
ON THE OPERATIONS 

I 
OF THE 

GREAT TRlGONOMETRlCAL SURVEY OF IN 
i 

GENERAL REPORT 

D U R I N G  

1875-76, 

Prepared for submission to the Government of India. 

BY 

J .  0 ,  N .  H E N N E S S E Y ,  E S Q . ,  M.A. ,  f . R . S . ,  & C . ,  
OFFG. SUPEILINTENDENT OF THE SURVEY. 

m e b r a  ZDltn: 
PRINTED AT THE OFFICE OF THE SUPERINTENDENT C. T. SURVEY. 

M. J. O'CONNOR. 

DIA,  

.A 



GENERAL REPORT 

ON TIIE OPERATIONS 

OF THE 

/' 

GREAT TRIGONOMETRICAL SURVEY OF INDIA, 

DURING 

Prepared for submission to the Government of India. 

J .  B .  N .  HENNESSEY, ESQ. ,  M.A.,  F . R . S . ,  & C . ,  

OFFG., SUPElLINTENDENT OF THE SURVEY. 

b c b r n  B a n :  
PRINTED AT THE OFFICE OF THE SUPERINTENDENT C. T. SURVEY. 

M. J. O'CONNOIL. 





T l l E  O P E R A T I O N S  O F  T U E  

GREAT TRIGONOMETRICAL SURVEY OF INDIA 
I n  1875-76. 

List of operations during 1875-76 of the Crrat Trigonomctrical Survey of Inrlis 
slloming the pagcs whcre they will bc found described hereafter in the Report and its 
Ippcudix :- 

Report. dpl>cnal~x. 1-1 -- 

Summary. ... . . . ... / 2 1 
No. I. T1,igot1o~)~etrical. The Madras Const Scrirs and Ccylon Con- 

necting 'l'riangulntion. 

,, 11. T r i g o ~ ~ o m e t ~ ~ i c n l .  Tllc Opcrations in tllc Assam Valley. ... I 6 1 6-, 

,, 111. Tt-igo~~oj)~etj'icctl. Thc Secondary Triangulation in Burmah. ... 1 7 1 8-a 

,, IV. Trigoromelricnl. Tllc Eastern Frontier Ssrics, Burmah. ... 1 9 1 11-, 

,, V .  2'1*igo1~oj,~ett.icctl. Tllc .lotll~plir iIIcritlionnl Serics nnrl thc 
Eastern Sind Scrics. 

,, VI. Spirit Leve l l i t~g .  Operations in Cutch, Kstt,ymar, kc. ... / 12 1 1G, 

,, I S .  Topogrnpl~ical. Thc Survcys in t l ~ c  Dc~llra Dlin District and 
in tlie Si\vtilili Uills. 

" ''I' 1 Geodetic. Electro-tc~lcqrapllic dctcrnlinations of Dif- 

,, VIII. fcrencc of Lo~~gitutlc. ] 

,, X .  Topogrnphical. Thc Si~rvcf of ICattynar. . . . ... 1 18 1 33-. 

13 

,, XI. Topographical. Thc Survry of Guzcmt. ... ' . . . I  20 / 38-, 

,, XII. Con?l)uti~lg Ogicc. Calculat,ing and Printing Brnncllcs. ... 1 22 1 45-= 

,, XIII. Co~n~psting Ofice.  Drawing and Pl~otoziucogrnpl~ing Urauchcs. 1 2h 1 55-, 





been tl*aversed wit11 the chain, and some 1800 points fixed by the same means, 
subject to tl.igonomet,rical checks, in localities unsuit,ed for triangulation. As 
regards tile province of Guxcrat, it  having been decided by the Government of 
Intlia, tIlat in future the scale of' survcy sl~ould be restricted to the 2-inch scale, 
further delineations on scale 4 inches = 1 mile will be discontinued. 

Surveys Completed. T l ~ e  operations under review are so far distinctive i n  
feeture, that by their means no less than three separate surveys have been con- 
ducted to final and satisfactory completion : viz., the Jodhpur Meridional Series 
of principal triangles on the meridian of 72+", running through the Jodhpur. 
Jesalmer and Bikaner States of Rnjputana and B a h h ~ ~ ~ a l p u r ;  the top~gra~ l l i ca l  
survey of the well known and beautiful valley of Dehra Dhn, including its outlying 
subdivision of Ja.unsir BSmar and the Siwhlik I~ills ; and the Ceylon Connecting 
Series. By means of the latter, completc unity can now be introduced between 
the surveys of Ceylon and India, and the required electro-telegraphic measures, in 
uniting India and Greenwich longitudinally, will now also establish a similar 
connection for Ceylon. 

Spirit Levelling Operations, chiefly in Cutch and Katty~var, Bombay 
Presidency, have been carried over 4" linear miles, passing througli the towns of 
Rlijlcot, lfuli,  Wadhrvhn, Virsmqkm, PAt.ri and Ahmedabad ; 166 Bench-Rlarlts 
were establislied along the course follomcd. The results obtained, from the line 
of levels executed in 1874-75, connecting the three tidal stations of Olcl~B, Nama- 
n h  and Har~stal on the Gulf of Cutcl~, appear to indicate, that the mean sea level 
stands progrc!ssively higher, as the tidal station is further removed from the open 
sea up tllc Gulf. 

Calculations and  Publications. The subsidory computations of the Sec- 
tional Figure South-East Quadrilateral have been completed; also materials for 
the 6 Synoptical Volumes of this figure have been well advanced : consideral)le 
progress has been made in printing all the preceding results, so that a large 
portion of the pages for 2 Principal and 6 Synoptical Volumes stand pnsscd 
through the press. Tlie Synoptical Volume wl~ich treats of the Nortli-Wtrst 
Himi~laya Series I~as  been pr~blislled, and Principal Volunles I11 and I V  have been 
b o u ~ ~ d .  A large portion of the Nortll-Enst. Quaclrilntc,rnl has been reduc:cd by t l ~ e  
1nc4l1od of' I(,nst sqrrnrc,s. As rVgirds Cnrtogr,apl~ical publications, 7 Nu~ncarical 
Clr;rrts of Tri:tngulation and 8 of Spiiit Lcvtlled I-Icigl~ts, 43 Mnps Topograpllical 
ant1 3 of' Explorations, besides minor sul)jects, I~ave I)een priuted and iss~letl : in 
all 2,476 Charts, 7,931 M:~ps and 18,000 Pi.of(-saional forms have 1)een supplietl. 

Miscellaneous. In  all 2,725 principal stations sitnnted in 313 dist,ricts have 
been prot>cct,ed and p1acc.d under the care of District officers during t l ~ e  past 11 
years. Meteorological observations have been takrn t ~ i c e  a day throughout t,be 
year and the results cornnl~~nicat~c~d to tlie 1Tcportcr to Goverriment N o ~ t l ~ - W c ~ t  
l'rovinces. The ltecords and Library have been maintained in good condition. 
&c., kc.  

Retirements. Tlie department l~a,s suffered serious loss by t11c r r t iement  
of its Srnior I ) rp~~t ,y  Superintc:ndent, Colonel T. G. lfontgomerie, R.E., F.R.S., 
aud of Mr. W. C. l~lossc~~rode,  Deputy Sr~perintendent 3rd Grade ; t he  1att.er evc*nt 
stands alluded to in a.rt. (40) ; the omission of the former mould leave this report 
in~omplet~e, not,~vithst:~~rdirrg that the prrsrnt opportunity admits only of vrry 
brief notice. Licule~~ant  JIontgomerie entered the departlnent in October 1852 : 
soon after he was plysent a t  tile Base-lines of Chach and Kardchi, in l)otll of 
wlricll lneasurements Ire too!< a Icading share; besides ot,her work, in 1855 he 
commenced the l'opo~raphical survey of t,hc dominions of His Higllness the 
Malramjn of R:~s11111ir, \vl~icl~ IIC f i ~ l i s l ~ ~ d  n7ithin t.lle nc5xt 9 years. TIle 
atlopt,rtl was s~tital~lg vnrictl fro111 2 to 8 ~nilcs pcr inch ; the area incllltlcd sollle 
20 sq~rarc tlc:grcscs, or nl)out. 77,000 sqanre milcs, on wll ic11 staad t l ~ e  stupendous 
monutain mngcs of IC;ir;'lkr~ram, C l~ ingc l~enn~o ,  D:tdlAclin, &lust:igl~, <kc. ; the 
c l~ i r f  t,ori-ns tixc~l ncro .Juinn~oo, Srinngnr, L r l ~ ,  Sltnrtlo, lTanlc, h9uzaff,.nl)ad, 
lcisl1t~~:ir, l < l ~ : ~ ( I r : ~ \ ~ i r ,  l{:iri111<11:1, l)r:is, 13ij Bclr<ira, N : I L I S ~ L : ~ \ ~ ~ ~ ,  l{ajLllLri, ]i:lrsii, 
kc.  ; tlho princil~nl rivcbl.s trnc,c5tl \\-arc: t l ~ c  Indns, Jlrclum, Cllc,nnl), Z;inslinl., slI(.(~li,  
ICisha~lgan~n, dstor, Kiriikhsh, Sc.  ; aild of s n o ~ ~ y  peaks (rising from 16,000 to 



tlie culminating llcight 28,250 feet of peak a t  N.E. head of Bhltoro Glacier) may 
be nlentioned, Nnnga-Parbat, Harimulth, Iiaramosh, Rhkiplishi, Ser Mer, Kiiri- 
kuranl, B;iriil$cl~a, &c.: the area of Glaciers extended over morc than 1,400 
square lnilcs ; and tlle lreights ascended, surpassed tliose recorded as reached by 
III:LI~ unaided by balloons.* Lieutenant Mont.gomerie's name will long continue 
to be 1110st honorably associattld with these operations, which for magnitude, merit 
and im])ortance arc a t  least unsurpassed. @ 

lteturning in 1666 from an absence on furlough for two years, Captain Mont- 
gomerie directed the survey of Kumannand Garl~whl with much success. As 
resptldts local surveys, those of Mussooree, Kosi Valley and Rbnikhet were con- 
ducted l)y him : the last presents an instance of uncommon despatch ; it  mas hepuu 
ill Jantlary 1670 and its 11 maps stood published in the following November. 
Last,ly, Ile snperintended the Trans-IIimalayan Explorations, which have contri- 
I~uted so largely to our knowledge of countries that before were almost unknown. 
It is exceedingly di5cult to give an idea of the provinces thus pierced or circam- 
ficribed ; a brief attcrnpt is l~omever made in the following descriptions of the 
routcls t,rarcrsrd. Prom IC~tniaun, n~r t~hwards  to the soltrees of t l ~ e  Sutl(.j a t ~ d  
Ind~ls ,  and along a great lcngth of tlie Hral~maput,ra eastward tlirougl~ Grcat Tibot 
t.o L11:tsa. Prom Darjeeling, n,est\rard to Kat~nandu, thence 0vt.r the D i ~ ~ g r i  
IIaidau to Shigatze in Great Tillet, onwards in a north-easterly tlircsctio~l 
ronntl the Tengri Nur Lake, and then sout.l~ma.rds to Lhasa. From ICabul ciai 
UiimiAn and Balkll to P:~i~itbntl and Kila Panjah, thence onwards througli tho 
Yanlirs to Yirkand and Kasl~gl~ar  in Eastern 'l'urkestan, and so back to the ICAra- 
kurnm pass. From Balkb near the Oxus to Karshi and Boltl~ara. From 
YcshAwnr t,o Dir, Cl~iti-:'ll and Zcbak in Badakshbn. &c., kc. These routes reprc- 
sent n total l e ~ ~ g t l l  of fully .k,500 miles, nlorrg which, a t  least, our geographical 
kuon-lt~lgc? 113s 1,c~c.n sn1)stunt~inlly estal)lisl~ed. 

Lastly, Co1onc:l J lontgol~~eric officintc:d as Superintendent of Topograpl~ical 
S~ l r r cp  for a ~vl~ilc., and as S~lpcrintentlcnt of t,lit: Grcat Trigonometrical Survey for 
2 prars : in atltlition, his st:rvicrs have repentetlly been honor:ll)ly mentioned by t l ~ c  
Srcretary of State ant1 by t l ~ c  C~overnment of India: nor arc distinctions a t  llon~e 
wanting, for Ile is a Goltl &Icdallist of t,lle Royal Gcograpl~ical Societ,y as well as 
a F(*llo\r of the lLoy:11 Societ,y. His distinguished services in this Department 
will long l)e rcmombcrc~d in conncction wit11 llis works, and many Itind wislles, 
from t.l~ose wit11 wholu he was here associated, mill continuc to follo~v bim in  his 
rctircmcnt. 

Superintendence. The ~ o r k  above summarized and hereafter rrport,cd on, 
n - n ~  cst~c~ltc~d under t l ~ c  dil-csct.ions of the Supt,rintc:ndent, Colonel J. 1'. Walker, 
X.E., F.lL.S., ~ v l ~ o ,  procccdingon furlougl~ in April 1876, was succeeded I)p C:~ptain 
11. ll. 'l'lluillit:~*, II.E., to act in his 1~l:lce. Su1)scqurntly on my rrturn from 
ful.lol~gl~, I \\-as nppoiutcd by t,lle Gavel-nment to rclievc Captain Tllrrillicr as 
0ffllci:lting Supc.rintentlc~~t : I: accordingly received charge on 1st November 18iG 
aud tllr dut,y of prcpariug tJhis report dcvolved on rue. 

Explanatory. I t  only rclnains to add the following explanatory remark. 
I n  con~l)liancc! \v-it,h orders received, the Narrative Iteports of the Katt,ymar and 
Guzlwt Survey p:trt,ies werc snl~mitted to Government in original allout tllc first 
~~ec ' l i  in 1:rst Nol-e~nber; this review was commenced soon after, and in due course 
complt~trd, so far ns was practicable in the absenco of the Narratives ; t l~cse ne rc  
rcsc(!i\-cd I~ack on 20th ult,imo. lv~cnnml~ilc, Colonel Walker having rcsumt.d 
cl1:rrgr of the department, my ability to psiah this rcport is due entircly to his 
courtesy. 

J. 13. N. IIENNESSEY. 

Deptity Sr~er i t z tc l~dc l~t  1st Gvade. 

lute Ogiciutilig Szcperi?~tejadent. 

..- -- 
As a lu:~ttrr of kd, o w  111 I . l eu le~~nnl  ;\lonlgo~ncric'. nariqtnnt. (Mr. IF. 11. , J o l ~ n * u ~ ~ )  xrt 1111 l ~ i e  ~ l ~ c i ~ d o ~ l i l ~  0 1 1  the 

nuuuril of s peak ua rile C'luur~gcLe~~mu rnuge uud meuaurcd rLc req,rlrcd s l~g lua  ; this puiul a ?U,UGG feel sbuvu scu Ic~cl. 
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NO. I.-TRIGONOMETRICAL. 

THE J ~ ~ D R A S  COAST SERIES AND CEYLON CONNECTING TRIANGULATION. 

(1.) The Rimnhd Longitudinal Series, as explained in previous reports, 

PsnsoNrm. 
is I,ased on a side of the Great Are Series; from 

Mujor Branfill, Super- 
whence i t  proceeds along tlle parallel of O t O  i n  a n  

intcndcnt 2nd Qrlrdc easterly direction, and terminates a t  the polygon of Ut- 
Mr.G. ,, BPICI~,,~U, l,ottar, 8urvegor 4 t h O d c .  tarakosllamangei, or, more briefly, a t  tile ItknnLd Po- 

1st Grade. lygon, since one of the stations belonging to this hexa- 
E: W Lmeron, Amt. ~ W V ~ Y O ~  gon is fixed on a bastion in the fort of RLmnAd town. 

2nd Qrnndc 
Err a. Brsson, Asat. Surveyor 3rd Again, from a soutlierly side of this figure, the Cey- 

Qrade lon Cunnecting Series with suitable sl~ortenrd sides 
continues in an easterly course up to the land's end, the intention bcing that this 
chain of t r ia~~gles  sl~ould be extended across tlie Pallr Strait, so as to establisl~ on 
tlie island of Neduvan suitable stations for the Surveyor General of Ceylon to 
connect tlie triangulation of that island with. Up to this stage, the operations 
were duly reported on in 1873-74. 

(2.) lluriug the year 1874-75 Ilajor Branfill proceeded to complcte the 
Ceylon Connecting Series. Also, adopting tlie northern side of the RimnLd poly- 
gon as a base, he finished the fi~sst portion of tlie Madras Coast Series, which, it is 
intended, shall proceed from H;imn,id along t l ~ e  eastern coast and join on to a 
side of the principal triangulation in the vicinity of Blatlras. Taking the field 
early in October, the camp in due course reaclied Salem : here cholera of a viru- 
lent type brolce out amongst the men; tliree deatl~s occurred, and the District 
Co;lector put the establishment in quarantine. On this a panic ensued and a breali- 
ing up of the party from desertions became imminent : in brief, Major Branfill 
had considerable d~fficulty in reorganizinq his camp. Eventually he arrived in safe- 
t y  a t  Madura, xvhcre, dividing his establislimcut into five nlorlting parties, he in 
tlie first instance vigorously prosecuted t l ~ e  approximate operations on tllc AIndras 
Coast Scries. Here tlie country a t  first was barely passal~le, being still floodcd 
by tlle late autunlnal rains; lio~revcr by dint of incessant l ~ a r d  work the requir- 
ed preliminaries for two hexagons were completed in course of two montbs. 
Having now arrived a t  tlie end of January, Major Branfill commenced the measure- 
111ent of the principal angles, by I~i~nself taking the usual set of circumpolar star 
observations a t  the ce~itrnl station of his nortliern polygon. Aftrr  this 11e en- 
trusted tlie principal observations to I i r .  Belcham, wllo under Major Branfill's 
care and instruction has provcd 11irnsc.lf a competent observer wit11 t l ~ e  large 
tl~eodolite; and deputing t\vo of liis assistants to continue the approximate work 
for next year along the coast, 11e proceeded to lay out tlie extension of t l ~ e  Ceylou 
Series, and finislied this work by the end of Marcli. Mr. Belcham follon.ed wit11 
the great thcodolitc arid under hfajor Branfill's supervision completed t l ~ e  required 
measurement of the principal angles. 

(3.) The work thus performed consists of two 11t-xngons on the Bladrns 
Coast Series and of a hexagon and a quadrilateral on the Ceylon Conucctiug Series, 
forming in all a chain of triangles 80 miles in length and including observations 
a t  21 principal stations. One of the latter gave much anxiety from a s i n g ~ ~ l a r  
cause: it was on RSmesweram Island and had been fixc,tl there in 1873-74; t l ~ e  old 
station however had disappeared, so a new one was establisl~ed; this had to bo 
watched and protccted against the strong wind, n~hich literally blew anray some 
4 or 5 inchcs of the surface daily. As regards rag cutting, no less than 348 
milcs of tllcse lines were clrnred, a cli~ty which wo11lt1 l ~ a r e  i~lvolved far greattbr 
timc and expense, but for the economical and effective contrivances introtlucetl 
by Rlnjor B~nanfill for raising tlie signals as well as the large tl~eodolite to the 
greatest reliable Ileiql~ts, so as to overlook the lonrer portion of tlle foliage ~ ~ ~ i t l ~  
nrlricli the country is dcnscly covrred. And to provide a sufficient start in t l ~ e  
euccceding year, an approximate seritls of 10 stations was laid out for 36 miles in 
advance. rLs alrcady statcd, s verificatory azimuth was obscrved. 

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

ERRATA ou this pngo. FOI* 1873-74 l.cnt/ 1871-75 and f ~ i '  1979-75 #.ccld 1875-76. 



(4.) Major Branfill's duties were carried on under unusnal difficulties. 
The stations of tlre Ceylon Series were ncccssarily all on islal~ds, and visits to 
tl~esc, involving as they did voyngcs by sea, Tere not unatterrdcd with d:rnger, 
~ i u c e  this clepartmcnt could not afford to employ better means of transport than 
tlrose oli'ered I)y the common open country boats. Tlre series has been laid out 
n i th  col~sideral)le care and sltill and tlre completion of tllis connecting liuk between 
the triangulations of Ceylon and India is a matter for congratulation, not only 
on the score of its having been well achieved, but in that i t  mects a long existing 
dvsiderat~un : complete unity can now be introdoced bet~veen tlre triangulations of 
Ccylon and India, and tlre required electro-telegrapl~ic nleasurcs, believed to be not 
far distant, in connecting India n i th  Greenwich, as respects longi tiidt., \\fill now also 
establish a similar connection for Ceylon: tlie ultimate stations fixc~l by Major 
Uranfill on the island of Ncduvnn, are those of Atuanakkamunai and Urirnunai, 
whicl~ affoid the required means of jnnction to the Surveyor General of Ceylon. 
As respects the operatiolls on tlre Madras Coast Series, thc figures ard sylnmetrical 
and tho work well rxecutccl. I n  concluding this notice i t  is only just to Major 
Uranfill to add, that his success bas been achieved under the unavoida1)le difficlillies 
preseutrd by the country and climate, and tliose attending his own failing hcnlth. 

