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R E C O R D S  O F  

T H E  S U R V E Y  OF I N D I A  
PART I.-TOPOGRAPHICAL SURVEY. 

NORTHERN CIRCLE. 

(I'ide Index Maps 1 ant1 4*.) 

Four field parties worked in this Circle, and i n  August 1913, a new Party, 
So.  20, mas formed from tlie Cantonulent Section of No. 4 Party, and during 
the past field season a total area of 37,240 square miles wa.s surveyed consisting 

Survey I-inch . . 8,616 
Rcqr~rrey and Supplemcnt:~ry Survey 1-inrli . . 5,462 
Revision Snrvey 2-inch, 3-inch and -1-inch . . 253 
Revisioll Surrey 1-inch . . 11,291 
Revision Survey h-inch and ::-inch . 1,720 

The ltirernin Detachment carried out a total of 7,238 linear miles of 
chaining over a total area of 2,924 square inilcs, in  tlic Riverain work, the 
Khushiib Tl~al,  the Kiingra cxperiinental boundary ~ - o r l i  and Lower BBri Dortb 
Rectangular. No. 20 Party survcyed a n  area of 11,539 acres ill  various 
Cantonments during the year. 

Major C. 11. D. Rgcler, D.S.O., R.E., nras i11 chargc of the Circle up to 
16th April 1913, and mas succeedcd by hlajor C. L. Rol,crtson, C.JC.G., R.E., 
who held charge 1111 to the cnd of tllc Sarveg ycar. 

The llend-quarters of thc 1,:~rty re~nr~iucd a t  Srinsgnr (Kashmir) till tlle 
9th O F  April 1913 after mliich date they 

I'ERSOYNEL. nrcrc romoved to Mussoorie. 
I n i p ~  in1  O f l o r ,  s. Thc area uuder survcy lay in  the 

hlajor  I". IV. I ' irrir,  1.h . .  i l l  c11:lrjie fr(1111 tllc 1.;I of 
O C ~ , , I I C I .  1012 to 1311 of .\pril 1913. ICasl~~nir and Jalnmn State, partly in the 

Mnjor A .  A .  AlclI:lrg, H.R., ill c l ~ : ~ r g e  f l . 0 1 ~  6th of 
Mny to 90111 01' Septt*ml~cr 1913. 

Pilnch Statc and the Mirpur, Riisi, and 
T,iel~tet~n~~t I<. h l n . c ~ l ~ ,  lI.F:., nt tacl lc~l  f r o m  t l l ~  1.t 111 Jn  mlllu clistricfs and from low- 

the 13th of Octol~vr 1912. 
lying flat coi~ntry bordering on t11.e 

Prori~~rinl 0 8 ; c r v s .  
P1111,ial) to  t .11~:  Iligll ranses of the Pir  

Mr. I f .  H. I!. Hnnl~g,  in cl~rlrge fro111 tlrr 13111 ol' 
April to ~ I I C  6th ,,f V;IY 1013. I'anjd and pnrlly ill the open mountain- 

Mr.  E. I < ,  \\'est, 
M r .  I), I<. l { c n ~ ~ i c k ,  ous tracts of the Rargil and SIi,Zrdu tahsils 
Blr. I(. C. H R I I ~ ~ I I I .  
N r .  l v .  J .  11. xi\\c~.. of the L:lcl5kll districts ancl the Astor 

L T p l ~ ~ i .  Srrbordi~inlr S e v ~ ~ i c c .  t d ~ s i l  of the Gilgit district. 
BIr. Slwr .Inllp, K.11. 
Mr. Nnt l~n  Sillfill, R.S. 

Operat,ions in  the field (with the eucep- 
MI.. 1,111 sil1~11, rr.~!., to  30th OF J I I U ~  191s. tion of a short, break lasting roughly onc 
M r .  I'nrss Rlrrn. 
MI.. Jnn1111r lBrn<nd. month in October and November 1912) 

Lor~qrr Srrbordiirate Sercice. and map drawing continued throughout 
32 Surveyurn, C ~ C .  the year. 
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Topogrrcphy.-The nren surveyed on the scale of 1 inch=l  mile mas 3,091 

squarc miles. Onc camp 1vit.h 8 surveyors under the successive charge of 
Jlcssrs. Hanson, Xiller and Rennick mas formed. 

K 
Sheets 43 l,Y,J,BP,,d mI,I ,,,,, P I O I I , i  and 43 were completed, and sllects 

43 and ~~3 $mill be complet~ed by the end of October 1913. 
Sheet 43 E- lias also been partly surveyed, but will not be completer! until 

the nes t  summer senson. 
In  addition areas of 684 square miles in sheets 43 & and -!- 1.6.8 on the 

half-inch scale and 1,036 square riiiles i n  sheets 43 ,i,,ir~aaudle. on the qu;~rter- 
illcll scale have also bcen revised. 

Tt*inngnlntio~~.-Messrs. Rennick and Miller trianaulated a n  area of 1,656 
square miles for futrure detail surveys on the one-inch scale. The total area 
triangulated in :\dl-ance is now 4.085 square miles or roughly 1 6  standard slieets. 

Tr~~cel~si~tg . -~[rssrs .  RennicL and Jamna Prasad ran 103 linear miles 
of lleiglit trarcrac: in the flat country of the Jarnmu district in sheets 43 
~rllcre no trin~lgulitlion had been found possible nor any previous traverse work 
ever carried out. 

K Recess drrties -During the year sheets 43 +, +, and + were 
submit,ted lor publication. 

Sheets 43 :- and i- by Mr. Hanby and 
S h c ~ t s  43 ,F,- and h5 by Mr. Hanson. 

The following should be completed by the end of October 1913 :- 
Sheets 43 -f and + under Mr. Hnnby and 
sheets 43 2;6* under Mr. Hanson. 

Cost Bates.- 

1-inch detail survey . Rs. 16.8 per sq. mile. 
4-inch revision survey J1 3.3 1, 1,  9 ,  

i- inch ,, 1 ,  11 1.3 11 1 ,  1, 

Tri:lnqulation for 1-inch detail survey . I l o '  I , I  1 ,  

Fair mapping . )I 8.2 J l  J t  , I  

Traversing . ,, 16.8 ,, linear ,, 
The total coat of the party loas Rs. 1,29,425. 

The health of the party during the winter field season was good, and 
during the sumnler season fair. Surveyor Garjman Ray unfortunately died in  
September 1913, and Mr. Natlia Singh alld surveyor Ram Saran were sent on 
I c a ~ e  on amount of ill health. 

The party was twice inspected by the Superintendent, Northern Circle, 
and once by the Surveyor General. 

No. 2 PARTY (PUNJAB). 

B r  MAJOR E. A. TAXDY, H.E. 

~ l l  work lay in the plains of the Punjah in Ferozepore, Ludhiina, and 
~ e a a o ~ n a ~ .  nei,ohl)ou~*inp districts with the western - - 

Imperial Oflcera. 

Major E.A. T ~ n ~ l y ,  H. E., i t 1  charge up t o  litla 
part of the Phfilkiin States, except - for I 

JIIUC. sheet on the Hwhiirpur border which 
L/entenant A. A. C~IIM, R.E., in charge from 19th 

J one. contained a bit of Siwilik hills. 
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~ r o ~ : i r r c i n /  OFcrrs. Topog~*apl~y.--Thc following 36 one- 

311.. P'. H.  Po\vell, ~ T I J I I I  I)LII J u n a  191.7. inch sheets were surveyed and fair drawn 
,, ,I. A. F ~ P ~ I I I ~ I I  u p  to 13th April 1913. 
,, Knunk Sill,nI~. dut,ing the year :- all ~hee t s  in 44 .J 
,, lt, E. sl1ul~olll!. 
,, E. C. O'stllliv~~u. ~ i l d  4$  N ,  44 :,, , 44 -: and 44 + ,. 
,, J. I\IcCraken. 
,. 11. 1'. Hughes I I ~  to  27111 April 1913. giving a n  area of 9,245 square miles. 
,, J .  A.  Calvert. Also a 6-inch survey of Miler Kotla 

Lorrev Srrbordi~rate Servicr. 

66 Surveyors. etc , in field. 
and environs, a t  the cost of the Statt:, area 

Aver~~ge  28 iu rece.:s (exrl~lrlil~g nbsentres). nearly 1 i square miles. 
One surveyor was sent to Dera Gh5zi Khan for a month to sketch in  the  

great alterations due to encroacl~ments of the I n d u ~ ,  for iucorporation in the 
degree sheet oT that area. Tn-o or three surveyors were lent for short perioda 
to help No. 3 Party with their traversing and plotting i n  the field. 

No traverse or triangulation was done, as old tlaverse data will Be avail- 
able for next season's work. 

Szcrvey methods.-Sheet 44 + \\as revised by one surveyor in  five monthe 

using old conloured sheets, ns published in hlack on 4-inch and d-inch scales. 
These revised sheets werc photographetl down to the l+-inch scale for fair 
dmn-ing by trnnster. 

The sontli-emtern sheets, falling in the Phiilkijn States, were based on 
new and rather inadequate traverses l~urrietlly done 1)y No. 3 Party in  t h e  
earlier part of the season. The party had to await the completion of the 
traverse before entering on this ground. Results contained occasional 
inaccuracie. up to 10 chains, but these were for the most part well 
distributecl. 

All other sheets \vcte done by revising lnounted blue prints of the old 
l-inch maps. The distortion due to mounting t,hese blue prints caused the 
usual slight inaccuracies of scale everywhere. 

No heights or contours were observed in the plains, though the souther11 
portions, nearer the Bikancr desert, have sensible undulations with sandy 
 outcrop^. Irrigation however extends over most of the area, and where tllis 
is the case contoured oat~nl maps are avn11nl)le. Tllese cl)ntoura though accu- 
rnte in a large sense nre not always topographically satisfactory in shape, so 
their information mas only used to the extent of abstracting heights for the 
higher and lower parts of ~lndulntions, :ind entering these as clinometer heights 
on t l t ~  fair sheets. 

Ferozepore and environs wau revised on a $-inch pntographed reduotion 
of old large-scale work; this being pbotograpl~ed domti to the ls-inoh scale 
for fair drawing. Several i~nportant to~viis were also surveyed on t h ~  margins 
of plane-tablcs on tllc 1;-inch scale, which enabled them to be drawn in much 
greater clctail, especially in the case of inferior surveyors. 

The M ~ l e r  ICotln 6-inc!l survey was based on scanty traverse done for the 
l- inch work, hnt fair accuracy nras s~c~1rc.d by fixing qoocl plane-table points 
over tile work Ijclore surveyiug. Sligllt moditicntions of the usual colour 
conventions wcre required in order to m e ~ t  the necessity of showing boundary 
walls nntl hcrlqcq alonq roads, etc. 

No heirhtq or conto1u.s mrrch taken. 
Po~aor~i~cl.-Tlte stitlF of the party was temporarily increased during 

the field wason I)y 11 surveyors, of whonl 7 were old soldier-surveyors 
~ecnllcd froill their rcginlents, and not qnitc up-to-date in tbrir methods 
't'hrec Rr~rhi-lraiued soldier-survcyors also joincd for in<truction. 

B 2 
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The sad death of Mr. R. C.  H. C o o ~ e r  from pneumonia in  November was 

a great loss to tlie party. Tlielhe mere a few cases of small-pox, including 2 

surveyors, and some bad cases of pneumonia. 
Recess duties.-The com~)letion of the large outtnrn of fair drawing 

was only rendered possible hy sendin? a i l  advance section to recess early 
i n  March with the first 22 sl~eets, when the remainder of the party moved 
into the Phfilkian States. 

Instead of taking 14-inch blue prints from  he 1-iuch plane-tables direct 
and having to trausfer and adjust these on to  the fair sheet, a modification of 
the Southern Circle's method of traces was tried, as follows :- 

A complete trace was prepared for each sheet on the 1-inch scale, sliow- 
ing graticules, gtucle lines for marginal typing, and all detail in 
single lines (no railway or boundary symhols or double lines). 
Thcse traces nTerc tlien pl~otograplied up to the 14-inch scale and 
printed direct on to the drawing paper. Tllc arrangcment provecl 
very satisfactory. 

The bulk of the fair clm~~riag was done by tlirce clmnring scctions and a 
typing section, the former first doing outline ancl the11 passing on to tlie typing 
section, after which they coi~iplctcd the ornalnont of their own sheets. Each 
section had to examine and correct each stagc of a sheet beforc passing i t  on 
for the ncxt stage ; and to enwre this heing tlloroughly clone a n  extra officer 
was detailed as examiner, and had to pass each shcct before it ivas transferred 
to the typing section or returned back fro111 it. This ensured every stage 
having two good examinations hefore the slieet was donc, ~vhich is a great 
advantage in dealing with such a large numbcr of sliects, as it, reduces 
enormously the amount of col-rection and delay in passing tlic ~hee t s  a t  the 
end of recess. 

I n  addition to these 36 one-inch shcets and tlic B l i l c ~  Kotla map (nthich 
was drawn on two 8-incli sl~ccts for reduction to 6-inch), three slicets of 
Lieutenant Chase's Nepiil boundary worlc mcre drawn ; as well as the compila- 
tion and fair drawing of villnqc bounclaries for a boundary edition of the 
1-inch sheets of Amritsar clistrict. A " gencml" section was dctailed for all 
this special work, and miscellaneous duties. 

Sheet 4A + was the only p:irt of t l ~ e  work not quite completed by thc end 

of recess. 

No. 3 PARTY (PUNJAU). 
EY MU. J. 0. GEEIFF. 

The party was originally intended POI. work in tht. United Provinces, in 
PBBBONREL. continuation of the previous year's pro-, 

Imperial 0Jicer.q. gramme. But early in Scpteinb~r it was 
Cnptain 31. N. MacLeod, R.E., dec-ifled to move the party into the Punjah, 

in charge up to l l l h  A p ~ i l  1913. 
Lieutenant A. A.  Cham, R.E., to undertake 1 he survey of a particular arca 

nttachell U P  t o  319t December 191% required by tJ1e Irrigation Department. Lieutenant F. B. Scott, I.A., 
~Ltached up t o  24th J l ~ y  1913. 1Vit.h the exception of a strip of llillu ill 

Lieutenant R. S. Wahab, I.A., 
attached up to 11th July 1913. thr north, the nature of the country sur- 

veyed mas flat. 
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Pvouincial 0jTce1.s .  
Mr. J. 0. Greiff, 

in charge from 12th April 1913. 
Mr. W. J. Newland, 

up to 19th September 1913. 
Mr. E. J. Biggie. 
311.. A. C. Uose. 
l l r .  P. A. T. Renny. 
Mr. A. J .  A.  Dmke. 
Mr. F. H.  Grant. 
Mr. F. J. Grice. 
;\IT. T~f'lo~irnaddin, 

from 2:jrd October 1913 

Uppw Subordinate ~qeervice. 
Mr. llnbomcd Lutf Ali. 
Mr. Msl~ind:~r Singk. 

'l'he health of the party was good. 

Topog~*aplty.-Tbe country surveyed 
coluprised parts of the dislricts of Ambila 
and Ksrnal, and the eastern portions of 
tile Phcllcian Slates of Patitila, Ngbba, 
and Jind. Practically the \ohole of this 
area, escept for the foot-liills of the 
Punjab Simalilcs in the north, is part of the 
Indo-Gal~getic alluvium plain. It is in- 
tersected by luauy hill torreuts, tlio princi- 
pal I~eing tlie Ghaggar, 3Iirkanda, and 
Saraswati. The Sutlej and the Jumna 

L o ~ a e ~ .  SubovtEt~zate Se~.aice.  rivers also intersected the north and south- 
61 Survcyols, etc. east limits of the work. The greater part 

of it is cultivated, and much of i t  irrigated by the Sirllind and Western-Jumnn 
Canal systems. Generally speaking i t  is w1311 woofled, dhnk being the cLiel 
gromtl~. 

The party ~vns divided illto six camna, under Lieutenant Wahab, and 
Messrs. Newland, Biggie, Kenny, Drake ant). G~ice .  Later in the season t n o  
small sectiolis were formed, aud placed under Xessrs. Bose and Grant. The 
sheets surveyed 1)y each camp were (i) sheets 5:: -, ; 44 y3 ; (ii) 53 $B ; 

R 63 (jii) 63 hF ; (iv) 53 2 ,  half of 53,-,",;,,, and 53 6; (v) 53 
half of 6 3 ,  ,:,,; (vi) 53&, 53:; and Mr. Bose 53 :; 311.. Grunt 53?P3.  

Thr~ work consistrd partly of revision survey and partly neu surrcy, on 
the scale of one inch to a mile. 

I n  Anibzlla blue prints of the last published 1-inc11 sliects were usfld. 11 
Karnil  the old slieets were found to be of not so good a qr~aii ty,  and so reduc- 
tions of rerently prcpaicd hettlelncnt 4-inch mnl)s mele used, the dctail 
I~eing t ~ a ~ ~ s f e r r e d  on to the plane-tableq by making cnch village fit with its 
plo ttecl trijunctions. Except for topogralhic:~l f e~ tures ,  tllese mere found 
fairly corrcct. 

There is a serious discrepancy betmeeu the Amhiiln and Knrngl traverses 
along the common boundary, the hest possible adjustment llas been made. 
Tlie error is probably due to the  traverse^ not being suficiel l t l~ connected with 
triangulation. 

I n  the Phi~lkiztn States tlie worlc was antirely ucm, b:~srd on traverse data. 
It was foilnrl that the graticulos on pu1)lisired 1-inch sheets (lid not agrer 

with those plotted from rectangular values, tile errms a~iiourlting to as much 
as G chains. The difference has been eliminated i n  thr fair maps, bu t  t h e  
point is worthy of notice for future guidance. 

Tlle olltturn of thc party for the season i!; . ~ s  follo\vs :- 

1-inch revisioil survey . -1.,960 sq. miles. 

I-inch new survcy . 2,764 ,, 

The cost rate per square mile was Bs. 10.6 and H's. 11.5 respectively. 
Tvave?*si?~g.-The area traversed comprised ths Native States of Pati,iIa. 
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Lieutenant Scott wm placed in charge of the section, and to i t  mere 
,sttnchcd also Messrs. Grant and Moqimuddiu. 

AS no Irlaps were avnilablo to indirate the positions of tlie village trijuac. 
tiolls, i t  was decided to cover the whole nrea with a " gridiron " of traverse 
running approximately along b', minute graticule lines, aud to tie it, all to- 
gether, and to the G. T. stations available, by a network of main traverses, run 
\\iill a crinoline tape, along railways, main roade, etc.. 

The total are% traversed was 6,058'28 square miles a t  a cost rate 
Hs. $16 per sqnare mile. 

Rec~ess duties.-The whole of the area surveyed, comprising thirty l-inch 
113s been mapped during recess, and wil1,be submitted for publication 

hefore the end of November. 
 he party was divided into seven sections and employecl as follows :- 

C ( i )  Mr. Newland, fair mapping of sheets 63&, 63,nL). 

(ii) Mr. Biggie, sheets 63 ,, ii;G, 53 44;. 
(iii) Mr. Bose on the revision and completion of the  traverse computp- 

tions, and preparation of data for the coming field season. 
B v (iv) MI-. Kenng, fair mapping of 53,-, 63-. 

n 
( V ) 'I Drake, 53 1, 2, 3, 6 ,  6 ,  8' 

tvi)  Mr. Grant, in charge of the typing of all tlie fair sheets. 
(viij Mr. Grice, fair mapping of' 53&, 53&, 63;. 

An advance section opened at Mussoorie on the 1st  April. An attelngt 
was made to obtain blue print enlargements on the l+-inch scale direct from 
the field sheets, bu t  this was found to be impracticable owing to the irregular 
distortions in the dimensions of the field sheets. So line traces were made oE 
the field sl~eets, and fitted on to a Bristol board or sheet of drawing paper within 
correctly projected graticule lines and the  blue print enlargements made from 
these. 

A new kind of type ink, Edward Shackell's No. 1 Blaok Process Proving 
ink, was tried t l ~ i s  year with very satisfactory results. 

The cost rate of the fair mapping is Rs. 403 per square mile. 

NO. -E PARTY (UNITED PROVINCES). 

I , o ~ r e r  Subordiilnlc Serrice. 

M Sorvvyoru, clc. 

The fivld head-quarter3 of tlie party 
opened a t  Fyzabid on 21st October 1922 
and closed on 5th April 1913 ; the recess 
head-quarters continued a t  Mussoorie. 

Topogt.ccph y.-The programme of this 
mark consisted of survcy on 1-inch scale 

E 
of G3 m, ~;I,T, 6 , i j & E , m -  

and supple~nentary survey only of shccts 

63 , 63 ,, . Sheets 6 3 G  and 
63 $ mere subsequently cut out of our 
programme. 

The mllole aron for survey lay in  the districts of Eardoi, Bahraich, Qondli, 
Lucknow, B5ra Ranki, Riie Bareli, Fyziibid, Sultinpur, Partiibga,rh and 
Fatcllpur. 
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Surveyors were divided into four camps under Messrs. H. W. Biggie, 
G .  J. S. Rae, J. C. Lears and G. E. R. Cooper respectively. 

During thc field season six soldier-surveyors were attrcherl to the party 
to replace surveyors transferred to Nos. 2 and 3 Parties. 

These soldier-surveyors had alreacly donc a first period of training in the 
Survey of India a,nd so were not attached for training but simply to supple- 
ment the surveyors of the party who had been reduced by transfers to Nos. 2 
and 3 Parties. 

'I'l~rec oC thesc soldier-surveyors were found useful and hardworking field 
surveyors and their services have been asked for again. The other three men 
were found slow and incompetent. 

The average rate of plane-table (excluding the time talten ill marching 
to tLeir work) was 25.2 square rniles per niensem for resurvey aiicl 49.9 square 
miles per mensem for supplemeiltary survey. 

T~.ccuersing.-This only consisted this season of running sul~plementary 
lines of tmvcrse wl~cre i t  was found that  surveyors were short of points on 
which to adjust their work. 

The cnulztry undcr survey consisted for the most part of similar country 
to last season, viz. :-- a flat plain generally well cultivated and interspersed 
with an abundance of groves and occasional stretches of " Usar " plains. 
Along the GogrtL River occurred a tract of country a t  lower level than tlie 
surrounding plain in  which the river swings from bank to bank changing its 
course nearly every rains. 

The chief rivers in  the area under survey mere a small portion of the 
Ganges River in the sonth-west corner of the  work, the Gogr.5 River along 

centre of the area, and halfway between the Ganges and tlle Gogrii the 
Gnmti River. I n  the north-west corner of the work the R i p t i  River ran 
through a couple of sheets. 

Recess Duties.-All fair maps of sheets surveyed during field season will 
be completed and sent for publication before the end of October. 

Tlre liealtli of tile part,y was good tl~roughout the season. Plague again 
appeared throughout the area under survey but no cases occurred among mem- 
bers of the party. 

No. a0 PARTY (CANTONMENT). 

During the year this party mas formed by order of the Government of 
PIIBSONNRL. India to survey cantonments and towns 

Proaincinl O ~ C P V S .  on large scales. And it was decided that  
Mr. 8 .  Ewing, Deputy Sulicriutendent in chnrge, 

from 1st Mnrch 1913. the Cantonment Section of No. 4 Party 
31~.  C. I.:. C .  Freuch, Extra A*si,tnnt S l ~ p c r i u t e ~ ~ d -  Was to be the nucleus of the new party, 

cut, frnln 1st Octobor 1912 t o  7th .July 1913. 

Uppet. Sttbordtnntc Se~.vice. and its strength gradually increased by 
Mr. Dharmu. recruiting pupil-surveyors, and by trans- 

LOIIYI.  Strhonft~rnle Srr.r,ice. £erring soldier-survey ors from other par- 
12 Sorveyors, ctc. tics. 

These soldier surveyors arc to be trained for a further period of two yenrs 
in this party and arc then to bo transferred to the Military Works Depart- 
ment to revise and kecp up to date all cantonment plans that have been com- 
pleted by thc Survey Department. 



011 1st March 1913, Mr. A. Ewing, Deputy Superintendent, was transferred 
from tlie Southern Circle Drawing Office to tlie charge of No. 20 Parly with 
orders to increase the number of surveyors in  the Cantonment Section. 

Froin 1st August 1913, after reappropriation of budget allotments, this 
party n-as transferred from the administrative control of the Superintendent, 
Southern Circle, and mas placed under that  of the Superintendent, Northern 
Circle. 

After the coinplotion of the survey of Quetta Cantonment,, Quetta Civil 
Etation and Qnetta Fort, n hich were then in  hand, orders were received to 
survey Saugor and the areas under euiicivatiou within the cantonment bound- 
ary. Early in  January 1923, a smvepor was sent from Quetta bo Saugor to 
triangulate n ncl traverse that cantonment. I n  February three surveyors left 
Quetta to help in tbe traversing and to do tlie detail survey after the travers- 
ing mas compleiecl. The stlrvey of Saugor was completed in June,,and frcln 
J r~lg to Septeuiber tlie pwty was t:mployed st Saugor, the field head-quarters, 
on the fair mapping of the Quet ta  and Saugor plans. 

An extension of Delhi New Cantonment Area which was surveyed on the 
4-inch scale tlie year previous was urgently wanted, and Mr. C. E. C. French 
with two surveyors mere employed on this work i n  February and March, and 
its fair mapping was completed in  June.  

I n  and round Saugor eight stations were fixed by triangulation by Gokul 
Clmnd, survej70r, with a 6-inch theodolite and tlie traversii~g of that canton- 
ment vns based on these stations, and angles of elevation and depression were 
observed a t  every traverse station, from whicli their heights were computed. 
Also eight stations were fisecl by triengulation for Guna Cantonment with G-inch 
the clolite by Mr. A .  Ewing and Gokul Chand. Two trigonometrical stations, 
I&., Saugor and Hatni  of the Calcut,ta Longitudinal series and Karachi Longi- 
tudinal series, were visited ancl found in  goocl order. 

I n  February the field head-quarters were moved from Quetta to Saugor 
and on the colnpletion of the survey of Saugor three surveFors and one drafts- 
man were granted privilege leave. Eighteen sheets of Quetta Cantonment are 
nearly co~npleted, and will soon be sent for publication ; two shcets of Quetta 
Civil Station, two sheets of Quetta Fort  and six sheets of Saugor Cantonment 
are i n  hand. Owing to both clrafisn~en sufferillg from writer's cramps, one of 
t,Ilenl l ~ n d  to takc leave, and the completion of the fair mapping of last season's 
nark has been delayed. All tlie fair mapping mill he finished by t,hc end of 
Deceml~er n-hen tlie det3il surveg of Guna will be completed and its fair map- 
ping talcen in hand. 

The cletail surrey nas checked by 10.41 linear miles of paitnl a i ~ d  from 47 
fixings by N r .  C. E. C. French, and ner~rly all the detail survey of Saugor was 
checked by the Officcr in  charge. 

The areas triangulated, traversed, snrveycd and mappccl are :- 
,\ c11,s. 

Triangulatio~~ . 52,289 

Traversing . g 4 , O  15 

netnil s111,vey I-inch scale . 6,280 

7, , 16 ,, ,, . (;,I64 

JJ 8) 64 1 ,  ,, I • 95 

hIep11ing 4 ,, , . 5,2SO 

JJ 16 ,, ,, . 13,714- 
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The cost of the party for 1912-13 is as follo\vs :- 
Cost of Canto~lment Section from 1st October 1012 

to July 1013 R3. 18,367 
Cost of No. 20 Party from l e t  August to Septem- 

ber 1913 ,, 3,797 - 
Total coet of the party ,, 22,144 - 

The programme for the ensuing field season has not been finally settled. 
The Director-General of Military Works has proposed Guna, Kamptee and 

Rajkot and other cantonments about which he will inform the Surveyor 
General, when he receives reports from his Divisional Officers about their re- 
qui~ements. Sitiibaldi Fort, Khandwi, Agar, Deesa, and Deoli have been sug- 
gested so that all the more important cantonmeilts i n  the Dlhoa Division will 
be surveyed before' this party is transferred some thousands of miles away. 

RIVERAIN DETACHAIENT. 

Tlle field-qusrters ri~mained at l l u l t i n  tl~rooghout the field season, and 
t l ~ e  office retur~led to Lahore a t  the cud 

PERSONNEL. of July 1918 for recess. 
P,.ovir~cinl Oflcrrs. Tlli~ cletachrncnt continued the nork of 

Mr.  Maya DILS Puri, Rei Sahib, in cllnrge. 

MI.. >loqimuddin, np to the 22nd October 1912. 
traversing and l a ~ i n :  down base lines. 
319 linear and 394 square miles of main 

Upper  So601.di11ale Seroicp. traverse, aiicl 3,256 linear and 808 square 
Mr. Chuni La1 Ktbpur. miles of lniuor traver.de were 1 . u ~ .  13,833 

Lorcer Subordinate Service. theodolite stations were fixed in the area, 
CC r r Surveyors, etc. under water action of the rivers Sutlej, 

Riivi, Chet~db, and Jllelum in districts 
S r t l l e m o ~ t  Sfof. 

155 T~il~sildars, etc. 
Ferozepore, Lahore, SiSlkot, Gujrnt, and 
Slriillpur, 588 corners oE 19(i squares were 

demnl.cated with permanent mark-stones oil both banlts of the Sutlej (districts 
Montgomery and Ferozepore), C h e ~ ~ i i b  (districts GujrtLt nnil Siilltot), and tlle 
Jhclum (districts Shnl~pur ancl Jl ielu~u) to servc as 1)a.cs for the future demar- 
cation of bo~~ndar ies  in the bed of these rivers. 3,49ti plotted and 697 boux~dary 
" Mnsnuis" (Settlement m:~pping shc.ets) of 407 villages mera cornplcted and 
40 Pour-incl~ slleet4 nrrrc tmcrd, nilil supplicd in tiruc to t l ~ e  Settlemrnt Officers 
of F ~ I . O L C ~ O ~ C ,  Lal~ore, Siilkot, Gujriit, and Shiil~pur. Sesides these, 363 ruis- 
cellaneous tr:~ces mere pri.paret1, and all the travcrsc st:itions marked during tllo 
sl.nsoo rnt3re plottcd on 51 four-inch sl~cets. Tltrcc four-inch riveraiu boundary 
sheets mcre plottc~l and cornpiletl, 2 sh(.et,s fi11:llly completecl, anti 4 sl~eets tjped. 

T l ~ r  2>-ncl*c rectaugulnr siirrey was carr~ed over the remaiuing tract corn- 
manded by the Lower S i r i  Doib canal in coutinu:ltion of the last year's work, 
Fo~trtern thonqand six hundr t~ l  and twenty-seven 26-acre rrctanples were 
brolcen. Nc ~ r l y  6G 1)er cent, o f  tho n o ~ l i  nras tcsied hy the tahsildars, nail, 
tahsild..\rs, ancl the survey officers, and 1 G  per cent. was checlced with tlle~dolite 
traverso. 1,060 lirlcar iniles werc traversed, and 3,805 theodolite stations mere 
fixed. This \\orli is now c.ompletely finislred. I n  all, 73,791 tmentx-five acre 
rcctanglcs were demarcatcd in 2,883 square lnilcs during the last three seasons 
a t  a total cost of Xs. 3,18,279 a y i n s t  au estimated espendit t~re of Rs. 4,63,683 
for cutting 2,600 square milcs into 22-acre rectangles. 
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The Khushiib " That" (sandy area) survey nr:ls suddenly taken up during 

1:ebruary 1913 at the special request of the Punjab Government, and was 
temporarily stopped during May 1913. Points were thrown about 4 mile apart, 
-111 existing triji~nct~ions, boundary  turning^, and conspicuous marks were picked 
up. ?,967 'liuear and 1,070 square miles mere lraversed, and 3,808 theodolite 
stations fixed. 258 dressed stones a ~ l d  84 iron tubes were embedded on seleoted 
stations to facilitate fut  urc survey and demarcation of fields and boundaries. 
591 plotted .?lastivis on tile scale of 12 inches lo one mile, 11 ere supplied to Ibe 
Settlrlnent Officer, Shillpur, early ill September 1913. Besides this w o ~ k  604, 
1Nascicis of 36 villages (scale 8 incllrs=one mile) were reduced to the scale of 
4 inches to one mile. 'J'he boundarie. of these villages were co~npiled on 29 
four-inch shethts with Ihe help of points fixecl cluring the Fear, showing dis- 
crepancies of over two chains ant1 were traced 011 63 A?lascivis'for the Settlement 
OEcer, Shiihpur. 

With  a view to assist the Scttlelnent Officer, Dera Harnirpur (district Kjngra) 
111 the most d i5cul t  part of his mork aad to utilize the experience thus gained 
for the future cadastral hurvegs of the l e ~ a i n i n g  tahsils of the Kfingra district, 
the Kangra work \\.as experilnentally startecl during the middle of April 1913 and 
closed on the POtll July  1913. It mas based on the trian,pulation of old No. 18 
Party (Himalaya). Points were laid out allout 5 to 15 chains apart, in huitable 
places under cultivation and along tikci (sub-village) ancl village boundaries by 
triang~dation and traverse using subtense bar where required. The plots were 

for ~ a c l ~  tikc (sub-village) separately on t l ~ e  scales of 20, 40, and 80 
knrnas to one inch (the length of a ktl?.nt= 5'7.5 inches) according to the nature 
of the ground. 

637 linear miles of traversing and 81 square iniles of triangulation were 
carried out, and 1,840 stations were fixed by theodolite. 

784 plotted Zcteciuis of 256 tilccis (sub-villaecs) were supplied to the Set,tle- 
ment Ofleer, Dera Hamirpur, during the summer. 

Tile e ~ ~ ~ e r i m e n t  has proved snccessfnl, and mork in the other tahsils of the 
Kiingra district will he commenced durin!: next cold weather. 

Tile riverain area was broken raviny, sand!,, marehy, shrubby, and in parts 
oultivated. T l ~ e  Lower Bclri Do511 tract was flat, heavily wooded, ancl sparselp 
inllabitrd. The Khushjb " Tl~ul"  (sandy area) consisted of rollins sand hills 

with scanty scrub, and :I few stunted trees and villages, scattered 
))ere and there, chiefly inhabited hy graziers ancl camel-owners, with little or 
no ~vater. The Kangra portion was hilly, jungly, and cultivated. 

The health of the detachment \ \ a s  on the whole satisfactory. One tindal 
died a t  home mliilc on departmental leave. 

*fI~e total expenditure of the detachment from tlre 1st October 1912 to the 
: j ~ t h  Se~cember 1913 exclucling the pay of temporary riverain khalasis, and 
including Rs. 6,180 on account of last year's expenditure for the Lower Bnri 
Doih rnork, w a s  Rs. 1,1.jJ632 as detailed beloar :- 

Re. 

1. 'Ihe Riverain Survey . 2 1,906 
2 .  The Lower B%ri Doib 25-acre rectangular curvey . . 70,%5G 
:3. The Khushil) Thctl trarersing , . 17,955 
4 The Kingra experimental work . 5,712 
5.  The Nepd Boi~ndary eurvey . . 4'73 

- -- 

Total . I l l  5,632 
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SOUTHERN CIRCLE. 

(Tide Index Maps 2 and 6.) 

'l'l~e Soutl~ern Circle was under the superintendence of Brevet-Colonel 
T. I?. B. Renny-Tailyour, C.S.I., H.E., up to 15th April 1913 and under Lieu- 
tennnt-Colonel .F. W. Pirrie, I .A. ,  for the remainder of the year. 

The Circle consisted of Nos. 6 ,  6, 7 and 8 Parties and No. 4 Drawing 
Office. 

During t,lle pear 13,349 square miles were surveyed, 14,894 square miles 
were triangulated, and 205 linear lniles werc tniversed by theodolite. 

'The field surveys consisted of :- 
1,086 square miles of 4-inch survey. 
6,093 ,, ,, ,, l-inch survey. 
5,1.55 ,, ,, ,, l-inch revision survey. 

568 ,, ,, ,, 1 +-inch survey. 
4.47 . ,, :, 2-inch siuvey. 

' I  he area surveyed is relatirely gre.~tcr tllall was done during the previous year. 
l'he stnalll~ess of outturn is caused 1):- tlie intricate uuderfe.~tures in tlie Central 
l'rovinccs and Uyder~biicl State aud thc excessive difficulty of the dense forest 
country in tlle extrelnc south of the pt1ninsulu. I t  mas again found impossible 
to shew adequate11 on the I -inch scale in the field the mass of dctail in tho low- 
lying gronnd alolig the western se:i coast in p3rts of Madras ancl Travancore 
State, so the l+-inch scale was substituted where necessary and the small 
increase in cost mas amply justified by results. 

The Photo-Zinco Section did n great den1 of work during tlie year to assist 
the work of parties chicfly at the close of the field senson and towards the end 
of recess. 

Tlle nccommodation at p r e s c ~ ~ t  is iuadeqnnte and tlic cameras aud other 
apparatus callnot bc propcrlj protectetl fro111 tlie weather, and during tlie rainy 
seasol) was at :I stand-still. 

'i'hc following work n7ns (lone dlu-in:. tlie j-e,Ir in the Pboto-Z inco Section : - 

nesc~ipt ion of work. No. 5 , S o .  6 K O  7 No. 8. 
R E M A E K ~ .  

1 - - - 

! 1 I I 
Relmoductions to  full ... I ... ! ... 1 1 

scale. i I ~ I 

I 

1':nlargemcnt~ . 4 3 ,  5 13 1 .  121 
! I I 

I 
Reductious . ' 44 2 i 1 2 2  20 1 213 1 

I 
Originals vnndyked . 14 I 17  2 :i I I 67 1 l 3  I 

SO'I'ES. 
I .  Except in PIndrds where the l ids  prrpnrr~l  11y 111e Direc:tnr, illndmn Revenue Survey, go  t l~rongi l  

H very cnrefal uy~tcln ofcllecking, n grcnt d c ~ l  oC ,lifi,.lllty \\.:10 eal~cricnce~l by pnrties in obtaiuing the  correct 
spelling or village and o t l ~ c r  names. List.; were s r l ~ t  to L)cp~~tg Corninieniilners for vcrific:ation nnd correction, 
Itnt when these werc rcceived bnclc it wns often f o a l ~ d  tllnt tho same natoe w:~q spclt quite differently even in 
different parts of tlro nnme distri1:t end in t l ~ c  same I-inch sheet. 

These difficrlllies tend to  incre~rsc n.l~ero 1,:irts nf different districts 01. provinces fnll in tho same nhnet nod 
in tlie cnne oE degree slleets contnining pnrtr nf !'ombay ;rnd t l ~ e  Cenlr .l I'rovinoes w h e ~ e  the ayste~u of spellin;: 
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greatly i t  will probnbly be best lo  liava the  names written in skeleton copies oE tne  degree sheets ill lheir 

proper positions nnd hnve them again verified locally througli Settlement Cornn~issioners or other agency. 
2. Forest slid other maps originallp survercd on scales larger thau the 1-inch a t  various periods vary much 

in quality and none of tberrr can be reduced and incorporated in  t h e  lair malts without again undergoing 
supplementary snrvey, nn? the f~~l lo\vi~!g has been found t h e  most suitable procedure in  t he  Southern Circle. 
The large scale maps falling in the  area included in  the tn su iug  se:~so~r's programme were p l , ~ t o g ~ . n ~ h i ~ ~ l l ~  
reduced to tho l+-inch scale in bluz colour. These reductions were then  inked u p  in black for further reduc. 
tion to  t h e  I-inch scnle, nod carofully fitted on t o  t he  1;-inch projected shee:s by means of the  grnticule lines 
snd p\otted t r i ang~~ la t ed  points. These reductions were then  reduced to  t he  1-inch scale anti printed in blue on 
Bristol boards or drawing paper ~nounted on cloth over mill honrd. The grnticule waa s ~ t b s e q u e n t l ~  dlawn in 
black and any exterior t r i a ~ ~ g u l a t e d  points plotted and they were then ready for t he  field. 

3. I n  llanding over the Southern Circle Colouel Renny-Tni l~our  stated tha t  i t  is always bettrr when the 
local scale of regular surveys is tlie 1-inch or $-inch, larger scale s u r v e p  should be carried out a t  least one 
season ahead so that  they may be available when the  regular aurveys are taken u p  and  whenever possible this 
procednre mill be followed. 

d l .  As mentioned in t he  Records Volume 111, experiments were continued in the Circle in order to prevent 
altogether or t o  reduce to a minimum t h e  expansion and contraction of monnted plane-tables i n  the  field. Paper 
mounted on clcth pasted on wooden plane-tables expands aud contracts according t o  t h e  chonging temperature 
and humidity of the  atmosphere bn t  chiefly across t be  grain of t he  wood of the  plane-table and not uniformly 
i n  all directions. To remetly this four  methods have been under trial for  some time, as  follows :- 

( n )  A l ~ ~ n i i n i u m  pl:lne-tsbles. 
(L) The use of Bristol boards in pl:~ce of dr:\n-ing pnper. 
(c) The use of drawing pnper luounte~l on cl6tli over mill board. 
( d )  The use of special tbicli d ~ a m i ~ ~ g  paper u l~wounted.  

(a)  Aluminiuui planc-t;~bles merc succes~ful  iu overcoming unequal cont~action and ex[ ansion and red~lced 
the  nlterstiou in  graticule to n negligible qunntitg, but t h e  tables as a t  pwsent constructed do ul~t remain flat in 
rise hut sag a t  t h e  edges nnd tlie Officer i n  charge KO. 6 Par ty  llns uuggested that t he  bracing be strengthened 
which soo ld  probably overcome this evil, bu t  nltogetlier t he  p e a t  sxpense of aluminium plnne-tables docs not 
,justify their use. 

(b) Six and four ply Bristol boards were used during t h e  field season and  werp speci;~liy useful in the 
comp:rratively dry climate of t h e  Central Provinces. The change due to varied temperature and humidity was 
very small, a ~ ~ d  nearly prl~portionate i n  all directions and their use is completely justified ill the case of all 
experienced surveyors who are clean workers, and have little erasure to  do in  t he  field. The Brirtol boards 
should not be fastened down to t h e  plane-table but loosely secured a t  t he  corners by suitable clips. I n  order to 
make the  use of Bristol hoards in place of drnwiug pnper thoroughly satisfactory height indicators nnd scales of 
feet end chains should be printed on the Earn? quality of Briatol board. The  disadvantages of Eristol boards 
are  that  they must be packed flat and not rolled and they cannot be traced through a tracihg glass and any 
erasures are difficult to c a ~ ~ y  out. 

(c) I n  localities where t h ~ r e  i s  excessive humidity and grent changes of humidi ty  during the  field scnaon 
drawing paper mounted on clot11 over mill board is more suitable than Eristol boards for work in t h e  field. The 
change in  graticule is very small and uniform in  all directions, t hough  the  precautions as  regards n~ouut ing and 
.securing the  mill boards advocated hy Colonel Renny.Tailjour i n  t h e  Records Vo lun~e  I11 should be carefully 
carried out. 

(d) Thick drnwing paper (Whatmau'e, Imperial,  300 Ibs.) specially prepared by Messrs. Dalnton was tried 
with success nnd was used unmounted and only loosely secured nt tlie corners by clips, but  the  paper s11oulJ be 
harder in texture and harder and smoother in surface and until  a fur ther  consignment oE this paper is 
received and further h i e d  under varied conditions i t  would be premature to  give a final opinion a s  t o  its utility. 

6. The ordinary survey p t t e r n  clinemeter as  a t  present made in the  Mathelnatical Ins t rument  Office, 
Calcutta, in a very good instrument if intelligently used and ltept in proper adjus tment  and is quite accurate 
enough fo r  all  ordinary contouring purposes bu t  t o  get the  best work out of these i n s t r ~ l m e ~ ~ t a  ithey require to 
be very carefully adjusted a t  t he  time of issue and carefully handled and readjusted by inspecting officers in tlie 
field nnd the following method of doing so is suitable :- 

The instrument should be taken frorn its box and the  vanes set n p  nnd then  i t  should be laid on its side 
nn s piece of machine ruled section pnper and the  vanes adjusted so tllnt they are  nt right angles 
t o  the  base plate. The distanre between the  zero of tho tangent wale to the  centre of the  axis oE 
vision oE the  eyepiece nhould then be checked. This in most clinomctcra is I) inches. 

The distances f rom -'40 and +'40 t o  tht! centre of t h e  axis oE vision should then be verified, t l~ose  
are  ununlly 8%1G inches bu t  if t he  horizontal line is not 8 inches thcse distances will be 
different hu t  can easily be calcul;~ted. After t he  above preliminary ndjustments hnve been made 
the  level can then  be adjusted against t he  nnturnl tangents obtained f rom theodolite vertical 
angles. The advantnge of uving the  ordinary clinometer whenever pos~ible  is thnt there is less 
strain on the  eye if the  distant objecta are distinct and clearly dcfined than in using any f o ~ m  of 
telescopic clinometer. I n  particular localities where ill-defined distant objects I~nve to  be obsrrved 
in taking heights !he lelcscopic clinometer as  invented by Captain P y e  is very suitnblc and wna 
used with succene in the  +inch survey of Hyderabid  State by No. 6 Par t?  nod tlie officvr in 

- charge of that party will use it extensively for  t hc  anme purpoae during 1913-14 and considers 
that  i t  will he of great use also in ndjusting ordinary clinometers in the field. The ndvnntnge 
of tlirse instruments is the  increased accurncy and the  disarlvantnge is thnt index errors are  likely 
to  develop which will entail frequent checking ngninut theodolite obee~v~ttions. The strain on the 
eye in  using an(g form of telescope is also a disndva~~tage. 

