 
- 611 +590 
- 48 + 680 

+ 179 + 636 
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TABLE 3.-Magv~tefic Stations 1936-37. 

EAST SECTION 
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TABLE 3.-Magnetic Stations 1936-37. 

EAST SECTION-(contd.) 
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TABLE 3.-Magnetic Stations 1936-37. 

E A ~ T  B E C T I O N - ( C ~ C ~ ~ .  ) 

El I 
? .  I 
$ Latittide i Longitude 
0 I 

185 
1 Hti 
137 

1RA 
199 
100 

Observed (Rednced to 1'337.0) 
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TABLE 4.- Magnetic Stations 1934-35. 

CENTRE SECTION 

Normal 1937- 0 

H.F. I V.F. 

-y 

- 74 
- 78 
- 74 

- 76 
8 3 3 - 7 0 - 3 9  

- 86 

8 2 3 - 7 8 - 5 0  
- 20 

7 8 3 - 4 9 - 4 8  

- 79 
- 60 

6 0 8 - 5 1 +  

- 35 
- 4 
- 13 

- 6 
- 4 
- 40 

+ 18 
+ 9 
+ 10 

+ 
+ 23 
+ 32 

+ 45 
+ 7 1 , -  
+I12 

+ 139 

Anomaly 

B.F.V.P.  

y 

- 66 - 29 
- 37 

- 67 

-101 

- 44 

- 57 
- 31 

1 

- 1 
+ 97 
+ 132 

- 24 
+ 49 - 19 

- 14, 
0 

- 34 

- 
- 21 
- 47 

- 21 
29 

- $3 

- 106 

1 c 
1 
la 

2 c  
2lI 
2a 

2 
3 
4 

5 
6 
7 

8 
9 

10 

11 
12 
13 

1.1 
15 
16 

17 
18 
19 

20 
21 
22 

23 

, ,, 
84 54 53 

54 53 
54 39 

55 00 
5 5 0 0  
54 59 

5 5 0 0  
55 04 
5 4 5 5  

55 11 
54 48 
5 5 0 5  

5607  
54 53 
55 07 

5 4 5 7  
55 00 
55 03 

5 4 5 4  
55 00 
55 00 

55 05 
5 4 5 0  
54 53 

55 00 
55 02 

84 54 58 

, , 

26 58 09 
57 57 
57 45 

57 30 
5717 
57 05 

5652 
56 06 
5520 

53 05 
50 02 
4819 

4550 
43 04 
42 00 

4128 
4 0 3 8  
30 53 

38 58 
:3R 18 
37 21 

:in 20 
::5 30 
:rb 49 

3211 
29 20 
26 27 

2G 1 01 

C.G.S. 

0.35660 
658 
664 

664 
672 
657 

667 
731 
709 

696 
740 
763 

789 
851 
851 

862 
871 
841 

9 0 6 ;  
903 
911 

C.Q.S. 

0.29789 
821 
808 

771 
794 
72i 

773 
759 
735 

671 
619 
609 

5 
575 
582 

41 4 
464 
379 

361 
358 
301 

, 

39 52.2 
54.1 
53.1 

51.0 
51.9 
48.8 

51.0 
47.1 
46.8 

43.8 
38.7 
37.0 

31.6 
30-9  
31.3 

21.2 
23.6 
20.2 

16.1 
16.0 
12.4 1 

C.G.S. 

0.35734 
736 
738 

740 
742 
743 

745 
751 
758 

775 
800 
814 

834 
855 
864 

868 
8'75 
881 

848 
894 
901 

912 
939 
954 

5 5 0 3 0 . 3 5 9 8 7 3 9 0 2 . 1  
0,36037 

100 

0.36147 

C.G.S. 

0.29855 
850 
845 

838 

828 

803 

728 
650 

545 
478 
450 

438 
415 
398 

375 
358 
335 

810 
916 
932 

942 
966 

0.35988 

0 36008 

308 
288 
270 

205 
133 
062 

0,29000 

i 12.6 , 
0 9 . 1 1  267 
05 9 1 223 

I 

38 55.1 
45.5 

138 37. 8 

184 
0.29104 
0.23939 

0,28495 



COMPUTING OFFICE AND TIDAL SECTION 

COMPUTING OFFICE 

35. Readjus tment  of t h e  pr imary  triangulation-The 
reacljustment of the primary triangulation of India and Burma has 
now been completed as  far as i t  is a t  present expedient to take 
it. That is to say, revised values have been obtained for scale, 
azimuth and posit,ion a t  the junctions of all primary series. Revised 
geodetic values a t  astronomical stations can now be immediately 
obtained by interpolating between the changes a t  these junction 
points. If the new adjustment is ever made the basis of the 
survey and inclucled in the triangulation pamphlets, each series 
will be jnclependently adjusted on to the values of scale, azimuth 
and position now assigned a t  its two ends, by the methocl a t  present 
employed for adjusting a new series between it's starting and 
closing stations. Some revision will be necessary in Assam and 
Burma in two or three years' time, on the completion of field 
work still in progress. 

Chart XX shows the changes in position arising from the new 
adjustment. I n  India t,he only large changes are in loi~gitude to 
the south of Bangalore where the inclusion of Laplace stations has 
causecl c h a n g ~ s  amount,ing to 90 feet a t  Cape Comorin. Changee 
it1 Burma are rather larger ( u p  to 120 feet a t  Moulmein ), which are 
also mostly due to the inclusiori of Laplace stations. 

The blocks of triangulation usually Irnown as the north-east 
ancl south-west cluadrilaterals are wholly of seconclary accuracy and 
hare not yet been reacljusted. The changes of positiou will not, 
however, be very large. The adjustment of the Burma Coast series 
south of Rangoon requires to be considerecl separately froin India, 
with the Siamese triangulation which is not yet complete. 

36. Lamber t  Grid.-The acljustment, ~Iassification a~icl con- 
version to grid terms of all data in the frontier, trans-frontier all(] 
principal military traininu areas have now been completrcl, and tmhe P yricl data pamphlets ( 57 in all ) have now been compilecl except two 
training area pamphlets. 

Figures for the current year are :--3,000 points classifid and 
convertecl, 23 pamphlets compiled, and 9 pamphlets 

Triangulat,ioii of 'E'  Company in 1935-37, lyillg iilsi(1e the 
grid area, has been computed and acljustecl and incl~lcl~d ill the 
pamphlete. 
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37, Mandalay : Meridional series.-The colnputations of 
Mandalay Meridional series ( 1936-37), and of the astronomical 
observations made in connection with it, have been carried out. 
Details of:the closure of the series on previous work are given in 
Chapter I. 

38. Hayford --computations.-Of the 1,000 stations a t  which 
the deviation of the vertical has been measured in India, the com- 
puted Hayford deflection has only been calculated a t  about 300. 
Durilig the current year i t  has been computecl a t  a furt,her 90 stations, 
aiid it is hoped to continue the work and finish i t  during t'he next 
fewlyears. Results will be published later. 

39. Publications.-In addition to the grit1 trialigulatioil 
pamphlets referred to above, the following publications have 1)tv.n 
prepared and seen through the press :- 

( i ) Geodetic Report 1936. 
(ii) Levelling pamphlet No. 43, 2nd editioi~. 
(iii) Auxiliary Tables Part  111, 6th editioli. 
( i v )  Geodetic Handbook Part  VI (levelling), 3rd edition. 
( v ) Addenda to 4 Triangulation pamphlets. 

40. Mi~cel1aneous.-~rian~ulation and traverse carried orit 
by No. 1 Party has beell computed, especially a large number of 
resected stations and intersected points in the Gaiigotri glacier and 
Nanda Devi areas. 

The heights of the Sambalpur Meridional series have been 
~.ecoinputed and adjusted in connection with discrepancies arising 
between the work of topographical parties in that area. 

Sixty hypsometric heights observed by Mr. G. Sheriff in Bhutan 
in 1936 (sheet 78 M) have been coinput~d. d A large number of requisitions for clsta, an!1 9tiLr.i p e  
work, have been ritte~lcled to, and assistance in their coml~iitatio~ls 
llas beell given to other parties. 

41. Chart Section.-The Chart Section has coi~lpleted :- 
( u  ) Charts for 12 grid t,riangulatioll painldilets. 
( 1 1 )  18 charts alld plates for Geodetic Report l!):;(i. 
( c )  About 60 lniscellaileous charts and diagl-:ems. 

TIDAL SECTION 

42. Tidal observations.-Registrat,iolls wit,h automatic f;augcls 
were col~t~illu~d by the Port authorities a t  Adcn, Karilchi, Bo~nLay, 
Vizagapntarn, Dublat, Calcutta and Rangoon. 1):tyligllt observatiul~s 
0" were also cont,inued at Bhiivnagnl., Cl~itt~ngong and 
AkJ'ah. Reports are no longer receirrtl froin Colomll(l. 

The observatory at AdPll was damnge(1 11)- a ~t(ll.lll 0 1 1  f11(' J s t  
1 1 It wag pllt ill ol*der and restarted 0 1 1  tltc 9th Jlli).. 
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leaving a break of 8 days in  the automatic registration, which was 
filled by quarter-hourly observations on a tide-pole. The zero of 
the gauge has been reset approximately to  the same level as before 
the st,orm. 

I n  connection with the re-building of the wharf a t  Brooking 
Street, Rangoon, the tidal observatory was removed from there to 
Sule Pagoda wharf No. 7 on the 24th February 1937 and the 
bench-mark of reference (Graham Smith's B.M.) was destroyed. 
I t  has been replaced by a new bench-mark, known as Scott's bench- 
mark, near t'he Flagstaff in Lewis Street. The observatory was 
first erected in Rangoon a t  the Latter Street wharf in 1880 (auto- 
inatic regist.rations startillg on 1st  March 1880), whence it was 
removed to the Brooking Street wharf in June 1891, where it 
remained until February 1937. 

The observatory a t  Bombay was dismantled on the 15th April 
for overhauling and zero measurements, and clid not work froin tlie 
l.5th to the 22nd April 1937. 

No breaks in t,idal ~bservat~ions occurred a t  Karachi or Ca1cutt.a 
during t,he year under report,. 

43. Corrections t o  predictions.-Empirical corrections based 
on the "actuals" of recent years, have as in previous years been 
applied to the 1938 predictions for Chiindblli, Calcutta, Chittagong 
and Rangoon. 

44. Tide-tables.-The Tide-tables of the Indian Oceaii and 
the three pamphlets for Bombay, the Hooghly River and the Rangoon 
River have been prepared as usual and published in October 1936 
for the year 1937 ancl in September 1937 for 1938. Advance 
3~reclictions for 1938 for a number of ports were sent i l k  Oct01)er- 
b c  - -.->or 1936. on the usual exchange basis, to the ~yclrographic 

-7. . ~ e p a r c h e n t s  in fi'ngland, GIL .,,teci z t a h s  :md Japan for inclusioll 
in their tirle-tables. 

A sum of Rs. 3,500131- has been realized from t,he snlc of tide- 
tables rlwing the year ending 39t,h September 1957, exc.luuive of 
agents' commission. 

45. Accuracy of predictions.-Table 1 gives t h ~  greatest 
prrors in the predictecl height of low water during 1936 a t  the 110rts 
for which "actuals" are available. Tables 2 to 12 give detailed re~ults 
f01. the comparison of the predicted and actual values. The q u ~ l i t ' ~  
of pr~dict ion is practically the same as in previous years. 

46. Methods of prediction- he routine methods of prp'lic- 
ti(m have been overhauled, and a number of minor changes ma(1e 
which will make for quicker working without loss of accuracY7 
rslwcially in the prediction of riverain ports. The s t r en~ t~ l l  of the 
Tidal Section has been reducecl to a Tidal Assistant and 5 c0~pakr s9  
~ l l d  reduct,ion to 4 computers is anticipated, 
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TABLE 1.-G~eatest diferences between predicted and actual heights 
of low w a t e ~  during 1936. 

~ ~ E M A R K B  

-- 

Actual values 
are available 
up to 31st 
July 1936. 

Riverain port. 

Do. 

Do. 

Riverain port. 

Predicted 
Port I minus 1 Date 

Actual 

* T!IC mean range of the ordinary spring-tides a t  this port is 314 feet. 

. ,  I ' - - J -  -. / 

May 21 and June 19. 

Feb. 29. 

March 24. 

June 26. 

Jan. 8. 

June 30. 

Oct. 4. 

Oct. 4. 

Aug.7. 

Jan. 28. 

May30. 

Aden ... 
Karachi ... 
Bhivnagar ... 

Bombay (Apollo Bandar) 

Vizagapatam ... 
Shortt Island . . .  

Dublat .,. 

Calcutta. (Kidderpore) . . . 

Chittagong . . .  

Akyab ... 

Rangoon ... 

feet 

+ 0 -  7 

-1.0 

- 4.9% 

- 1 . 3  

+0.8  

- 2 . 4  

- 4 . 0  

-3.9 

- 3 - 3  

- 1 . 4  

-2.1 
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TABLE 2.-Mean errors El* and E,* for 1936, I 
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TABLE 3.-Mean errore El* and E,* for 1936. 
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TABLE 4.-Mean errors E, * nr~d E,* for 1936, 

B H ~ V N A G A R  

PERIOD 
El* 

- - + + - + + - 

Jan. 1-15 14.2 

0 .6  

Fob. 1-15 17.1 

0.3 

0 . 1  

0 .3  

0.2 

0 .1  

0 .3  

0 .3  

0 .4  

0 .8  

0.4 

0 .1  

0 .4  

16-29 

BIitr. 1-15 

16-31 

Aprill-15 

16-30 

May 1-15 

16-31 

Jlmel-15 

16-30 

Jllly 1-15 

16-31 

hug. 1-15 

16-31 

Sept. 1-15 

' 

16-30 

Oct. 1-15 

16-31 

No. 1 

i f i - ~ n  

DPC. 1-1.; 

13.9 

22.5 j 

16.8 / 
I 

17.5 i 

11.1 

17.3 

18.8 

16.5 , 
8 .91  

19.0 1 
i 

15 9 i 
8.5  1 
7.8 

8 .3  

lfi-31 13.5 25.4 1 .0  18-3 0.6 27.6 1.2 0 ' ' 1 '  I 

h l ~ r n ~ . .  I + 14.8 1 1  - 0 .2  1 - 21.3 1 - 0.2 
I 

i 4  with regard to sign: E2 is without regard to sign. 
t Actual values are t,ide-pole reading8 during daylight only. 
$ Olle-tenth of the mean range of the ordinary epring-tides ie 3.1 feet. 

11.6 

31.3 

13.1 

23.9 

10.6 1 

15 .9  

0.2 

0 .1  

0 .1  

26.7 

27.6 

24.7 

37.9 

18.1. 

25.9 

10.8 

38.7 

25.1 8 ' 4  

9 .5  

16.7 

15.5 

I 

22.6 

10.1 

1 13.7 

29.8 

18.9 

30.9 

21.8 , 
10.6 / 

0.0  

0.0 

0 .3  

0.3 0.2 

0 . 7  

22.6 

14.7 

21.8 

15.8 

20.1 

18.4 

0 - 5  

0.7 

0.1 

1 . 1  

0.7 

0.7 

0.4 

1.5 

1 .3  

0.9 

0 .7  

0.6 

1 . 0  

20.1 
' I  

16.4 

10.0 

13-7 

8 .7  

0 .7  

0.5 

0.5 

0 . 9  

0.8 

0 .9  

0 .3  

0.8 

16.7 

18.1 

17.1 

14.1 

22.5 

19.9 

17.5 

17.8 

17.3 

0 ' 5 0 . 1  

13.3 1 0.8 

17.6 

16.5 

16.7 

19.1 

0.5 

0 .3  

0 .4  

0.7 

22.1 

31.3 

21.1 

24.1 

11.7 

lf i .5 

0 .4  

0 .5  

0.6 

0.6 

1 0 . 3  

0.5 

0 .4  

0.6 

0 .4  

0.6 

0.7 

0.4 

0.7 

0.6 

0.9 

0 .4  

21.4 

31.9 

21.2 

32.4 

0.8 

1 . 4  

1.3  

0.8 

1.0  

1.1 

30.3 

37.7 

26.7 

49.9 

21-0 

35.8 

15.3 

40.5 

8.9 

26.4 

11.3 

20.4 

18.7 

0.8 

1.0 

1.1 

0.8 

0 

0 1  
0 

0 

2 

0 

1.0 

1.3 

1 -0  

1.9 

0.9 

1 - 8  

0.6 

1.8 

0 . 7  

1.0  

0.5 

0.5 

0.6 

0 

0 

0 

0 

4 

8 

2 

5 

2 

4 

0 

0 

0 

0 

0 

0 

0 '  

0 

0 

0 

1 

0 

0 

5 

9 

4 

8 

' 
fi 

9 

8 

7 

8 

5 

7 

0 

8 

0 

1 8  

lo 

8 

0 

5 

5 

O 

O 

O 

15 

" 

' 

3 

1 

0 

1 

1 

4 

0 

2 

1 

5 

8 

5 

8 

5 

8 

3 

9 

3 

I 

3 

6 

1 

6 
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TABLE 5.-&!ealz errors El* and E,* for 1936. 
BOMBAY (APOLLO BANDAR) 
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TABLE 6.-Mean. errors .El* and E2* for 1936. I 

El ie with regard to eign : E9 ie without regard to  sign. 
t Error small hut not recorded. 
$ One-tenth of the mean range of the ordinary spring-tides. 
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I TABLE 7.-Mean errors El* and E,* for 1936. 
b BHORTT ISLAND 

I 

- I 

PERIOD 

1936 

Jan. 1-15 

16-31 

Ftb. 1-15 

16-29 

ynr, 1-15 

16-31 

lprill-15 

16-30 

Nay 1-15 

16-31 

Jan0 1-15 

16-30 

July 1-16 

16-31 

lug, 1-15 

16-31 

&pt. 1-15 

T o ~ ~ ~ a , ,  ---- 
8 . ,  - 

16-30 

Oct. 1-16 

16-31 

NOV. 1-15 

16-30 

Dcc, 1-15 

16-31 

Actual values nro not available from 1st August 1936. 