(8.) Major Branfill I~nving obtained furlough, made over charge of his 
party on 9th May to Captain W. AI. Campb(!ll, H.E, who directed the computs- 
tions during the recess in addition to his other duties. 

NO. 11.-TRIGONO~fETRICAL. 

(6.) As-was stated in the Rcport for 1874-78, Lic?ut,enant Barman's 
services were reqnired wit11 the Dapl~la Fic:ld Pol-ce 

P I ~ O X N B L .  for a longer period than he had arrticipated ~ v l ~ r n  
L i c ~ t .  TI. J .  nnrman, R-R., O@. arranging for the prosecrrt,ion of the Assatn Valley 

Acslrt. 3o~pr r i~~ t r rn~ l e~1 l  2nd Qrnde. 
M". \v. o'J,,~I,,,,,~. surveror 4th triangulation during lrisa1)sencr. TLins on resuming , , Ornrlr. 
hlr.  E. P. Wriron, Aaskt. S m q o r  

tisigonornet,rical oprrations in March 1676, Ile for~na  
zlrrl ~ ~ d e .  i t  impmct,ical~le to co~nplt:te t l ~ o  tinal 01)servations a t  

blr. J. F . ~ c C ~ I l ~ ~ ~ ~ i a t .  Bumeyor a11 t l k  stations selected; 1)el'orc tlre setting in of tlie 
4th Grade. 

rains and the corlscqueut termination of the field 
scason. On visiting the remaining st,at.ions after the recess, the shoot,s from 
tree stumps, 1)amboos kc. had spr1lr.g up to an " astonislling I~eight" on the rays 
xvl~icl~ had 1)c:cn cleared onlv a few morlt,lls 1)rfore. :~lrtl i t  hccnme necPssa.rv in 
thc first instance to re-open no less tllarr 37 rrrilcs of snclr rays. Proceeding 
vig~)rously wit.11 tlre operations, Lic:ntenant Harnian and Iris assistants s~lcceedcd 
1)y tlrc cnd of tlie scason, in atlvnncit~g tllc sc,rics ,fitrrtl!r/ from ncar SibsAgar 
to a littlc 1)cyond Dil)ruqarl~, or a tlirect d i s t : ~ ~ ~ c c  of 41 nrilcs. R,:~ps were also 
cut to t l ~ c  trt,asurp I)i~ildir~g at Jorlllit, so t,llnt its position and heig l~t  were fixod. 
And as rc.gnrtls l)ibrugarl~, t,he c l ~ n r c l ~  to\vcsr al; tliis place was adopt,ccl as one of 
tlle principal stntiorrs of the serirs. F ~ ~ r t l ~ c - r ,  five I~CVC)IIIIC Survey pillars wcre 
irrcorl)oratt*d n.it,lr t l ~ c  tfrinn~ulation. A~rd  Inslly, all t l ~ c  hill peaks north of the 
l ~ r a l ~ ~ ~ r : ~ l ) ~ ~ t . r a  valley, visil)lc: fronl I)il)rngarl~ cl1urc11 tower were tixc,d. 

(7.) Fro111 l)il)l.ugarl~, t l ~ c  apl)roximal~: t r ia~~g~r la t ion  was cont,inurcl in 
two l)ra~lrhcs. Of thesc, onc procectls in a sout,l~-east,c.rly tliroction ant1 connect- 
in4 wit11 .Tc.y1)1ir t~wninatcs a t  t.lle sidc ll~rollal R c v c n ~ ~ c  Survey pillar to Uilika 
llill  st:rlion, w l~ ic l~  in also a stat.inn OF t,llc Topogl.ap11ical Survey and stands on a, 
glnrr 01 the: N:iq;i IIills; t ,l~c scricbs consists of a cl~ain of 8 triangles. Tlrc otllcr 
and principal bmncli of tho triang~~lation proceeds north-casberly, spanning the 
Braluunputra rivcr up to Sadiya, wLerc i t  tcrmiuatcs a t  thc side Sadiln Quarter 
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Guerd stat,ion to Dikrang ~ In r l c l lo  Tower station ; this series consists of 1 4  tri- 
angles, I~csides a s~lccession of 3 triangles mlliclr arc built up like a fan with the 
Nari Hill as a pivot. This hill being somc 600 feet in Irt.iglrt, its adoption as a 
station would carry tlie scries over the difficult waste lancls of Yaropora both 
economically and expeditiously. Botll these series seem to be well laid out and 
1)rotnise a speedy ter~nination to the operations under Lieutenant Harman's guid- 
ance, provided tllc few long rays do not lead to delay in t l ~ c  final observ:~tions. 

(8.) 1'110 object of adr)pting the l~il l  Nari as a station is apparcllt from 
what has preceded; besides, t l ~ r r e  is a hill called Pogrosoi, some 16 miles S.W. of 
the former, wl~icll is also lrigllly dcsiral)le as a station of obscrvation; because 
these two hills col~jointly present an excellent base for survey purposes if required 
I~ercafter, a; rvell as sl~ital~le eluinenccs from whence a consideral)le area of un- 
lcno\vn country could be sketcl~rd rlovr. Unfortunatrly botlr tire l~il ls  are mitlrin 
Abar territory and tl~erefora may not be visited mitbout t l ~ e  consent of their owners. 
13eiug I~o\vcver impressed wit11 the necessity for obtaining access to these hills, Lieu- 
tenant Harman, in co~lsultation with the Deputy Comrriissioner, communicated 
wit11 the chiefs in question, so t l ~ a t  they assembled to meet him with the avonwl 
intention of granting the required permission. Tlre resulting palaver however 
t,ndcd iu disxppoint~nent, for " eachAl)arcl~ief" writes Lieutenant Harman "stood 
forward in turn and forbadc the journey : tlrey did not n ~ u c h  object to my going 
alone providetl I made no map for the Queen to see," and so on. Subsequent cor- 
respontleuce througll Government leaves i t  pl.obnl)l(: that t l ~ e  Al~ar chiefs in ques- 
tion nlay yet btb ilrduced to permit a visit by Lieutenant Harman to the Nari 
and Pogrosoi hills. 

(9.) I n  all, the angles of tl~irteen triangles have h e n  finally measured; 35 
stat,ions have been selected; 12 post and pillar stations were constructc~d; and besides 
othcr work, 194 miles of rags were clcarrd under circnmstxnces ml~ich make pro- 
gress in sucll an clperxtion slow and laborious. Lieutenant Harman's out-turn of 
\?.orlc is notonly Iarqe, but 80 far as I have the means of jodging, it, has been well 
ext~cutc~cl. Tlre progress made is very crrt1itaI)le to Lieutenant Harman, mlro was 
well supported by trio of his assistauts, viz. Mr. O'Sullivan aud Mr. McCartby. 

THE SECONDARY TRIhNGULATION I N  IlURBlAH. 

(10.) Tlris secondary trian,rrulnt,ion, it willl)c rcm~ml~cred,n.ns dcsigncd with 
PEBJONNRL. tho vi1.u. of firing a11 p~-orni~rcnt I)uildinjis aud ot.l~er 

01)jcrts in lmzc t,o\vns and clscn.here for the pnrposrs 
W. Q l3crcvl r~ .  R91.. OlTg. Assielnnt 

Boptvinln!r\rnt ~ c t .  O~.tlrlr.. of t , ~ l x ) ~ r n l ~ l ~ i c : ~ l  and gcologicd surveys, while l i p \~ t -  
? MI.. J. I.OW. liltrrg.yo~. ~ I I C I  ~+l.odc.  ~ ~ I I S ~ S  L ' C .  along t,lic co:~st wcrc also to be dct,crln~ucd ,, J. IF. AL~(s.hrll, Y ~ ~ r r r j u r  4 t h  

arn~lc. in lwsition for tire illnrine Survey. Tllo required 
Nr. D. J. Collins, ~ s s t .  Survrgor 4i11 optbmtio~~s \\.(.re axxi11 co~rtlactecl by Mr. IT. G. Dovcrlcy arnrlo. aitlr,d I)y I . 1 1 1 ~  nssistarrts \ r l ~ o  were und(.r his dircctio~~s 

duriuq tlrc previous ycar and, i l l  ntltlition, lly Mr. J. Lo\\., ~vllose scrviccs were 
transferrrtl to tJlc pnrt,y in ord(br to nlsllrt: grt::lter 1)rogrc:ss and tl111s to meet the ur- 
gent dcmnntl ~vli icl~ exists for trigo~lo~nctrioxl d:rt:~ in Uurlnn11. 3lr. I3cvcrlt.y wns 
thus on:~l)lctl to set threc r l e tnc l~~ne~~t s  nt \\.ark in t,l~c ficbltl, \\rl~c>rcl,y he not only 
resuulrd thc t~riangulat,iou begun the scaron before but cstcuded his operations in  
othcr dire(-t,ions ns well. 

(11.) The Scrics conumcnced last. year vas  projected to pass son t l~ \~a rds  
through I'cgu and Ilangoon, but n o t ~ v i t l r s t a ~ ~ r l i ~ ~  several at,tnmpt,s niadc, i t  was 
fout~d impossible to connect the work ~ v i t l ~  t l ~ c  principal stat.ious of thc E a$ ,t cLrn 
Prollticr Series, owing to the udavourable state of the atmosphere which prevailed. 



I n  fact, a sensible portion of tlie countl.y appears to be under r a t e r  a t  the corn. 
mclicelncnt of the ficld season, and mist and haze greatly delay observations towards 
t l ~ c  termination of the operatio~is; uuder these circumstances the surveyor needs 
to  ~nalre the most of tlie iuterval, and even this is beset rvith unusual dificulties, 
as mag be gl~~ancrl from Mr. Beverley's narrative. Notnrithstandiug, the required 
junction above alluded to mas etTt.ct,ed; furthcr, this scries after fixing Pegu and 
ltnngoon \\.as extended to China Bnkir : here tlre old light-house had given place 
to a ne\v one constructed some 5 miles out a t  sea; so that i t  became necessary to 
open ncm rays to the new structure, and to this end i t  was essential to take angles 
a t  the old light-house before its demolition. Blr. Beverley performed this duty in  
person aftcr "mading through a mile of mud and water under a burning sun," and 
thereby incurred an attack of malarious fever. Approximate operations on the 
serics were subsequently continued along the coast t~nlards  Krishna 811oal light, 
which undcr favorable circumstances may be reached during next year. T l ~ e  
position of China Bakir light-house was supplied, so soonas known, to the Master 
Attendant. 

(12.) Of new series, one was based on the side MyL-yhbengkya H. 8. to  
Thcyekllir H. 8. of the Eastern Frontier principal triangulation, and the selection 
of stations and other preliminary work carried on up to Tounghoo Pagoda; 
but this mork beinq comrnencod late in the season, the haze and rainy meatlier 
soon after sct in and final observatious could not be completed a t  more than one 
elation. I t  is intended that tliecllain of triangles should turn \vest\vard on reach- 
ing the Boundary north of Tounglloo and, following t l ~ i s  limit, should hereafter 
110 connected with anotl~er series, also projected in 1875-76, which spans the 
Irrawaddy river nor t l~  of Tl~ayctmyo. 

(13.) Tlre series last mentioned commences a little north of Tllayetmyo ; 
i t  proceeds along the Irmwadtly and fixing Prome pnsscs on soutl~wards : in a 
direct distance sixty rnilcs nrcrc cornpletcd last year of t,llis t,riangulntiou, 11y 
w l ~ i c l ~  moreover numerous points were dcttarmined in the civil stations of llllayct- 
nlyo and Prome, a large numb ,r of heigl~ts were obtained ant1 an  area of some 
3600 squarc miles covered with trigonornctricnl points for after purposes of intcr- 
nal surveys : means have also bccn affordcd of malting a connection with tlre line 
of railway, for thc purpose of providing the latter wit11 a rcfcrence to  sea lcvel. 
The country passed over is described as densely moodcd and \\re11 populntcd. 

(14.) T l ~ r  last series projrcted in 1875-76 remaining to be noticetl, is one 
mliicl~ Mr. Bercrley executcd in pcrson, in addition to a general supervision of all 
the other operations : it  comn~enccs on the Irramaddy a few miles north-west of 
Myanong and proceeding generally in a southerly direction is intended to fix 
Unssein and to be continued to Cape Nrgrais. The main ridge of lrills in the 
IIcnznda district could not be utilized, while the spurs from this ridge were too 
denqcly wootlcd and too short to admit of their being turned to account: even- 
tually Mr. Beverley contrived to find his may between the river and the I~ills, 
clliefly by adoptsing tlie contrivancc of basin? his triangles alternately on flank rays 
nll on one flar~k and cross rays, so that visibility along the ot,ller flank, n.l~icll 
ma9 impossil)lc, mas dispcnscd with. I n  a direct distanoe 81 miles were complet- 
ed of this triangulation, thus bringing it down to mitl~in 32 miles of Bassein. 

(18.) Mr. Bcrerley and his assistants hare executtd ii very salisfactory 
n~nouut of mork ant1 tlreir success is all the more crcditable that thry havc been 
beset with morc than ordinary clifficulties. 



NO. 1V.-TRIGONOJIETRICAL. 

THE EASTERN FRONTIER SERIES, BURMAH. 

(16.) The principal o1)scrvations on this series were resumed a t  the  earliest 

PsRaossnL.  powi1)le (late in order t h a t  the work s11011ld I)e cornplet- 
ed, a t  lc~ast ~ v l ~ c r e  the long rays occur, l~efore t,llc incvit- 

W. 0. Ro.sscnrorlr, Raq.,  Deputy 
Buperitltcnclrnt :i~.d OI.IBIIC. ablc liazy weathvr set in. Accordingly Mr.  Rossc,n- 

Alr. H. Urre l . l c~ .  Surr. 1st Grllac. rode nit11 tile great theodolite took t h e  field ou 26th 
J C. Clnncey, Assis ta~~t  Surrcyor 

ard'i:~.odc. October; the  country however ~ v a s  &ill under water, 
111. J .  0. Hllglles, Assistant sur- SO tliat i t  \ras impossible to  proceed along t h e  land I)y 

r q o r  3rd Qrndo. marching in the  usnal manner : hence the  entire party, 
witli instruments, baggage, aud provisions, embai.ked in boats, and  were t.11us trans- 
port,c?tl from t l ~ e  vicinity of one station to tha t  of ano t l~er  unt i l  8 stat,ious 11ad been 
co~npleted. Arriving uow a t  Amherst R4r. Rossenrode was able to rcJsonie his ordi- 
nary mode of loconlotion on land, subject, hon.ever to the  usual dificnlties n.hic11 
Burulali as get presents to  travellers. H e  mas so fa r  fortunate on this occnsion, 
tlint tlle t runk road to Ye11 and Tavoy fcll within his operations, for t , l~ough 
only partially fiuisl~ed i t  affordcd to his party tlie unusual luxury of travelling 
along a coml~aratively made highway. Ordinarily Mr. Rossenrodc's nlarclles n.ttre 
mndc along foot p a t l ~ s  cu t  originally by one of his own detacl~rnents in procc,cding 
from a lino\\?n st,ation to\va,rds one as yct unlrnomll; and not only 11ad bhep n o  
alternative i n  adopting tl~rst; forest trnclis as roatln-ays, bu t  in  t . l~e absonco of a l l  
other lines of comnlu~~icat ion thry had occasionally t o  marc11 bacli no inconsitlcr- 
able distances along gaps of this kiutl, in order to  fall iuto some other opening 
nrliich would again conduct them in a forward direction. As to crossillg the  r i rcrs  
whcre tliey occurrcd i n  the interior of the  country, t l ~ e  only mod(? of transport 
offered \ras in  the form of canoes, n~llich 11omcver well snited to the w a l ~ t s  of 
natives of t h e  co~in t ry  (~vhosc mar,l.drol)e as  descril~ed by MI., Rosseurotlc collsist,s 
of a suit or tnro of palm leaf apparel) "sway, roll, and capsize" but  too readily 
if occupied by men like ours unaccuston~ed to such boats. r u s h i n g  on I~on-ever 
with his usual pcrseverancc Mr. Rossenrode eventually fo11n11 lli~nself nt the last 
station of the season, but  only i n  time to be envrlopetl 1)y the I ~ a z e ;  rnhcrt!~~pon 
he resolutely sat d o ~ v u  to wait for rain, ~ v h i c h  ren,:~rtled him wit11 l ~ e a v y  falls, so 
tliat thc atlnospbere liaving cleared he  fiuished his observations and marclied into 
recess quartcrs a t  AIo111mrin. 

(17.) Mcnn\vl~ilc the approximate and secondary operations nrcre vigor- 
ously proseclltc~d 11y Mr. H. Beverley, assistctl by Jf(1ssrs. Clancey and LIngl~c.s. 
As the pioneer of t l ~ e  whole establishment and enveloped i n  dense j~ lug lc  Mr. 
Beverley frequently cu t  his way from stat,ion to station, compass i n  Iland, follov-ed 
by his camp equipage. Creclts and t,idnl strcams added as u s m l  to  his dificulties, 
and w l ~ e n  a t  last mountcd 011 t l ~ e  rcqnired hill top, he had arrivcd only a t  t l ~ e  hc~gin- 
ning of a laborious task mhicl~ involved cleariug the site of lieavy trees so as  to 
obtain n viem around. Proccc.ding i n  this manner, be found himself in t l ~ c  vici- 
nity of Yeh, nrllerc the  strip or British t,erritory is only some 26 milcs from sea to 
Boundary, and the hill of Yotag~r~~t l ine   obstruct,^ t h e  viem across ; undel. these 
circumstances he formed n t,nt,myon ronnd t , l~e  hill, and being thus  enablecl t o  
continue his progrc%, he selected a n  additional double polygon to complete the 
season's work. 

(18.) I n  respect to general progress made :-principn.1 observations Tr1.e 
commcnccil a t  t l ~ c  1Catliliat.ong l~cxagon, a l ~ o ~ ~ t .  48 niilcs north of iIIoalmc~in, and  
were carried do\r.n to ~ v i t ~ l ~ i n  some 2 1ni1c.s n o r t l ~  of Y c l ~ ,  covering a clircct dist,al1ce 
of 116 miles. T l ~ e  c l ~ n i ~ l  t , l~us complct,ctl coniprises a hexagon, a pcnt,agon, a n d  
a I~optagon with a n  intcrnal transverse my, I~c~sidcs rat1ic.r ~noi-e than  l ~ a l f  of t l ~ e  
succeeding figure around Y c l ) n d o u ~  liill station. I n  a t  lcast two instancc~s Mr. 
Rosscnrotle overca.me no ortlinary difficulties in  carrying the grcat tl~eodolite to 
t h e  requirod summit. At Wabiantong the  road occupicd a detachmellt a whole 



rnoilt,ll to fit i t  for n pnssnge for the  instrument ; notwitl~standing, f h e  ascent proved 
a p r r i l o ~ ~ s  nndrrt,aking, autl wl~etl achieved i t  was found i1npossil)lc to pitch the 
ol)srrvatorp t,clnt. A hut  s~ipport.ed by poles j : ~ ~ ~ l n l e d  it~t,o f i3s~res  b('trn.een roclis 
was accordingly adoptrd as  s l~cl tcr  for the tlteotlolite, bu t  tho structure was so 
m:~nifc:stly i ~ ~ s e c a r e  t l ~ a t  observations wcrc t,alicn only during the  clay and t , l~e 
instr l~nlcnt  packctl up every evening. I n  fact,  as  Mr .  ltossel~rotle brit:fly 1-emi1rIi9, 
one face of t l ~ c  hill was so perpendicular t , l ~ t ~ t  it,s base c o ~ ~ l d  be seen from its 
sn~nnli t .  I t  was l~o\revcr  a t  lCa1118kal~o tha t  he  ovcrcalne almost insupt~ra1)le 
dific~tltics in tl-ansporting hi3 !:rest theodolite to  the  llill s u m ~ n i t .  The  11iIl n m  
very l ~ r e c i P i t ~ i ~ ~  with sl~nrl) projecting rocks 1v11icI1 j ~ t t c d  out  i n  every direction ; 
i t  was as i ~ ~ ~ p o s s i b l e ,  ~r i t , l l  his very l i ~ i ~ i t e d  mrans, to  reniove t l ~ e s e  roclis, as it 
was to makc. n road in and out around them : as n, last resort, lntlders from 16 t,o 4,0 
fcet i n  length were st,retchc>d from rock t o  rock, and a l o i ~ g  these ladders 11e 
eKect,ed a   no st perilous a s c w t  and descer~t wit11 n o  lit,t,le courngc. His  great 
tlleotlolit,e t l ~ o t ~ g l ~  one of the liglitest of it,s class weigl~~hs 618 lbs, and it.s s~nal lcst  
case is 300 fts in  weight. ' ' I t  m x  a day of rejoicing" says Mr. Rosse~lrode 
" when the  instrument was 1)19011gl1t down in safrt,y". Of furt,l~er progress ; the 
approximate work of tlie sc:tsorl supplied n portior~ of the preceding fignres: 
begiuuing rrit,h Honla11 on t , l~e  island of Ut,log\-hn, t l ~ e  selt,ction inc111des t , l~e 
pentagou and succet :din~ figure al~.cady mentiont.d, a t ~ t t , r n ~ o n ,  and a tlor~ble 
polygol~, comprising iu a11 n tlircct disti~nce of 100 miles : 1.2 st,ations i n  arlvanoa 
rcttlain as a corntnenceiue~~t  for next season's princi[~al o1)st~rvations. Lasl.lg, l)y 
mc:lns of secot~dary trinnglcs, Mal-tallan, llonltnein, Aml~erst ,  D o ~ ~ l ) l ( :  Islarltl l ig l~ t -  
hoosr, &c. have bcen arnply determined, besides t h a t  t h e  p ro~niucn t  pcalis  long 
the  series llavc also been iixetl. 