6. I n  trnvereing foreat boundaries with theodolite i t  is often irn~ossihle, owillg t o  local col~ditions, to 
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f~dlcw the actunl Itne nnd t h e  pillare llzre t~ be tixed by off-sets. With  the  concurrence of t he  Chief Conrema- 
tor, Central Provinces, the  fo!est boundaries were fixed by No. 6 Par ty  b~ plane-table traverse on the4-inch scale 
and the su~roundin,o detail carefully ~ u r r e y e d  s t  the  same time oil that  s a l e ;  tltie arrange nent is not only less 
espensiv,. but more accurate and convenient and seems t o  meet mil11 the  requirements of t he  F o r e ~ t  Dtapartment. 

1. The old hlysore 1-incl~ ml~eetd were found r e q  accurate bu t  wanting in  milch detail required f o r  6 

modern map, and required sup ;~ le :ne~~ ta ry  survey in the  field. 
The 1-incl~ compilntions supplied by the  Director, Alndrns Revenue Survey, f rom the  work d his  depart- 

ment although not cons i s t e~ l t l~  of the snm: qu.\lity were in general very accurnte nnd of great assistance to  
KO. 7 Pnrty. 

H. The opinions of officer3 ill c:ln~ge of p ~ r t i e s  regarding the  special blue tinted paper sent for  trial  for  t he  
fa i r  maps are on the wl~ole unfevourabl?. The surfdcc 9eeme.l to be greery an? unsuitable fo: either typing or 
fine drawing. Tile only favourable report was received f rom No. 8 Party  where t h e  blue tinted payer was 
found suitnble for his hcary outline nnd hill sheets. However, there i~ no doubt t h a t  i f  t he  nu~face  could be  
made smoother end hnrder t he  blue p1pl.r woul<l be marc restful t o  t h e  eyes of draftsmen and m l p  examiners. 

9. A s e p ~ r n t e  type sheet was used by No. 6 Party, bu t  the system is not advo:ated as  i t  entails great in-  
convenience t o  examining officers and will cause extra erpcnse in  reproluction. 

10. The ude of  two ply Bristol bon~.ds was nlnde b Xo. 6 Party  f u r  fa i r  mapping and tlte procedure is 
ndvocntcd and the-e thin Br:s!ol boa1 ds were found nearly as pliable as  dramiog papcr. Tllc deh i l  could be 
drawn finer nnd the  typing was sharper and clearer tbnn on drawir~g paper. 

11. The special roller drawing pens made a t  t he  suggedion of the Officer i n  ellarge of No. 5 Par ty  by t h e  
DIathema!ical 1nstl.umrnt Office for  roads and boundaries mere used with success ; ~ n d  the prtcedure adopted by  
No. 8 Par ty  seeuls the 11103t sui t .~ble  wh'ch i *  t o  pu t  t h e  symbols on the  fa i r  mnprr in blu. by means o f  t he  
rollrr pens nnd then inlc them ov:r i I black w b e : ~  any change of empha~iq can b: given a s  required. 

12. The most s~i ' talrlc mcthods of dealing with t l ~ e  field maps on return to  recess seemed to be a s  
f~?Ilows :- 

(o) The field mlpq were rnlalgerl ind;vidually to t h e  l:.inch scnle n ~ i d  from these n combined trace wan 
ma le  011 a p~ojectcd e l~eet  of t r ~ i i n g  paper and the  wliole ma* vlrndyked o I t o  drnwYng paper or 
two ply Uristol b o l ~ d s  i n  blue. 

(b) The largest plane-table section fulling iu a l>nrticular 1-inch sheet was compl-ted up  to graticul3 
limit1 b.v pasting on t r ~ c e j  of t he  ot11,:r l~lane-tnbles and t l ~ c n  the  whole was eolargel to t he  la- 
inch sc:~le a n d  printed by photo-zirtcogrnl)hy in blue. 

JTl~en there is much diltortion or inconsirtrnt chnug* of graticulu and it1 collaequence allj 1stmeut3 mere 
aecessnry, tl~cb first ~ y s t e m  a s s  foun 1 t he  b s t .  

W l ~ c n  ncarly the whole sh,c.t was eurreyed on one plane-table and the  graticule mas about r ight  t h e  
secon 1 system was found the  best. 

No. 5 PARTY (CENTRAL PROVINCES). 

The pr\)gramme of the party included survey aud revision survey on tho 
PE~SOSSLL.  I-inch scale, and t,l-iangulation, in part$ 

Irnp~vial  O$cer.s. of degree sl~eets 65 J, K, and 0, c~mpr i s -  
Col)taill E. C. Baker, K E., in chnrge, from 25th ills PO,.tiollS Of H O S b a n g ~ b ~ d ,  Narsiogh - QctoLcr 1912. 

Cnpt:~it~ IC. IT. Pte, R.E., to 21st iqay 1103 pur, Cl~indwar,~, Betfil, Seoni, N&,opur, 
111 charge from ]at to  24!b Octuber 1912. 

Lienteunut R. S. \\'nh:~b, I.A., from 12th J u l ~  Bl~andara, Balaghat and 'SlTardh% clirtricts 
1913. of the Central Provinces, and tlie 

Prorittcinl Oflccrs. 
Nr. F. P. lYnla11. 

Amraoli district i n  Berar. The field 
Mr. J .  H. S. \Vilson. season opened at Jubbulpore on October 
hlr. S. S. McA'Frc Fieldiug 
J l r .  C. \t7e3t. 21st, 1912, and closed at Chbindwfirs on 
I l r ,  I?. C!. l ' i lc l~~r .  
Mr. AI I I I IBI I~  Lnl. April 1-Ath, 1913. From November 8tb, 
BIr, C .  0. l'icnrd. 1915, the head-quarters ol  tlie party was 

t'pper Sabot'dinnte Ser1.i Y. 
located a t  Chhindwira. The health of 

Mr. Ekuntl~ Batlu. 
hlr. Nnm Sarajnn Hnstir. the  party was fair. 

Lorue]. S~rb~vdiante  Serricr. Topog~.aphy.-TO carry out the 1- 
33 Surveyors, etc. inch survey, and the 1-inch revision sur- 

vey of reductions fr\)rn 4 iuoh forest surveys, f o x  camps merd formed and 
thc following allotn~eut of work was made :- 

No. 1 Cant~.-Sheets 55  3+ and psrt of 65% in Hoshan,oiibid, IBetiil 
and Chhiudwira districts. 
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NO, 2 Camp.-Sheets 66 and part of 65 -: in  N'agpur, Seoni and 

Z{I\and5re districts. 
xo. 3 ~am~. -Shee t s  55&-,, and nearly all of 56 P, in Nitgpur, Bhan. 

d im,  Seo!li and Balagbi~t districts. 

LYO, 4 Ccr,,rp.-Sheets 65 A, 65% in  the ChliindwRra and N$pllur 

clistricts. 
Tile survey I I ~  all tlie above sheets was completed. 'I'he outturns were 

2,675 square miles of l-inclr survey, and 1,115 square miles of l-inch revi. 
sion survey, making n total of 3,690 square miles. Sheets 55&, 65& 
contained heavil!- 11-oodetl and sonlemhat hilly country. Sheets 55% , 55  4,8. 2 12 

were flat or uudulating, while in the remainder of the sheets the nature of the 
country was varied. 

Tria~r~rrlntio,, .  -Four officers were enlploy ed on triangulation, and corn- 
K pletctl sheets a3 ,;,, ,,;:,, I,  , 55,,, .,, ,,,, ,IT, 5 . i A  and 55+. The triangu- 

lation of the last nnmecl two mas computed in  the field and tlie detail survey 
of these two sheets was inclnded in the programme of the party. The country 
triangnlated ~strncled from the steep north-western slol~es of the Sitpuras 
across tlie rolling plateau, and down into the Nagpur plain, and amounted to 
4,952 square ~lliles. 

Becess cllcties. -l'he fair mapping of all the fourteen sheets surveyed was 
completed by the end of the recess season. The computation of the triangula- 
tion done during the field season rnm coillpleted during the recess. Degree 
charts 61 A and 33 0 with tables of data were prepared. 

No. 6 PARTY ( B E R A R ) .  

The field head-quarters mere again located a t  I{,isitn. The season opened 
PKR'OJNRL. on t,he 28th Oct,ol)er 1912 and closed on 

I ~ ~ , L ~ ~ ~  OJ~C, r s .  the 13th .April 1913. The Iiealt,l~ of the 
b l~ jo i .  t1. \\ o ~ d .  R.I':., in charge Up to 30th May 

1913. party n-as very good. 
I,icntensllt C .  I:. Lcwi.. R.E., in clinrge fl.om 31*t 

USJ' 1913. 'l'he party was cnlployed on +-inch, ! -inch 
P;.orirrriol 0flcer.r. and 2-inch surveys and triangulation in 

Mr. E. A .  Jleyer. 
Mr.  F. 13. liitchen. the Y eotmjl, A kola a,nd Buldana districts 
M r .  R.  13. Oildea. 
JIr. J .  olc. Fitrpntrick. of Uerar, in  the East Khiindesh district 
Mr. A .  .I. Sloore. 
Mr. A .  F. Dickwo. of 1401nl)ay and in the Adiliibrld, Niinder 

[ - p p b ~ .  ; ; lrho .d i r~nl r  S c r r i c e .  and l'arhllani districts of Hyderiibad. 
JIr. Lnch~iin~i Dsji .Indu. R.1:. 
M r .  Dbar~iiu. To1~oyrnphy.-The surveyors wcre 

L r , l r ~ r  S ~ , h o r , / i , i ( l t e  Scrricr. divided into three camps. Lieutenant 
33 Survrpnrd, etc. Lewis was in charge of the $-inch survey in 
sheet .3(i,,';l and the pupils' camp in sheets 56,,:,,, ,, on the l-inch scale. 
l l r .  BIeyer cal-ried out l-inch surrey in s l ~ e o t ~  56 A,, for the first two lllontlls 
of the seaso~l a11d tlleli transferred his surrqol* to t i c  P-i~rcb survey of reserved 
iorcsts in X bola and Buldinn clistricts iu sheets 56e7,,, ',',; ,,, ,,,. Altllougll his 
camp remained in the field until the mirldlc of Map, it n-as found impossible to 
compl14c the proyramrne of ?-inch \Fork. Mr. Giltlea was in charge of 1-inch 
surrcl- ill 5h~ctq 5(i ,,,f, and 2-inch surrey in sllec1tu 56 +3. One 4-incli ~l ice t  
nns taken up. The out tun^ on this scale rscrerlcrl cxpectntions, n~nounting 
to over GO equnrc r.~ilcs per man per 111ontl1 i n  intricate country. 
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The country under survey was of a varied nature, consiebiug for the most 
part of intricate forest-clad hills, and also of large areas of flat cultivated lands 
in the Pengang5 Valley. 

The outturns on va.rious scales were as follows :- 
+-inch sorvey I ,OS6 sqoare miles. 
1-inch survey 1,508 square miles. 
2-i~ich survey 43 4 square miles. 

Tf-iangzcZ~ttio,~.-Mr. Kitchen was employed on triangulation in sheets 
A 5 6 ~ ~ ,  11, IS, 14, 16, I U  and Jlr. Fitzpatrick in sheets 55 hY. The country under 

triangulation was open, and flat or sligl~tly undulating throughout. The area 

triangulated was 2,795 square miles. 
Illvccuersing.-With the concurrence of thc Chief Conservator of Forests, 

Central IJrovinces, no theodolite traversing was carried out but all the 
boundaries of reserved forests under survey were traversed 11y plane-table on 
the 4-inch scale, 11y tlie surveyors employed on the detail survey, as it was 
found that this method ensured better agreement with the topographical details 
than theodolite traverses. The amount of traversing thus carried out was 985 
linear miles. 

Recess Duties.-During the rccess the party completed the mapping of 
E P I  the following sheets on the 14-inch scale :- 56,, , ,  ,,, ,,  ,,, 06mo (sheets 

56,,f,, and 56 f contain only small portions of Berir which have been surveyed 

on the 1-inch scale), and on the 9-inch scale, sheet 56 :E,. Nr.  Gildea mas in 
charge of the mapping section. 

The coinputafions of the triangidatiou done cluring the field season were 
completed. Triangulation charts with tables of data for 55 D and 56 E were 
prepared but not fidly co~npletecl. 

Nor~ . - -S ix  a l u r n i n i u ~ ~ ~  plane-tablcs wore i,ried in t . l~e field, s l ~ d  as  rc,garda variation in gmticule 
measurements, proved en t i r e1  satisfactory, but they developed the  following serious tlefcct. I n  c r e ry  case the 
edges saggcd leavi l~g n r.tised portion i n  the centre above the  acrcw, on which the sight rule yivotted, mnking 
fixing8 laborious and litlble to erlor. A n  attempt is being made in t h e  JJatheninticnl Instl.ument Office to  
corrcct t h i ~  hy strengthening the  briicing. 

A teleclcnpic clinomctcr ~le-iznccl hy Captain Pye. R.E., giving direct readings in natura l  tangetrta t o  four 
places of dcci~nals !!as tried and gnvc most  ati is factor^ results. I t  is intcn?cd to provide camp officers and 
sur\-eyors wc~rking on the  h-inch scnle with these instrl~mcnts.  

Yo. 7 PARTY (NADRAS) 

'Yhe I)rogra.mme of thc party jncluded survey and revision survey in the 
~ e n s o s x ~ r .  Malabar, South Kanara, Sale~n, Coimba- 

I ~ ~ r p r r i n l  Oj'icrrs. tore and North Arcot Districts of 31.ladl.a~ 
C n p t n i ~ ~  .I. r). Cnlnl)l>ell, R.E., i n  rllnrge. aud the Bangalore, Kolar, and Mysore 

P1~0r i ) ic ia l  Oflc(1.s. 
\[I.. . I .  07n.  I )one~ l~c~y .  districts of &lgsol.e, and t'rianqulation in 
l l r .  P. 1t. Andersou. 
Mr. H. D. \I1. Stote*l)llry. the Salem, CXttoor, and North and South 
Irr. t lnj i  hh~lnl  l t~hi ln :  1<.1%., F ~ O I I I  i*: Octol~er Arcot distriots of Madms. 

1012. 
Nr. H. H. P. Hottcrfield. The hcad-quarters of the party re- 
MI.. .I. C. St. C. Pnllrtt. 

mrtinccl at Bangalorc and the party took 
T:) '$ )er  S ~ a b o n f i ~ r n l e  S p v t i r e .  

111.. Rotln~r~lr~ a IfnnOair~~a. t,he fidd on various dates between 1st 8ep- 
Ln~or,. S~tho, .dinale ,Perr ice  tember a.nd the 10th Novei~ibcr 1912, and 

L)D S~lrvry~,rfi, etc. retunled to rccess qnarters about the 20th 
April 1913. 
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The field work carried out was as follows :- 

Survey on the 2-inch scale of 13 square nliles of riserved forest in 
EI sheets 57--- 

Survey on tlie 1;-inch scale of 312 square miles in sheets 48 -& 
Survey on the 1-inch scale of 652 square miles in sheets 57,+, 

11 
67 11,  12, 13, 16. la , 67-%- 

Revision survey on the 1-inch scale of 4,040 square miles in  sheets 5 7 h 0 ,  
H L 

67 y,4.  6, 7, 8, $1. 10. 11 .12 .13 ,  16. 1 6  , 5 7 ~ -  
L P 

Triangulation of sheets 6'7vf;ir, 5 7 m 1 m  and 57 ,, 3,3 ,  ,, , , ,,, . 
The country surveyed is extremely varied i n  character. I t  includes the 

flat intricate coast, the undulating jungle-clad foot hills of the Western ~ h j t ~ ,  
t,he densely wooded hilly country on both banks of the Caurery River and the 
open, undulrlting Mysore plateau. 

~ o ~ o ~ r . a p h y . - T h e  2-inch forest survey presented no difficnlties. The 
m-ork in sheets 48 was done on tlie 1;-inch scale owing to the extremely 
intricate nature of thc country and tbe large amount of detail. The l-inch 
survey was assisted by the maps snppliecl on tho 1-inch scale by the Uadras 
Reveauc Surrey which were of great assistance especially as regards names, 
The (letail \\.as fo~uld to vary in accuracy ai~cl for this reason the maps have to 
be used with considerable caution. It is hopecl that, in future, more inform- 
ation will be available beforehand as to their probable accuracy in  different 
localities. 

The 1-inch revision survey came under two heads :- 
(a )  Revision of the old 1-inch 3lysore sheets which were found very 

accurate. They had, howeyer, to ke very consiclerably supple- 
mented as lhey contain but little of the detail mhich is shown 
on a modern map. 

jb) Revision of the &inch forest maps which were found quite accurate 
and mere only checked, slightly supplenlented and recontoured. 
The 4-inch forest maps were reduced to the 14-inch scale in 
blue, and after compilation on projected sheets on t l ~ a t  scale 
Tere inked up in black and further reduced and printcd i n  
bluc on tlie 1-inch scale. A great saving of time and increase 
OF accuracy mere obtained by m-orliing on these 1-inch recluc- 
tions in the field. 

T~.ian~t~lctfio~l.-The triangulation presented no difficulties. A chart on 
the +-inch scale, supplied hy the 31aclras Revenue Surrey, ennblecl the triaagu- 
lators to pick u p  a large number of revenue traverse stations. Thc values ob- 
tained mere found to a p e  with the revenue valnes and in flat country wliere 
fixings arc unobtninablc the village trijunctions, which are all revenue traverse 
stations, can be confidently uscd by the plane-tablers as closing points for 
traverses. 

Receee r1trties.-The 1 8  completely surl-eyed shects will be submitted for 
publication by the end of recess. Indcx degree maps have been prepared of 
57 I,, 0, P, and 66 D. The computations of the season's triangulation have 
been completed. 

Triangulation cl~arts  arc s o m e ~ b a t  in arrears as, owing to the heavy pro- 
gramme of computations and mapping, no assistant has been available for tlie 
work. 



VOL. V.] TOPOQRAPB ICAL BURVEY. 17 

No. 8 PARTY (ASADRAS). 

BY CAPTAIN C. M. Bnowse, D.S.O., B.E. 

The work carried out by the party was of the same nature and in continua- 

F L ~ S O N N E L .  
tion of that of the previous year and 

Imperial O ~ c e r s .  covcred parts of Malabar and Madur& dis- 
Cnytsil~ c, 31. I \ ~ O \ ~ I I C ,  n.Y.0.) R.E., in ellarge. tricts of Madras and the State of Travan- 
C;~ptniu It. Postcr, I .A.  

l'rov r~rcial Oficcrs. 
corc. It comprised surveys on the 1-inch 

Mr. IV. F 12. Adn~ne. and la-inch scales, and triangulation and 
Nr. S. F. Sonnnll. 
firr. .r. H. \ V ~ I I ~ ~ I I I S .  traversing in advance for futurc surveys 
Mr. M. Mahndeva M~~Jnl iar .  
N.. llnlnji DLuldibb M:~ndLre, up L l s t  s ~ ~ ~ I I I I , ~ ~  On these scales. Sheets js& and 6 8 q  

1912. 
;yr. N. S. Gnuese Aiyar. were entirely surveyed, sheets 6 8  Fc and 

C 
Upper s t t ~ o r ~ i l r a t r  Seravice. 68+ were coinpleted and sheets 58- 

Mr. Ansntarso Dhond~bn, Rmo Snllib. 
MI.. K .  Nnrmynnnsvami Chetti, pro~uoted f l  o ~ n  1st 

were commenced. 
August 1913. The party left Bangalore on the even- 

Lorvei. Subordinate Seruice. ing of the 16th November and arrived next 
36 S~II-rcyors, etc. 

day a t  Erniik~la~m. Beyond t l~a t  place 
in orcler t,o reach the head-quuters of detail camps at Kumili, Hottayarn, 
Changanjcheri and Kinjirapnlli, the journeys had to be nlade by boat and 
marching. 

The head-quarters of the party nras locatecl at Pirmed. 
I t  was with great difficulty, a1 though ample notice was given to the local 

nuthoritics, that sufficiellt carts mere obtained at particular places for the con- 
veyance of the head-quarters ancl detail camps to their destinations. Next year 
these difficulties mtty with care be avoided and the various detnclimellts will be 
able to rcach their ground by rail and boat. 

The work closed in the field on various dates in May 1913 and open(1d in 
recess at  Bangalore in Juuc. 

The hcalth of tlic party mas on thc whole good considering tlle climate en- 
conntercd, until towards the closc of the ficlcl season when all suffered inore or 
lcss from Ecvcr and boils an3 bowel complaints. 

T~~og~*apl~y.-Tllc topographical work was distributed as follows :- 
Camp No. I.--tITorhed in sheets 58 5 under Xr. Normall chiefly in Tra- 

vancore State ancl partly in Madura district on t,he 1-inch scale. The area 
dealt wit11 excluded a portion of sheet 68 J?- which fell in  the Periyar-Pambiyiir 

catchlnent area which had previously bcen surveyed on the 2-inch scale in  
1910.11. The portion of Travslncore in sheet 68% was too small to justify its 

11eing published as a scparntc shect so it mas included as an outrigger to sheet 
69 %. 

Ctr111l1 itTo. 2.-Undcr thc sul,crvisiou of Mr. Aclams worked in sheet 68$ 
and part 01 shccl 58+ chicfly in Trnvancorc State ~vi th small portions of the 
Malabar district. Thc for~llcr sllcct was snrveyccl on tllc I+-inch scale and the 
1nttc.r on tllc 1-inch scale. 

C ~ I I ~ I  Aro. 3.-TTorkccl in shoct .j8+ and remaining portion of shc9t 
58 & on thc 1-inch scalc undcr thc supervision of Mr. M'illiams. 

C n l ~ ~ p  No. 4.-l\Torlicd in sheets 69 - on the 1-inch scale under 
Mr. Anantarao Dhondiba Mandhrc, B. 8. 

As it was found impossible for any but the best drafts~nan to show, ade- 
quately in the field, the intricate coast, count~~y in thc Ma1abar;district and in 

D 
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the Trsvancore State on the 1-inch scale, the l i - inch was substituted and the 
area done on this scale mas 256 square miles. The country was covered with 
palm groves and huts, sollle of which mere of a permanent chrtrnoter but the 
majority temporary structures, ancl in order to make the resulting map clearer 
and more easy to read the latter wcre not surveyed and a footnote will be added 
to the published sheet to show that the whole country, where not under 
cultivation, consists of a dense palm grove dotted about with numerous scattered 
huts. 

The total area of 1-inch survey was 1,358 square miles. The character 
the country mas very varied. Sheets 68& were deiisely populated and the 
detail especially i n  the valleys was very intricate and tlie numerous low hiUs all 

of about the same height made the contouring laborious. Sheet 58+inclu&d 
the western slopes of the hills and the country in the higher ground mas more 
open but the valleys mere for the greater part covcred ~1-it11 forest or rubher 

estates and gardens. Sheets 58 T, include the Carclamo~n Hills, a largc portion 
of T\-hich are covered with dense forest except towards the east where they are 
grassy and open. The grass is often verg high and as difficult to survey as 

forest except for a short time after being burnt in the spring. Part  of sheet 
68%was st~rveyed previously in 1910-11 as part of the Periyiir and Pambiyjr 
catchment area and the work was incorporated by reduction. 

From the above remarks rcgarcling the nature of the country and from last 
year's report, it is clear that no large outturn can bc expcctecl from No, 8 Party 
i n  the fielcl till more open country is met mitll. 

T~inn9itlation.-The country triangulated was very varied in character 
and extended from the coast of Travoncorc over the Gh5ts into the plains of 
Tinncvelly and Madura. Mr. Ganesa Aiyar mas under instruction in trian- 
gulation with Mr. Mahadeva N~IIudaliar for part of the field season and after- 
wards carried out the triangulation of 2,035 squarc miles in shcets 58 3, G, 
and H. 

T,-cccel.sing.-Theodolite traverses were carricd out by Traverser Keshava 
Vaijnath Joshi ancl unclassed survcyor D. R. Joseph and pupil-surveyor N. 
Gopal Nayar in shects 58&,,,ancl 58 -", amounting to 205 lincar miles, and 
i t  is hoped that in 191.1-15 liardly any traversing will be necessary. 

TPe/li~rgto/b Cn~ltonn~ejlt.-At the beginning of May K. V. Joshi traversed 
the boundary of Wellington Cantonment and a revised list of distances and 
bearings were subsequently supplied to thc Military Works Services. 

Captain Foster mas detailcd at the beginning of May 1913 to test tllc ac- 
curacy of the Vellington Calltoninellt map, and to report what is necessary 
to done in order to bring i t  up to date. A revision of the co~~touring dctails 
and 130undaries seems from Captain Foster's report very desirable hut sllould 
only be undertaken after the military authorities liave definitely dccidcd or 
carried out alterations which arc, at  prescnt, only prol~osed. 

In l a t  year's rcport reasons werc given for sclccting 011 the ground build- 
ings of sufficient importance to I)e sliowll on the f-inch degree shcets and this 
mark \vas clone at tlie close of the regular field work, and the ollly area stil rc- 
rnaining to be dealt with falls in sliects 68T:,, and it is proposed to detail a 

surreyor to complete the work in 1913-14. 

Recess duties.-The a~nount of drawing in thc party's sheets is very great 
and it is improbable that the mapping of the field work can be completed before 
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the party again leaves for the field. The area drawn, 1,663 square miles, is 216 
square miles in excess of last year which is very satisfactory. I n  all probability 
the drawing of four sheets will be unfinished when the party again leaves 
Bangalore, and the drawing of t.hese will bc completed by No. 4 Drawing Office, 
and the sheets mill be finally examined by the Oficer in charge No. 8 Party 
when he returns to recess quarters in 1914. I n  recess tlie computat,ions of 
all traversing were completed but thosc of the triangulation were not quite 
finished as it was impossible to spare cnough men from the fair drawing, but 
none of the data uncomputed, will be necded for the coming field season. 

XOTE.-An improvement on form P. 21 (Computation oE Clinomctric Heights) mas devicced in this party 
during recess I912 and was used throughout tho party during the ficlrl seaeon. I t  was found to be very much 
easier a t ~ d  quicker to use and t o  chcclc than tho old f o ~ m  I?. 21 and i t  is understood tha t  a form designed on 
similar lines renumbered P. 17 and bo~lud in books has bcen npprovcd by the  Sulveyor General and will be 
introduced throughout the  Department. Mctal corner clips were u u ~ d  to fasten mill boards to the plane-table 
and wcrc found to  be on the whole satisfactory and they will be givol~ n fur ther  trial in the  co~ning fielJ season. 
An alulninium plane-table was tried but mas found to have certain: defects. If  an irnpioved pattern can be 
supl~lied a fur ther  trial will be given to  it. 
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EA8TER.N CIRCLE. 
(7Tide Index Maps 3 and 6.) 

The circle mas under t,he superintendence of Brevet-Colonel G. B. ~ ~ d ~ ~ ~ ~ ,  
I.A., up to 27th April, from which date it mas under Lie&-Col. C. H. 1). Ryder, 
D.S.O., R.E. 

11,836 square miles were surveyed during tlie year, consisting of- 
5,~59 square miles of 1-ioub survey. 
4,589 ditto 1-incb suppletne~ltar~ survey. 
692 ditto 1-inch revision survey. 

1,189 ditto .+-inch revicion survey. 
-1,07 ditto 2-iuch survey. 

No. 9 PARTY JBIHAR AND ORISSA). 

BY CAPTAIN R. 11. PHILLIJIO~E,  R.E. 

The llarty continued mork in  Singhbhi~m and R&nclii districts, working 
along the ilortlieru border of the Orissa 

PE~SONNEL.  
Feudatory Statcs, and completed the sur- 

I I I L ~ I ~ ~ ~  of ice^.. n 
veY of sheets Nos. 73 , , ,  ,,, 

13, L5, lR Csytsill 11. H .  Phillimore, R.E., i n  cbargc. 73- 
1 . 1 , 3 . 6 , 0 , 7 . 0 , 1 2 . '  Such portions of the 

P ~ , o ~ , i ~ t c i n l  0f icer . s .  Orissa Feudatory States as fell into this 
1Ir. n h n n i  I:RIII Vermn. area wcre surveyed on the ;-inch scale. 
311.. E. Claudius (from Junc till Septeulbcl. 

~ 1 s t ) .  'l'he rcserved forests of Singhbhiim dis- 
Mr. H. C. Nevlsr~d. 
~ r .  A.  I<. Jritra. trict \\~liicli had been previously surveyed 
Mr. F. Bpr~ic (till Augllst 5th). 
MI.. \V. P.  Hales. on the 4-iuch scale were now revised on 
.\Ir. 1). N. Banojee.  the 1-inch scale, and a, fc\\ scattered blocks 

U1>pe1- S ~ t b o r d i ~ ~ n l c  Se~.c ice .  of protected forest mere surveyed on the 
3Ir. Dalbir i iai .  
311.. 11. R. ;\Inzumdar (till llsy 21st). 

2-inch scale. 
The remaining area had all bcen survcy- 

Lorver. S~tbor .d inale  Service.  
cd cada~trally within the last ten ycars. 

38 Slu vcyors, etc. 
Tlie party nssemblcd in Chakradliarpur 

on  November 11th ; somo men had to bo kept in the fielcl till tile elltl of May 
to complcte the programme, though a start mas made with fair mapping from 
;\lay 5th. 

April and May wcre very hot months and t l~cre  uas  a good clcal of shirk- 
ing amongst the surveyors, several of whom Kcre dihcliargcd a t  thc close of tlie 
field season. 

T o p o ~ ~ ~ ~ ~ ~ l ' y . - l ' h c  country under survey lics along tlic borderland of Chotii 
Nggpur and the Orissa Feudatory States. Thc shects to tlie north lay on thc 
R5nchi plgteau; the country here nras well l~opulated and cultivated, licalthy 
and very easy to travel about in ; the ground \].as und~~lat ing,  with a gcncral 
Icvel of from 1,600 to 2,000 fcet, with prot,uhcranccq of barc roclcy hills of 
gneiss. Detail could not well be skctchcd, but fixings lvcrc readily made and 
mork could procecd rapidly. 

Towards the south, thc plateau drops steeply, and the ground hocornes 
broken, intricate and wooded. Tlie western corner of Singhbli61n distl.ict i~ 
mvered with dense sill forest, and is a Inass of hills which rise in  some places to 
peaks nearly 3,000 feet above sea level. Villages and cultivation are here 
more scarce, and surveyors suffered a certain amount from malaria. 



VOL. V.] TOPOGRAPHICAL SURVEY. 21 

+-inch survey in  Gangpur State could not proceed very rapidly acr the hill 
features did not stand out, with prominenoe. I n  the low wooded hills survey- 
ors found i t  difficult to get fixines, and in many places filled in detail by pacing 
from one point to another. 

The party mas divided into four camps, the head-quarters being located a t  
Pi in~osh in G ~ n g p u r  Ytate. 

Cnmp No. I.-Under Mr. 13. C. Newland numbered ten plane-tablers to 
start witl~, aucl surveyed the north-eastern slleets of 73B on the lisnchi plateau, 

Ccc~ltp ATo. I I .  was ~lnder  Mr. W. 1'. Dales, who had charge of the +-inch 
l\-ork in Gsngpur and Bonai States in  south-eastern sheets of 73B. Alr. 
Hales survcyed 170 square iniles llimself besides supervising three to five sur- 
veyors. 

Camp NO. II1.-Under the charge of Mr. Dhani Ha111 Venna, numbered 
11 plane-tablers working in  the four north-west sheets of 73P. 

Mr. Dalbir Rai was attached to this camp and supervised the mork of 
half a dozcn surveyors, besides surveying a small area himself. 

C U I I ~ ~  *No. IT. was under Mr. A. K. Mitra, mlio had seren men with 
hiln. Work lay in the south-western sheets of i 3 P  and covered the thickest 
of the Singhbhiim forests. 

Iteductions of the cadastral maps had beca compiled into 1-inch sileets by 
the Bengal Drawing Office ; and grey prints on drawing paper \ \ere supplied 
for the topographical supplementary survey. The country was too hilly and 
undulating for the surveyors to get much advautage from the detail on these 
cadastral recluctions. Boundaries, insin I oads, large rivers ailcl rillage sites 
wcre of uncloubted valuc, but as the ground I~ad  all to bc gone over for tlie 
survey of contours, the rate of survcy was not largely increased. 

In nl~solntely flat country thesc cadastral reductions will he of far greater 
hclp ; thcy mill show inore dctail and tlie trijunction pillars will become im- 
portant poinls for the plaac-tabler, who also will have no necessity to cover the 
wlloic ground for the salte of the contourinz. 

Tlle avcrago monthly outtirru for snpplerncntary ~vork colnes to about 21 
square inilcs a month, possibly 5 per cent. greater than i t  11 ould have been with- 
out tllc cadastral sliccts. I n  the most favourable ~rouncl, on thc open Rnnchi 
plateau the bcsl surveyors occasionally touched 40 square rriiles in n montlr. 

T ~ ~ i n n g ~ c l a l i o ~ ~ ,  -Surveyor Ram Sing11 triaagulatecl 800 squ :~ren i i l e s  in 
sllects Nos. 64 N and 0, and also GOO square miles in  sllect No. 721,, whilst 
RIr. F. Byrne, complctcd tlic area still remaining in sheet No. 72L. 

It is to be notcd tllat in tllis sheet a11d its neighbourhood thc ntnlosl)liere 
is r c ry  hazy tlironghout the cold wcather, a circuinstance mainly due to the 
nuincrous collicries. Por all nlys over 10 iiiiles long the use of heliotropes is 
iinl)cr.~ tive. 

An :lrcn of 3,180 square miles mas conlplctecl a t  n cost rate of Rs 8.1. 
Tlic quantity of the mork mas not good. 

The I~oundaries of a largc numbcr of scattered blocks of l~rotected forests 
in Sing11l)lluln district wcrc traversed by theodolite. 'l'he outturn a~llounted to 
253 linear inilcs with a cost ratc of Its. 6.6. 

Xcccss d1ctics.-During rcccss tlie fair lnapping was coinpleted u ~ d e r  tlle 
sul~crvision of thc follo\sing officcrs :- 

1\41.. Dhani Ram Vernla ; sheets 73 +. 
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Mr. B. C. Newland ; sheets 73 wit11 the incolnplete l-inch sheets 

73 and also t,lle - i n o h  sheet 73 A. 
Mr. A. K. Mibra ; sllcets Nos. 73 ,, ,, ,&. Such field sections as had been 

specially nlounted on the plane-tables were brought in without any distortion, 
and several sheets were iair mapped direct on enlargemeuts of the field sections, 
4,188 square miles mere fair mapped a t  a cost rate of Rs. 5'3. The compufa. 
tions of triangulatioil l~nve not been entircly colnpleted, and some of the forest 
boundary traverses still remain. 

No. 10 PARTY (UPPER BURMA). 

EY MAJOB 8. T. RICH, R.E. 

The field season opened on November the Sth, 1812, and closed on May 
18t11, 1913, when the party returned to 

PERSOSSEL JIaymyo. The fielcl head-quarters were at 
I i~rpe~ in1 0 B j c ~ 1 . s .  

Jlajor E. T. Ric l~ ,  It ::., i n  charge. 
Myitkyinrl. 

Cnptsln E, n. Cnrdew, 11.E. (fro111 10th Uay to The progralnme of both detail survey 
26th August 1913). 

Lie~itcnant w. E. Perry, R.E. and triangulation was not completed. 
Prooincial 0ficcl .r .  Mr. Hayat Muhammad, K.S., and two sur- 

Mr. .I. Smith (from 26th May 1913). 
Mr. P. Will in~ns (ti11 ~ 2 n d  October 1912). veyors were deputed to the North Burma 
Mr. W. G .  Jarbo. 
Mr. H. TI. Simons (from 14th December 1912). Exploration Detachment, two other 
Nr. V. W. Morton. 
Mr. Asmat-UIIah Khau, K.S. 

surveyors were transferred, and one 
Mr. C. H. Se~tou. surveyor died. The work of six of the 
Mr. A. F. Jlurphy (from 15th October 1912). 

best plane-tablers was thus lost. 
Upper Subordinate Service. The triangulation in the Laukhaung 

Mr. Hsyat Muhemmnd, K.9. (fronl 10th Yng 1913). 
hill tracts mas hindered considerably by 

Lower Subordorate Service. 
34 Snrrejore, ete. mist and snow which stopped the work at 

times for stretches of over ten days. 
Mr. Simons who wrcs intended to triangulate a large area in the east of 

92C, did not join the party till two months later tlian ma's anticipated and 
then mas sick for nearly a month after he joined, so that he really did only half 
B season's work. 

The programnie of the party was as follows :- 
G K -- (a) One-inch detail survey in sheets 92 ~ ~ i s ~ ~  , 2, 3, 4, ,;, 7, 8. lo. I]. 12. 14, 16, 2. 9. 

( 8 )  2-inch dctail survey of two reserved forests falling in  the above 
sheets with a theodolite traverse of the boundaries. 

J K C (c)  Triangulation of portions of sheets 92 ,, , ,, , , ,  -, 7. e , l i . i a ,  , 
D and re\-ision of 800 square miles in sheets 92=. 

This 1)rogramme was completed with the exception of thc 1-inch detail 
survey in sheet8 92&, T3,, and triangulation in portions of siieets 92 r.&, 

K C 
and -. 
Thc actual arcas of detail survey were 2,347 square miles of l-inch survey, 

126 square miles of 2-inch forest survey and 24 square miles of 1-inch recon- 
naissance in unadministercd territory beyond the China frontier; 2,700 square 
miles of triangulation and traversing were completed wliich with previous 
work rnakcs a tot31 of 6,260 square miles triangulated and traversed in advance. 
The forcst boundary siir\-eys amountcd to 207 linear miles of traversing. 

Topogrccph.r/.-'l'llc party was divided into three detail camps under Lieu- 
tenant W. E. Pcrry, R.E., 3lr. W. G. Jarbo and Mr. Asmat-Ulla11 Khall, 
K.s:, respectively, wllilst Messrs. Simons, Morton and Sexton mere independ- 
ently employed on triangulntion. 
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camp No. 1.-Consisted a t  the commencement of the season of Lieu- 
tenant W. E. Perry, 1t .E., in charge with two officers, Messrs. Sexton and 
Murphy, and three traversers doing traversing and one surveyor doing plane- 
tabling. Later on this camp was broken LIP. One of tho officers, Mr. Sexton, 

left the camp to do triangulation, tlle other one, Mr. Murphy, left .to do 
p]ane.t;lbling in  Camp No. 2, one of the traversers, Khurslled Beg, dicd, and one 
surveyor was transferred to Camp No. 3, and Lieutenant Pcrry himself 
was transferred to Camp No. 2 for instruction in plane-tabling, leaving only 
two traversers who were then placed dircctly under Major Rich. 

This camp surveyed 145 square miles on the I-inch scalc, traversed 44 
linear llliles and completed 207 lincar miles of theodolite boundary survey. 

Camp No. 2.-Consisted of Mr. W. G. Jarbo in chargc wit11 eight sur- 
veyors and apprentices and surveyed 1,474 square ~niles on tlic 1-inch scale. 

Camp No. 3.-Consisted of Mr. Asmat-UllaL Khan, K.S., in charge 
with ten surveyors and apprentices and surveyed 75.2 square miles on the 1- 
inch scale and 125 square miles on the 2-inch scalc. 

The average outturn per nlan pcr mcnsern of 26 working days mas as 
follolvs :- 

New I-inch detail survcy 30.2  square miles per metiscrn. 
2-inch ,, 10.1 ,, ,) 1, 1 )  

These averages arc sliglit,ly less than last year. 
Tl.inlzgzblntion.-J1r. 12. B. Simons triangulatcd an  arcn of 800 square 

miles in sllects 92-. 
Mr. V. W. Morton triangulatcd nu area of 1,000 sqnarc illilcs in  sheets 
Q K 

92 icls, ,, with reconnaissance in shccts 82& ,+. 
&/Ir. C. 13. Scxton triangulatecl a n  area of 900 square nlilcs in  sheets 

92 &. 
Thc same kind of coulltry was iaiangnlated by all thrcc triangulators 

collsisting O F  thickly wooded hills and clcep valleys sparsely inl~abited. 
To clcsr hill tops, lor making stations, cost in somc cases several hundred 

r u ~ c e s  as tlic junglc was so tliicli. 
T l ~ c  total outturn of 2,700 square miles was n ~ u c h  s~naller than calculated 

o~villg to Mr. Siinons bcing only ablc to work for half thc scasoil and to the 
curious climatic conditions in  the arca worlic~l O V C ~  by Mr. Morton. 

Mr. Morton coinmcnccd llis reconnaissailce i11 tlic beginning of Novculber 
and complcte(1 i t  soon after Y'inas. Before Ile had t i ~ n c  to colnmcnce observ- 
ing, the wintcr rains set ill anrl the highcr hills wcre bloclccd by snow. It 
~xincd l)rnctically cvcry day fro111 the bcginninji ol ,January till the end of 
a r c h  As soon nq thc rains had stol~pcd, lieat hazc set in completely 
l~loclting out all thc view. Thc rcsult was tliat JIr. Morton's area mas 
only about half what i t  woald othcrwisc h a w  1)een. 

'l'his year trinnqulation is bcing con~mcnccd in this tract early in  October 
and i t  is hoped to coml~lctc it early in January heforc the snow and rains set in. 

I n  cacli casc the instr~uncnts usccl were tnro vernier 6-inch transit theodo- 
li tcs. 

Travcr.vi?lg.--Two oficcrs, mld threc traversers undcr the directioll of Lieu- 
tenant W. E. Pcrry, R.E., in charge of Camp No. 1 were elrlploycd during part 
of the scason in surveying 4-inch boundary traverses round the Maigna, &wan 
and Namkwin reserve forests and part of the Zigyun and Talawgyi reserve 
forests totalling 207 linear miles. 111 addition 44 linear miles of ordinary 
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traverse mere run inside these reserves to help the plane-tablers. The area 
covered by these latter traverses is included in the area of triangulatio~~ as it is 
only supplementary work. The instruments used were t ~ v o  vernicr j.inch 
Everest tlieoclolites. 

The country under survey consisted for t,he most part of mountain ranges 
from 3,000 to 12,000 feet high, intersected with deep valleys, all covered nrith 
dense jungle. 

The higher ranges mere covered mith snow from January to April and 
when the snour cleared away, heat mists obscured tlie view, so tlle ~yorlc in these 
higher ranges was carried out uuder considerable difficulties. 

I n  sheets 92 4+ bordering on the Irra~vadcly the country was lolv lyin 

and consisted of flat plains and low undulating hills covered with densc jungle 
which necessitated working almost entirely by plane-table traversing, 

The local civil, forest and military police o~licials rendered us every 
possible assistance. 

'l'he health of the party rcmained good throughout the season except f o ~  
a few cases of malaria which accounted for the death of one traverser, Tihwshd 
Beg, and two lihalasis. Mr. V. W. Morton's camp was struck by lightning 
on a hill top at tlle end of Uarch, liilling one khalasi ancl severely injuring 
two or tliree others who ultimately recovered. 

Hecess dtclies. -'the mapping of all the sheets survcyed during thc seas011 
is mell in hand and will all be completed before the party talres the field. 

The mapping has been divided into two scctions under Lieutenant W .  E. 
Perry, R.E., and JIr. V. W. Morton. 

The computations of the triangulation done during thc field season have all 
been completed and rough triangulatiol~ charts of sheets 92 D and 92 H with 
data havc been sent to the Superintendent, Eastern Circlc. 

The traverse computations of all traverses and 4-inch forest boundary 
aurveys havc been completed. 

'l'he new Jlaymyo drawing office undcr Captaiil E. B. Carclcw, R.E., and 
Mr. J .  Snlitll mith five draftsmen commenced work in May and has completetl 
the maps for thc 1)reJiminary issue of the North Burma Exploration Survcy as 
mell as thc fair clrawing of the detail in degree sheets 92 E, P, I, J, of which 
he hill drawing mill bc complctcd during tho winter. 

No. 11 PARTY (LOTVER BURMA) 

BY CAPTAIY L. G.  C~OSTUWAIT, 1.A. 

TVit.11 field head-q~larters in Tavoy t l ~ e  ])arty started detail survey at tlic 

P e n c o ~ s e ~ .  beginning of Novcillbcr 1912 in the nortli 
I ~ ~ r p < r t n l  0 f i c e c . s .  of tllc Tavoy district of tlie Tc~iasscriii~ - 

Captorin L. G .  C'~.nstl~w~it ,  I.A., iu charce. 
Lieoten1111t H .  1,:. Itoomt-, 1!.15., from 18th Xoy 

1913. 
Proc.iiicia1 Oflccva. 

Mr. J. Smit.b, fro111 7 th  Dccember 1912 to 26tl1 
Mag 1913. 