Number of 
MEAN ERRORS erroreexceeding 

(Predicted- Actuelt) 
30 1 '0% 

€9' 
minutes eet in 

€1 * in time {eight 

H. W. I L. W. 
Time Height Time 

n i i n a f ~ s  ( 1  feet 

' is with regard to sign: Es in without regard to sign. 
t Actllnl vahles are tide-pole readings during daylight only. 

One-tenth of the mertn range of the ordlntlry spring-tldcs. 

1271.71 Ig.6 ~ f i c j . l ! /  1 1 0 ~ 2 ) 3 1 6 ~ 6 8 ~ 8 1 3 0 ~ ~ 5 1 1 0 ~ ~ ~ 5 3 I 6 6 l 4 ~ / 4 4 ~  

- 19.6 I/ -0 .7  

23.0 

20.8 

20.1 

13.3 

24.9 

12.5 

28.4 

19.6 

13,9 

- 19.0 1 1  - 0.7 1 22.5 10.71 21.8 ) 0 * 8 1  1 I 1 

+ I - / +  - 
19.1 0 - 4  25.5 0 - 3  19.1 0 .4  5 2 0 0 

1 23.7 

18.5 

20.7 

25.5 

18.5 

28.9 

17.0 

17.3 

0 .5  

0.7 

0 .4  

0 .9  

( 0 . 3  

10.4 
I 

! 0.4  

0 .4  

0 ~ 4 %  

0.7  

0.9 

0.8 

0.5 

0.6 

0 .3  

0.5 

0.4 

17.4 

14.6 

19.2 

15.8 1 

1 . a  
0.8 

1.3 

21-3 

22.3 

22.7 

25.5 

20.3 

33.6 

21.8 

15.2 

0 .9  

0.5 

0 .7  

0 .5  

0 .3  

0 .4  

0 .4  

0 .5  

0.4 

22.6 

1 .0  

16.5 1 .3  

25.5 

19.3 

20.8 

19.2 

24.1 

18.5 

22.6 

30-9 

19.1 

29.4 

25.4, 

17.4 

11.5 

0.9 

006 

1 .6  

1.2 

0.8 

1.3 

0.7 

0 .9  

0 .8  

0 - 5  

0 .6  

0 .5  

0.6 

0 .4  

1 .3  1 

20.3 

I 

25.0 

21.0 

20.2 

12.5 

3 

2 

3 

3 

3 

10 

4 

1 

0.9 

1 .0  

1 .3  

0.6 

1 .9  

3 

4 

1 

3 

0 

1 

0 

1 

0 

51 0 

6 

3 

4 

4. 

4, 

7 

6 

7 

5 

4, 

0 

0 

0 

0 

0 

2 

0 

4, 5 

6 

10 

3 

7 

3 1 

7 

5 

3 

9 11 

13 

9 

6 
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TABLE 8.-Mean errors El* and E2* for 1936, 
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TABLE 9.-Mean errors El* and E,* for 1936. 

CALCUTTA (KIDDERPORE ) 
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TABLE 10.-Mean errors El* and E,* for 1936. 

CHITTAGONG 
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I TABLE 11.-Mean errom El* and E,* for 1936. 

1 AKYAB 
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TABLE 12.-Mean errors El* and EB* for 1936. 

F:, is with r?gard to sign : El is without regard to sign. 
t 4-jne-tenth of the mean range of the ordinary spring-tides is 1 . 6  feet. 



OBSERVATORIES 

47. Standards  of length.-The standard bars have been 
inter-compared, and seven iilvar wires have been standardized in  
preparation for primary traverse which i t  is intended to observe in 
Bengal. The bars and wires have maintained their previous lengths 
very satisfactorily. Details of the observations are given below. 
The observers were Major G. Bomford and Mr. B. L. Gulat,ee. 

The N. P. L. certificates of the standard bars are given in 
Geodebic Report Volume VII, page 11, and t'he coefficieilt,~ of 
expal~sioil of the invar wires are given in Geodetic Report 1933, 
page 30. The coefficients of the two new wires 1037 and 1038, as 
given by the N. P. L. are + 0 -  0000 and + 0.0012 millimetres per 
24 metres per OC respectively. I n  the paragraphs which follow, 
the "reputed length" of a bar is tha t  given by it's N. P. L. certi- 
6cat.e a t  the temperature of comparison in the paragraph colicel-lied. 
Details of previous comparisons are given in Geodetic Rel~ort~s 
Volume VII, 1030-31, Chapter I1 : Vol. 1933, Chapter V : ancl 
Vol. 1934, Chapter VII. 

Reputed length of nickel = l m  + 0.3232inm 
Reputed length of silica = l m  -0-0234mm 

.'. Reputed silica m,i?~ws nickel = - Os34GGmm 
Observed silica minus nickel = -0 - 34Glinm 
Discrepancy - - - 0.0005inm 

The eight measures given above were macle with the tvro 1,nl.s 
111 thtbir eight possible different relative positions. 

Date 

14-9-37 .. 

Teniperatnre 

T, =24". 43 
TA =2.hG.46 

Mcnn 

G.B. I B.L.Q. 

I 

-0.344,91nm - 0 -  31129111n1 
a3492 1 -3489 
-3436 ' .34,48 
-3467 ,3596 - 3484 
3466 

,3431 
-3477 

---- 
- 0 -  3462mn1 

.3477 
3463 

a 3430 
a 3459 

-0.3461111111 
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The discrepancy of 0 . 5  in lo6 is satisfactory, and compares 
with 0 -  2 in lo6 with the same sign in 1934. 

( b )  Invnr 4-111 ( Bnros plugs) minus Nickel 1.m.- 

First metre ( 0 to 1 ) of invar bar. 

Reputecl length of nickel = l m  + OS3364mm 
Observed invar minus nickel = - 0.2755mm 

.'. length of invar at  25". 55 = l m  + 0.0609mm 
and length of invar a t  24'. 3 = l m  + O.0591mm 
24". 3C is the common temperature to which the four separate 

sections are reduced. 

Second metre ( 1  t o  2) of invar bar. 

Date I Temperature (1.8. I B.L.G. 

7-9-37 . . . 

Reputecl lengt,h of nickel = l m  + 0.3297mm 
Ohservecl invar minus nickel = -0.2827mm 

.'. length of invar a t  25". 00 = l m  +O-O47Omm 
and length of invar at  24" - 3 = l m  + 0 .  OPGOinin 

-0.2734mm 
,2760 
~2758 
2760 
2'753 

a2765 - 2769 
2734 

---- 
= -0.2754mm 

TI = 25'. 55 
T N  -25O.49 

1 

Mean 

- 0.27461nm 
2763 
2765 
2751 

,2751 
-2757 
.2767 - 2751 

-0.27561nm 

Date I Tomperatnre B.L.Q. 

6-9-37 . . . - 0 -  2844mm 
,2811 - 2834, 
a2819 . 2858 
,2802 
2809 

-2816 ---- 
- 0 -  2824mm 

TI = 25'- 00 
T N  =24°897 

Mean 

-0.2844~mm 
. 2823 
* 2824 - 2839 
* 284.2 
-2821 - 2820 
,2819 

- 0.2829mm 
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Third metre ( 2  to  3) of invar bar. 

Reputed length of nickel = l in +0.3315mm 
Observed invar minus nickel = -0.2703mm 

.'. length of invar a t  25'. 14 = l m  +0.0612mm 
a id  length of invar a t  24'- 3 = l m  + 0.0600mm 

Date 

3-9-37 ... 

Fouvth metre ( 3 to  4 ) qf invar bar. 

Reputed lengt,h of nickel = l m  + 0.3295inm 
Observed invar qn,ijzus nickel = - 0 - 2 744mm 

.'. length of invar a t  25'. 00 = l1n + 0 - 0551min 
and le1igt.h of iiivar a t  24'. 3 = lin +O.O54lmln 

B.L.G. 

-0.2703mm 
,2707 
-2700 
* 2682 
,2716 
* 2694 
,2706 
,2699 

-Om2701mm 

Temperature I G.R 

Coinbilling the four sect,ions of the invar bar gives the total 
I~ngt'h of t,he bar (haros plugs ) as 4111 + 0.2192nlm at  24'. 3 C 
accol.dilig to coinpariuoi~ with the nickel bar. 

TI =25'. 14 
T N  =25'*11 

Mean 

Date I Tamperatore 

-0.2685mm 
-2707 
2696 

,2700 
-2714 
,2710 
2710 

,2716 ---- 
-0.2705mm 

G.B. I B.L.G. 

2-9-37 ... - 0.2722mm 
. 2749 
2740 

.2735 - 2725 
a 2736 
.2758 
~2754 ---- 

= - 0.2740mm 

'YI = 25'- 00 
TN =2-h".Y5 

nIeail 

- 0,2'i34mm 
.2'i68 
* 2744 
e2750 
.!A743 
~2754 
,2734 - 2754 

- 0.2748111m 



79 GEODETIC REPORT 

( c ) Invar 4.m ( Barns plugs )-ntinacs Silica 1.m.- 

Firsl metye (0 to 1 ) qf invar bar. 

Date / Temperature 

I Mean 

G.B. I B.L.G. 

Reputed length of silica = l m  -0-0235mm 
Observed invar minus silica = + 0 0814inm 

.*. length of invar at 24'. 27 = 1111 + 0 ~0579iriin 
and length of invar at 24'. 3 = l m  + 0 -05701nin 

Seconcl metre ( 1 to 2 ) of i n v n r  boll.. 

Third nzetre ( 2 to 3 ) of invnr  bar. 

B.L.O. 
- 

+ 0~0783111tu 
.0790 
,0788 
a 0790 
,0781 
,0784 
,0777 
. o ~ n a  

+ 0.07861nii1 

I 
Date I Temperature G.U. 

Reputed length of silica = l m  -0.0233inm 
Observeci invar mintis silica = + 0.0785inm 

.'. length of invar at 24'. 76 = Im + 0.0552inin 
ancl length of invar at 24'. 3 = l m  + 0.0.545inm 

Date 

9-9-37 ... 

+ 0.0766inm 
.0769 
* 0793 
~0781 
. 0779 
-0789 
a 0786 
a 0807 ----- 

= + 0.078~inin  

10-9-37 ... 1', =24'.76 
Ts =24"* 70 

Mean 

I3.L.G. 
- 

+ 0.07H71nln 
. 07!):1 
.07li5 
eO'i57 
a 07H5 
,0815 
,0784 
0776 

+ 0.0783mm 

'I'empernttrre 
-. .- 

TI = 25'. 37 
?Ig =25".41 

Mean 

G.B. 

+ 0.077911im 
n O'iHfi 
.076l 
.07fiA 
,0767 
.079l 
0777 

.0759 ---- 
+ 0.0774mm 
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Reputed length of silica ' = l m  -0.0230mm 
Observed invar minus silica = + 0.0778mm 

.'. length of invar at 25'. 37 = l m  + Oa0548mm 
and length of invar a t  24O.3 = l m  + 0 a 0533mm 

Fourth metre ( 3 to 4 ) of invar bar. 

Reputed length of silica = l m  -0.0228mm 
Observed invar minus silica = + 0.0834mm 

.'. length of invar a t  25'. 85 = l m  + 0 - 0606mm 
and length of invar a t  24'. 3 = 1111 + 0.0584mm 

Date 

8-9-37 ... 

Coinbining the four sections of the invar bar gives the tot,al 
length of the bar as 4in + 0-224 lmm a t  24OS3C according to 
coinparison with the silica bar. 

This may be compared wit'h 4m + 0 -  2192mm obtained from 
the nickel ( sub-para b ). The discrepancy is 1 . 2  in lo6 which is 
satisfactory. The mean is accepted, and gives 

Temperature 

TI =25".86 
Ts =25O.'i8 

Mean 

for the length of the 4-m invsr bar ( baros plugs ). The 1930 value 
was 4*1n + 0.2158mm and the 1934 value 4m + 0.2219mm. 

In  the above comparisons the invar bar was not moved during 
its coinparison with the nickel bar. The nickel bar was reversed 
after the first, four comparisons with each metre of the invar bar, 
but the latt,er was not reversed a t  all. Before comparison with the 
silica bar the illvar bar was reversed and moved on to  the other 
support of the comparator, where i t  was again left unmoved during 
comparison with the silica. The colnparisoi~s wit'h the nickel and 
silica thus do not separately constitute full comparisons, although 
the ~ncan  of the two cloes, and the discrepancy of 1 - 2 in 106 between 
the t,wo cornparisoils is not llecessarily a measure of the inaccuracy 
of t'he filial mean: the latter inag be more accurate than this 
rlkcrepancy  suggest,^. The same procedure was followed in 1931 
and 1934, when the discrepancies were 0 - 8  and 1 . 6  in lo6 
respectively. 

(3.B. 

+ 0.0835mm 
0832 - 0825 
0823 
0828 

-0821 
a 0842 
0833 ---- 

= i Oa0830mm 

B.L.G. 

+ 0.0843mm 
0837 

a0815 
0828 

* 0843 
,0838 
e0840 
,0860 

+ 0.08371nm 
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( d ) 4.m Invar. Edge B minus Bn.ros p111g8.- 

Length of 4-m invar (baros plugs) 
at  24O.3 =4m+0-2217mm (1937) .'. length of 4-m Edge B a t  2 P 0 .  3C = 4m + Om2206mm 

and a t  28'. OC ( required below ) i t  is = 4m + O 2417mm 
I n  1930, the difference Edge B minus baros plugs was 

+ 0-0008mm, and in 1934 i t  was -0.0035. The present figure of 
- 0.0011 is intermediate between the two. The edge marks A and 
B are coarser than the marks on the centre line and these rather 
large changes are probably errors arising from that,. 

Date 

20-9-37 ... 

Mean 

The bar was reversed after the first two set,s. This was also 
done in the comparisons given in ~ub-para ( e ) and ( f 1. 

The length of Edge B is then accepted as 
4 m +0.24171nm nt 2W.0 C in 1987 

( e ) 4.111 Invnr. Edge B ininus Edge A.- 

General mean = - 0-0011mm 

G.B. I B.L.G. 

I Date 1 G.B. I B.L.O. 

+ 0.0007mm 
+ -0026 
- a0068 
- -0027 ---- 
- 0 - 0016mm 

I 
----- 

Mean + 0.003'imm + 0 a 00481nm 

- 
+ 0.0011mm 
+ .OOdO 
- a0048 - ~0015 

- 0 a 0006mm 

General mean B minus A = + 0042min 
Compare 1934 value of + -0032min 
Compare 1930 value of + -0038mm 

I 
~feneral '  mean = + 0.0002mm 

( f ) 4-ln Invnr. Narks on 90lid metnl minus Bnro~ p111g.q.- 

Date I Temperature 

I 

G.H. I B.L.G. 

I 
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N.P.L. certificate ( 1914 ) gives + 0.002. 

This comparison gives a satisfactory indication of the stability 
of the baros plugs. The discrepancy may well be error of 
comparison. 

(g)  4-m Nickel-steel nzivtus 4.111 Invar Bares y1ngs.- 

Length of nickel-steel a t  23O.61 
( from 1934 comparison ) = 4m + O m  7118mm - 

Observed nickel-steel rnir~us invar ( baros 
plugs ) = + 0-4927mm 

.', leilgt,h of invar a t  23O.62C = 4n1 +0-2191mm 
and length of invar a t  24' - 3 C = 4111 + 0 - 2230inm 

G.B. I B.L.G. 

.499'7 
,4974 .dm98 1 
4987 ,5014 

a4983 - -4976 - 4997 .4966 
* 47fiOt .4786t { ~47'75t a 4745t 

+ 0.49271nm + 0.49281111~ 

Date 1 Temperature 

The nickel-steel bar is of an alloy more stable t'ha,n invar, but) 
with a higher temperature coefficient. Between 1914 and 1934 
it,s length increased by 2 * 5 in loG, which  suggest,^ t'hat i t  may be 
considerecl as stable for a periocl of 3 years. Assuming its sta'bility 
during 1934-37, i t  gives 4in+0.2230min for the length of t,he 
invar bar ( baros plugs ) a t  24' 3C. 

16-9-37 ... 

17-9-37 ... 

There are thus three inclepencleiit measures of the lengt'h of 
the invar bar ( a t  24.3OC ) :- 

TI = 23'. 81" 
TNS =23'.80 

TI =23°*0'i" 
TNa =23'.04 

Mean 

From the nickel inet're 4m + 0.3192mm 
From the silica metre 0.224linm 
From the nickel-steel 4-metre 0.223Oinm 

These are in satisfactory agreement,. One inilliont~h of t.lle 
lengt'li of the bar is 0.0010inin. As stat'ecl in sub-para ( c ), the 
mean of the first two figures is accepted. 

( h ) .  Lengths of 24-m mires.-In September 1037 seven invnr 
wires were hung on the coinparator on two different days, and the 
4-metce bar was s t ~ p p e d  along the coinpnl*ator before and aftcr 
each coinparison. Plate XXI shows the resulting lengths of the 
comparator. The lengths of the wires agree well with their 193-18 
values. Wire No. 249 has been discarded, and two new wires 1037 

' Weighted nican of both day4 T, = 23O.62 TN, = 23".6l. 
t Thcse figures are equivalent to 004963, 0.4969, 0.4958 and 0-4,9261nm at 

23".8OC, 
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and 1038 received in 1934 are being brought into use. Detaile are 
given below with 1934 values for comparison. One millionth of 
the lengt,h of a wire is 0.024mm. 

illillimetres i . 1 ~  excess o f  24 metres at 28OC. 

48. Longitude.-The usual bi-weekly time observat.ions were 
made with the shutter and elect'ric-driven transits. The observers 
mere Rai Sahib R. B. Mathur, and Computer Prem Narain. The 
result'ing values of the longitude are given in Table 1 and the 
monthly meail r-alues, using the deini-definitive corrections to the 
Borcleaux ancl Rugby signals as given in  the Bulletill Horaire and 
Aclmiralt'y Notices, are given below. The annual mean difference 
bet'ween t,he two instruments is O"O2 for Bordeax and Ob01 for 
Rugby. 