(19.) U ~ l d e r  favorable conditions Mr. Rossenrodc's out- turn of work 
would be considered as a crt*ditable perl'orn~nnce; bu t  circumstanced as  11e wns 
un(1t.r nmny tlisadvantngcs, 11e has earned nly best cnrnnier~tl:~tior~s. T l ~ i s  is Mr. 
Ilossonrod~:'~ last contril)ution t o  tllc opcratior~s of the Grrnt  Trigononletrical 
Surrey of India, for worn o ~ ~ t  nit11 a long st~ries of artluons and succrssful 
a c l ~ i t ~ r c ~ n c ~ n t s  he 11as rccrntly retirtd Prnm clut,y, rccn~n~ncn~lccl  for a special 
pension in considt,rat,ion of his good services. Mr. W. C. Rosscnrode entered 
tl& d t ~ l ~ : i r t n l e ~ ~ t  in  153!), ~vlien i t  mas under the  direction of Colonel G. Evtlrest 
R.A., (nltc,rmartls Sir G. Evrrest, C.B.) ; snbsequently he servt~d undcr Colonel 
A. S. \J-angh, R.E., (now General Sir Andrew 1Ta11gh) ; and since I R f i l ,  undcr the 
present S~tpt.rintendent, colonel J. T. Wallier, 1E.E : Ite invarinl~ly conducted 
himsclf so as t o  \\.in their confidence and  good opinion. TI(: also ser\.rd with 
crctlit on t l ~ c  Butll~on, llnngir, l'ililrit, ant1 hial~uncl~n 8rrit.s. I n  1848 Rlr. 
Rossc~nrotle was sclectctl to Iny out the  approxinintc t,rim~gnlntion of the Grt'nt 
Longit~~tl i l ia l ,  stretching ncross the desrrt from Sironj in Crntral Intlia t,o Rnrb- 
chi i a  Sind;  and .it was I~cre,  under the ortlcl-s of the late Colonel A. S t ~ x n g e ,  
F.K.S., t,hnt 11e lirst earnctl the title Ilc has sincc so wc-ll mnintnined to mnk as 
onc of our most valued pioncbers ; Ile lead t.110 way for Colorlel Stmngc's operations 
i n  a nlanncsr n , l~ich clicit,cd thnt oflicer's higl~c?st commt.ndations. Lntcr on, Ile 
st.lt~ctt:tl the  Knrhcl~i  base-line of rcrifirntion, and continuing to rise in  the  
d rpnr t~nent  Ile first snrccctled to  tlie c l ~ a r g e  of a field part.y in 1859. l I r .  
Ro~cicnrotlo has since nctetl as  the Iradcr of one of our fieltl estnblisl~rncnts for 
ncnrly 17 rears : during thnt prriod Ilc llns covt~red many n district wit,l~ t,riangu- 
lation ant1 in doing so has trarcllt~d ninny a I11o11r;nnrl rnilrs. The greater portion 
of his scrvic:rs l ~ n v r  n loreovr  hern rcutlt~rt~tl i n  t l i f i c ~ ~ l t  gromld, often t , l~ rougl~  
densr antl 11ni1111ahiLed f o l ~ s t s ,  snl~jcct  to  many  tlnngrrs, including injury from 
milt1 l ~ o a s t ~ ,  nttnclis 1)y prrtlatory t r i l~ t s ,  antl I)ut t,oo f~-cqllcbntly to t l ~ r  dcadly and 
lasting influt~nce of malaria. T l ~ r o ~ ~ f i l l  all t l~cs r ,  itir. ltosseurode has \rorkcd 
carncslly and well, anti now t l ~ a t  tllc t ime llas a~.rivrtl n l ~ c n  I I C  can toil no more, 
Ile 1rn~t.s the tlcpnrtnirnt accompanied by  mnny good n,isl~es that  hc may long 
enjoy thc r c ~ r a r d  of his labors in a 1.eposc so honorably won. 



NO. V.-TEIGONO3IETRICAL. 

THE JODIIPUR IlERIDIONAL SERIES AND TIIE EASTERN SIND SERIES. 

(20,) The duties devolving on Captain Rogers were peculiar in the cir- 
YPIIJONNBL. cllrllstance, tl1:tt 11c n-ns rc,ql~ircd successively to pro- 

Cnptnin BI, !". nogrrs, R.R., org. secute opt!ralions ~v l~ ic l l  were separated by 2&" of 
Dcl>,~t? Rupe~.it~tontlent 31.11 Gntdr. lollgitude : in 111~ first, instdance he \Yes desired to 

Mr.  \V, C .  l'ricc, f411rreyor 4th 
G ~ ~ I O .  co~~~pltate i,h(? Jod l~p l~ r  iYIcritliona1 Series on t l ~ c  111~- 

BIB.. C. P. Torrens, Assisttint Sur- ridinn of 72k0, and tllen to I)tbgin a nc:n. chain of prin- 
royar 3rd Urnde. 

blr, I,, B, P,.u,,,y, Assistol,t Sur. c i p a ~  tr ia~~gles,  on t11e meritlian of 70°, terlllinatina 
rcyut. 4 ~ i l  Ctrnrto. to t l ~ c  rlort,ll a t  the Great Intlus Series ant1 to tho 
s o ~ ~ t l l  a t  the KarLchi Longiludiual Series. T l ~ e  new triangulation was named tho 
Eastern Sind Series. 

(41.) Tltc late and very llravy rains delayed t11e arrival of stores and mrn  
essential for C:~pt,ait~ Ilogt~rs' ficald opernt,ions; Ile tl~c:rt~l'orc applied all his av:~ilal)le 
mc:lns ill st:trt.ing his assist.:rl~ts, \\lrile 11c procecdt~d to Dwsa, mhcrc, a t  the 
requost of t l ~ c  C;o\.c9r~~n~c-nt of 13011tba~ alld ill c o ~ ~ ~ p l i a n c c  wit11 the sl~ggcst,ion 
of l l ~ c  3Lcteorologist to t \ ~ c  Govc.rnmc~~t of Intlia, 11e inspcctcd the I\Ict~c~orologi- 
cal Observatory, reported on tile same, and laid out a sllort triangul:~t,ion iu 
order to connect t J~e  ol)scrvatory and tt!lt,grapl~ ofico xvitl~ t l ~ c  Karticl~i Longi- 
tudiual Series. l l n r c h i ~ ~ g  next to the nort.l~ern t,ern~inus of t l ~ c  Jodl~pur  RIcritli- 
onnl Scries, he completctl t l ~ c  relnailling approximnt,c work of the terminal do~~lr le  
polygon, and tllen procoodiug wit11 t l ~ e  measurement of the princi1)al anglcs 11e 
fiuished t l~ese ol)c~mt,ions by the 3rd January. 

(22.) Subscq11c~111.I~. Captain Rogers marched across to the proposrcl nortll- 
ern t,eriuinus of t l ~ c  Enstcrn Sind Series with the view of c o m ~ ~ ~ e n c i n g  tlre rc- 
qailwl triangulation a t  t l ~ a t  end, while Mr. Price was deputed t,o operate si~nilnrly 
a t  t,l~c so~~tlrern tc~~n~il lus.  Unfort~~notely the river Indus Irad \vashcd anray several 
of the old stat,io~ls about the 111ost conve~~ient  locality, so that  Captain Rogers 
was obligctl to ndol~t an iuit,ial side [vest, of the givc:n meritlian : gmdually \rork- 
ing on to the rcqt~irt!tl ~ntsritliau ant1 tbt,n ~ I I ~ I I ~ I I ~  sout l~ \~ards ,  he a t  first liatl to 
operntc on a e o a ~ ~ t , r y  quilt flat ant1 covc,rcc\ wit.11 tl(~n.w t,rc:e and grass j n ~ ~ g l e  ; 
but p t~s l~ ing  oun.a~*tls t , l~ ro l~g l~  t,l~ese dificl~It,ic.s, 11c arrircd in a region of sand 
hills nrllicl~ prorilises srtitnl)ly clcvatt~d sitcs mld corrcsl>ontling facihties for t , l~e 
opc:rntions nest season : liis al)proximnte \\.orli \\as closc*tl a t  the cornmencc~ment 
of this llilly region. At  the s o ~ ~ t h ( ~ n  terminns Rfr. Prico n.as a t  first u n f o r t ~ ~ -  
nate iu being l)rostrated, wit11 all bis men, hy fc!rc~r, so that they resortetl t,o Dctasa 
for medical aid: on recovery from this attack, 11c made eifective progress in atl- 
vancillg the approxilnnte opcmtions nortl~wal.ds. RIt~anmhilc o t,l~ird detncl~nlent 
untlcr Mr. Torrens begall and co~~~plc*tcd  nu extensive series of secondary tri- 
angles, named the Ba11nt.r Rfinor Serics. 

(23.) 011 the cTodl~pur Mc!ridionnl Serirs, the final angles were nleasnretl 
at 9 priucipnl stations, of \vl~icl~ 7 l~atl first t,o be sc~lcctetl nntl ot,l~erwisr prepared 
for ol)srr\ratio~l: this worlc colnl)lctt~d t,l~e terminal do111)le polygon, 21 ~n i l r s  in 
direct lcngt,ll, n~llicll r e n ~ a i ~ ~ r t l  to \)ring t11c c h i n  of t.rianglcs to a conclusion. 
Tltc series t l~us  l)t!gu~~ a11d fit~islrc~d 11y C:ipt,ain Rogc>rs origi~~atcs a t  :t sitlc of t l ~ c  
Karlicl~i Lollgitutliiial Sorit:s, from nlllo~~cc, strc~tcl~ing ncross tlle i11t.crve11ing 
dist:~~lco of' 311 tllilt,s, it  joins on to the Sutlvi Svric~s in t l~r  snlnc 1o11~it.11de nu i t  
was b(*gl~n, i.c. 721" : the corm t,ry inclutl(,tl is l,l(bntifi~lly dott,t,tl \vi t.11 sa.ntl I~ills lying 
on a nr:~stc of sand, 1 ~ 1 t  1110ngli on t,l~c ont: 11and t11c:se hills f:~cilit:~tt!tl tlle op(.~-a- 
tious 1)g prc:sc:nt.ing clcvntc~tl sitcns for st,:~t,ions, on t . 1 ~  ot,l~c,~., occllrring as t,l~c,g (lo 
in coar~tric,~ t l ~ i ~ ~ l g  populated and 1)ut ~c1.y sc-antily supplied wit11 \vatel., Captain 
Rogers' t:lsk on t l ~ c  ~ v l ~ o l c  was so artluous that IIC tlcst~rvcs cver;y co~nmcnt l :~ t io~~ 
for l l av i~~g  cornl~lc!t,c~tl it \I it11 sllccess : in the most arid portion of t l ~ c  tract sur- 
vcycd b11t tl~rec: \vc!lls of drink:tl)lc wat.rr \rere fo1111d in a distnucc? of 70 nlil(.s. 

(26.) On the Eastcrn Sind Serics, tho operations ~rerrc intentionally re- 

NOTR.-TII? ci.rot.6 or l l ~ c  J o r l l ~ ~ ~ u r  So1.ir8 &I i t#  j~tlirtion ail11 1110 Sutlej Scrioa arc na folluaa ; in Latitude= -0"-17 ; 
Lu~~gi ludc-  -0".11 ; A r i ~ u u l l r =  -8"-21 ; Hciglll = 11 feat ; side = - 1.8 incllea &>er ruile. 





coul.se to RLjkot; from here turning north-easterly Ire passed througl~ Chotila, 
kc., ant1 arrived a t  W a d l ~ w i n :  from the latter place the line was run along 

tile Bombay Baroda and Central India Railway to ViramgBm, and from thence 
vici Ahmedabad to Mel~madabad; branch lines being projected as usual where 
required. Mr. Rendell began work with the loop line a t  SlrikBrpur and proceeded 
on to Adisar; beyond this he had to cross tlrat part of the Runn wliich l r ~ r e  
divides Cut,cll from the PBlanpur State and this Ile was surprised to find under 
water to a deptlr varying from 1 to 2 feet : to orcrcome this difficulty he estab- 
lishcd suitable stations right across the R ~ l n n  orr pegs driven throug11 the water 
into the ground; and planting lris stares and i n s t r ~ ~ m r n t s  on t l~ese pegs 11e con- 
trived to grt  across satisfact,orily : Ire reports tlre bot,tom of t.lre Runn I~ere to I)e 
concave in thc scction Ile made, nrit,h a depression of some 2 feet a t  the centre. 
Mr. Rerldell corrt.inucr1 the nort,h-enst,o~.ly coursc in which 11e startcd to Golmtar, 
arid from tllclnce t~lrning to t l ~ e  solitl~-c~ast Ile procced(.d oilwards to PBtri, and 
cventunlly closed nu the I)encl~-mark at VirarngBm esta1)lislrrd 1)y Captain Uaird. 

(27.) Cal)t,ain Baird Icvc.llcd ovor 219 rrriles, and Mr. Rendell over 171 miles, 
making in all tlre excellent out-turn of 4'20 miles, executed in caclr case I)y t*\vo ob- 
servers and subjc-ct to the rigorous conditions of exactness nll~icl~ in lines of such 
considerable length are essential : 24 survey stations and 106 paka points were 
connected ; besidos mhicl~ 36 bench-marks, eml)edded in tlre usiial manner, were 
established. T l ~ e  main line tl111s exec~rt~cd by Capt,ain Baird and tlre loop line le- 
vellcd by Mr. Rendell, ~vlren conlbincd nlitl~ t,lre line between their starting points 
(Jolya to Sl~ikBrpur) established a complete circuit: the difference in height, on 
comparison a t  tlie point commou to thc t\vo parties a t  Virarngiirn, alr~ounted to  
0.636 fcet, and even assunling that the ml~ole of this error is due to tlre loop line, 
which was executcd with cornpnr:~tively inferior il~st,ruments, the percentage of 
error per mile an~oullts to .O04# feet. 

(28.) Uufortunat,ely Captain Bnird in course of lris duties sufferer1 from 
fevcr, so that Irc obtained 3 montl~s' Ir,nve and proceeded to Er~gland for a change. 
Menrrnrhile however, it  had become evident, that  t l ~ e  Inrye mass OF lris t.idal oh- 
servations could not be reduced in this country except a t  the considerable cost of 
restricting Captain Baird to tSlle duty of computations solely : as a more expeditious 
and far more economical mc:lsure, Colonc~l llTallier recommended that  advantage 
sliould be t,alten of Captain Bairtl's prc>sencc in England, where, in concert wit11 Mr. 
Rol~erts of thc N:~ut,icnl Alma.r~ac Office, Ire shonld he autllorizpd to rrd~rce his 
observations. This suggestioll havirrg met wit11 approval, Captain Baird and Mr. 
Roberts are now engaged on t,he work in England. 

(29.) Capl.nin Baird madc over c l~argr  of his party on 12t,l1 June  to Major 
C. T. Haig, R.E., ml~o conducted the cotnputations during the recess in addition 
to his other duties. 

1\'0s. V I I  AND VIII.-GEODETIC. 

ELECTRO-TELEGRAPHIC DETERMINATIONS OF DIFFERENCE 
OP LONGITUDE. 

(30.) These oprrations it will be rflmernbered merc brgull iu 1872-73 and 
were tlren conducted l ~ y  Captain J .  Hersclrcl, R.E., F.R,.S., assisted by Captain 
IV. M. Caml)bell, lL.E., who finished thc tnro arcs Nadrns-Ba.~rgalore and Baugr~lore- 
Mangalore. Cornplcte discussio~ls l ~ p  tlrcqf: officc?rs of the instruments employed, 
thc procedure followed and the work exccutc*cI will be found in the appendix to 
the rcport for the year above named, the introduct.ion to t l r e s~  papers by Colonel 
J. T. Walker, R.E., P.R.B., being placed as usual in the body of the report in 



I n  course of the preceding opcrations i t  was scen that No. 1 of tile 
pair of transit instruments aud B of tllc two si~nilar  cl~ronographs exhibited such 
serious faults in perforn~ance that i t  became a inatter of much importance to detect 
and elilninato t11c.ir causes. &Ieannyl~ile 1 i o n . e ~ ~ ~  Captains Herschel and Camp- 
bell proceedetl snccessircly on f u l o u g l ~ ,  and on thc return of the latter he was 
deputed to aid Colonel J. F. Tennant, ll.E., F.lt.S., in observing the Transit of 
Venus. Thus t l ~ c  longitude observations fvll into a l ~ y n n c e  for a time, nor were 
Captain Campbell's serviccs again available for thc purpose nntil the end of April 
1876, when i t  n.as too late to begin fc ld  ~ p ~ ~ r a t i o n s .  EIo therefore turned his 
attelltion to the instrumental defccts al~ovc nicntioncd, and to such excellent pur- 
pose, that  he appreciably cured the faults iu the transit instrument, and dcvised 
remedies for tlle cl~rouograpli wllicll hc entrl~stcd to Mr. I)odcret, the illathema- 
tical Instrulnent IIaltcr to Gover~lmcut a t  >Iadras, to execute : thc drtails of these 
matters are given by Captaiu Campl~cll in t l ~ e  Appendix to tllc report for 1874-75. 

(31 .) During the year uutler rcvienr, Captain C R I I I ~ ~ I C I I ,  11 it11 the aid of 
Captain IV. J. Heavisidr, lt.E., undrrtoolt the more comprcl~ensirc programme of 
operations hereafter mentioned. He bcgan by applying to tllc tlcf(bclive chrono- 
grapl~ the improvements wlucll had been dcvised 1)y I~imsc~lf and exccutc,d by Mr. 
Dotlcrct during the rctcrss and found these entirely successfnl. On this he toolc 
the ficld and procerded to I-Iyderabad where he nras joined by Captain Heaviside. 

(36.) Thc proposed programme for the season's operations involved the 
PBRSOAVEL measurements of the following arcs 

Cnptstn w M C R ~ ~ ~ C I I ,  n F, , OIT~ 1. Hyderabad-Bombay 
De,u~tg Super~ntc i~cle~nt  2nd  Qrado 2. Bellary-Bombay 

Alr J Rand, Ass~a tnu t  Surveyor 
1st Ctrnde 3. Bellary-Hyderabad 

4. Madras-Hydcmbnd 
C ~ l > t n t n  W J H C ~ T I R I C ~ F .  R E  , DC- 

putg Sulvcr~lntsnrIrnt Jrd Qrnde 6. W-~dras-Be1lai.y 
blr H. 13 I! Kcrlnn, R o ~ r c ~ o r  3rd 6. Bangalore-Bellary 

(trade 7. Brllary-Mangalore. 
Of these, 1 to 6 were sncceqsfally compl(.ted : the arc 1 : ~ t  named could not bo 
undertak~m from want ol  tirne. Arrived a t  Hydernhad, C:~ptain Campbell selected 
a suitable station nt Uolar11111 irl prefcrcnce to 10c:~ting l~i~llself nvar tile neigh- 
bouring teleympl~ stations a t  IIyderabatl and Secunderabad, Herc in due course 
Cxptaili Heaviside under Captain Campbell's instructions acquired the iilstru- 
~ilental aud other spccial knowl(*tlge necessary in these operations ; after whicl~ 
the observers proceeded to determine values of the personal equation brtween them, 
using both transit-instruments for this purpose. Sul)sequently Captain Iieaviside 
dis~nantlcd and removed his instruments to Bombay, Captain Campbell standing 
fast at Bolarum, and thus the arc Bolnrum-Hornbay was begun and completed. 
Next Captain Campl~ell moved to B(,llary, aud in conju~lction with Captain 
Hcavisitle a t  Bombay measured the arc R(~1lary-Bombay. After this Captain 
Camphell proceeded to Bombay, ml~crc vnlncs of l~rrsonal equation mere determined 
with Captain Heaviside's transit. Then, the latter officer moving to Bolsrum and 
tlw former rrturninq to liis camp a t  Bcllary, they m~aslircd the arc between these 
stations, thus completing a circuit. The next arc, Madras-Bolarum, nfas measured 
with Captain H~,aviside a t  tlie latter aud Captain Campb~~ll  a t  the former sta- 
tion. Subsequently, while his instruments were being sliiftcd to Bellary, Captain 
Hravisidn visited Captain Campbell a t  &Iadras, nrl~ere valucs of personal equation 
wcre determine-[I, this tirnc with Captain Campbell's tclescope : after tliis Captain 
Heaviside proceeded to Bellary and the 01)servcrs finished the arc Madras-Bellary, 
tliua completinq the second circuit of the spason. Finally, while liis colleague 
stood fast a t  Bcllary, Captain Campbell moved to Banpalore and t l ~ c  arc bctween 
them was duly measnrrd. The scason's operations mere closed a t  Bangalore by 
determinations of values of personal equations with both the transits. 