Mr. C. Litclltlcl(1, u p  t o  16tb May 1913. 
Mr. C. 9. I.ittlcwood, f rom 10th August 1913 to 

27th September 1913. 
Mr. A. M. Tnlati. 
Mr. T. P. Dewnr. 
Mr. H. St. J .  K e o n j ,  u p  to tile 91st May 1913. 
Mr. A. J. Bulltl~. 
Mr.  H. BI. Wyutt .  

division of Lowcr Burma and rcturncd to 
rcccss quarters at  Mayrnyo to~vards the 
end of &lay 1013. Triangulaiion mas also 
carried out in thc south of Chc sainc 
district and extcndcil into tlic Mergui 
district. 

Tllc country under survey lay betwccll 
the scn (:east, and the Siam frontier, 
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Upper Subovdinatd Ser~~ice .  practically the whole of it being densely 
xr. Raghubar Datt  Thaplynl. wooded with hills rising to 6,800 feet. A 

Lower Subordinate Sprvioe. survey was also made of the North and 
31 Survegors, etc. 

Middle Noscos Islands wliich lie from 1 6  
to 20 miles off tlie coast. Tlie district is 01113 of the most thinly ~opulrtted of 
Blwma and nearly the whole of the population is gathered alonq the Tavoy 
River, for which reason, togcthcr nritll the colnpetition set up by the newly 
started wolfram and tin mining industry, labour is difficult to obtain. The 
district is badly providcd with co~nmunications and there being no pack trans- 
port obtainal~le, Chinese mules were brought down from the Yiin-nan frontier 
of tho Northern Shan States. Rice is scarce and large quantities had to be 
sent out from Tavoy. 

Tlie programme of detail survey could not be completed before the rain 
began, parts of three sheets being left uusurvcyed. This was due to the great 
scarcity of local labour, sickness and to thc deput&tion of two first class survey- * 
ors to the missions after the sublnission of the programme. 

The climatc with nu average rainfall of 630 inches is hot and damp and 
the party suffered considerably from rheumatism, malarial fever and gcncral 
ill health brought 011 by the bites of leeches nzld othcr insects which abound in 
the evergreen jungle. 

To?ography.-The area survcyed comprising shccts 95 95 2, ,, j,J,, 8. 18 

and parts of sheets 05 kIz was 1,745 srlunrc milcs on 1-inch scale, and 216 
square miles of reserved forests on 2-inch scalc, tlic pirty being dividcd up into 
three camps under Messrs. C. Litchficld, T. P. Demar and H. St. J. I<cnnp. 
For reasons already stated progress mas slow. 

Tvicc~rgl~1atioge.-Xessrs. A. AT. Talati aiid R. 11. Wyatt  ancl surveyor 
Muliaminnd Yusnf Rlian werc employed on triangulation and com1)leted sl~cets 
95 K and 0, an area of 3,929 square miles. Tllc trinngulation mas based on 
the Eastcrn Frontier scries principal triangulation and the secondary triaugu- 
lation to Bangkoli of 1877. 

Thc pillars rind iiinrk stones or sonic of tlie st,atiolls had entirely disappeared, 
Ilollon-s being found in thcir plncc. I11 such cases tlic triangulator placed 
frcsh illark stoncs ill the centre of thc liollo~\~. Tlic country IVas lllostly unin- 
llal~itccl and cli(licu1t to gel about in. 

T~~ctcevsing.--4 boui~clary tmvcrsc with tlic tllcodolite mas lilacle of the 
Pnndct-in and part of tllc Rnlcinaung ancl Hcinzi. rcservcd forests. TIlc bra- 
vcrsc oE thc latter two rcservcs n7as coii~putcd in tho field. 

Recess clutics.--The fair mnlqing was divided into two scct,ions, one ullder 
RIr. T. P. E)e~var ~\rliicll drew shccts !)I, &,, $,-, and thc other under Jlr. A. J 

Booth which drcw shccts ,,,J,, ,,. 
The season's trinngnlntion was coinputcd duriilg the reccss and fair l~lots 

madc oE tlic forcst boundary trmcrses. 
Cost g.nt~s..-The cost rntcs whicll arc given in Table I11 are slightly higher 

than last year for 1-inch survey, Ivhilc thcy arc slightly less for tliangu]ation 
and fair mal)ping. 

Tlie high ratcs for travcrsiag and 2-inch survcy are due to the clcnsity of 
thc juilglc in t l ~ c  reserved forests and a largc nu~nbcr  of surveyors ]laving to  
bc cmploycd for so small an outturn. 

Owing to tllc grcnt delnand for labour in thc 'ravoy district thc civil 
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authorities are reluctant to enforce the Goveru~nent rates and tlie rising of the 
a.lrmdy exorbitant wslges mill lilake future nrork expensive. 

If the outturn and cost of last ycar's a-inch survey be deducted in  coml~ut. 
ing the inclusive cost rate, that for t,his year shows a small increase only. 

Six Superintendents of t ' l~e Burma Land Records Department were at- 
tached to the party for training in plane-tabling in t ~ v o  batclies for two months 
each. 

Al~plicnnt~s for mining concessions are required to submit surveys of the 
areas they require on scales from four to eiglit inches to a mile, which are re- 
duced to 1-inch scale and fitted on to our maps. As these are f r e q ~ e n t . 1 ~  theo- 
dolite traverse surveys made l)y well trained European ancl Indian surveyors, a 
comparison between the large and small scale surveys puts tlie 1-inch maps of 
the party to a severe test for country of this nature. So far they have, on the 
whole, stoocl the con~parison w r y   ell. 

A party of Siamese surveyors was carrying out triangulation on t l ~ e  other 
side of tlle frontier and some of its stat,ions mere on the same hill tops as those 
of the pa,rty. 

Yo.  12 PARTY (ASSAM). 

Tlie operations of the prcvious season mere colltinned eastward, being 
limited to tlie north by tlie Bhutnn State 

PERSOXNEL. and on tlie south by the Khiisi foot hills 
Imperial Oficers .  

comprising standard sheets 78m3,G2,3i,,E 
Xnjor A .  Blears, I.A., in charge frdm 24tl1 

October 1912. n and 83 ,?, :,, .,, ,, ,, ,, ,. The survey was carried 
Cnptain G. F. T. Oakes, R.E., in charge 

from 1st to 23rd October 1912. out mainly on the 1-inch scale and con- 
sisted partly of origina,l and partly of 

Proci,rcicrl Oflcers. supplemeuta~ry survey. The Darranga, 
3Ir. W. Skilling, 
Blr .  Pra~nadarnnjnn Ray, Rni Snhih. Khalingdnar, Llgjo, Sildar Hill and Singri 
blr. E. 31. Kenny. reserved forests, comprising an  area 
air. A111jad Ali. of 37 squarc milcs and situated in the 
Jlr .  L. Willia~ns. area under survey, werc mapped on the 
N r .  P. C. Jlitra. 
31r. IT.  H. Creed. 2-inch scnlc. I n  addit,jon tllc Sonaikuchi 

n.nd I<olnliat, reserved forcsts, surveyed on 
[ )per  SlcLo~.dinntn Sc~.r.icc. 

tlic 4-ia(.11 scalc during season 1904-06 
Jlr. Xanak Chnnd Pnri. 
Jlr. Sajoni Kumnr Ghocel. were rcvised ; the large scalc survey 

proved very good except for the hill fea- 
Lo11.e~ S~~hord ino te  Sert3ice. tures TI-hicli had to bc recontoured. A 

41 Surveyors, etc. 
special sllrvey of the Upper Dihing and 

Jaipur resen-ed forcsts, dist,rict. Lalihin~pur, was also commenced, t,he work 
heing much hindered 1)y 1)ad m-eather. 

Tlie country under survey much resc~nl~lecl t,l~at of the previous season, the 
bills densely m-ooded and t l ~ c  alluvial plains of Bral~maputra, n~llcre not under 
z~dtiration, covered with iml~enctmhle " khagra" grass, somc 15 to 20 feet 
hiqh, nit11 scatterccl trees and clumps of junqle. Field work conlmenccd about 
the middle of NOT-ember and closrd a t  tlie beginning of May when tllc weather 
became very unsettled. Tlic 11cnlth of thc party was good on thc whole, a 
slight outbreak of cholera occurred duriny tlie last month of the season from 
which three 1,halasis died. Four of tllc party's surveyors werc lent to the 
Fore& Officcr, Port  Blair, for a special forcat survcy in the Andalnan Islands. 
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~ ~ ~ ~ ~ ~ n ~ h y . - T h e  detail survey progrnmmc was carried out by three camps 
under the charge of Messrs. Pramarlaranjan Ray, Rai Sahib, Amjsd Ali, end L. 
TVilliams. To Mr. Pramadaranjan Ray, with a strength of nine surveyors, 
was allotted the survcy of 4; nheets, Mr. Amjad Ali, with eight surveyors, carried 
out the survey of 5+ sheets, and Mr. L. Williams, with seven surveyors, surveyed 
4 sheets in all. With the exoeptiou of thc area surveyed by Mr. Ray's camp 
and a narrow strip aloug thc BhutlLn boundary, the country was flat. Portions 
of tile IClLrnrap and Darmng districts arc mcll populated and extensively culti- 
vated ; along the foot hills of Bhut5n and the KhGsi Hills there are a consider- 
aI)lo nuG11er of tea gardens. f here not under cultivation, the plains area is 
coverccl ~vitll high grass jungle and difficult of survey till dry enough to burn. 
Tile hills are densely ~roodccl and contain a ccrtaiil arca of scil forest. With 
tllc exceptioii of t l ~ e  (; auhiit i -Sliillong mad, an  cxccllent metalled road, indif- 
ferent footpaths are the only means of comnlunicatio~l in  the hills; fair cold 
~ycatller cart roads exist throughout the whole of the plains. 'l'hc work 
somc\\~l~at hindered a t  the start by a n  outl~reak of cllolera i n  tllc Rangiii 'l'hi,na 
\\rhicll aecessitated a redistributioa of plnnc-tables slid tlic throwing of several 
smveyors into the salnc sllcct until the cpidemic had died out. 

Less clificulty was experie~lced on tlie ~vholc than in prcvious years, in 
ol~taining supplies and labour; i t  mas, however, still Iaund necessary to attacll a 
ltevcnne pcon to cvcry t l~rec  or four surveyors to render assistaiice in this 
respect. 

,1 trial was givcn to Bristol boards and planc-t:ibles mounted wit11 these in 
place of dmnring lx~pcr mere issucd to several snrvcyors. 'l'he idea that projec- 
tions on boards would bc lcss a f fec td  by distortion was not realized, probably 
owing to tlie humidity of t l ~ c  atlnosphcre iu Assam ; as thesc l~oards arc dis. 
tiilctly awkward to handlc ant1 the surfacc will itand vcry little erasi~lg no 
advantage is ohtailzed froin their use. 

Tlie dctail outtura of tllc party for thc season comprised 3,337 squarc miles 
on tllc 1-inch scale and 43 squarc iniles (includes 6 square milcs sllecial 
forest surrey) of rcscrvcd forcsts sun-eyed on the 2-inch scale This for tile 
natnrc of thc coui1tl.y may 1)c coasidercd quite a satisfactory outturn. Al- 
though a largc proportion or the arcn was ~lominally a s u l ~ p l c ~ n e n t a r ~  survey, 
its rcsur\ eying practically amountcd to original 1~0rli ; drainage and villaSe 
site dctail had coinplctcl~' cll%ngcd ol\~illg to tllc illally years that ljad elapsed 
siucc t l ~ c  Iicrcnnc surl-cy. llivcrs wcre fo1111d to have shifted their courses in 
somc caws scvcral miles and in ot8hcrs to havr altopctller disappcarcd. The 
maill cl~nnncl of thc Bral~mal~ntra  Liircr, csccpt ~vllcrc it is confincil by hills or 
rocky formations, has inovctl consitlcrahly sontl~\vards, i11 places as much as 
4 to 6 nlilcs. 

T l ~ c  snrvcy cost ratcs for the year illay be considered most satisfactory 
hcinq tlic lomcst so Par on record in thc l~arly. Thc sliqlltly higllcr rate for 
rcrision survcy is nccounlctl for 1)y t l ~ c  sinallnrss of the arca and t l ~ c  fact that 
this snrvcy was tlonc carly in t l ~ c  season 1vl1(111 111(1 junglc urns ~ x c c p t i ~ ~ ~ l l ~  
d(~11sc and tlic ont,t~irns conscq~~ently sinnll. 

'I'l~c special 2-inc11 forcd survcy cost mto is a1)normal ; tlle nrork ,\.as only 
htnrtctl tlnriny bl~c last moutll of t l ~ c  field season nnd mas intcrruptcd by daily mill. 

Tt~ior~grrlntiot~.-Tl~c tria~igulatioi~ nas  carried out 11s t l~rcc  Provillcial 
Ofiicers, 3Icssrs. W. Skillin:., E. 11. licnlly and I?. C. Alilra, and n.ns base(] 
on the Acsnm Longit~~dinal  Scries. C'oni~cctions wcrc madc to two bench- 

B 2 
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of the Gauhiti-Dibr~~garl~ line of levels from which all the heights of 

the season's triangulation have been deduced. The area triangulated totalled 
B F 

2,600 square miles falling in  standard sheets 83 ,,, , ,  ,,, 83 ,, , , , ,, ,, and 
comprised the foot hills of the Khiisi and Jaintiti Hills and a block known 
the Mikir Hills. The latter were triangulated in  seasons 1871-72 ; several of 
the old stations mere found and utilized ; the resulting values accorded 
The entire area triangulated ws3 thickly woodcd and necessitated very hesrl 

clearing for stations, particularly in  sheets ~ 3 & ~ ,  which mainly cousist of re- 
served forcst. Communications are indifferent in the Mikir Bills where coolies 
are the only possible form of transport. Tlle triangulation cost r r tdis  some. 
what above that of previous years due to three Provincial O5cers being employ- 
ed on both field and recess work, one, of whom was highly pait1 ; the dense 
nature of the jungle ant1 the employment of cooly transport also affect the rate, 

T~ave~.sing.-Sur)l~lcmentary traversing, for the purpose of obtaining 
heights for the topoqraphical survey of the country, was run i n  the cadastrally 
surveyed areas of the Nowgong and Darrang districts. Traversing had also to 
be resorted to in the plains where impossible to fix sufficient points by triangu- 
lation for its detail survey. An attempt was made to traverse the undemar- 
cated boundary between the Darrang districts and the DaflLZ Hills, but had to 
be abandoned on account of the denseness of the jungle and lack of communi- 
cations ancl villages along the bordcr. This survey will necrssitate very com- 
plete arrangements for labour and supplies being made beforehand and has 
therefore bcen postponed till t l ~ e  coming field season. In all 5 q 8 .  linear miles 
of traversing Irere run which exclude 43.3 linear miles of forest I>om~dary 
traverse, 327 selected stations are permanently marlred, 566 zinc cylinders n-ere 
also embedded. The country under traverse differed in no respect fro111 that 
surveyed in detail. 

The cost rate for ordinary ancl 1)ounclary traversing is high and is due to a 
Provincial and an Upper Subordinate ofEcer having been employed on this 

the boundary traversing having been entirely pcrforlned 1)y these 
officers. 

Recess c1zcties.-Tlie fair mappinq of the season's survey was distributed 
betn~een three Drawing Sections under the charge of Messrs. P. Ray, Anijad Ali 
and L. Williams; sheets surveyed by these assistants bcing as far as possible 
dlotted them to fair map, the two first named having 5 shcets each to draw 
and Mr. Willianls 4 shects. The progress oE the fair mapping has bccn very 
satisfactory. Sheets 78 ,&-, ancl 83 , :, of the currert work liavc been sub- 

mitted for publication before the close of the survey year ancl thc rcnlaining 
sheets 78 ,,$,, and 83 ,,Po,,  will he completed before tlie party takes the field. 

surveyed in season 1911-12 hare In addition sheets 78 ,3,:;o., and 78 ,, ,,,,,,, ,, , ,, 
been completed and submitted for publication during tlic year under report ; 
this lnakes a total of 20 standard shcets for thc ycar. 

The cost rate foil the fair mapping amounts to Rs. 6'7 per square mile 
which is lower than that for the previous year. 

The triangulation and traverse computations of the season have been com- 
pleted, the work proving satisfactory. 
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TABLE I. 

OUTTURNS OF DETAIL BURVEY. 

~en le .  

I A V B ~ A ~ ~ ~ D H B I ~ O ~  
O U T T U ~ I ~ .  / rxxrres rmm marrum 

Ylt.1. I 

Class 01 Burveg. Locality. Circle. 

- 
+inch . 
+. inch .  

4-inch . 

-inch . 

1-inch . 
I-inch . 

I-inch . 

14-inch 

2-inch . 

2-inch 
and 

&inch . 
6-inch . 
4-inch 

16-imoh 

- -- 

table Plane- tn- 
rerm. 

Bqusrc Total 
miles. 

Parl~ .  

Revision 
Survey. 

Survey . 
Revision 

Survey. 

Surrey . 

Resurvey . 
Revision 

Survey. 

Supple- 
mentary 
8u1vey. 

Survey . 

Survey . 

Revision 
Survey. 

Survey 
(Speoial.) 

Survey . 
S u r v o ~  . 
Reourve~ . 

Avernge 

per per month. man I In (by l l lo  re- 
RqoaM \ aec(ion), 
miles. : 

N No. 1 

64-inch 

S 

N 

E 

N 

N 

N 

S 

S 

S 

S 

E 

E 

E 

E 

N 

N 

N 

S 

S 

E 

E 

N 

E 

E 

6 

S 

S 

S 

E 
E 
E 
E 
N 

N 

N 
N 
N 
N 

p l ~ e - t s b l e  

-- - - 

... Knshmir . . . 

Resurvey 

(a) Includln~ 

1,0311 

... 
. . .  

No. 6 i H y d o r i b i d  . . . 
No. 1 I K a s l ~ ~ o i r  . . . 

401.0 I 0.32 

1,066 

I 

67.9 18.4 

No. 9 i 
No. 1 

No. 2 

No. 3 

No. 5 

No. 6 

No. 7 

No. 8 

No. 9 

No. 10 

Xo. 11 

N o . l 2 ' . \ s a a m  

No. 4 

So.  2 

No. 3 

No. 5 

No. 7 

No. 9 

N o . 1 2  

No. 4 

No. 9 

No. 12 

No. 7 

No. 8 

No. 6 

No. 7 

No. 9 

I 
G N - ~  $90.8 0.14 

U i l i r  and Orirsa . . 1.lsg u . 9  . . . 
Knslimiv . . . 3.(191 1 37.7 ... 
Punjab . . , 2,661 3 3 1  

Puqjub and United Pro- 2JG4 27.0 
vlnces. 

Centla1 Yrovinces . .. . 
l3erir and Hyderiib~d ... 
Nndrns ... 
Madras and Travancore . 9.9 6'6 26.7 

Bihiil. and Oriaea . . . . . 
Upper Burma . . 2.34i 1 3 0 2  . . . 
Lotrcr B u r m ~  . . 1,786 / 25.2 b.4 

... 
United 

Purijnb ... 12'7 

Puujab 
v1nces. 

Central Provinces , . 
RIsdras end Mysore . 
Bihar and Orissn , , 

Assam , . . . 
United rrovioces . . 

Bihar and Orissa . . 
Asqnnl . . . . 

Mndrils . . .  
Mn'l~ne and Trevanaore . 
Derirr . . . . 
XInrlras . . .  

I Uihir nlid O r i s s ~  . . 
So. 10  1 Upper Burma . . i26 

216 

37 

263 

1 ~ ~ 6 0  
acres. 
5,280 

1,244 

4,916 

95 

No. 11 

No. 12 
No. 2 

No. 2 

No. 20 

No. 20 

No. 20 

No. 20 

I 1,115 1 2G,O(b) 

4,040 ( 18.6 

476 i 33.1 

Lower Burlno . 
Assnm . . . . 
Punjab . . . 
Mdcr Kotln State (Pun. 

jab). 
Ilelhi . . . . 
Quetb  Civil Station . 
Sangor Cantonment . 
Saugor Cantonment 

9'0 

6.1 

4.0 

8'0 

16,3(a) 

12.0 

12.0 

l l t i  

1,467 

2,303 

2,286 

Includel 1-inch munc~  nnd mrioion. 

1O.i 

8.6 

8.7 

411 

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

traverse fixbg8. I (bJ 

... 

. . . 

... 

. . . 

... 

. . . 

... 

23.6 

4,'J.g 

20.8 

2 8 3  

2 5 6 ( a )  ... 
3.3 36.5 

13 

30 

... 
2.9 

46.0 

7'3 

... 

.. . 

... 

. . . 

... 

44'0 

66'9 

. . , 

.., 

... 
..a 

.. . 

... 

... 

7.0 

4.6 

39'0 

79'0 

... 

... 
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RECORDS OF THE SURVEY OF INDIA, 1912-13. 

PART 11.-GEODETIC AND SCIENTIFIC OPERATIONS. 

ASTRONOMICAL LATITUDES. 

No. 13 PARTY 

(Vide Index hIap No. 10.) 

PRBEONNEL. 

Ivnpe~.iol Oflen.. 
Mnjor 11. L. Cvostllanit, R. lS . ,  in charge up to 

28rh Fcbrunry 1!)13. 
Captain V. R. Cotter, I.:\., in cllnrgo from AS no officer mas available, no Astro- 

1st AInmh 1913. nomical L:~titudes were observed during - 
C-pper Ssborcli~lnle Serc,iec. 

Mr. Bidhu Blius3n Shomo up to 30:h Junc 
the field season 1912-13. 

Lorrer S~il,o~dintrtc Scrrice. 
1 Computer. 

PENDULUM OPElEATIONS. 

No. 14 PARTY. 

(Tide Index Map No. 10.) 

BY CAPTAIN H. J. COUCBMAN. R.E. 

During the seasoil 1012-13, pendulum observations were made at 14 
stations situated ncar the meridian of 78" 

PERSONSEL. and stretching from Bhopal to near Bu- 
Imycrinl OJTCCI.. landshal~r. Tliese obsel~ations fill in the 

Captain H.  J .  Cuurhmnn. R.E. gap bctween those of 1906-0'7 which ended 

P ~ . o r i ~ ~ c i o l  Oficr~.s .  at  Gcsupur (latitude 28" 33') and t.hose 

L ~ C .  H ~ n u m n n  P ~ . c s n ~ l .  1111 t o  AIM i l  37th. of 1908-09 in the northern portion of the 
Pllr. 0. N .  Puqllnng, f : o m  31ny 1 3 1 1 .  Cellt,ml P ~ O V ~ I ~ C C S .  

Lorrer. $11 Lordi~~ntr Scrr.icc. '1 11c list of stations mill bc found in 
J C'ompntvra. Tn.hle IV. With the cxceptioll of Knlinn- 

pur all arc situated on flat or undulafing 
country. Xcnr RllolC~l :~nt l  Gunn are scattered Ilills running up to 300 and 400 
feet nhove the station. I<nli,?npar is on the n-cstcrn edge of the high ground 
whicli runs up till ough Sipri almost to Gwalior. 'I'his is t l ~ c  station of origin - 
of thc It~dinll trinngudntion, and the pcndulunls \vere swung in the room, 
originally l)llilt as :In cluice by s i r  G. Euorcst, Captain BascVi swung his 
pendulums in 1867. 

Tllnnlis to bllc killdncss of the local oscinl.; good observing roolns 
arailablc at all the st:ltions, and the control of temperature was casily arranged. 
The only csctbption was Uiiia, wllcre the roof ~va.9 of loose stone slabs, indiffcr- 
ently mentl~cr-proof. Tnlllc I. ~homs tho nlean temperatures at each statio~l 
and thc hourly changes, and i t  mill be noticed that tllc mean hourly ohangcs 
were re~ii:t~~linl)ly constant. 



Bhol'RI . 19.93 +0.01 18.83 +OS21 
I 

Kalitinpnr . . 22.4.7 + 0.0s 21.99 i + 0.02 ' I  
Rina . . . 

I 

Sipri . 
Jllansi . 
G walior 

Dl~olp~ir 

Agra . 

Mnttm . 
Hitl1r.1~ 

Alignrh 

Khur j :~  . 
Dc111.a D i n  

Average 
tempera- 
ture C. 

Honrly 
chance. 

Ol~servntions forcfle.lvcre were as usual ulntlc a t  tllc beginning and end of 
~ o ~ l i  at each station, two scts 1,cing tnkon on eacll occasion. The greatest 
difference bctwcen the incall I)c.l'orc ant1 afLc~ nrol-I< was 1.3 x lo-' secoilds and 
tllc station means varied Cro~il 1,O 1 o 58.  I'lle act nal ~rnlues arc not sho\\.n as 
tllcy call for no conlmcnt. 

I 1  1 llc clock rato was tlclcrlili 11clt1 1 ) ~  31 r. l I : l~~urnf~n Prasjd. Tllc 111e:~n 
1,. (: o l  n cloclc rate (lelcrmilletl I'rotn ol)sc*rratio~ls on two successive ~ ~ i s h t s  
was* OaOIG sccouds n11d tllc mclall 1). t.. ol' tllc ritlc tlcrived froin 01)scrvations 
to ollc star on two succcssijre n i ~ h t s  was f O  O'i3 sccolzd:.. These probable 
rrrors arc vcry slightly Iligllcr tl1a11 ~ ~ s n a l ,  1)ut t l ~ c  rrror in t i ~ n c  of vibration 
dr~c to clock rntc is undcr 1 x lo-' sccondr. 

Tablc It. shows tlie tinlcs of viI)r:itio~l n l  the Tour pendulums at  Uclira D f ~ n  
in Kovc~nl~cr 1912 and April 1913. Tlic Incnn t i~ilc of vibration, 0 6072616 

I)ceu adoptcd for rcducin,rr tl lc- srnson's o1)servations. This value agrees 
exactly with that used for tllc scnsoli 1911-1:'. 
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TABLE 11. 

Tirncr o f  r ibrat io#  of' the Jbitr pendsllona at  Dehra D ~ i n .  

I t  nhould he noted that thew observations were made in the new pendu- 
lum room at  Dehm DQn. This room is about 300 fclet due south of, and 1 2  feet 
hclow thc old penduhim mom in the large photo-heliograph building. Ohser- 
tations marlc in both moms in April 191 2 showed that there was no appreciable 
d i f f m c e  hetween them. 

In Tnhlc 111 i~ qicen the mmn time of vibration a t  each field station, with 
the ralnc of g deduced therefrom. The value of g at  D e b  Dan has, as usual, 
hwn taken M 979fN33 dynea. 

Wte. 

- 

1912. 

\ y. 11-12 

ie-13 

19-14 

140 

0.6070867 

0364 

0864 

0883 

0.5070989 

I 

Mean. 

.-- 

0'6072501 

2519 

2GOR 

2539 

0.6072511 

I I 

137 1 138 139 

0.5072604 

2623 

3510 

2529 

0.5072519 

0.6072516 

+ b  

0.5072575 

eeo5 

2696 
I 

1+15 ' 2590 

1 
_--I 

1913. 

Apl. 9-10 0~1071536 

1 

I 
I 

0.607-1.984 , 0'6r~71602 

I 
4995 1621 

I 

4976 ' 1606 
I 

4993 1616 
I 

I i 
I 0.5071585 0.5070863 

0.607497h I 
I 

I I---; 
Mean . ! 0.1072589 ( (l.5074945 * 0'6071611 

I 
I I 
I 

10-11 I 50OU i 1619 / 11867 

lla6 I I I 

15-16 ' 2593 I 4992 ' 1618 I I 0812 

0892 16-17 
I 

1 
2693 

I 

5301 ' 1631 

1 

JImn . 0.5072589 

-- -- - 

, -- I 
I 

0.5074999 0.5071613 ' 0.5070876 

-- - 
I 

I I 1 

General mean 

. 0'507P599 1 
0.51l74992 1 0.6071612 0.6070872 

+ 6  

I I- - 

I 
I 

Difference, April-Nov. . 2 0  ' + 13 + 2  
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TABLE 111. 

'L'ime of 
Vibration. 

Delira Din  

Bhopil . 

Quoa 

Lalitpur . O 

I 
Sipri - 1  
Jhinsi . I  

I 

Agra 1 
i 

Muttrn . 

Hsthrae . 

K h u r j e  . . 2.607%468 
I 
1 

Direerenee fron 
Dehre Don. 

Sec. 
x 10-1 

...... 

+ 91 1 

+ 742 

Dynee. 
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The final results of the season's work arc showr~ in Table IV. This hb le  

has been pepared on different lines this year and requires cxplanation. The 

first change to be noted is in  the formula for computing y,, the normal value 
of at see-level. Previously 1.e have uscd Belmert's old formula 
deduced in 1884, viz. : - 

y,=g78.0(1+0.005310 sin2+), where + is the latitudc of tlic station. 
When one formula has heen i n  use for a number of ycars i t  is always a 

difficult matter to chmge, as tllere must be a hreak of continuity i n  the publish- 
.ed restllts. Ho~vever a t  tlie present timc a new Professional Papcr is about to 
be published, containing an account of the pcndulunl observations since 1907, 
the date of the last Professional Paper. I n  t.his new paper 13clmert's later 
formula, deduced in  1001, is b e i q  used for all stations and i t  will, t]lerefore, 
be used in this, a d  all our future records until and u111css a better formula is 
introduced. Helmert's 1901 forrnula is :- 

yo = 97n~030(1+0~~~06308  sin2$ --0-000007 sin22 $). 
The effect of the chcnge of formula is to increaso yo a t  all st.ations by amount8 
varying, in  India, from '029 to '021. 

Tlie next change of procedure is t1llc  neth hod by wl~icli the anomalies g-y 
,are obta.ined. Forrnerly the practice has bcen to correct g ,  the observed value 
of qavit,y a t  tlie st,ation, for height and mass alicl t,o compare this corrected 
value, usually called go", with yo. This pract.icc is certainly rathcr confusing, 
as i t  is diffic:ult to say what to" really rcpresent.~. 111 the new Professional 
Faper, therefore, the theoretical corrections lor licight and lrlass arc appliccl to 
the tlleoretical vallle of gravity a t  sea levcl to obtain the theol-ct(ica1 value a t  
the station, wl1ic.h is then compared with t l ~ c  observetl valuo. The values of 
g-y are, of course, the samc mlliclievcr l~rocedul*~ is adopted. 

Considering next the actual corrections used, tnat For hcigl~t  is obt;tilled 
-2 11 from the formula -g- where R=rndius of cartl1=20,!~00,000 feet. H 

T l ~ e  formula for tlie (Rouguer) mass correction 11ns been slightly changed 
in this report and in  the new Profcssional Papcr. The actual formula is 

" 6 -12" x L ~ v h c r e  S=mcan surface clcnsit,y of t l ~ e  earth 
R- 4A 

A =mea,n dcnsit,y of tllc earth as n whole. 
6 1 Up to the present we have taken s=SS8, A = 6.6 whence - = - and t,he for- A 2 

3gh mula bccomes ~ g .  13etter values of 8 and A are, Ilowe~cr, 2.67 and 5.67G 

6 and thcsc values arc now ]wing oscd, so tllat tho formula \vhence - = 2.0u 
A 

3aL for the (Bouguer) mass correction is+ -- 4.18R' 

The (Rayford) mass corrcctior, was explained in last yclar's records and is 
I~cing de:~lt with at length in t l ~ e  now Professionnl Paper. I t  is based on tlic 
ass~~mption that all masses above sea level arc of dcllsity 2 67 and are compen- 
sated by deficiencies of tlcn~ity below sca lcvcl, conlpe~~s:~tion being complcte a t  
a dcpth of 70 milcs helow t l ~ a t  su~~faca.  Similarly ocean areas are comp3nsated 
by cxccsses of density and the alnount of matter in any c.olnmn standing on a base 
of unit nrca and c~xtending from thc actual snrfacc of bile enrt'll or sea d o r n ~ ~  to D 

depth of 70 milcs 1)elow sea lcvel is always tllc samc. Furtllernlore the whole 
surface of the eartli is takcn into accoul~t, curvature being amply allon.ed for. 

W e  now come to tbc columns in Tahlc IV y,, y, and y,, these suffixes 
being new. It \\.as necessary to introducc ncw sy~r~bols to rcplacc the g, alld 
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g", previously used and also to represent the Hayford, or compensation, rnetllod 
of correcting for mass. The new synlbols are self-explanatory. 

stands for y, corrected on the free Air hypotliesis, i .e. ,  for height only, 

y, for yo corrected on the Bouguer hypotliesis, i .e. ,  for lieight and 

mass (Bouper). 

y, for yo corrected on the Compensation liyl?otliesis, i .e . ,  for height 
and mass (Hayford). 

It is advisable to explain thatmlthough the Bouguer correction allolvs for 
the effect of surfacc: masses and tlie Hayford coi-rection for surface masses and 
their compensation, yet the difference between the two corrections does not 
represent the effect of compensation. The reason for this is that the Bouguer 
correction takes no account of the curvature of the earth and consequently 
the effect of surface masses beyond a certain clistance from the station, usually 
35 miles, but greatcis for stations in and near mountainous country, is (rigIltly 
on this hypothesis) assumed to be ~ ~ i l .  The Hayford correction, on the other 
hand, makes full allowance for curvature and takes into account the surface 
masses and compensation of the whole earth, and it can bc shown that, although 
the net effect of the topography and colnpensation in very distant zones is 
small, this is merely clue to the fac t  that  the two effects are almost equal in 
magnitude but of opposite sign; the effect of the topography alone or of tlie 
compensation alone is large. 

For example the Hayford correction for all zones extending Prom about 
1,800 miles from the station to the antipodes varies in  India from 0.0013 to 
0.0022 but tlie correction for topography alone i n  these zoncs varies from 0'094 
to 0.117 a t  the four stations for which the correction has been computed. 

The difference between the two mass corrections is, therefore, due to the 
effect of the compensation of tlie topography of the whole earth together 
mith the effec-t of the topography heyoncl the " ccrtain distance from tlle 
station " given above. 

The rest of Table I V  requires no explanation except tliat t l ~ c  colu~nn 
headed g gives the observed value of gravity at the station, assuming that at 
Dehra Dun the value is 979.063 dynes. 

Dealing now mith the residuals in the last t l~rec  colunlns of thc table, we 
note first that the Bouguer residuals g--7, are negative throughout. This is 
no way unusual For, as mill be seen in tlle new Professional P a p ~ r ,  thcse 
residuals are negative at practically ercry station a t  which observations have 
so far been made. The reason of this preponderance of negative values is 
probably this. The values of g-y on the Bnuguer I~ypothesis l~avc  a n-cll- 
known tendency to be positive at stations near the coast and negativc in and 
near high ground. The fundamental formula for yo, which has bcen dccluccd 
from a consideration of the Bouguer residuals, has, i t  is I~eiicvecl, heen clcrivcd 
mainly from obser~ations a t  stations on or near thc coast and distant from 
high ground. Consequently at other stations, such as are dealt mith this 
season, the residuals have a natural tendency to bc negative. It is l~rol)al)le 
that if a new formula for yo were to be derived from Bouguer residuals a t  all 
Indian stations the value of the equatorial constant ~vould I)e about 977'98 
instead of 978.03. 

However we are really concerned with the relative and not thc ahsolute 
values of g-y.. The mean residual for the season is 0.031 ancl if me considcr 
tbb value indicating normal gravity we see that there are threc areas H hcrc 
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gravity is relatively in cxcess. The first of these comprises the stations 
~ h ~ ~ s l  to Guns, lvitl1 a maximum a t  Kalisnpur, and tlie results show that this 
area prollahly forms part of the belt of high density or '' hidden cllain." 

In 1908-09 observations mere made a t  five stations south of BlioptLl on the 
meridian of 7 8 O  and the residuals a t  these, varyin? from -0'023 to -0.026, 
show tllat gravity was rclntively in cxcess a t  all Tile helt of high clcnsity, 

therefore, probably cxterids from south of Amraoti, the most southerly of the 
five statious refcrred to above, to Guna and possiibly on to Sipri and JliLZusi. 

The resiclilal a t  Li~litpur, however, shows a local defect in gravity, and 
as the plumb line deflections have confil~med the evidence oE the ponduhrns 
by indicating this defect and also tlie relative excess a t  Jhgnsi and Sipri, and 
have also srlggestetl a defect bc twe~n  the latter aud Guna, i t  seems probable 
that if pendulum observations could have been made between Sipri and Guna 
8 relative defect would have been found. The main area of excesive gravity, 
t,herefore, probably ends just north of the line from Guna to Bina, and seeing 
tllat i t  extends at least as far south as Amraoti we have, after allowing for the 
topography, an  excess of matter to the south of Kalisnpur wliich lends strong 
supporl to the assumption that  the deflection a t  this, the station of origin of the 
Indian triangulation, is southerly. 

I t  is also to be noted that  ill the first seven stations of the Table, omitting 
Bhopiil, we have three pairs, cach station in  a pair being nearly on the same 
latitude as the other. Considering the residuals me see that in each case 
gravity at tlle western station is relatively greater tlinn a t  the eastern. Thus 
Kalinnpur is greater than Bina by 0-011, Guna than Lalitl)ur by 0.018, and 
Sipri than JhLZnsi by 0'008. This if not a coincidence, seems to show that 
there is a relative deficiency of mass east of Kaliiinpur and th i t  the prime 
vertical deflection thcre is probably westerly or positive. W c  canuot, however, 
be ccrtain ol this until observntious have been inade to the nest of I<ali:inpur. 

Tlie Ihird area where gravity is 1,elatively in  excess is that included by the 
stations ilgra to Hsthras and here again the pendulum agrees wit11 the plumb- 
linc. North of Eliithras thcre is a rapid drop to Khurja, with an  equally rapid 
risc to (:csupnr (latitude 28' 33', observed a t  in 1907), rnhc.1-e v:ilLle or" g - ~ ,  
is -0'043. Once again me havc ot l~er  cvidencc of this trouyli of low deusity 
in the clcflections at four statioils on the Great arc. These stations are :- 

Noh . 

Chanda~s  

Bostjn 

Dntairi 

Lnlitude. L o ~ ~ g i : ~ ~ d e .  

0.1 ~ 0 l l t l l .  

0'9 north. 

5.4 ,, 
. ,, 

Bostin is closc to Gcsupur nnrl Cllandaos allout 9 iniles sontli of Rl lu~ja .  
Betwcen thc two stntiolls tlierc is n change i n  deflection of $4 seconds, Idle 
plurnblincs I~cin: deflcctcd away frolrl each other, showinq that therc is pro1)al)ly 
either nn cxcess of mass north 01 13osti~ll or soutli of Chandaos or a drfcct of 
mass betwcen tlie~n. If there wcrc an excess of mass n e  sl~oultl cxpect to find 
either a smaller northerly deflection north of Bostiin or a greater northerly 
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deflect,iolr of Chnndaos 1)ut as we fiud neither of these the assurnption, 

of defect, \,etmeen tlre two stations is the ollly one that  suits the deflections, 
I t  llna\- also be notetl tlrnt tlre soutlrerly deflcclioa a t  Noh, some 12 miles north 
of 11 llttra, indicates lire l~robability of an escess ol' mass to the south and this 
tile yen(luln~~ls have nour shown. 

lvc see therefore that the main features of the season's results are in 
agreement wit11 the evidence of the ldumb line, and the chart faoing t h i ~  page 
vil l  malie this clear. 

Turlriug now to tlre values of g--y, i.e., the amounts by which gravity is 
in tbxcess or dclect on tlre assulnption that all surface nlnsses are ~01npensatei-J 
bclo\r sea level, KC note first that the positivc sign predominates. This is 
generally tlre case wit11 these residuals and may merely mean that our fortnula 
for yo ma!- have to bc slightly altered. The differences from station to station 
are, ho\\-ever, mnclr tlrr saulc as those oF the Bououer residuals, though it is, as 

usual, uoticcal)lc tlrnt at stations in and rlear high ground the change in residual 
is greater. Tlrus at the first six stations, all of which are over 1,100 feet, the 
increase varies lro~ll 0.0-h:; to 0.048 ; at the next four horn 0.034 to 0.036, and 
at thc r c l r ~ n i ~ r i ~ ~ g  stntions t l~cre is a progressive increase from 0.038 to Oa04G, 
this  1,cing due to the qreater proxinlity of the Hiiniilaya. 

'I he total rangc oC tlic residuals is nearly the sarnc in  110th cases, viz., 0.046 
for the Bougner and 0.048 for tlre Hayford. 

I n  t l ~ c  01)scrva tions ol this season, tlrerefore, no improvement has been 
effected I)y tllr assumption of complete cno~npensation. As has often been 
pointetl out larqc cllanges in the residuals are only to be expected near large 
esccsscs or defccts of Inass, i .e  , near moulitains or seas and a t  such stations the 
c11a11gc in tlte rc,siclnals is always in the rjgl~t  cli~ection, since near mountains 
Bouqwr rcsicluals are negative and uear seas l~ouitive. 

I n  last year's report sevcral instailccs wcre given of this improvement, but 
ac t l ~ e  valt~cs of yo nnd of' the height and illass corrections a t  all stat.ions 11ave 
l~een recomputed this ycnr it i s  well to show the results again and to include 
thr llcw st,atio~ls at n-11ic.h tlre corrcctions lrnvc 11cen computed. 

Dcnl i~~q  tirqt nil11 stations i n  the Himfilaya or other rnountnins rre 
11a\-t> :-- 

r ?  1114. ~ l r n ~ r g ( ~ \  arc \*c.ry qrcant at all thc stations except Yercaud and this 
cctn I~artlly 1 ) ~  cnlletl :I ~nn~lnta in  statiori sinca tlre hill on ~vhich i t  stnntlx is not 
of any great extent. 'l'l~c residuals have, howevcr, becn improved in evcry 
case and t l ~ c  p)sitivr qign or tlic llayford residuals sl~ows tlrat prol~ahly coin- 
P ( ~ I I S T ( ~ ~ I I  is riot (ll~itc col~~plete, morc especially under the Llimilaya. 
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GEODETIC SURVEY. 

w e  next come to stations near the foot of the Himalaya and other moun. 

the Bouguer residual there is negative and thc assumption of compensation has 
increased the residual. The figures are :- 

tsins. 

Station. 

- -- 

Sbtioo. 

Riijpur 

Dehra D i n  . 
Kaliina - . 
Siliguri 

Jalpniguri . 
Sibi . 
Jacobibad . . 

E'athiukot . 

I t  will bc noticed that the change increaees as the hills are approached and 
that residuals are reduced in every case except Jacobabid. 

The majority of the residuals are negative, although a t  hill stations they 
are usually positive. This seems to show that the compensation or partial com- 
pensation of the mountains extends bcyond them into the plains and we have 
in these results evidence of the rift, or belt of deficient density, along the foot 
of the mountains. 

It was stated above that at  stations near mountains and seas the change 
in residual due to the assumption of coml~ensation was always in the right 
direction and we have seen that for mountain stations this is so. With regard 
to coast stations we have at present only computed the Hayford residuals at 
two, Madras and Cuttack. Madras, however, seems to be abnormal in that 

g--Tc 

+ 0.026 
+ 0.006 

-0.007 

-0.030 

-0.020 

-OSOGO 

+ 0.039 

-0-077 

S - Y ,  

1 I 

We see that the residuals arc cithcr decreased or increased very slightly 
and as, at the few other coast stations at which observations have been made, the 
Bougucr residuals arc positive they mill bc i~nprovcd by the new method of 
ruluction. 

During the ncst ficld scasoil it is proposed to obscrvc at several stations on 
t lie Boinl~ay coast and thc results to bc ol~taincd should throw some light on the 
qucstion of occan coml)cnsation. 

An intcrcsting scrics of obscrvations was made in Dchra D i ~ n  in August 
1013. Co~n~nandcr lllcssio and Signor Abetti, two mcml)crs of Dr. de Filippi's 
expedition to ihc Karakora~n, swung tlieir eight l~endulums alongside ours, 
the observations 11cing extendcd over a pcriod of four days. No night swings 

G 

Distance from 
edge of Ir ills 

iu miles. 

0 

7 

G C  1 

8 

28 

Cheuge. 

- 

+0°]69 

+ 0.151 

+0.974 

+0.122 

+ o . l o l  

+On079 

+Oa03O 

+Oal12 

Cheoge. 

Madras . 
Cuttaclt . 

g T B  

-0'143 

-0.145 

-0.081 

-0.160 

-0.191 

-0.039 
+ 0.003 

l 2  I -0.139 

40  1 + 0.008 

I 2  1 @ I 9 9  
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were taken, but i t  is satisfactory to  note that t3he mean time of vibration of 

o~w folu pendulums % r e d  with the mean of the day swings in April 1913 
and November 1912, showing that the periodic variation i n  the clock rate ma 
the same on all threc occasions. The results from the Italian pendulum3 will 
not be avnilable for more than n ycar, until the expedition has returned to 
Genoa, but thcy vil l  givc nn independent value of gravity a t  Dehra Dfin de- 
pending, through Genoa, on Potsclam. It is not likely that  our present value, 
979.063 dynes, i s  much in error and additional proof of this has lately become 
aynilnl~le in  the publication of the obscrrations made in  1906 by Commallder 
Alessio in Coliba, win$ tlic same room as that occupied by Major Lenox- 
Conyngllanl in 1904. The differcilce in the value of g obtained by the two 
ob~ervers is only 0'004, both values being based on Potsdam, ours throng1l 
Dehra D i n  and Kew and theirs through Genoa. This fresh cletern~ination of 
the aotilal value a t  Dehrn Diln shoulcl, however, be most valuable. 
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TRIANGULATION. 