Wire Nos. 
I 

Date 
' 243 

21-9-37 .., ! -0.19 
23-9-37 ... -0.20 

-0-20 
-0.15 

h 

MOTOR TRANBIT SHUTTER TRANBIT 

I Borclea~~x Fhgby 1~ Boraea~lx Rugby 

148 

I------- 

+1*73 
+1.71 
+1.72 
+1.74 

244 1 247 

h n t  8 

6 12 11-02 

11-19 

11-83 

11-19 

11.79 

11-78 

11-79 

252 

+3-08 
+3-08 
+3-08 
+3.08 

-2.3'7 
-2.41 
-2.39 
-2.38 

October 1936 

November .. 
December ,, 

Januarv 1937 

t1.57 
+1.52 
+1.54 
+1.58 

4 

4 

2 

2 

103'7 1 1038 

11,'ia : : : I  ,.. 
1 

ll.'l i 11.73 

11.74 

... I 11.10 1 1 -  10 

h n t  s 
5 12 11.82 

11.81 

.., 

May . , 1 . . . 
June ... 
duly . 1 3 11.17 

Angudt 1 ... 
., I Hcpt~~nber .. 1 2 . . . 

j_- 

h t ~  s ... 
5 12 11.86 

11.88 

11.71 

t0.02 
+O-79 
+O.81 
+0-80 

. . ,  

11-79 

1I.Rl 

+0.82 
t0.02 
t0.02 
t0.78 

11.72 

11-97 

11-76 

I 11.72 

11.86 

h m  s 
5 12 11-85 

11.85 

11-02 

11-73 

February .. 

>larch .. 
April ,. 

3 

1 

2 

1 

3 

3 

2 

3 

2 

11.i5 

11-75 

11.83 

i 11.76 

4 1 11.76 

3 1 ll.R3 

>lean ... ; , 5 12 11.81 

2 

4 

4 

5 12 11.80 
\ 
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The Shortt clock has worked regularly, although the seconds 
dial has dropped seconds on two occasions. Riefler has run without' 
interruption. 

Two new relays have been received from Dr. de Graaff Hunter, 
for use with his shutter type of transit, to  replace the pendulum 
apparatus which regulates the length of break and interval between 
breaks. Wi th  the new relays a shutter opening can be obtained of 
any desired length between O s * O l  and Os.26 a t  intervals of 1 or  3 
seconds. The new relays are robust, compact and very satisfactory. 

The portable bent transit has been fitted with a shutter, and 
comparative observations between i t  and the transit previously 
fitted are in hand. 

49. Lat i tude  variation.-A latitude observatory has been 
built a t  Agra in the compound of the Meteorological Department's 
upper air observatory, and observat,ions have been started from 1st 
January 1937 with the large Zenith telescope, using t,he same 
system as a t  Dehra Dun in 1930-33. (See Geodetic Report 1933, 
page 44) .  Mr. J.B. Mathur has been in charge with one computer 
and two khnlasis. No results can yet be given as the first year is 
not complete. 

50. Miscellaneous.-The levelling party's iilvar staves were 
stanclardized as  usual, ancl repairs and acljustinents were carried out 
to levels and theodolites used by partlies i11 the field. A Hunter 
Short base and several barometers were standarclized. 

I n  October 1936 Rai Sahib R. B. Mathur made observat'ions 
with a prismatic astrolabe on two nights to determine the 
astronomical longitude a t  Banog H.S. near Dehra Dun, in order to 
complete a Laplace station there. The observations also furnished 
a value of lat,itude which differs from tha t  previously obtained with 
a 24-inch theodolite by 0". 92. Results will be given in the usual 
form in the next Adclenduin Table to the Supplelllent to Geodetic 
Report Vol. VI, which will be published in the Geodetic Report 
for 1938. 

Ranges and bearings for the army were measured in October 
1936 a t  Dehra D ~ I ,  and in May 1937 further ranges were inensured 
at Dehra Dun and also a t  Chakrkta. 

The Omori seismograph has been in operation throughout t'he 
Year, ancl Table 3 gives a list of earthquakes recorded. The installa- 
tion of two Milne-Shaw seismogl-aphs has been postponed for a year. 

The usual lneteorological observations have been lnacle a t  8 a.m. 
and a t  5 p.m. daily since 1st April 1937. A platform for the anemo- 
meter and wind-vane has beell built on the roof of the observat,ory 
to carry the instruments above the clome. 

The Observatory section carried out the reduction of the 
field magnetic observations m ~ l e  in BihLr during the year (see 
Chapter Iv). 
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51. Magnetic  Observations.-The usual programme of mag- 
netic observations has been carried out a t  the Dehra Dtin observatory, 
consisting of a continuous magnetographic record of declination, 
horizontal force and vertical force, controlled by observations of dip 
cl~i ly and of cleclinat,ion and horizontal force three times a week. 

The maglletographs have worked 1-egularly and no interruptions 
of any consequence have occurred. There ha.s been no serious 
flooding of the underground room during the year. 

The meail values of the magnetic elements a t  Dehra Diin in 
1936 were :- 

Declination ... E. 0' 53'*8 
Dip ... N. 45O40'93 
Horizont,al force . . . 0.33181 C.G.S. 
Vert'ical force . . . 0.33968 C.G.S. 

The mean scale values of the magnetographs for an ordinate 
of 1/25 inch were:- 

Declil~at~ion . . . 1 ~ 0 3  minutes. 
Horizontal force . . . 4 .20  gammas. 
Vertical force ... 10.27 to 12.84 gammas 

Hitherto t,he vertical force has been computed using the value 
of the base-line obt'ained by taking t,he mean of all observations 
during a month, or by dividing the month in groups whenever 
abrupt changes were noticed. For the 1936 vertical force the 
base-line used for a selected quiet day is the one derived from 
observat'ions of that day only. 

The mean temperature of the observatory during the year was 
26". 4. The maxima and minima were 27'. 4 and 26O.0. 

The moment of inertia of magnets Nos. 17 and 5 B  was 
determined in April ancl May 1937, and log T ~ K  was found to be 
3.41434 and 3.37739 respectively. The values accepted have been 
3 . 41 440 and 3 - 3 7 738, as in the previous year. 

The mean observecl values of the factor log ( 1 + PI? +&I?) -' 
for magnets -No. 17 and 5 B have been 1 egg405 and T ,99339 
reepctively, and the values accepted have been T - 99415 and I - 99340, 
as in the previoiis year. The high observed value for magnet 5 BY 
namely T -99339 confirms the high values found since 1932. 

Tables 4 and 5 give the values of the constants of the two 
magnets during the year, and Table 6 gives the base-line values of 
the magnetographs. As usual the values given by No. 1 7  have 
hwn accepted. Table 7 gives the monthly mean values of the 
elements for 1935 ancl 1936, ancl the annual changes during the 
period. 

Tables 8 to 11 give the mean hourly deviations from the 
monthly means, and Table 12 gives the classification of the magnetic 
character of all claye of 1936. 
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TABLE 1.-Val.intion of .Longitude of Dehrct D Q ~  fisorn accepted 
value, as detemined by reception of zuireless signals from 

Bordectuz and Rugby, 1936-37. 

Date 

( Greenwich ) 

1936 

July 7 
15 
29 

Au$. 7 
Sept. 5 

18 

22 
28 

Oct. 9 

12 
16 
19 

23 
27 
29 

Nov. 3 
7 

14 

18 
24 
27 

Dec. 2 
la 
21 

27 
30 

1937 

Jan. 6 
13 
18 

23 

Instrn- 
merit nsec 

-- 

Motor 
Shutter 
Motor 

Shutter 
Shutter 
Shntter 

Motor 
Shutter 
Motor 

Shutter 
Motor 
Shutter 

Motor 
Motor 
Shutter 

Motor 
Shutter 
Motor 

Motor 
Shutter 
Motor 

Shutter 
Motor 

Shutter 

Motor 
Shutter 

Motor 
Shutter 
Motor 

Shutter 
Motor 
Motor 

Shutter 
Shutter 
Motor 

Observer 

J.B.M. 
J.B.M. 
J.B.M. 

J.B.M. 
J.B.M. 
R.B.M. 

R.B.M. 
R.B.M. 
R.B.M. 

R.B.M. 
R.B.M. 
R.B.M. 

R.B.M. 
R.B.M. 
R.B.M. 

R.B.31. 
R.B.M. 
R.B.M. 

P.N. 
P.N. 
F.N. 

P.N. 
P.N. 
P.N. 

R,.BJI. 
B.B.N. 

P.N. 
P.N. 
P.N. 

R.B.Ik1. 
P.N. 
P.N. 

P.N. 
P.N. 

R.B.bI. 

No. of 
time 
stars 

I 0 bserved value nainccs 
accepted* value 

I With derni- With 
definitive I definitive 

corrections I corrections ' I  . 

Bordcrux Rugby Bordeaux Rugby I I I I  

* Accepted va11,e of Longitude is 5h 12'" 11'-77. (Continuct 



TABLE 1.-Variation of Longitude of Dehra D'11rt from accepted 
value, as determined b y  reception of wireless szgnals from 

Bo~denuz and Rugby, 1936-37-( concld. ) 

Date 

No. of Observed value rni~~us 

Instrl'- 
1 ment used ( Greenwich ) , 
I 

I 
P 

I 

1937 

Mar. 1 Shutter  
5 Motor 
9 Shutter 

13 Motor 
16 Shutter 
20 Notor 

I 

1.5 ' Shutter 
29 Motor 

April 5 Motor 

10 Shutter 

19 Motor 
14 Shutter 

24 Blotor 
27 Shutter 
30 Shutter 

May -1 Motor 
10 Motor 
17 Shutter 

20 Motor 
27 Shutter 
31 Shntter 

June 4 Notor 
1 .  Notor 
21 Shutter 

July 5 Motor 
9 DI&r 

12 Shntter 

18 Motor 
21 Shutter 

A I L ~ .  10 : Shutter 
I 

19 ; Motor 
Sept. 2 ; Shutter 

6 :  Motor 
I 

12 Shntter 
18 , Motor 
22 1 Shntter 

* Acceptad value of 

accepted* time - 
stars With demi- 

valne 

With 
Observer _ definitive definitive 

corrections 
5 5 
Q 2 ~ o r ~ e a u x  1 R11g.s 

-- corrections 

huieaux 

S 

+0-04  
0.00 
... 
... 
... 
... 
... 
... 

t.0.05 

... 

... 

... 

... 
+0.01 

... 

... 

... 

... 

... 

... 

... 

... ... 

. . . 

/ 

R u d y  

s 
-0.02 
-0.09 
-0.08 

-0.06 
+O.M 
-0.02 

+On06 
+0.02 
+0.05 

+0.04 
+0.01 
+o.11 

-0.03 
0.00 

+On01 

-0.02 
-0.07 
-0.01 

+0.0'2 
+0.06 
+0,02 

+Os24 
+0.19 

... 
I 

S 

-0.03 
-0.08 
-0.11 

-0.07 
+0.06 
+ 0.01 

+0.10 
-b0.06 
+O-06 

+0.06 
+O 03 
+ o n l a  

-0.01 
0.00 
0.00 

-0.04 
-0.10 - 0.04 

-0.01 
+0.06 
+0.01 

+ 0.23 / +0.18 

R B I .  

R.B.M. 
R.B.M. 
R.B.M. 

R.B.M. 
R.B.M. 
R.B.M. 

R.B.31. 
R.B.il1. 
R.B.M. 

P.N. 3 4 +0.02 
P.N. 4 4 -0.01 

R.B.M. 

R.B.M. 
P.3.  
P.N. 

P.N. 
R,.B.M. 
R.B.M. +O.Ot; 

B.B.M. 

R.B.M. 
R.B.M. 

... 

R.B.M. 
R.B.M. 
R.B.M. 

I .  
B.B.M. 
R.B.PI1. 

R.B.W. 
R.B.M. 
R.B.M. 

R.B,&I, 
R.B.31. 

Longitude ie 5h 12" 11m*77. 

R.B.M. 

R.B.M. 
R.RRI. 

3 3 

4 1 4 
I 

'1. 1 3 
4, 4 

2 1 2 
I 

3 ' 3  
3 j 2 
4 i ,4 

2 4 
4 ,  3 

4 

3 
3 
,4 

5 
4 
2 

3 
4 
4 

+0.04 
... 
... 
... 
... 
... ... ... 
... 
... 

-0.06 

... 

... 
... 
.. 

+OoOa 
... 

4 

4 
3 
3 

3 
4 
1 

3 
4 
4 

-0.08 1 
-0.07 
0.00 

-0.03 

-0.05 
+O.Ol 1 
+ O . O ' i l  

3 , 5 

.... 

... 

... 

... I ". 

2 
3 

t 0.10 ... 1 
4 

t 0.03 
-0.09 
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TABLE 2.-Error, mte, pressure and temperatwe of Shortt clock 
No. 34, by Rugby time signals during 1936-37. 

During preceding I Ermr I period i 

38.59 0.00 31.9 26.8 
38.65 -0.01 1 31.8 1 :?:A 1 26a5 

+ 2  38.61 +0.01  31.9 41-8 26.8 

* + ve rate = gaining, - v E  rate - loeing. ( Continu 

Date 

1936 

Oct. 9 
12 
16 

19 
23 
27 

29 
Nov. 3 

7 

14 
18 
24 

a t  15.30 
Tem- 

REIMARKB 

2'7 I 54.30 
Doc. 2 1  54.34 

1 2 1  54.54 

21 I 54.64 
28 54-80 
30 54.87 

1937 / 
6 

I 
Jan. 54.93 

13 55.03 
19 55 17 

25 55.27 
Feb. 2 1 55.41 

55.63 

55.48 -0 01 31-8  
38.60 +0.02 31-8  26.7 Seconds din1 out 

23 38.62 0.00 31.7 order. 

Mar. 1 38.61 0.00 31 - 8  40.9 
' 

26.4 " 3 8 6 5  +O 01 31.7 4 1 3  26*3 
9 38.64 0 -00  31.8 41.4 2684 

91t  s 

+ 2 5 8 . 6 5  
58.66 
58.69 

58.61 
58.63 

+ 2  54.52 

54-48 
54.40 
54.31 

54.27 
54-17 
54.27 

CO.01 
t 0 . 0 1  
+O-02 

+0.01  
+0 .02  
+O.O4 

+0.01 
+0.02  
+0.02  

+0.02  
+0.02  
+0902 

s 

+On01 
0.00 

+0.01 

-0.02 
+0*01  

... 
-0.02 
-0.02 
-0.02 

-0.00 
-0.03 
+0.02 

32.0 
32.0 
32.0 

31.8 
31.7 
31.6 

31.6 
31.8 
31.8 

31.8 
31.9 
31.9 

mm of 
mercuyy 

31.7 
31.7 
31.7 

31.7 
31.8 
31.8 

31.7 
31.9 
32.1 

32.0 
32.0 
32.0 

42.6 
42.1 
42.1 

41.5 
41.6 
41.5 

41.7 
42.2 
41.9 

41.9 
42.0 

26.6 
1 2 6 . 6  

26.6 

26.5 
26.6 
26.7 

26.3 
26.8 
26.5 

26.5 
26.6 

mm 

41.8 
41.2 
41.5 

41.3 
41.8 
41.9 

41.6 
42.1 
42.7 

42.2 
42.0 
42.2 

- 

25.08 I 
25.0 
26.3 

26.5 
26.8 
26.3 

26.7 
26.6 
26.5 

26.6 
26.9 
26.6 

Clock disturbed 
t h e  26th. 
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TABLE 2.-Errcw, ,rate,p?.essu)w mzcE temperatu9.e oj' Slbortt clock 
No. 34, by  Rugby time sign.als dtwing 1936'-37-(concld.) 

- 

* + v e  rate =gaining, - " rate =losing. 

Date 

1937 

Apr. 24 
27 
30 

Mrty 4 
10 
17 

20 
27 
3 1 

June 4 
16 
25 

July 6 
9 
13 

19 
21 

Aug. 10 

20 
Sept. 3 - 

I 

REMARKS 

Seconds dial out of 
order. 

Secondsdixlol~tof  
order. 

I 

i During preceding 
period 

I 
Error - .  

26.8 
26.5 

12 1 02.67 +O.OP 
02.80 I 0.02 

at 15.30 
hrs. I.S.T. I Rate* 

per day 
- 

I)& s s 

+2 38938-0.04 
38.29 -0.03 
38.22, -0.02 

38.10 -0.03 
38.01 0.01 
37.841 I0.02 

I 
37.80, -0.01 
37 44 0.05 

31.7 41.8 
31.7 11.3 

Pres- 
sure 
- 

~t,nbof 
ntwcury 
32.1 
32.1 
32.0 

32.0 
32.1 
31.8 

32.0 
32.2 

Oil I 
gauge 

mn, 

kl.6 
$2.1 
41.9 

41.7 
42.0 
41.9 

42.1 
43.2 
44.4  

$3.9 
1 44.2 

1 02.92 t0.02 

I 

Telu- 
per&- 
tnre 
- 

C 

27;l 
27.1 
26.4 

26.8 
26.8 
2'7.1 

27.3 
28.0 
28.1 

27.9 
28.8 

I1.H , 41.0 26.4 
I 

29.1 

28.5 
27.9 
27.9 

27.7 
2'7.9 
2'7.8 

27-5 
27.B 
26 H 

37.251 -0.05 32.1 

t23'7-14 -0.03' 31.8 

- 4 59.89 -0.05 

+O 02.021-0-01 
01.98 0.01 
01-98I -0.00 

+2 36 591 -0.05 
31 - 8 44.3 

31.7 44.5 
31.7 44.0 

I 31.7 43.8 

32.0 

02.001 -0.00 31.7 43.7 
02.021 +0.02, 31.7 436 
0202 000 31 7 3 6 

02.17 +0.02 :J1.7 43.0 
02.47 +0.02 31.6 42.6 
02.58 +0.03 1 31 '7 42.0 
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TABLE 3.-Earthyuakes 1.ecog.ded nt Dehq-ct. DtZn 
during 1936-37. 