(33.) Besides the improvcments alrcady mentioned, Captain Campbell's 
experience and skill have enabled him to make other amendments ; these mill be 
found described in his narrative, given in the appendix to this report, to which 1 
invite attention. Thc niccty of appreciation, so csscntial in thesc delicate opers- 









tions, is apparent in his instrumental arrangements, while his own and Captain 
Hertviside's slcill as observers, combined with tlieir foresight, unremitting care and 
assiduit,y, have enabled them to complete an amount of work which is excellent i n  
quality and ample in quantity. The extent of their success is also partly due to 
the accomnlodations tliey enjoyed in respect to the telegraph mires, tllrough the 
courtesy of Colonel D. G. Robinson, R.E., Director General of Telegraphs, and 
his officers, whereby, during the measurements of all the  arcs, S ~ T C  the f i s t ,  the  
observers obtained t l ~ c  use of the line wire uninterruptedly during their program- 
me for each night. 111 addition, Captain Campbell received every assistance and 
kindness from Mr. Pogson, Government Astronomcr a t  Maclms, mllile Captain 
Hcaviside enjoyed similar hearty co-operation a t  the l~ands  of Mr. C. Chambers, 
F.R.S., Superintendent of the 0bsc.rvatory a t  Bombay. 

(34.) Captain Campbell 11a~ing completed tlie necessary calculations 
during tlie past recess, has for~varded the following abstract of results, just in 
time to ellable me to include i t  in this report. 

A B S T R A C T  O F  R E S U L T S .  

Circuit I, 1875-76. 

A L  Bolnrum-Bombny, ... ... ... ... 2zm 488.866 f '0084 
... ,, Bellnry-Bombay, ... ... ... 16 26 '941 + '0130 

Differeuce, ... ... o '050 * "0200 

Circuit 11, 1876-76. 

A L  Madraa-Bolarum, ... ... ... ... 6 54 '701 f '0123 
,, Madras-Bellary, ... ... ... ... 13 16 '591 f 'or24 

... Difference, ... o '015 f .o216 

Circuits I and I1 combined, 1875-76. 



Circuit 111, 1872-73 and 1875-76. 

... AL Madrse-Bellay, ... ... ... 13" 161.591 f 'orz.4 

... ,, Bangalore-Bellary, ... ... ... 2 37 '346 f '0145 

... ,, Mndras-Bnngalore deduced, ... ... 10 39 '245 & ' 0191  
Do. meeeured in 1873, ... ... lo 39 '079 f '0102  

... Difference, *o '166 f ,0217 

A diseuasion of the errnr arising from the method of deducing the collimation nnd level corree- 
tione of the fnulty telescope (No. 2) in Seeson 1872-73 (which will be found with the results of thnt 
season) mtisfactorily nrcouuts by nctunl figures for O"10 of the lnrge discrepnney +(0*1GG) found 
above, while it indicates the probnb~lity of a considerably lnrger qi~antity. W. M. C .  

I t  will be seen that  circuits I and I1 re-enter very satisfactorily, and that in the 
alternative circuit formed by combining these two, a partial ca~rcelnlent of their 
individual errors occllrs. I n  circuit 111, the arc Madras-Bangt~lore was mea- 
sured in 1873 before the defects of transit No. 2 llad been elinliuated; hence the 
unsatisfactory re-entering discrepancy of @.I66 ; t l~is ,  as Captain Campbell shows, 
reduces by calculation to 0-066, with an  indicated probability that a further 
correction is due. 

NO. 1X.-TOPOGRAPHICAL. 

THE SURVEYS IN THE D E H R A  DON DISTRICT AND 
1N THE SlWALIK HILLS. 