TRIANGULATION. 

No. 15 PARTY 

(Vide Indcx Maps 9 and 10.) 

During the cold weather of 1912-13, fo i~r  dctachmcnts of this part.y were 
employed, one on principal triangulation, 

Psnsoase~.  two on secondary triangulation, and pne 
nfajol. H If. Cowir, R.E., Deputy S u p r ~  i l l tend-  

out, in ellarge. 
on trigononletrical operations for the large 

Lieutellnut K.  h1nso11, lt.E., b-istsut Sopelill- SC:L~C S1lIVGy of ~ 0 m b a y  City and Island. 
tcndellr, fr0111 16th Fobruary 1913. During the summcr months, one 

P r o u i ~ ~ c i n l  Se, u ~ c e .  detachment, under, first, Lieutenant H. G. 
Ur. C. H. Tresl~am. 
,, V. D. U. C olhus. 

Bell, R.E., and later Mr. V. D. B. 
,, V. P. \\'aiuright. 
,, O .  A. xormau. Collins, was engaged in  continuing the 
., B. T. \17ptt. series of triangulation in the Hunza Valley 
,, C. 8. Jlclnnes. 
,. Abdul Karim. and the Tiighdumbish Pimir, connecting 
,, IT. S. Haril~ara lyer. 

the Indian and Russian systems of triangu- 
rpper Sttbordinnte Serelcc. lation. A report of this detachment's 

NC J U ~ I  Bel~ari  Lnll. work cl~uiug 1912 mas included i n  the 

Lorcter S u b o r d ~ ~ r n l e  Seru~ce. 
Annual Report of the party for 1911-12. 

21 Computers, C ~ C .  
The report now snbmittecl for 1912-13 
continues tllc account of the Pimir  opera- 

tions up to the date of tlie completion of thc Indo-1E~usian connection i n  
Aug~ut  1913. 

The principal detachment under Mr. C. A. Tresham continued the Sainbal- 
pur hleridional Series. This Scries, comincnced in 1011 -1 2, springs fro111 the 
side Bhursu (XL1X)-Harihirl~ur (L) of tlie Calcutta Longitudinal Series in a 
mean Longitude of a;', near l<inchi, and extends first south-west till it lies 
astride thc meridian of 84" and tlicn south-warcis with a view to eventually 
joining tho South-East Coast Scrics ncar Parlikimedi. During 1911-12, the 
serics was carrfed as far tts Latitndc 22", from ~rli ich parallcl the operations of 
2912-13 have cutcndcd the triangi~lation to a Inca11 latitnclc of 19"-40', leaving 
only three figures still to bc obscrvcd 1)cforc the co~mectioi~ ~vitll the East Coast 
Serics is cffccted. 

Of tile sccontlary dctachlnents, onc ~ulclcr Mr. G. A. Pu'or~llan first complet- 
cd t l ~ c  ju~~ct ion of thc Giro Hills Series, extending eastn-arcls in Latitude 26" 
approximatclg fro111 tlic 13lal~1nnl~utrn Serics, wit11 the Khisi Hills Series 
which strctchcs mcst\vards a t  ncarly t,llc same latitacle from tlie Eastern Fron- 
tier Serics. d l l c r  finishing obscrrations hcrc, the dctach~ncnt rnacle a corn- 
incncen~c~lt on tllc Manipur Scries ~vhicll is to connect the Assam Valley Series 
in tlic neiyllbouri~ood of Gollrghit wit11 the northcrn end of the Manipur 
AIcridional Scrics, a litllc to the cast of 3Ianipur. 

T l ~ c  otller sccoudary dctacllmont untler 1\11.. V. D. B. Collins carried the 
Khandwti Scrics in Latitudc 22", fro111 tho Grcat Arc to the Khanpisnra 
Scries, and after complcting this ~\.ork, oomlncnced selecting and building sta- 
tioils for t1lic Akoln derics, ~vliich, runniilg along the meridian of 76'-30', i s  
to coniicct thc Khandm5 and Bhir Serics. 

'l'he 4th cletixchmeat furnishcd by the party completecl the triangulation 
extending orcr tlie Island of the Bombay and voxnmcncerl work on the traverse 
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net,vork, mhio]l i n  combination with the triangulation, will provide accurately 
fled points on which to base the large scale survey about to be underMen. 
R~ t,hc of thc Acld season the positions of 94 points had been determined 
in t]le southern and cciitral positions of the island, leaving 24 in the northerll 
part, to bc fixed during the coming season. 

In districts where detachments of the party worked, the operations weye 
muc\l facilitated by the ready and effective assistance given them by local 
offioisls. 

Tllc llcalth of the personnel of the party as a whole was good. I n  the 
Sambalpur and Manipur detaclimerits there were, from time to time, several 
cmes of fever, but no outbreaks of sickness or di$ease occurred to impede the 
progress of the operations. 

T},e San~balpzo. Series.-At the end of October, Mr. Treshain resumed 
,,.ark on tlkis series a t  about Latitude 22", where observations llad beell disconti. 
n u ~ l  thc prcvious year, and carried the triangulation southwards through 
sambalpur, thc Orimz Feudatory States, the Khondrnib and into Ganjam. 
Betmeeu 31st October ancl 9th March, observations were coliipleted a t  seven- 
teen stations, astronomical azimuths being determined a t  two points, Andhari 
11. S. and Sendur H. S. After the beginning of March, the atmospheric 
conditions became very unfavourablc: for thc making of precise ol~servations. 
A thick haze set in, wliich in combination with the smoke of forest fires, 
effectually put n stop to the operations after March 26th. 

The selection of sites and the building of stations mas entrusted to 
JIr. B. T. Wyabt, Extra Assistant Superintendent, who succeeded in  laying 
out all the stations south of Chirguni Hiil Station and Singhijuba Hill Station 
and in cffccting a connection with the East Coast Series. 

The country pnssecl through by the series was inhospitable and ill-adapted 
for triangulation. Roundecl hills covered with thick forest, and the absence of 
communications, made t,l~c triangulator's work of no small difficulty, and i t  is 
most satisfactory that so much progress was achieved during tho season. The 
qnnlity of the observations themselves provccl, as will be seen in  the follominp 
statement, to be high. 

Number of principal stations at which observations were completed 17  
Number of secondary stations fixed . 4 
Number of principal etations hnilt and repaired . 17  
Number of secondary stations built . 1 
Pmgrcse oE series in miles . 167 
Area covered by figures in square miles . 5,014 
Nnmljer of augles ohserved . . 62 
Avcrage number of measures of each anglc . 59 
Avrrage triangular error of 22  triangles , 0",185 
Maxirn~~m trianqu1:lr error . 01'.564 
Average iliffcsrence from 360n of angles at 3 ceutral staticne . 0".133 
Avcrnye errors nf 01)eervatilm . . OV.S7 

1 )  ,, ,, grntluatinn . 1".6Y 
Volne of (Astronomical Azimuth-Geo(lctic Azimcth) 

at Andhari H.  S., Lat. 21"-59', Lon:. v4'-15' . . 6".07 
at Sendor H. S.,  Lat. 20'-IG', Long. \:3C-.10' . 9",18 

Theodolite used , T. and S. 12-inch 
3Iicrometer 
N o .  5. 
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This series effcoted during the season a connection with the Sambalpur 
secondary Series which emanates from the East Coast Series in latitude 21"-16' 
and extends westwards. The closing differences a t  the common stations 
were :- 

at Chandli h. s. in latitude . . . + O"'01 
,, ,, ,, ,, longitude . . .-oN.04 
,, 1, , I  11 height, . -11 feet. 
,, Rauu ,, ,, latitude . +OV.02 
,) J P  ,, ,, longitude . . -OV.02 
I) :, ,, ,, height . - 10 feet. 

8 

The Hanipur Series and the Gr61.o-Khcisi Hi118 Seg*ies. -During the ficld 
season of 1897-98, a portion of the Eastern Frontier Principal S e ~ e s  was 
revised for tllc purpose of ascertaining whether trigonornetl.ica1 stations in 
the Garo and K h k i  Hills had been displaced cither vertically or hori- 
zontally by thc earthquakc of June 1897. As t l~e rc  was no certainty that 
any appreciable changes had taken place, the operations were mainly of the 
naturc of n reconnaissance made wit11 a view to asccrtaininrr the desirability 
of undcrtaking, later on, accurate observatioils which mould provide data for 
the actual measurement of the lnovements of the eartb' crust clue to the 
eartllquakc. 

This revisionary triangulation was bascd on a side of the principal series 
about 25 milcs south of Shillong. The position of 22 and the heights of 26 old 
stations were determined, embracing a n  area of 1,020 square miles. Thc results 
of the operations gave inclications of only relative changes, for all the stations 
introduced into the schernc were found to lie within the disturbell region. Tlle 
reconnaissance triangulation showed that large relative disl~laccments had taken 
place and establislled the desirability of undcrtaking a rigorous rcvision of the 
lwincipal triangulation. Nc opportunity however presented itself for the 
carrying out of thc ncccssary observations with a large instrument; so that 
allcn the ncecl arosc for t riangulatioil for topographical purposcs in t hc rcgioc 
concerned, i t  wrs dccided to run a good secondary scries from the Brahmnputra 
principal series, assuming this latter to havc been unalfectccl, through the Garo 
and I<hiisi Hills, to close on the disturbed points of the Eastern Frontier Series. 
Besides providing topographical data, the Giro-Khisi Hills Secondary Series 
would give furthcr information aq to the disl~lacements. 

'l'l~e stlcond:~ry observations were colnlucnced and coml~leted except at four 
point., dul.iul: the ficld scabon of 1010-11. During the yc~rr untlcr rcport these 
four points nTerc visited by Mr. Nor~nan aud tlie necessary obsc~.v,ztions 
coml~lctcd. l'llc secontlary scrics now emanates from the stations of Raugir 
11. S. of the Brahmaputra Mcridional Series a ~ l d  Siimding H. S. of tbe Assam 
Longilndinal Scries and c1o.c~ on Landau Alodo R. S. and M:~utbcrriciiltn B. S. 
of the Eastern Fronticr Serics. T l ~ e  results of the sccoiltlnry work show a 
(lisplacr~nent of Landan Alorlo B. S. I)y 7 feet to the south and 7 feet to the 
cast combincd with an elevation of the station by 8 fcet. I\lautl~orriclran II. 9. 
appears to have I~een luovcd 13 fcct to the south, 7 fcet to the east and to have 
been raisctl 21 fret. 

After completion of ol~servat~ions on tlle Garo-Kl~isi IIills Series, 
Mr. Norman transferred his detscbmcnt to Golighiit to commence: \vorli 011 a 
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secondary series to connect tlie Assam Valley Principal with the & n i p r  
Mcridional Series. 

Jyit,h the exception of one station, the whole of this connecting triangula, 
tion was reconnoitred and laid out, but owing to the thick haze which formed 
fiver tile hills early in April, tlle observations could not be completed. 

On the G5ro-Khiisi I-Tills triangulation a n  8-inch micrometcr theodolite 
was used ancl on the ?fanipur \vorlr 13-inch lnicronletcr theoclolite No. I V .  

The ~hat i c l zcn  Series.-Early in November 1912, a detachment was 
formed Alr. V. D. B. Collins, Extra Assistant Superintendent, to execute a 
semndary series along the parallel of 20" bet\\ ecn t l i ~  Khanpisura Series on tile 
west the Great .Arc on the east. The series, one of twenty-four single 
triangles, mas completer1 on March 3rc1, 1913. After tliis, Mr. Collills 
coulmenced building stations for tlie Akola Secondary Serics nllich is to 
run along thc meridian of 76"-30fE., 11ct11-cen thc ~ h a n d ~ v i  and Bhir Second. 
ary Series. 

The follou-ing suminary gives the rnaiii featurc of the Khandmi secondary 
operat.ions : - 

Number oE principal stations visited and repaired 

,, new sec.oldary stations fixed . 
,, t,riangles . 

Length of series. 
Area covered by series . 
Average triangular error . 
Maximum ,, J J  

C l o s i ~ ~ g  errfxs i n  latilude . 
I 9 ,, in 1nn;;itude . 
J J  ,, in azimuth . 

Closing errors in height . 
Theodolite used . 

d 
20 
0 4 

141 miles. 
1,750 sq. miles. 
1"-41 
3".7 8 
0".45 
0".24 
2''-42 

1.9 feet. 
S-inch micrometer. 

Boarshl' CITY T ~ ~ J A N G U L A T I O N  A N D  TI~AVXRSE ~ ) ~ I $ I ~ A T I O X S .  

During the year under report a detachment under Mr. IVainrigllt 
continued the norlc of estahlishing over the i ~ l a n d  of Rombay a Praincworli to 
serve as a basis POP a larqe scale survey. The main figure of this framework, 
a pentagoil covering the whole of the island and harbour, is based on the side 
Karanja EJ. 9.--Col%ba of the Bombay Secondary Triangulation, a n  extension 
from the Bombav Longiturlinal Series. Pro111 this pc.ntagon emanate minor 
triangles fixing ti0 points and betmcen thcse latter about :j6 miles of precise 
travcrse werc run, deter~nining the positions of 26 permanent ancl 18 scrni- 
permarlent marks. For botll the triailgulation aiicl the traverse opcratiols 
8-inch microinetcr theodolites wcre used, readings bcing taken on five zcros. 
As l l ~ e  opaque signals uscd in thc previous season had not proved very 
satisfactory, heliotropes, suital~ly stopped down, were ~nadc  usc of in t l ~ c  
triangulation. 

In addition to tllc nctmork euccutcd for tho large scale survey, two figurcs 
were extended south\\~arrls irom tlic pentagon to fix tlic ~osi t ion of tlie transit 
pillar in thc .Ilih5g Ol~scrvatory. 

I n  the tra\,erse opcrntions, the degree ol' precision that was aimed a t  a i ~ d  
certain local conditions required the devising of special sl~paratus and t l ~ c  
employment of nlore riqorous rnethods than arc normal in traverse \r ork. 

The permnncnt rnarks nrerc placed on brass plugs built into masonry ouc 
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foot below the level of the ground. On account of the small dime~lsions of 

the lit,t,lp pit in which the mark was thus situated, it was impossible to adjuet 
a tlleorlolite or a signal over it by means of a plummet, as the point of the latter, 
when hangin(. in  the pit, was obscured by the shoulders. Recourse was there- 
fore Inade to a special device for the centring of instruments and signals which 
had 1,c.en designed previously by Mr. J. de Graaff Hunter, M.A. 

This npparatus consisterl essentially of a steel rod, pointed a t  one end and 
a t  the other, a mark or a sightvane, both point and Inark or sightvane 

being placed i n  the axis of the rod, to which a spirit level was attached. The 
point of the rod was so fashioned as to centre itself aotoinatically in the '* d8t " 
of the lnark when the roc1 mas raised into a vcrtical position. Thc mounting 
of the rod was such as t,o permit of tlie latter bcing securely clnlnped when t,he 
cpirit level indicated that i t  had 1)een brought into the true vertical. At the 
observi..g stations a rod with a mark was used, the tlleodolite being c ~ n t r e d  
over the latter, and a t  the forward and back stations, rods provid.ed with 
siglltvanes were adjusted. The steel rods mere provided also with n small device 

indicated the points t o  which tlie tape measurelnents should be referred. 
As has been said, the angular measures were made with an 8-inch micro- 

meter theodolite, readings being taken on five zeros. 
Tl~e linear me~surements were made with a 100 feet steel tape. Every 

day this tape was comparecl with a standard of length laid down between 
two blms plates let into the floor of one of the verandahs of the Secretariat 
building. 

During the season, an invar tape of certified length bein? available, the 
length of the standard was carefully determined. 

The difference between the I~iglrest and lowest values of the lengtli of the 
stcel talx during thc 2 &  months of its use mas 0'007 foot. 

During the linear measurements, the temperatul-e of the tape, as iudicnted 
by R thermolneter placed in contact therewith and sl~ielded from the sun, was 
recorded a t  intervals, and :~f ter wards cnrroctious for temperature mere apnlierl 
when colnpnting the linear ciistances measured. 

The highest and lowcst temperaturcs recordcd were 101" and 69" F. 
Whcn in  use, the tape3 were always strained by weights suspenclcd over pulleys 
so arranged that, while under strain, the tnpc could bc easily brought into the 
correct alignment. Tlie euds of the successive tape lengths were lnarkcd by 
reference marks which were aligned truly by theodolite. 

All tlw apparatus was found to work satisfactorily, and experience showed 
that alteration was desirable in one or two respects only, making for lightness 
and greater portability. 

The adjustment of thc traverse net has shown that precision of tho work 
varied a good deal. Whcre the ineasure~nents could proceed expeditiously and 
unintorruptcdly, the accidental errors appear t o  have been small, while i n  the 

case of lines which traversed difficult or traffic congested roads, thcy are 
considerably larger. The precision of the lines of the net adjusted to triangulated 
points varies from to , , L o ,  while ,,hT may be taken as generally represent- 
ing thc accidental crror generated in lines. 

INDO-RUSSIAN TRIANGULATION CONXECTION. 
During 1912, t,he whole coursc t,o be followed by the series connecting the 

Indian and llussian systems of triangulation, by way of the Huuza Valley and 
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the Tjghdumbzlsh Pdmir, had been reconnoitred, and, except for a distance 
of some 30 miles, the stations had all been selected and built. Observa. 
tions, however, had been completed a t  only a few stations a t  each end of the 
series. 

During last summer, the operatiolls mere continued and brought to a 
satisfactory conclusion, The completed connection is some 180 miles in lengtlr 
from principal stations just south of Gilgit to the Russian points on the north- 
ern edge of the Taghdu~nbzlsh P&mir. It consists of thirty-three essential 
and three extra stations embracing twenty-one figures. The maximum alti- 
tude at which stations are situated is about 19,000 feet. 

The obserrations were taken with 6-inch micrometer theodolites, the 
signals being l~uninous except in only a few instances when circumstance$ 
necessitated the use of a n  opaque one. Each hor i~ont~al  angle was ineasured on 
six zeros. Owing to the circuinstances under which the observations had to be 
made, no uniformity was possible as regards the time of determining vertical 
angles. Readings had perforce to be taken when the observers had succeeded in 
attaining the summit on which the station to be occupied was located aud 
whenever the sigilnls to be observed were visible. 

I n  point of nature of country to be traversed, the series may be divided 
into two sections, the one comprising the figurcs extending along the Hunza 
Valley from Gilgit towards the Kilik Pass, the second those* carrying the tri- 
angulation across the Titghdumbish Pdmir to the Russian points near the Beyik 
Pass. I n  the former, tlre work was extremely arduous, especially in the 30 
miles south of the Kilik Pass, the altituclc, coupled with precipitous slopes, snow 
and inclement ~veatller putting a very severe st,rain on the powers of endurance 
of all employed on the work. I n  the  Pimir  Section the dificulties were to 
some extent reduced by the more easiiy negotiated hills, though here also the 
weather proved very t y i n g .  When, in  addition to adverse conditions of this 
nature, the ever present anxiety as to the sufficiency of food supplies and the 
sense of always working against time be remembered, i t  will be recogilised that 
thc extension of relialde triangulation through the mountail1 mass bctmeen 
Kashmir and the Pitinir is no insignificant achievement. 

The operations during 1913 were entrusted to Licutenant K. Mason, R.E., 
i n  cllarge of the detachment, and AIessrs. V. D. B. Collins and C. S. aIcInnes, 
Extra Assistant Superintendents. Arriring on 27th May at Banclipura, the 
detachment proceeded in two sections to Gilgit vid the Raj Diangan and Burnil 
Passes. A depot mas formed a t  Gilgit and there the detachment was divided 
into three squads. One of them under Lieutenant Nason marchrd up the 
Hunza Valley and over tlie Mintaka Pass to the Russian stations over the 
northern edne of the 'Titghdumbitsh Pitmir. Coinmencillg the work of ol)serva- 
tion a t  these points, the section gradually retraced its steps to thc Kilik Pass 60 
connect with tllc fi7ures laid out from the neighbourhood of Rlisgm to thc 
Kilili Pass 1)y the second squad under Mr. McTnncs. 

I n  thc ~neantiriw the third squad under Mr. Collins had taken up tllc 
extension of tlie ol)scr\-ations from near Iiunza, where they had been disconti- 
nued in tlrc previ0u.s year to Nisgar. 

By the 25th Auqust, all the observations were corn;~letcd and a conilcction 
effected, through the Hunza Valley Series and tlie Kashmir Priucil~al Sericq, 
between thc points of the Russian Survey 011 the Palnir and the triangulation 
of the G .  T. Surrey. 
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Tliis year Captain H. G .  mT. Hingston, I.M.S., was attached to the detach- 
ment. This officer made, in  acldition to ht~matological investigations, what 
should prove valuable collections of the fauna and flora of the region besides '" 

compiling notes on the geology and obtaining rock specimens. The detach- 
ment also took observations to indicate what movement had taken place in the 
snouts of the Minapin and Hasansbad glaciers, the position of which in  1906 
had been markecl by Mr. H. H. Hayden of the Geological Survey. 

Cloud and weather observations were a,lso made daily. 
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TIDAL OPERATIONS. 

Xo. 16 PARTY. 

( I ' i d e  Index Alap 10.) 

BY M s .  S-1-ED AWLAD HOGRBIX, K.B. 

1913. 
M t .  SJed Alrlrd Hosreio, K.B., in cllnrge frnlll 1 s t  

JInrch 1913. 
Nr. S y d  Zille Hasosin. 

Loroer Subordi~tate Sevaice. 

1 Clerk. 
15 rompnters. 
2 Tidill Ohserontorg clerks. 
2 Altificers. 

Durinq the year under report., tidal 
registrations by self-registering tide-gauges 
were carried out under the direction of this 
department,, a t  tht: ports of Aden, Kariicl~i, 
dpollo Bandar (Bombay), Prince's Dock 
(Bombay), Madras, Kidderpore, Rangoon, 
Moulmein and Port Bleir. 

The imlnediate control of all the tidal 

observatories was entrusted to the Port O5cers concerned. 
~t was nlentioned in last year's report that tidal diagrams, recorded by a 

small self-registering rirer-gauge a t  Chittagong, were supplied to this party by 
the Port O5cer for the purpose of checking the predicted times and heights of 
high and low water a t  Cllittagong, but that the reatlings obtained from those 
dingrams failed to answer the above purpose. Since then certain improvements 
have beell introduced in the working of the tide-gauge and the preparation of 
the diagrams, and consequently, the results obtained from the diagrams for the 
year 1012 haye been found sufficiently goocl to be used as a check on the 
predict.ions for Chittagonp. 

I n  addit,ion, title-pole readings of l~ipll  ancl low water were taken during 
day-light a t  the ports of Bl~aunagar and Akyab, with the object of comparing 
the actual times and heights wit11 the predictions. This work was done under 
the direct supervision of the port officers who supplied to this party monthly 
statements oE the times and heights read on tlie tide-poles at their respective 

The following i n  n complete list of the ports a t  which tidal observations 
have been carried out from the commencement of the tidal operations in 1874 
up to the present time. The permanent stations are shown in italics; the 
others are minor stations which were closecl on t,he completion of the requisite 
registrations. 

Serial I 
S o .  91.tlonS. 

. . - -. . - - - 
I 

1 Suez . . . Automatic i 
4 , JIaak~t . . . Ditto 

b Bushire . . . Ditto 
, 

6 Kardchi . . Ditto 
i 

1 1879 1 Still working / 31 I 
1897 

1898 

1892 , 1901 I 8 
1868 ; 1880 Small tide-gau~e 

working. 

' I -  1902 

1 1874 18 i6  ' 1 ! Tide-tablw not pubo 

I I / lished. 
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Beriel Btotiono. 
Automatlo 

Pcrsoool 1 obser::tio1i8. 

Dnte of 
cornmrncemcnt 

oi 
nstc  of 

cloning of 
obsenntions. 

Bnmrsrr. 
obscrvalions. 

I I 
Tide-tebles not pub- I lished. 

1874 
Ditto 1 Re-;-;ted Year 1904-03 is ex- 

cluded. 
9 Okha Point . 

Personal / 1893 1 1894 10 

108 Yenrs 1898, 1809 and. 
1902 are excluded. 

Porbandar . 
Porbandar . Automatic 1 1898 1 1902 

Automatic I 1900 1 1903 

11 

1lA 

12 I Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Port Albert Victo~ 
(Kitliiemar). 

Port Albert Victo~ 
( ICithiawir). 

Bhaunogar . 1894 

Still workins 

Ditto 

1889 

1883 

1881 

Bombay (Apozlo 
B a n d a d .  

Bombay (Prince's 
Dock). 

Marmagao (Goa) 

Kirwir  . . , 

Beypore . a 

Coohin . . 
Tuticorin . 
l i n k o y  . 
Galle . . , 

Colombo . . 
Trincorualee . 
Piimban Paas . , 

Negaprtam s 

Ditto 1 l88G 1 1892 
I 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 1 1878 I 1882 

years  1883 tn 1885 
sre cxcluclcd. 

Ditto 

Ditto 

Ditto 

1888 

1890 

Still working 

1691 

Madrns . . . 

Cocsnada . . 
Viragapntam . . 
False Point , o 

Dublat (Signr Island) 

Diamond IIarbonr . 
Kidderpore . . 
Chittagong . . 
Akynb . , . 
Dinmond Islend . 
Uasecin (Burma) . 

Ditto 1 1879 j 1885 

Ditto 1 1881 1 1885 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

1886 

1886 

Still working 

1891 

1898 

Ditto 1 1902 1903 

1880 j 1881 
Re-star1 cd 
1884 1888 

1880 ' Still nork i~ ig  

1880 I 1886 
I 

1880 1 1886 
Re-stnitcd 1 
1009 I Still worliing 

Year 1830-81 is ex- 
cluded. 

37 1 Eloplrnnt Point . Ditto 

Ditto 

Ditto 

Ditto 

Ditto I 18X!) 1894 41 

41 
I 

Ditto 1880 i Still working 
l 

DIcrgui . . . 
Port Blair . . 
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The tidal observirtorics a t  Port Blair, Rangoon, ~foi i lmein and Madras 
\\-em inspected during the ycar 1)y Mr. H. G. Sllam and those a t  Kidderpore, 
L~pollo Bnndar (Bombay), Prince's Dock (Bombay), Kariichi and .%den by Mr. 
S ~ e d  Zille Hnsnain. Duriug tlie inspection of each observatory the norking 
zero and the ndjustments of tlie tide-gauge were subjected to a rigol-ous exami- 
n:~tion and the stability of the gauge nras tested by clieck levelling between its 
Ilea-plate ;rud the bench-mark of reference. All the instruments were thor. 
ollSnIy overhauled, cleaned and put in perfect working order. 

With thc exception of Madras, the registrations of the tides a t  all the 
other tidal observatories have, on tlie whole, been satisfactory during the past 
year. 

The folio\\-ing neecl special lllention :- 
dde,r.-The inspecting officer found that nearly 4 inches of mud had acclz- 

in~~latcvl inside the float, cylinder. Tlie mud was taken out .and all precautions 
were tnlicn to maiutain free communication between thc sea, and the cylinder. 

P~.irrce's Dock (Bombay) .-The tidal registrations at this observatory have 
been freqnently interrupted during the year under report, the chief cause being 
the brcakage of the mire to n-llich the recording pencil is attmhecl. The inter- 
i.ul)tions [lid not, however, cxiencl bejund ,a few hours a t  a time, tlie lougcst 
interraption being of $8 hours dur a t '  1011. 

-7lcr(lrcrs.-The tide-gnnge at this obserratory worked ~~ninterruptedly up 
t o  t l ~ c  end of July 1913. There was n break for a week in  the tidal reg~stra- 
tions early in A U ~ L I P ~ ,  tlue to tlie passage betn-een the sen, and the tide-gauge 
well being blocked with saucl. TI I c passage was cleared and the communication 
between the sea and the well was restored, but shortly afterwards the passage 
was bloclied n9ain and tlie working of tlie tide-gauge was completely stopped 
from the forelloon of 10th Aurust 1913. Tlie Chief Engineer of the Port re. 
ported that ~t was practically impossil~le to restore comlnunicatioll between the 
sen and tlle tide-gouge well. It was, therefore, ilccidecl to abandon the present 
observatory and to remove tlie tide-gauge to another place. With tlie consent 
and consultation of the officer in charge of the Tidal Party, tlie Cliief En,' @in eer 
lins selected a site near the new elltrance to the harl~our for a new observatory 
n-hich is now in course of erectiqn. As soon as it is ready, arrangements \\ill 
be made to install the tide-gauae in  i t  and re-start observations. 

All the computations pertaininq to the past year's work liave been coul- 
pleted and there are no arrears. The tidal observations a t  the nine working 
stations for the year 1912 liave been reducecl hy harmonic analysis, and 
the ralues for the titla1 constauts thus determined are shown i11 the attached 
tshles. 

The80 tables *re the amplitudes (R) and the epochs (5) at the varioas 
stations; tliep also yive the values of H. and I<. ~vliicli are connected with R. 
an,\ 5. in such a way, tllrouqh the various astronomical quantities involved in 
t l lc~  position of the sun and the inoon, that if the tidal observations were consis- 
tent fro111 Scar to pcar, H. and R. ~rnulrl conle out thc sulne froln cacii year's 
reductions. 



TIDAL OPERATIONS. 

ADEX, 191.7. 

.Shorl Per iod  Tides.  

A, = 5'873 feet. 

- 

Lofrg Period Tides .  

Lunar AIonthlp Tide . 



RECORDS OF THE SURVEY OF INDIA, 1911-13. 

Ka~tXcnr, 1912.  

Short Period Tides. 

A, = 7.312 feet. 

- 
Long  Period Tides. 

R 

Lunar Monthly Title 

,, Fortnightly ,, 

Luni-Polar ,, 1 -  

Solar-Annual 

,, Semi-Annual , 

.098 

-040 

-011 

I 
,121 

1 

9O.18 

249O.78 

259O.88 

17G0.J6 

32-b".85 

I 

,112 

-028  

-011 

-1 21 

el92 

320°.72 

JO.18 

181°.59 

91)O 06 

16-b"05 

I 



-TIDALI OPERATIONB. 

. 
Short Period 7'ides. 

- 
Lot~g Period  tide.^. 

A,=10'311 fee?. 

- 

R = 
5 = 

I I =  
K = 

--- 

sl {: Z: I 
H = R =  

sg{ .= ( = 

R 

I 

Lunar Monthly Tide . . I11 

,, Fortnightly ,, I .059 . ' I  
Luni-Solar ,, II .016 ' 1  
Solar-Annual 11 '021 

1 

-- 

.I11 
3.53'-39 

-141 
335O.2-1. 

R = 
( = 

H = 
K = 

,097 
191°.b5 

1.518 
3O.51 

5 

339"16 

247O.32 

Yemi-A~~nlul ,, 

-017 
159".1Y 

'019 
35O.14 

H = R = -023 R = -  
K = ( = 253O.81 ( =  20'56 ( = 

~6 { = ( = 174O.29 K = 335O.31 K = 

1 9 6  

.10Is R = .062 
S3O.10 

315O.12 K =  21C'57 

H =R = . = [ = 

R = 
1: _= 

H = 
K = 

I1 
- 

7 

.041 

-r159 
192O.5(! 

.994 
313@'HA 

... 
... 
... 
... 

1: = 254O.83 

K = 353O 4-0 10" 1s 

R =  .071 R = .40S R = ,226 

K = 98O.17 n = 63O.9'3 

K 

296'-70 

I" 33 
I 
I 

229'-25 1 -017 

35°.496 , ,025 

935'-19 1 -196 

R = 3.886 R = .513 R =  

'001 
288O.44 

.098 
158O.34 

.063 
67O'OG 

R = ., { = 
H = 

K = 

15OC.66 

315'-05 

174O.56 

,18!) 

R = 'PA4 
= 201°.36 

(2SM)2 
K = 122".67 

R = 
( = 

H = 
K = 

R =  
< = 

H = 
K = 

R = 
< = 

I1 = 
K = 

,086 
139'44 

-092 
296O.82 

-204 
107'29 

-211 
271°.:3:j 

.780 
157O'O-l 

.603 
49'*3S 

1.511 
21BC.26 

1.390 
4 i0 -59  

R = .135 ... 

Jl{ 

. . . 
rr = 64O.67 K = ... 

R = 

I ( = 
2 11 = 

K = 

R = 
( =  

H =  
K =  

R =  

(~&KI )B  1 ( = 
.051 

62:;;; 
52'-4* 
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SItort Per iod  T idee .  

A, = 8.300 feet. 

0 

. Long Period Tides. 

Lunar Ilonthly Tide , 

,, Fortnighily ,, 

Luni-Solar ,, > I  

Solar-Ann ual 19 

I 

I " I K  
1 

.O59 

.@14 

.044 

1 ' I  ,, Sen~i-Annual ,, I ,186 

". 

-199 

.041 

-016 

.044 

-195 

336O.11 

254O.33 

40S0.79 

38O.12 

337O.52 

283'4 

8O.33 

130°.10 

317O.70- 

176'.flM 

I 
I 
I 



- TIDAL. OPERATIONS. - 8 

Short Period Tideu. 

A,=2.338 feet. 

i - 

Lunar hfolltlrly Tide 

, Fortnightly ,, 

Lul~i-Solar ,, J 

Sola~*-Annua l , , 

,, Serni-i\unnltl , , 

R 

I 
-043 ma.li 1 -049 

I 

. O 7 2  I 2519.80 

14 ' 3 2 4 O . Y  I 

I : 28SO.53 

8 2 7 Y 0 . 0 6  

n21e-ze 

I 
-050 / 5O.26 

I 
-046 1 245O.65 

.43b 

.348 

208O0!1 

11 i0.17 



BECORDS OF THE SURVEY OF INDIA, 1912.13. 

KIDDEBPORE, 1912. 

Short Per iod  T,i!illes. 

.A, = 10.314 feet. 

- 
Long P e r i o d  Tides.  

I I 1 
Lunar Monthly Tide . 

,, Fortnightly ,, 

Luni-Solar ,, J J 

Sohr-A nnual I J 

,, Semi-Annual , ,  

,345 

-322 

.858 

2,328 

. i 9 3  

!I0 L3 

29O.26 

4~13.57 

152@.67 

324O.07 

i 
52'67 / ,393 

276O.99 ( ,224 
I 

121'30 

233' 14 

12G0 00 

889 

2 928 

.703 



TLDU OPERATIONS. 

RANGOON, 1912. 

Short Period Tides. 

- 

9,=10318 feet. 

Long Period Tides. 

I 

Luuar Rlonthly Tide . 
,I Fortnightly ,, 

Luni-Solar ,, I I 

Solar-Annual 81 

,, Semi-Anuual ,, 

l 4  I 45c'38 

'244 

'075 

'448 

1,339 

'116 

-108 

-432 

1'339 

'116 

I O.H6 

28O.00 

41O.05 

152O.07 

32J043 

275O.70 

121°29 

!233".46 

125O.45 



R ~ O U L ~ I E I N ,  1912. 

Short  Period Tirlee. 

A, = 8.27'7 feet. 

H =  
K = i" 

L2 1'' H = 

C = 

H = 
K = ~ ~ l ? '  

I-I = 
K = 4'' 
H = 
K - ~~1:: 

(; z 
p2 1 : ~  

H =  
K =  IL2 I'= 

Long  -Per iod  Tides. 

R 

* 

Lunar hIonthly Tide . 1 .496 

,, Fortnightly ,, 334 

! I 
Lnrli-Solar ,, II 1.1 94 . I  

I 

Solar-Annual #I 2.233 
. . I  

I 
,, Semi-Annual ,, ,316 

K 

-- 

7O 59 

35".68 

42O.12 

147OB20 

I 

51°.17 I -497 

9P0.83 I d 4 6  291O.86 

983'-49 

122O.49 

227'-89 

.23:3 

1-237 

2.233 



TIDAL 0PE.RATIOS S. 

A,,= 4.828 feet. 

Lo119 Poiod Tide.? 

K 

-- 

156O.14 
i-- - 

I 1 

Lunar Montllly Tide .038 

,, Fortnightly ,, I .(I63 27:%'.47 

Lani-Sokr I ]  / ."o2 I ;  1040.55 

I 011 

4 

002 

291 

'1 73 

f30lar-Annrlal 1 1  

I I '291 

,, Semi-Annual ,, . I  -17.7 

26'-02 

24O.5 1 

162O.55 

161O.39 

24.3' 03 

325' 39 

I I 
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The following data were prepared and supplied to tlle Director of the 
Kational Pliysiclrl T,al)oratory, Teddington, England during the year under 
1 eport, :- 

(n )  Values of the tidal constants for forty ports for the tide-tables 
for 1916, ready for use for the tide predicting machine. - 

( b )  Actual values during 1911 of every high and low water measured 
in duplicate from tlle tidal diagrams a t  nine stations and of the 
tidepole observatioils taken during day-light a t  two stations. 

(c) Comparisolls of the above with predicted values for 1911, the errors 
being tabulated in such form as to be of use in improving the 
predictions. 

The percentage and the amount of errors in  the predicted times and 
heights of high and low watei. for the year 1912, as given in  the tide tables, 
have been determined by comparison with the actual values obtained from 
tidal registrations a t  the nine stations now working. Similar information haa 
also been compiled for three stations a t  which regular tidal registrations have 
been stopped, but the actual values of high and low water were obtained from 
tide-pole readings in  the case of two stations (Bhaunagar and Akyab) and from 
t,idal registrations of a small river gauge in the case of the third station (Chit- 
tagong) . 

Tlle errors are tabulated in  the five tables herewith appended. 

No. 1. 

Statenlent showisg the percentcrge and the amount of the ewors i~ the predicted 
tillzes o f  h igh  water1 at the various tidal stations f o ~  the year 1912. 

Errnrn over 
6 minutes 
nod under 
16 minutes. 

- -- 

Per rent. 

46 

36 

32 

40 

46 

48 

47 

36 

2 

32 

44 

46 

the Port OBeer. 

STATIOJR. 

Aden . . . . 

K e r e c l ~ i  , . . 

Bliaunogn~ . . . 

1 Apollo Ban~lal. 
Bombay 

Pvincr's Docli 

llndras . . 
Kidderpore . . , 

Chiltagong' . . . 
Akynb . . . . 
Rangoon . . . 
M ~ u l m e i n  . . . 
Port Blair . . . 

Aulo~nat ic  
or 

tide-pole 
otmcrvntionr. 

Auto. 

Auto. 

T. P. 

Au'o. 

Auto. 

Auto. 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Auto. 

Ob8errntions taken 

Number 01 
eompnrisons 

between 
actunl slid 
predlctcd 

valucn. 

Errors of 
6 minutes 

and 
under. 

Errorn over 
30 mloutcl. 

Pcr cent. 

2 

12 

0 

3 

3 

1 

6 

16 

0 

6 

4 

2 

Erron aver 
16 rnil~utrs 
nnd under 
20 n~inutos .  

Per cent. 

6 

13 

0 

7 

9 

7 

10 

12 

1 

9 

13 

7 

Errors over 
20 minutes 
nod under 
30 minutes. 

-- - 

Per cent. 

4 

14 

0 

6 

9 

6 

11 

14 

0 

6 

13 

6 

I--- 

1 Per cent. 

6 i 9  I 

707 

366 

707 

692 

iO6 

706 

672 

362 

706 

684 

706 

42 

26 

68 

44 

39 

39 

a7 

23 

97 

47 

26 

40 

with s am11 r l i s r  (rnuge by 
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Na. 2. 

No. 3. 

JStotemeat showing the percentage atad the awzoaat&t. of the errors itz the pre- 
dicted times of low water  at  the vn~*iotcs t idal stutiotls for the year 1912. 

.Statetned showifig the perventage and Ihe ccn1.ozlrzt of the er~novsin the pl*edicted 
heights of high water a t  the various tidccl s lnt inns,fo~-  the yea?. 1912. 

ITATIOAI. 

-- - 

707 0'3 

366 31.3 64 30 

Apollo Bandar . Auto. 707 la.9 68 25 
Bombay 

Prince's bock . Auto. 692 , 13'0 66 ti 1 

Madree . . . A U ~ O .  705 3.5 85 14 1 0 

Kidderpore . . ,  lo. 706 11.7 43 16 14 

Chiltagollg*. , . I  gut,,. 672 13.3 46 . 30 a 
A ~ Y I * ~ .  . . . T . P .  , 30% 8.3 88 ; 1 0 

Rarlgoon . . . ~ u t o .  ioti 5 
Moulmein . . , A t t [ ~ ,  684 12.7 

18 
Port Blair . . . hl l to .  70G ' 

12 ( U 0 

Obsorvntione lakcn a l l h  n solull rrser gauga by Ibc Por t  Omcer. 

Errors orcr  
20 minutes 
and under 
30 minutes. 

BTATIOBI. 
Errors over 
30 miouten. 

-- 

Errors ovcr 

Pe r  ornt. 

3 

13 

0 

3 

2 

: 1 

8 

21 

0 

3 

27 

a 

, 
Errorn orer Errors 01 

6 minutes 
and 

nndrr. 

8 minutes ; 16 mi~lntes  
nad under , nod under 
15 minutes  , 20 miuuteu. 

I Number of 

P e r  cent. 

30 

27 

64 

39 

39 

46 

30 

19 

98 

27 

18 

Aulomntlc 
o r  

tide-polo 
o b r r r n t i o n ~ .  

-I , P e r  cent. , Per cent. P e r  ccnt. 

44 i 7 I ,  1 

colnparisonn 
between 

netnal oud 
predicted 

values. 

Aden . . a 

Karichi . . . 
Ullaunagar . . . 

I Apollo Bander 
Bumbay 

P1.ince'a 1)ock 

I\lad~.as . . . 
Kidderpore . . . 

1 a& 

0 

6 

6 
I h  

a 

12 

17 

0 

13 

20 

36 11 

36 0 

45 1 7 

42 11 

-14 j 6 

3 8 1  12 

31 12 
! 

i 0 

707 

Auto. 1 676 

Port Blair . . , 

44 

26 

Qliecrmtiunu taken with o 

Auto. 

T. P. 

Auto. 

Auto. 

Auto. 

Auto. 

3 Auto. 

13 

9 

49 41 

! 

708 

366 

708 

692 

7 03 

71 17 

66A 

963 

706 

684 

small rivor gouge by thc Por t  OWrcr. 

Chittsgong8 . . I Akyab . . . . T. P. 

6 

Raogoon . . 
M o u l ~ ~ ~ c i n  . . . 

Anto. 

Auto. 
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No. 4. 

S/atet,tctr/ slrowi~rg the pa~.ceralage and the anhozort of the e ~ - r o r s  in thep?*ed&te,j 
hsiglits of low toaler at the va?iozcs tidad stntioths for the year 1912. 

' Obmnsl lone  taken with n small river gauge by the Port Ottlcer. 

No. 5. 
Tnlrle of average errors in the predicted tintes anc2 heights of high and low 

water at the several tidal stations for tlte year 1912. 

Opcn Coast. 

Aden , , . 

Errors 
over 4 inches 

"g"t%"," 

per cent. 

3 

17 

33 

29 

26 

9 

27 

20 

8 

26 

26 

6 

Errors 
over 8 inches 

Per  cent. 

0 

2 

6 

4 

5 

1 

17 

18 

0 

24 

20 

0 

C Apollo Bandnr 
Bornbey 

I'rince's Duck 

I 

I 
Yrnll ' 

n n e e  a t  . , ~ l : ~ ~  iLd springs in 
~ c r l .  "rider. 

I ( Prr cent. 

6.7 1 97 
I 

9 . 9 1  81 

31.4 6 1 

13.9 1 66 

18.9 1 68 

3.5 90 

11.7 l o  
13.3 / 36 

8.3 1 92 

16.4 1 30 
! 

12.7 I ql 

6'6 1 i 94 

I 

I 
I Allloolntlu 

SIAIIOII~.  or lldo-yulo 1 obsc~stlons. 

- -. -. - -. . . . . . ! - , .- - - . 

I 

*@,I . . . . I  A u h .  
! 

Ew&chi  . . . Auto. 
I 

Ellaonagar . . . I T. P. 

1~Eia. 

- 

Per oent, 

0 

0 

1 

1 

1 

0 

la 

18 

0 

20 

a3 

0 

Gcueral ?dean 

Rirmin. 

Kidderpow . . 
Chittagcng* . . 

Rangoon . . . 
bloulmei~r . . 

(;enera1 Mean 

Nnmber 01 
con~pmriaona 

bet!vern 
~ C I I I ~  and 
pmdioled 

vnbl~~es. 

676 

708 

966 

Apnllo Hand81 . Auto. 1 708 
Bombay 

Prince's Dock . ' Aulo. 692 
! 

Madras . . . ,  Auto. 1 703 

Kidderpore . . . 1 Auto. 70; 

Chitlagong* . . . 668 

Auto. , 363 I Akyab . . . . , 'r. P. 

Rangmn . . 706 

684 

Port Blair 707 

1 I 
Olswrra l i<m~ Iakcn r i l h  rmoll rn\t-r e 3 . 1 ~  lhj the  P.,-1 Olticcr. 

- 

Aolornshc 
or 

I~de-pole 
obaerrdt~ons. 

1 AVBBAQE Ennoas  

. a u t o  

. Auto. 2 2 

6 

. ,\ulo 1.3 3 1 Y  2 1 '088 060 8 

. Auto 164 , 12 ,021 . .041 / 8 
I 1 

. i u t o  14.7 / 12 
-- - 

... . , 0 I 

2 

Auto. 