I pg\  Indian staildnrd t iue  
Intensity 

of 
record 

slight 
slight 

slight 
great 
slight 

slight 
very grent 

slight 

I slight 

great 
slight 
slight 

slight 
slight 

slight. 
slight. 

slight 
slight 

... ... ... )J~,nei!i 1 181 03 00 i 2 2  10 123 811 1 slight I I 
great 
slight 
slight 

modernte 
slight 
slight 

slight 
slight 
slight 

1 ... 1 115 07 SO? 16 20 16 4,2 slight. 
c i l , . . 1 0 2 8 3 0  0 ; $ 2 0 1  ::: Of54 1 5 7  slight -.. 15 52 Sot15 59 30t816 05 5Ot 16 07t  16 58 slight, 

; 0 23 S. 18 48 30 18 58 20 19 10 10 19 21 21 64 slight ... l. 27 14 34 00 14 41 20 14 48 :30 14 55 16 14 ~lloc~crnte 

t Recognized with diaculty. N. =North, 8. =South, 

I 

miles 

Local 
Local, 
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TABLE 4.-Nea)~ values of the constan ts of Magnetornetel. 
No. 17 in 1936. 

TABLE 5.-.~Weenn vnluee of the constants of Maynetornetel. 
No. 5 in  19.36. 

Month 

-. -- 

Declination 
constants 

Mean 
magnetic 

coaimation 

Month 

-. - -- - 

January . . . / - 6 4 
February ... - 6 0 3  
March .. I - 6 05 

April .. - 5 54 
May .. . - 5 57 

H. F. constants 

EI. F. constants 

Distribution factors 

P I P . log (1 + Pir'+ QIr4)-l 1 .2  2 31 
I 

-- 
Distribution factors 

- 

I 
~ ~ ~ ~ ~ ~ ~ , ~ ~ 1 o g ~ ~ + ~ i r ~ + ~ / r ~ ~ - 1  

-- -- 

Mean values 
of nb 

C. Q. S. 
798 65 

a67 
-70 

.59 

.55 
June - 6 00 5.82 7.33 

.July . . . 6 07 5.78 7.46 

October ... 
5 58 

Mean valnes 

- 
C.G.S.  

936.07 
935.82 

.79 

.55 
s R 3  
-67  

-- ' cm2 1 ,ma 
J ~ n u a r y  6.68 6.83 1 

M M 

b U 
0 4 

3 2 
a a¶ 
? ?  

cm2 
5.99 
5.86 
6.00 

5.77 
5.85 

February ... 
March ... 

cm4 
7-10 
6.92 
6.83 

7.34 
7.28 

6.78 1 6.83 
6 . 8 8 i 7 . 5 3  

zz  
t 'l * 60 

% %  
April ... 6.98 7.31 % g  ? ?  

IW I d  
Jnne 

'7.52 $ g .50 
7.97 ! 3 4  GI a62 

I I 

August ... 
September 

7.11 
7-17 

October . 
November 
December 

7.03 8.27 ( 
7.29 
7.18 



CHAP. VI.] OBsERVATORI~S 88 - 
TABLE 6.-Base-line values of Magnetogvapl~s at Delwa D6r~  

f ~ o r n  Mctgnets No. 17 ancl No. 5.  

January . . .  ... 
February ... .., 
Nsrch , . . , . , 

. . .  ... 
... 

June ... 
... ... July 

.4ngast ... , . . 
... September ... 

October ... .., 
... November ... 

December . . .  ... 

C.G.S. 

i 0.327 57" 
0.329 63 

65 
63 

H.F.  by I1.F. by 
No. 17 No. 5 i -- 

C.G.S. 

0.327 55" 
0.329 56 

8 1 
66 

97 

Decline- H.F. by H.F. by 
tion 1 N o  17 1 NO. 5 

1 , I C.G.S. / C.G.S. 
I 

* Up to 15th January. t Up to 18th September. 
NOTE :-The values given by No. 17 have been accepted. 
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PUBLICATIONS 

OF THE 

S U R V E Y  O F  I N D I A  
Obtainable from the Director, Geodetic Branch, Survey of India, 

Dehra Dan, U.P. 

S Y N O P S I S  

Part I. Numerical Data 
Page 

Triangulation Pamphlet's ... ... ... ii, iii 
Levelling Pamphlet8s ... . . .  ... iii-xi 
Tide-Tables ... . . .  ... ... xii 

Part 11. Geodetic Works of Reference 
Everest's Great Arc Book . . .  . . .  ... xii 
G.T.S.Volumes ... . . .  ... ... xii-xiv 

*Part 111. Historical and General Reports 
Memoirs ... ... ... ... xiv 

... ... General Reports xv 
Annual Map Publication and Office Work . . .  xv 

. . .  and Extracts froin Narrative Reports xv, xvi 
Special Reports Records of the Survey of India . . .  xvi-xviii 
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... Departmental Orders ... . . .  xix, xx 
... Catalogues and Lists ... ... XX, xxi 
. . .  Tables and Star Chart,s . . .  ... xxi, xxii 

. . .  Old Manuals . . .  ... ... xxiii 
... . . .  Survey of India Handbooks ... xxiii, xxiv 
... Notes ancl 1nstl.uctions . . .  ... xxiv, xxv 

*Part V. Miscellaneous Papers 
Unclassified Geography, Exploration, Special Reports, 

... Papers { Geodesy, Projections, Mapping XXV-xxviii 

. . .  Professional Papers . . .  ... xxviii-xxx 

... Departmental Papers . . .  . . .  XXX, xxxi 
... Professional Forms ... ... ... xxri 

Publications detailed in Parts 111, I V  and V are also obtainable from the 
Olflcer In charge, Map Record and Issue Offlce, 13 Wood Btreet, Calcutta. 



. . 
11 LIST O F  PUBLICATIONS 

Sterling Prices of Publications. The prices to be charged 
for Survey of India publications i11 sterling equivalellts in English 
money have been worked out under the rules given in letter 
No. A-401, datecl the 17th January 1924 from the Under Secretary 
to the Government of India, Department of Industries and Labour, 
Delhi, to  t,he Secretary t o  the High Commissioner for India, 
General Department, 42Grosvenor  Gardens, London, S. W. 1. 
These sterling prices are subject to  fluctuation with the exchange 
rate and mill be revised from t,ime to time. The prices a t  the 
current rate of exchange are :- 

YrlR'T I. NUMERICI~L DATA 

Triangulation Pamphlets. Each covering one scjuarr! degree, 
giving descript'ions, positione, ( latitude and longitude ) and height8 

Price in 
Indian money 

Rupees Annas 

0 3 

0 4 

0 8 

0 12 

1 0 

1 2 

1 8 

1 12 

2 0 

2 

English 
equivalent 

Shillings Pence 

0 3 

0 5 

0 10 

1 3 

1 9 

1 I 1  

2 (i 

S 0 

-J G J 

8 1 4  G 

Price in 
Indian money 

Rupees Annas 

4 8 

5 0 

5 8 

G 0 

6 8 

7 0 

7 8 

8 0 

8 8 

9 0 

9 8 

10 0 

10 8 

12 0 

3 0 5 3 
I 

3 8 6 O 
I 

4 0 G 9 

4 4 7 3 
I 

English 
equivalent 

Shillings Pence 

7 G 

8 3 

9 0 

9 9 

10 6 

11 6  

12 0 

1 :3 G 

14 G 

15 0 

1 6  0 

1 G 6 

17 6 

19 G 



NUMERICAL DATA 

Triangulation Pamphlets.- ( Concluded ). 

of triangulated points and other data with chart. The chart shows 
the plan of triai~gulat~ioi~ with the position of stations and points. 
Triangulation data falling in l/M sheet are printed ill a series of 
sixteen pamphlets A to P. I n  the last pamphlet of every series 
published up till 1932, a coloured map is given in addition to the 
chart', to illustrate the topographical features of the area covered 
by the 1/M sheet. Pamphlets having this map are charged Rs. 1-8 
extra. 

Chart's Nos. XXIIK;X~IJL a t  the end of the Geodetic Report, 
shew what triangulation pamphlets have been published. 

Pvice Re. 1 per pnmpl~let. Published a t  Dehra Diin. 

Levelling Pamphlets. 
( i )  Levelling of Precisior. Giving heights and descriptions of all 
Bench-marks fixecl by Levelling of Precisioil and of certain selected 
secondary lines. Each pamphlet embraces an area of 4" x 4' and 
t'he numbering is the same as that of the corresponding sheets of 
the 1/M map of India. Each is illustrated by a map of the area. 
Publishecl a t  Dehra Dtiil. 

( a )  Lnvelling of Precision in Indin nnd Barrln. 

Pamphlet 
- - - - - . . - - - - -- - -- - - 

E. 
Sheet Distinctive name of Sheet 

40 ( Hyderiibad, Sild ) 
41 I (Ri jkot  ) . . . 
43 ( Srioagsr ) . . 

1 Adclendum t,o 4 3  . . . 
44 1 ( Lahore ) . . . 

45 1 ( A j m ~ r  ) . . ,  
4G ( Baroda ) . . .  
47 (Boinbay) . . .  

Adde~~clmn to 47, 
Island of Bombay 

' -- 

0 0 1  0 0 

28-32 61-68 
24-28 64-68 
32-36 68-72 
28-32 68-72 

. . .  

31 (Quetta ) . . .  
35 1 ( Karachi ) . . .  

Published 
i 11 

38 
39 

Price 

(1Gbul)  . .  
(Multiin) , . 
Acldendum to 30 . . . 

Rs. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 
Rs. 3-0-0 
Rs. 3-0-0 

Rs. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 

Re. 1-0-0 



iv LIST OF PUBLICATIONS 

Levelling Pamphlets.- ( CON f iw l t  ed ) . 

( h )  Levelling of Precinio~~ in lenoyotnn~in. 

Parllplilet 
Latitude I N. 

Sheet Distinctive name of Sheet 
--- - I -- 

0 0 

48 (Gort) 12-16 
49 ( Calicutl ) ::: / 8-12 
53 ( L e h )  38-36 
53 (Delhi ) .:: 1 88-32 

Descriptions and heights of bench-marlts in ~ e a o ~ o t a ~ n i a  ill 

one pamphlet, publishecl at Dehra Dun. 1923. Price R8. 3. 

Longitude 
E. 

-- 

Rs. 2-0-0 

Published 
in 

- 

Addendllm to 53 . . . I . . . ... 

-- 

1934 

Rs. 2-0-0 
Re. 1-0-0 
Re. 1-04 
Rs. 3-04) 

54 
55 
56 

57 
58 

62 
63 
64 
65 
66 

72 
73 

0 0 

72-76 
72-76 
76-80 
76-80 

1912 
1911 
1912 
1929 

( Agra) 76-80 
(Nagpur ) 76-80 
( Hyderiibd, 

I Deocan ) , 16-20 1 76-80 
(Mysore ) . . .  12-16 176-80 
( Ootacamund ) ... 8-12 I i6-80 

I 

1930 Rs. 3-0-0 
1912 I Rs. 2-04 

74 , ( Puri ) ... 
I 

78 , ( Darjeeling ) . .  
79 1 ( Calcutta ) 

193 1 
1919 
191 4 

( Manasarowar ) . . 28-32 1 80-84 ' 1922 
( AllahLbnd ) . 24-28 1 80-84 1923 
(Raipur)  . . . , 20-24 80-84 191 2 

83 
84 
85 

93 
93 
94 
95 

Rs. 2-0-0 
Rs.2-0-0 
Rs. 2-0-0 

Re. 1-0-0 
Rs. 2-0-0 
Rs. 2-0-0 

Rs. 2-0-0 

Rs. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 

16-20 

24-28 
20-24 
24-28 
20-2 4 

( Dibrugarh ) . 
( Akyab) . . 
( Prome ) . . . 

( B h a ~ n o )  . 
( Mandalay ) . , 
( Rangoon ) 1 " ( Mergui) 

8-4-88 191 :; 

88-92 192;; 
88-92 1924 
02-96 1912 
92-96 1918 

(Vizagapatam ) . 1 16-20 , 80-84 1913 i Rs. 2-0-0 

16-20 

(Madras) . . 

( Kktmindu ) . . . 
( Cuttack) . .  

i Addendum to 7:; . . . 

92-96 l 9 l i  ' Rs. 2-0-0 

24-28 1 $16-100 1918 Hs. 2-0-0 
20-34 ! -  1917 Es. 2-0-0 

' RB. 2-0-0 

Re. 2-0-0 
Rs. 2-0-0 
Rs. 2-0-0 

12-16 1 80-81. 1912 

24-28 
30-2 E 

, . . 

I m 6  ' Rs. 2-0-0 

I 

16-20 !)6-I09 

84-88 1930 
81-88 9 

1927 

13-16 06-100 



NUMERICAL DATA 

Levelling Pamphlets.-( Continued ). 

ii ) Levelling of Secondary IJrecision. 

Descriptioils ailcl heights of bench-marks, printed by Gestetner 
;t Dehra Dii11. 

r( 

.P? 6 Line iiuil~bel. D *  I 
rn 

1 

2 
3 

5 
G 

7 

i 

Price 

As. 6 
3 )  

9 ,  

9 )  

9 9  

,, 

Situated in Published 
degree sheets I in 

52A (Rulc to Sehwail) . . . 

5 2 B ( D a u r t o L u n d o )  . . .  
52C (Sh5hpur to Mahribpur ) 

52D (Tando Aliihyk. to 
HyderLbiid) 

52E (Rohl-i to Jan1 Sahib) 
52F (Shghpur to Mirpur 

Purlna)  
52G [L&ndhi calla1 bungalow 

(:39th mile) to Khipro] 

3 5 M &  N 
and 40 A 
4 0 B & C  

35 Nand 40 A, 
B, C, F & G 

40 C & D 
10 A, B & E 

40 B, C & G 

1928 
9 9 

9 9 

9 9 

9 )  

9 > 

9 9 40 C & G 

, 9 

9 ,  

7 9  

9 7  

As. 12 

As. 8 

,, 

to Pandua RJT. Stn.]) ' I I 

I 
1 

9 9 

> 1 

7 7  

) 7 

8 52H (Khipi-o to Ghulain 
I Bhurgai-i ) 'I.0 G; I 

Road ) ' 7:i 1 and 7 2 H 

I '%L ; 
,, 

i 4 C  (Howrah to Uttar- 1 I 

para ) I '  7bD (Baidya11;tti to 
Seoraph~~li 1 A I ' I 

,, 716 ( B i ~ n d ~ l  Church to 
BRl~cl~l Ry. S t l ~ . )  ~ 

74F [B.M. 251 ( 1 lH)l79A 1 , I 

9 

10 

11 
1 2  

' 521 (Milpur Khis  to Tando 
Ghulkin Ali via Uinar- 
kot ailcl DldLh ) . . . 40 C, D, 

G & H  
52J (Mirp~u- Khiis to Tanclo 

Ghuliiin Ali via Digri ) .kO C: 
.52K (Digri to Dadah) l U G k H  
705 ( Bar5li.ar to HazlribBgh 



vi LIST OF PUBLICATJONS 

Levelling Pamphlets.-( Continued ). 

price 
- -- 

As 12 

- I .5 6 Line number % Z  
m 

Situated in / Pollishsd 
degree sheets , in 

ancl Churulia ) 
1 i O M  (Khiina Ry. Stn, to 
1 Galsi Ry. Stn. ) J 

I 
1 
I 
1 

-- - - 

1028 

- - -- - 
I 

7JG (B.M. 146 /73Y to 1 / Saktigarh Ry. Stn. ) 
74H (B.M. 116/73M to 

BurdwLil Ry. Stn.) 
I 70E (B.M. 85/73M to 
I Mankar Ry. Stn.) 

i 70F (B.M. 76/73M to 
Pgilagar Ry. Stli. ) 

14 , 706 (B.M. 58173M to  
I Durgapur Ry. Stn.) 
1 SOH (B.M. 28/73N! to 
I Riiniganj Ry. Stn. ) 
1 I 701 (B.M. 15/73M to 
I 
1 

Asansol, I<alipahiiri 

I i iQ (Calcutta to 
1 Nariyanpur ) ] I 77Ll (Nariyanpur to 
1 Niirayanpnr ) 
i 8 i A  (Moulmein to Paan) 

BIB (Moulmein to Welrali)) 

7 3 1 & M  

7 9 B  9 9 He.  1 

0J I I 16 87C (Babukoii to 
7 )  I AS. 12 

Kawmyatkyi) 
87D (Nyaungbi~lzeik to I 1 

Natchaung ) J 
I 88B (Kyaoktaga to 

Myitkyo ) 
7 I 

I 
88C (Dalanun to I 

Pazuiimyaung ) 1 88D (Prgu to  
I 

Zenyaullgbin ) I 1 8RE (Myitkyo to Otpo)  I 8 5 L , N , U  h I 

l 7  I 88F (E.B.M. a t  R.D. 25 of 1 
the Yellwe Einhalilr- , 
ment to Uaw) 

9 0 8  (Nyaul~gzaye to 
Kandin ) 

90B (Ma-ul~in to Basseiii) 
1 90C (Sagamyn to 

Pantanaw ) 
90E (Tholize to Rangoon) J 

I 

alld 0J *, C ,  
& D  y j I KB. 2 , 

I 

, 
I 



NUMERICAL DATA 

,evelling Pamphlets.-( Continued ). 