(35.) These surveys, as I~eretofore, have been carried on conjointly by 

PsaeomnL. Captain H. R .  Thuillier, R.E., in c11arf;e of t l ~ e  Ku- 
R. Thoillier, o,,.g, rnaun and Garllwhl Part,y, and by Captain F. Bailey, 

~~~~t~ Superintendent I r t  ororle. H,.E., Superintendent of Forest S~~rveys .  The latter, 
E. C .  Hymtll, Org. ibsistent working for the requirements of foreshy, undertook 

Buyerintrn~lent 2nd Grade. 
MI. c . . ~ .  Neurille, Surs. ZndQrnde. the internal details of tllose portions of the country 

8 ,  FI'.Todd, 19 2nd ,- included mitliin the boundaries of the Government ,, H. Todd. Asat. ,, l a t  ,, 
,, T. ,, ,, l e t  .. forests, leaving the remainder of t l ~ e  gro~lnd t,o be *. F. *'". ~iiapped by Captain Thuillier : t l ~ u s  the ol,erations of ~ n j ' C l r n d o .  

nlr. I. 8. POCWL. ~ m t .  Surrsyor 3rd t,l~ese officers when combined produce a complete map 
t3mrlo. b,r R. F, WarniaL, SumcJor of th13 Del~ra Dim district, inclutling JaunsBr BBwar, 
4th ~ m d e .  and of the southern port.ions of the Siwalik Hills so 

7 Nnt i ro  Rt~neyora. far as the Government foresth ext,end. The allotment 
of co~illtry to encli o5cer will he readily seen hy a glance a t  tlie index map, in 
whicl~ the portions assigned to Captain Bailey are not colored. Captain Thuillier 
cont,inned to direct the operations intrusted to him until the end of February. 
when in compliance witti orders he made over cllarge of 11is party t,o Mr. E. C. 
R p l l  and proceeded to join the Superintendent: thus tlie field doties were con- 
ducted successively by Captain Tlluillier and Mr. Ryall, and accordingly t l~e i r  
separate narrative reports on the subject are given in the Appendix. 

(36.) At the close of season 16'74-75, the operations remaining in the 
Dehrn valley were restricted to the Eastern Dbn, and of t l~ i s  tract tlie whole had 
been triangulated wl~ile about one half had been traversed. I n  JaunsBr Biwar 
t,he entire country had been triangulated and was ao far prepared for plane ta- 
bling, subject to such further addition8 as the subsequent operations might require. 
Commencing a t  this stage, Captain Thuillier devided his establishment into two 



pnrtions ; one of t l ~ r s e  h c  placed under Mr. R p l l  and sent  into ,Tauns&r 13611 a r  
to survcay tlint sul)division, n.liile I I C  retaiucd t h r  o t l ~ c r  undcr his immediate 
dircctionq to ol~erate  on t h e  eastcvn portion of t l ~ e  Dvhra Dhn. As regards the  
parts of Kuil lau~l  ant1 G a r l ~ ~ r i i I  w l ~ i c h  could not  b r  f i r~is l~cd i n  1874-76, i t  rr~ay I)e 
llere ststpd, tlrnt these tracts nrerc not visit(-d: they comprise oilly sonle 1,200 
sqlla.C LliilCq, bllt  lgillg as they do on t l ~ e  nortll-eastc~rn confines of tllC district 
alld a t  co~lsiderable altitudes and thus being difficult of access, i t  \\'as dec~mtnd 
undcsirnble to  incur tho ncsccssary l ~ e a v y  outlay n~l r ic l~  the  n ork n ould invol\?e, 
especially in view of firrisl~il~g the  survey i n  t l ~ e  Delrra 11611 district. 

(37.) Taking thc  field n l ~ o u t  20tl1 Octoller C:~ptain Thuillier commc.ncrd 
llis opcarations in  the Eastern D i ~ n  : like t l ~ c  rest of t h e  r;illcy, t l ~ c  country is c u t  
up  by numerous 11 atrrcoursc~s; clsemlicre it  is g c ~ ~ c r a l l y  covcrcd I)y d w s e  forclsts, 
so t l ~ a t  tlle area u ~ ~ d e r  cultivation is very small:  i n  atlditiol~, t h e  spurs running  
down froin t l l ~  IIiru:~lnyas l ~ r r e  terininatc in  a1)rllpt prc,cipicrs, cacli succecdcd I)y 
n forest-covered plntcar~ rvl~icli is so fl:~t tlrat tllc uat1.r 1odgc.s t l~crc~on and pre- 
sents a h ~ ~ g c  S I ~ ~ I I I ~  : t l ~ ~ s c  s \ ramps range from 1 to 24 tl~ousautl fect alloi c sea 
level, whilc the  111lls north of t l~ern risc to  over 7,000 fc:ct. Untlcr sac11 circnm- 
stat~ces the work was not only cl~fficult I I I I ~  rxcoedingly tctlious and trying to 
I~eal th.  Fifty-fo11r m i l ~ s  of clrcclc travc~rses ere run  to test the  \\orli, and Captain 
Tltuillier exa t~~ine t l  the  Ilill s k c ~ t c l ~ i ~ r q  in  porson, both i n  t he  Dehln b u l l  ant1 also 
in the  Anilh\\ a valley of Jaunsiir l36\var. 

(38.) Mr. Ryall commcncetl field work in Jaunsiir B5war on 22nd Octohcr. 
H e  rightly adoptcd various watersl~eds as boundaries for the dlffcrent p l a ~ ~ e - t n l ~ l c s  
in  place of t h e  co-ordinates ~ v l ~ i c l ~  are more convesnicnt on tnblr l a ~ ~ t i ,  and 11e 
establisl~ed additional t~.igononietric:rl points to facilitate, thc  topogl~al)l~ical \\'orli in  
the  rallcys and on the rcrnote patchrs oE country :~l)out Sansog and 130npuiB. 'l'he 
cou11t1.y under survey  nay be rc.gart1c.d gc~romlly as rnatl(. up  of th r rc  I)rlts or strips 
running east and  \\.t,st. The sout l~c~rn I)c-lt or u p  to the  parnllrl of 30" 44' lies 
chiefly in  Jaunshr ; it riseq to  mi alrcBrage I ~ e i g l ~ t  of some (i,000 fect a l~ove  sen Icvc.1, 
and the Oovcrn~nrn t  foi.rsts thercon a l . ~  n~stl.ictc~r1 only to n fen, dct:tcl~rd pntcl~cs. 
The middlc belt is a l ~ o u t  5 miles in n.idth and is coveretl wit11 rich fo~.csts all i n c l ~ ~ t l t ~ d  
in the  Government rctscrvrs; it lies cl~ic+ly in K611dal1 and comprises srvc1r;rl lofty 
l~ i l l s  as Dcohan nntl Kalainu, risinq to a n  arer:Igc I~ciglrt allovc. sca levc.1 of solne 
9,300 feet. 'l'he r ~ o r t l ~ c r n  x~rd  ~ncn~aining I~c.lt, 111ncl1 rc~sc~rn1)lcs tllr soutl~erii  strip, 
both in nvrmgca I ~ c i g l ~ t  nntl g ~ ~ l c * r : ~ l  fc:~ tllrcq, exccl)tin$ t11irt t l ~ c  f'orincr is mrlclr inore 
plrntifully covered 11y Government forrsts ; i t  lies cl~icbfly in B;i\\ ar. T l ~ e  ntlcessity 
for fixing nulncsrous points on tlre forcast l ~ o ~ ~ i ~ t l n r i c . ~ ,  in11)osctl on t l ~ r  sl~rvcJyors consi- 
dt~rnbly greater la l~our than as anticipatcd, and t l ~ i s  was euh:~nccd 11y sinlilnr 
requirements in rnnnrction wit11 thc khnls, w l ~ i c l ~  a rc  intr.rn:~l s~~l)-di\, isions consist- 
ing of 6 to I 5  s n ~ a l l  villxgc~s or lantl-l~oldings. Alo~r: tl~c, rallrys of the Jurnna, t l ~ c  
Tons, and tllc P6l)nr rivers, tllc n~oui~ tn ins  are cxtrelnrlp prccil~itol~s. 

(39.) I n  tlre D c l ~ r a  Dim, hcsidrs tlicb rc.lnnini11g p w l i m i ~ ~ a r y  trnrerses, 1 2 1  
square miles \\,ere surveyed on the scale of 4 i r ~ c l ~ c s  to a mile; aftclr n llicll, i n  
ordcbr to utilize the sthrviccs of a f ~ ~ v  native srlrvc3yors \\ll~o n r r c  not s a f f ~ c i c ~ ~ t l ~  
trained fol' wo1.k on I~ ig l~e i -  groru~d, tllr surrc>jr of Drllra, inclr~tling 8 sqr1m.e 
miles, was complctrd on t h e  scnlc of 1 2  incl~es to the  milc. Besides t l ~ e  fore- 
going, 38 Iieigllts were dctcrminc~tl tri,ool~o~nelricallg ant1 many otllcrs l)y mc,aus 
of the aneroid I~aromt.trr. I n  .TnunsAr R:in-ar, 62 poi~l ts  including 9 lleiqhts 
were fixed trigonometrically, and 4 3 0  square n1i11.s surrc!cd topograplrically 
on the scale of 2 incl~cs to the milc : fur t l~er ,  no 1 1 ~ s  than 1,350 I,or~ndary pil- 
lars nrcre Inid tlomn, and both the  cart road ant1 the l~ridle-road to Chalil*;ita fo r  
a tlistancc of 72 rnilvs in nll, lying mitlrin JaunsA~., \Irere t~~avrrsc-(I : evcll.y cbntl(~nl~ollr 
nrns made to lay donn  the I I O I I I I ~ R ~ ~ ( ~ S  of H I C  ( T I I I ~ O I I I I I C I ~ ~  of Cllakriit:~, nl~tl t l ~ c  
rrq~lirrtl  limits \\,crc dcfincd so far  as the 1ircc.wal.y i~rfc>~.l~~ntion on ill(, -rll!ject 
co111tl I)e ol~tninctl. Wit11 rrgartl to oficc. nark, (i nr:rpr Irarcb 1)cscn fin:1llY (Ira\\ 11 
and complcied for pnl~lic,at~on. Tlrc \ ~ o r l i  11c~rc.in ~.c,ported on compl(~tc~s the 
sur\-cg OF tl1c9 J)c11ra D i ~ n  district, i~~c ln t l inq  .Ta~~nc,'lr U.i\\nr, so far  as t l ~ r  portiolls 
undertaken by this clcapartuleut are concerned; and, as \I ill LC secu htreafter, of the 



parts ass ig~~cd to Captain Bailcy only 20 square miles ill  the Dt.111-a vallcy rcmnill to 
finiql~ t l ~ c  entirc work. As rcgards the operations ~ ~ n d e r  Captain Tl~u~l l ic~r  n~ltl Mr. 
ILya11 now under review, I have carefi~lly inspected t l ~ e  original pl:ine tab](, sIlec.ts 
and can vouc11 for the general care and accuracy wit11 whicl~ they are de l~nc-~ t~a~ l :  
t h y  represent a n  aniou~lt of toil and perseverance whicll can he best appreciated 
only in presence of the diflicult ground operated on, and in view of these conditions, 
the  out-tarn of work acl~ieved is satisfactory Iwth as respects niaqnitudc and merit. 

(40.) I n  s~~bmi t t ing  to Govc>rn~nent Captain Uoll(>y's rc>pol.t on llis pro. 
gress during 1876-76, the Officiating Superintentlent, C:~l)tain Thuillier, makes 
the follo\\,ing remar1cs.-"Thc portions of country surveyed presented very ilitri- 
" cate and difficult features t l~roagl~out,  the hills being mostly covered wit11 forest 
"and jungle, which render a fiiitl~ful survey more tedious and difficult." Again, 
a the topogmphy is good, nltd considering the intricate a11c1 ruggrd nature of tile 
"ground operated on, tlrc out-turn is ~at~isfactory." Purtl~er,  " Captain &il,ay 
" rc,ports vcry favorably of the progress made by his Native surveyors and this is 
"provcd by the  avcrxgc moutlily out-turn of topogmpl~ic:il area by a party con. 
" sisting of 1 Et~ropean ant1 6 Natives having increased from 7 8  square miles 
"during field season of 187h-75 to 123 square miles during the season under 
" r c ~ i e n . "  Also, " t l ~ c  fore4 tracts in Jaunsrir have been entirely completed, 
"and wit11 the exception of a small portion of abont 20 square miles those in the 
" Dchra Diul also." Lastly I I ~  adds, "having 1)cen working conjointly mitt1 
r' Captain Bailey in the gtbnrml surveys of the I)cl~ma DL'III ant1 JnunsAr during the 

past tliree years, I an1 glad to have this opportunity ot testifying to the able and 
"zoalo~~s  manner in m l ~ i c l ~  Ile conducts the operations under his charge." 

(41.) The successful completion of this survey, undertaken three years 
ago, reflects nlucll credit on Cal)tain Thuillier, Captain Bailey, Mr. lLyall and 
the assistants \\rho sic11.d them : by its means me obtain accurate maps with well 
clelineatccl terrestrial feat~lres of a tmct of country wl~ich is rising daily in in~pnrt- 
snce and value, and whicl~ is already rich in extensive tea and otl~er plantations. 
&forcol-er the Dcllra valley presents consid(.rahle areas of land, well n atered, in 
a favorable climate, and otherwise suited for settlements of various kinds; and 
besides, the country abonntls in extensive Government forests the products of 
w11icl1 are rapidly incrt,asing in value; but in the absence of tlle excellent maps 
now secured, and amid t l ~ e  dense underwood and forest ml~ich alternate with open 
glades and tortuous ravines, i t  has l~itherto been impossil~le to define n, site, in 
co~lnrction with grants of land or for otl~er purposes, even if the site in question 
could he discovered. Thesc draml~aclrs now stand rc~moved : the maps are already 
in local demand and, i t  may bc predicted, will continue to rise in importance. 

NO. X.-TOPOGRAPHICAL. 

THE SURVEY OF KATTYWAR. 

(42.) The topographicnl survey of this province was conducted as before 

Prrraoxre~. 
by &Ia,jor A. Pullan during the year under review, 

b f ~ j o r  A. PLIIIDII, S C.. OEg. D ~ p u l j  
excepting the period of two months beginning 8th 

s~~lwri>~t~v~dent j r d  O P ~ I ~ I P .  April wl~en 11e availtd l~imself of privilege leave and 
J.  aJcoil19 nsq., 0%. Assistant Mr. J. &IcGill o5ciatcd in his place : otl~erwise, the 

811prlt. 1st Ornde. 
fitr. J .  ~ , ~ ~ t ~ , , .  surreyor lit Qnde. estal~lisllment was maintained a t  its former strength, 

9. N. C .  Q\T:nllc. 41b for ml~ile on the one hand Mr. F. Bell obtained fur- 
,, W. A. Fieldimng, As&. Surrr jor  

2nd Q r n d p .  lough for tnvelve months, on the other, Mr. J. Peyton 
hlr.  W -  O l a n m -  AM'. eurrcyOr 3rd was appointed instead to do duty with the part,y. 

Ornrle 
Blr.  O. T. HnU, Asat. Surrrjor 3rd Tlle narrative of the fieltl operations is witl~out cvent ; 

QrllJe. Il,r. =, Corkcry, Sllncyor 41h 
and notwitllstantling that fever and cholcm prevailed 

orn,i.. in Kattvnar to ~ o n i e  extent. the establishment was 
- 8 1 g s ~ 1  RagonnLll Ondhnll  end otller fortunat& undcr judicious m k q e m e n t ,  in suffering 
Kstrrc Surrr)orm aud Jpyreul~ces. 

only slightly from these causes. 





NO. XI.-TOPOGRAPEICAL, 

T H E  SURVEY O F  GUZEILAT. 

(46.) The util ization of t h e  previously c x r c u t c d  R e v c n ~ ~ e  Survcy  m a p s  

YBRSONNKL. of cer ta in  v i l l ag t~s  in Guxernt., by com1)iuing tht.111 
ar,,ioP c. T. H+, n . ~ . ,  org. D ~ ~ ~ .  with tl ie Topograp l~ iea l  Su rvey  of t .11~ p ro r i i~c t*  I I O ~  

611prri11t~tld~1,t 1st Gmdo. in progress, h a s  presented  subjects for  c o ~ ~ s i d t ~ r : ~ l ) l c  
1,intLollnnt J. E. Oibbe, R.E.. OQ. 

*=ist. ~ ~ , ~ ~ ~ i ~ t ~ ~ , ~ ~ ~ t  zn,l R ~ , , ~ I ~ .  delil)cration a n d  tliscussion ext<t>nclir~g over t l ~ c  y ra r s  
MT. A.  I ) ' s ~ I I z ~ ~ .  Sl~rr. 1st  Orlado. 1872 t o  1876. T h e  a r g u n ~ c ~ ~ ~ t , s  advanctAd b y  t h e  Su- 
,. A. 1). L. Cl~ristio, Surrcyor 4th 

a rntlc. per in tendent ,  Colonel J. T. Wal l ter ,  R.E., in  suppor t  
MI.. C. n. nlcA'Fec, Sllr~. 4 t h  Orode. tile vicms enter ta ined I)y l ~ i m s e l f  a n d  s l ~ a r c d  I)y ,, J. IIickic, Arst. Surr. 2nd ,, 
,, Q. 11. Cusson, ,, t h i s  depar tment ,  t h e  procetlure of survey atlol)t,td a n d  
,, S. P. Normon, ,, :: tile motliticntions int.roduced f rom t in le  t o  t iu~c? a s  cx- 
,, C. Norlnnn 

~ l , . ~ ~ ~ . .  H. 0. Flt.lm.,"~opn~'iri~~~~l,~, pcr ience  showed to be drsirnble,  :rntl t h e  c o n s r q r l t ~ ~ ~ t  
rind 14 otller Notivo Yurre~ore nlld even t s  developed, h a v e  a11 been given ycnr by  year  in Apprcntirrs. 

R s r s v a ~  S~BTEY. t h e  Adminis t ra t ive  repor ts  prececiing t h e  o n e  now in 
H. D. E. ~ ~ ~ . b ~ ~ ,  E ~ ~ . ,  AS,. sll,,dt. h and .  T h e  decision which 11ns fillally been arrivcd 
s Nnlivr YOITCJOIB. at., i s  s c t  fort11 in the following ext,racts from 11,ttrr 

KO. 653 dated  6 t h  A o g u s t  1676 f rom the Government of India ,  in reply  t o  Colo- 

ncl Walker ' s  l e t t e r  No. & dated  2 8 t h  March 1876. 

2. In  reply I am to state that the Governor General in Council agrees to 
the proposals contained in paragrapl~s 24-26 in respect to the future conduct of 
the work in Guzerat 1:iz. :- 

]at that the plan of giving every detail which the 2-inch scale sanctioned in cnpahle 
of e l~o\vi~~g,  wit11 a vicw to the pul~lication of the maps OII  the same scale, sl~ould 
be adopted for British Districts in Guzerat of wl~iclr village mnps have already 
been made, 

2nd that the plan of giving no more details than can he clenrly shown on half t h ~ t  srale, 
of dra\ving them Ilol~lly, and of exaggerating all the names of towns nud villages kc., 
so as to permit of the maps being readily retl~~ced by pl~otogrnpl~y to t l ~ e  I-iuch 
scale, and pul~lisl~ed on that instead of the 2-iuch scale slrould be applied to all 
other parts of Guzerat, 

3rd that two setcl c~f maps of the British Districts should be published ; one on the 2-inch 
scale, i~rrl~ltling as I I I I I C ~  as may be required of t l ~ e  contig~~ouu Native States to 
square the 2-incl~ maps off co~rvenie~~tly ; the other OII the 1-iucl~ scale, to juxtapose 
wit11 the reduced maps of the Native States, 

41h t l~nt  village maps sl~ould he utilizcd in distinguishing between cultivated and 
barren or forest tracts, in defining village Ironl~tlaries, :u~d i r~  giving all interior 
topograpl~ical details which stand the test of exami~~ation by tlre topograpl~ical 
surveyors, 

9th t l~nt the stations of the triangulation and traversing sl~ol~ltl be placed as fi-rq~~ently 
as posssible at t l ~ e  ju~~ct ion  11oint of three fieltls, ant1 t l~a l  the correnpontling firltl 
n~~mllers sl~oultl be marked OII the mnps. The field junction points on t l ~ e  external 
bou~~dary  l i ~ ~ e s  and the i~~tertral  divisions betseen cultivated and hnrren tracts 
allot~ld be taken from the village nlaps aud inserted on the topogral~l~icnl maps, the 
l~umbers for every 211tl or 3rd poiut been given OII the map to facilitate identificntion. 

( 4 i . )  Theso ordere, res t r ic t ing  t h e  sca le  of sn rvcy  t o  2 inches  p e r  mile, 
were received too l a t e  t o  h e  carried o u t  i n  the$ficlrl opcl.ations unde r  not,icc ; I ~ u t  
t l ~ c  r c ' su l t i n~  niaps for publication,  a n d  all  o t l ~ c r s  l~crt~af ' terprcparerl ,  will be drnw)t 
o n  t h e  prvscr ib td  reduced sc:lle of 2 inches  t o  t h e  milt,, a s  dirt-cted. 

(48.) T h e  operations of t h e  Guzernt  Survtby were conducted  a s  llcretofore 
1, J t n j o r  C. T. Hnig ,  R.E., du r inq  the  twelve  m o n t l ~ s  11ndt.r review, except ing  t h e  
pc>riotl of abou t  t l ~ r c c  n l o n t l ~ s  f rom 1 3 t h  Fol)ruar;v 1876, \\.lirn I I C  nvailvtl hirnself 
of privilrqe lcave a n d  L i t ~ r ~ t c n a n t  J. Gibbs, R.E.,  officiatrd i n  c l ~ a t - g r  of t h e  
pnrty.  Finn1 ~ o r k  1) as  carried on over t w o  separatc nrcas, n , l ~ i c l ~  m a y  11e distin- 
guished as tho  no r the rn  nud southern  portions of tkc season's o u t - t u r i ~ ;  and 



beteween these plots, and more particularly north of the latter, a considenhle 
area \vas prepared by traversing and triangulation for topography in the year 
following. 

(49.) The northern portion topographically surveyed comprises sl~ects 78 
and 79, besides a small area in sheet lo,, and includes all the Kl~alsa lands which 
were visited t,his year and completed, before Government orders could be made 
effective, on the usual 4-inch scale. The country was singularly devoid of all 
through drainage, nor could a single watercourse be found, of su5cient  volume 
to reach tlle Runn of Cutch on the west or the Siibarmati river on the east: 
tanks abounded and appeared to offer sufficient receptacles for the total rainfall ; 
besides, there was a large lake called Wanotl-na-Saran wllich presented a surface 
of sorne 64 miles of water when quite full. The principal towns were Viisarng&m, 
Mdndal, Detroj, Kari, Bechoraji Mhtlla and Katosan. The Bombay Baroda and 
Central India Railway txaverses tlie tract in an east and west direction. The 
country here surveyed includes a large part of Viramghm taluka and n small 
part of the SBnand talulta of the Abmedabad ~ollect~orate, a portion of Kari 
Mallal, six villages of PBtan Mahal of the Gaekwar's territory, and a small part of 
Mahi K&nta. 

(60.) The southern portion topographically surveyed comprises sheet 31 
and thenorth-west quarter of 32, and includes t.he city of Broach, besides the towns 
of Anklesmar, Sinnar, TankBna, Sultaltirtli, Diva, Chandod and Rund B116Ioc1, 
and in addition 24 other towns and villages with populations ranging between one 
and tw:, thousand souls. The river Nerbudda waters the country, across which 
the Bombay Baroda and Central India Railway runs for a length of some 2u miles. 
The tract here surveyed includes parts of Broach, Amod and Ankleswar talukas 
of the Broach collectorate ; also parts of Sinnar, Mallal (Gaeltnrar's territory), 
Ujpipla and Shnkl~era Mewas under the RenhkBnta Political agency. 

( 1 .  The area t,raversed and triangulated and thus prepared for tlie topo- 
graphical operations of the follo\ving year need not be furtller indicated at pr~sent, ,  
than by the statement, t.hat it  comprises sheets 28, 29 and 30 and Lies between the 
parallels 22" 0' and 2'2' 446' and the meridians 73' 0' and 73-30'. 

(62.) I n  all, the area surveyed comprises ; of final topography, 924 square 
miles on the 4-inch and 9-i8 square miles on the 2-illcl1 scale: and of ground 
traversed and triangul:~t,ed in advance, 1660 square miles. This represents a n  
excellent out-turn of \vorlr, for ~vhich Major Haig and his assistants deserve much 
credit. 

(G3.) I n  r~spcc t  to mapping, t,he work appears to  have 11een spread un- 
avoidably over a consideral~le n~llnbcr of slieet,~, of nrl~ich several could not be 
corn1,leted tllougli they were well advanced. Seven sections in Iland, of degree 
sheet 11, are of tllis class ; 11ut the ot,llrr l~alf of this sheet n7as beg11n and fiuisllcd, 
as also was a half section of sheet 80: the print,ing of names in about 14 sections 
mas completed. Lastly, the cornpilat,ion of a map of t,he cit,y of Broacll was 
ulldertalien, a work nrl1ich required considelablecare and skill, involving as i t  did 
tran~fers from no less than 71 ot,her maps by the Revcnue Survey. 

(64.) Major Haig describes a rncit,l~od introduced by hirnsrlf of mounting 
plane table sectiotls, by mllich t l ~ e  drawing is readily removed when required and 
the surface of the paper is not liable to injury. 



NO. XI1.-THE COMPUTING OFFICE. 

CALCULATING AND PRINTING BRANCHES. 

(55.)  The Computing Office consists i n  the main of a staff of Netire 
Computc~rs, nit11 wl~om are associ:~ted two selected 

XI~iol. J. Roracl~cl,  R.E., F.R.S., 1)s. 
~,lp, l t ,  2nd Oroil" (in, ellnrge fro,,, 2Ia t  Surveyors from t h ~  Junior brancl~ of the depart,ment ; 
Morch l a i n ) .  these form tile Calculating branch, whose varied and 

\T. lI. Cole, Rsq. N.A., 0Kg. Dy. 
8updt. Ornda (iu cl,orgo to sl& comprehensive duties \\.ill be found reported on a t  
Marc11 1876). l engt l~  in Appendix X I I .  It, is  t11erc.forc suficient 

C o n t p ~ ~ t i r y  Branch. to mention in this lrlttce, ficlherdly, that the corn!)~~t,ir~g 
MT. O. \vuod, Y~l rvc~or  3rd Grnde. is req~iircd to examine, red~lce finally ant1 pub- 
., LI. \V. Pogchora, Su~.reyor 46h 