- ------- 

Of height In 
Inches. 

B . W .  

Mean - - - -  - -- 
range nt I 

4 

4 

4 

4 

3 

2 

b 

sprlngs 111 

3 

4 

4 

4 

!4 

2 

O l  h e ~ g h t  

13 8 / 19 1 9 024 / .I324 

. 

. 

. 

feet. O1 lime / III tenns o l  the In ~llluatra. range 
I 

-- 

H . W . 1  L.W. 1 H . .  

Aoto. 

Auto. 

T , P .  

L . W .  

10; .024 1 ,024 

A '071 ,048 

o '020 , .WLO 

13 9 ! P  

3.5 

8.3 

9 
I 

1 
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The foregoing statements for the year 1912 may be thus sumrnarimd :- 

Pet*centage of time predictions withit8 15 minutes of  a c t ~ & .  

Percentage o f  height predictions within 8 inches of actuals. 

High Low 
water. water. 

6 at  which predictions were tested by S. R.  tide-gauge . 
Open coast 

stations. .Z 
J J  11 11 tide-pole . . 

Hiverain 4 I I  II II S. R. title-gauge . 
stations. 

Percentage of height predictions within one-tenth of nzeatl range at upritzgs. 

6 at which predictions were tested by S. R. tidegrauge , 
Open coast 

stations 31 )P tide-pole . . 

Riverain 4 II I I 9 -  S. R.tide-gauge . 
stations. 

High l o w  1 water. water. 

Per cent. 

82 

100 

70 

1 Per cent. Per cent. 
I 

Pcr cent. 

82 

100 

58 

High 
water. 

Per cent. 

97 

97 

7 4 

Open coast 6 at which predictions were tested by S. R. tide-gauge . 97 
I 

98 

stations. 
I I 1 9  tide-pole . . 100 100 

Law 
water. 

.- 

Per cent. 

9 8 

9 7 

62 

i 
Riverain 4 I, I I 9 1  S. R. tidc-jiauge 94 I $11 

etatione, 

COMPARISON OF THE PREDICTIONS FOR 1912 WITH THOSE FOR TEE 

PREVIOUS YEAH.  

Thc predictions for the year 1912 a t  the nine stations now working, as 
well as at two other statiolls wherc tidal observations were taken by thc Port 
Officers on tide poles werc compared with the corresponding prcdictions for 
1911, and it mas found that a t  a11 tllc open coast stations the predictions for 
1912 wcre practically a,~ good m in the previous ycar, except a t  Kardchi, whcre 
they werc distinctly worsc both for tilncs ant1 licigllts of high and lon- T T R ~ C ~ .  

For the rivcrain ports the rcsillts arc as follows :- 
At Kidderporc the prcdictions wcrc slightly hotter. 
At Rangoon and Moullncin t hc pr~dict~ions wcre about t'hc sainc for 

hcigllts but better lor t h c s .  
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The greatest difference between the actual and predicted heights of low 

for 1912 at the riverain ports was as follows :- 
Kidderpore . 2' 8" on 1 s t  November 1912, actual~ being higher. 
Rangoon . . 2' 4" on 1st October 1912, actuals being lower. 
Jioulmein 2' 5" on 24th August and 24th September 1912, actuale 

being lower. 

TIDE-TABLES. 

The tide-tables for the year 1914 have been received from England and 
dis$,ributed to the various officers concerned. The tide-tables for the year 1916 
are now being published in England and the data for the preparation of the 
tide-tables for 1916 were clespatchecl to England in February 1913. 

The alnount realized on the sale of the tide-tables during the yea,r ending 
September 1913 is Rs. 2,127-14-3. 

Tidal observations during the coming yea,r will be continued at the nine 
observatories now working. 



LEVELLING. 

No. 17 PARTY. 

(Vide Index Map 10) 

BY Mn. B. a.  HAW. 

There were three detachments engaged on levelling operations. 
The strength of these detachments mas as detailed below :- 

d 

PSBSONNBL. No. 1 DETACHMENT. 
Imparia1 Oflcera. Xlr. D. H. Luxa, 1st Leveller, up to 03rd 

Captniti V. R.  Cotter, I.A., in charge up to 26th 1913. 
- 

February 191 3. 
Lieutenant A.  A.  Cbase. R.E. (Nepil  Bo~rndnry Mr. Jiya La], 2nd Leveller, up to R3rd after 

Detachment). which date as 1st Leveller. 
Provincial Oflcarr. 

Mr. H. (3. S I ~ ~ W ,  in charge from 1st March 1913. Mr. Karnna Kumer Dae, 2nd Leveller, from 
Mr. O. N. ~ u s h o n g ,  up t o  14th Mey. 24th April 1913. 
Mr. D. H. Luxa. 
MI. T. F. Kitclim. 3 Recordere. 
Nr. F.  W. Smitl~. 
Mr. 0. D. Jackson. 
Mr. Jiya Lal. 

No. 2 DETACHMENT. 
Mr. Nsrendrn Nath Chnckerbutty. Mr. T. F. Kitchen, 1st Leveller. 

Upper Subordisate Oficezs.  
Jlr. Barn Singh, Rai Sahib (Nepil  By .  Dett.) 

Mr. F. W. Smith, 2nd Leveller, from 25th. 

Mr. K I I I U ~ R  Kamar Das. November 1912. 

Lower Subordinate Eatablirhment. Mr. N. N. Chuckerbutty, 2nd Leveller, up 
8 Computers (2 Computers, NepIl By .  Dett.) to 24th November 1912. 
9 Recorders. 
2 Clerks. 3 Recorders. 

No. 3 DETACHMENT. 

Mr. 0. D. Jackson, 1st Leveller. 
Mr. N. N. Chuckerbutty, 2nd Leveller, from 13th December 1912. 
Mr. Karuna Kumar Das, 2nd Leveller, up to 12th December 1913. 
3 Recorders. 

Progravnme of zuovk dzcvilzg t h e j e l d  season. 

No. 1 DETACHMENT. 

This detachmeut wm employed on the following lines of levele :- 
(1) The completion of the Line Sargodha to Multiin by road. 
('1) Revisionary levelling from Multin to Mihiwiili T. 8. partly by 

road and partly along the railway line. 
(3) Revisionary levelling between Ambda, Meerut, and Delhi, along 

the main road. 
(4) Levelling from Delhi along the road to Muttra. 
( 6 )  Levelling from Murree along the tonga road to Srinagar (Kashmir), 

with branch lines emanating from Srinagar ( a )  to Pahlgam via" 
Isl5miibiid, ( B )  to the Siad Valley, ( c )  towards Bandapur, (d) ,  
towards Shupiyiin. 

Thcse branch lines were carried out at the request of the Kashmir Durbar, 
Line Sargodlta to Mzclt5lt.-The line Sargodh to Multiin closes the 

circuits (0) Multiin, Khcmwiilii, Segra, Daryiikhltn, Khushab, Sargodhe, Mul- 
tcn, and ( b )  Multin, Sargodha, Lahore, Ferozepore, Murghai, Rhemwilii, 
Mulkn  

r 2 
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The closing errors being 0.096 and 0.190 of a foot respectively, as shown 

YBAB. 

1907-08 
and 

1866-67 
-1 

1859-60 

1906-07 

1910-11 

1911-13 

1911-12 
and 

1912-13 

1911-12 
a d  

1912-13 

1911-12 

1906-07 

1860-61 

1869-60 

1868-67 
and 

1907-08 

Unad'usted difference 
od orthometric 

heights in feet. 

+ 5.477 

+ 195.991 

\ 

-17.707 

+ 27.129 

+OnO15 

-21 1'000 

-0.095 

+ 21 1.000 

+ 94.264 

-63.792 

-361.737 

-115.942 

-6.477 

+ 0.1 90 

i n  tlie following tables :- 

Liues. 

- - -- - - - 

Circuit A. 

From Standard Bench-mark a t  Rlultan 
( ' a u t o ~ ~ m e n t  to ground level m;~r!i- ] stoue of Khemmili G .  T. Scrvey 
l*ovier Station. 

From gro~md level mnrk-stone of Khem- 
wale G. T. Survey Tomer Station 
to  ground level mark-stone of Segra i G. T. Survey Tower Station. 

From prouud level mark-stone of Segra] 
Ci.  T .  Survey Tower Station to ! 
G. T. S. I 0 a t  Oaryakban railway station. 

U . M .  . j 
G. T. S. 

From 0 a t  Paryakhin railway 
B. M. 1 

f G. T. S. I 
station to 0 at  Khushib rail- I 

B M. way station. J 

G. T. S. 
From 0 a t  Khusbih railway sta- 

B. M. 
G .  T. S. 

I 
i tion to at Sargodha. 

B. M. 

G. T. S. 
From a t  Sargodha to Standard 1 B. M. 

Bench-mark a t  Multin Cantonment. 

Circuit B. 

From Standard Bench-mark a t  Multan 
G. T. S. 1 Caotonment to a t  Sargodba, 
B. M 

G. T. S. 
From a t  Sargodha to Staudard 

B. M. 3 Bench-mark a t  Lahore Cantonment. 

From Standard Bench-mark a t  Lahore 
Cantonment to  G. T .  S. Bench-mark 1 
a t  Ferozepore. 

From Cf. T .  S. Bench-mark a t  Feroze- 
pore to hlurgbai Bench-mark. 

From Murghai Bench-mark to ground 
level mark-etone of Khemwali G. T. 1 Survey Tower Station. 

From ground level mark-stone of Khem- 
wilii G. T. Survey Tower Station to  3 Standard Bench-mark at Mult in  Can- 
tonmen t . 

- 

Dista~ice 
in 

miles. 

38*% 

120.9 

2.7 

85.5 

29.5 

1 73.5 

450.3 

173.6 

116.0 

64.6 

312.0 

100.0 

38.6 

794.8 
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The circuit errors shown in the above have been deduced from unadjuskd 
ortholnetri~ differences of height. 

The line Delhi to Mutlrct. --The levelling from Delhi to Mnttra completes 
the circuit Delhi, hlcerut, Hjihras, Aluttra, Delhi, the closinq error being 
0.158 of a foot as shown below. This error has been deduced from unadjusted 
differences of orthometric heights. 

,From + at  St.  John's Church, Meerut 
to Htithras G. T. S. Block-stone 

Bench-mark. 3 
From Hathras G .  T. S. Block-stone 

Bench-mark to Standard Bench-mark 
at h4uttra. 

From Standard Bench-mark a t  Muttra. 
to Standard Bench-mark a t  Delhi. I 

.From Standard Bench-mark a t  Delhi 
to + a t  St. John's Church, Meerut. 

Dietnncc 
in 

mile.;. 

UIIII r l  juvtcd cliffercncc 
of orthornptric 
height- in fect .  

-- -p 

Revision of ligze Mzcltnga to Jlcihirual& T. S.-On thc revision of the line 
Multan to Mihiwilk T. S., a distance of 42 miles, only one old bench-mark 
near Muzaffargarh, about 1 8  miles from Mulkn ,  mas found in  existence, the 
rest of the old bench-marks had no inscriptions and were mostly on the tops of 
parapets of bridges and culverts, which have since been renewed, and heuce no 
comparisons can be made between tlie old and new values. 

The results of this revisionary levelling showed that  the bench-mark near 
Muzaffargarh had remained intact, but a t  Mahiwitla T. S., a difference of 0.166 
of a foot was found between the old and new values ; this mas probably due to 
the mark-stone a t  this station having been tampered with as i t  was found 
broken in two pieces. 

Revision, of line Anzbda to Dell1i.-The revision of the old lines of levcls 
from Ambila, vid Jagjdhri, Saliirnnpur to Meerut of season 1861-62, and from 
.\leerut to Delhi of scason 186G-67, sllowed that thcre was a tliscrepancy of 
about 0.7 of a foot, between thc old and new values of height of the bench- 
mark 901.6 /T\ inscribed on the uppcr stone ~ t e p  just outside the wooden sill of 
the western doorway of the tower of St. Paul's Church at Ambala. Accepting 
'the old height of this bench-mark as correct, we find that all the old embedded 
bench-marks along the above route to Delhi, with the exception of the one a t  
Ichatauli, show a rise varying rrolll 0.5 to 0.8 of a foot. 'I'his would lead one to 
suspect that the Ambsla Churcll bench-mark had settled about 8 inches, which 
is extremely improbable, for if such n large settlcnlelit had taken place in  this 
bench-mark, the Church Tower, on the plinth of which this bench-mark is 
situated, would certainly have showed signs of cracks or separatioi~ from the 
main building, which is not the case. 

There is no doubt about the point of reference being identical with that  of 
1861-62. The only way a t  present to account for this difference is, that  
Perhaps a gross error has been made between Ambiltl and Jagiidhri, either ia 
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the old or in  the revised levellins. It is intended to relevel the line between 
Ambiiln and Jagddliri next field season. 

'l'he embeddecl I~ench-mark at Khatanli shows a settlement of 0.14 of a 
foot as compnrerl with Amhala, or of nearly 10 inches with reference to the 
other bench-marks of this revision work. 

No. 2 DETACHMENT. 

This cletachnlent liad for its programme :- 
(1) Lerelling from Comilla to Chittagong. 
(2) Levelling froin Brihmanbiiria, vi6 Dacca and Qoalundo to Piichuria, 

by road and across country, crossing the Meghnii, Lakhyi, 
Dhaleswari, and the Padlna or Ganges rivers. The distances 
across these rivers being respectively, 65, 35, 62, and 109 chains 
of 66 feet length. 

(3) PGchurirl along the railway line to Faridpur, and thence across 
. country to Barissl. 

(4) Levelling in Darjeeling. 
!t7te line Comilln lo 0hittagofig.-The levelling from Comilla to Chitta- 

gong conneots Yar~atipur, wid Gauhiiti and Akhaura, with the tidal station at 
Chittagong with an error of 1.382 feet as given below. 

The line Brcihnzattbciria to Pcichuric%.-The line Briihmanbaria to 
P5churitt closes the circuit Poradaha, Parvatipur, Gauhati, Akhaura, 
Piichuri5, Poridaha, mith an error of 2'706 feet as given below. 

Lines. 

G .  T. 8. 
at Pi~vatipur above Mean Sea 

B.: M. Level. 

G.  T. S. 
From 0 at Pirvatipur t o  "1895" 

B. 111. Gatihjti Railway Sta- 
tion. 

From " 18!)5 " at. Gauhili Railway 
Station 

G. T. S. 
to at Akhaura Railway Sta- 

B.  M. tion. 

G .  T. S. 
From IJ at Akhau~a 

1 
B. M .  Station I 

t 
G.  T. S. 

to 0. Tidal test Bench-mark 
H. M. 

I 
"A" a t  Chittagong. J 

G. 1. S. 
M. W. L. at Chittagong below 

. Tidal test Bench-mark "AJJ 1 at Cliittagong. 

Distance 
in 

miles. 

228.5 

283.6 

131.3 

. . . 

843.3 

Unadjusted difference 
of ortbometric 
heightr in feet. 

+ 114.564 
(Vide Volume 
XIX B). 

+ 66.690 

-152.312 

-2.864 

- 14.G66 

+ 1.382 
I 

YIAB. 

1901-02 
and 

1905-06 

1910-11 
aud 

1911-12 

1912-13 

... 
_- 
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Lines. 
Distance 1 in  

miles. 

U~led'usted diffcrcuco 
o l  ortllnlne~r~e 
heights in fect. 

G. T. S .  
From at Poridaha 

7 
B. M. Station R2i'way I > 120.1  

G. T. S.  
From IJ P~rvatipur to "I 805" 11 22S.5 

R 14 .  at Gauh~ti  Railwav -. - -  
Station. * ) I  

From " 1595 " at Gauh~t i  Railway Sta-1 
tion 

G .  T. S.  
I 
t 

to 0 a t  Akhaura Railway I 
B. M. Station. J 

0. T. S .  
~ U I  at Akhaulr ~ a i l w a ~ ]  

B.  M. Station 

G. T. S. t 136.8 
to st I'ichnriti Railway Ska- 

Minor tion 
B. M. J 

G. T. S. 
From at P ~ b u r i i   ailw way-7 1 Minor Station I 

G. T. S .  
to at Poridalia Railway Sta- 

B. M.  tion. J 

+ 63.096 
(Tide Volume 

XIX H).  

Closilzg etv.ol.s.-A portion of the error of 1.382 feet generated on the line 
Parvatiplxr to Chittagong may be due to the difference between inenil sea level 

- - 

and mean water level a t  Chittagong, this being a rivewin port. The tidal 
station a t  Chittagong is only about 12 miles up  the river, and therefore the 
maximum difference between mean sea level and meall wnt,cr level may be 
assumed to be not inore than 0'3 of a foot. 

This would show that tlie rest of the error, viz., 1.082 feet,, is due to levell- 
ing. Now as tlie portion between Chittagong and Akhaurn lias no unusual 
features, and the distance bet.\\reen the two points is about 131 miles, i t  may 
sa'fcly be assumed that nearly tlie whole of the above error lies between Pjrva- 
tipur and Akhaura. 

tls ehown in the above tables, the error in  the whole circuit is 2.706 feet,* 
i t  follows tliercfore that, a n  crror of 2.706 feet - 1'382 feet = 1.324 feet, haa 
heen generated between Alrhaura and Porn,daha. As regards tlie error between 
Phrvatipur and Akhaura, the most likely places for the occurrence of a gross error 
are, the river crossi~lg a t  Dhubd which mas clone by the tide-pole rnet,hod only, 
and the hill section froin Gauhjti to Dumpep, n rise of about 6,917 feet i n  a 

- - 

'Tho revinion of the rrection o f  single lt?velling between Pacburiii ant1 Poridnlia 11x3 brought to light an 
error of a b ~ ~ n t  2 fect. Tho circuil ervor mill therefore be reduced to about 0'7 foo t .  
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distance of 81 uiiles, and from Dumpep to 'I'haria Ghat, a fall of about 5,976. 
feet in a distance of 25 miles. 

wi t ] ,  refcrcllcc to the error of 1.324 feet between Akhaura and Poradaha 
in a distallce of 182 miles, the weak points of this line appear to be (a) the 
single levelling bet,ween P5clluria and Poradaha, and the various river cross- 
ings, prcviouslp mentioned, which were done in the course of the levelling. 

a view to locating the above errors as far  as possible, it is intended 
during the conling field s w o n ,  to repeat the river crossing a t  Dhubri by means 
of Vertical Angles" and the "Target " methods, and to revise the section, 
PicbuPiii to Porsdaha, by double levelling. 

RiLlel* c?.ossitigs by the "Target" metl1od.-The three rivers crossed by the 
a Target " methocl with levels were the Meglinii (66 chains ), the Lakhya 
(36  chains), and the Dhaleswari ( 62 chains ). 

The target is rectangular shaped and is made of wood 12 inches by 6 inches. 
wit11 a 3-inch square opening in the centre and fitted with a thin brass strip 
for the reading of tlie graduation on the staff. A white fan shaped strip is 

on a black ground on each side of the aperture, thus allowing for fine 
intersections with the level at a considerable distance. It is provided with 
suitable springs and rollers which enable i t  to be worked up  or down the levell- 
ing staff with case. There is also a clamping screw to clamp the target to the 
staff for thc final reading. 

When crossing the above mentioned rivers sites were selected after careful 
reconnaissances. so as to have both rays from the instrument to the staves 
passing over water, and the distances to the staves equal. 

Invariably both levels were used and observations taken by the two levell- 
ers. During tlle course of the observations the height of the instrument was 
frequently altered so as to avoid bias in reading the staff, suoh as there might 
have been had the instrument been kept a t  the same height throughout the 
observations. Observations for the crossing of the MeghnCi and Lakhya rivers 
were taken on one day each only. The results gave the probable error of 
observation for the crossing of the Meghni river as f 0.0045 of a foot, and 
for that of tllc Lakhya river as f 0.0008 of a foot. Observations were taken 
on several days a t  the crossing of the Dhalcsmari river, the probable error of 
observations for this crossing being f 0.0034 of a foot. 

River c,.ossir~g by the " Vertical Atrgles" Met1hod.-The following descrip- 
tion of the metliod employed in carrying a line of levels across tlie Padm5 m 
Ganges river, :it Goalundo, is given vet~batim from the report by Captain V. R. 
Cotter, I.B., wlio was in charge of these operations. 

This work was undertaken in February 1918, by Captain V. It. Cotter, 
assisted l)y JJr. 0. N. Pushong. 

Thc I~rcadth of thc river a t  this part varying from a little over a mile to 
four milc~,  it was decidcd to do the crossi~lg with theodolites. 

Tn-o t u  clvc inches tl~codolites, viz., Nos. 2 ancl IV,  were used. Their micro- 
meter lrcads wcre tnrned through a right angle, so that the wires read vertical 
arcs, and tlic valuc: of one tlivision of tbc micrometer of each theodolite was 
dctcrlnincd I)y scttiny the telescopes to solar focus and coinparii~g their values 
wit11 thc valucs of t 1 1 ~  e! cpiece micromrtcr of No. 1 zenith scctor. Tlic level 
~ a l u c s  vcrc ol~tnincd 1)y means of the level tester in the Dchra Dull 1 ) ~ r  room. 

On arrival a t  Goalu~ldo it was found that one of thc tlieodolitc pillars mas 
not suitably ~)lnccd. It was sitiultcil abont thrce liundrcd yards froin the river 
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bank, whereas the pillar on the other side was mitbin ten yards of thc bank. 
A new pillar was accordingly constructed on tlie Goalundo side of the river, 
also withill ten yards of the bank. Tlle atmospheric conditiolls on both l~anks  
mere very similar. Tliere was no stretch of sand on either sidc, and the rays of 
light froill both signals traversed only these strips of ten yard8 of land, tlie rest 
of tile course of 110th rays hcing orer water. 

Tllc methods employed differed a little from those employed in former 
operations of the same nature. Endeavours were made (1) to ensure that the 
rays of light from both sign:~ls should pass t h r o n ~ h  the same strata of air ; 

(2) to ensure absolutely silnultaneous intersections of the signals by 60th 
observers. 

To obtain condition (I), experiments merc madc to sce mlicther it was 
possible to utilize the object glass of cach tlieodolite as the sig~lal for tlie tlieo- 
dolite on tlie opposite bank. Tlie \ \ant  of illumination inside the observatory 
tents made this idea impracticnblc. The signal eventually decided on was a 
6-incll l~cliotrol~e of which tlie back was painted x i th  a white mark. Tliis signal 
was placed on the pillar, over thc station mark, the centre of the signal being 
thus about six inches above thc marlr. 

This meant that there Iyas a space of about threc feet six inches between 
the centre of the axis of each tlieodolite, and the signal beneath it. The recip- 
rocal rays crossed sonlewlicrc about the micirllc of the rivcr, and diverged to n 
distance of about this amount. 

To obtain condition (2), the following procedure was acllicrecl to-.(a) Each 
observcr directed his tl~codolite to a point just a little al~ove or below his ~ igna l ,  
clampetl tlie vertical limb and took tlic readiugs of tlie vertical limb micros- 
copes. (b) At. n l)rci~rranyc(I signal 11otll 0bservcr.i ~vcii t  to tllcir rcsl)ective 
throdolitics, and read their levels. (c)  As sooil as C a ~ t a i n  Cotter saw that 
Mr. Pushong mas bel~ind the theotlolitc an(1 tlic position of lris legs shon-cd 
that hc had coinmcaccd to take intersections, tlic former commenced to take 
intersections, with tlic eyepiccc micromctc~*, continuing to do so until it was 
evident froin the latter's 1)osition tliat he l~acl ceased to ohserve. 

Both obscrvcrs tllc~l rcncl tlicir levels aqain, and toolr four extra readings 
of the limb microscopes. Tl~is complctcd an  ol,servatio~~ 011 oilc face. 

Pacc was cllangcd after cvery two obscr\ ations ant1 the face lefls : ~ n d  face 
riglits nrcrc combined in pairs to girc tlic data lor oiic value of the dificrencc of 
llcigllt. 

Fifty such valucs wcrc obtaiacd, eacl~ of wliicll involved lour liinb settings. 
As cacll limb setting involvccl an average of eight lnicronletcr intcrsectioas, 
solnn sixtrcii liundrcd intcrsectinus mcrp nlatlc, i .e., uight, huntlrcd to cacll 
sigllal; a~lcl a l t l ~ o u ~ l i  thcsc intcrsections n-crc not divided so as to bc absolutely 

. simultaneous on l~otll sides of the river, tliey lnay be correctly described as 
0ccul)ying xplwoximat,cly llie salnc intcrvnls ol tiinc. 

I t  shonld bc mentioned ],ere that thc distmlce bctn-ccn the l)illars on oppo- 
site banlis was obtaincd by triangulation ~vrjtll a G-il~cl~ rnicrolnetcr tlleodolite 
and tl1c mcan vnluc fouud to I N  109 chains. 'I'lic two valncs obtaincd difcred 
I)Y less than a foot. As n diffcrcuce from t l ~ c  true vnluc n~nounting to one 
ellain mould not aucct the resulting diffcrcnce of lie~gllt, this result was consi- 
dered as l ~ a v i i ~ g  ail accuracy much nllovc tlie rcq~lirc~neuts of the work. 

After tile tlieodolite observations hacl 1)eciz completed, t l ~ e  pillarl; wcrc con- 
nected by lcvclling t,o permanent marirs acijnceilt TO thcin. 

L 
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As such a large number of intersections had been taken, not confined to 

the time of minimum refraction, but spread over several hours of the day, a 
carefid analysis of the results mas made. The results of this analysis appeared 
to  prove :- 

(a) That the method of observing tended to give practically simultane. 
o w  reciprocal observations. 

(6) That the values of height obtained between the hours of 10 A.M. and 
1 A.M. were as good as those obtained a t  the time of minimum 

,I refraction. 
(c) That the co-eacient of refraction appeared to change momentarily to 

j~ut  as great an  extent a t  the time of minimum refraction as at 
other times. A t  the time of minimum refraction it changed in 
both directions, but a t  other times i t  rose or fell regillarly. 

That the co-efficient of refraction mas nnusually high, the highest being 
0.41 and the lowest 0.10. 

A value of the difference of height having a probable error of =f 0.0057 
of afoot was obtained by accepting all the observations ii~espective of the time 
of day a t  which they were carried out. The final value of the difference of 
height accepted mas, however, obtained by weighting the observations accorcling 
to the apparent behaviour of the atlnospheric refraction as clisclosed by the 
simultaneous observations. 

The detailed c1iscuss:on of tlie results is being deferrcd for incorporation in 
a professional paper, after the carrying out of some of the other river crossings 
which have to be done during the nes t  field season. 

Levelli~lg ira Darjee1ing.-'l'he lerelling in Darjecling District was carried 
out in the Cantonments of Lebony and Takclah and also in  tlie Happy Valley 
landslip area within the Dnrjeeling Jlunicipality. 

Thc objcct of this work was to supply snficieut spirit-levclled lieiglits to 
enn1)le tlie dctail Surveyors to lay do\vn contours on the large scale maps of tlie 
a11o1-e areas wliicli were the11 1)cinq surveyed. 

'The scrvices of Jlr .  Syecl Zille I I a s u a i ~ ~  who had previously supervised 
similar ler-clling for the new capital a t  Ilelhi, were temporarily borrowed from 
No. 16 Party to take charge of thc rletncllment. 

Tllc levellin? iu  Lehonq Cantonment and the Happy V:~llcy arcn Isas l~ascd 
on the Triqonomctrical licight of Ol~scrvntory Hill h.  s. (Darjeeliag) tnlten as 
7,162 fect. The levelliilg in Tnkdali Cantoumcnt had for its origin the 
Trigonometrical height of Deoral Danda (Tnkdnh) It. s. taken as 6,760 fcct. 

The yeaera1 procerlure adopted in carrying out all thc levclliug in the 
Lel~on: and l'aktlah Cantonments and also in  the Happy Valley nrcn was 
practically the same a9 tllnt etnploycd in tlie levclliny done for tlic new Cal)ital 
at Delhi in seaqon 191 1-12. Tho work consistctl of circuits and sn11-circuits 
interlaced in well n nlnnncr that numcrous checks mere snpplic~d at sllort 
distances and it ~vns im11ossil)le for any yross error to hnvc crept into tho work 
without 1)eiuq a t  oncc detcctcd. All the precautions qcncrally taken in lcvcll- 
in? of precision were duly ol~servcd in this work, cxec1)t that  t l ~ c  stavcs were 
not quyctl. Spirit-levelled lieiqhts wcrc qivcn of l)oit~ts a t  an avcrayc distance 
af nl~ont 400 feet apart to cnal~lc tlie contours to 1)c ilrnmn as cnsily and accu- 
rately as pos~iblc. 

Thc 1)cnch-marlrs~vliosc Ilciylits mcrc determined cotisisted of (1) marks on 
lxtrapets r,F l~ridgcs and c l~ l \ -c r t~ ,  (2)  marks on 1)ounclnry l~i'llarcl, (3) uiarlis on 
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buildings, (4) tops of large wooden pegs firmiy driven into the  
ground, ( 5 )  permanent bench-marks which were specially built by the local 

Engineers and consisted of stone slabs about 9" x 9" x 6" with D.M. engraved 

on them, let into masonry platforms or floors of suitable buildings. The 
heights of all the bench-marks fixecl in  the  course of the above levelling 
lvere computed as the field work progressed, and descriptive lists of all the 
bench-marks with their heights were prcparecl. I n  addition, the position of all 
the bench-marks were roughly l~lotted on the existing maps of Lebong, Takdah 
and the Happy Valley area and their lleigllts mere also written alongside their 
positions. These plots with the descriptive lists of bench-marks were mide 
over to the Director of Surveys, Bih5r a i d  Orissa, under whose orders the detail 
survey was being carried out, as soon as thc ler-elling in each area was finished. 

I n  order to facilitate the identification of the bench-marks by tlie detail 
surveyors, every bench-mark was allotted a fractional number, the denominator 
denoting the number of the section to which the bench-mark belonged and the  
numerator the serial number of the bench-mark in  the section. 

For instance $ denoted the sccond bench-mark i n  section number 6 .  
The numbers were boldly painted in  black on the bench-marks by the 

levellers directly they were conilcctecl by levelling. The bench-marks mere as 
far as possible placed in conspicuous positions and in addition, lucid descrip- 
tions of the same were prepared and cntcred in  the lists of heights supplied to 
the Director of Surveys, Bihir  and Orissa, wit11 rough plots showing the position 
of every bench-mark. 

Regnarks on the cozcntvy lcvelletl ove~*.--The levelling from Briihmanbaria 
to Dacca and thence vib Faridpur to Barisltl presented unusual difficulties. 
There is no roacl for the greater portion of these lines, consequently i t  mas very 
dificult to transport the cainp equipment from o~zc place to another, boats mere 
generally ernl~loycd and wonlcl sometimes have to do a circuit of 25 miles, 
whereas by travelling straight across country thc distauce would not perhaps 
be more than 4 or 6 ii~ilcs, levelling, homcver, mas taken as directly as possible 
across coui~try in orcler to complctc the 11ne to Barisid. Owing to heavy rains 
experienced in thc lnontll of March, tlie whole co~ultry became very swampy 
and sodden, and i t  nras difficult to carry the levelling forward. 

Nearly thc wholc of this country is undcr n-nter till well into the colcl 
vmither ancl o~viug to the alluvial nnturc of the soil, it is very likely that the  
bench-marlts will settlc more or less in tllc course of a few ycars. 

No. 3 DETACHMENT. 
'Ihc lollowiug l>rogrninmc of work was allottcd to the cletachnlent :- 

(1) Lcvclling fro111 Hcnznrln to Unssein, along tlle Ngawun river em- 
bankmcnt, vili Ngamiul, Lculyethnii, and Ngathainggyaung. 

(2) Levelling fro111 Pcgu to i\lolip:lliu, by road, canal tow-path, and 
railway, niti Tlianntpin and Abya, with branch lines to Myitkyo, 
and Triwa Locks of the l'cgu-Sittang Canal. 

(3) Lcvclli~lg from Prome lo Taund~~liagyi by road, vici Allaamyo. 
Froin Tal)lc 1 of this clctachulcnt, i t  \\rill bc noticed that there are several 

discrcpancich hctn-ccn llic old aad rcviscd ralucs of bench-marks a t  Pegu, mhich 
could not 11c n scribcd to crrors of lcvclling for tllc short clistallces levelled over. 
Tllc only ung to account lor tllcln is to asstuinc that the bench-marks concerned 

L 2 



'1 6 RECORDS OF THE SURVEY OF INDIA, 1918.13. [VOL. v. 
]lave risen or settled by the amounts of the diffcrelices shown against 

tlicm. 
Tile cl~cclc lelrelling a t  Pronle shows that the standard bench-marlc at that 

plncc 11as ulldoubtedly scttlcd b!. about 0 04 of a foot. 
Ontt//rlr of 1ro1.k.-Tlic combincd tabular statelllellt of the three detach- 

ments sllows tlie outturn of work of the party. 
Sta,rtEnr.d Bemclr-nan?.ks -The Standard bench-marlis a t  Dacca, Rarisjl, 

and S r i n a ~ r  (Kashmir) were connectcd cluring the field season. 
J'e,rclr-),~avks it8 &r~l*miq '  territory.- 0 1 1  all the lines of levelling carried 

out'il, Kasllrnir territory, that is from Rohila to Srinagar and the branch lilies 
previously meiltioned, a new type of bench-mark somenrhat similar to tile 
Standard 1)ench-marks, was introduced instead of the usual embedded pattern. 
The bench-mark consisted of a stone block about 1% feet square and 3 feet high, 
tlie upper 8 inclics dresoetl in  the fonn of a frustum of a pyramid terminating 
in a 1-inch side square. Tlie inonolitll I\ as cmbeddecl in a block of mason1.y 
5 feet square, tlic upper 2 feet of tlie stone 1)cing above the masonry block. 
Tlie sidc of the monolith facing l l ~ e  road was hcssecl. 

Tlie inscriptions on these lxnch-marlis have not, heen cut uniformly. 
a 1 s. 

donle monoliths bear the inscription on the top, the others 11ave the 
(. T S. 

letters ,, ,, cut on the clressed side. 

dlrrmirtiri~lb Stares.-A pair of alurnillium stayes werc trier1 on tlie linc 
Jlurrce to Kohi~la. This is the first time that metal s t ~ v e s  have been used in 
t l ~ i s  1)cpnrtnlent. So far they llave not 1)een successful. 'l'hcy were used along 
with n pair o!' ~voodcn staves in the doul~le levelling from Murree to Kohila, 
for a distnnce of about 19 miles, but as the difference bctwccn tlie results given 
1)g the nlctd and n-oodcn staves was large, i t  mas clecidccl to st011 ulsing the 
itl~uliiniilrn stayes luntil further investigations had 1)ecn made. 

'The Sul)erintendent of tlie 'l'rigononlctricnl Survey inspected tlie party a t  
JIi~ssoorie on the -4th August 1013. 
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VOL. V.] LEVELLI NQ. 

TABLE 11.-No. 1 DETACHY ENT. 

Bircre$ancies between t l e  Old and New 7a'alues of Bench-markr. 
I L  I I I 

Doscrlption of bench-marke of Lhc o ~ i g i ~ ~ a l  
levolllng that were connected lor 

check-IcvelUng. 
Check 

levelllog 
1812-13. I o r i n n a ~ ~ ~  I 

levelled. 

-- I-; I I- I Milea. 1 Feet. I . I Feet .  I Feet. I 
Check-levelling betweet& Amkhas and Mzcltdn City ,  part of line 554 (Sicrgodha ghemwdlb) .  

At  l'omn Hall,  Multrn City I 1.0 

G. T. S. Embedded a t  Rlultan Can- 
X tonment. 

B. 11. I O'O I 

G. T. S. At  monque a t  j l~nct ion of 
0 roada, bIultRn. 

B. M. 

G. T. S. At barrack No. 1 B. I. 
0 Lines, I I u l t ~ n .  

B. I. I O.O / 

1.9 

Q. T. S. At  barrack n o .  4 R.  I. 
0 Linen, X u l t m .  

B. M. 

G. T. 8. At  West end of main plnt- 
0 form, hl111tRn C ~ ~ \ t o n ~ u c n t  

n. M. 1:nilwny Stntion. 

0.1 

Standard Bench-mark a t  M u l t i n  . 
G. T. S. At  Stocple Tower, S t .  

0 M~lry's Church, Multfin. 
C. I. 

0 Mnry's Church, Mult in .  
G. T. S. At Chnplain'~ officc. St .  

B. M. 

a. T. S. At Hloclc 23, Station ITon- 
0 pitnl, A I u l t ~ n .  

B. M. 

0 pital, Nu l t in .  
G. T. S. A t  Block 26, Station 140s- 

B. M. 

G. T. S.  At N. W. I l~ i lmny  Rest 
0 I ~ o o s c ,  nflIltill. 

B. nr. 

G. T. S. On pltrtfor:~\ coping o ,po I 
0 sit* main cait, 3ludtBn 

B. ill. Cnntonment Rnilwny 
Station. 

0.1 I 

1 
0.2 1 

1 
G.3 I 

I 
! 

0*5 I 
0.6 / 

I 
I 

1.3 1 
i 
I 

a. T. S. At  R.  cud of main plnt- 
0 form, B I n l t ~ n  Canton- 

U. M. nlcnt 1:ailwey Btntion. 
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asvision bsfmwn and M o h i ~ l d ,  part o f  l ine 558  (Sa rgodha-Xhemt~61~)  a d  !>5 ( Nuvghai-Choch). 

TABLE 11-(contintled) .-No. 1 DCTACHMENT. 

Djscrcparciea betwsen lAs Old and N e w  valrtes - of -- B e n c h - ~ t t a r & s - c o l ~ t i ~ ~ ~ d .  . 

Check-levelling a t  Ambdlu, pnv t  of l ine 61 (Ferozepore-LWen.ut). 

901'64 At  St. PacYs Church, 
Amb&IP. 

O o s ~ e r n o  H s r a a T  A n o m  ( + )  o n  
s a r o r  (-1 Br~nrrsc s s n o n - u ~ s s  as 

D B T B E W E D  B y  

~ m d p t l o n  01 benah-mnrkd d tb0 ~ d ~ i ~ l n !  
IereUing ths t  were conneeled lor 

check-lerelllbg. 

DIRmrenCe 

dEk:$,. 
Tho ~ i g l l  + 

denote8 t hnl 
the l ~ e t g h t  
ans greater 

~ n d  the BIBTI- 

Q. T. S. Embedded d Mult in  Cm- 
X tonment. 

B. I. 

$ At Road Biirlge over 
A Tnliri Nile. 

0 At Mahiwrl i  Q. T. S. 

+ At R. H. A. Memorial, St. 
Paul's Church, Ambala. 

t 
jl $ 2 a 

d 

2 
4 
e 
e 

- 
R ~ x r m .  

0.000 

-7.R40 

+26'920 

0.0 

18.0 

42.3 

Standard Bench-mark a t  Ambala . 
G. T. 8. A t  Block 6, Station Hose 

Q pita], A&M. 
B. I. 

1 8 6 6 - 6 7  

1 8 6 6 - 6 7  

1859-80 

+ On Monument Stono, R. C. 
Churoh, Ahiblla. 

. * 

~ ~ ~ f ~ ~ ~ ,  

G. T. 5. At  N. W. ehd of B " 1.7 
0 form, Ambala Csnton- 

B. M. meot Rnilway station. I 

I 

0'000 

-7'829 

+$7'&6 

G. T. 9. At S. E .  name-plate of " A" 1 . 9  
0 platform, Ambila Can- 

Li. M. tonment Railway Station. I 

-- 

Date. 

- 
Check lcrd 111 1011-I$ 

terclllns, I than wben 
1913-19. o r ~ g ~ o a l l y  

Icvelled. 

OOOO 

+0.011 

+0 1864 
I 

4 Wnrk-s:one 
found tampered 
wibh. 

G. T. S. At Werleyan Chnrch, 
0 Ambkln. 

8. M. 

6. T. 8. At  Block NO. 3 of No. 2 
0 Section Hospital, Am- 

B. M. bile. 

G .  T. S. ~t  lock NO. 2 of NO. 2 
o e o n  o s p i t ,  A -  

B. M. balm. 

1.0 

1.2 

+ & I 0 3  1 9 0 6 - 0 7  1 
a. T. 8. At Blwk No. 42 (Canteen) 
0 R. H. A. Line#, Atnbala. 

B. M. 

+:).io.h 1 ~ 0 s - 0 7  

+ 1.969 1 9 0 6 - t ) 7  

2 . 0  + 10~0!JO 1 9 0 6 - 0 7  

6. T. 9. A t  Blwk No. 43 + 1 I1U 
0 It. H. A. 

B. M. 

l ' J U j . 0 7  

I 
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TABLE 11-(contimaed).-No. 1 DBTACUMENT. 

DUcwpancies between the 0111 nwrl New Puluea of R e n d -  )r201.b- co~tieuod. 
I 2  I I 1 

~- 
deuotsi that 
the bei ht 

rsa gr&r 
n~rd Ihc slgn- 

Check- l e s ~  ia 1012-18 

lerelling. l e v e l l l n ~ .  1h.n when 1812.1 3. 1 oriril~nllv 

~ ~ ~ ~ ~ l ~ ( i o n  of bench-n~arks 01 Lhcoriginal 
levelllne thnt acre  eonncctcd for 

check-lovelli~g. 

I - 
I 

I Feet. 
I- 

I Miles. 

Revisicm between An~l6lo and Meerctt, pod  of l ine  61 (Ferozepo,.e-Weerut).  

901.6 /r\ At St. I'au1's Church, Apl- 
bile. 

G. T. S. Stonc R. M. a t  Jng idhr i  . 

G. T. S Stonc 8. Jd. at Bl~s tkhe r i  . 1 6 4 0  1 
Top of milestone Muraffernagar 4, 88'0 

at Riimpur Villnge. I I 
(3. T. S. Stone B. &I. a t  Muzaffar- 

nagar. 

1861-62 
' 

nnd -110.984 

1 1 9 0 5 - 0 6 .  

Two valued 
shown in Vol. 
X I Y  B. 

Top of milestonc Muraffarnagar 3 . I 95.0 I tPosition of mile- 
stone ohangcd. 

Ground level mnrk-stone nt Begarsz- 
pur G. T. S. Towcr 
S t a t i o ~ ~ .  

G.  T. S. Stone B. M. a t  Khatnuli . / 105.3 / 
Plinth of Qnngca Csnnl M. S. No. 62 103 6 I - *  I + At St. J o ~ I I ' s  Chu~.ch, Illeernt 123'7 I I 

Check-levellitag at Sahdruapz~v, port of l ine  61 ( F e ~ . o z e p o ~ . e - M e e r u t ) .  

G. T. S. Stone B. M. a t  Megh 0.0 
Chnpar Fnlln, Snharnn- 
pur. 

O A t  bnsc of M. S. Meonlt 71, 06 
hlaznffnrnngnr 38,  Saba- 
rnnpur 2. 

u. T. S. At baso of 31. S. Mcerut 1.6 
0 70, Mureffarnagnr 37, 

B. M. Y~~harnnpur  1. 

G.  T. S. A t  well a t  junction of 
0 rontls. 

H. M. 

0 On top of I". S. 1 between 3.0 
milen 37 end 38 from 
Mu~nffarnngnr. 

Standard Bcnch-mark et Sah~r r tnpur  3.7 

a. T. S. At clrurch o l  Englnnd, 3.7 
0 Snharanpur. 

B. M. 



04 RECORDS OF THE SURVEY.OP INDIA,  1913.19. ~ O L .  va 

Check-leaelling a t  . i i~rznJmmaga~, p a r t  of line 61 (Ferozeyot-E-Meerut). 

TABLE 11-(continued).-No, 1 DETACHLI~NT. 
Discrepat~cies belecreeu the Old and Xew Paluee of Bench-niarku-continued. 

0'1'00 

Station. 

Dsmrlptlon of bench-mark8 01 the original 
Imelllng that wcre connected for 

obeok-lerclling. 

0 On stone prism opposite 
F. S. 4 between miles 3 
and 4 Mnzsffarnagar. 

- :: 
O D ~ B B V E D  ERIQET AllOVB I + )  OB BXLOW ' D / , ! ~ ~ ~ ~ ~ c  

(-) aTAsTINQ BENCE-XABE A8 
DBTBBPINED B Y  

Top of mile 3 from Mu7~Barllagar 1 3.6 ( -13.984 

0 At stone prism opposite 
F. S. 6 between mile8 !d 
and 3 M u d a r n a g a r .  

-25.912 
G. T. SA Stone B. hJ. at Muzafnr- I 6.7 [ ] nager. -26 933 

A On stone a t  gate of Town 6.9 ' -12.S62 
Hall, Muzaffarna,oar. I i 

43. T. S. At  Seeeions Judge's Kachah- 
0 ri, Muzaffarnagal.. 

B. M. 

Top of m~le-stone Jlu7nffarnagar 4 
at  Rsmpur Vlllage. 

Standard Benob-mark nt Muzaffar- 
nsgsr. 

Position of mile- 
stone ohsnged. 

7.4 -8.7J6 

* Two values 
shown in Val. 
XIX B. 

Check-learlling a t  Neercit, pa1.t of l i ~ r e  61 (F~vozepore-Meei,~tt) a~lrl of line 62 A (Meerui-Delhi). 