Line number I Situated in 

l8 

19 
20 

2 1  ' 
22 

23 

24 

25 
26 

27  
28 

29 

Rs.1-8 

As. 6 

79 

9 9 

99 

99 

As. 10 

As. 6 

9 9 

99 

? 9 

I degree sheets 

I 
89A (Kyaukse to  Minzu) I I I I 
89B ( Ycvakainggyi to I 

i 

89C (Kyaultse to  ! 
n s ~ & c  

Ma'llaala~) 1 and 84 M, N, 
89D (Taagtn  to Shwebo) 
89E (Kabo to  Myit,taw) 

0 & P ; 1928 

89F (Oltshitkan to  1 I 
Paukkan ) 

9OL) (Meiktila t,o Yewe) J i 

29C (Nira  to  Ba tga l l )  . . . 1 4 i  F c !  J 1929 
5SA (Madad Chiindin t,o 

I 

Mehar ) 
i ' 35 hl ,, 

99 

9 9  

9, 

9 9 

7, 

9 9 

9 ,  

SPB ( Shikarp~u. t'o I<ambar) 
51-C ( Wiiriiiso to  Ratto-dero) 

PO A I ,, 
34 P, 35 M, 1 

30 D a,nd 40 A j ,, 

30 

31 
32 

33 
34 
35 

& F 

39 0 
39 L, 0 8~ P 

3 9 H & L  
and 40 E & I 
30 K, L & 0 

79 B 

79 B 

575 ( Kutabpur to 
Adninwiihan ) 

57L (Dingarh to K11;tnpur) 
57M (Mithra to ~ h l t n ~ u r )  

57N (Chachran t,o Khiinbela) 
7PB (Kidderpore to Dublat) 
77V (Hastings Bridge to 

Dakhineswrtr ) 

551 (Garh Mahiiraja to 

j 79 
55K (Ahar Bela bo Multr&ii)] 

9 9  

3,  

37 

9 ,  

, 9 
9 7 

9 ,  

55L (Rangpur to 
Muzafl'nrgarh ) i 55M (Muzaffargarh to 
Basti Malnk) 

550  ( SujLbrid to Sabuwiili) 
*55P (Jahboiina to Kot 

Milcleo ) 9 ,  

56H (Kasfir to Basirpur) 
57D (Loclhriin to 

Bnh&wa,lpur ) 9 ,  

/ 57H (Basirpur to Lodhrin ) 

39 N & 0 

39 0 

,, 

,, 



viii LIST OF PUBLICATIONS 

Levelling Pamphlets.- (Co~tinued ). 

Line number 

36 70K ( Allahiibjct to Barlkar ) 

37 

1 55H (Abdul Hakim to 
Garh Mahk.aja) 39 55 J (Darnlmia to Ahar 

I Bela) 

70L (Mughal SarLi to 
Haziriblgh Road ) . . . 

38 

40 29D (Got i~r  to Kaladgi) . . . 
i 
! 

41 ' 29B (Nira to Jh l lk i )  . . .  

55N (Basti Maluk to 
Kabir w5la ) 

degree sheets 

I 
63 G, K & 0, 
72 C, G, K & L 

and 73 I 

1 64 I (GhBzilbid to 
I 

53 H, 54 I, J 
& N 63 B, 1930 42 64 J (Cawnpore to 

i Allahabad ) CRGG I 
I ' I 

1929 

6 3  0 & P and 
7 2 D & H  

7 7  5 (Khulna to 
Madiripur ) 

' 7 i  T (Molllhlt  to BarisBl) 

I / 77U (Kachua to Alaipur) 1 

, , 

I I 

I 8 8 G  IThanat,piil to 

~ ~ ~ ~ g y ~ ) )  94 C! & D 1933 '' 88H (Ohne to Thongwa 
I and Ohne ) 
I I 
1 

1 57 I (Khudig,n t,o Loclhriin) 
45 1 57K (Bahitwalpur to 

I Fizilka ) 

46 1 3Braneh-Lines between 1 Hazaribi'gh and Gomoh 

I 
7 2  H &  Land / 

73 I 
I 

I 4 7  I 5 5 Q  (Rohillnwili to Leiah) / 39 J, K L 0 1 1933 

- 
Price 

As. 1 4  

As. 10 

As. 6 

As. 6 

As. 8 

As. 6 

Rs. l-i 

As. 10 

As. 10 

As. 14 

As. 6 

As. 14 - 



NUMERICAL DATA 

Levelling Pamphlet ~.-(Covztin?led ). 

I t 6  1 Line nulnbw Situated in I Pnblished z / degree sheets in 

88 I (Bridge No. 74 to 
48 Myitkyo ) 9 4 B & C  

88 J (Panut  to  Penrvegon) 

4 9 

121B (Toposi to Onclal) 
121C (Toposi to ' I 

1933 As. 6 

70 S (Manpur to 
Luckeesarai ) 

70T (Pat'na to Gaya) 

Oaurii,ngdih ) 
151 A (Piinclaveswar to 

P a l ~ s t l ~ ~ ~ l i  ) 

50 

5 1 

72 C, D, Ci, 
H " "  

I 
I 
1 

3 3 

TOR (Ilcrah to I 

Sitiiriinpur ) } 
SOU (Prailhiinkhunta to 

P5tharclill) 

As. G 

9 9 7 3 1 & M  

5 2  ( 57F (Islhnwila t,o 1 
i Lainhi) J 

,, As. I 0  

AS. 10 

,, 

ancl 53 B 

, (As. 14 

As. 14 

, 67Q (Hanliiniingarh to 
53 1 Hissill.) 1 4 C K. 0 k P 

1 57R (Hissiir to I nncl 53 D 
I Biilsainnnrl ) 

' 75C (Mnhamrnacli~n~ai~ 
I Pa t~ in tnBl ind~~a l ih )  

54 ' 75D (Blintlrakh to I 1 75E (Cottaclc to Pir HBt) 

i0V ( DhBnblLd to 

70Q Toposi to Biiriibani 

561 (Ferozepol-e to Jag- 
raon) 

tai-y ) 

61 I (Mahna to Head of 
Bhndnlrr distribu- } N  

(ilJ (Badhni I<aliin to 
Alninw5ln) 

570 (Bhat i~~t la  to 
Dorilirt) 4-1 J , K c % N  



x LIST OF PUBLICATIONS 

Levelling Pamphlets.- ( Contivtzied). 

1 

$ 2  Line number 
Situated in Published Price 

I/) degree sheets I in 
-- i - 

74J (Saktigarh to Bally) 
74K (Seoriphuli to 72 P, 73 M, 

55 Tiirakes\var ) 78 D and 1933 As. 10 

74L ( Bindel to Barharwa) 7 9 A & B  I 
74M (Khina  to Kiul: 7 

portion Tinpahar 
I 
I 
I 

56 / 74N (Nalhit i  to ,, AS. 14 

I Azimgan j ) 78 D 

1 740 (Tinpahir to I 

i Rijmahil)  J 1 1 700 (Jasiclih to 
Baidyanath Dham) 

1 i 

5 7 1 70P (Madhupur to 1 7 2 X , L & P  ,, AS. 6 
I Giriclih), 1 1 i 2 A  (Bhigalpur to 

Mancllr hill) I I I 
I I i 

58 741 (Uttarpira to IZCilila) 1 79 A C% B 1 ,, As. 6 

59 5PBI (S.B.M. Snlrlmr to I Barrage Road Briclge, 1 
Sukkur ) i 10A 

I 

57s (Bhiwini to 
Bahirlnrgarh ) 

60  , 5 i T  (HBnsi to Bhatinda) 7 7  As. 14 
1 57U (Mcinsa to D c #  H 

Sohfimiila) 

S7V (Barlopal to 
As. 10 

'l 5 i W  (NarwRna to 

I 
1 

I 61K (Chandigarh to 
62 I DorLha 1' 53. 7 9 

57Y (Dorlha to Patilla) 

I 

Aa. 10 



NUMERICAL DATA 

Levelling Pamphlet s.-(Concl~ded). 

Line number degree sheets 

7 3 H ' K & L  
and 74 E & I 

44 N & 0 ancl 
53, 

m 

G3 

64 

75 F (Chiiribiitia to 
Kendriipiira ) 

75 G (Kiarbanlc to Pur i )  
39 B (Pur i  to Pu1.i) 

57 Z (Jiikhal to Rohti) 
57AA (Bhftrthala to Kotli 

Mauriiil ) ] 

65 

66 

1933 

1934 

I 

NOTE . - S e e  ;,lso pltmllhlrts of g ~ e v p l l i n g  of F~.c,ciq~ou in India and B u m a  
Pagr.; iii and iv, for certain selected Ilnes of Sccollcl.~ry Precision. 

As. 10 

As, 

1934 Rs. 

61 L (Chandigarh to 
Jagklhri ) 

61 M (Jagzidhri to 
B, C, D, 

61 N (Butiina, to  F & G  
Chanclana ) 

61 0 (Kanizil to J ind)  
57 Y (Rohtak to Pf~nipat) 

87 (Pegu to Amherst :] 
portion Pegu to 
Myitkyo revised in 
1933-34) 

88 (Elephant Point to 
Thazi: portion Ran- 
goon to Pyinbongyi 
revisecl in 1933-34) 

88 G (Thanatpin to 
Tongyi revised in 

1 88 I1 (Ohile to Thoagra  
and Ohile 1,evisecl in 

0 4 C & D  

1 

1934 

1033-34) 

As. 14 

I 

I 

I 
1 9 : j i  / A s .  6 3 5 N k 4 U U  67 

1933-34) J 

52 L ( D a u r t o B z i n d h i )  ... 



xii LIST OF PUBLICATIONS 

Tide-Tables. 
F'rom 1880 to 1922 tidal pre~lict~ions based on the obse~.vation~ 

of the Survey of India were publisheel a ~ ~ n u a l l y  by the India Office, 
London. From 1933 the precliction ancl publication have heell 
undertaken at Dehra Dii11 by the S~lrvey of India, aild uiltil 1930 
mere published as follows :- 

( 1 ) A single volume styled " The RLn,jor Series " 
p ~ i c e c l  Rs. 8. 

( 8 ) Con~bined Yanil~hletu varying in l)vuice j i - o m  Rs. 1-2 t o  
Rs. 1-8 p e r  copy .  

( 3 )  Seynrate Yuu~l)Llets for iilcliviclual ports priced As. 12 
p e r  copy .  (For names of these ports see Geocletic 
Report Volume V, pages 31-33), 

Commencing from 1931, a new form of publicatiou styled 
'' Title-Tables of the Intlian Ocean " has been introducecl l)ricecl Rs. 3 per 
cop!/ .  This co1nl)rises full ticle-tables for the 41 Iilclian ports preclicted 
by the Sorvey of India, aiicl i 2  other stanclarcl ports in the Indian 
Ocea~l ancl Far East, also for 6 English a i d  Mecliteri*anean ports. 
111 aclclitioii, it contaii~s the lion-harmonic tidal corlstailts aiicl t,idal 
cliffei~ei~ces for about 4 7 0  ports ancl a~ichorages, anel the harinoliic 
ticlal consta~lts of about 170 important ticlal ststioils, inailily in the 
Incliali Ocean ancl Far  East. 

Separate Pamphlets of tide-tables have also beell published for 
the following ports :- 

Bombay . . . p r i c e  As. 12 y e ) .  c o l ~ y  
Hooghly River . . . ,, Rs. 1-8 ,, 
Rangoon River . . . ,, Rs. 1-2 ,, 

PXRT 11. GEODETIC \vORI(S OF ItEFERER'CE 

Everest's Great Arc Book. 
1. An account of the measm.emellt of an Arc of the Bilericliall 

hetween the parallels of 18' 3' a~irl 24' 7' , by Captain (ieorge 
Everest, v .~ . s .  &., East India Company, Londoil, 1630. (Out of 
print'). 

2 .  An rtccouut of the Meas~u.elnent of two Sectiolls of the 
Npridional Arc of Inrlia, buunded by the parallels of 1 So ;3' 15''~ 
24' 7'  11" antl 29' 30' AS'', by Lt.-Co]one] G. Everest, kq.lc.a,  and his 
assistants, East 111clia Company, London, 18d 7. (Out  of print). 

3. Engravings to illustrate t,he above. Loiiclon, 1867. (Ollt 
of print ). 

G. T. S. Volumes. Describing t,he opel.ations of flie Great 
Trigonome trical Su~*vey. 

Val. 1 Tl~c Stilndnrdn of ,Herv~lrc\ nlltl the Bnoc-l,inccl, also all Intro- 
clllctory Accoui~t of the ~ a r l v  operations of the Surve.Y, 
during the period of 1800-1830. Drhra Dilll, 18701 
P r i c e  Rs. 10-8. 



GEODETIC WORKS OF REFERENCE 
, .. 

X l l l  

G.T.S. Volumes.-( Continued ). 

TTol. 11 History and (ierernl 1)escril)tion of tllc Rcdl~ction of the Principal 
Trinng~~lntion. Dehra Din,  1879. P~ice Rs. 10-8. 

V ~ I .  111 North-West (jrndrilnternl. The Principal Triangulation, the 
Base-Line Figures, the Kargchi Longitudinal, NW. 
Hiiniilaya, ancl the Great Indus Series. Dehra Dfin, 1873. 
Yq.ice Rs. 10-8. 

Vol. I V  North-West Qnadrilaternl. The Principal Triangulation, 
the Great Arc-Section 24'-.30°, Rahf~n, Gurhiigarh and 
Jogi-Tila Meridional Series, and the Sutlej Series. Dehra 
Dun, 1876. Pvice Rs. 10-8. 

Vol. IVA Nortll-West Qlladrilaternl. The Principal Triangulatioii, 
the Jodhpur ancl the Eastern Sind Meridional Series with 
the details of their Reduction and the final Results. 
Dehra Df~n,  1886. P~ice Rs. 10-8. 

1'01. V Pondr1t1111 Olberntions, details of, by Captain J. P. Basevi 
ancl W. J. Heaviside, and of their Reduction. Dehra 
Dill1 ancl Calcutta, 1879. P~ice Rs. 10-8. 

T O ] .  VI Solltll-Enst Qllndrilaternl. The Principal Triangulation and 
Simultalleous Reduction of the following series :-Great 
Arc-Section 18°-240, the East Coast!, the Calcutta and 
the Bicla~ Longitudinal, the Jubbulpore and the Bilispur 
Meridionals. Dehra Diin, 1880. 131*ice Rs. 10-8. 

Val. V I I  Sortll-Enst Q~lntlrilnternl. General Descriptioll alld Silnul- 
tnneous Recluction. Also details of the following five 
series :---North-East Longitudinal, the Budhon Meri- 
dional, the Rangir Mericlional, the Ainua Meridional, and 
the KarlLra Meridional. Dehra Diln, 1882. P~.ic-c Rs. 10-8. 

Vo1. V r I I  Nortk-Enst (It~ndrilnternl. Details of the following eleven 
series :- 
(:ur\~-\-ani Meridional, Gora Meridional, Hi~riliiong 
Meridional, Chencl~v%r Mericlional, North Para~nath  
Mcritlioiinl, North Maliinchn Mericlional, Calcutta 
IkI~ritli01ia1, East Calcutta Longitudinal, Brahinal~utl~a 
Me1-iclionn1, Eastern Froiltier-Section 25°-960, and Assain 
Lo~~gitodinal. Debra Dii~i, 1882. Pqmicc Rs. 10-8. 

\'01. I X  IrIcgrnpI~ic Lollgitrdec. Durinq the years 1875-77 and 
1 H80-81. Dchra DCiii, 188:;. Yrivc Its. 10-8. 

lTol. X Tel(*grnl)J~i(* 1,011git1i~le~. Durillg tthc years 188 1-82, 1 882- 
I:], nild 188:;-84. Debra Dili~, 2887. I'ricac Rs. 10-8. 

\',)I. XT A 4  1.onn111icnl 1,ntitlideq. During the pc3riocl 1 805-1 885. 
Delira Dim, 1890. T9i1.c  RR. 10-8. 

1-01. X I 1  Snl11l1cr.11 T~~igon.  Gc~lcral Dcscriptio~l and Sim~dtnlleouf! 
Rctluctio~l. Also tlptails of t l l ~  following two sclics :- 
Great Arc-Section 8'-18O, and Boinbay Longitudinal. 
Dehra Dan, 1890. Pqqice Rs, 10-8. 



xiv LIST O F  PUBLICATIONS 

G. T. 5. Volumes.-( Concluded ). 

POI. XIII So~~t l~ern  Trigon. Details of the' followiilg five series :- 
South Konkan Coast, ailcl Mangalore Meridional, Madras 
Meridional ancl Coast, South-East Coast, and Madras 
Longitiiclinal. Dehra Dfin, 1890. P~sice Rs. 10-8. 

1-01. XIV Sontll-Weut Qllndrilnteral. Details of Principal Triangula- 
tion ancl Simultaneous Recluctioll of its component series. 
Dehra Dn11, 1890. P~ice  Rs. 10-8. 

Vol. XV Tclegrnpl~ie Longitades. From 1885 to 1892 and the 
Revised Results of Volumes I X  and X :  also the Simul- 
taneous Recluctioli and final Results of the whole 
Operations. Dehra Diin, 1893. P~ice Rs. 10-8. 

~ o l .  XVI Tidnl Observntions. From 1873 to  1892, and the Methods 
of Recluction. Dehra Diin, 1901. P~ice  Rs. 10-8. 

T'OI. XVII Telegrnyliic Longitndes. During the years 1894-95-96. 
The lnclo-European Arcs from KarSLchi to Greenwich. 
Dehra Diin, 1901. Pric-e Rs. 10-8. 

I - ~ I .  XT-111 Astrono~nicnl 1,atitndeu. From 1885 to 1905 ancl the 
clecluced values of Plnmh-line Deflections. Dehra DQn, 
1906. P~sice Rs. 10-8. 

1-01. XIX Levelling of Precision in Indin. From 1858 to 1909. Dehrrt 
Diin, 1910. Price 1Zs. 10-8. 

Vol. XIXA Bench-Mark9 on the Sontl~ern Lines of Levelling. Dehra Dun, 
1910. P~9ice Rs. 5. 

V O ~ .  XIXR Bench-Mnrkq on the Sortl~ern Unes of T,cvelling. Dehra Dfin, 
1910. Price Rs. 5. 

PART 111. HISTORICAL AND GENERAL REPORTS 

Memoirs. 
1 .  A Memoir on t'he Indian Surveys, by C. R. Markhaul, Inclia 

Office, London, 1871. Prir.l: Rs. 5. 
2. A Memoir on the Indian Surveys. (Second Edition), by 

C. R. Markham, c . ~ . ,  F.R.s., Inclia Office, Lontloll, 1878. 
Pr i rs  n ~ .  5-8. 

3 .  Abstract of the Reports of the Siirveys and ,f other 
Geographical operations in India, 1869-78, Ly C. R.  
Markham ancl C. E. D. Black, Inclia Officc., London. 
Published annually between 1871 and 1879. ( Out of 
print ) . 