Grntlu. lish the  result,^ of t l~ i s  St~rvey, as  well :IS to meet t l ~ e  
Bnboo Cillngn Pemlbnd. Colnpater. c~ r re r l t  profe:ssional dernands wl~icll emanate day 1)y ,, Cslly Uohmn. ifl~ose ,, 

,, KRllp  ~ o o m a r  CLntLerjoe, day from various sources. 'L'l~ese duties. obviously 
and 11 other Cornpotera. involve other PI-0l'c:ssional skill in atldit.ion t,o t l ~ a t  of 

Printing Branch. computt!rs ; a~~01.dill gl y three 5lllall allxi1 ;my 1)ranch 
Mr. N. J. ~ ' ~ ~ n n o r ,  Printer. ofices for Printing, Drawing and Yhotozi~~cograpli- 

16 Composilors and 3 Pressms~~. ing, \vork in concert wit11 t l ~ e  Calculating branch, and 
the four brnncl~es form what, thus constituted, is called the Computing OfFice. 
'I'llis office has for years past been supervised by two of the  survey ofIicers, dirrctcd 
by the Superintendent : the senior of these two (myself) being absent on furlougl~, 
the  dut,y of s~ipervision devolved on t l ~ e  remaining officer Mr. W. H .  Cole M.A. 
T l ~ e  lat.ter in turn proceeded on f u r l o u ~ l ~ ,  21st Ma,rcli 1876, and the Superintend- 
ent, colonel J. T. IValkcr R.E., also sl~ortly after availed l~irnsalf of leave to 
England : under t.l~ese circumstances, the principal ofices, i.e., the Calculating and 
p~-ilrt,ing brarlchrs, were placed under the directions of Ma.jor .J. Herschel R.E., 
while the Dmn-ing and I'l~otoziucogapliing l ~ r i ~ n c l ~ e s  were worked under orders 
fro111 Captain H. R. Tlinillier li.E., w l ~ o  also o%ci:itcd for the Saperint,enclent. 
T l ~ e  sr~l)tlivisions t l ~ n s  tenipornrily formed, are rc:ported on separately in Appen- 
dices X I 1  and X I I I .  The review here in hand has now reference exclusively to 
the  former Apl)t+ntlix on t l ~ e  Calcl~lnt,ing and Printing brancl~es. 

(66.)  &I:bjor Hersclrel's report has reference to t l ~ e  t l ~  irteen months which 
ended on 31st 0ctol)cr 1876: i t  primarily exhibits a "Tab~ilar  Statement of cost 
i n  llupees of diffrrent lcinds of Work done" and subsc?q~iel~tly adopts for review 
the classification int.rod~rmd into this t,oble. The classes thus uot,iced are treated 
wit11 so much ori~innlity and comprellensiveness as to impart, adtlitional interest 
to his remarlcs, ~ v h ~ c l ~  will he found a t  length in Appendix XIL. I t  is therefore 
sufficient to restrict the review in hanrl to a gc:r~eral sumtnary of the progress 
mntle, and t,o suc l~  1)ric:f not,iccs, of a few leading points, as may be entered on 
witholit ncedlvss reit,e~.ation of what is given in detail Irereafter. As regards the 
cost-table above mentioned, it dc:iIs wit11 the classification adopted in an effective 
niarlner, and in st,ating the absolute e~penclit~ure on eae11 suhjcct, i t  indicates the 
directions into wllicll the available n~r l c ing  power llappens to have been diverted, 
relatively. 

(57.) Rooel-tinq for a molncnt to the Superintendent's administrative 
rrport lbr 187.3-75, it  was tllrre mrnt,ioncd that the triangulation of the Sectional 
Figure: known as the Soi~t~li-East Qundrilatc~ml (or S. E. Q.)* llad becn ma,de 
consistent 1)y tlre rnc+tl~od of minimurn sqnnrcs, under Mr. Cole's supervision, "in 
a most snt,isfactory n ~ a ~ ~ n e r . "  Subsc!qnentl!., the renini~~ing colnput,ations of Prin- 
cipal nrorlc were fillisl~rtl nntl tlle printing of t,l~cxst: rc,snlts proccedrd ~vi tb ,  so that 

papcxs of Volrln~cs V I  ant1 V I I  arc: approacl~ing colnpletion. And as regards 
tile Ci Sgriopt.icnl Volumes, i.e., onc for each series, of the S. E. Q., considerable 

N m ~ . - l ' l l i ~  fiz~trr I. ho1111Jrd on t11e nor th  hy tltc m~tr rn  I ls l f  of 11w l ine  rrom Cnle~ottn to Knrielli ; on 1110 
m e t ,  hy the 1:onrl I I I ~ C  lr<vlnt C n l r \ ~ l t o  lo X'isngnl,stnrn ; on tho s , ,u t l~ ,  lty tllo m-trrrl hl,l( o l  t l ~ n  l ine [roan \'iznRnpatmn~ to 
Bc.mlv'r ; and OII the weat, by the I u d ~ n o  widrlle meridian of 78' (aoa 11:dcx Chart of T r i o ~ ~ ~ o b ~ ~ o r ~  glveu with 1111.8 
relwrt). 



progress 11w been made, with the records of the Secondary triangulation involved, 
i l l  Copr(~~t, i l~g,  revising a t ~ d  \\,l~erc necessary rencwil~g tltem, aud a sensible i~npres- 
siou llas been etfocted or1 t l ~ e  prillt,iug of t l ~ e  results : tllc,se volumes i t  mill l)e 
remt.ml~,hred, give tlle facts of t,l~e Principal volun~ee, entitled " Account of the 
operations kc.," in a contlensed form ; bcsides the results of Secondary operations ; 
so as to provide for various local wants, inclilding those of the Geograpl~er and the 
Surveyor. It may also be suitably mentioned here t,llat Prillcipal Volumes I11 
and I V  of the North-West Q~radrilateral (or N. W. Q.) have been received back 
from the Book-binder's hands, and that Syuoptical Volume VI ,  which treat,s of the 
triarlgulation of the Jogi-'l'ila and the Sr~t,lr>j Series in the P u l ~ j a l ~ ,  lras been bound 
and p1111lisl1t:d. This lattcr issue. completes the Synoptical publications for the 
N. W. Q., excepting the volume colnprisingtl~e chain of triangles nzhicll stret,cl~es 
fro111 Del~ra D h  to Sttock : the series last nn~ned, known as the North-West 
Hirnalaya Series, includes a great number of Secondary series w l ~ i c l ~  are of 
co~leiderable extent ant1 estal~lisl~ numerous mountain point,s; thus the work 
involvt:d, in computing, cornpiling and printing, as also in drawing and reproduc- 
ing the several r.l~nrt,s reqt~ired, has I ~ e n  unus~rally arduous ; and I~ence the time 
required for pl~hlication of this volume is necessarily far greater than for otller 
v o l u ~ ~ ~ e s  of its class. Lastly wit11 rcgard to t,he volume on the Pendulum opern- 
tions, a good deal of work \vas done during the early portion of the year in pre- 
paring its pages for t l ~ o  press. 

(58. )  Among the principal suhjccts which have occllpied the office during 
the year undcr review, is tllat presonted by t l ~ e  required reduction of the Nortlr 
East Quatlrilat,eral (or N. E. Q.) ; this section as originally indicated was I~ounded 
as follows : on the sout11 by tllc oastern I~alf  of tht: line from Calcutta to Knrhclri; 
on the west, by the I r~t l ia i~  lniddle meridian of 78"; on tllc north, by the British 
frontier geuc:rally; and on tllc en.;t, by the meridian of Calcutta up northwards 
to the foot of the Hi~nalayast : subsequently the section \\,as extended to  the east., 
so as to include four series, ciz., the East Calcut,ta, the Bml~ma[)utra, the Eastern 
Frontier and the Assarn ; furt l~er,  the B ~ t l l ~ o u  Series was excluded in the sitnul- 
taneous reduct,ion, for in fact the c i r c ~ ~ i t  it included n7as disentangled from tlre 
others. T l ~ e  ~~rodifit:d section thus undertalien for reduction, by the method of 
luinituulr~ sqllares, prest:ntcd several fe:itures ~ r l ~ i c l ~  differed from tliose occurril~g 
ill the St~ctions N. W. Q. and S. E.  Q. already mnde consistent. I n  the N. E. Q., 
the l i t~~ i t ing  series t,o tllc west and nearly the whole of the southern chain had 
already been determiucd and fixed by tlie previous reductions ; the circuits were 
shorter and the triangulation, esctbpting the eastern extension above mentioned, 
comparatively inferior in qualit,y; on t.he otlrer Itand, t l ~ e  section in hand present- 
ed no less than 49 conditions to be satisfied simultaueously. 

(69.) Major Herschel's " Gridiron Function Table", exhibits in s, neat 
and convenient form, the lcading fr~ets 11-hich convey an idea of the lal~or and to 
some extent of the amount of enta,nglcnlent prevailing in the N. W. Q., the 
S. E. Q. and the N. E. Q. The labor involved in what is generally the most tedious 
part ot' the reduction, is ncll  exprcsscd by " Number of Products forming the 
sarne" (i .e.  Normal Eqnation  coefficient,^) ; t,he entanglement and other sources of 
intricacy are not susceptil~le of accurate numerical expression in a combined form, 
but a very uscfol indication in this direction is represented 1)y "Average terms 
per normal equat io~~"  ; in all, thc table is a valuable contril,ntion t.o the compnter. 
Quoting Major Horscl~cl's nltml)c:rs for the t,hrce Sectional Figures, in t l ~ e  ordtlr 
fi. T\T. Q., S. E. Q. and N. E. Q., it alq3enrs; that the " Nun11)er of Circuit triangles" 
are as G b9 : 277 : 573 ; " Numbrr of Eqnat.ions of Col~dil,ion", as 23 : 16 : 4,9 ; 
" Numbcr of Normal Equation Cocfficicnts", as 329 : 1G5 : 551 ; " Number of Pro- 
ducts forming the sa~nc,", as 40.0 : 1G.7 : 51 .0 ;  and the "Avcrngc terms per Nor- 
mal Equation", as 1 4  : 11 : 11 : to tl~csc may be adtlcd, arcmgc n11m1)er of triangles 
11~' circuit, as 162 : 123 : 77. Najor Hcrschel has made good progress in the 

f See I t ~ l l u ~  Cbsrt 01 Trio~~galol ion  gircu r r i t l ~  illis report. 





wllicli they are passed to be pl~otozincographed : other maps and charts wliicl~ t l ~ e  
Field Part,ies may be unable t,o prcpnre are here drawn fair. Besides, various origin- 
al compilations are uudertalte~~ ; as, maps of the Northern countries (Turlcestan 
&c.), Exploration routes, charts of spirit levels, kc., &c. : also, the original draurings 
to illustrate the volumes of the fiual results are made here, and the press proofs of 
these and of all maps, charts, kc., are examinetl and pawed : every print requiring 
colori~ig is tinted by the apprentices and colorists, ant1 no less than 8502 copies 
mere thus finislied in the year under review. I n  addition, the office now posscsscbs 
a very useful ~art~ograpliical collection that  needs s11ital)le care in stori~lg ; a'nd 
finally, various miscellaneous drawings are undertaken from time to time, to meet 
local requirements. 

(65.) Of the original publications prepared during the twelve months, the  
maps of spirit levelled heights occupy the most promiuent place in respect to 
nurnber and labor. Tlrese rnaps are deserving of some special notice. I n  the 
original programme, the spirit levelling operations of this Survey mere n a t ~ ~ r a l l y  
designed for the use of the department alone ; i t  was liomever soon percc:ivctl I)y 
the Superint,end(?nt, Colonel J. T. Walker, R.E., that  the lines of levels rnigl~t be 
made subservient to far wider purposes of utility. Now these main lines \rere 
necessarily executed with extreme, if not unprecedented, care, prccaut,ion and 
skill, lor, owing to the enormous distances mhicb exist between sea boards wl~cre  
alone compl(~tely satisfactory clieclts can he obtained, levelling with the ~* igo~ l r  
ordio:~rily sufficit~nt wo111d lead to results of insufficient value. Having estal)lisl~- 
erl Bench-Marks along various routes, including remote inland tracts wl~erc: re:- 
fcre~ice to the mean sea level was liitllerto unathinable, the resulting facts were 
priuted from year to year for the information of all who were likely to benrkit by 
them and in view of iuviting junctions with the B. Ms. in question. Tl111s in 
course of time, the Public Works Department and Railnray Officers connected 
tlieir lines with the main lines of the Survey, and i t  became pnssible ml~en such 
ju~~ct ions  had beeu effected to incorporate all the facts of lcvellin,o into a series 
of suital~le maps, provided only that Exc,cutive Officers of other dtrpartluentu 
would contribute t,racings of thvir lines. This condition is however by no rn(.:lrLs 
an easy one always to sccure ; for not\vithstanding that the la1)onr of cornpil :~tio~~ 
and publication is all u~~dcr taken here, and that unloss tlius prcscrvetl, valu:rl)lo 
infor~r~at.ion lnay cttrtainly bc \\fasted after it has been matlo to serve its iln~tretli- 
ate end, yc:t, t l ~ c  difIicult,y in obtainiug traces, mas in a few instances ovc:rcomc, 
only by sending a d~.aftsc~lau from this ofice to do the needful a t  more or lcbss 
distant stations. 111 very lriany i11st:~nces l~omcver, co-operatio11 was cordially 
rc!~tderod, or the untlertalting must have heeu a1):~ntloneci. The result is, t l ~ i ~ t  
up to the present date 26 sl~eets of spirit levelled lieights have heen p~ibliul~ed, 
ant1 the value of the compilations stands atlested Ly the demaud that exists for 
them. 

(66.) I am glad to add that Mr. G.  W. E. Atkinson, the chief draftsman, 
has couti~lued to discharge his duties with zeal aud efficiency. 

PHOTO-ZINCOGRAPHING BRANCH. 

(67.) This smnll establisl~ment has continued to prove useful and eflicient 

PBBE?NNKL as herrtofore. By its mctans the maps and charts 
Yr C R Ollrnl~ncll ,  Z~nro~rnpl~or. of the Survey are :dl pul)liql~ed uuder conlpctent 
,. c I)pron, IJlbaloenbpl~cr direction and witallin a ftv niontl~s, or even weeks, 

A ~ ~ ~ ~ ~ c ~ ~ t l c e a .  1 Mllpkccper all* 3 of completion ; tltc volunlrs of final rcsults are i l l ~ ~ s -  P~CMIBICO 
trntcd wit11 the nrcewarg diagrains. and a large 

nninbcr of professional forms, representing tabn1:ltion of n i a t l ~ e ~ ~ ~ a t i c a l  forn~uls ,  
arc ~wodl~ced with the accuracy so esseut~al in these very necessary aids to 
calculatiou. 



(69.) The out-tu1.n of mork for the tnrelve months uuder review may be 
briefly st.ated thus.- 

... Trigononietrical Charts, ... ... 
Topoprnpl~ical Maps of Knninun nnd Garl~mil, 

Quzernt, liatty 11 ar and Uelrra D i ~ n  Surveys, ... 
... ... Spirit Levcl ~ l i a r t s ,  ... 
... ~ i ~ l o r a t i o n  Maps, ... ... 

Iutlcxes to S~~rveys,  ... ... ... 
... ... Gazclt,tcer Maps, ... ... 

Miscrllnneous, ... ... ... ... 
... Reprints of Maps already publislied, ... 

Total, 

7 sheets published. 

besides numerous diagrams and forms. 

(69.) Cont,rasting the number of copies printed during t,he twelve months, 
~inder t l ~ e  usual four heads, we obtain the follo\\.ing out-turn of work beginning 
with 1870-71. 

Or alatracting from the preceding table, there results as follows, 

Furtller; 7931 Maps and 2475 Charts mere issued during the twelve months: 
the forms printed mcbre all expended, and the diagnn~s were PI-aetically all absorb- 
crl in tl~t? volumes of final results. These facts speak for tl~eriiselves and there- 
fore n~bctl no commentlntion. I t  may he added, tlint new work kerps pouring in 
at Irast as fast as t l ~ c  old mork is disposctl of, so that a formidable list of subjects 
to bc undertaken, now preseuts itself for despatch during the ensuing ycar. 

S v a r x c r .  

Maps, Cliarts and Diagrams, 

Forms, ... ... ... 

1874.76 

11,860 

24,219 

1875-76 

25,426 

18,314 

1870-71 

20,509 

10,482 

1873-74 

------ 
14,791 

28,126 

1871.72 

16,443 

13,656 

1872-73 

21,171 

12,649 



THE LIBRARY. 

(70.) I n  compliance wit11 the orders of Government, No. 3155 of 30th 
Srptc~mb,.r 187G, tllat " T l ~ c  state of the Library is to 1)e mentioned in the annual 
report," I proceed to snpply the requircd information ; but as tllis subject is now 

for tlle first time in an Administrative report on this department, i t  ap- 
pears desirable to introdllce the folloa ing l~rief preliminary statement. 

(71.) Tile total number of printed volumes in tlle Field office of the Sur- 
veyor General and Suprrilltcl~dcnt Great Trigonometrical Survey amounted in 
tile year 1860 to about 100: this collec~ion was maintained almost exclusively for 
purposes of computation, so that it consisted cl~iefly of Numerical Tables; as 
Logarithms or other auxiliaries to calculation ; besides some Matllematical, Astro- 
nolnical and Geodesical works, and a Star Catalogue; together wit11 occasional 
copies of travels and o t l~er  Iiindred publications. I n  fact the requirements of the 
department, with respect to works of reference, were then of a very limited na- 
ture: our calculations were rcstricted to provisional completion of eacl~ chain or 
series of triangles regarded as a separate and detached work: these provisional re- 
sults mere transcribed in triplicate, of \vllicll, up  to 1857, one copy mas forwarded 
to the Honourable the Court of Directors, anotller was deposited a t  Calcutta and tlle 
third retained in the Field office. Wllcn however numerous chains of triangles 
had been provisionally completed, and the necessity became urgent, for combin- 
ing these into consistent masses by the most suita1)le and rigorous pr0cessc.s due 
to the excellence of the triangulation, for printing our professional volumes and 
distributing them so as to secure eligible custodians for the results of tllis great 
Survey all over the world, and for illustrating our pul)lications with suitnblv &ps, 
Charts and Diagrams, then the demand for works of reference, showing 11 bat 11ad 
been done on other State Surveys, treating of mathematical analysis, or imparting 
general it1 formation, became equally urgent. 

(72.) The present small Lilrary, attached to the Computing Ofice, has 
thus been gradually formed, cl~icfly during the last 14 years, to meet this demand. 
The books are placccl in a quadrangular fr:lmemorkf which adrnits of insprctio~l 
11otl1 from within and withol~t, so that the attacks by White-ants are detcscted a t  
thc ontsct, and damage from this source is unknown. At  the present time, there 
are in all 2121 volulnes in the quadrangular shelf, where they are arranged under 

Tlli. q u a , l r n ~ ~ ~ l r  is tnrvrrsnrily of wood; otl~erwirc! it gcl~enrllg rcwrnbloa 1118 one of iron for blnps i l l  the O1.d- 
nance S U ~ P V J  Vll lc~ ,  YOULIIBOII)~D. 

A. Bln~llemnfice, 
B. Aetronomg, 
C, ( Blctcoralogy, 

[ Mngnetiam, 
I).  Qrudesy, 
E, Q,.nlogy, Botong, f Z w l o ~ ,  

in a Cat,alogue, where the date of admission is also registerecl ; and each volume 
is marked on arrival wit11 the Survey Library st,amp, in w l ~ i c l ~  the current year is 
included. Books may not be talien out of the Library room, nlit,l~out first signing 
n receipt, in which the condit,ion of the volumes taken on loau is stated and o 
promise made to supply ncw copies in case of injury to those received. The 
Staudard Library contains only oile copy of each work. 

(73.) All duplic;lte copies are collected together 1)y themselves and classi- 
ficd as above; they c o ~ ~ s t i t ~ r t e  \\,hat is knonrn as the Duplicate Lil~rary and 
represent to a large ext.ent works licpt in stock, for supply to field estaI)IisI~ments 
of this Survey and otllers, or for cons~~ltat ion and  us^: in the Computing Office ; 
as Numerical Ta.bltbs, Pa rnp l~ l~ t s  on various subjects, kc .  kc.. 

(7b.) All tllo foregoing are kept in one room, wllicll is 18 f w t  square. 
The boohe are iu good ortlcr and l h ~ y  are well looked aft,er, l)ut<, as is obvious from 
tlle dimeusions of the room, cnlarged accommodation is nlucll needed. 

F. Pl~ilosopl~ical, 
0. ' I ' ~ \ - C I S ,  

H,  ( arl1~mpllicnl, 
( Local. 

I. Historical, 
J. Public Records, 
K, Elleyeloprdis, 

L. Mntionle, 
19 heads -or classes,-so that a 

N. class consists of o111y some 110 
P. Pnnlp1llcts, volutlles on the average. Tllese 
T. Tebles, 
U. A l n ~ s ~ > a c s .  books constitute what is known 
B. Cntnlug~~es ,  
Z, Mlscelluneoua, t''e ; t'leir 

tit,les are entered, class by class 



(75.) I cannot conclndc this report without suitable nllrlsion to Mr. 11. 
R. Duhan, tlle Personal Assistant to the Superintendent. Writing as I do of a 
period whcn I was absent on furlongh, and iu this illstance of duties, wLclr frorll 
their nature are rendered as frequently orally as otl~erwise, I arn constlaincd to 
revert to tlie Superintendcnt's last report, where acknowledgrnent is made of &. 
Duhnn's " va1uaI)le services," and to my persoual knowledge of the estimation in 
which Captain Thuillier (my predecessor as O5ciating S~perint~endeut) held tile 
aid rendered to him by the Personal Assistant. Apart from this general tc~sti. 
mony and the discharge of his ordinary duties, Mr. Duhan 11ns taken a leading 
sl~are in preparing the ten yean statement of expenses called for by the Secretary 
of State, a duty which he discharged to the satisfaction of the Sirrveyor General 
of India. During my term of office as Officiating Superintendent, I liave l~een 
rnucl~ indebted to Mr. Duhan for tlre prompt and e5cient manner in n~hich he 
afforded me every required assistance. Mr. L. H. Clarke continues to discllarge 
liis duties in the correspollding ofice, and as general store keeper, with care, 
pi~nctuality and despatch. 

(76.) An al~st~ract of tlle out-turn of work hy each of the S11rvc.y Pal-ties, 
whose operations can be exhibited iu a tabular form, is giveu on the following 
page. 

J. B. N. HENNESSEY, 

Deputy Supari~ltcndent, 1st Grnde, 

late Ogicinling Superintendent. 
DEHRA DCN; 

Dated 1st  i l in~ch 1877. ) 



Abstract of the out-turn of work executed by the Great Trigonometrical 
Survey Parties, during the Survey year 1875-76. 

Principal  Triangulation. 

... ... Number of Stn t . io~~s ,  newly lircd, 
... Do. T r i n ~ ~ g l c s ,  completed, 

( ... Arcrnge Trinngnlnr crror, in  seconds, 1 
Do. Probnblo errors of nnglcs, in s rco~lds , r t  f 

Astronomirnl Azimot l~s  or vcrilicntion, obeerred. 
... Length of Serice, in u ~ i l r s ,  ... ... A w n  of  Trinngttlntio~l, in squnre miles, 
... Number of Stnlions selected in ndrnnce, 
... 1,ellglh of Approairnntc Series, ill miles, 

... N ~ ~ n r b e r  of T o a r r r  construrtc(1, ... Do. EcniKolds erected, ... 
Do. Pillnrs rind P l u t r o ~ m s  c o ~ ~ s t r ~ ~ c t c d ,  
Do. Stntiolis whose elou~ents h a w  becn, j 

computed, 
Aetronomirnl i l z i ~ n n t l ~ s  of verilirntion, comput,cd, 
Number of Stntions finnlly plnecd unrler offi- 

cinl p r a t c c t i o ~ ~ ,  
n o ,  of Ytntions protected nnd closed, ... 

Prcliminnry Cllnrla 01 'I'rionguluLio~~, ... 
Sec0ndar.y Tr ia~gt i ln l inn  and Topographical 

IYork. 

N u ~ n b e r  o r  Trinnglrs of n l l ic l~  all 3 nnglcs hnro 
bcrn obscrre<l, ,] 