+ A t  St. Joh~i ' s  Church, 
Meerut. 

Standard Bench-mnrli a t  St. John's 
Charoh, hleerut. 

G. T. 8. On culvert in Church 
0 Street 4 mile 8. of St. 

B. M. John's Cl~urcli. lieerut. 

G. T. 8. At protecting wail of Catch 
0 wster on the Jlall, 

B. M. Meerut. 

Q. T. 8. A t  Suitor's waiting shed 
0 at  Deputy Commissioner'r 

B. M. Kacbabn, Meerut. 

B k n d u d  Bench-mark at  1'11blir 
Works Department office8 
Meerut. 

O. T. 8. A t  General blilr Pillar, 
0 Weerut. 

B. M. - 1 A t  h m r u  Bridge, Mcerut. 
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TABLE 1 1 - ( c o n t i n ? c e d )  .-No. 1 ~)ETACUMENT. 

D&-rrpancies between tbe Old and New Talzcea of Bench-mo~kr-cuntmub:. 
\ 

~ ~ ~ ~ ~ l ~ t i o ~  of bench.mnrhs of the original 

P 
p 
m 
0 

2 
d 

Ons~sven  aeroer  ABOVE (+\ on a m o w  ~~~~~~. (-) s r ~ m r ~ n o  n ~ n o s - u r a x  A B  glnOl,. The DITBPYIIIPD BY 
slgn +donoten 

- that the 

leValllng thnt wern connected for 
heinht woe 

check-levelling. E 
greater and 

e .. the s im- 
Check- less in  1912.13 

m - 1012-13. orifionlly 
levelled. 

Miles. Feet. Feet. Feet. 

l i ne  62 A (Meeriit-Delhi). Meerut-DeEhi, 
0'030 

-6'666 

-4'676 

-21.631 

-16'085 

-39'606 

Revijion of 
+ At St. John's Church, 

Meerut. 

G. 1'. S. At  General Mile Pillar, 
0 Meerut. 

B. M. 

At Sormu Britlge, Meerut 

G. T. S. At  well 2+ chs. N. of F. S. 
0 6 between miles 12 and 

B. M. 13, Sleerut. 

G. T S. A t  bridge over Jnlfil ibid 
0 distributary. 

B. M. 

a. T. 8. At  well 5 cha. N. N. E. of 

1861-62 

1886-67 
I 

1866.67 

1866-67 

l ine  
0.0 

0'8 

1.2 

13.6 

19.0 

26.9 
0 F. S. 2 between miles 25 

B. M. and 26, Meerut. 

G.  T, S. At  oblique bridge No. 44. 
0 

B. u. 
G. T. S. At. well nt S. W. corner of 

0 Ghiizirbiid City wall. 
B. A N .  

Standard Bench-mark a t  Delhi. 

I 
I 

1866.67 1 -16.177 - 0.092 

I 
1666-67 ; -38.407 +1.099 

0'000 

-0.644 

-9585 

28.2 

30.1 

4l.H 

1 cient so t h a t  

-40.486 1866-67 1 --W.512 

0~000 

+0,012 

-0.009 

-42.134 

+19.113 

-21.736 1 -4.095 17 

Check-levelling a t  

I 
e s t a b l i s h e d  
with certainty. 

Stsndard Bench-mark s t  Delhi. 

G. T. S. At BeresFord Memorial, St .  
0 Jeniea Church, L)elhi. 

B. 1. 

.a. T. S. At  st. J a ~ n e s  Church, 
0 Delhi. 

B. 1. 

G. T. S. At  Mutiny Memorial, 
0 Telegraph office, Delhi. 

B. M. 

G- T. 8. At Pirghnib G. T. S. Tower 
0 Station, Dclhi. 

B. M. 

(3. T. S. A t  K ing  Asoka's Pillnr, 
0 Delhi. 

B. M. 

Uelhi, puvt of 

0~000 

-57.176 

-68'262 

-60.839 

+29.992 

+33.4:37 

+31911 

+34..'2.2 

1 

-48.000 

0 0  

1.8 

1.8 

2.1 

1.0 

1.2 

J 1866-67 ! -42'7-10 1 -0.606 

line 62 A 
1POG.07 

1906-07 

1906-07 

1906-07 

1906-07 

1906-07 

1906-07 

19 fi-07 

19116-07 

1!)1.6-07 

(Meerzit-Delhi). 

B. 0. I. on N. .id0 of Plvliny 1 1.1 
Mernorinl Tower, Dclhi. 

I 
B. 0. 11. on E. eide of Mutiny ' 1.4 

P~cmori i~l  Tolvcr, L)elhi. 1 

0 Kailwny Station. 
B. &I. 

(3. T. S. Ncnr S. \V. Tower of Dclhi 1 1.6 

0.  T- 9. A t  9. E. Towcr of Delhi 1.6 
0 Railway Station. 

B. M. 

1906-07 

0'000 

-67.157 

-58.243 

-60.S10 

+29'996 

+19'123 , +O'Ol2 

+0'019 
0*1° I 

+0,019 

+0110 

+0'003 

+ 93.410 
i 
1 +0'01y3 

+34.913 ! +@dm 

+3J.'L'22 

-48.15 11 41.1131 

--88.038 -0038 

, 
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TA BLP 11-(conli#tted).=Mo. 1 ~ E T A C H ~ ~ E N T .  

niacr~poacirr brlwee~t  t h e  Old and New Values o,f Bsnch-marks-cQntind , 

Dcscrlptlon of bcnch-mark, 01. thc originel 
losrlllng thal were co~~nertrd lor 

cbcck-levolllng. 

-- - 

1 
m 
E 

4 
B 
2 
b 

gd 
i 1 0 

Feet. 

-0.001 

+OWL 

Feet. 

-51'700 

-61.131 

O U ~ E W S D  H X I ~ I ~ T  +WOVE ( t )  08 BELOW 
(-) ~ T A ~ T I V O  a ~ n c a - n ~ p n  AR 

D X T P U X I ~ K D  BY 

p c i ~ ~ l ~ , " ~ -  
qlnsl) Tlio 

slgn + denotes 
thnt the 

hci h l  won 
greater and 
the s ~ p n -  

less 111 1018-13 
than alicn 
orlglnolly 
lc~ol led.  

,-- 

1906-07 

1906-01 

. 
G. T. S. A t  R. C. Church, 1)elhi. 

0 
B. N. 

G. T. I. At Lahore gate.  Uelhi 
0 Fort. 

B. M. 
Check-levelling at M~tttra, part oflille 62 B (Hdhraa-Muttra). 

B l u ~ ~ ~ s .  

Checb 
lavcll~ng, 
1811-13. 

Or] lnal 
l c l e ~ l n g ,  

- 

Standard Bench-mailc n t  hluttra. 

G. T. S. At Muttia Junctio.1 Rail- 
0 way Stat~ou. 

B. M. 

G. T. 5. A t  3ak bungalow, Multra. 
0 

B. &I. 

Q. T. 5. At Culvc~t at junction of 
0 roads, Muttra. 

B. M. 

G. T. S. At  Muttre Cantonlnent 
0 Railway Station. 

B. M. 

G. T. S. At aluttrn Cantonment 
Railway Station. 

B. ill. 

G. T. S. At overbridge nt S. end of 
0 Jumne bridge. 

B. nJ. 
G.  T. S. At  N end of N. E. abutment 
0 of Jumnu br~dge. 

13. nr. 

D a k .  

- 

Miles. 

2 0  

Feet. 

-gI'699 

0.0 

0 2  

0.0 

0.8 

1.4 

1.5 

2.1 

2 4  

1.9 1 -64'135 

Check-leuelli~ig 
G. T. 9. At Rock near Cantonment 

0 Magistrate's office, 
B. JI. Murree. 

G. T. s. At Rock s t  St. Goorge's 
0 Terrace, Murreo. 

n. DI. 
G. T. S. ~t B O C ~  at Holy Trinity 
0 Chu~ch, Morree. 

B. M. 

G. T. S. ~t Rock below Lady 
0 Robert'a Home, $1 urree. 

B. M. 

0 At Rock nenr drain No. 96. 
G .  T. S. 

B. M. 

G .  T. 8. \ t  ,, , ,, No. 27. 
0 

B, M. 