4. A Memoir oil the Indian Surveys, 1875-1890, 1)y C. E.D. 
Black, India Ofice, London, 1891. p, . i cq  Rs. 5-8, 

" Notes of the Survey of India" are issued monthlp. 
Price As. 2 9  
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Annual and Special Reports. 
Annual Reports of t'he Revenlle Branch. 1851 to 18 7 7 .  ( 1851 to 

1870, out of print). 
Ditto To~~ogrnpl~icnl Rrn11c11. 1860 to 1877. (1863 

to 1877, out of print). 
Dit'to Trigonoa~etrical Rra11c11. 1861 to 18 78. ( 1861 

to  1863, out of print).  Pr ice  Rs. 2. 
In  1878 the three branches were amalgamated, and from tha t  

date onwarcls ail i~ual reports in single volumes for the whole depart- 
ment, were published as follows :- 

from 1877 to 1900. P r i c e  R s .  3 ~ , e ? '  ~7olurne. 
(fellera1 Reports from 1900 to 1022. ]'?,ice Rs. 2 pel. volume. 

fro111 1923 oilwards prices as given below. 
From 1900 onwards the Report was issued a~lllually in the form 

of a coildensed statement  know^^ as ( n )  the "(4~neral Report" supple- 
mented by fuller reports, which were called ( b )  "Estr~~cts fro111 
hrri~tive Relwrts" up to 1009, ancl then ( r ) "Records of the Survey of 
h ( I i : ~ "  uiltil 1921. 

Froill 1922 the a~lilual reports are published in three separate 
vol~unes of octavo size, viz., (a) Geaernl Rcport which is coilfilled to 
reporting the Survey opel-ations of the oi*rlinary field parties and 
detachments with only brief abstracts of Geodetic o l~~rnt ions ,  and 
Map Publicatioil and Ofice I Y O I . ~ .  Published annuallj-. From ll),2:2 f o  
1924 Price Rs. 2, finom 1925 R r .  1 .  ( ( 1 )  I n 1 1  P1111lirntio11 i111d Office Work 
rel~ort which contains all t'he Index Maps showing the Progl-ess of 
Map Puhl ica t io~~ on all scales, with reports 011 publication ancl issue. 
Published anilually b e g i ~ ~ ~ l i l l g  :.wit,l~ year 1024. P r i r r  R c .  1 .  ( c ) 
(fcodetic Report which illclucles full details of all scient,ific work of the 
G(1odetic Brai~ch, Survey of I~lclia excluding the work of the Dehra 
Dl awing Office, Pnblication Office, ancl topographical parties. 

Froin 1033 inclusive, the General and Map Pnblication and 
Office work Reports h a v ~  lwcn comhi~l~r l  into one report ullcler the 
title of Gel~eral Report. P r i c e  Rs. 1-8, 01. 2s.  617. 

The following frlller re1)ol.t~ a1.e availal>lc :- 
( b ) Extracts TI-OIII Nairl-ntivc Ryborlu. 
1900-01. Recent Improvcm~nts ill Phot~-Zincography. C:. T. 

T1*ianguIation ill Upper Rurnla. Espe~.i~nentnl Base IkTeasureme~lt, 
with .Jiiderin Apparatus. Topoql.al,hy i l l  TJlq~el* BUI-ma. Calcutta, 
3 (Out of 1)rint). 

1901-02. U.T. Tl~iangnlatioil in U111~'r I3nrlna. Topography ill 
Ul'per Burma. Si~ltl, Pmn jab. Ca lcut ta, 1904. (Out, of print ). 

1902-03. Pr i l lc i~a l  T i - i a~~g i l l a t i o~~  ill Upper Barllia. Topogrwphy 
in Upper Burma, Shall States. Survey of 1 Lake. 
Illtrocluction of the Contract System of Payment in Traverse Fllrveys. 
Traversiilg with the Subtense Bar. Colnpilatioil and Reproductlion 
of ThBna Maps. Calcutta, 1005. Pvice Rs. 1-8. 
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Annual Reports & c . - ( C o ~ ~ t i t ~ ~ e d ) .  

1W:l-OC. Utilizat.ion of old Traverse Data for Modern Surveys 
in the United Prnriuces. Idellt,ificatioll of Snow Peaks in Nepd. 
Topographical Surveys in Sind. Notes on t80mn and Municipal 
Surveys. Notcs 011 Riverain Surveys in the Punjab. Calcutt'a, 1906. 

Price Rs. 1-8. 
1904-0.;. Triangulation in Baluchistfin. Survey Operations 

\\-it 11 t hr  So~nRliland F i ~ l i l  Force. Calcutta, 1907. Price Rs. 1-8. 
1 .  Topogl~aphy in Shall States. CYalcut,ta, 1906. 

Price Rs. 1-8. 
1906-07. Triangulation in Baluchistfin. Topography in Shan 

States. Calciitta, 1909. Price Rs. 1-8. 
1!)07-0S. Topography in Shan St,ates. Calcutt.a, 1910. 

P,rice Rs. 1-8. 
INS-09. Calcutta, 1911. Price Rs. 1-8. 
I c )  Recortln of the Snrvey of Intlin. 
v .  1 1 9 0 1 0  Calcutta, 1912. Price Rs, 4. 

I .  1 1 1 - 1 1  Calcutta, 1012. Price Rs. 4. 
1-01. IT1 1911-15. Calciitta, 1913. Pfrice Rs. 4, 
I -I ,~ .  1V 1911-13. Explorat,ions on the North-East Frontier. 

North Burma, Mishmi, Abor and Miri Siir~reys. Calcutta, 
1914. Phce Rs. 4. 

~ o l .  V 1912-13. Note on the relationship of the Hiiniilayas to 
the Indo-Gnngetic Plaiii. Calcut,ta, 1914. Price Ila.  4. 

1 1 .  1 1 9 2 1  Linlr conuecting the Triangulations of India 
and Russia. D P ~ I - a  Dun, 1914. Price Rs. 4. 

1 .  1-11 1 - 1 4  Note 011 Scales and cost rates of Town plans. 
Calcutta, 1915. Price Rs. 4. 
( ISfiG-79 Pnrt I 1 '"1. ) ln;9.!)? Pnrt 11 ) Explorations in Tihet ancl neighboul.ing 
r~(rions. Dehra Diin. 1915. Price of ectclt pnrt Rs. 4. 

. 1 A )  1 Exploratic>ns in thp Eastern Kara-korarn and 
the U y p ~ r  Yiirkancl V a l l ~ v ,  hy Lt.-Colonel H TVood, R.E. 
D ~ h r a  Dfin, 1!)22. r,.i,>e RR. 3. 

1.111. 1 Y 1 1 1 .  Cri teric~n of strength of Indian Geollctic Tri- 
au~u la t ion .  A traverse signal for City S u r v e j ~ .  "The 
p l a i ~ ~ e  o f  N o r t h ~ r n  India ancl thcir rp1ation.ql~l~~ to the 
Himila?-a Mountains" an adrlress hy C o l o i ~ ~ l  S. G. 
Btirrai.d, P.R.S. Report on Turcn-Persian Fron t ~ c r  corn- 
rnissioi~. C'alcutta, 1916. ]', i , . ~  R.9, 4. 

1 .  S 1 1  Dl~chauical Integrator for calculating Attrac- 
tions ( illustratecl ).  Traverse Survey of the bountlary of 
Imperial Delhi. Dehra, Diin, 1917. Price RB. 4. 
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Annual Reports &c.-(Co~ltinued). 

Vol. X I  191(i-17. Triaiigulatioil; use of high trestle for statioils 
a i d  100-foot mast signals. Note on Basevi's P e ~ ~ d u l u m  
operations a t  Mor2. Photo-Litho Office; New method of 
l~reparing: Layer plates; Developments a i d  Iinprovements 
in prepariiig Tint-plates. Dehra Dfin, 1918. Price Rs. 4. 

Vol. XI1  Notes on Survey of India Maps and the Modern develop- 
ment of Indian Car to~raphy,  by Lt.-Coloi~el W. M. 
Coldstream, iw., Superinteilclei~t, Map Publication. 
Calcutta, 191 0. Plaice Rs. 3. 

Vol. XI11 1917-18. Photo-Litho office; the Powder Process. Prob- 
lem of the Hiiniilayan and Gaiigetic Trough; Review 
by Dr. A. Morley Davies. Dehra Dim, 1010. Price lis. -1. 

Vol. X I V  1918.19. Levelliug in Mesopotamia. Dehra Dun, 1920. 
Price Bs. 4. 

Vol. X V  191!).60. Levelliiig; pi.oposccl ilew level net. The Eart,h's 
Axes ai~cl Figure, by J. cle Graaff Hunter ( a  paper read at 
the R. A. S. Geol)hysical Meeting). Report on the expedi- 
tioil to Kamet. Note oil t'he Topography of the Null 
K u i ~  Massif in Ladal~h. Dehra Dfiii, 1921. 1'1-ice Hs. -1. 

v ~ l .  xvr l!P20-?1. High Cliinbs ill the Himalaya prioi- to the 
Evelaest Expedition. Mt. Nvei-cst Survey Detnchlnent, 
192 1. Traverse Survey of Allahahad city. Settlelneiit 
of Boui~clary 1)etweeli Mysore and Soath I<anai~a. Dehra 
D i ~ n ,  1922. J ' I - ~ C - P  Rs, d ,  

1 X I  5 Memoir on Maps of Chinese T ~ l r k i s t i i ~  aiicl Kansu 
from the Surveys macle dui-ing Sir A. Stein's Explo~.ations, 
1000-01, 1906-08, 1013-15. Dehra Di~il, 1023. 

P1.ic.e R.u. 12. 
Vol. XVIII 1!)21-22. Traverse Slu vey of Allahi~b~~cl city. Settlement 

of Bou11clar-y between Mysolbe rtnd South Kana~-a. Notes 
on Revisioii Survey ill the neigl~bou~~hoocl of Poona. 
Dehra Dfin, 1023. 1'1.icc. Rs. 4. 

V O ~ .  XIX 1'301.20. The Magnet,ic Survey, by Lt.-Colonel R. H. 
Thomas, n.s.o., K.E., and E. C. J. Bond, ~ ~ . i ) .  Dehrn Dilil, 
1925. Price Rs. i. 

Val. xx 1!)14.40. The War Record. Dehl'a D ~ ~ I I ,  1025. 1'1.ivo h's. 3, 
VOI. XXI I!)!!?-28-54. I. Air Si~rvey ill the Irra~vaddy Dclta 

1!)23-21, 11y Major C. C+. Lewis, 1<.12., alld 11. Recon- 
ilaissaiice Survey in Bhutin and South Tibet 1022, by 
Captain H.  R. C. Meade, I.A. Dchra Diiu, 1925. 

1)r.ice 1:s. 1-8. 
Val. X X I I  1926. Exploration of the S11aks;~ain Valley ant1 Aghil 

Raiiges, 1036, 11y Major 1C. Nasoli, ar.c., Ir.1~. ~~~~~~~a 
 din^, 1028. 1'9,ice As. 3. 
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Annual Reports - kc.-( C o n t i n u e d ) .  

V O ~ .  xXIII 1926-30. Report on Sincl Rectangulation, 1926-30, by 
Lt.-Colonel A. H. Gwyn, I.A. Dehra Dii11, 1932. 

P r i c e  R s .  1-8. 
~ o l .  XXIV 1901-20. Riverain Surveys in the Punjab, 1901 to 1929. 

Dehra Den, 1934. P ~ i c e  Its.  1-8. 
~ o l .  XXV 1'335.31. Surveys in Swit, Chitriil & Gilgit ancl neigh- 

bouring territories, carriecl out by 'A' Survey Compaiiy 
from 1925 to 1931, by Lt.-Colonel C. G. Lewis, o.B.E., R.E. 

Dehra Dull, 1934. P ~ i c e  Rs. 1-8. 
( e ) Geodetic Report's. 

Vol. 1 1922-25. Computations and Research. Tidal work. Time 
ancl Magnetic observations. Latitude and Pendulum 
observatioils in Bihsr, Assam aild Kashinir. Levelling. 
Lecture on "The height of Mount Everest and other 
Peaks". Dehra Dun, 1928. P r i c e  Rs. 6. 

Val. I1 1925-26. Comput,atioiis and Research. Ticlal work. Time 
ancl Magnetic observat,ions. Preparations for the Inter- 
national Longitucle Project. Triangulation. Levelling. 
Il~vestigation of the behaviour of tree bench-marks in 
India. Dehra Dfin, 1928. Pyice I ts .  3. 

Vol. 111 1926.27. The Internatioilal Longitude Project. Coin- 
putations ancl Publication of clata. Observatories. Tides. 
Gravity ancl Deviation of the Vertical. Triangulatioll. 
Levelling. Research ancl Technical Notes regarding 
Personal Equation Apparatus and the height of Mount 
Everest,. Dehra Dun, 1929. P r i c e  Its.  3. 

Vol. I V  1!)27=211. Computations ancl Publi~at~ioll of clata. Observ- 
atories. Ticles. Gravity ancl Deviation of the Vertical. 
Triangulation. Levelling. Dehra Dfin, 1929. Y ~ i c e  fi. 3. 

Val. V 1!)49-29. Computations aiicl Publication of data. Observ- 
atories. Tides. Gravity and Deviation of the Vertical. 
Triangulation. Levelling. Research and ~echnical 
Notes. Dehra Dfin, 1930. P ~ i c e  Rs. 3. 

Val. VI 1929.30. Computations ancl Publication of data. Observ- 
atories. Tides. Gravity. Triailgulation. Levelling. 
Research ailcl Technical Notes. Dehra Dun, 1931. 

Price  R s ,  3. 

Vol. VII 1930.31. C~lnput~ations and Publication of clata. Obaerv- 
at,ories. Tides. Deviatio~l of the Vertical. (iravity. 
Triangrllation and Base Measurement. Levelli~~g. The 
Magllet,ic Survey. Dehra Dan, 1932. l J r ice  Rs. 3. 
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Annual Reports &c.-( C'm~l~~l~c l ) .  

Val. VUI 1931-32. Coinputations a i d  Publication of data. Observ- 
atories. Tides. Gravity. Triangulation. Levelling. 
Research ancl Technical Notes. Dehra Dfiu, 1933. 

Price Rs. 3. 
1933. Triangulation a i d  Base Measurement. Levelling. Devia- 

tion of the Vertical. C~input~atioils and Publication of 
clata. Observatories. Tides. Research ancl Technical 
Notes. Dehra Diin, 1934. Price Rs. .3. 

1934. Triangulation and Base Measureinent'. Levelling. 
Gravity. Deviation of the Vertical. Computing Offict~ 
and Tidal Sect,ion. The Int,ernational Longit.uc1e Project. 
Observatories. Research ancl Technical Notes. Dehra 
Diiin, 1935. Pqice Rs. 3. 

1935. Triangulation. Levelling. Deviation of the Vert,ical. 
Gravity. Geophysical SUI-vey in Bihl.r. Computing 
Office and Tidal Section. Observatories. Research and 
Technical Notes. Dehra Diin, 1936. Pvice Rs. 3. 

1!)8(i. Triangulation. Levelling. Deviation of t,he Vertical. 
Gravity. Coinputing Office and Ticlal Section. Observ- 
atories. Subsoil Water Levels. Levelling in Bengal 
and Bih5r. Dehra Diln, 1937. Pqsicc Rs. 3. 

Inclex to Annual Reports of the Survey of India 1004-05 
to 1926-27, by Ltl.-Col. A. H. Gwyn, I.A. Calcut'ta,, 1935. 

PART IV. CL1TALOGTTES AN13 TNSllRTTCTIONS 

Departmental Orders. 
F'roin 1878 to 1885 the Surveyor General's orders were all 

issued as " C!irc*~~lu~ 01.dev.q ". Since then they haw been classifiecl 
as follows:- 

( 1. ( f o v c n ~ l ~ ~ r a t  or Iadin Orders (called "C~l .c l~ lc ( l ,  
O~.cl~).s'' UP to 1898). 

R."ln 18'' "04 as 3, ~ ) ~ ~ ) n r t l l ~ e l l t n  ~ r , ~ e r s  (~ttll~~itiistrntive). 

3. I)epnrta~entrl Ordern (Professionnl ). 
I11 ]!I04 the. va~ious orders issued since 1878 were reclassified 

as f o l l 0 ~ ~ : -  
Ntrti tbev t o  date. 

I .  (:overi~r~cat or Ir~dir Ortler*. 872 
2 .  ('ircalnr Orders (~ttla~iaistrnti\ c ). 432 
3. CircnInr Order3 ( l'rofesqioaal ). 196 
4. Del)urtluentnl Ortl~ru (appointments, promotions, transfers 

etc. ) 
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Departmental Orders.-( Coltc1,~tded). 

These are nuinberecl serially and had reached the ahove nuinbers 
by November 1936. Govew~nxelzt qf Ind ia  01.deq-s and Circulny 
OrtJe~.s ( i l dmi~~ i s t rc r t i t x )  are bouilcl up in voluines from t'ime to time, 
as show11 below, while Circuln~.  01.deq.s ( P~*qf'essionnl) are gradually 
incorporatecl in the Survey Hailclbooks. Besides the above, teinpol-ary 
orders have been issued since 19 10 in the form of 'LC'irciilal- Me~nos". 
These either lapse or become incorporatecl in some more permaaent 
fo1.m. and are therefore only iluinherecl serially for each year. 
Bouncl volumes of orclers are available as follows:- 

1. *Government of Inclia Orde1-s (Departmental ) 1876-1903. 
Calcutt,a, 1905. 

) 9 ,, 1004-1008. Calcutta, 1909. 
(Out of print). 