Numbcr o l  T r i n ~ ~ g l e s  of a l ~ i c h  only 2 onglcr 1 
. .  b a ~ o  heel) obsrrrerl, ... 

Number o l  Stntions wl~osc  p o s i t i o ~ ~ s  only hnrc  
been fired, , . . ... 

Number of P o i ~ ~ t s  fixed by i~~tcrsec t ion ,  but  
not visited, ... ... , ,  

Number of Revrnllo S u r r r y  Stations n ~ l d  
Bou~~rlnvy j u ~ ~ c t i o n  yillnre, fixed by Tri- 
nno~~lnt iun ,  ... ... ... 
hnre bcen determined, 

Numbor of Yt.ntions nnd Points a l ~ o s e  l ~ c i g l ~ t s  \ 
, ... 

Leliglll of Rccond~irp Serieu, in miles, . . . . . .  
Aree , ,I  Tr inn~:~lnl ion ,  in squn~.e milre, . . . . . .  
Arcn r ~ n b ~ . ~ ~ r r d  b , ~  T r i n ~ > g u l a t i o ~ ~  to hill penks, \ 

I I I  squnre ~nilc-9, ,,. , ... 
L c n g l l ~  or i\pprori~!nnlc Srl.ies, in nlilcs, 
Number or Pillars, l'ln(lurms o r  Posts cons tn~ct -  \ 

ccl or rcpnil.ctl, ... ... , ,  

Numhcr o l  S l n t i o ~ ~ ~  n ~ ~ d  F o i ~ ~ t s  whosr c lcn~cnts  1 
l ~ n r r  h c n ~ ~  colnp~ltcd, ... , 

Numbor o r  Poiulr fiartl by trnrcrsc nnd t l ~ e i ~  ) 
elrmrnts,  e o m l ) ~ ~ l r d ,  ... , ,  

h n g b l ~  of U u ~ u ~ d n r y  linrs nnd Clleck lines trn- 
... r n , ~ r c l ,  in lincnr nlile8 ,,) 

Aneroid Drtrrmi~lntions 1:oigltt, ... 
Arcs  tol>ogrnpl~icnllr snrre).rd on ernlc of 2 

... inc l~rs= I ~ n i l c ,  in aqrmrc olilrs, 
Arcn to l>o~rnpl~ics l ly  s o r r r ~ r d  on scnlc o r  4 )  

inc l~rr  - 1 d i ~ c ,  ill silllnro ulilcs, ...) 
N u n ~ b c r  of Mltpr, ... ... 

Lcve!liiig Oporation8. 

... Numbcr o r  m i l r  lcrollcd o r r r  
Do. o r  l ' c rmnnc~~t  ucncl~.'bfnrk, fi=cd, 

Ni8ccIla11coss. 

~ l l m b c r  of milrn nT rnyn rlcnrrtl, . . . . . . .  
110. do. pntl>-n-ny nlsrlr, 
n o .  Ili l l  lops c~onrrd  of ~ ~ w c s t  nnc1 j ~ ~ n g l c ,  

son nppoadix, t Ccylon florics. $ 
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APPENDIX. 

ESTR\CTS F1031 TllE R'IRRITIYE REPORTS 

OF THE 

EXECUTIVE OFFICERS IN CHARGE 

OF THE 

SURVEY PARTIES AND OPERATIONS. 





1. Extract from the Narrative Report-dated 3rd October 1876-of Major B. R. BRANFILL, 
Deputy Superintendent 2nd Grade, in charge of the Madras Party. 

(2.) The mnin body of the  pnrty to the number of 50, under the Tindnl and Dnfndar, left 

Tile lcnres BRngolorc lor recess qnnrters nt Bnngnlore nnd marched by the usunl routc for 
~ i ~ l d ,  but, j, stopped by cholera end 3Id11rn on the 18th Octoher 1855, but on entering Salem on tho 
brought beck. 22nd mere pnt in quarantine by tho District Collector in conscqncnco 
of cholera of n virulent type hnving broken out amongst them, three unscs proving fatal. On I~cnring 
tllis I proceeded to join tho pnrty nt ollce hy train with medical aid, and fo~und them in a state of panic 

denertiug rapidly. All the newly engaged men refused to go on, demanding their dinchnr~e or t o  
be tnken hack to their llomes rind families nt Bnngnlore nt once. Cholera being very previllent in tho 
l)indib.al n t~d  BI:~durn districts nhend, and worue in renr on the route by which they had co~nc, I k l t  
"bliged, ns they positively refl~sc(l to r e n l n i ~ ~  where they were, to tnke thetn hy railany to AIysore 
Territory; nnd I I O  fresh cnses of cl~olera occl~rring, they obtnined aclean bill of health and were n~arched 
into Bnngnlore uuder Mr. Bryson on the 2nd November. 

(9.) After recroiting the pnrty iu nutubers nnd morale, thr  entire pnrty n g ~ i n  left B~nngnloro 

Finallg takes the Field. 
fur the  field, proceeding by rnil as far ns hlndura on the 15th Novem- 
ber, nud co~~uneuced the npproxilnate series operntious Car the Reason 

at Itirnnrid on the 1s t  December, hnving left the 21-inch 'Pheodolite i n  deposit a t  Dfndura, there to 
remuin till actuirlly required for the fit~ill ~ I ~ ~ e r v n t i o n s .  

(4.) I made the following nrrnngelnents and disposition of the party for the prosecution of 
the work. The country to  be trnversed b e i ~ ~ g  low, flnt, nnd rnuclt 

Plan of Operntioq App~.ori~nate 
Beries. wooded, like that reported on last season (para. 24 of my lnst nnnu:.l 

report for 1874-75), and very few stations and no rays being ready 
for observntioos, I threw our whole strength 1111ou the npproxilnate series, and divided the entire party 
into five prelty eqnnl workitla pnrtiea, one ench for my fnur nssintnnte and myself. Mr. Belcham wns to 
keep to t l ~ r  east Ilanlr stiitiot~s and rays, Air. Potter to those of the west flnuk, while Nessrs. L n ~ e r o ~ l  
nnd Ilryson (tho latter in c o u l p ~ ~ y  a i t h  mysell', being ne\v to this kind of lvork,) were to  prcpnre the 
centre of the series. 

( 5 . )  From the unusually I l e a 7  rains of t he  autumn, the country wns a t  first bnrely pnss;~ble, 

Actual Progress. wl~ich hindcred us much. On the enst flank nud centre we got on 
as  well ns we could expect,  but  on the west. Messrs. Potter 2nd 

Lnseron n7ero greatly delayed on their first mys, although they were between stations which they hnd 
theu~sclvcs selected and built a t  the close of the Ins1 season. I need not however bere p;~~%iculnrize 
the shnre of the work tnlten by each of us, as it is all ~homn in detnil in the tnbulnr statement attached 
as usual to this report; snlliec it to any tltnt 11y the  eud of Jnnunrg, after two ~ n o u t l ~ s  inccasant hard 
work, we hnd only compleled 1s.o hcsngans ; n ~ ~ d  us i t  wns high time to begin the final obucr~ations I 
sent for the r e p ~ l n r  onrriers to Iring tho lnrgo tl~eodolilo, and began the fiml obserratious on the 
9th Fehronrj, taking h11.. Iiryson with me to rerord. 

( G . )  I next procwded to  the centre wtntiun ilfnnegnndi, nnd observed the usnal azimntli of 

Tho flnol Obsorving begun. verifici~tion, in wl~ich I may remark thnt I found no inconrenience, 
want of fitability nor nny unusual tendeucy to  dislevelmeut, iu the 

theodolit,e, from the use of my h i ~ h  (17: feet trillrd) slnnd. 
(7.) I now called in 1\11.. Belcl~a~n to  tnke np I110 finnl observing with the 24-inch Iheodolite, 

leaving Alesnrs. Potter nnd Lneeron to cotitinue the npprosi~nnte 
Islnnd Sorics lor Ceylon Co~~noction 

prepared. series in ndvnnco for nest senson, whilrt I proceeded to co~nplete the 
Rbolerwcrn~n lalnncl Seriea f ~ r  the Ceylon Counectiou; which 1 fonnd 

no great di5culty in doing d ~ t r i ~ ~ g  the mouth of Bfnrcb. 
(8.)  leanw while Mr. Bc~lchsrn had ol,ser\ed the final angles a t  seven of the ten ren~nining 

s t n t i o ~ ~ s  of tho I I I I I ~ ~  series-n good month's morlc 1 consider-nnd 
Final Obscw~tione continued by Mr. 

belch on^. uow proceeded to observe nt the nine ~tnt ions  of the  i~ lnud  series, 
all which IIC a~~rccssf i~l ly  completed on the 25th April, nltllongh he 

wns considernbly delayed by contrary winds nnd fool \venther: a t  one ststion he obtniucd thc first 
night'# oh~errntious but could got, no more for some dny* 11uti1 he llnd raised the instrnment on piles 
abo11t S feet higher, owing to the setting in of nn ~~nurnn l ly  high southerly wiud \vhicll rniscd the  
waves of the interrrnina 8m. 

(9.) The ubrtion on tho ~ n n d  hill near Rlnen\vernnl observed to  lnst scnson could not he 

me B~cawcrnm8mdEiI I sLe t iOn ,  found, I~nj ing hcen buried deep in the shif'ting unnd, ~rnd i t  \Toe 
uecossnry to estnbli~lt a new oue. 'L'his atatiou cnused me much 



nnxlety. and I spent much time in mntching i t  during the observntions, lest i t  should be blown 
or b ~ ~ r i e d  ngnin. I t  consisted merely of n long 10 feet pile of hnrd wood driven into the snnd at the 
top of the highest hillock, where there remnincd just below the surfnce some of the m0istul.e of lRst 
R I ~ ~ I I I I I I I ' S  rains ; but ns fast ns the sun evnpornted the moisture, the w ~ n d  which was uncommollly 
high for tho Pensou, blew nmny the surfnce snnd dnily to  the dcpt l~ of 4 or  6 inches or more; nlld it 
mns only by continunlly rcplncing the snnd, nnd by freely watering and beating i t  to a smooth und 
compncl ~nass, thnt the pilc nud mnrk were preserved. 

(10 ) After seeing the completion of the islnnd series, hnving obtnined f w l o ~ ~ g h  to Englnnd, 
~ ~ ~ , , l ~ t i ~ ~  of the he ld  sewuvs I left Mr. Belchnm to obscrve the remnining nngles of the mnin series 

Work. at the three Inst stetions, whir11 he f i ~ ~ ~ s h e d  by the 4th May, whilst 
I ~roceeded to  Bnngnlore to make over charge of the pnrty to Cnptnin \V h1. Campbell, R 1':. 

(11 ) Briefly stnted the sensou's oottorn of work consisls of 17 new principal stations. . . - .  
fised by 21  triangles forniing three hesngons nnd n qundrilnternl, 

Oottum of Work nccessqrily ernnll. 
extcndin. the series 60 miles (hnlf to  the nolath. and half to the - -..- 

enshard,)  besides Rn netronomicnl azimuthif  verificntion. 01viiig to the flat nnd wooded state of the 
c o ~ ~ n t r y  the nren of the trinngulntion is exceedingly small : but few secondnry points or lnnd marks could 
be fixed, nt~d but two figures in ndvnnce hnve been prepnred for  next senson, and I much doubt if 
any grenter rnte of progress can be expected until the country becomes more fnvornblo for trigonom* 
tricnl opemtions. 

The desistnuts. 
The Surveyor, Mr. Belcham, nnd tbree Asnistnnt Surveyere 

attnched to the pnrty hare nll worked hard nnd well. 

Appendix to Major BRANFTLL'S Narrative Report by Captain W. M. CAMPBELL, R.K, Officiating 
Deputy Superintendent 2nd Grade, officiating in charze of the Madras Party, 

dated 3rd October 1876. 

(2.) llnjcr Brnnfill recommended my taking steps dnring the  recess for rnising the stntions 
IncreosedHriCl~to lSht io~BOd~~ble .  in order to  obtnin clenrer my@, nnd gave it ns his opinion thnt the 

Height of Theodolite. best may of doing so would be by incrensing the height of the, 17+ 
fect braced tripod stnnd for the 24-inch thcodolite. This stand wns used throughout lnst senson on 
mnsonry pillnrs nbout 8 feet high, built to  support the  feet : thus the height of the telescope of tlie 
thoodolito becnme 8 + 174 + 5 (about) = 304 feet nbove the ground. 

(3.) The usunl height of the signnl platform wns nbout 40 feet, nnd this Xnjor Brnnfill seemed 

Height of Signal. 
to  think could not easily be increased. For my own pnrt I felt 
more inclined to rnise the signnl if possible, thnn to  alter tlie tripod 

stand, considering the slight trouble nnd expense involved in rnising the masonry pillnrs cnrrying the 
lntter, if incrensed heigl~t of the obseming stntion ehould st,ill be necessary. I nccordingly hnd n 
trial signal plntform erccted and obtained n height of 58 feet without serious trouble, hIr. Belcbnm 
wntched the behnvioor of this platfor~n by observing the lnmp on the top through n thcodolite nt n 
conve~~ient clistnnce, and he found thnt under strong breeze blowing in gusts the extrcme deflection 
wns not nbove nn inch, the plntform recovering itself when the wind dropped. This is, J think, highly 
sntisfactory nnd shows thnt such n platform mny bc well trusted for rays nvernging 10 miles in length, 
on mhicb one inoh subteuds nu nngle OF about 0.33 second. 

(4.) Mnjor Brnnfill also drew my nttenlion to  the difficr~lty of plumbing the lamp nt such 

DiBicolty of plumbing. height us 40 feet from the ground, except in the cnlmcst wenther, 
without solno shelter for the plumb-line. To obvinte this I hnve hnd 

010th funnels constructed to protect the line from top to bottom. 
( 5 . )  As regards the work of the recess-it Iins been cnrried on very sntisfnctorily under the 

Becess Work. immediate olinrgc of BIr. Belchnm, nnd n7ns completed hy tho 21st 
September, on which date the original records nhd chnrt were for- 

warded to Hcnd Qunrtera. 
(6.) There is ono point in the reductions which mlls for notice, viz:-the remarltable and 

rnpidly incrensing diffcrence betwcen the sen level nud that, deduced 
Appnrcnt Error in trigonometricnl 

Heights. from the trigonomo(ricnl bcights of the triangulation running dong 
the coost, wilh one 0n11k on islnnds, and lntterly cntirely on islnnds, 

for the pnrpoee of the Ceylou Connection. By spirit leve!ling connecting the tide-gnuge nt Tuticorin 



with tlie Cape Comorin Bnac the error of thc trigonometrical heights there ma0 - 7 feet. I n  the 
season 1874.75 when tlie ueries first struck the conat, 110 miles from the Bnse-line, the  error was f o o ~ ~ d  
to be - 10.7 feot, increasing to - 12.4 feet in a fnrther distance of 30 miles. Last season stnrting 

this error of - 12.4 feet we close with - 14 7 feet, after tn.0 figures extend~np 40 miles over ecn 
and ialnnds. The progression in I)y no meaus regular, ss we have cases of - 18 7 feet aud - 17.2 feet 
between the initinl and closing errors of - 12 4 and - 14.7 feet respectively. 

(7.) These fncls tend to show that  the refrnction affecting grnzing ray0 over the  sea ia so 
irregular ns t o  mnke vertical anglcs untrustworthy, but  I cnu pee 

Causas surrniaod. 
no reason why the  result should be cumr~lative, ae i t  certainly 

appears to be, nlthoogh I hnve exnmincd the chart and attempted to find some connection between 
the gron*th of the error and the relative positions of the  statious as regards their heights, distances 
npnrt, nnd whether thc ray passes chiefly over lnnd or sea. Tho signals obtained were, as  might be  
expected under the circumstances, very bad and wild, having the  nppenrnnce as Mr. Belchnm says 
of "pillnt.s of fire". 

(8.) The references to sen level are of course only approximate, bu t  they were m d e  with 

Rough Tidal Obaawntione. 
some cnre and cnnnot be more thnn a few inches in error. They 
were oblained by observing the height of the  tides on a stake driven 

into the bed of a sheltered pool, or pit on the bench, just under the station, and measuring the actual 
height of the stntiou obove the nican sen le\.el so nrrived at. 

(9.) 1 have to thnnk Mesars. Belcham, Potter, and Bryson, for their steady application in  office. 

. Extract from the Narrative Report-dated 7th August 1876-of Lieutenant H. J. HARMAN. 
R.E.. Assistant Superintendent 2nd Grade, in charge of the Assam Valley Triangulation. 

(1.) The preliminmy work of the principal series, executed in advance a t  the close of the  
field sensun 1874.75, consisted of 5 rnys, 4 post stntions, nnd 2 lines in progress; forming P triangle0 
which had not been observed on account of the senson being so far ndvanced, the Uimh etatiott 
practionlly inaccessible, and the difficulty of gettiug a t  nod removing some ohstncles from the line 
Bor Ghop to RfelatlkGr: two rnys had been cut from a side of tlie principal series to fix the treasury 
building in the civil station of Jorhrit. Two rnys cut to the Ilevellue Surrey pillar on the  south bnuk 
of the Dilchu rivor, near its mouth, ware also reported open. 

(2.) With  a party of Inell I left Qnuhiti, by steamer, and arrived a t  the  ghdt for Jorhl t  on 
the 3rd Noveluber 1875, stnrti~ig field work the following dny. I n  re-opcuing the rnys forming the  
Jorhi t  triangle one line gave trouble. 2 miles of forcst fi~lling in this rny, 1 found that one edgc of the 
ray required much brushing. I observed the angles of this triangle nnd the11 ro-opened the trinl~gle to 
the Reveni~e Survey pillnr of para. 1, and obseri~ed the nugles: this done I re-opened 4 rays c.f the past 
senson's work, cut  some 5 miles of path\vny, rellaired three stations, erected three signal plntforms, oh- 
served nilgles nt one stutiou, and collected etorcs of rice nnd dhdn. Thns wns I orcopied till t,lle 261h 
November 1875, whcn I was joined by hlessvs. TV. J. O'Sullirnu, E. P. Wrixou, and J. F. McCarthy, 
who nrrired from Oanliiti, by mnrch, in ohnrze of the mnin cnmp. 

( 3 )  Mr. O'S~~llivnu unfortnnntely pot nil nttnrlc of fever &c., but  wns sofficiet~tly recovered nnd 
able to stnrt worlc a t  tho Dimit fitation by the 14th December. hlr. E. P. Wrixon comme~iced work a t  
t,he Di~nil stntion ou the 1s t  December. F r o ~ n  that  date until the  8th Jnucary 1876 he \rns e lnylo~cd 
in re-opening 4 miles of the m y  Dirui~ to 'l'cngnpnuin (cut as n final line the pre\.ious senmn) and c:trry- 
ing i t  on for another two miles towards the lntter stnt.ion, which nlso he built. On 1)ecernber 12th I 
nssisted him in co~npleting tho mmnining 1: milca to tllc 'rengnpnnin stntion. Mr. McCnrthy joined 
the party nt Gn~~hn t i  on November 4th, nlnrclied with the main camp to the ficld, and hrgan his ficld 
worlc on the 10th of December 1875. Dotween November 21ith nud December 10th I re-opened 2 
mom old rnys, repaired ono stntion, observed angles a t  2 stntio118,and cut a trinl ray (hnlf of \\'l~ich had 
been cut the previoos senson) and gave to Mcssrs. O'Sullivnn and McCnrthy the dntn for cutting tlie 
final my, which they finished by tho 23rd December. I hnve now shown lion Messrs. O'Si~llivnn nud 
McCartl~y were employed up to the 23rd December, Mr. Wrison to the 8th Jnnoncy, and myself to the 



13th Decemhor. So fnr nothing wortl~y of rcmnrk occurred, unleas it  be t l ~ e  11cnvy cutting on the my 
Dimli to Tengnpnnin whicl~ hnd nbsorbed the lnhor of n strong pnrty for 24 months. 

(4.) I n  re-opening old rnys I used to visit the liue nt points nbout hnlf n mile apnrt, nacend 
portnble Indder, nnd so direot the cutting of only thnt growth which sl~omed nbove the line of g r w  : i t  
wnn nstonishiog lhe height to  wl~ioh some of tho shoots from the tree s tu~nps,  bnmboos &c., hod sprung 
1111 in the few months thnt hnd elnpscd since the  lines hrul becn cut throogh. I n  most instnuces 1 
plnced the signnln on n frame, fnstcned to the ;voodcn top fitted into nn iron telegrnpl~ ntnndnrd nnd 
sockct. tho post being isolnted nud fised in position by wire stnys. The signds were stendy in n fresh 
I~reesc, nud the height of 30 to 33 feet thus obtnined for the signnl proved sufficient on nll the lines 
except one, wl~erc it mns found thnt the distnnt l~oliotropo \vus obstructed I)y grnss on n high Irnnk, some- 
where nboot the centre of the my, from the instrument plnced nt 21 feet nbove ground. On this line 
I obser\-ed angles to  grnzing heliotropes nnd in consequence the triangle produced n lnrge trinugle error. 
The dclny thus occnsioned would not hnve occurred, hud I provided n~yself with a 7 or 8 feet port- 
nble stnnd for the theodolite, for it  is evident thnt with an obstruction on the my nenrer thc instru- 
nlent thnn the distnnt signal, nn incrense of 3 or 4 feet given to the height of the instrument stand is 
much more elTective t l~nn  tho snme increase of height given to the signnl, but I did not think such a 
stand would be fonud necessary, as all the grass on the rnys of the previous senson hnd then beeu cut 
to  the ground. 

( 5 . )  On the 24th Decomber Mr.  O'Sullirnn begnu the rny Tengnpnnin to Dihing, completing 
i t  and tho Luilding of the Dihing atntion on the 30th Decemller 18iG. He then took up the my 
l'nonriputrn to Buri, finishing it  nod the building of the Pnonriputrn stntion by the 28th FebrnnrS. 
'I'll0 tops of the posts of this station were 25 feet above ground, n ~ ~ d  it  was :I yn~ticulnrly well built and 
goo L st~rtion. He  wnp then employed on the preliminary work of the brnnch eerie8 from Dibrugnrh 
to Jnipnr. On the 20th April I found i t  necessnry thnt he should tnke up the line Kajnbeta to 
D i b r u ~ a r l ~  which had heeu over 2 months in Mr. Wrison's hands. Mr. O'Sollivnn cut nn entirely 
new rind nuccessful line iu 6 dnys between the 28th Februnry and Mny 10th. He hnd cut on the 
bmnch ~ e r i e s  to Jllipur, one finnl my, 8 straight nnrrow gnps fining the sites of 6 stations, and had 
built oue post stntion : he nlso erected a scnffold 80 feet high so ns to obtnin the liue from the Timoli- 
khnt stntion to the tIilikn bill station of the Revenue and Topo~mpl~icnl Nurveys, in the Nngn I~ills. 
but bnd n-entl~er prevented nny obwrvntions to  it. Mr. O'Yullivnu closed work on the 10th of Bfny nnd 
left for Qnulr:iti with his party by stenrner on the 13t,l1 hlay. Ile amas p~~~ploye t l  a t  Gm111;iti on vnrioue 
work until Juue 1st xhen lie proceeded on t l~ree  montl~s privilege leare. 1 hnve much plensure in 
atnting that I am well antisfied with the cnre nnd lnbonr he bestowed on his work, ita style, nnd the 
large amount of o u t - t w .  

(6.) On the 8111 Jnnunrp Mr. Wrixon toolr up the my Tengnpnnin to Sisn completing it  on the 
29th Jnnuury : on the 5th Februnry I assisted him in stnrtiug nrork on the line Ifnjnbetn stntion to 
Dibrugnrh church. Tho building of the ltnjnbetn stntion and the cutting of tho two rnys from it  to the 
Khnllcntn nnd Buri stations, as fnr ns the left bnuk of the Brahmnputrn, mere nlso entrusted to him. On 
the 20th April Mr.  O'S~l l i \~un took over ehnrge of tho work OII the Rnjnbetn-Dibrugnrh line, and 
Mr .  IVrison ~ I ~ i f t e d  noross the river, built the Khnlkntn stntion mud clenred the few trees stnnding on 
the line from it  to Dibrugnrh church: he then rnn the ~ e x t  north flnnk my nnd built the slation of 
Snengn Jnn;  removed the trcea on the lines from it to tbe nlekln stntion nnd Dibrngarh c l~urc l~ :  11e 
then took up the uext flank my;  aud on May 12th, finding the liue in diflicult swnmp rind cnnc forest, 
1 closed the work of his detnchment for the senson. On the 27th May hlr. Wriaou left by steamer for 
OnuhBLi, nnd rencl~ed Shilloug on the 3rd June. 

(7.) On the 23rd December Mr. NcCnrthy took up the widening of one of my nnrrow gaps 
nnd fini*hed i t  by llecember 26th : on the 29th December I nssisted him in stnrting work OII the 
Sien-lle:~lmnm line, which wne out of hnud on the l4lh  Jnn~~ary .  H e  then built the stntion nt 
Henlmnrn, Inn the next flank my and built t l ~ e  Buri etntion, cut two finnl raps, (dntn for wl~icl~ I bnd 