G. T. 9. ~t Rock between drains 
0 XW. 44 nnd 45. 

B. BI. 

0.  T. 8,  ~t Rock between draine 
0 NOB. 540 find 541. 

B. bl. 

(lo00 

+21m583 

-7'487 

+5.6BO 

+13'627 

+13.736 

+la857 

+ 1.819 

1905-06 

1905-06 

1905-06 

1905-06 

1905-06 

1905-06 

1905-06 

1906-06 

at 
0.0 

0.3 

0.4 

0.8 

1.6 

1.7 

2 3 

1.9 

Murree, p a ~ t  of 
0'000 

-13'808 

+7.989 

+108'115 

+16'601 

-3'491 

-137'917 

-36@700 

0.000 

+21m661 

-7.604 

+5.690 

+ 13,629 

+ 13.712 

+1'864 

+ 1.634 

@@oo 

+0007 

t0 .006 

+0.016 

+PO24 

+Oe017 

-0030 

+0009 

line 56 C 
1910-11 

1910-11 

1910-11 

1910-11 

1910-11 

1910-11 

1910-11 

1910-11 

0.000 

-0.022 

- 4 0 1 7  

+0.010 

+0.009 

-0023 

+DO07 

+O.Olb 

( R ~ ~ u a l ~ . n d i - M ~ ~ . * ~ e ) .  
0'000 

-13.798 

+7.904 

+106'130 

+15.625 

-3.474 

-137.947 

-380691 



TABLE 1 1 - ( e o n t i n u e d ) . 4 0 .  % D ~ A C H M E N T .  

~~~~~i tion of bench-mafis of th 
o,lgi~nI E v e ~ i n g  t h a ~  wFrc coiin@c!bd 

for cbeok.levcll~a%. 

*a ~ i ~ ~ r ~ ~ a n c i e a  between the Old and Neil, Palucs bf Bench-marks-continued. 

Distance 
from 

starting 

Onaznvln aatba~ m o r n  ( + )  
o n  oaror ( -1 n r s r l r o  n ~ s o i -  

MA= A8 OBTBPMIIIBD 8 1  ~ ~ ~ ~ , ~ ~ e  
OriEinol\. 

~he'blgn'+ 
denote8 tbnt 

the helght wns 
gresler ond 

Original 
levelling. 
1011-12. 

t h e  sign - 
111 1012-13 

thnn when 
otiginallg 

levelled. 
I 

h e k  
levelllog, 
1018-15. 

Check-levellCng at Comilla, j a r &  of b r a d  line 77-P ( dauk t i  fo Cornilia and @~lt togot ig)  

Check-levelliwg at ~?.cihmanbdrid, part of btufich tine 77-I (Akhaara-to Dacca and Fan'dpuc. 

0. T. S. At BrehmanbOria Inepec- 
0 tion bungalow. 

B. 31. 

.O. T. S. At Comilln Dak bungalow 

El. M. 

,G. T. S. At Cornill. Reilmay Station 
0 

B. 31. 

G. T. S. At District BMid Ofice, 
0 Cornilln. 

B. M. 

.G. T. S. At Kachahri, Comilla . 

Q. T. S. On E. Home Signal at 
0 Drihmanbrrin Railway 

B. 31. Station. 

I 

0.0 

0'3 

1'3 

1'4 

@000 

+6.187 

+kg59 

+6'678 

G. T. 5. At Brrbmanbiiria Railmay 
0 Station. 

B. BI. 

0 
B. M. 

0~000 

+6'189 

+4.962 

+6'689 

(3 .  T. 5. At  Br&holanb~ria Reilmey 
Station. 

B. .\I. 

0. T. 5. On bridge opposite T. P. 
0 136 

B.N. -. 12 

G. T. S. On bridge between T. P. 
0 137 

B. n1. 6$1; 

(1. T. 9. On bridgo between T. P. " No$. D. N. 
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TAnLE 11-(continued) .-No. 3 DETAOHMENT. 

Discrepancies Letsueea t i l e  Old and New Values of Bench-marks-continued. J 

u 

Descri (Ion of bcnoh.mnrklo1 tllo 
orlllnal Tarelling that acre connected 

for clrerk-levellio~. 

D[gz 
Original). 
T h e  sign + 

denote1 that 
the kelght wan 

g r a t e r  and 
tlle slgn - 

lees in 1012-13 
than allen 
originally 
levelled. 

4- 

RBMABXE. 

1 I Feet. 

OeaanvnD asroaT Aeova (+) 
0. BELOW (-) BTAPTIllG BENOR- 

MAPX A0 DETlPYlllllD BY 

Feet. 1 Feet. 

Dlatnnco I 
from 1 

starting 
beneh- Or1 lnal 
' i lev&ng, 

1011-16. 

Check- 
levelling, 
1012-13. 

(Prome to  Bangoor). 

0'000 

+0.011 

-0.002 

-0003 

-4.003 

-0.013 

$0.003 

0.000 

+On006 

-0.004 

-0.002 

+ 0.001 

+w13)2 

-0.017 

line 88 

0'000 

+3.213 

-3'936 

+3'010 

+2'888 

t3.133 

-0.263 

+3.667 

+3908 

+4.167 

+a947 

+6.717 

+L.O8O 

+6'882 

pad of Provisional 

0.000 

+3.202 

-3.933 

+3.013 

+2.871 

+3.146 

-4.266 

+3'567 

+3.909 

44,171 

+ 4-939 

+6'716 

Check-levelling at Henzcda, 

Standard Bench-mark a t  Henznda . 

0 On top of a nlasonry pillar 
17 feet N of Shwe 
Pyaung B ~ n u n g  Pagoda, 
Henznda. 

Q. T. S. Embedded nt P. W. D. 
Inspeotion bungalow, 

B. M. Henzadn. 
1911 

I ron  plug in  centre of mnsonry 
piilnr opposite Hrnzada P. W. 1). 
Inspection bungalow. 

I ron  plug in centre of mamonry mile 
yillur 8. 

Iron plug in centre of mason~y  mile 
pillar 7. 

0. T. 8. On zinc-plate on trunk of a 
0 Siras tree 294 feet S. E. 

6 B- of F. P. -, 
3 

Iron plug in centre of masonry mile 
pillar 6. 

Iron plng in centre of tnasonry milv 
pillar 6. 

I ron  plug in centre of masonry mile 
pillar 4. 

Iron plus i c  centre of masonry mile 
pillar 3. I 

0 On Innrronry pillar n t  
A Kgawon Inupection 

hungnlow. 

G. T. S. Embedded a t  F'. W. 1). 
0 Inspection bungalow, 

0.0 

1 
) 0.7 
J 

0.0 

0.1 

0.2 

1.2 

1.7 

, 2.2 

3.2 

4.2 

5 2 

+6'269 

+ 1.941 
sa 1 

+6,258 

8.3 +1,056 
! 

I ron log in centre of masonry mile 
p i ~ t r  I. 

Iron plug in centre of masonry mile 
pillar I). 

I ron plng in centre of mriaonry mile 1 5.2 
pillar 2. 

+@Ool i 

ir016 I B. >I. h'gan-un. 1 
1911 I 

C'hrrk-ler~e/li~ry at I'cyr~, po1.t qf P w ~ ~ i s i o n a l  line 87 (Elephant Point t o  ~Vyitkyirtcil. 

7 2  +5fl?8 

8.2 4 6,899 



V0b. v.1 LEVELLING. 80 
TABLE 11-(continued).-No. 3 DET.\CHMENT. 

\4. ~ i ~ ~ ~ ~ a n c i c . 9  between t l r  old and New rulre.v n t  I l l x ~ l - . r r h - ~ o ~ t i ~ ~ ~ d .  
a .  

Dlstancc 

Slandwrd Brnch-mnrk at P ~ o m e  . 0'0110 0 O U O  0'000 

A On plinth of Municipal Tank 0.2 -18'163 -18'142 1 +OM1 
Housc, Prome. 

I 
1). P. W. 7 A t  S. W. corner 0.3 , -26'839 -26'809 
1:. L. 93. 1 of compound I 

Bc11ch.Jlnrk ) of Aeslstnnt 
I 

Upper Pegu I Eng i n e e r 's I I 
1ionds 1)ivision J house, Promo. I 

0 On rock 312 feet fiom + 0047 
B. 31. B1. P. 177. 

G. T. S On h u n k  of Sirns tlee 362 -22'838 / +0'06J 
0 174. B. hl. feet from F. P.  - 

6 i 
0 .  1'. S. On rock 228 feet N. E. of 

0 
173 B. M. F. P. -. 
7 

ORRRBVRD ~ E I O R ~  ABOVE 
( + )  on n n o w  (-) s.rAarrnn 

s s s o a . ~ ~ a n  ~s ~ E . ~ R B M I N B ~  

DltTerenoe 
(Check-Odri- 

rial). The nlgn 

Y 

4.1 1 +12'99U 

1 

BnYLPm, 
Drscri ,lo,, of bench-marks of tllc original c denotes that 

ferclling thnt acre cpnnectcd starting tho height wan 
for check-levelling. bcnclr- #renter and 

mark. tho sign - less 

+13.056 +0'066 

I 

--- 

G. T. S. On extreme S. end of plat- 
0 form a t  Pegu Railway 

B. 31. Station. 

Miles. 

0 9 

levelled. 

I 

Feet. 

$.1'718 

0.8 

Feet. 

+1.594 

B. JI. class passengers, Pego  
llnilwsy Stntion. 

G. T. S On centre of platform, 
0 about 2 chs. N. of station 

B. 31, building a t  Pepu Itail- 
way Station. 

On rnaronl.y pillar 4 chs. 
N. from N. corner of 
Pegu Railway Station. 

G. T. S. On N. end of platform on 
0 31andalny line of Pegu 

B, 11. Railway Station. 

0 On N. Distant Signal base, 
B. M. %loul~nein lino of Pegu 

Railway Station. 

Rail embedded in Masonry pillar 
near 1 mile 4 furlongs. 

B. 0. $1. On S. parnpet of culrcr t  
near P. P. 2 mile 2. 

- - -  - - 

Feet. 

-0'124 

0'9 

0.9 

1'0 

1'6 
, 

1-3 

2'0 

+WOO7 

+ 0.012 

+ 0.028 

+0'008 

$0'016 

+ 0.071 

+0.003 

+0.062 

+0'065 

+1,854 

+ls787 

G. T. S. On W. parapet of culvert 
0 on road t o  P. W. D.. S.  

I). 31. D.O.'s offico, Thanatpin. 

G. T S. Embedded a t  P. W. D., S. 6.8 
0 Il.0.'~ office, Thanntpin. 1 

B. Y. 

+ 1.8G1 

+IT99 

+WG69 +C.687 

+ I 9 1 1  + I 9 1 9  

-0738 

+23,930 $24.001 ' -3.914 

-8.638 ' -9.670 

-10.601 -10536 
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a. T. 9. On platform of outer signnl I -23'674 -+0.039 
0 lever opposite 3rd class 

B. M. p s e n x o r ' s  entrance of 
l'romc Hoilway Station. 

TABLE 11-(corrcIi~detl).-No. 3 DETAOHMBNT. 
I)iacrepn+hcies between the Old and Nezv Pulwex o f  Bench-mark$-concluded. L 

G. T. P. On plinth of S. W. re tun-  0 8  - 23.76'' 
0 wall of n skew bridgo 

B. BJ. 10 chs. N. E. o r  main 
c n t ~ a n c e  t o  Shwe Tshsn 
Dnw Pagoda. 

Deocr( llon n l  brncb-111arks o l  Ihc oligillnl 
frwlllag tllsr s e r r  ron:!cr~c,l 

for cbrrk-lprcllinq. 

- -  

Check-Ie t~eI l i~lg  nt P,.onre, por t  of P~,ouis ionnl  88 ( P r o ~ ~ r e  t o  Rangoon) ,  1911-12. 

O U U E R V B D  BKIRnT ADO\'B 

- 

Feet. Feet. 

YiT. S, On plinill of a rectangulnr 
0 House, S.E. of S h \ f e  

B. X. Tshall Dnw Pagoda. 

,b &. 

Ilevdnxu. 

- 

0.9 -18461 1 -18417 1 +1037 1 
I 
I 

O. T. 8. On t runk of t ree  104 feet 
0 N. E. of Mile post a. 

B. M. 

2.4 -5,686 1 -6'591 
I 
1 

I 

G T. S O n  trunk of tree lG4 feet 
0 fl.orn lrlilr post 3. 

\ B. h[ 

3.1 + 1.672 + 1.626 1 + 0.064 1 
! 



VOL. v.1 LEVELLING. QY 
TABLE 111. 

x b f  Great Tj-igo~zoinetrccal Sarvey Station8 connected by q i r i t - l e ve l l ing ,  S e a ~ o n  1912-13. - - 
I I I 

- 

Feet. 

Eeigl:t of new mark- 
ntone a t  ground floor. 

( Kbemwalr  T. S., Great  

I I Iudus  Series 

I I Mahimsla T. S., Great 
Indus  Series. 

Height of mark-stone 
a t  ground floor. 

Di t to  ditto. I 
I- I 

Begarnzpur T. S., Great 
Arc Sories. 

Dahcra T. S., Great Arc  
Sorizs. 

Vide remarks on page 69, 
height of mark-atone 
a t  ground Boor. 

Titnora T. S., Great Arc  768.167 Not obaerv- ... I ed* I Ditto ditto. 

No. 1 Detnohment Saini T. S., Great Arc 
Series. 

Ditto ditto. 

Pi rghaib  T. S., Great Aro 
S e r i ~ s .  

787.480 I 787.477tl - 0 . ~ 3 f  / Ditto ditto. 

I),tlo ditto. PBhera T. S., Great Arc 
Series. 

5360.008 6366.000 +6'902 Top uf ma1 k-stone. I I I Datlra 11. s., I<nshrnir 

1 1 +6.383 1 D U O  ditto. 6443,617 6549~000 

5881.027 6883-000 +ls973 Ditto ditto. I l l  I Isl i i~uabed 11. s., Knshmir 
Series. 

r Bijnr Sing11 T. S., 
I CnIct~ttn Series. 1 1 

Foundation mark-stone. 

1 ' Pal(dihn T. 9, Eas t  Cal- i n l t tn  Series. 
Upper marlr.stono. 

Ditto ditto. 

Ditto ditto. 

Foundution mark-stone. 

I J b n ~ ~ d i  T S., Eaat Cnl- I cuttn Series. 

Rrimdil~a T. S., Brnhma- 
putrn Scrics. 

I 

C'l~nndrnntith 11. S., Bnrmn 
Coast Serics. 

NO. 2 Detnchment ( 

1 Pail)iim 'I!. S., B r a h n ~ a -  1 +23.0771 I putrn S11ies. 1 I 

+llFi2~039 
I 

IJpper mark-atone. 

Ditto ditto. 

Ditto ditto. 

Kl~finklliinitpnr T. S., 
Bt.nhmnprtra h i e s .  

I 
1 Giizilnli T. S., 1:rnhmn- I 

putm Scries. 

Vnlne of new rnnrk-stnne. 
9 Ortholoelrlr I I c I ~ ~ I (  S ~ C W ~  i l l  V n l n n l ~  XIX D or I P T C I I I I I ~  operallon3. N i! 
t I)llli.rr~~cc I , r t w r r . ~ ~  nld nntl I B C W  splril  Ic!cllc~l v n l l l r ~ .  
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TABLE IV. 

UiJereacer between leuelle~r.8. -1 

C I  I ) i ~ t o  . .. l l e t h  ,, or end of line . -0.061 
I 

Na of deteohment. 

( 

I 
I 

No. 1 Levelling 
Detaahment.. I 

I 

Section. 

- 
Difference. 

1 I3mnel1 Line i r -  
13andapur. / Branch l i n e  i -  

! Shupiyin. 
Br:~nclt Line Srin;~::~r- 

C Sincl ITalley. 

( Line Comilla-C!hitla-one 

I /  Ditto 

Dit lo  1 ! Utttn 
1 i 

Liue Brihrnanbftrin-l I:IU..> 
No. 2 Levelling 4 

Detachment. 1 

, 1 , ,, ,) . -0.037 

, ! , ,, ,, -0.01 1 

I 
20th mile ,, ,, , -0.030 

,, 25th ,, -0.CJ04 

,, 50th ,, , +0°013 

1, 75th ,, . + 0.043 

. 99th ,, or end of line . +0'071 

,, 26th ,, + 0.035 

I1 Ditto 1 ,, 63rd ., or ebd of iine : +0'106 

, ! Line Tjnc4.n-Barieal . 1 , 40th ,, , + 0.092 I ! 
Ditto 

i 
I , 80th ,, , $. 0.042 ' , I lPnd  ), . +0'048 

D ~ I I O  1 I ., 167th ,, or end of line . +0'077 

Line Henzada-Bas.c~~l ,, 50th ,, . +OsOSS 

i '  I 

Dittn I ,. 120th ,, or end of line . +0'013 

NO. 3 Levelling 4 Line Pego-;\16kpnli I 
i 
; 7 LEI& ,, 1, ,, . + 0.036 

Ilofmbrnent . 
Line PI-ome-Ta11n.1 w l  . I ., 50th ,, , +PO53 

- ---- 

Line Amkhas-Rfnltiin 

Line hIultirn-JIiilrii\~iI . 
Liue Ambala-Meerut . 

Ditto . 

Ditto . 
Line Meerot-Delhi . 
Line Delhi-Mitt tri . 

Ditto . 

Line JIurree-Srinagar 

nit,to . 

Ditto . 

Ditto . 
Line Srit1;~gar-Isliqsl~i,l . 

Branch Line Islirrniihitl- 
Pahlgam. 

- -. . First-Second. 

Feet. 
At Y t  miles or end of line . -0.005 

, 42: ,, ,, ,, . +OSU7l 

, 50th mile . . -OnO20 

,, 100th ,, . -0.013 

,, l e 5 4  milea or end of line . -0%30 

J ,  "4 I J  J ,  I) . +OS043 

, 50th mile . , +OeO30 

, 96th ,, or end of line . +U,054 

,, 50th ,, . i 0.102 

,, 100th ,, . -0.026 

Jl 150th ,, . -0.153 

,, 156i  miles or end of line . -011 40 

,, 34th mile ,, ,, . -0.019 

,, 16B miles ,, ,, , -0.O8b 
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APPENDIX. 

REP \ THE DELIMITATION OF THE BOUNDARY BETWEEN NEPAL 
STATE AND NAINI T h l ~  DISTRICT. 

RY LIEUTENANT A. A .  CBABE, R.E. 

,L boundary commission assembled in February 1912 to lay down the 
boundary between Nepiil and Naini T&l District. It was found that even if 
the boundary were correctly laid down i6 that year it would be almost impos- 
sib]e to lay it down in  following years without the assistance of a n  expert as 
the boundary was a curved one and did not follow any feature on the ground. 
In former years i t  followed the main channel oE tllc: S5rrlii River but the river 
has since changed its course. 

It was decided therefore to alter tlie I?oundaiy to ollc of tlirec straight links 
with a practically even exchange of territory i n  the alteration. 

The Survey of India mas asked to lay down on tllc ground t l ~ e  three straight 
links as agreed to by both Gover~lments on the Map. As the straight lines were 
long, and as i t  was desirable that  pillars erected on them sllould be nccurately 
placccl, so that if any were washed away the boruldary could again be found 
on the grountl by aligning flags from the nearest two pillars that might remain 
it was decide(\ to run a preliminary traverse close to tlie proposed straight 
links, from the traverse stations of which points on the acw l)oundary cou!d be 
fixed. 

This preliminary traverse mas started on the 1st Novcmber 1912. 
The Colnmission as noted in the margin assembled 011 16th December 1912 

and i t  was decidccl that day that I.iel~te- 
T. Cnrr, Deputy Conservator of Forests, Hal- 

dvnni Division. ilant Cliase sliould proceed, with the 
Gulab Rni. Ext1.n Assistant Consarvntor of of three Foresters, to cut the 

Forests, I'ilibliit I livieion. 
M, C. R , , ~ ~ ,  special ~~~~~t 0tficer, Tnrni nnd h o ~ n d a r ~  20 feet wide and erect pillars 

Bhabsr Estntes. a t  such dist'ances apart as mould ensure 
~ieulf,n:ll lt  Iiusudeva Sliar~ile, Bnnjanch N u p  

N111yn Fo~.ests, Nepal. int,ervisibility; should erect such refer- 
Lieutenant Chandre Shel\nr Uppnddillh, ellce pillars as he t h o u ~ h t  advisable ; and 

Nepil .  
slionld make a survcy of thc boundary 

to provide for its locatioll in future years ; tliat tho Britisli Forest Officers 
should reasselnhlc t o  insl~ect tlle boundary a t  the cntl of Fcbruary 1913, when 
it was Iioped t'hat the work mould be finished. 

It was l lom also decitled that it mo~rld be coilvenieilt if the Nepiil reprc- 
sentatives rc~nsinccl on the spot with Licutenalit Chase, so tliat if any points 
cropped up, Iic could scttlc tlieul at once without having to refer to the 
commission. 

Tlic preliminary traverse noted in l~sragranli 2 was not finished until thc 
1st January 1913 ; t,llc interval, lie\\ cver, mas utilized in laying out additional 
lincs of trnvcrsc on \vliicIl tllc ,survey ~,oulrl  I)e based. 

On 1st January \\Fork on cutting t,lrc I)ound,zry was started and contiuucd 
up to 7th Fel~runry 1)y wliicli time n t\vcnt.v-foot line mas cut. 

The Comlnission asacml~lcrl again on tlic 25th Fcbruary and procecded to 
inspect llle new 1)oundary. 

A " Khasra " of tllc 1)onndnl.y (at tachetl) was then dranrn up I)y Lie~rte- 
nant Clrasc, ant1 su1)miltcd to t l ~ e  Commission, wlio ncccptcd i t  as a true 
description, and agrea(I t(11at for local pnrpoLes the ncw I)oiindary would collie 

into force from 1st March 1913. 
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Jlethod employed in laying dorot& the bozcnclavy. 

Four points A ,  R, .F ant1 G ;;ere 
L 

s11on.n on tlie ground as being s e n d s  of 

the t,h.ree links agreed upon by t]lc Corn- 
mission in Jcebruary 1912. 

These lloints were cl~ecked and foulltl 
to agree with those depicted on the llln],s 
agreed to by the t \ \o  Go~erninents. 

These four points Gere picked up in tile 
preliminary traverze and values were 

F obtained for their co-ordinates. 
A glance a t  the sketch mill sl~om that if 

A and B are the two terininal points of a 
straight line and A ,  C, D, E, is a traverse 

G line, -4, C, D, and E being traverse 
stations, i t  is possible to seleot ally point 

B on the line A B and find out the distance and bearing of X from the 
nearest traverse station, say D, by similar triangle%. 

Thus v e  select on the map a point X, measure lts distance on the nistp 
from point A to the nearest chain and t l ~ e n  b similar triangles having asccr- 
tainecl the values of tlie co-ordinates of X we find out thc tlistance D X : ~ n r l  the 
angles C, D, X, and E, D, X. 

This procedure was followed right tlirough. T l ~ e  distance D X was 
computecl and then laid out with a theodolite oh t l ~ e  ground and then the 
angles D, X, X' and D, X, 8" were also conlputed and laid out, the points X, 
X' nncl X" being marked by pegs, the distance XX' and XX" being about 5 
chains. Points similar to X merc given to the foresters about a mile apart ~vith 
instructions to prolong the straight lines XX' nncl XX" until they met similar 
lines being run by the foresters on either side. 

Aftcr the line had becn cut tllrougll by the foresters it was necessary to 
check tlie positions of thc pegs X to ensure that they 1 1 d  been l~laced exact l~  
ill the linc A B. A flag on the psit ion of reference pillar KO. 1 described in 
the Khasrn I~ad  been placed in prolongatioll of the line B A ,  011 high groun(1 
and risible fro111 any point in the line B A ,  and 11-it1i t l ~ c  aid of this Flag it 
\\-as possil)le to line up all thc pcgs betn-cen A and B. 

I11 the case of links 13, F, and F, G, as sllonrn in the slietch, the lengtlls of 
the links being small, from any point in the centre of the link the ends n-cre 
risible, and it was an easy matter to line up the pegs for Boundary Pillars. 

The preliminary traverse being good it mas never found necessary to l l l o ~ ~  
tile ~ e g s  X lnorc than 2 feet in orilcr to bring them into linc with the cncl 
of the links i\, B, F, and G. 

Tlic position of reference pillar NO. 1 Tvas found by trial ancl crror, nloving 
the theodolite until it wa.9 found to be in line wit11 the points A and U. 

The positions of the pegs X at, sucll distances apart as v-o~l(1 
rcnder them suitable as sites for boundary pillars. 

It was found that the foresters were not aI,]e to prolong and cut straight 
lines tlirougll the jungle for distances much over a mile ; over this distance the 
linc was almost invariably deflected to one side or the other. 

I n  practice a 6-foot line was first cut until i t  mct the line from north 01 
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and having ascertained that this was correct the line mas broadenetl to 
2@@et. 

l~lprrs i t ions  of tllc Boundary Pillars from Nos. 1 lo !I as mill seen from 
tile lllap, lie on islands in the river, and have been cliosen so as to give a 
peaso~lable chauce of most of t h a n  remaining for two or tlirec years. 

It will be necessary, I~owever, to have the forcot line clcaxed every year 
to re-erect any pillars that get washed alvay. 
Tile positions of such pillars on the ground can easily be located by lining 

with flags on to tlie reference pillar No. 1 which is visible through a 
telescope from all points on tlle northernmost link. 

The pillars on tlie centre and southern links stand on ground that has not 
heen inundated for many years and so may be said to be safe. 

The ends of these t ~ v o  links, however, are intervisible aud re-erection of 

pillars is thcrefore a simple matter. 

OficictZ d e s c r i ~ ~ t i o ~ ~  of boundalsy between Nepcit State ar~tl Zhe 3.istl.ict of 
iVyaini Tcil. 

Tile boundary between Nepiil and the District of Naini T5l in tlie United 
Provinces lies in the ~nidstream of the Siirda River until tlre latter bifurcates 
at a point 311 mile south of the head works of the Tanakpur Canad. 

From this point the bonndary runs south in three straight links to the 
site of the old Reference Pillar No. 27 erected by Mr. Cusson and is now 
marked by boundary pillar 17. 

In  tile description below these links have been terinetl the North, Centre 
and South links. The North end of tlie North link lies, as stated above, in tlie 
~nid~tream of the Sarda Iiiver and is marked by the point where tlle prolonga- 
tion of the North linli cuts the midstream. The Southern ends of these tliree 
linlts are marked by boundary pillors 9, 1 3  and 17. The Korthern ends of the 
Centre and Southern links are marked by boundary pillars 9 and 13. Along 
these three linlts intcrmecliate boundary pillars have been erectctl a t  an average 
distance of a mile apart, and these intermediate pillars are plaacd so as to be 
intervisible. Tlle positions of the ends of tbe links were determined by a 
Boundary Commission which met in February 1912, and accepted by tlie 
Governruent of India in letter 50. 337-F., dated 28th May 1912, to the Resi- 
dent in Nepal and by the Nepal Durbar in a letter from the Prime Ilinister 
and Marshal of Nep51, dated 14th March 1912, to Resident in Nepnl. d refer- 
ence pillar No. 1 has been ereotecl on tlie liills north of Baramdeo in prolonga- 
tion of the north link. This pillar is visible through a telescope fro111 the 
south end of tlie north link, i.c., Boundary Pillar 9. 

Refercnce pillars Nos. 2 and 3 have been erected on the sites of Mr. 
Cuwon's reference pillars 38 aud 39 to determine the position of Boundary 
pillar 9 which stands on an islaurl in tlic Si~rda River. Boundary pillars Nos. 
13 and 17 hove been erectcd on the sites of Mr. Cusson's ficference pillars Nos. 
32 and 27 and are safe from river erosion. 

Tlle bcarings given in the Synopsis nrc rei:koned from thc Nortli round by 
East, Louth and West and the distances recorded are iu Guntcr't; cl~ains of 66 
fect divided into 100 links of 7-92 inches. 

To guard asainst tlie pillars being damaged by anitnals rr c.ilnc,ulnr treilcll 
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6 feet wide and 5 feet deep lias been dug round them. Boundary pillars g,13 
nnd 17 are of tlie (limeusions 10 feet high by 6 feet by 5 feet. Rema$,np 
boundary pillars are of dimensions 6 feet liigli by 4 feet by 4 feet: B y e r e n c e  
pillar 1 is of dimensions 20 feet higll by 6 feet by 6 feet. Reference pillars 2 
and 3 arc. of dimensions G feet liigli by 4 feet by 4 feet. 

All pillars are made in stone or brick masonry as noted in  the Synopsis 
and their numbers are engraved on stone tableh let into the masonry. 

LYote OIL the P~.elilni~iccry T~*avet*se.-The traverse was started from 
Reference Pillar No. 27 ( l i o \ ~  rebuilt and numbered 17) with co-ordinates re- 
ferred to Snlt inpm Q. T. S. 

The values of these co-ordinates mere those taken from the old map pub- 
lished in 1911 and tlie traverse was run in a series of circuits as shown in the 
attached diagram. All t l ~ e  o!d pillars on the boundary were pioked up in this 
new traverse and tlieir co-ordinates thns found differed from those given on the 
map in every case froin n few links up  to 2 and 3 chains. 

Tllc differences were not constant and i t  llas therefore led to the conclu- 
sion that the pillars I\-crc 11ot built exactly over tlie pegs laid down by the 
trarerscrs. 

I t  is au:~t.sted that the traverser drove in pegs oue year to mark the posi- 
tion of the pi1lal.s and that sollle time after~varcls the pillars were erected. 

,Is the jungle grows in a year up to 1 5  feet in  height i t  is conceivable 
that  the pegs were uot found and that the pillars were built as near as possible 
to their true positions. I 

I n  the clemarcation of 1912-13 the pillars were built within a few days of 
driring in the pegs to mark thcir positions. 

I n  order to fix the survey geographically, a connection was made to a, 

G. 'l'. S. intersected point Brin~ani Bi~gli of the North East longitudinal series; 
page b12, and a connec.tion was also made to p.p. 3 n pillar on the district 
boundary !)etv-eel1 Kaini Tnl and Pilibliit and pap. 2 1  a pillar s l i o w ~ ~  as R. p. 29 
on the S5rd5 River maps of 1911, picked up in the Tarai Rlain Travcrse of 
1887-&8, page .?, together wit11 connections to old R. P. 21 and old B. I?. 10 
picked up on tllr Pitranpur Tahsil main traverse of 1896, pages 56 and 57. 

An attached table shows t l ~ c  difference obtained by bringing tlie co-ordi- 
nates O F  these to the conlmou origin Rultrinpur G. T. S. and it will be secii that 
the differelices are not constant :111d i t  has tli(:refore been thought advisable not 
to insert the Graticules on the 2 inches=l mile map drawn for ~ub1i:ation 
this y e v .  
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1IPCORI)S OF TIiE SURVEY OF INDIA, 1912-13. 

MAGNETIC SURVEY. 

No.  18 PBR'FY. 

(Tide Index Map 11 .) 

BY CAPTAIN R .  H. T E O M A ~ ,  R.E. 

The present report deals with the work of the magnetic survey in  1912-13 ; 
i t  conlprises :- 

PBBEONIPEL. 

Impel-in2 oflcer. I. An account of the work in  the field 
Captain R. H. Thomas, R.E., in charge. and recess quarters. 

Provinciul oficers. 11. d note on the observatories during - 
&Iessrs. H. P. I). Norton, R. P. Ray, N. lt. 

Nazumdsr and R. B. Jlathur. 
1912-13. 

Upper Sulordiaccte Swuice. 
111. 'Sables of results including :- 

Nr. B. B. Shome, from l8t July 101 9. (a )  Prelilninary values of the mag- 

Loleer Subordinate Service. 
19 Recorders, Surveyors, etc. 

netie elements a t  field and repeat 
stations. 

( b )  Diurnal variation and inecluality of the magnetic elements at each 
of the four survey base stations. 

A n  index chart showing tile progress of the magnetic survey is appended. 

I.--FIELD OPERATIONS AND RECESS WORK IN 1912-13. 

1. Wo?*k of the Jield detachments.-The field season opened on October 
23rd, 1912, and closed a t  the end of April 1913. 

'l'he health of the party was on the whole satisfactory, but one Provincial 
officer mas invalided from the field, and a t  Bnrrackpore observatory both the 
observer and recorder had to be relieved owing to severe attacks of malaria, 
which is always prevalent in the rainy season. 

Two field cletachments each under a Provincial officcr were employed part- 
ly on detail survey and revision of the work of the first field season (1901-02) 
and pertly on observations a t  repeat stations. 

The revision work was taken up chiefly because there is some considerable 
uncertainty as to the correct values to be assigned to the magnetic moments of 
the  field magnets during this first field season, no comparisons of instruments 
having been made until the beginning of the following season wl~cn consider- 
able changes of moment mere found in  some cases to have meanwhile occurred; 
there mere also clianges in the values of P and 9, in  each instrument which 
cannot be satisfactorily determined owing to the  mall number of observa- 
tions; and finslly only one observatory, .t.i;., a t  Colsba, was working so that 
the corrections for diurnal variation and disturl~ance are somewhat un- 
certain. 

2. Fielcl zuork qf the oflcer i , b  chc'~*ge.-Tlle officer in charge inspected 
Barrackpore and Toungoo observatories where oomparisons 3f instruments were 
made, visited several repeat, ~tatione and carried out a prelilniuary magnetic 
surrey of Cey Ion. 
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3. Field wol*k during 1912-13 and total wol-k to date.-During the field 
,asOD full sets of magnetic observations were made a t  the followin,o :- 

a='- 

58 repeat stations, 
19 old stations, revised, 
42 new stations in Ceylon, 

3 new stations in India, 
20 detail stations in Central India. 

The total work of tlie magnetic survey to date includes- 
1,401' stations of the f l~ndamental survey. 
371 detail survey stations. 
73 repeat stations. 

Under repeat stations are included observations a t  the old field stations 
which were marked by pillars in  1910-11 ; these number 50 and with the 
original 23 repeat stations make 73 in  all or 1 repeat station to 20 stations of 
the fundamental survey. 

I t  isintended to re-occupy thesc st,ations, with the addition of others as 
may be found desirable, every year or every second year according to the 
means available. 

4. W o ~ k  clzwing vecess.-The conlputation of the field work and the re- 
duction and tabulation of the results from the base stations for 1912 have been 
completed. 

This year, for the first time, the tabulations are based on the measure- 
lnents of dl available days instead of only five quiet days per month as 
heretofore. 

Good progrcss has been made with tlle reduction of tlit: declination data, of 
the survey, upon which one section undor 

I{cduciion of the dcclinntion data. a prorincial officer has been engageti 

througllout tlie year. 

Corrections for diurnal variation have been applied to all observation8 up 
to 1912 ; corrections for disturbance have bcen also computed for each obser- 
vation from each of the four survey hase stations for thc samc pcriod. The 
latter corrections are for thc most part small and of the same order of magni- 
tude as the observational error, but t,he signs often vary so that the total range 
may 1)e two or three times this amount. It seems unlilicly that any silnplc law 
can be found to connect the coml3uted clisturbances with geographical co-ordi- 
nates, a t  any rate when dealing with one magnetic element only aud such 
limited investigation as was \v:irmntcd by the small magnitude of the computed 
corrections confirms this view ; corrcctioils will bc thercfore applied as found 
from the ncarest observatory or observntories. 

The investigation of the instr:~meutal differences in H. E. has been 

In~trruncotnl diffcrcnccr i l l  11. F .  
practically colilplctccl, but bef'ore finally 
acceptit~g t,he conclusions arrived at, i t  

has been tlecidetl to carry out an extended comparison of all tlie survey instru- 
ments using different thrrmometcrs with each illstr~nnent aud interchanging 
0~)servors ; thc m o n ~ c ~ ~ t  of iucrtia of' all tllc rnngilcts 117ill also bc carefully rc- 
dcterolillcd. This wol-It has bccn unnvoidal~ly dclaycd for scvcral montlis owing 
to tllc chronograph a t  Dchrrt Dfin 1)cing out of orclcr. Ful'thcr investigation 
llas sllonrn t.hkt thc vicws expressed in thc report For 19 10-11, rc,oardiag possil)le 
clinngcs in thc distribution coefficients, rcquirc somc modification ; in one case 

0 2  
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an undoubted change in P and Q equivalent to a change in H F of 7,, occur. 

witliout. n concoluitant fall in  tlie magnetic moment ; this change is s b a ~  
by the o b s e r v i ~ t i l , ~ ~  a t  22.5, 30 and $0 cms. but had previously ~ , e ~ ~ ~ ~ ~ ~ -  
*d, ~ l l e n  clianges of P and Q were only expccted when large falls ill In, ooc,ur- 

as the change occurred durinq the last season iu which the i n s t ~ , ~ ~ ~ ~ t  in 
qilestion was used. 

The instruments of tlie De Filippi expedition mere comparecl ,I itll tile 
Dehra Diin ~tncdards  early in  Septcjmber 

Conlparisons of I'ehm I)iin stnndnrdu mi111 in- 
ctql\lments of the De Filippi espcdition. 1913. Both sets of inslrumcnts were 

found to agree well in declination and dip, 
- .  

but the r e s ~ l t s  in Horizontal Force were unsatisfactory owing to defects in the 
De Filippi magnetometer. 

5. Programme fov 1913-14.-During the cnsuing field season field work 
mill be confined to 01)servations a t  repeat stations for the deterrrlination 

cllangcs and comparisons of instruments a t  observatories ; this ,vork 
mill occupy one detacl~rnent for t l ~ c  wl~ole field season, the other for two to 
three montl~s. 

The cletdl survey will be discontinued for the present and the available 
strength of the party mill be employccl on tlie rccluction of the data alrca(ly 
accnmulated ; the detail survey call be subsequently continued if considere(1 
desirable. 

6. Resu l t s  published i 18  this 1-eport.--Tal)lcs showing llie approsi~liate 
values (uncorrected) of the magnetic elements at the field and repeat s:ations in 
1912-13 are appended together w i t i ~  an  index chart showing the progrcss of the 
magnetic survey to date. 

The tabulation of the results froin " all availal~le days " a t  thc four survey 
base stations are published for 1912. 

11.-THE OBSERVATORIES I N  1!)12-13. 

1. The 01)servatory remained in chargc of magnctic observer Sl~ri  Dliar 
until the beginning of July I913 whcn he proccedcd on leave, being rclicvcd 
by J l r .  R. P. Ray. 

Tl1e 11. F. and declination n;agnetograplis ]lave worked wcll illrough- 
out the ycnr ; the V. F. magnctogmph is still somewhat unsatisfac:tory; 
soiilc furtlicr adjustment in the rclativc positions of tllc knife cdgc and agate 
l~lanc seems desirable as this has been found bcncficial i n  tllc othrr 
i ustrumcnts. 

T l ~ c  two absolute houscs wcrc tl~orougl~ly rcpaired during JIay nncl June 
1:)lS and roofed wit11 rubelsoid. 

2, B e a n  calues of cowstal~ts. - The tal)lo below givcs the mcaii monthly 
\-nlucs of magnctic collimation, thc distribution co-cflicicilts P,., ant1 l'L.R and 
tlic ol~served and acccptcd values oF in, uscd in the compntations Tor 1012. 
Included in the table are tilc inontl~ly incan vnlucs of n?,, as cletennined using 
thc clironograph for t!rc vil~ration ol~wrvations ; the rangc in tbcsc valrles is 
somowlixt largcr'than mas expcctcd but thc means arc derivcd from at most 
obscrvationa on two days and cxpcrie~lce with tllc field inslrurneGts 11as shown 
that tliis is insi15cicnt for a sati~ractory dctcririination. 
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Base l ine  value of m.rg~~etographs  in  1912. 

M e a n  values oJ the constants of the magwetometer. n'o. 17 ~ Y L  1912. 

A,.. - 

jtonms. 

Jfll)u&ry . . 
February . . 
>larch . . 
~ ~ ~ . i l  . . . 

4. The mean scale values for 1912 for an ordinate of 1-26 inch mere as 
followa :- 

H. F. 4.12~ to May. 
4'627 from June 10th to October 26th. 
4.477 from October 26th. 

D. 1.03. 
V- F. 4-20 to & E l 7 .  

lllsg . . . B B a 
J u n e .  . . -9': 21" 7.15 7.59 % 602.48 ... 

0, z ! 
J u l y .  . . - 9': 24" 739 7'66 5 89298 833.18; 1 
August . . -. 0': 2J' 892.00 393.13 

892.76 833.14 : 

October . . -9': 26" 7.26 892.98 893.26 1 
i 

November . -9': 20' 7'28 802.93 823.30 I 

-0': 24" 
i I 893.08 893.35 , I 

3. Mean Base line values.-The table belom gives the monthly Incan 
values of the declination and H. F. base lines actually used t,o obtain the valuee 
of H. F., etc., in the tables attached to this report. 

I 
H. F. CONSTARTS. 

DECLINAT~OR I 
I 

c0NE=AN=6' I I I 
UEAR VALWEE OF P'e. X n ~ n  VALUE OP n10. 1 i Rsurpae.  

DSCLINATION. 

NonTHn. / Mean r a h s  01 I Acceplcd 1 
llasc linc. Dasc hue. nExABBB' 

HOBIZONTAL F O ~ O E .  

January . . 
February . . 
March . . . 
April . . . 
May . 

Juoe . . . 
July . . . 
August . . . 
scptember . . 
October . . . 
November . . 
December , . 

, Aoceplccl 
i i By rb ro  ' 

nograph. 1 1 
I -- i . --- ~ ---- 

893.35 

693.27 
I 

893.27 

... I 

Meno value 
01 Base lioo. 

%010 

?I3019 

-9': 20" 7.21 7,71 d 892'4G . .. 

Mean mngllctic 
c~~Ii..tion 

-9': 23" 

-0': 26" 

-9': 22" 

-9': 23" 

0 I 

1 : 45.1 

1 : 45.1 

1 : 45.2 

1 : 45.4 

1 : 45.5 

1 : 30.2 

7'14 

7'18 

7.24 

7'21 

P2.3 

-- 
7 7 6  

768  

, 7.76 

7.56 

93013 Blqv 2211d fur repair1 
to t h e  observatory. 

7 
to  

'32937 o m  16, ou 25th 
> t o  October n l ~ e u  t h e  H. 

J J '32016 F. i n s t rumel~b  was 
readjusted. 

Acreptcd 
Dosr llnc. 

~ 

.33010 

~33013 

0 I 

1 : 45. 

1 : 451  

i : 46.2 

1 : 46.4 

1 : 45.5 

1 : 30.2 

d 

R E M A U K ~ .  

1 : 30.4 1 : 30.4 

1 : 30.6 1 1 : 30.6 

1 : 30.7 1 : 30.7 

1 : 30.8 ' 1 : 30.8 
! 

1 : 31.1 i 1 31.1 

Accepted 1 Accepted 
valoc 01 snloe of Dy eyc 
p p 1 and ear. 
- - - 

893.05 

813.32 

892.83 

893.73 
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A new quartz fibre was mounted in  the El. I?. magnetograph on June loth, 

and the torsion head mas turned on October 26th. 
J 

The mean tenlperature for the year was 27O.0 C with bmfh  aud 
minimum values of 27O.2 C and 26O.9 C. The temperature of reduction 
is 27O.C. 

6. Bean, tnottthly valucs aud seciclcc?* change, 191 1-12.-The following table 
gives the mean lnol-~tllly values of the magnetic elements for 1911-12 and the 
secular change during that period. 

u. -~ .~RRACKPOI~E OBSERV.\'IORY. 

1. Magnetic observer K. N. Mukerjee remained in charge until early in 
October '1913 when hc proceeded on sick lcnve. Thc observatory is extremely 
unhealthy during the rainy season when malaria of a sevcre type is prevalent ; 
during this year the wholc of the observatory staff werc in  turn incapacitated 
from duty. 

Thc declination and B. I:. magnetographs worked wcll during thc year 
while the vertical forcc instrumeilt was much morc satisfactory, the changes in 
base line which are inevitnl~lc in this class of ilistru~neut being much more 
uniform. 

2. Meutl cc11t:es of co~zsfnnts.-Thc following tablo givcs the inontllly 
mean valucs of magnctic collimation, the distribution co-efficients of P and 
p 2-, and thc lnomcnt m, of the observatory magnetometer in 1912. 

Momas. 

- 
I l o a r z o n ~ a ~  Ponon DECLINATIOX DIP 

'3900 C. G .  S. + 
V E ~ T I C A L  Foaon 

E. Z 0  + N. M0 + '32000 C. U.8. + 

I 
Chmgc. 

!-- - 
I 

- ___-- -__ -- - 

J . - 
I I I I 

I 7 7  7 

27.2 -3.3 68.9 66.1 +7.2 078 198 

i 
February . . 21.0 3.2 6 9 8  60.1 B3 094 199 +lo5 

226 20 

224 17 

Yay . . . 3 YO 23 

jlme , . . 247 23 

30'3 

30'0 

205 

29.3 

29.0 

23.8 

July . . . 

Artgust . , 
I 

26.7 

2G5 

2 6 5  

243 1 226 

i 
341 ; 212 

627  

63.9 

616  

3.1 September . . 

17 

29 

3'6 

3.5 

3.0 

Dewmbcr . . 222 203 19 27.6 244  , I 3.2 65.3 

J l e ~ ~ a s  

235 26.4 1 25.3 707  

71.5 

71.8 

October . . 

59'7 

60.7 

11.4 

72.4 / 7.1 

68.9 / 1 0 . 9  

25.6 

25.7 

26.3 

62.0 

62.4 

G2.9 

8.0 

7.6 

7.2 

3.7 

3.3 

3'5 

Novembcr . . 231 1 , 209 22 28.0 , z I Z  2.8 

229 28.3 

67.0 

66.9 

1 1 0  

181 

136 

25.2 1 3.1 

61.8 

G8.5 

GU.5 

146 

1G3 

176 

1.3 

6.2 

LG 

296 

244 

1 8  

G.1 

6.G 

+ 115 

+lo3 

274 

! 
285 

291 

100 

114 

130 

+ 120 

+ 122 

, +I16 

143 

147 

154 

217 

213 

231 

+I17 

+099 

+lo1 

229 

246 

250 

to86 

+ 098 

+ 096 
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Msan of the Constanla o f  the magnetometer No. 20 in 1912. 

- 

3. Mean valrrvs of Base -Lines.-The table below gives the mean monthly 
base lines of the decliaation and H. F. instruments used in I.1le computations. 

- 

~ o n r a s .  

January . 
February . . 

Base line value of the Magtaetographs i r ~  1912. 

DaoLInATIO~ 
C o r s r r a ~ a .  

4. Mean scale value mtd te~?tpevab~cve vartge.-The mean scale values for 
thc yoar for an ordinate of 1/26 inch were :-LI. F. -11'6Ciy V. lp. 4.64) and D. 
1.03 minutes, The mean temperature for t l ~ c  year mas 3 l W  (: wii.h maximum 
and nlinimum nlonthly values of 320n8 C and 30O.5 C : tlis teniperature of re- 
duction is 31" C. 

H. F. CONSTAN T0. 
p- - - - - - -. . . . . . 

y m c l  . . . 1 - 7  : 47 

April . . . -7 : 47 

May . . . I -7  : 45 

~ ~ o ~ T H E .  

6%4 

6.80 

6.86 

l l o u ~ z o n r d ~  Fonce. 

Bnuuxe. 

- - 

MEAM YALQBB 01) P'B. 

M can 
magnetic 

eolllmstlon. 

June . . . - 7  : 46 6.89 7.53 2 
9 

July . . . -7  : 13 6 8 6  7 5 0  2 
S 

August . . . 1 
September ' i  

DECLINATION. 
~ 

Muau vn111e I Rnsc 
or llttc 

Hnso linc, j ncerpted. 
-. I 

: 
'3iOf;n) I ,37060 

1 

.3iOti:! .3iOG2 

.3iOli 1 ,37061 

37072 1) 
37033 1 ,37063 

t* 

-8' : 0" 

-7 : 5 1  

7.60 

7.37 

7.56 

1 940.07 

5 
Y4C.01 

(P 
h 

0 

R ~ M A B K ~ .  

' Up t o  22ud 
Afnrch. 

From 23rd N n r c h  . 

0 I 

- 

RKMABKE.  

.37083 1 I ,37094 

.3iG95 ,I I 
I 

.3iOHl. j ,37095 
I 

.3i094 '3i095 

0 I 

- - -. . - - - 

Yenu vnlue 
u l  

Dane l i~re.  

. 

- 

697 

6 9 8  

r' 

1 939~90 1 
1 , 939.79 October 

- - 

Bnse 
line 

accepted. 
. 

939.63 ( 
939.80 1 
?39.82 $ 

d 

Kovember 
' i  

- 7  : 47 7 0 1  , 7.21 I I 
December . , i - 7  : 63 6.89 7% 

I i 
I 

J n n u a c y .  . . 
F e b r u a r y .  , . 
March . . . 
April . 
May , . . 
June . . . 
J U ~ Y  . . . 
Aagu\t  . . . 
Seyte~nber  . . 
Octobrr . . 

Novcotbcr , . 
December . . 

- 

7.57 

7'47 

1 940.27 

939.77 

- 0 ~ 3 . 9  

-0 :3 .0 -0 :3 .9 

- 0  : 3.9 

- 0 : 4 2  

- 0 : d . l  

-0.4.1 

- 0  : 1.1 1 

- 0  : 4.1 

- -- -- -- 

93987 1 

939.57 : 
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li. llieatb naottthly values and secular change.-The following table gives 

tlicr meall monthly values of tho magnetic elements for 1911-12 and the segrlar 
cltsnge during that period. - -.Y 

C.-TOU~QOO O B S E R V . ~ ' ~ O ~ I Y .  

1. Surveyor K. K. Dutta held charge of the 011s~rvato1.y tliroughout the 
jear. 

The LT. F. and dcclination magnctogral~hs have morkcd well throughout 
? 

the year; the readjustment of the V. F. instrument referred to in last years 
report haa also proved satisfactory. 

2'. Mecctr acrluca o j  declinatiora ar~d H. P. coostcozts.-The table below 
give3 thc ulcan monthly observed values eF magnetic collimation, the d i s t ~ i b ~ -  
tion coustant~ P,., and P,., and the magnetic mornel~t rn~. 

The change of collimation in December is due to the replacement of one 
of the s lumiu iu~l~  cells of the collimator magnet ; the lens of the old cell had 
become almost opaque owing to decomposition of the cement joining the two 
portions of the lens and i t  is probably to this cause that the previous fluctua- 
tions of the value of ~ollimation ore to be ascribed. 

The new cell neceseitated a redetermination of the moment of inertia ; 
the new value a p e d  with that deduced flom comparisons with one of the 
field instrun;cn~s I~efnre and after thc cl~ange 
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Jauunry . 
Februnry . 
Mnrcb . 
April . 
l lry . 
: I I I I ~  . 
Jnly 

August . 
September 

October . 
Novc~uber 

Decembcr . 

Mean calltes of l h e  conetnnle o f  t h e  M , r g n e ~ o m e t e r  ATo. 19 i n  1912. 
#* 

8S5.00 '.) 

RS4.89 

R84,.9O 

1 
rtj4.69 (884.87 From 9th May. 

I 
8Y.k.81 I) 

I- 

1 D m c ' r n r T m a  
1 COnETAnTR. 

I 

yoaoae. 

(1) Up to 12tb Decem- 
bcr. 

(2) Fro111 13th Decem- 

I ber. 

11. F. CONY'rAK I'S. 

Mnan VaLUBs ow P'a. I ' 

I 

3. Mean Base Li~ te  val.zces.-The following tablc gives the mean mont,llly 
values of the observed and accepteci values of t,he declinatioil nnd H. FA 

B ~ M A B I I .  

magnetographs. 
T\re observed values of 11. F. base line require a oorrection of - lgy to 

reduce them to magnet 19 wliich was in use in the earlier years of tile 
observatory. 

The remaining differences between the observccl and accepted valiles of 
thc H. F. base lines arc undoul)tedly duo to indifferent observations ; i t  is prob- 
able t l~n t  the vibration obserrntions are clriefly at lault an(\ that the observed 
mean values of m, are burdened with varinblc " personal errors." 

Tile accepted Base lincs hare beerr derivcd f1.0111 colnparisons with No. 10 
in December 1912 a ~ r d  1913 and for the l~resent tho change during that period 
has been :~ccepted as uniform. 

Bnse l i f ~ c  vnlwen ?I' I l le  ~ .ng~tc~lo .y i .crphs ili 1912. 

DIOI.INATION. I ~ ~ O H I Z O N T A L  FOBOI. 
-- ---- 

hleau  vnl\lc 01 Arccp lrd  
11:lsv 1,*1?. lloro Ilne. Ilkurnxs. 

- 

'38160 

I I 
~-~ -- -- 

'381,LL 
I 

9 8  L 19 1 .3846i 

.a?cl.r,~; I 'n8~5ti  

1 .  .~ -. ._-. ---. -. 

M n n r n a .  
A r r r l ~ l c  I 

1 n n ~ r  Ilt>e. 

- . -. .- 
I 
, -- -- - -. - 
I 

I l car tna* .  

i :13 l ;3  j 38462 
I 

May . . . / -0 ; 2!),7 ' Cp 10 1 - L I I  on 2lsl.  1 ,:3Sll;:l 
1 

j .:i8460 
I 

, 1 n n 1 1 n r ~ .  . . -  i , 
P r l ~ r n n r ~  , , , I 1 ) --0 : 2!P7 
Bln~cll . . 

i (  I 
April , . . 'J 

i 

-0 : 31.0 From 16 11 
I 

On I - 0  : :)",.I From H 11 3lhn on 2 l t l ~ . ,  
I I -0 : 31.6 Prolu 11 11 211s  O I I  3 l . t . ;  I - -A *. ._ I I 
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Baae l i n t  z'nlrtea o f  the t t log~etogrc~plrs  i j r  1912-continued. 

4. Mean scale values a)zd tenzpel-ature range.-The mean scale values 
throughout the year for an ordinate of 1-25 inches were :- 

H. I?. 5.437 
V. F. 4.01 t o  5.707 
Declination 1.04 minutes. 

The mean temperature for the year was 8g0'2 F. wit11 maximum and mini- 
m u m  monthly values of 89O.6 and 88O.9 ; the temperature of reduction is 8g°F. 

Yonrum. 

June . , . 
July . . . 
August . , I 

H O B I ~ O N T A L  Fonos. - u* 

c I o 1 A c n p W  I 
Base liue. Unse Mnc. Bnrrarn. 

DECLIKATION. 

--. - 

-- 
,38466 

98k64 

.38468 

,38972 

'38465 

38478 

-38476 

6 .  Secular change 1911-12.-The annexed table gives the mean monthly 
vnlues of the magnetic elements for 1911-12 and the secular change during 
that period. 

Secular changes at Toungoo in 1911-12. u 

i 

AccrDtcd 
Unsc liuc. 

.98447 

'38445 

,38446 

'38140 

.38137 

-38435 

,3813.2 

September . . 

R ~ M A ~ E s .  

)--0 : 31.6 

" ' I  I 

D B C L I ~ A T I O ~  
E . O D  + 

I . 1 
-- 

' , i t  

21.8 16.2 -%6 

I 
21.3 1 66 

21.2 : 111 

I 
20.7 145 6.2 

20.0 . 14.2 , 6.8 
I 

19.7 I 6.9 

H o n r z o n ~ a ~  Foacs 
'38000 C. 0 . 8 .  + 

Octobor . . I 
November . i  
Dcoember . . J 

Monma. 

J.nl...l . . 

February . . 

March . , . 

April . . . 

Nay . . . 

J u a o  . . . 

DIP. 
N. 2a0 + 

AupnL . . 5 801 +33 18.6 11.8 5.7 3 . 0  2.6 -04 614 643 9 

6eptemlet . . 856 8 0  +40 18.1 12.1 6.0 2 2.5 -0.2 630 643 18 

V ~ ~ T I C A L  Foaoe 
'18000 0.0. S.+ 

i .4  

Kovernber . . 

... 
5. 

519 

625 

526 

628 

538 

1 .  

833 

836 

841 

848 

815 

868 

1012. 

:tl 

806 

Y 7 Y 1  

863 

873 

810 

878 

878 

896 

- - -  
I 

+0.2 

1.5 2.9 

2.6 2.7 

2.7 ' 2.7 

3.0 , 2.0 

3.3 2.13 

1012. 

Y Y  

631 

640 

640 

539 

511 

644 

December . . , 861 

Ymlln . . . i 868 

2;:;; 
- 

+10 

+37 

3 1  

+ 30 

+ 33 

+38 

+ 0.4 

ill 

0.0 

-0.1 

a 7  

acculer 

Y 

+I6 

21 

16 

1s 

13 

6 

906 + 39 

--- ~~~ 

907 

17.0 11.1 

2.1 , 12 +40 

6.9 

- 
686 

889 1 +30 10.0 13.4 
I 

10.5 10.7 

1.0 1.1 

685 

-19 

6.8 

3.7 

- 
-0.1 

-.-- 

kl  

682 

+0.4 

648 

649 

+ 16 

I 
669 ' 21 
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* 
D.-KODAIKXNAL OBSERVATORY. - 

1. S. S. Ramaswami Iyengar was in charge throughout the year. 
The magnetographs have given good results during tlie year. 
Thanks are due to the Director, Solar Physics Observatory, for his cordial 

assistance in all matters connected with the magnetic work. 
2. 8. F. aad declination consta~tts.-The following table gives the mean 

values of magnetic collimation, the distribution constants P,., and 
p,,, and the accepted values of tlie magnetic moment m,. 

The change in m, after the 29th February altered tho values of the colli- 
")ation and the distribution constants. 

3. H. J'. cmd Declination Base line t~olt~es.--The folloniug tuble gives tile 

YONTHB. 

mean montl~ly values of the acceptod base lines used in coml)utilig the 
monthly values. 

Both II. F. and Declination lriaguetographs were adjusted on 28tlr 
February 1912. 

- 

REXABXB. 

DKOLINA. 
TION 
C o n -  

6TANT8. 

Meen 

(1) Up to 28th Feb- 
ruary. 

H .  F. CONSTANTS. 

MEAN VALUES 01  P's. 
- .- - -  - - --- 

n~ngnct ic  
collimn- Accepted Acreptcd 

vnluo of vnlue of 
r r .-,. 

_ _  -- -- . -  - 

I 

I 
January . . . -2: 37 8.99 , 811 

I 

Februsry . . 

Accepted 
m.. 

917.36 

917.36 

I 
I 

March . . . -3 : 13 t i !  
I 

April . . . . '-3 : 3 6 73 

Nny . . . 

(2) E h m  29th Feb- 
August . . . -3 : 30 ti.ci.2 ruary. 

Fqf  

I Eeptewbrr . . . - 3  : 32 6.66 8.30 

I 
October , . . -3 : 28 

Novtmbcr . . . I-: 33 

Decernbr~ . . . -3 : 31 

6.72 

171 

6.76 

8.61. 

8.38 

8.20 ,) 

! 1 
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Base  l i t ~ e  vctlrces of' t h e  t ~ ~ u g ~ ~ e t o y r u p h u  itt 1912. 

I - 
I 

U ~ C L I ~ A T I O ~ .  Hoarzonrr~ Ponom. 

that period. 
Scculnr chntrges ot  Korluikcinnl ~ I L  1911-191,2. 

Monrs~ .  

v f ~ ~ ~ , , , .  
uasn l ine.  

0 * 

H o a r r o n ~ a ~  Foacr DIP. 1 97UO C. B. S. + N. 9- + 

BnRu l i l~e  n'ee~ted. 

Jennary . . 1 : 33'2 

February . . 1 : 93.1 

March . . 1 : 68% 
I . . ' 1 : 68.6 
I 

May . . . 1 1 : 68'8 

VEETICAL FOBOB 
'02000 C. 0. 3. + 

4. The mean scale values for 1912 for an ordinate of 1-25 inches are :- 
H. F. 6'141 

6.01-y a f t e r  r e a d j u s t m e n t  o n  88th F e b r u a r y  1912. 
V. I?. 4m.97 t o  5.34q 
Declination 1.03 minutes. 

Ttie mean temperature of the II. P. and V. F. magnetograplrs for t l ~ e  year 
was 1 8 0 m 2 C  with maximum and minimrim monthly values of 18"'7C and 17" 7C: 
the temperature of reduction is lg°C. 

6 .  Secular chcobge 1911-12.-The table below gives the montl~ly mean 
values of the n~agnet~ic elelne~lts for 1911-12 and the secular change during 

A , e D 

fl 
E 

0.1 

5 
C C 

2 2 , * E 
g 
)I TI 

T: 2 
, UJ 

& 

J u n e  . . 
J d y  . . 
Angust . . 

- 