9 )  ,, 1909-1913. Calcutta, 1915. 
9 7 ,, 1914-1918. Calcutta, 1920. 
3 7  ,, 1919-1924. Dehra Diin, 1929. 
9 , ,, 1925-1 93.5. CaIcutt,a, 1936. 

2 .  *Circular Orders (Administrative) 1878-1903. Calcut'ta, 
1904. 

7 , 7 7 1004-1 908. Calcutta, 
1909. 

9 7 , , 1909-1 913. Calcutta, 
1915. 

9 , ,, I 914-1918. Calcutta, 
1920. 

., ,- 1919-1 924. Dehra Dtin, 
1926. 

: I .  *Regulations on the subject of Language Examillations for 
Officei-s of the Survey of Inclia. Calcutta, 191 1.. 

4. *Map Publication Orders 1908-1 014 (Suprrintentlc~llt, Ma]) 
Pnhlicat,ion's Orrlers). Calcutta, 19 14. 

Catalogues and Lists. 

1. C'ntnlog~~c of Maps pu1,lished ly- the Survey of Jndia. 
Calcutta, 1931. Prier, Re. 1. 

List of new maps published rli~ring each inoilth apppar in the 
inonthly NOTES O F  T H E  SURVEY O F  INDIA. Thrse ~no~lthly 
lists are also issaecl separately. 

2. Cntnlogne of Books in the headqual.ters Lihra~-y, Calcutta, 
1901. (Out of print).  

3 Cntnloqacl of Sci~nt~ific Books a ~ l d  Suhjects ill the Lil~rar?' 
of the Trigonometrical Survey Office. Dehra Ddn, 1908. 1 ' r . i ~ ~  Re. 1 .  

4. Catnlognc of boobs in the Library of the CAl-eat Trigon()- 
metrical Survey. Dehra Dan, 191 1. - 
-- - - - - -. - - - - - - 

* For Departmental use only. 
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Catalogues and Lists.-(C'oncluded ). 

5 .  Classifiecl Cutalugtte of the Trigonometrical Survey Library. 
Dehra Dun, 1921. Gratis.  

6. Author C';~tnlogae of the Trigonometrical Survey Library. 
Dehra Dill], 1923. 

7. Green Lists. Par t  I List of Officers ill the Survey of India 
(annually to  clate 1st  January. Special 
Supplenlentary Eclition datecl 1st July 1932). 
Calcutta. Pq-ice Rs. 1-14, 0 1 .  3s. 3 d .  

Part  I1 History of Services of Oficers in the 
Survey of India (aililually up to 1st July 103 1. 
1032 Edition not published. Biennially to 
clate 1st July, from 1033 inclusive). Calcutta. 

P~.ice Rs. 2-6, o r  2 s. 3 cl. 
8. Uliic Lislh. Ministerial aiicl Lower Subordinate Estahliah- 

~neilts of the Survey of India. 
P a r t  I Headquarters a i d  Dehra Di~i i  ofices 

(annually to  date 1st April. Special 1932 
Edition published oil 1st July).  Calcutta. 

Plsice Rs. 3-10. 
Par t  I1 Circles silt1 parties (annually to date 

1st January. Special 1032 Edition published 
on 1st July) .  Calcutta. I't-ice Rs. 8-10. 

From 1035 iilclusive onwards Parts I and I1 have beell pub- 
lished on 1st  April in a single vol~une. 

1935 eclitioii . . . . . I J r i ~ ~ c  1;s. 9-2, ot. 1 5  8.  

1936 ancl 1937 editiolis . . . lTnl11.ic-ec7. 
0. List of tltc I'tiblicatio~~s of tltc Survry ot' 111dii1 (publishetl 

annually), Dehra Dull. Gratis.  
10. IJricc Lid of M i ~ t l ~ e ~ ~ ~ n l i c n l  111str11111(~tit Office. C01-1-ecttZd 1111 to 

1st July 1935. Calcutta, 1936. G ~ n t i s .  

Tables and S t a r  C h a r t s .  
I .  Bi~silinry Trhlcs. To facilitate thc coillputatio~ls of a Tri- 

gonometrical Survey, and the projection of lllaps for Inclia, by 
Radhanath Sicltdhai~. Calcutta, 1851. 

2. ~tasillnry Tnbles. To facili tat ,~ th(1 calculatioi~s of t'he Survey 
1)e~art inent  of India, hy J .  B. N. Hcl~~nrssey, i ~ . i z . ~ . s .  Dehra Dfm, 
1868. (Out of print). 

3. Arxilinry TIIIIICY. TO facilitate thc~ calculations of the Survey 
of India. Third Edit,io~l, hy Colon~l  Cy. 1'. Haig, K.E. Dehra Dfin, 
1887. Pvicr: Rs. 2. 

4 .  Al~xilinry l'nbl(bs. To facilitate thv calculatio~ls of the Survey 
of India. Fourth Edition, by Lt.-Colonrl S. G. Burl-arcl, N . K . ,  F.R.S. 

Dehra Dfin, 1906. Price Rs. 2. 
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Table8 and Star Charts.-( C O H C ~  t ~ d e d ) .  

5. Allxlllarr Tables. Of the Survey of India. Fifth Edition, 
(mv i sd  811d exte~lded), hy J. de Crraaff Hunter, M.A., s c . ~ . ,  r. INST. P. 

In parts- 
Part I C~raticules of Mrcpe, (reprinted). Dehra Dim, 

1936. Yt.ice Re. 1 .  
a r t  1 Mathelllatical Tables, ( reprinted with addi- 

tions ). Dehra Diin, 1991. I'rice Ra. 2. 
Part 111 Topographic~l Survey Tables, (reprint'ed with 

additions). Dehrrc Diin, 1937. Price Re. 3, 
Part IV Geodetic Tables, ( A )  Triangulation Tables. 

Dehl-a Din, 1931. Price Re. 1. 
6. Tables for Gratioules of Mape. Extracts for the use of 

Erplorcln. Dehra m n ,  1918. Price As. 4. 
7. *Netric lFTeighte and Measures and other tables. Photo- 

Litho M i c e .  Calcutta, 1889. 
S.  Logarithmic Sines nild Coeules to 5 places of decimals. 

h h r a  Dh, 1886. Price As. 4. 
9. Logarithmic Sines, Cosines, Tellgents and Cotangents to 

." placee of decimale. Dehra Ddn, 1915. (Out of print). 
10. Common Logarithme to 5 plaoes of decimale, 1883. (Out 

of print ). 
11. Table for determining Heighte in Travereing. Dehrn 

m n ,  1898. Price As. 8. 
12. Tables of dietances ill Chains a i d  Links corresponding to 

R wi~btenee of 20 feet. Dehrm mn, 1889. Price Ae. 4. 
13. * .. .* 10 feet. Calcutta, 1915. 
14. * ., , * 8 feet. - 9  

1 Field Traverae Tables. First Edition. Calcutta, 1027. 
1'1.ice As. 8. 

16. 8tar Charta for latitude 20" N., by Colonel J. R. H o b d ~ ~ ,  
I . . .  Calcutta, 1904. Price Re. 1-8. 

17. Star Charte for Istit~~cle :Wi N., hj- Lt.-Colonel S. G. Burrard, 
R . L . , F . B . N .  &hrrmm, 1906. price Rs. 1-8. 

I$. 9tar C'harte for latitude 1.5' N. Dehra Diill, 1928. 
P,-ice R6. 2. 

1 .  Star Charts for lstitudr :302 N. Dehra Ddn, 1928. 
Price R8. 2. 

20. Vatalogu~ of 249 Ytara for epoch lat JRII. 1892, fro]* 
ftheervstions by the Survey, Dehra h i n ,  189.3. price Ks. 2. 

21. *Rainfall. maximum and minimum tempermture% frorn 
Ld68 to 19.2;. recorded at  the fhrveg. Office Obeenatol.y, Debra 
thin, 1928. 

32. *Instl.uctione to Plane-Tablers. Third Edition, 1933. 
- -  - -- -- 

For D-prtnl-ntnl n 4 ~  only. 
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Old Manuals. 

1. A Mailual of Surveyii~g for India, tletailiiig the illode of 
operations on the Revenue Rnrvey~ in Bengal, and the North- 
Wester11  province^. Coi~lyilecl by  captain^ R. Sinyth, and H. L. 
Thuillier. Calcutta, 1851. 

2. Ditto. Secoild Edition. London, 1855. 
:i. A Manual of Surveying for India, detailiilg the mode of 

operatioils on tllr Trigonoiiletrical, Topographical and Revenue 
Surveys of India. Coinpiled by Colonel H. L. Thuillier, c.H.I., F.R.B., 
ant1 Lt8.-Col. Re. Sinyth. Thircl Edition, rpviserl alicl enlarged. 
Calcut,ta, 1875. 

4 .  Handbook, Reveiiue Branch. Calcutta, 1893. 
Prirc  Rcr. 2-8. 

Survey of India Handbooks. 
1. *Handbook of Crellerul I ~ ~ s ~ r u c t i o l ~ s .  Sixth Edit,ion, 198 7. 
2. Hnndbooli, Trigoi~onletrical Branch. Second Edition. Calcutta, 

1903. (Out  of print8). 
3. Hnudbooli of Trigonou~r~trical Insf n~ct ioa*.  Third Edittion. 

Parts in pamphlet, forms. 
Part  I Geodetic Triangulation. First Edition. Dehra 

Dih ,  1931. Price Rs. 2-8. 
Pa r t  V The Tide@. First Edition, revisecl, Dehra Diin, 

1926. Price Re. 2. 
P a r t  VI  Levelling. Third Edition, l*eviaed, Dehra Dun, 

1037. Price Re. I .  
4. Handbook, To])ogra])hicnl Braacl~. Thirtl Editmion. Calcutta, 

1905. (Out of print).  
5 .  Handbook of Tol)ograyh). Fourth Edition. Calcutta, 19 11. 

Chapters, in pamphlet form- 
C'haptei I Int~~oclnctol-,v. Fifth Eclit ion, 1932. 

P I - ~ I - I *  As. 6. 
., 11 Constitution ancl Duties of a Surl-ey Party. 

Thircl Eclition, 1936. Price Re. 1. 

17 I11 Triailgulation and its Computation, revised, 
1930. Price Rr. 1. 

y 7  
IV Theodolite Traversing. Thircl E~lition, 192 7 .  

Price Rr. I .  

7 9  V Plane-tahlii~g. Fourth Edition, 1935. 
I'ricc Hr,. 1 .  

.. VI Fail, Mapp i~~g .  Seventh Eclitiml, 1035. 
Price Re. I .  

- -  - - - - - - - . . - - - - -- - 

+ For  I h p : l r t ~ n ~ n t ~ I  I I G P  on l j  



xxiv LIST OF PUBLICATIONS 

Survey of India Handbooks.-(C'o~lcltcded). 

Chapter VII  T1.aiis-Frontier Reconnaissance. Fourth Edi- 
tion, 1034. P v i c e  R e .  1. 

, VII I  Surveys in War.  Seconcl Eclition, 1930. 
P ~ i c e  Re. 1 .  

7 7  IX Forest, Surveys and Maps. 1025. P,rice As. 8. 
7 7  X Map Reproduct,ion. Third Eclit,ion, 192 8. 

Y ~ i c e  As. 8. 
9 , X I  Geographical Maps. ( at Press ). 
,, XI1 Air Surveys. Provisional Edit,ion, 1933. 

P r i c e  R e .  1 .  
6. *Photo-Litho Office. Notes on Oi*ganization, Methods and 

Processes, by Major W. C. Heclley, R. E. Third Eclition. Calcutta, 
1924. 

7. The Heyrodl~ction (for tlie g ~ ~ i d a ~ ~ c e  of otl~er deportr~ents) of Maps, 
Plan$, Photogrnph~, Dingmuis, aild Line Illastmtioas. Calcutta, 1914. 

I'yice Ks. 3. 
8. Sl~rvi~y of India Copy Book of Lettering. Ct~lcutta. P r i c e  Rs. 3-8. 
9. Nnrvey of Indin Copy Book of Hand Printing. Calcutta. 

Notes and Instructions. 

Drawing and Paper. 
1. *Notes on Pr i~ i t ing  Papers suitable for Maps, and on 

Whatman Drawingpaper by Major W. M. Colclstream, R. E. Calcutte, 
1911. (Out of print,). 

Printing and Field Litho processes. 
2. "Report on Rubber Offset Printiiig for Maps, l ~ y  Major 

W. &I. Coldstream, R. E. Calcutta, 1011. 
. *Notes on the "Vandyke" or Direct Zinc Printing Process7 

with details of Apparatus ancl Chenlicals required for a s~nal l  section- 
Compiled in the Photo and Litho Office, Survey of India. Calcutta, 
1 (Out of print). 

4. *Notes of some of the Methods of Map Reproductio~l suitable 
for the Field with appendix-Suggeatd Equipment Tables for the 
Light Field Litho Press (experimental), by Lieut. A. A. Chase, R.E. 
Calcutta, 191 1. 

3. *Report on a trial of the eq~liprnellt of the 1s t  (pl'ince 
of Wales' Own) Sappera and Miners, for reproducing maps in the 
field. bp Lient. A. A. Chase. R .  E. Calcutta, 19 12. (Out of print ) - 

-- 

* For Dep~rtmental use only. 



CATALOGUES AND INSTRUCTIONS 

Notes and Instructions.- ( Co~tcluded)  , 

Hnsc! L i n c ~  nl~d Magnetic. 
G .  *Notes on use of the Jiiclerin Base line Apparatus. Dehra 

Diun, 1904. (Out  of print). 
7. *Miscellaneous Papers relating to  the Measurement of 

Geodetic Bases by Jiiderin Invar Apparatus. Dehra D~III,  191 2. 
8. *Instructions for taking Magnetic Observations, 1 y  

J. Eccles, nr. A. Dehrn Dnn, 1896. (Out  of print).  
9. ltectnllg~~lnr to-ordirlates. On a Siinplificntiol~ of the Coinputn- 

tioils I-elating to, by J. Eccles, ~ I . A .  Dehra Dun, 191 1 Pvice Re. I .  
10. *For Explorers. Notes on the use of Thermometers, Baro- 

meters ancl Hypsoineters with tables for t'he Computation of Heights, 
by J. cle GraaE Hunter, M . A .  Dehra Diin, 1911. (Out  of print).  

11. Instructions for Topographical Surveying, by Lt.-Colone l 
Sir A. Scott Waugh, F.R.s., P.R.G.S. kc. Rool-lree, 18G1. 

13. Notes on the Aneroid barometer for the use of travellers 
in deterlnilling heights of ~)eaks in Sonthern Intlia 1,y Major 
Branfill, R.E. 1871. 

1 Curriculum of the course of instruction for Probationers 
of the Provincial Sc.~*vice of the Survey of India. Dehra Diiil, 19 1 13. 

1 I<. Notes on the spelling of Turlri, Tibetan and Chinese 
place names, 1)y Colollcl R. A. Wauhope, can., c.ar.c,., cl.~.ls., R.E. Dehrn 
Dii11, 191 9. Pricc As. 8. 

15. -kAmencled Instructions for the Surrcly alld Mappillg of 
't'own Guicle Maps. August 1919. 

I G. *Notes on the map of Arabia ancl the Persia11 Gulf, 111ith 
n general index of place names on the map, 1905-08, 1)y Cnptail~ 
F. Fraser Hunter, I. A. Calc~ t~ tn ,  1910. 

17. c o t  I i 1 1 1 1 1 .  Notes on accounts for field units. 
Dc.hra Di111. 1935. Pqaice Re. I .  

18. Specimens of 1)npcrs set a t  Exa~nii~at ions for the Class I1 
Service. Dehra Diun, 1927, 1020 & 19:33. lJrice K c .  1 ~ C I *  ,qcJal.. 

10. S l ~ e c i m e ~ ~ s  of clrawing on blue l~rii i ts etc. 
20. Specimens of lialltl 111.inting. 
1 .  How to correct ljroofs. 

Unclassified Papers. 
(:cogl-nl,l~ y. 

1 .  11 Slretch of the (:cog~sa])hy aiicl Ckology of the IIimllaya 
Moni~tains ancl Til,et (ill four parts),  by Colonel S.G. Rnrrard, 
R.E., F.R.s., Supdt., Trlgonometrical Sui-vegs, nncl H. H. Hayclen, 
R.A. ,  F . G . ~ . ,  ( later Sir Henry Haydell, Kt., ~O.S.I.,  c.I .E. , )  Supclt., 

- -- - - - -- - 
* For Depnrtment~l 11se only. 



xxvi LIST OF PUBLICATIONS 

Unclassified Papers.- (Colt t i t /  ~r c.0). 

Geologic~l Survey of Inclia. Revised by Colonel Sir Sidlley BuPParcl, 
K.c.s.I., F.R.s., ailcl A.M. Heron, ~ . s c . ,  F.G.s., F.R.G.s., F.R.s.E., Supat,., 
Gec)lngica I Surrey of India. (Second Eelition). Delhi, 1933. 

Part  I The High Peaks of Asia. P~ice Rs. 3-6, or 5s. 9d. 

.. 11 The Principal M o u n t a i ~ ~  Ranges of Asia. 
Price Rs. 3, or 5s.  3d. 

. TI1 The Glaciers ancl Rivers of tthe H i m i l a p  ancl 
Tibet. Price Rs. .9-2, or 15s. 

. I V  The Geology of the Him2laya. 
P~ice Rs. 12-8, or 20s. 3d. 

4 11 four parts bomncl in one volume. P~ice Rs. 28, or £2.3~.  (id. 

1. *Report on the Iclentrification ailcl Nomenclature of the 
HirnlLlap~i Peaks as seen from Kltmlnclu, Nepll, by Captaiil 
H. Woocl. E.E., Calciltta, 1904. P~ice Rs. 2. 

3 .  Routes in the Western-Himiilaya, Kashmir etc., by 
Lt.-Colonel T. G. Montqnmerie. R.E. ,  Y.R.S., F.R.G.S. Dehra Dftn, 1909. 
( Out of print ). 
Explornt ion. 

1. *Account of Survey operations in connections, with the 
Mission to  Ylrlrand ancl Kashgar in 1873-74, by Captain Henry 
Trotter, R.E. Calcutta, 1875. (Out of print).  