1.11. 
----- 

499 

508 

513 

520 

624 

636 

538 

614 

5.17 

560 

667 

' 

+ 7.6 

7.1 

6.9 

7.1 

7.5 

7.3 

7.7 

@9 

7.3 

6.6 

6.9 1 

I 
Momas. ! 1011. 1 1012. 1011. 

January . 

~ p r i l  . . 
May . . . 507 629 

July . . 615 51.4 29 60.2 66.1 6.9 62.2 69.9 

A n p &  . 619 541. 26 60.7 6 5 3  6.6 62.7 69.6 

September . 628 651 23 61.5 6fi.9 6.4 52.9 60.2 

Octoher 626 655 23 62.0 6 7 3  6.3 ' 54.2 60.7 

H~nAerr.  I f f  1 uwo IIUC. 
I 
I 

1 : 68.6 

1 : 5 8 ' 6  

1 : 58.6 

' - 1  

I 
I I 

i 
I 
! 

September . j 1 : 

October . . ! 1 : 58.7 
i 

November . 1 1 : 68.7 

December . i 1 : 5 8 * 6  
/ 

- -. -. 

1012. 

Y Y Y  
584 

688 

591 

600 

0 

617 

624 

621 

628 

634 

646 

649 

616 

"7 671 
- - - 

+7.1 636 

I 

llnso line 
accefld. 

- 
Mulor change. 

t 86 

80 

78 

80 

83 

82 

86 

77 

81 

74 

78 

78 

+ 80 

December . . 
Meam . . 

e - 
R E U A ~ X U .  

'36936 

36936 

.37190 

'37190 

'37191 

'37191 

668 

648 

627 - 
616 

To 8b on 28t.h February. 

From 9L on 2.gtlr ~ ~ b .  
ruary. 

Both the 11. F. and Dec]i. 
nntlon Magnetographs 
mere adjusted on 28th 
Pebrunry 1912. 

November . . 

I 
37192 1 
3719% 

,37192 

'37193 

-37193 

'37193 

669 

31 1 02.!) 
---- - 

+28 / 00.2 

630 

6 
- ~ -  

668  

23 02.5 67-9 

5 5  652 
- .~ 

+ 6.6 62.0 

6 2 0  
-- 

69.1 

6.4 i 6i:R 61'7 
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111.-TABLES OP RESULTS. * 
A d e a n  values of the magnetic elements a t  the observatories for 1912. 
B, classification of curves and dates of magnetic disturbances in 1912. 
C.  preliminary values of the magnetic olernel~ts a t  field and repeat stations in 1912-13. 
L). Tables of results a t  Dehra DBn. 

B. ,I ,, Ba~.tackl)ore. 
I". ,t ,, Tou11g00. 
G .  ,I 1, 

Kodaikanal. 

For each observatory the following tables are given :- 
(a) Hourly means (corrected for tempera,ture) of Declination, H. F., V. F. alld Dip 

from all available days. 
(b) Diurnal inequality deduced from ( ( 1 ) .  

fi. Index map showing thc progress of thc rn:igne~ic: su~vt>p  l o  dale. 

8. 12. I V. F. 

I 
1 

C. (3. S. \ C. G. S. 

Obscrv~~tory . Dip. 

-- -- 

Lntitude nnd Longitude. 

0 I 

I 
Drhra Dun. ] )i 44 8.0 I I3 2 25.9 -33218 

I )cc l i~~nt ion .  

Barrackpore 

0 1 1  0 I 

1 

Tounaoo . 
"" { 23 3.1 I3 0 1 3 4  ~ 3 8 3 8 9  1 ,16648 

3 E 
I 1 

I 
N 30 50.7 ' E O 44.0 ,37369 1 .28316 

I 
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~,- .4bjtrnct  cshowkng ~llppt.0.~ilt2ate ljlagnetic value8 o t  8Cations obterverl a t  by No. 18 Party 
dibring aeatou 1912-13. * 

Y FIELD STATIONS. 

liorlzontal 
Force. 9;t1 

/ 

1967 

1968 

1359 

1960 

1361 

1362 

1363 

1364 

1366 

1366 

1367 

1368 

1960 

1970 

1311 

1372 

1973 

1374 

13i6 

13i6 

13i7 

Dlp. 

0 ,  

S. 6 4 

,, 6 1 

,, 6 13 

,, 6 17 

,, 5 44 

,, 3 36 

,, 4 24 

,, 2 80 

,, 1 30 

,, 0 30 

,, 0 9 

,, 0 6 

,, 1 2 

,, 1 36 

,, 3 32 

,, 1 2 

,, 1 17 

,, 1 69 

,, 2 26 

,, 2 8 

, 1 7 

,, O 3 

,, 1 1 9  

,, 2 O i  

,, 3 28 

,, 2 37 

,, 4 1 

,, 4 24 

.. 6 7 

,, 6 36 

., 3 49 

,, 3 

,, 2 17 

., 4 6 

,, 3 611 

,. 2 47 / 

n 

0. STATION. 

Bolltoto . . 
Galle . , 

untara . . 
Deniynya . . 
Ambnlsntota . 
Tatiyuutota . 
Ratnspura . . 
liurunegele . 
Gnlgomuwa . 
Anursdhepurs . 
Ho~omupotans . 
Triucomelee . . 
AlutOya . . 
Topameme . 
i ~ s n b u L  . . 
Vavuniya . . 
Mullnittivu . . 
Munkulnm . . 
J~ f fna  . . 
Elcphnnt Pass . 
Alanar . . 

Dccllnnl lon. 

0 I 

W. 2 7 

,, 2 la  
,, 2 11 

,, 2 12 

,, 2 0 

,, 2 0 

,, 2 4 

,, 2 7 

,, 1 51 

,, 2 1 

,, 1 44 

,. 1 63 

,, 1 6 4  

,, 1 58 I 
E. 0 10 1 
W. 1 36 

,, 1 48 1 

,, 1 97 

,, 
I 

3 5 ~  
,, 1 47 I 
,, 1 36 

I 
,, 1 4 i  1 

.. 1 4 8 ;  

,, 1 64 

., 

,, 2 20 6 3 /  
1 

,, 2 4 1 

.. f 3 1 

.. 2 11 

,, 2 13 

.. 2 32 

,, 2 3 

,, 1 67 

,, 2 3 

,, 2 8 . 2 0 

1378 I hlaricl~ohukkuddi . 
13i9IPuttalam . . 
1980 , Chilnw . . 
1981 Negornbo . . 
1382 linndy . 
1983 Nuwn~a Eliye . 

1 
1384 Hapublo . . 
1385 Tannmalwila . I 
1386 1 Kiliod~ . . 
1387 ~ u p p n n a  . . 

I 
1988 I Bibilo . . 
1989 Bntticsloa . . 
1890 / Poltuvd . . 
1391 Tilukkovil . 

I 
1392 Kalmuna~ . : 1 

, 1 64 I ,, 2 1 

,, 2 k~ ,, 1 58 , 

L~tl tude.  

0 , 'I 

6 26 60 

6 1 60 

6 67 60 

6 21 20 

G 7 10 

7 2 0 

6 41 40 

7 28 66 

8 0 60 

8 21 10 

8 33 10 

8 34 4.0 

8 13 20 

7 56 4) 

7 52 40 

8 45 30 

9 16 10 

9 7 40 

9 39 30 

9 31 40 

8 59 10 

Longltudc. 

. . 

0 3 I 

81) 0 10 

80 12 l o  

80 33 10 

80 33 40 

81 1 40 

80 17 211 

80 24 W 

80 21 60 

80 16 0 

80 23 10 

80 49 60 

81 14 10 

80 64 0 

81 0 10 

80 39 20 

80 30 20 

80 48 60 

80 27 0 

80 0 $0 

80 24 20 

19 54 30 

8 34 50 

8 1 4 0  

7 34 20 

7 12 30 

7 17 40 

6 67 40 

6 46 0 

6 25 6o 

6 13 10 

6 61 bO 

7 9 30 

7 42 30 

6 62 30 

7 7 60 

7 24 60 

79 55 0 

79 49 0 

79 46 60 

79 48 2" 

80 37 40 

60 46 20 

80 67 60 

a1 8 10 

e l  20 50 

81 PI SO 

81 14 10 

81 42 .M) 

111 60 90 

81 62 10 

81 60 4.0 

81 94 60 

81 21 20 

1993 Knlkuda . 7 66 20 

1394 Mabe O Y ~  . 7 3a o I 
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0 1 . ~  STATIONS RE-OBSERVED. 

dbslrnct rhowing  gpror inrabe  tnngrelt'c vnl i les  nl stat iows obssrued at by No. 18 P a r t y  duriwg 
season 1912-13-continued. 

b' 

FIELD STATIONS-co?telwded. 

- 

i G  , J111Itiin (a) . 
81 Leln Miisn . 
SS , lihniriibed . 
69 Jnud 

95 Rhcwin . 
100 I'atl~iinkot . 
103 Dshtinlt Road 

1 

110 ltolo. . 
11C Jaq1111nn . 
119 Pindwiirn ( 0 )  

121 Iil~iingtn . 
127 Siiiotgnrl~ . 
136 I<hnnnngnr . 
147 V~*rivnl . 
156 .lao~s . , 

1GO B l ~ n d n l  . 
l a  .lnl~lllr 

7.Lj l)n1,11i.1 . 

1164 ('I~iLiii . 

- 
Serlal ' N ~ .  NAME om S ~ r r r o a .  

-- i -  . 

I 
1906 , Keki~nan . . 
1396 I Nnlnndn . . 
13s: ' Sagrtrnoe . . 

I 

1398 8 Colnmho . . 
1399 Sargodhr . . 
1400 Sillnnw,~li . . 
l.Y)l .Ilinng?tInghi~on . 

1 

Deol~nstlon. 

0 I 

W. 1 60 

,, 2 3 

., 2 0 

,, 1 46 

E. 3 I1 

,, 3 12 

,, 2 58 

I 
I~alilude. / Lonyiludc. I DIP. Hg::ztnl 

03836 

-3831 

'3830 

'3803 

.31!r9 

-3226 

-- 

' i 0  ' ' I  

8 2 10 89 36 20 

7 40 10 1 80 38 29 

7 18 0 80 61 20 

I 6 54 80 , 79 52 20 

32 I; 0 1 72 38 30 

31 49 40 72 30 $0 

31 16 30 72 19 30 

4 

" R , ~ ~ ~ , ,  - 

2 a . 2 0 

4 as$ .. : E 
We f 

0 I 

S. 1 20 

,, 2 13 

.. 3 6 

,, 4 32 

N 48 48 

,, 46 26 

,, 46 2-1, 
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dbsi/.act ehoming a p p r o ~ i m a l e  magnetic va.luea at  stutiona observed ot by No. 18 Par/y 

* dibring ~eaaon  1912-13-continued. 

Longitude. N I M X  0s U T A T I ~ ~ .  Dip. 

--- - - 

0 I 

N. 25 33 

,, 25 7 

, 2 7 

,, 25 32 

,, 2G 6 

,, 25 42 

,, 2G 22 

,, 25 47 

, 2 12 

,, 2G 8 

,. 26 32 

,,_ 25 68 

+ 
0 
L1 
EO 

E 
f 
J 
c 
2 a 
$ 

W 

f 
-3 5 
111 .- 

Z 

Lnlitodr. 

I 
24 36 33 

24 49 50 

30 11 62 

29 23 27 

33 35 16 

27 13 27 

12 6:) 36 

I 

I 1  

111 

1V 

- V 
vl 

'YII 

B ~ ~ u r a .  

4 

#' s 
a0 
z 
i 
a 
8 
"2 .- 
(Y 

m 
03 .- 
31 

Drclinntlou. 

0 I 

E. 0 8 

,, 0 11 

,, 0 9 

, 0 13 

,, 0 l i  

\V. 0 21 

E. 0 7 

, 0 a0 

,, 0 20 

,, G 41 

,, 0 33 

,, 0 8 

- 

360D 

361D 

36.21) 

363D 

364D 

3G5D 

3661) 

Udaiplrr . . 
Icnr5clii . . 
Qnetls . . 
Buhi ina lp t~r  . 
Ri\\rnlpindi . . 
Bh:rlutpur . . 
B n ~ ~ g n l o r e  . . 

Horizon(e' Forco. 

C. 0. 8. 

0.3731 

-3731 

9097 

.3754 

.3726 

9665 

'3688 

'3748 

.37U 

.3722 

3682 

-3697 

WBn . . . 
Punwat . . 
Keyar . . 
W ~ ~ d h o n a  . 
P6ndharkawrrds . 
Dori (Pa tan)  . 
Snorgaon . . 

-- 

1 0  I 

U) 2 20 78 67 20 

VIll  

I x  

X 

X I  

3672) 

368D 

369D 

310D 

371D 

19 57 20 

19 64 0 

19 68 30 

0'3526 

3451 

-3218 

'3306 

'310.L 

,345 1 

,3834 
I 

L)hi~.\viir . . 16 27 2,; 

Porbandar , . 1 11 30 20 

Fyzibitd , . bti 47 27 

I Surnbnlp~n . . 1 21 28 3 

73 41 57 1 N. 3.1 34 : E. 1 13 ' 
67 2 2 1  ., 34 56 1 .. I 39 

67 0 20 1 ,, 43 43 1 ,. S 0 
I 

71 LO 37 ., 42 17 I ,. 2 46 
I 

73 3 ci : !, 48 49 1 ,, 3 38 

79 3 0 

7e 64 10 

78 45 40 

9776 

.a598 

.3632 

,3741 

.3576 

9669 

'3800 

I i 
XI11 l)nrjetling . 
X I v ( i a y i i  . . 

i 
X V  / Sceu~~dcrn.bircl 

I i 17 2'7 11 

Xk'I ' Bl~on~\v:rl  . . ; 21 Y 46 
! 

1 J l l h l l p o r ~  , . i 11 8 17 
I I 

XVlIl Tnvoy . 1 14 4 60 
I 

XIX 1 L n n h i ~  . . 2'2 66 47 
I 

XX A .  . . 20 7 53 
i 

46 ' lluI< . lunr t io~:  I 27 48 20 
i 

71 ' Lahore 50 

88 l'enhiiwn,r , . 1 34 0 40 

9'2 Ki in l inn  . . 31 27 30 

i 7  29 28 

7.i 69 35 1 ,, 15 59 

Siiyntkhn~ da  . 
' I 20 1 30 

K u r h ~ d  . 20 8 0 
I 

3Iiihiigoo11 (ICasba) 20 13 10 
I 

Ladkhed . . 20 20 40 

Darwhe . . 20 18 30 

,, 0 31 

78 16 SO 

78 10 40 

, 77 64 20 

77 54 40 

77 46 0 

20 1 30 1 78 33 0 

,, 39 21 

76 .A7 I N  ,, 27 40 E. 9684 

79 66 44 I ,, 31 39 I ,, 0 43 .3660 

19 51 60 

19 54 60 

,, 1 44 

77 35 68 , ,, 10 21 

69 37 ci , 29 2 6. 1 7 

HY 7 40 1 ,, 38 28 ,, 1 24 

I 

98 12 30 1 ,, 12 16 ,, 0 9 
! 

97 J.4 4 0 :  ,, 31 22 , 0 21 
i 

01 63 18 ; ,, 25 26 ,, 0 19 
i 

68 38 20 , ,, 40 0 ,, 2 3 
I 

74 18 50 ,, 46 31 , a a 
I I 

78 34 20 

78 26 20 

W. 1 1 

83 58 24 1 ,, 28 22 
i 

.3981 

'3784 

.3852 

'3344 

.3200 

,, 0 23 

il :is 40 1 ,, 40 19 : ,, 3 46 -3073 

71 28 20 ,, 18  1 ; ,. S 24 ( ,3092 
! 

88 16 .7!) 1 ,, 38 49 ,, 1 11 
I I 

84 68 641 ,. 34 4 8  ., 0 44 

78 ..I-) 16 ,, 20 40 ' W. 0 1 
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Abatracl shoroirg approritnate rntrg?ielie v o / ~ l c s  at statiows observed 111 by NO. 18 Par t9  derilrg 

season 1912- 13-coucluded. d 

- 

105 

122 

130 

134 

139 

li'! 

l i 6  

4 

Nrua or BTATION. 

- 

sRchin . . 
~iknncr  . . 
Ajn~er . . 
Jlirpur Khiia 

Yinm;iita . 
Dlrond . . 
ltot,gi , . 

Latitndc. 

- 
" 

21 4 40 

28 0 40 

26 27 30 

26 31 90 

23 8 10 

18 28 0 

17 33 40 

15 10 20 

13 6 40 

13 35 60 

16 49 10 

20 14 -10 

28 40 20 

29 3s 10 

8 44 0 

10 06 40 

19 16 20 

16 3! 0 

25 3 10 

25 23 10 

181 I Ountaknl . . 

REPEAT S ' L . A T J O N S - C O I ~ C ~ ~ ~ ( / ~ ~ ,  

187 

207 , 
1 

qf3 

132 

Lcllpiludc. 

-- 

Prran~biir . . 
Biriir . . . 
h i  . . . , 
31unlnid . . 
Delhi . . 

Dip. 

P --- 

30 40 

41 1 

38 31 

36 46 

083 1 Siran . , . 

2.1 47 0 , 85 66 60 

28 19 60 ! 81 7 50 
I 

26 48 60 R4 31 30 

chsnge. diurnal 

areenwiab. 

,, 0 38 

,. 1 48 

,, 1 22 

,. 1 14 

,, 1 3 

, 0 38 

,, 1 27 

,, 2 6 

W. 0 69 

E. 0 17 

,, n 24 

,, 0 7 

,. 0 30 

,, 0 18 

,, 1 46 

nnourreoted 
valnea only. 

the rdoe 80' 14' 

928 ( a )  

337 

375 

384 

26 6 30 

24 10 

'3745 

'3451 

'36.1.9 

.3624 

,3372 

3680 

.35.34 

.33i9 

-3827 

.3746 

.3720 

.3663 

'3760 

.3821 

'3436 

for seonlsr 

Sf East from 

" ' I  
72 52 40 27 69 

Tinnevelly . . 
Tn~ijore . . 
Pnrbhani . . 
Bezwrdn . . 

76 30 30 

6 0 7 8  11 

I 
33 32 

22 42 10 ; 76 62 40 31 12 

- 
R~urexa, noelinntion, 

73 18 50 

70 38 30 

69 O -10 

483 I Jliinikpur . . 
,199 13Iocghyr . . 

I 

30 Sini . . . 
518 j IIntarnian Gbi t  . 
630 Bettiah . . 
614 1 E i n n  . . 
5 O j ( E i n a  . . . 

I 
667 1 lndore . . 

673 : Cnwopore . . 
598 , Kithgod~m . . 

I 

710 I Cumbarn . . 
746 I Chrnda . . 
765 h i p u r  . . 

1 

779 Amraoti . . 
I 871 h k s h e m  . . 
I 

861 , llandalay (b) . 
1338 !Barme. . . 

Nors.-Tbe above ralnes 
q-lim, instrmenbl diflermces, 

A l l  Lonuitodem am refernble 

\ 

Y 

0 .n 

9 
2 
g 
z7 
C 

$ 
B 
w 

=i 
.cr '5 
m .- 

Huriz~.nlnl 
Force. 

C ,  

E. 'I 16 

,, 1 57 

,, 1 48 

,, 1 61 

,. 0 69 

,, 0 18 

., 0 3 

W. O 36 

,, 0 69 

,, 0 49 

,, 0 13 

E. 1 2 

,, 1 53 

, 2 20 

\V. 1 4 8  

,, 1 32 

E. 0 3.1 

W. 0 26 

E. 1 B 

,, 0 66 

40 32 

37 62 

36 l o  

37 60 

42 38 

16 92 

26 29 

211 22 

27 53 

26 27 0 ' 80 21 0 i 

C. G .  S. 

'3666 

'3386 

.3661 

$441 

'8666 

3716 

-3757 

.38.)7 

'3844 

,3805 

.3iW 

'3648 

.3396 

'3334 

.3797 

3827 

3714 

'3826 

'3692 

'3634 

29 16 20 

15 36 60 

19 57 60 

21 16 60 

40 66 30 

72 3 ' 30 31 49 

74 36 10 22 40 

76 0 20 1 '20 48 
I 

79 32 60 

79 G 41, 

79 17 40 

81 38 211 

77 45 60 

23 16 40 

22 0 10 

26 44 40 

77 22 40 

80 16 0 

, 75 58 10 
I 

74 RY 10 

74 26 20 

77 14 20 

75 2 00 

77 42 30 

79 8 20 

76 46 60 

80 36 50 

81 6 20 

I 86 27 50 

I 

01 7 20 1 31 42 

96 6 0 1 ad 21 

71 26 MI 1 36 41 

' 15 42 

10 47 

11 69 

19 50 

26 1 

41 39 

q 64 

1 5 

4 68 

46 3 

21 66 

36 23 

36 6G 

of Dip, Deolination lrnd Horicontal Force are 
ek . ,  and are to be considered preliminary 

to that of Mndral o ~ I , B ~ v ~ ~ I ) I ~  taken s t  
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VOL. v.] COMPUTING AND TECHNICAL OPb ICES 

, COMPUTING AND TBCEINICAL OFFICES. 

I BY Nn. J .  DBGIIAAFP HUNTER, M. A. 

Towards the and of 1912 it was decided by the Meteorological Department 
to dispense witlr Dell ra Diin as a rneteo1.111ogical station. As the only remaining 
objeat in continuilig ol)serv:ttions was to nccunlulnte data which migIlt be 
useful for Survey purposes, a change in programme was mad(+ beginning from 

Jnnuclr~ lst,  1913. Observatio~ls are ])ow taken a t  2 P.M. (standard time) 
instead of a t  1 0  A.M. and 4 P.M. (local time) as was formerly done: aud 
silnultane~us observarious have been carried out, by kind consent of tile 
Superintendent, Northern Circle, in his office a t  Mussoorie, I t  is hoped that 
these simultaneous readings will thro~v light on terrestrial refraction and its 
annual chauge. 

The presei~t seems a suitable time for publishing the results obtained 
previous to the time of change of programme. 

The Omori Seismograpll has now been in good working order a t  Dohra 
since July 1912. A statement of the earthquakes recorded by it with the 
distance of the epicentre iu each case when this could be satisfactorily deduced 
is given in the Ti11)le I. This is followed by two Tables (11 aud 111) dealing 
with Solar Pholograpliy a t  Dehra Dan. Tables I V  and V give data regarding 
wind velocity. The velocity is given by the number of miles of wind which 
pass per hour. I n  Table V I  the records of the underground thermometers are 
qiven. These readings of wind velocity and undergrouud temperature have 
now been discontinued. Tablu VII gives soine meteorological records obtained 
at Dehfra year l )y  year ffroln 1899-00 to '1910-11. 

TABLE I. 

Seismograph Records l l r k e ~ ~  n t  DeAra U ~ I L ,  1912-13. 

So. Dntc. 

1 17th July 1912 . 
i 

Durntion. 

Di*innt elluck of medium iu.. 1 l6 1 teuUt)-. 

6 

2 

0 I 3 Slight loenl d o c k .  

00 

00 

Rcycntetl sLock8 of grent io- 
tellsity. 

Slllall. 
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TABLE I-concld. 

t 

Seismograph Records taken al B e l r u  DGa, 1912-13-concld. 

Solar Photography. 

Shozui7~g the nlui~lber atld ( ha1act.r ot' Negatives. 

KO. 

-- 

1 6  

16 

1 7  

18 

19 

u 

Dnlo. 

- -- 

11th Much 191 i 

14th ,, ,, . 
"28th . ,, . 

9th April 1913 . , 

14th ,, ,, . . 

Visible. Absent. 

20 

a1 

NUMDER OF DAYS. 
. - 

BBYAIIB. rnent. 
(Btondmrd time) 

-- 

XUJIUlSll OY NEGATIVES, 
- - -. - - -- 

'PI' Durntlon. 
(hl~loa) 

-- 

16th ,, ,, . 
26th ,, , . . I 1 23 

YIA.. 

400 34 

34 

hrs. 

0 

14  

22 

11 

1 3  

1 3  

2 3  30th ,, ,, . 
24 26th June 1913 . 45 5 

25 27th ,, ,, . 

I 
33 

I 

FAILUIB~. SOLAP P ~ E N O M E N I .  
~ - - - ---- 

' TOTAL. 
N h e n  

Nor..-" t " iodlcstes tha t  the  dlstancea could not bc mrnuu-ed n. tlie ~ h n n g c s  in the  ohurnctcr of the  tremors were Ill-dc0ncd. 

200 

3,500 

350 

250 

7 

mts. 

38.5 

23.5 

42 

3.5 

22 

2 9  

i 1 %,"d From Fr?m 
/ wrre bnd 

ta tso .  wra- 1%:; 2 1 - - - . - -- 
Lher. I 8,. 1 2  a 

C 
a--- ~ ---- 

1888.10QO . .  303 82 ... 306 207 2 ... ... 2'30 ... 0 ... ... 
1-1W1 . . 308 66 2 385 I ? i  0 . ... 922 . . .  1 ... 1901.18e) . .  ) 314 48 2 306 1:lo . . . . .  ... 1CL 1 ... 260 ... / ... 1m.1- . .  I 288 88 ... 31i6 2b3 ? 10 123 1 ... 82 ... 
l ~ b ] @ M  . .  I 301 81 ... 300 ,166 111 .. . . . . . . . . .  
1~1a  . .  313 62 ... 5 6 IH .. . . . . . . . . .  
I-1rn . .  I 309 a ... 3n6 liH I XI . 1 . . . , ,  ; , 478 

l m l a 1 7  . 920 38 ... 30.5 5118 30 ... 30 3 . . . . . . .  638 44 
1 I I 

1m.IBU) . .  340 20 ... I 1 ,  G 1 2 ... ... 6 W  8 

... 1 w 1 m  . . .  330 20 385 io .. / 21 ... ... 1680 18 

. ,.. . ... ... 
191&1011 . . ' 528 21 . 1 2 9  10 W 1 ;  677 96 

1911-19:L . . ' 938 : O i e 4 9  643 
I I - - 

0 

1 

7 1  4 

100 

21et ,, ,, . 10 / 33 
I 

hr*. 

0 

1 

0 

0 

0 

1 

00 

60 

6 

6 

2 

0 

7 

3 

2 

3,8('0 

1 C O  

6,300 

200 

100 

100 
;i 2 1  5 23rd Septemb~r 1913 

31 ' \  3 '  

Slight local shock. 

Medium. 

Great. 

Local shock of moderato rn- 
tensity. 

Medium. 

Slight local shock. 

Distant ehock of great in- 
tensity. 

Local shock of modelate in- 
tensity. 

Slight local shack. 

Slight. 

12 

60 

1 

0 

2 

0 

0 

0 

Slight. 

Medium. 

1uO. 

60 

G 

6 

38 

Great. 

Slight. 

Slight. 

Small. 
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BECOR1)S O F  THE SURVEY OF INDIA, 1812-13, 

Wind Velocity. 

TABLE IV. 4 

Mean P'elocity is ntiles 01' tile winds at DeRra D ~ I L  during the twelve years 1599-1911, 
f o r  each month of the year. 

TABLE V. 

* 
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1 0 0 1 4 2 . .  . . 
1 m . m  . . . 
1gWOi . . . 
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each hour of the day. 
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TABLE VI .  

,Mean Xon th ly  R e a d i y s  ofelarlh thermometers, taken a t  the Ofice oJ the T r i g o ~ ~ o t n e t r i ~ a l  
Survey, Dehra D i n .  
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Y e o l r  Mcuthly Readillga of earth tlrertnometers, taken a t  the Opce o f  the Trigononetrical 
S~uvey, Dehra Diin-wncld. 4 
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RECORDS OF TIiE SI!BVEY OF INDIA,  1912-13. [VOL. v. 



NOTE. 

In reply to Mr. Hayden's paper on the relationship ot the Himi- 
layas to the Indo=Oangetic Plain and the Indian Peninsula. 

To the K>ecords of the Geological Survey of India, Vol. XLIII, Part, 2, 
Mr. Haydell contributes a paper on tlie rclatiouship of the Himalaya lo the 
Iodo-Gangctic Plain and the Indian Yeuinsula. This paper begins with a 
study of the geological features of Ihe outer Himalayan Ranges and then 
procecds to discuss tlic theory put foward by Colonel Burrard in  Profe5sional 
Paper No. 12 of the Survey of India, to ncconnt for the results of the Geodetic 
01)scrvatiorrs inade in the Indo-Gangctic Plain, and a t  stations situated in the 
Hiina.Iayn. 

Mr. Haydt:u endcm-ours to show tliat thesc results are not inconsistent 
with the tl~aory of Isostasy which hn,s 1)eon ljroverl by JiIr. J. F. LJayforci to 
account, mitli a co~isidcml~lc degree of complt:t,cness, for the deflect'ions of the 
~luulb-line and a1)norrnalitics of gravity t,hal linvc 11crn observed in  t.ho United 
States of America. 

I n  his discussion hlr. 1Iayde.11 lllalic~ use of (la'ta supplied to him by the 
Trigo~lo~nctricnl 'Survey aitd llc acltno\vlcdgcs liis indebtedness for tlie figures 
sul~~lierl  with so 11lual1 courtesy as almo!:t to givc the iinpression that he was 
worki.11g ill c o - o p m t , i o ~ ~  wit11 the Trigor~omcCrical Survey Office, whence it 
might perhaps be inferred tlla,t, his reasoning was nccept,ed in that office. Tllis, 
howover, is 1101; tl)e casr, aurl it is necessary to point out clea,rly t,hat his conclu- 
sions aro in  t,he opi~lion oC the prcsei~t. ~vrit.cr based on a misconception of the 
tllcory of Isost,asy as a whole, nlltl that, c~~t? i l  iC thc theory could be so modified 
as to makc i t  a,grce ~vitll tile idea tliat hc scbclns i o liave formed, nevertheless the 
rcsults that 1le pnt,s i'orwartl, as a l)ossil~le cxplaliatioil of the observed deflec- 
t,ions of t,ho 1)lurnh-lint:, are ~nutonlly dost,ructive and do not rest on any con- 
sistent t,hoory of thc distributioli of nlwttcr iu tllc earth's crust. 

To I~cgin ~vitli tho t,l~cory of Isostasy ns a wllolc. On pngc 161 Mr. Hayden 
mys--" If t l ~ c  contlitio~ls of c.quilihriuun in India are different from those in 
Arncriea l$ere is no valirl rcl:tson lor t,ho tacit. ~ S S U I ~  ptioll that,, iu a het,erogene- 
ous 1)otly lilic t,hc cartll, isostatic coml~c~is;~tion will occur a t  the same depth 
everywhere." Now on page 145 &[I.. ITnydcu cluotcs Mr. Hagford's definition 
of tllc dclbt11 of compcnsat,ion ; i t  runs as Follo\rs : - " Lct tlie depth within 
wllicl~ thc isostatic comptms:l,tion is complete be cnllcd the depth of compensa- 
tioll. A t  ant1 helow tlc1,th tllc conditions as t.o sl,ress of any eleinellt of 
lllnss is isostnt.ic; that is, any elemeat of rnass is subject to equal pressure 
from all tlirect.ions as if it wcrc a port,ion of a perfect fluid." By this dcfini- 
t'ion, sincc there is no tendency for a particle situated in  tho surface of 
colnpcnsntiol~ to lnove in ally direction, that surface is a level or equipoten- 
tin1 surface ; also since all elements of mass " at and below" this surface 
al-c in a condition of hydrostatic cq11ilihrium it  follo\vs cither that the density 

L 



162 ItECOI1L)S OF TIIE S U R V g Y  OF INDIA, 1912-13. [V'L. v. 
of all mnthr below this surface is uniform or that the matter is arranSed 
in  concentric layers of uniforl~i density, tlie density being everynllere tile szlie 
function of thc depth below the surface of compensation. The forrn of a rots. 
ting mass of such n struch~re is an ellipsoid of revolution, and we tllus see tllat 
the snrface of compe~isation innst be of this form and that tl~ereforc its depth 
below the surface of the sea, nclglectinp the small effects of tlic slight tlissimi. 
larities of ellipsoids a t  different lncsln distances f r o ~ n  the earrh's centre, is ileces. 
sarily invariable. 

If rt, calculatioi~ si~nilar to that ~nadc  hy Mr. Hayford for the United 
Stbtcs, mcre niade for India, and lccl to a significantly different depth of corn- 
pensation, the inevitable conclusion woulcl be t l ~ a t  thc theory oE Isostasy 
not in reality rcpresent the distribution of inass in  the earth's crust, aud t,llat 
Mr. Hayforcl solution had mrrzly intlicatcd that depth which ~nacle the I)est of 

a wrong hypotl~csis ; just as part of' a crlrvc drawn according to one law inay, 
by n suilablc niljustment of tllc  constant^, be inacle to fit fairly well to 11 

iluml~er of points plottcd nccordii~q to some other law, especially when thc plot- 
ting is not very precise and tlie points only represent a small part of tlie corn- 
plete curve. W e  are therefore obligcd to deny Mr. Hayden's statement and 
to assert that tlicre is a valid reason for rejecting the idea of different depths 
of compensation For India ant1 tlie United States of America. 

Even, howeyer, if i t  werib possible for tlie depth of co~npcnsation to vary 
from one part of' the earth to anokher, Mr. Hayden makes a quite illegitimate 
use of t l ~ e  frectlo-11 11e allows IiimsclF in this respect. Before qoing further it 
may be well to ?ire a n  ontlinc or the method by which the deflection of the 
plumb-line a t  any place is calci~latctl from t l ~ e  topography of the snrrountling 
country. 

Contoured maps of the coiilltry Iinvinq Iwen procured, circles arc dmwn on 
them with the plscc of o1)servntioll as ccntre. The first circle has a radius of 
only a fern yard.; I)ut tho ratlii ilicrcnsc rapidly and for a completc investign- 
tion tlie outcr circlc mu\t hnvc n retlius of over 2,0( 0 miles. Thesc circlcs are 
div~decl up into comp:~rtmcnts 1)g mclinl lines according to certain rules, tllc 
illcrensc of the radii aud t l ~ c  tlivision of t!ie circles into compmtmc~~ts  I~cinq SO 

contrived t l ~ a t  if tlie mean lleight nl)ove sea-level of any cornpart~ucnt is 
100 fcct, the nttractioii it exerts on n ~~lnrnl,-line suspended at tllc centre nil1 
be 0".01. It is to he ol)ser\-ecl that 100 feet of lieigl~t abore ses-levtbl in 
any compnrtinclnt has tlic snlnc effcct on the plumb-linc, no lnntter wl~ere 
the com1)nrtnlent may I)c sitr~nlerl, so that all compart,ments have equal 
importance. 

Thc first part ~ , f  the proces* consiqts of estimating the hcight of encli corn. 
llmtment and recordirlg i t  ; this 1)ciiig done, to 01)tain the cleflcction that wonlrl 

Iro111 thc topography if there n-erc no iaostntic conlpensatioll, all that is 
necc'sarg is to take out t l ~ c  al:.cl~rair sum of all tllc quantities so rcco1tlct1,- 
positive for hill m a w s  to tllr soutli, negative for those to the nortli, ant1 I\ it11 
signs reversed for nyat ive  I~cigl~ts, i.e., depths helow sea-lcvel, an nllowancc 
being made for th~: presence of t l ~ c  sea-\\ atcr. 

To ol~tain rlie cffect of iqostatic compensation n-e must rel1lri-t to thc Corn- 

partmc~lts and ~nultiply tho rerordc d lieiglit of each by a factor appropriatcl to 
the assumed depth of cornpeo~ation. The algebraic sum of thc products 
obfo ind  is thc clefledion \\hicll (lie torography and its cornpel~ratioll arQ 
together compctcnt to prcducc if the theory of Isostasy holds good. 
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I n  making this calculation all the topography within 2,000 miles of the 
sfation is taken into acoount, so that, even if a variation in the depth of com- 
pnsafion vere possible, when once a Iepth has been adopted in  the investiga- 
tion of the deflection a t  any station, this depth cannot be departed from in  tlie 
investigation of the deflection a t  any other station situated within a distance of 
2,000 miles of the first, without irvolving us in  a n  inconsistency ; for it is 
clearly inadinissible to suppose that tlierc are two clepths of compensation 
underlying the same area. 

Turning again to Mr. Hayden's paper tlie following passage is fo1111d on 
page 167.--" Table 3 shows the deflection along certain lines including somd of 
those selected by Colonel Burrard. T have uot, howcver, restricted iilysclf to a 
depth of 113.7 ltm., but give figiwcs also for 329.8 km. The result is ins18ruc- 
tivc in that i t  indicates a possibility, not I t l i i ~ ~ k  hitherto considered, that the 
depth of compensation under the Hiinnlaya inay be cliffel.ent from that under 
tlic rest of Inclia, for it will be noticed that i f  thesc depths be assumed to be 
329.8 km. and 113.7 km. respectively, the calculated difference of deflection 
is in four cases out of five almost exactly the same as the ol~scr\red differ- 
ence." 

But in viow of what has been said al~ove i t  will be scen that tliis apparent 
agreement has no significsncc, for if 113.7 km. is the depth of coinpcnsation 
for the stations in the plains, that milst also he the depth for the Himdayan 
stalions, for the latter arc not as a rule morc than 100 iililes distant from the 
former. The two calculations are based on incompatible ass~iinptions and the 
rcsults obtained cannot be usccl in support of any theory. 

It would bc possible to al)ply factors cort.esy)onding to diffcrcnt depths of 
co~n~)ensation to the various compartments iuto mhicll tlie zones \urrou~ldinq 
tho stations were divided in tlie nualy.;is of tlie topogrnl~l~y, a~ltl so to 1)aild up 
va111cs for the tlcflections a t  the statioils on an ass~linption of a sort of $loping 
floor O F  colnpensation, but this would hc quite inconsistcut wit11 Mr. IInyfortl's 
theory of Iqostnsy, nncl to nmke such a calculation except in nccortl~~l~cc with 
some dcfinite ant1 rcasonnble tlirory would IIC waste of time 

011 pagc 1 6 1  Mr. Hayclen says, " IF, lastly, we a\suine that coml~lctc conl- 
pc.nsntion takes plnccl a t  the stirface t1irc)~rghout thcl whole nrcn to the south of 
the H i ~ r ~ i l a y a  thc mean residual . . . . amounts to only OV.6L. Tl~is is no 
doubt an  irnprobablc solution . . . . ? I  

It is Inorc than improl)able, i t  is quite iml~ossible. I t  mcaus that the 
wholc of the ~nat tcr  above scn-levcl has no dcnsity a t  a11 and is incapn1)lc of 
mertinp any :I ttraction. 

Thc fact that tlic a1g~l)rnic suni of t l ~ c  rcsid\~als ovcr this arcn is sinnll is 
fortuitous and has very littlc signilicn11c.c. I'llc siilnllncss of tllc algebraic illcan 
of tlic rcsidunls i s  110 cri terio~~ of tllc tl-utli of tlic i~ypothesis on which the 
cnlci~lations llnvc l)c.cn 1)ascd : thc true criterion is the smnllncss of tllc smn 
or t l ~ c  squares of tlic resitlu 11s Iu Profcssioiinl Paper No. 13 tlie algebraic 
rncanq or tlic residuals found in t l ~ c  sc~vcrnl rcqions into which Intlin was tlividcd 
by Colonel Burrnrtl,* \lrt\rc lcgitimatcly used l)y Major Crostli~vait ; for the 
olljcct in view was to av.-crtni~~ whether when thc deflections arc calculated 
nccordillg to Mr. Hayfort19s I~ypotlicsis tliera is any tclltlency for a l~ersisteuce 
of siqn to occur. If no such te~idcncy had hccll fount1 it wonld hnve bec.11 
evidellce t l i~ t  Mr. Llnyford's tlicory had accountccl for tllc peculiarities mliicli 
hncl lpd Colonel Burrard to divide t l ~ c  country into rcgioils cacli with its spccial 

Vol. X V I l I  of tllr A c c n ~ r ~ l l  o l  the Oprrntio~~n o f  tho 0. T. Gurvey. 
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characteristic. It was found, however, bhat there was a very strong tendency 
to persistence of sign, as the following figures show :- 

. 
Re~ion No. 1, 6 residuals. 

2, 4 ,, 
3, 10 ,, 
4, 6 ,, 
5, 21  ,, 
7, 23 
8, 17 ,, 

b 9, 14 ,, 

All negative . 
2 positive, 2 negative . 
All yositivc . 
All positivc . . 
18 positive, 1 neqative, 2 zero. 

20 negative, 2 positive, 1 zero 
1 2  negative, 3 positive, 2 zero. 
8 positive, 4 negatire, 2 zero 

L 

Mean -1 6 
- 2 
+ s: 
+ 5 
-I- 4 
- 3 
- 2 
+ 1 

The persistence of sign in the several regions is extremely remarkable :ind 
shams that t . 1 ~  peculiarities of the region3 are real and not to he explained by 
any general assumption of isostatic com!iensat,ion. 
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ACCOUNT O F  T H E  OPERATION8 OF T H E  G R E A T  TRIGONOMETRICAL SURVEY O F  INQIA. 

Obtainable from the  Superintendeut of t h e  Trigonometrical Survey, Dehra Den, 'U. P. 

Pv ice  Rupees  10 -8per  volu~ne,  except iuhere othertcise stated. 

I. The Standards of RIeasurc and the Base-Lines, also all Introductory Account of the early Operations of the 
Survey, during the period of 1t)UO-1830. B,y  Colo~rel J. T. TValker,  R.E., F.R.S., elc., elc., Superintcn- 
dent of the Suraey. Dehra D i n .  1870 (out of print). 

11. History and General Desrriptiol~ of the Principal Trinngnlatiolr, and of its Reduction. By Colonel J. 1'. 
W a l k e r ,  C.B., R.E., F.R.S., etr., etc., Surueyo~.  General  o f  I n d i a  a n d  Superintendent of the Suruey ,  and 
his Assistaats.  Dehra D i n ,  1879 (oat of print). 

111. The Principal Trinllgnlation, the Base-Line Pigorcs, the  Knrfichi Lor .gi t~~dinnl ,  N. W. Himnl&ya, and the 
Great lndus  Sorios of the  North-West Qu:rdrilatc~al. B y  Coloncl J .  T. Walkel. ,  R.E., F . R . ~ . ,  etc., etc., 
Supei.intendcnt of the  l'rigononretriral S ~ t r c c y ,  and his  A s s i . ~ l u ~ ~ t s .  Dchln D i n ,  1873 (out of print). 

IV. The Prilrcip:~l Trinrigulntion, the Great Arc-Section 2P-30°, Rnhiln, Gurt1.igm.h and Jogi-Tila Jloridional 
Series and the Sutlej Series of the Nol.tlr-West Qnadrilate~.:rl. B.y e l o ~ r t l  J. T. W a l k e r ,  R . E . ,  F.R.S., 
etr., etc., Sriperi~ztendent o f  the Trigonomefricnl Sro-l)r,y, anad his Ass ts lanfs .  Dehra Dill ,  1876. 

IVA.  General Description of t he  Principal Tri:rngnlntion of tho Jodhp01.e and the Eastorn Sind hle~idionrl 
S e ~ i e s  of the  Nol.th-West Qundril:lteral, with the  Dtt;lils of their Reduction and the Final 
Results. Prrpared  i n  the Ogicc of the T r i , q o ~ ~ o ~ ~ ~ e t ~ . i c o l  B~ .anch ,  Sro.ue.y of I nd ia ,  Colonel C. T. 
H a i g ,  R.B., Oflciating Deprrty Srcraryo~* G e n c ~ - n l  i n  c h n ~ . , ~ ~ ,  and  published tcnderthe orders o f  
Colo~rel G. C. DePi-Lee, S.C., Surceyor  General  of In t l in .  Dehra DBII, 1866. 

V. Details of tho Pendulum Operations by Captains J. P .  Eascvi, R.E., and 'N. J. Hcaviside, R.E., 
and of their Reduction. Prepared under the  i l i r cc t i o~~s  of  ~ i a i o v - G e n e r a l  J. T. IValker,  C.B.. 
R.E., F.R.S.,  efc., etc., Strrueyor Ge~rcr~nl  clf I n d i a  and  S t t po~ 'n l t nden t  o f  the T~.igonometrical 
Srrrvey. Dehra DBn and Calcutta, 1879. 

VJ. The Principal 'Triangulation of tire South-East Quadrilateral, including the  Great Arc-Section 
18" to  ?do, the Eas t  Coast Se~ ie s ,  the C:~lcutta and the Bider Lollgitudinal Sories, thu Jabi~lpur  
and thc Bilfispur Meridion21 Series. and the  dct:~ils of their Simrlltancorls Rcduction. Prepared 
ttnder the  directions o f  ,Lffljur-Gene~.al J. T. W a l k e r ,  C.B., R.E., F.R.S . ,  efc., rlc., Sarueyor  
G e n r r ~ t l  o f  I n d i a  and  S r ~ p e ~ - i n f e ~ ~ t l e r ~ t  o f  the Trigononretrical Srrrucy. Dehva D i n ,  1'880 
(out of print). 

V I I .  General Dcscription o f  t he  Prilrcipal T r i a ~ i ~ a l a t i o n  of the Nolth-East Q~ladrilnteral, ilrcludil~g the  
Silnaltaneous Reduction and the  Details of five of t he  component Series, the Nol.lt~-E:ist Longi- 
tudinal, t he  Rudhon Neridionnl, tho R ~ n g i r  3Ieridionnl, the Amun Yeridiorral, and the Kariua 
Meridionnl. P r e p a ~ - r d  ~ijrdr,. the direclions of Lieutenant-Genera1 .I. T. W a l k e r ,  C.B., R.E.. 
F.R.S . ,  el,.., rlc., Sur"eyur Ge~rr ra l  of I n d i a  and Srcperintrndent of the  Trigonometrical Suroy .  
Dehra D i n ,  1882. 

V I I I .  Details of the Principal Trinli~ulntion of clevclr of tho component Series of the North-East Quadri- 
lntcrnl, incloding tho following Pories ; the Gtu.mHni Aleridional, the Gora Neridional, t ho  
Hu~i l r iong $leridional, tllc Chendwfir Jleridionnl, N o ~ t h  PA~asnAth Mi~eridionnl, the  No l th  
Malinchn lvle~idionnl, tho Cnlcutta Rleridionnl, the Enst Calcutta Longitodinnl, the Brahrnapitra 
Meridionnl, the  Enatern Frontier-Section 23" to 2C0, and the As>nm Longitudin;~l. P~nepnred 
under  t he  d i ~ e e f i o n s  of L i r ~ r t r n a ~ ~ t - C r ~ ~ r e , . n l  J. T. Wnlkc l s ,  C.B., R.E., F.R.S.,  etc., etc., Surue.~or 
General  o f  I n d i a  and  SuprrintinJe111 o f t h e  Tri~gononrefrical Sltruey. D c h ~ a  Diin, 1882. 

IX- E l e ~ t r o - T e l e ~ r a p ~ ~ i c  Longitode Operatians execotrd dnring the  years 1875-77 and 1880-81, by 
Lieutenant-Colonel W. 81. Cnmpbcll, R.E., ~ l l d  8Injor \'i'. J. Ilenviside, R.E. Prepared under  the 
directio~rs of L in t~enan t -Genera l  J. T. T a l k e r ,  C.B. ,  R E . ,  F .R .S . ,  ctc., etc., S11rue.yor G e n e r d  
of I n d i a  and  Superinlendeat o f  t h e  Trigonometricrrl Stiruey. Dellrn D i n ,  1883. 

X. E l ~ ~ t ~ o - T e l e g r a ~ h i c  Longitode Orerations exrcoted dorillg the ymrs 1881-9". 188%8P, and 1683-88, by 
Major G. Strnhan, B.E., nnd hltrjor \V. J. Henviside. R.E. Prepared tinder the rlirertions of 
Colonc! C. T. H a i g ,  R.E., Deptit  Sarucyor Qr~rr~ .n l ,  I ' r i gono~ne f~~ ica l  Branch ,  and  prtLlishrd undrl.  
the orders if ~o lu ; i c l  8. R. ~ l ' h s i j i e r ,  R.E., S u ~ - ~ ' e y o r  General o f  Inrlia. Debra I)Bn, 1887. 

XI .  Astronc~rnic~~l Observ~ltionn for Ilatitodc mndo (Inring tho period 1805 to 1R85, with a General 
Dc.scription of the  Oporntions nntl Final Rcsoltp. Prepflj.rrl u n d e ~ .  the  dircrtions of Zieutenanr- 
Coloael C .  S l rahan ,  R.E., Depa f y  Srvr ,eyo~,  Qenei.d,  Trigonomelrical Bvunch ,  and  p u b l i s ~  
~ inde i .  the  orders Colonel B. R. T h u i l l i i r ,  R.E., Sirl.vryor Qentrol  o f  Intlin. Dnhrn Dii11, 1890. 

XI]. General Description of tllo Princiral Trinrigul:~tion of the Soothern Trigon, inclnding tho SimuItano- 
ous Rerlrlctiorr anrl the llctnils of two of tho colnponcllt Series, the Great Arc Meridiolrnl- 
Section 8" to IN", and the  Bornbny Longitudinal. Prrpnred irndcr the  directions o f  Lierrtenant. 
Colonel G .  Slrnhizn, R . E . ,  D r p u f y  Suczryor  General,  T~~ igonornc l~~ icn l  Branrh ,  ond  published 
under  t he  orders of Coloncl 8. R. [I'hrtillicr, B.E., S t i ~ u e y o r  Geilcrnlof I nd ia .  Delrrn D i n ,  1890. 

X I I I .  D ~ t n i l s  of tho Principnl T r i~~ igu ln t ion  of five of the component Series of the Sor~tbortl Trigon. in- 
clltding the  following srricn ; tho South KonLlin Coast, the Dlangalore R f ~ r i d i o ~ i ~ l ,  tbe Mldr r s  
Meridionnl and Connt, tho Sooth-East Coast, nnd the 3111:1drns Longitudinal. Prepared under tAr 
direr f ioas  i f  Licutr~tant-Colonel  G .  S tr i thaa,  R.E., D r p u l y  Surveyor General,  Trigo?io~nelricJ 
Brnnrh ,  and publiahcd s n d o .  the  orders o f  Colontl  H. R. I'lrriillicr, H.E. ,  S u r u e p r  
General  o f  I nd ia .  Dehra Diin, 1890. 

XIV. Qenernl Dewription of the  Principnl 'Trinngnlntion o l  the  Foolh-West Qoadrilatc~nl, includingthe 
Simultanroon Reduction and tlrr Dctzile of its ccmmyonent Fcries. Prrpai.ei/ r ~ n d c r  t h -  direction8 
of IV. H .  f i l ~ .  Rxo.. d.1.A.. Ofic ia t inq D t n v l y  Surt 'ryr,~. O~nrvcr l .  3 i~iqon~rnctr ical  Branch,  und 
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Volanle )iV. Electm-1'1.lcgurphlc Lo11*7itode Ulwrntions esecuted d u r i ~ ~ g  the )-elnu 1885-86, 1887-88, 1889.91) nlld 1891.92 
and the Revi~sd ~ r s t z t s  or Arcs contninrd in Volttnee I X  and X ; nlso tho S i~u l tnneous  Reduction and th; 
Y i n ~ l  Results of the rrl~ole of the Operations. Prepared cinder the directrons of Colo~tel @. slrahaa 
R.R., D r p ~ t t  8111.rvyor CenrruI. 2'1.igo1rornetrical Branch,  iind published w l d e ~ .  the orders of c & ~ , ~ ~ ;  
H. R. T h  lo1 . !'. ter, R . E., Ssrt)eygr Gorerc~l o j Ind io .  Dohra D~II I ,  1893. 

C 
110. XVI. 1)etnib of t l~n  Tidnl Ohservlrtions t :~ke~r  dtming tllo poriod frorn 1873 to 189% and a Descriptioll of the 

Methods of Reduction. Prtyarecl render the directio~tx of Major S. G .  B11m*rlrd, R.E., 8 ~ p ~ i ~ t ~ ~ d ~ ~ ~ ,  
Trigo~rotnetricnl S~irt.~y.e, andprrblished  order the orders of Colonel 81. G .  C. Gore, R.E., Surve,vor 
Gencrnl of Indiu. Dohrn lliin, 1901. 

I)o. XVII. Electro-Tel~pr~.phi  Longitade Operations ezecutc~l dluing tho yenrs 1894.06-96. Tho l~do-Eoro~cnn *,.,, 
fronr KaMrhi to Greenwicl~. 7'i.epnred under the divections of Majov S .  G .  B u r m r d ,  ,R..E., Slfpel.in. 
tendent, l'v.iy?nornet~icnl Surveys, a~ad ptiblished snder the o~.del's of Colo?rc21 St.  G .  C. Core, R.E., 
Gurveyor G e ~ ~ e r a l  of lndi i i .  Dihra Dan, 1901. 

I)o. XVIII. Askrono~nicnl Observntiona for Lntitode made during t l ~ e  period 1885 to 1905 nnd tlre Deduced Values of the 
Deflections of t h ~  Flumb-line. Prrpored u n d w  the direclioas of Lieule~~tcnt-Colonel S. G. Bur,sclrd, 
R.E., F.R.S.. S ~ i p w i n t e n d e ~ t t ,  Triqonon~e!rical S a m e  Y, and prrblislred under- the 01-dem of CoIorrel 
F. B. Longe, R.E., Slcrr*eyor ~ e n e r u l  of India.  Dehm {in, 1906. 

I)o. XIX. Levelling of Precision in Indin (1858 to 1909). B y  Colonel S .  Q. B u r ~ a r d ,  R.E., F.R.S., Superinten. 
dent, Trigonometn'cal Stin,ey.r. nehrn Diin, 1910. 

])o. XIXA. Descriptions and Heiyhte of Bench-marks on the Southern Lines of Levelling. Prepared underth8 
directions of Colonel S. O. Burrcsrd, R.E., F.R.S., Superrntendent, !lkiqonometrical Surveys. Dehm 
Din ,  1910. Price Rs. 5. 

Ih,. XIYB. Desoriptionv nnd Heights of Bench-mnrks on the Northern Lines of Levelling. Preparedunderthe 
dircrfio~rs of Colonel S .  G .  Bu~-~. ir~.d,  R.E., F.R.S., Superintendent, 2~gonomefr icn l  Surueys. Delrra 
Diin, 1910. Price Rs. 5.  

Sl'XOPSES OF T H E  RESULTS OF T H E  OPERATIOKS OF T H E  GREAT TRIGONONETRICAL SURVEY OF INDIA, 
('O.\lPRISING DESCRIPTIONS, CO-ORDINATES, ETC., OF T H E  PRINCIPAL AND SECONDARY STATIONS 
AND OTHER F I X E D  POINTS O F  T H E  SEVERAL SERIES OF TRIANGLES. 

Obtninnble f ~ o m  the Soperintendent of the Tiigonometricnl Survey, Dehrn Dun, U. P. 
Pr ice  Rupees 2 p e r  volume, escept ~rhe~ae otherwise stated. 

Volume I. The Great Indns Peries, or Series D of the Xorth-West Qandrilnte~nl. B y  Colonel J. T.  Walker, 
R.E., F.R.X. etc., etc., Sicperintendent of the Trigonometricnl ~t';.ve.y, and his Assistalrts. 
Dehrn D i n ,  1874. 

Po. 11. The Orent Arc-Section 94'to 3G0, or Series A of the North-West Qundrilateral. B y  Colonel J. 'I. 
Walker ,  R.E., F.R.S., etc., etc., Superintendent cf the  Suruey, n?rd his Assistatrts. Dehra Din,  
1874. 

DJ. 111. The KarAchi Longitudinal Series, or Frries B of the North-West Qondrilatoral. B,y Colonel J. 2'. 
TTalker, R . E . ,  F.R.S.,  etc., etc., Superintendent of the Survey, und h i s  Asoistants. Dehrn Dkl, 
1874. 

Do. 1V. The Ourhigarb Neridional Series, or Series F of the North-mest Quadrilateral. B y  Colonel J. 2-  
W a l k e r ,  R .E . ,  F.R.S., etc., etc., Superintendeqzt o f  the Surve.y, and his  Assistasts. Deh~n Dan, 
1975. 

DO. V. The RnhBn Meridionnl Series, or Series E of the Nolth-West Quadrilateral. B.y Colonel J. 2'. 
T n l k w ,  R.E.. F.R.S.,  etc., etc., Supevintendent o f  the Survey, and his  Assistants. Dehra 1)~nt  
1875. 
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VI. The Jogi-Tila Sleridional Series, or Sories C:, and the Sutlej Series, or Seriee of the No~th-West 
Qundrilaternl. B y  Cljlwnrl J. T. TctlX.er, R.E., F.R.S., etc., etc., Superintendent qf the S ~ ~ ~ ' v e y ~  
nnd his Arsistants. Dehrn D i n ,  1875. 

VII.  The North-Wert Himfi lnp Series, or  Series C of the North-West Quadrilateral, and tho ~riangula- 
tion of the Knshmir Survey. B y  Major-General J. T. JValker, C.B., R.E. ,  F.R.S., etc., 8k.q 

Srrl.rryor General q.f India nnd S~cperintendent o f  the Survey and his ,4ssistants. Delira Dan. 
1879. (This volume i8 of great use to mountaineers.) 

VITA. The Jodhpore Meridional Series and the Eastern Sind Sleridionnl Sorips of the North-West Qundri. 
latend. Prepared in the Oflce of thr  Trigononetrical Branch,  Survey of India, Colonel T. 
Haig.  R.E., Deputy Surveyor General, i n  charge, and published under the orders o f  Colonel R. 
TAuillier, R.E. ,  Surreyor Genernl of India.  Dehra DBn, 1887. 

VIII. The Great Arc-4ectio11 18' to 24O, or Series A of the South-Eoat Qnndrilnteral. B y  Colonel J .  T. 
W a l k e r ,  C.B., R.E., F.R.S., etc., etc., Superintendent o f  the Survey,  ond his Assistants. Uehn 
Dan. 1878. 

IX. The Jab:rlpur Meridionnl Serier, or Series E of the South-East Qundrilaternl. B y  Colonel J. T' 
Wblker ,  C.B.. R.E., F.R.S., etc.. etc., Suroeynr Genernl of India and S~iperintendent of the 
Surrey and l ia  dasixtsnts. Dehra DBn, 1878. 

X. The Bider Longitudinal Series. or Series D of the Sooth-Enst Quadrilnteral. B y  ~ ~ ' o r - G e n r r a l  
J. T. Walker ,  C.B., R .E . ,  F.R.S.. etc., rtr., Surveyor @enera1 o f  Ind ia  and 81tper.intendext of 
the ~9urrey,  and hia A*sistanta. Dehra DBn, 1R80. 

XI. The Biliispur Sleridionnl Series, or Seriea F of the South-EasL Qnadlilnteral. B y  ;).mior-(;leneral 
J. T. Walker .  C. R.. R.E., F.R.S.. etr., etc., Sun-e.yor General o f  India and ~ u p e r i ~ ~ t e l l ~ e n ~  
the Surrqq. nnd his A r ~ i a t n n l .  Dehra Diin, 1880. 

=I. Tbe  Calcnttn Longitnrlinal Serirr, or Series B of t,he South-Eaut Qnndrilnteral. By 
J. T. W a l k e r .  C'.n., R.E., F.R.S.. etr., etc., Snrceyor (8eneral qf Ind ia  rind S ~ ~ e r i ~ t t c ~ r d e n t  of lhe 
Survey, aud hi8 Arristants. 1)chra Ijun, 1880. 

XIII. The E n d  Cnsnt Swim. or Spriz. C of the South-Eatlt Quodrilaternl. By Mq'or-Oenaal  .T. T. T a l k e r ,  
C.B.. R.L. .  F.R.S. ,  rtc., etr., Surce.ym Ocnerul of Ind ia  nnd Superintendent of the SurueY, lind 

Air Asmrt.rrtr. Dehra D i o .  1980. 
KIIIA. Tba S u t h  P i l a - n ~ t h  IIt~ridional Series and the Sontb U;~IOnclla Yeridionol Series of  the 

Qnulrileteml. Prrpnrcd in tho 9If ;ce of thr T ~ r j o n n ~ n ~ t r i r n l  D,-anch, S~irrjcy of India,  Cljlonel C. T. 
H ' . R.K. .  Oficiarinrl Deptrty S u r r y o r  General, i n  ~Aarye ,  ond prrhli.~led under the 
of??vlonrl (3. C. ISrPhr .  8.y.C'. Surr.eyor General n f  Indiu.  Ilehra Iliin, 1885. 

XIV. The l311.lllnn .\[rridl#,a~tl S r i r r ,  or Sorir. J of the North-Eaet Qu~d~il~tor: . l .  Bu ~;crrreno:Jr.@'n~~?l 
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xV. The Rnngir hleridionul Sories, or Series K of the  North-East Qundrilaternl. B y  Lieutenant-Ueneral J.  7. 
Walker., C .  B., R.E., F.R.S., etr., ele., Surveyor General  o f  I n d i a  and  Superintendent of t he  Survey. 
and  h i s  Assistants.  Dehra Din.1883. 

' xVI. The Amua Moridional Serios, or Series L, nnd the Karirra Meridional Se r i e~ ,  or Seriee M of the 
North-Enst Quudrilnterill. B y  Lieutenant-Qcnernl J. T. W n l k e r ,  C.B., R.E., F.R.S., etr., etc., 

, Surveyor General  of Ind ia ,  and S u p e r i n t e n d e ~ ~ t  o f  the Surve,y, a n d  hi ,  Aseistants.  Dehra D i n ,  1883. 
XVII .  The Gurwioi Meridiocal Series, or Series N, and tho Qora Meridional Seriew, or Series 0 of the  North.Ealt 

Quadrilateral. B y  Lieutenant-General J. T. W a l k e r ,  C.B., R.E., F.R.S., etc., ete., Sltroeyol- 
General  of Irtdia and  Superintendent o f  the  Suruey ,  and his  Asaiatants. Debra Dho, 1883. 

xVI I I .  The Huriliong Meridional Sories, or Series P, and tho Chendwar Neridional Series, or Serien Q of the 
North-East Quadrilateral. B y  Lieutenant-Gencral J. T. W a l k e r ,  C.B., R.E., F.R.S., etc., elc., 
Surueyor General  qf I n d i a  aad  Sl~perintendent  o f  the  Surve.y, a n d  hi.* Aasistanta. Dehra D i n ,  1883. 

XIX. The North Parirsnnth Yeridional Sories, or Serios R, and the  North hfa l incha Mcridionel Series, or Series 
S of tbe  North-East Quadrilateral. Prepared  b y  J. B. iV. Hennerse .~ ,  Eq., M.A., R.R.S., etc., etc., 
Of ic ia t ing D e p a t y  Surueyor General ,  i n  rhcrr.ye of Tri,qonomctrical Swrceya, and  hir Aaai#lanta, and 
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1912. (Out of print). 
13. Report on the Survey Operatioor, Mishmi Nission, 1911.12. By Cap ta in  C. P. Qtcnter, R.E. Dehra DIII, 1912. (Out 

of print). 

C ~ T A L O G U E '  OF SCIENTIFIC BOOKS, ETC., ETC. 
1. Catalogue of Books in the Hrad-Quarters Library, Calcutta, 1901. (Out of plint.) 
2. Cntalogut of X a p ~  publislied bc  the Survcy of India. Calcutta, 1010. (Out of print).  
3. Price List of llathematical Inetrument Office. Cnlcut t~,  1913. (Out of print). 

The following chapters of a revised edition of this Hand-book nre available for issuo in pamphlet. form :- 
Chapter I.-Intrductor~..  

, I I . ~ ? o n n t i t u t i o n  and Organization of a Survey Party. 
,, 111.-Triangulation and it3 Compntation. 
,, 1V.-Truveraing and its Compot~tion. 
,, V.-€'laso-tabling. 
.. '41.---Fair Mapping. 
,, V1I.-Tranr-frontier Rrco~~nnirsonce. 
,, I S.-Fo:eat 8urvcys and Maps. 



APPENDIX.  

4. Catdogue of Scientific Bonks and Subjects in the Lihral-y of the Trigonometrical SUIT-ey ORicc. Del~rn D i n ,  19PR. 
price Re. 1. 

j., Catalogue of Books ill tl?c Libmry of the Trigonometrical Survey Office. Dehm DBn, 1911. Price! Re. 1. 

A N N U A L  G E N E R A L  REPORTS Oh' T H E  OPERATIOKS O F  T H E  SURVEY O F  IBDIA.  

B - i c e  ~f each volume f r o m  1877 t o  1900 R s .  3. 

., 1 ,  ,, 1901 to  1913 ,, 2. 
Revenue Reports . . . . 18.51 to  1877.-(1857 to 1870 out of print). 
l'opograpl~ical Report' . . . 1861 to 1577.-(lS(j:! to 1866 and 1872 to 1876 out of p r i ~ ~ t ) .  
Tr~gooowetrical H e p o ~ t s  . . . I861  to  1878.-(1863 to  1887 and 1868-GO out of print).  

EXTRACTS FRO31 NARRAT1)'E REPORTS O F  T H E  S U R V E Y  OF INDIA.  

P r i c e  Rupees  1-8 per v o l a n e .  
1. 1900-01. Recent Improvements in Pl~oto-ZillcographS. G. T. T~.langulatioo, Upper Burma. Latitude Operntiona. 

~ , ~ ~ i r u e n t a l  Baee Measurement with J8deria Appa~atus .  Alagnetic Survey. Tidnl and Levelling Report. Topography in 
uppr Burma. Calcutta, l9U3. (Out of print). 
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h'armtive Report or NO. 11 Party. Ca!cntta, 1908. 

i. 1906.07. The Ala~rrlletic Surrey of India. Pendulum Operations. Tidal and Lovellil~g Operations. Triangulnt,ion in B.116- 
thiatin. Astronomic:~l Lntitules. Topographical Surreys i ~ r  l iarrnui.  Extract  frnlu tbc. Narr:~tiru Report or No. 11 Par ty .  
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neslcrn I'lovinuc~. Cont,~ilcd C,y Ccr,,/ai~rs R. S ~ n y t h  an11 IT. L. Thrri/ l ier,  B r ~ l g u l  A r / i l l e ~ , y .  P r e p r r e d  f o r  t i e  rtse of the 
~ I I ~ W "  D ~ p o r t ~ n e n t ,  0 1 1 ~ 1  p ~ r h l i s h ~ d  901der (he ~ a t h A * i t ~ y  of th i!  Gnuo~nnre~rt  qf I~r t l io .  S O C O I I ~  E!,litioll. London, 16155. 

( r )  ti AIa~lunl of Surveying for India, d c t a i l i ~ i ~  t l ~ c  nlodc of operntionn on the Trigo~lometricnl. Tol>ng~apl~ical nnrl Ilovenae 
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