2 .  Report 011 the Trans-Himdayan Explorations cluring 1869. 
( Out of print ). 

. Report on the Trans-Himllayan Explorations c l ~ l r i n ~  1870. 
~eh thDf t11 ,  1871. (011tof print). 

4. Report on the Trans-Hiin%layan E~plorat~ions cluring 1878. 
Calcutta, 1880. (Out  of print). 

5 .  &port on the Trans-Himllayan Explorations in Eastern 
Tibet cluring 1878. and in South-Eastern Tibet cluring 187.5- 76, by 
Majnr-C4rn~val J. T. Walker, c . ~ . ,  R.E., F.R.H. DehraDfin, 1879. 

Price Re. 1.  
ci. Report on Explorations in N ~ p 5 1  ancl Tibet, by Explorer 

31-H. spasnu 188.5-S6, prepared by Mr. C. Woorl, Dehra Diin, 1887- 
P y i c c  Re. I .  

7 .  Report on the Exploratioiis in Sikkim, Bhutln and Tibet, 
18.i6-96, hy Lt.-Colon~l G. Strahan, R.E. Dehra Duo, 1889. 

Pyica Rs. 1-8. 
8. Repnrt 011 the Explorations in Great Tibet and ~011golia 

made hy A-H i n  1 8 79-83 : plseparerl hv J. H. N. Hennessey, M . A . ,  F.R.P. 

D~h1.a Dun, 1891. Pyicr /is. 5' 

9. Reports on ail Exploration oil the North-East ~rontiel.9 
1913 by Captain F. M. Bailey, I. A. ,  Political Department and 
Captain H. T. Morehead, R. E., Survey of India. Simla, 1914. 
-- -- - - - -  - _ _ - 

* For Departmental uee only. 



MISCELLANEOUS PAPERS 

Unclassified Papers.-( Continued ) . 
10. Alphabetical index showing the Geographical positions 

of all names appearing on Sheet No. 72. Dehra DQII, 1914. 
P.1-ice As. 6. 

1 I .  The "Where I s  It ". Reference index showing geographical 
position of all iinportailt localities in INDIA and adjacent countries, 
in four parts. Calcutta, 1928. 

Par t  I Place names. Cit>ies, t,owns, and other sites.) 
,, I1 Railway stations. Complete list, 1928. 
,, 111 Localities. Districts, States, Tribes etc. 

I Price 
As. 12. ,, I V  Physical. Ranges, passes, peaks, glaciers, ( 

rivers, canals, lakes, bays, capes, islands etc. J 
12. Glossary of Vernacular Terms used in Survey of India Maps. 

Calcutta, 193 1. P~ice As. 5. 
Special Reports. 

1. *Report on the Mussoorie and Landour, Kuinauii aud Garh- 
wal, Riinikhet and Kosi Valley Surveys, extended to Peshawar and 
KBghin Triangulation during 1869-70, by Major T. G. Montgomerie, 
R.E. (Out of print). 

2. Report 011 the Recent Deterininatioll of the Loiigitude of 
Madras, by Captain S. G. Burrard, R.E. Calcutta, 1897. (Out of print). 

3 .  *-Report on the Observations of the Total Solar Eclipse of 
6th April, 1875 a t  Cainorta, Nicobar Islands, by Captain J. Water- 
house. Calcutta, 1875. (Out of print). 

4. *The Total Solar Ecliysc, 321irl January, 1898. Dehra 
Diln, 1898. 

( 1 ) Report on the observations a t  Dumraon. 

( 2 ) Report on the ob~ervat~ions a t  Pulgaon. 
( 3 )  Report on the observat,ions a t  Sahdol. 

5 .  *Report on Local Attraction iu India, 189:4-94,11y Captail] 
S. G. Burrard,  it.^. Calcutta, 1895. 

6. *Report on the Trigonoinctrical Results of the Earthquake 
in Assam, I,y Captain S.G. Burrard, R . E .  Calctitta, 1898. (Out 
of print ). 

7. *Notes on the Topographical Survey of the 1/50,000 Sheets 
o f  Algeria by the Topographical Section of the "Scrvice Geoqraphique 
tle 1'Armee" by Captain W. M. Coldstremn, l z . ~ .  Calcutta, 190G. 

8. *Thck Simla Estates Boulldary Sm-vey on the  scale of 50 
feet to 1 inch by Captain E. A. Tancly, n .  s. Calcutta, 1906. 

9. *A note on the stage reacher1 by the Geodetic Operations 
of the Survey of India in 1920, by Lt,.-Colonel H. Mc C. Cowie, R. e. 
The Magnetic Survey of India, by Major R. 13. Thomas, ~.s .o. ,  R.E., 

and a note on the present levelling policy, by Major I<. Mason, 
M.c., R.E. Dehra Diin, 1022. (Out of print). 

.- - - 

* For Departmental use only. 
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Unolassifled Papers.-( Canclz~ded ) . 
10. Report on the Levellillg operations in connectio~l with 

the selection of t,he site of t'he new Capital a t  Delhi, 1911-12. 
Sinlla, 1 0 1 2. 

11. The International Longitude Project, 0ct.-Nov., 1926. 
Dehra Di111, 1928. 
Wde*y.  

1. Notes on the Theory of Errors of Observation, by 
J. Eccles, 31. a. Dehra Ddn, 1903. Price As. 8. 

3. *Note 011 a Change of the Axes of t.he Terrestrial 
Spheroid in relation to the Triangulation of the G. T. Survey of 
India, by J. de Graaff Hunter, m.a .  Dehra Diin. (Ont of print), 
r~ow incorporatecl in Professional Paper No. 16. - 

3. Report on the Treatment, ancl use of Invar in measuring 
C+eocletic Bases, ly Captain H. H. Turner, R.E. Lonclon, 1907. 

Price As. 8. 
Yrojertion.i. 

1. On the pi~njectio~i usecl for the General Maps of India. 
Dehra Dfin, 1903. 

2 .  *01i the clefurmatioi~ resultiilg from the method of construct- 
ing the Interiiational Atlas of the World on the scale of one to one 
million, by Ch. Lallemand. Translated by J. Eccles, M.A., together 
with tables for the projection of l /M Maps on t'he International 
system. Dehra D m ,  1912. 
Mnyyine. 

1. M~moranclum on the compilatioil of map of a portion of 
Tibet explored by C'aptain H. H. P. Deasy in 1896. Dehra Don, 1897. 

2. The 1.eprocluction of Maps and drawings by Mr. T. A. Pope. 
('alcntta. I!)(&. 

:i. *A Note oil the different methocls by which hills call be 
reyresentecl up011 maps, by Colonel S. G. Burrarcl, c. 4. I., H.E., F . R .  s., 
Snrveyn~ General of India, Simla, 191 2. 

4. *A note on the representation of hills, by Major C.L. 
Robertson, I , .X.I : . ,  R. E. Dehra Ddn, 1912. 

5. *A note on the 1- presentation of hills on the Maps of 
Inrlia, I)y Major F. W. Pirrie, 1. a. Dehra Diin, 1912. (Out of print). 

6. *A cousicleration of the Contour intel~valo, a114 C o l o ~  
Scales best suited to Inilian l / M  maps, by Captain M. O'C. T a n a ~ ,  
K . F : .  Calcutta, 1913. (Out of print). 

Profeesional Papers. 
NO. 1 .  Pro.iwtion. On the Projection for a Map of India. 

and acljacent Countries, on the scale of 1 : 1,000,000, by ~olont.l  
Yt. C:. C'. (inre, R. E. Seconcl Edition. Debra Dim, 1903. Prier Re. 1- 

NO. 2. *Base Cinro. Method of meamring &!odet.ic Bases by 
means of Metallic Wires, hy M. Jklerin. (Translated from 
- -- _ _  __---- 

For Departmental use only. 



MISCELLANEOUS PAPERS xxix 

Profess ional  Papers.-(Co?zti?tued - ). 

Memoires Pr&entes par Divers. Savants a 1' Academie des Scieilces 
de 1' Institute de France ). Dehra Diln, 1899. (Out  of print).  

No. 3. Base Lines. Method of measuring Geodetic Bases by 
means of Colby's Coinpensated Bars, compiled by Lieut. H. McC. 
Comie, R. E. Dehra Diiil, 1900. (Out  of print).  

No. 4. Spirit levels. Notes on the Calibl*ation of Levels, by 
Lieut. E. A. Tandy, ILE.  Dehra Dun, 1900. (Out  of print).  

No. 5. Geodesy. The Attraction of the Himalaya Mountains 
upoil the Plumb-Line in India, considerations of recent data, by 
Major S. G. Burrarcl, R.E. Second Editioii, Dehi-a Diin, 1901. 

Price Rs. 2. 
No. 6. Base Lines. Account of a Determination of the 

Coefficiei~ts of Expansion of the Wires of the J ider in Base Line 
Apparatus, by Captain G. P. Lenox-Conynghain, R. E:. Dehra Dii11, 
1902. Pvice Re. 1 .  

No. 7. *Miscellrneoiir. Calcutta, 1903. Price Re. I. 

( 1 ) On the values of Longitude e~nployed in maps of the 
Survey of Cndia. 

( P ) Levelling across the Ganges a t  Diimukdia. 
( 3 )  Experiinent to test the increase in the length of a 

l e~e l l i ng  staff due to moistu1.e and temperatul-e. 
( 4 )  Description of a Sun-dial designed for use with ticle- 

gauges. 
( 5 )  Nickel-steel alloys and their applicatiol~ to Geodesy. 

( Translatecl from the French ) . 
( 6 )  Theory of electric projectors. (Translated froin the 

French ). 
0 .  8. Mngllc~tic. Experiinel~ts made to cleter~nine t'hc teln- 

perature coefficients of Watson's Magnetc)graphs, by Captain H. A. 
Dellholm Praser, R. E. Calcntta, 1905. Pric.t> Re. I. 

No. 9. (teodesp. An Account of the Scientific worlr of the 
Survey of Inrlia; and a Comparison of its progress with t,hnt o f  
Foreign Surveys. Prepared for t h ~  use of the Survey Committee 
assembl~il in 190.5, by Lt.-Colo~iel S. (+. Bnrrartl, R.):., F.R.S. Clalcutta, 
1905. P~micr, Re. 1.  

No. 10. Yer~tlrlat~~s. The Pe~~t lu lum 0pe1-ations I Tl~clia, 
1903-1 !)07, 1,y Major G. P. L ~ i ~ o s - C o n y ~ i g l ~ a ~ n ,  R .  E. Dehra D~II I ,  
1908. Yrii-o Its. 2-8. 

No. 11. Itefrrctinn. Ol)sei.ratio~ls of A tmosp11e1.i~ Rcfi.actio~l, 
1905-09, bp H. ( i .  Shaw, Su~.vey of Tntlia. Deh~-a  Diln, 191 1 . 

F'rir.~, Hc. I .  
No. 12. ((f~ntlen)-. 0 1 1  the Origin of the* Himiilaya Mountnilis, 

by )-olonel 8. (4. Rul.1-ard, c4 .s .~ . ,  K.E., F.R.S. Calcllt t~,  1') 12. 
l ' / ~ / , ~ l  /if>. 1 .  

For T)e~~nrtmental use only. 
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Professional Papers.-(Concluded). 

No. 13. Isostasy. Investigation of the Theory of Isostasy in 
India, by Major H. L. Crosthwait, R.E. Dehra Dun, 1912. (Out 
of print). 

No. 14. Refraction. Formula: for Atmospheric Refraction, 
and their applicatiorl to Terrestrial Refraction and Geodesy, by 
J.  de Graaff H u n t ~ r ,  ar. A. Dehra Diui, 1913. Price Rs. 2. 

No. 15. Yendnlums. The Pendulum Operations in India and 
Burma, 1908-13, by Captain H. J. Couchman R.E., Dehra Dfin, 1915. 

Price Rk. 2-8. 
No. 16. Beodesy. The Earth's Axes and Triangulation, by 

J. de Graaff Hunter, M . A .  Dehra Dun, 1918. Price Rs. 4.  
No. 1 7.  Isost HSY. Investigations of Isostasy in Himslayan 

and Neighbouring regions by Colonel Sir S. G. Burrard, K. c. s. I., 
R.E., F.R.S. DehraDtin, 1918. Price Re. 1. 

No. 18. Isostasy. A crit'icisill of Mr. R. D. Oldham7s memoir 
"The structure of the Himalayas and of the Gangetic Plain", by 
Lt.-Colonel H. McC. Cowie, R. E. Dehra Dun, 1921. Price Rs. 1-8. 

No. I 9. Aerial Plrotograi~hy. Experiments in Aeroplane Photo 
Surveying by Major C. G. Lewis, R.F., ail(1 Captaiii H. G. Salmoncl, 
(Late R.A.F. ). Dehra Dfiii, 1920. Price Rs. 1-8. 

No. 20. Air Snrvey. Reconnaissance Survey from Aircraft, 
by Lt.-Colonel G .  A. Beazeley, D.s.o., R.E. Dehra Diln 1927. 

Price Rs. 1-8. 
No. 21. Rectang~rlntion. Irrigation and Settlement Surveys 

1926, by Major J. D. Campbell, D.S.O., R.E. Dehra Da11. 1927. 
Price Rs. 1-8. 

No. 2 2 .  1,cvclliag. Three Sources of error in Precise Level- 
l i~ig,  Captain G. Bomforcl, R.E. Dehra Dilii. 1929. Price Ks. 1-8. 

No. 24. Air Sllrvey. Notes on Air Survey in India, by Majol- 
W7. J. Norman, ~I.c.,  R.E. Dehra Dun, 1929. Price Rs. 1-8. 

No. 25 .  C4lnciera. The representatiorl of Glaciated Regions on 
maps of the Survey of India, by Major Kenneth Mason, 31.c.~ R.E. 

Dehra D i ~ n ,  1929. Price As. 8. 
No. 26. Gcograpby. Mount Everest and its Tibetali Names, 

by Colonel Sir S. G. Bmrard, K.c.s.I., F.R.S. Dehra Dfin, 1931. 
Price As. 8. 

No.  27 .  Gravity. Gravity Ailomalies and the Structure of the 
Earth's crust, hy Majoy E. A. Glennie, D.s.~. ,  R.E.  Dehra Di~n  1932- 

Prim ns. 1-8. 
Departmental Papers *. 

No. 1. Type. A consicleration of the most suitahle forms of 
type for use on maps, by Captain M. O'C. Tancly7 R.R. Dehra Dill17 
1913. 

No. 2. Symbols. A review of the Bouiltlary Symbols used 
on the maps of various countries, by Captain M. O'C. Tandy, R - B -  

Dehra Dun, 1913. _- 
* For Departmental lise only. 



MISCELLANEOUS PAPERS 

~epartmental Papers*.-( Concluded). 

No. 3. Maps. Extract from "The New map of Italy, Scale 1: 
100,000", by Luigi Giannitrapani. Translated from the Italian by 
Major W. M. Coldstream, R.E. Dehra Dun, 1913. 

No. 4. Town Surveys. A report on the practice of Town 
Surveys in the United Kingdom and its application to India, by 
Major C. L. Robertson, c.M.G., R.E. Dehra Dun, 1913. 

No. 5. Stereo-Plotter. Thompson Stereo-plotter and its use, 
with notes on the field work, by Lieut. K. Mason, R.E. Dehra Dun, 
1913. 

No. 6. Levelling. Levelling of High Precision, by Ch. 
Lallemand. Translated from the French by J. de Graaff Hunter, 
M.A. Dehra Dun, 1914. 

No. 7. Stnndnrd Bars. Bar Comparisons of 1907-08, by Major 
H. McC. Cowie, R.E. Dehra Dun, 1915. 

No. 8. Helio-Zincogmphy. Report on Rubber Off-set Flat  bed 
Machine Printing, by Captain S. W. Sackville Hamilton, R. E. 

Calcutta, 1915. 
No. 9. Stereo-Anto-Plottit~g. A translation of Paul Corbin's 

French Stkrko Autogrammktrie, by Lt.-Colonel H. McC. Cowie, R.E. 
Dehra Dan, 1922. 

No. 10. Bnse Lines. A Booklet of Instructions with full de- 
scriptions and tables for the Hunter Short Base, First Edition 
compiled by Major C. M. Thompson, I.A. Dehra Dun, 1928. 
Second Edition compiled by H. C. Banerji, B.A. Dehra D i u ~ ,  1931. 

No. 11. Qrnvity and Isostasy. Investigations r e g a r d i ~ ~ g  Gravity 
and Isostasy by W. Heiskanen (Translated by V. Pelts, Eeq. Re- 
vised and completed by Major C. M. Thompson, I.A.). Dehra Dhn. 
1928. 

No. 12.  Geodesy. Geodesy, by J. de Graaff Hunter, M.A. s c . ~ . ,  
F. INST. P. Dehr:~ Dun, 1929. 1'~ice Rs. 4. 

No. 13. Sl~hcrical Trigonometry nnd Astronoa~y. Notes on Sphe- 
rical Trigonometry, and Astronomy etc., by Lt.-Colonel C. M. 
Thompson, LA. Dehra Dun, 1929. Pg-ice Rs. 2. 

No. 14. Wild Tl~eodolitc. Instructions for the use of the Wild 
Universal Theodolite by Captain D. R. CI-one, R . E  , and the Wild 
Photo-Theodolite, by Lt.-Colonel C. G. Lewis, o.B.E., R.E. Dehra 
Dun, 1932. 

No. 15. Air Sllrvey. Notes on Air Survey and Map Publica- 
tion in England, 19:31, by Majo~. H. 1%. C. Meade, I .A. ,  with R 

toreword by Captain D. R. Crone, R.E. C:~lcutta, 1932. 
No. 16. Mny Policy. By Coloriel J. D. Campbell, D.R.O. Cal- 

cutta, 1937. 

Professional Forms. 
A large number or forms for the rt!cortl snct reduction of Surrey 

operations are stoclted a t  1)ehra 1)iln. 
. . - . - - - -- - - - - - - - -. - 

* For Dcpnrtmental use only. 
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