provided by two trial lines,) rnn one more finnl my, nud cut t l ~ e  line Buri-Rn,jnbetn ns fnr ns the right 
bank of the Brnhrnnputm: d l  the nbove work reported out or hand on t,he 25th Februnry 1 Y i G .  Mr. 
McCnrlhy con~l)leted tho line Pnonriputrn to  Khnlkatn on the 11th March, n ~ ~ d  then crosned over to 
Dibrugnrh, nud ol~cued out ns fiunl rnys G liues forming the right flank of the series, from Dihrugnrh 
up to 1'ol)lln Revenue Survey mnsonry pillur; built one post stntion, nnd nlso nll but cornl~letrd the 
three ray8 from t l ~ o  a t a t i o ~ ~  of Silnni, (selected by him on tho N. brink of the river,) to three of hia 
stntione on tho Y. bnnk. Bad wontber nnd the rise of the river compelling him to return to nlrl~ln he 
finisbed the building of that station on tho 2nd BIny 1876, re~nnining there until tho 13th of Blny 01)- 
nerving to bill penks. He  then nt Uibrugurh ohserved to  the hill penks until 24th Mny 1876, nnd 011 

the 27th he left by stea~uer for Gnuhati find ~ r r ivcd  nt rccevs qunrters in Sl~illong 011 the 3rd Junc. 
Mr. NcCarthy displayed consideruble and unremittiug euergy in Ilia work. This was his first 



sensonvn on trinng~rlntion, nnd the snccrssf111 wny ho mnnnged it ancl his lnrpe out-turn 

reflect grent credit on him, and 1 have every reason to be well plen~ed wilh his ~enro~l 'n  w r l t .  

( 8 . )  A t  the close of p a n .  3 the n c c o u ~ ~ t  of my s o r k  is bn111:ht I I ~  to the 13th Decemhcr 1875. 

 ill January 1st I was engnged in observing from t11rt.e stnlio~ls, ~ I I  t l ~ c  repnir of last year's station 
of sislr, nlld the (,learing nwny of nll the trees 11p to the rivcr 11n11lt on 4 lines thnt collvergo upon 
this StRt iOI~.  I nlso rnn one trial gap and nfteranrds widened it into n finall ray. 1)urillg J n ~ ~ u n r y  I cu t  

four trinl n ~ i d  3 finnl maye, built one 11ost etation, nnd mas for 10 days occ~~p ied  in var iou~ work ; 
such nn senrchiug for the l<halltntn ltei,enue Survcy mnsonry pillar; t rnvprai~~g to obtniu data for t , l~e  
line Lorun to Sisa; raising a mound of en r t l~  a t  t l ~ e  Raj:~beta stntion, rind erecting thcre a ladder 70 
feet high ; layillg out a ray trnce as n guido for Mr. Wrinon ill de t e rmin i~~g  the line R~~j : rbetn  to 
uibrurnrh church. On 2nd 1;cbrunry I left nmy hend qonrters nt Dil~ingmuk to  hell) Mr. 1V1,ixon 
to stal-t nwrk a t  Rnjnbeta. Thcnce I mnrchcd to Jniyur, a t  the foot of the Nngn hiils, and ~ e t t l c d  the 
situntion of the statious on the N. flnulc of the branch series Uibr~lgnr l~  to  Jnipur. This is intel~ded 

to c o n ~ ~ e c t  the triangolntion with the Revenue Ynrvey hill stations, L'eohnl, near Jnipur, and 
Hililtn, about 7 miles S. of Jaipur,  close nbove the Uiwng ri\.er, on the outer range of Nngn I~illa. 

latter station is also common to  the 'I'opograpl~icnl Survey of the Nagn hills. I c1e:trcd the 
Deollal hill of juugle and found the mnrlts, both ou it and the Hililtnhill, intnct. From Jaipur 1 111nrched 
across to  Sadiya and met t he  Uepxty C o ~ n ~ n i s s i o ~ ~ e r  of Dibrugarh, to   who^^^ I explained the ndvn~rtnge 
wl~icli the survey would gain, if n cevtain hill penlc on the outer mnge of the A 11nr hills, north of the 

could be occupied as a stntion. From Sudiyn I passed down the river to  Uibrngarll xud nelccted 
the pites of all the stations, except 3, which would form the principal aeries eatending from Dibrugarh 
to  Sadiyn. 

(9 . )  On the 25th February I left. my head qunrter camp for a Miri villoge a t  the foot of the 
Abnr hille ou the right bank of the Dirjimmu river. The Deputy Commiseio~~er had interested himself 
in my prqicet for viaiting the nbove mentioned hill ~ e n k  n ~ i d  I had received good informntion that  
aeveral A bar chiefs (who had 11er11 informed) were assembled a t  the nboro Miri villnge and I~nd exprrs~ed 
their willingness to  conduct tne a ~ ~ d  niy men to,tlie hill 1 had pointed out. B u t  my ii~terviem with 
the Abnr nasc~nblngc was unwtisfilvtory, and 1 11nd to  brealt u p  the meeting, n se :~c l~  man iu turn stood 
formnrd rind fo rbah  tho j o ~ ~ r n e y  : t l~ey  snid " the  cntrnncc of st,rongers into thcir hills mas unprece- 
dented"-" t l~ey  did 11ot much c~l~ject to  my going alone, provided I nlnde no mnp for the Queen to see, 
who ~ o u l d  in consequeuce proml)tly claim tllem ns subjects"-" they could not allow nly men togonlid 
cut down their trees ou the liill tops nnd make marks kc." I had no  time to spare for a plcast~re trip, and 
1 did not go. Work to  luminous.signals could not well be undertaken if n strong probnbility e x i ~ t e d  
of the signnl partics being n~nlcsted, hindered, or c o ~ n m u n i c n t i ~ ~ ~ ~  with them in nliy uny obstructed: 
l~eaidcs in the densely forest-clad country of the liills and \.alley north of the river, for speedy work, 
guides nre very necessnry. The above circumxtnuces I reported to the Deputy Cummissionw nnd t o  
Hind Qlrxrters. 

(10.) On March 3rd I went in p~lrsui t  of a runaway elephant, n fino tusker nttnclied to  Mr. 
Wriron's d c t ~ ~ c l r m e ~ ~ t :  nl'ter 3 d:~ys' trncking I celnc up wit11 him, but could not get him to slnnd : on 
Ihe fourth day I left n fe~n~i lc  clcl)l~nnt an11 u 11nrty of mnliuuta Ac. in the forest, not1 mnrched for U i l i i~~g  
stntion to go on with the obsersntions. During Ilnrch I closed 8 stations, nnd mas detained ill 1111 7 
days in removing from lines obstncles mlrich ~ l l o l l y  or  pnrtly obscured the distant heliotropes. O n  
April 3rd I heard thnt the runnrnny c l c p l ~ n ~ ~ t  l ~ n d  been enticed into more open ground nnd tlint t l ~ o  
eRorls of the three kr~nki (trailicd) clepl~nnts obtaiued for the purpose of his cnptnre hnd proved in- 
effectual; so I ng~iiu left my work, ch~lsed him ubout for f t ~ r ~ r  days nnd prcve~~tecl his ge t l i~ ig  sleep a t  
night, nod on the mornin: of 8th April, 110 was secured: he  wns in cnpitnl coudition nud had been loose 
in the b~res ts  just five mceks. 

(11.) After inspecting the mark on tho Rnjnbetn-Dibrugarl~ liue, I completed obserrntiona nt 2 
ntntions by the 13th April. 011 n~.rivnl nt illy next stitti011 n u r i  I  as distressed to  find the line 
Buri to  Rnjnbetn quite mron:, nud I h i~d  to cut  a11 e~~ t i r t - l y  new lino from cnd to e l ~ d  ; t l~ ia  caused 
me grent delay nnd p1.0ved.a d~fficult tnsk. 1 11:ld o ~ ~ l y  8 nlen wit11 me for work ; the river had risen 
high and filled all tho sidc c11a1111els of the river, which were dry but. n fcw days previoosly ; ndded to  
this, l~envy rniu sot in on t l ~ c  2 1 ~ t  April, mints rose on l l ~ e  rivcr nt night, nnd Iny o b s e r ~ ~ a t i o ~ ~ u  l)ri~ctically 
ceased for 7 days:  i t  wm the 9th of Aliry w11e1i 1 fi111~1ly c11)sed tho e t s l i o ~ ~ s  of Buri, l t ~ ~ j a l ~ e l n ,  rtud 
Pnol~ripntru. Detweeu Blny 10th nud 18th I obecrvrd i~ngles nt 4 uevv slntions of the serics, visited the 
three de tnc l~mc~~ ta  of thc party, and tl~cti  went tlorvn t l ~ c  rivcr to  revise the nnglcs at  Sisn nnd ICller- 

kutin elations of the tri1111~1c ~nc~it,ioned in pnrngcrpl~ 4 ns hsviug n 1:lrgo trin~lgulnr error. I got clenr 
aigunla. nlld thc new I I I I ~ I C Y  (IiITered from the fornler valuos by nmouots 11rlrri11g the snrnc sign (the IIUIV i111~1ea 
,Wore both grrater.) 11rtivi11: thnL the for~ncr angles were vitintud by the grnse; nud tho clitferc~~ce bc~ng  
almost equul iu nmount tlhowed illat the  obstruction ~ o u l d  probnbly hirve bueu fouud uenr ibe  middle 



of t l ~ c  my, as  I thought i t  nppeared. Hnving visited Lwun stntion to o b ~ e r r e  t o  hill penks, without 
succos~, on b1ny 18th I c n ~ ~ g l ~ t  n dosnwnrd sten~uer nnd reached Qnulibli on the 21rt Nay. ~ \ f t ~ ~  
a r rnng i~~g  tho nffnirs of tll* ya~* ty  nud neein:: the buildiug of lhe elephnnt shed $lo, uenrly oo~uplet~d, 
I left for Sh~llong ou Rlny 2 l lb  and nrri\fed there on tho 25th. 

(1% ) The oollection nud distribution of provirioll~ gave n ~ u c h  trouble and Inbor: newly rill tile 
rice n ~ ~ d  cllrb~r r n s  ol)tniued by prirnte p~~rcl lasc  from the villages about Jor.111it and Sibuigur, on 
nccutwt c~f the very 11igl1 l~rices ruling in the Dibrugnrl~ 8nm1. nnd ilislrict. Excep t i~~g  n few Miri vil. 
lager, ihere nro uo i~ih~tbitnnts in the vicinity of the  grenter pnrt of nerics: no local Inbor wna nvnilnble 
or procured. I u  getting pnrties of alg~inllers Bc. I I R R S C ~  across tille river nnd side chnunels of the river 
rnnlly vcn~ l t io~~s  delnys occurred, tho men of1011 having to go 1011:: dirtnures out of their wny to get 
pu t  ncross the wntcr. The wn t , l~e r  for work on tho preliminnry series was nll thnt oould be desired 
until April 21at, wlren very bad weather set iu. The g e ~ ~ e r a l  henlth of the party wns excellent. 

(13.) Mnny dificulties were met with in tnlring the  observntiona: most of thc rnyu were nenrly 
grnziog rnys; the  grenter number passed more or less over the river, n ~ ~ d  the signals nt 9 A.X. nnd 3 
A . M .  mere ns a rule very wild. For  3 dnye in hlnrch and 2 in April 0 0  thiclr wns the haze and smoke 
over hcad t l~n t  the heliotropes barely showed a t  all;  nnd on 2 dnys I got little work on nccountof n gnle 
from tho north west, which blew such dense clo~ids of snnd down the river as to cause the heliotropes to 
be visible for only sliorl intervals. I hnd very bnd luck with the work to hill yenka, and did llot obtain 
20  nngles before April 20th ; afterwards I mns more fortunnte. 

( I . )  All the post stations 011 the  south bnnk of the Brnhrnnputrn except one stood on firm soil, 
end when the posts of the stntion rind the instrument were properly protected from Lhe wind by screene 
of grnss ,PC.. I I U  difficulty on the  score of instnbility nrose; but not so with those stntions built on tile 
north ~ i d e  of the Br;rhmnpotrn, which wcre built on snlld: t h ~  usunl grnns acreells for tile wind caurred 
tlie platform to vibmte, and the  tremor was com~nu~~icn tcd  to tlie i~latrument. I fouud it beut to be 
conteut with only a bit of cloth as  shelter for tlie portable instrument stnnd. A t  Pnonriputrn (n re- 
mnrkably strong nnd well built 25 reet post stntion) i t  happened that one of the  huts  for the lneu was 
plnccd about I20 feet distnnt from tbe  stntion, and if by chnnce a lunn threw down n buaclle of firewood 
a t  the  door of his hut, or chopped n bit  of mood, the jog given to  the instrument would quite tl~row off 
the  i~~tersect iou of the distnnt signnl : one day I mensured n distnuce of 172 feet frorn the stntiou pillnr 
t o  wbere a mnn wns aented fnnbioning a tent peg on a block of wood, the  blows of his dao spoiling my 
anglen. At  evcq  stntion on the north bnnk of tlie river, if a men cnme nt all quickly up the ladder to 
the  plntform n strong tremor was visible in the telescope. To build a stntion different to the  ordinary 
pnttcrn, ou sites of hnrd annd with a water-logged nt,~.ntum o ~ ~ l y  n few feet below bhe surfnce, did not 
nugge~t itself to me ns necessary till nfter tho stntions h ~ l  been 1)uilt and observing hnd r o m m e ~ ~ c ~ d  : 
obviouulp, better isolntion for the posta of the  inst,rurnent, nnd comfortable wo~.k mould have Ileea 
obtninrd, if the uprights of the observer's platfor~n hnil been mpread nut so thnt their feet were distnnt 
from t l ~ e  throe posts, the uprights beinq supplied with plentiful bracior: well nailed, the feet of he 
uprights not  bciug sault in the ground but resting on plnnkn, and 80 for th:  t h i ~  senson the only re- 
sult  hnn been tlrnt the observntioua rcquired paiuful cnre. The nvernge trinugulnr error of the priucipal 
trinugulntion i8 1.15 seconds. 

(1.5.) Tho nn~~lysis of the heiqhts obnerved in ns followu :-(I.) On 23 rnys pnnsing over lnnd 
and water, co~nl~riaing 303 obnervntionn, thc fitcto~. of refrnrtiou iu on every my nrantive, the mono 
T ~ I I I I .  brin~--OCiti. (2.) On 2 mys pussing nl~nost entirely over the river, and respeotircly 10 t  nnd 
7 n~ilpa ill length, con~prisil~g RG obserrat,ionu, the I'nctor on cnch ray is l~ouitive, the mean vnlue heiug 
+-0G9. (3.) 0 1 1  6 r:lys converging on the Ioftr ~tnt iouu of (fnori~ngnr ten~ple (90 feet) nnd 1)ibru- 
gnrlr chnrcl~ towcr (50 feet), comprising 84 observntious, the  fnctor ou ench rny is posibive, the mean 
value he in^ + .O:i5. 

(16.) Tho hill peaks observed to  extend up to  a line bearing from Dihrugarh church 20' east of 
north. 

HI. Extract from the Narrative Report-dated 19th July 1876-of W. Ct. BEVERLEY, Esq.. 
Officiating Assistant Superintendent 2nd Grade, in charge of the Burmah Party. 

(2.) It s i l l  hove been observed from last yenr'a Iteport, that  the trinngulntion cnrried on in 
1874-75 had not been fi111111y connected with the Eaatcrrn Frontier Series. This work wee tl~ercforc first 
taken iu hund, ao aa to fwuieh a t  au early dlrte the accurate yoait~ona of points along the conat for the 



Mariue Survey. A new light-house about 6ve  mile^ out nt sen was nlso in course of con.struction, and 
it w:ru neccsnary to get sonla obsorv:~ti~)ns from the top oT t l ~ u  old light-l~vuse bcforc i t  wan dis~nantled, 
ill order to obtain d : ~ t r  for opnniog a ray to the new l i g l~ t  from ouo of our stations on the coast. Tho 
pmpglmlne of 1vol.k for the seasou of 1875-76 wan, in addition to the ahove, the extension of the trinngn- 
I1itioo along the coast t o s : r rd~  the ICrishua Yhu:~l light-l~ousn, thrce ch:ri~~a of accond:~ry triangles to atart  
froln princip~il sides of the [Castern Y~~on t i e r  series, b ~ r e  uid ' I ' o~~g l~oo  to the 130u11d:iry to the north, a 
#econd ui8 Prome nud 'I'hliyet~uyo to  tlre Boundary, and the third uid Bi~ssein to  Cape Negrnis to the 
south. 

(3.) I left recegs quarters a t  the end of September to be iu time to v i ~ i t  t he  old light before 
relnoval. 1 vis~ted tho place on the 10th of October :md obtained the requi~i te  observalio~~s, having 
had to trade through about n mile of mud u ~ t d  wntcr uuder a bor l~ing sun. A touch of u~alarious fever 
ool~~pclled me to  a b a ~ ~ d o n  the mork a t  that t ime; in fact i t  was impousible t o  effect auy ray clearing with 
the couutry eu t i~e ly  under water. 

(4.) 111 order t o  complete the conneotion of last year's mork with the Eastern Frontier Series, . . 

I reconuoitred the coontry aud selected a site for a station which mas to  be en~ployed inaddition to t l~ose  
already selected. 1 nlso took ohuorvations n t  three other stations, and obtained dnt:r for o p e n i n ~  the ray 
Chanakpho to Chaglihi. I decided upon using the priuoipal statious of Chaiteo, Chaideo, nud ThulJ, of 
b e  E u t o r ~ ~  Frontier Hcrics, n.3 the statious of origin. 

(6.) After various delays I was enabled to  leave Rangoon by the  steamer of t he  27th of Novem- 
ber t o  take up the triangulation down to Cape Negrnis. Before commencing, I went up to Prome to  see 
how Mr. Low had laid out his work. I visited my first station on the  10th  of December and closed work 
on the 16th of April. 

( 6 . )  The country trnversed by me in the Heuzadn district w;ls a difficult one for triangulation: 
i t  was impossible to get nu to the m:~in ridge runniug parallel to  the  Irrnwad~ly, while tho spurv from 
i t  were ~ ~ o t  only very densely wooded but  were not !ong enough t o  admit of both flank stations being 
selected on them. The country between tho river and the foot of the hills is very well populated, bof 
no \rillages exist up  the  lateral ravines, oud tho villagers decline t o  go beyond a certain distance from 
their l~ouses from a dread of wild aui~nals  aud malaria. I u  most large ravines timber is felled to a con. 
eiderable extent nnd there nre severnl cart roads made for conveying the same to  points whence they can 
be floated down: i t  was not therefore difficult to procure carriage nor except occnsionally was auy di5. 
~ u l t y  ezpericnced in obtainiug coc~lies to visit the hills uot remote from the villages. 

(7.) The country between the river and the foot of the hills is occnsionally undulating and corered 
with patches of dense forest: this added t o  t l ~ e  difficulties of selecting ~ta t ions .  I succeeded however, 
by using some stations in the plnins on ono flank and avoiding intermediate raya, in carrying the trian- 
gul~rtion down to within 32 miles of Bausein-a direct distance of 81 miles. T l ~ e  hills l~ore  are very 
low (tho forward stntion being probably hclnw 200 fcet) and are a serics of plateaus dcnsely wooded. 
The clearing of such I~ills in one of tho hottcst 111o11tl1s of the yenr mas likely to  occupy t l~ ree  \vrelcs and 
more, and I considered i t  ndvisnl)le to close bcforc the heavy rains came dosu  and re~~nlerrtl  the return 
of elephnnts to  1L~ngoon a dnngerous bl~niness. The hnre prevented IIenenda being f xed this yenr, the 
stntion being over 90 milas iu a dirert distnnce from the ncnrest t rignuometrical stat,ions on the hills ; but 
this will be readily done nt tho cotnmencemeut of the next Geld senson. 

(8). Mr. Low was transfi.rred from Head Quarters aud joincd the party on the 22nd of October. 
He  was deputed to  take op tho kr inngi~I :~t io~~ from oenr Prome viil 'I'linyet~nyo to the British B o u ~ ~ d : ~ r y  
on the north. Owing to the high road to  Prome being taken up for the r;~ilwny, All.. Low \van co~np(,l- 
led to bare his baggi~fe and eatablial~~neut brought bnclc from the 40Lh mile, and to .envo Itangoou by 
steamer for Prorne : ho commcuccd work RIJOIII the end of Norenibor. 

(9). The principal slation of Youg~louq near Promc, one of the  station8 of origin for Mr. I.ow'a 
triangulation, was found to l~ave the ~n:r~~kslone, dug out, and n great ob lo~~? :  hole existed instend of the 
pillar. Ha wan therefore directed to fall b:lcb on lcidong station aud to use Tongdoug, where he put  in 
a mnrk an no cnt,ircly now s t a~ iou .  

(10). 'I'lle connt,ry tri~lngolat~rd by Mr. Lorn lien on both sides of the Irrnnrnddy river and ia 
den~f ly  wooded. Al t l~nngl~ aell ~ ) o p ~ ~ l n t c d ,  it mas diffirult to  gct carriago, and i t  wnr rendered more 
diflicnlt by t l ~ c  i~~ndci l~tnte  assistance nffordcil him. hlr. Low'a reports are a record of delays and diffi- 
culties which aonld hnve damped the nrdour of a lrsa ecn ln~~s  surveyor. 

(11). Though now to the cnuntrg nnd the 1a11,nonge Mr .  Low has completed n very sntisrnc- 
tory neason'a work. Ho l~na carried his trinnnnl~ition up to the Bonudary, a direct distnnco of G O  milea; 
axed nnlnerons points in the civil nndmi l i t~ ry  stations of Prome nod Tliriyetmyo; and covered with 
trigonon~~tricnl p o i ~ ~ t a  nn aren of n l~ont  3640 square miles. M r  Low lias also furninl~e(l n vcry large 
number of I~eighta, nnd given the means of mnlritlg a connection between the rnilrvay and t r igo~~o~uetr ica l  
levelling for cornpariaon or otherwise, The party Las bee11 very much strengthened by the additon 



of nn officer of Mr.  Low's nbility and zeal. Ire returned t o  recess qunrtern nt Moulmein on 3rd 
of June. 

(12.) The trinngulntion for connecting the work of the previous nenson with the E n ~ t o r n  n o n .  
tier Series wna nrndo over t o  hiessrn. Illitchell rind Colli~~n, to work simultnneonuly if possible, one in 
t he  'J'ellasscrim dis t~ic t ,  nnd the other in the Rangoon division. 111 order to  u b t ~ ~ i ~ ~  colnrect vnlllcs nt 
nn enrly dnte, Mr .  illitchell wns direct,ed to visit the ntntion of Kalnmntong of the E n s t e r ~ ~  Frontier 
Series, close to b1o11lniei11, nud from it to  observe Rn~~ j ioon  nnd Si~.i:um pagodns, nnd ll~creby furnish direct 
values of t,l~ese two poiuts t o  be testcd by the vnll~es obt;~inod fr111n n series of trinngles. 

(13 ) Mr.  Mitchell went up to I<aln~nnto~~g on the 28th of October nud obtnined his observa- 
tions to  ltnngnon nnd Sirinm nrter some delny, owing to  the  station being occupied by Mr .  Rosae~~rode '~  
r i g ~ ~ n i ~ n e n ,  nnd from t, l~c mists rising up fi.0111 tbe Cf11lf of Mnrtnbnn, over whicll t l ~ o  rnys pnssed. Mr. 
Alitchell suhsc~q~~e~r t l y  visited three other pri~~c.ipnlstntio~isof the I4;nstern Frontier Serien, and completed 
his observntiona on the Tennsaerim side by the 17th of Lkcember, hnving been delnyed very mrn~cl~ by bnd 
rignals nnd u~~rnvornble wentl~er. The dixtnuces from t,l~rse three stntions t o  hld10 ou the f i ngoon  side 
nre betweell 41 rind 56 miles, nnd from CI~niteo to Cl~nglibi 55.7 miles, and thene long sides r o ~ ~ a i d e r n b l ~  
retmded the worlc of both Messrs. Mitchell nnd (?nllins; the signals shewn bcing nt tinres very faint,and 
a t  other times too unstendy to intorsect, due probnhly t o  the vnpour asceuding Rorn the vast expanse of 
the  Qulf of blnrtnbnn. 

( I d . )  Mr. Mitcl~ell  nlso visited the four stntions of Chnglibri, Chnnnkpho, Jffiko, nnd Dnlnhhu, on 
the Rnngoon side, in order t o  complete the obrervntions wl~ich hlr. Collir~s wus unnble from vnrious causes 
t o  ubtnin : he nlso opened the rny between the first t.wo stntions. 'I'hese four stntions were intended for 
a quadrilnternl, but  on nccount of large trinngulnr errors, two triangles were rejected. 'These errors 
appear to be duc to  the  l-nys pns s i~~g  over marshy ground, nnd over rice fields. 'I'hese observntions were 
completed by the 7th of February, and Mr. Mitchell proceeded to  tnke up the trinngulntion via 'J'onghoo. 
The dnta ohtnined from these obscrvntions ennbled me, enrly in Mnrch, to furnish the Master Attendnnt 
with the approximate position of the new China Bakir light-house : this position is very near the accu- 
rate one since supplied him. 

(15.) 'I'he haze which hnd set iu when Mr. Mitchell took up t he  Tonghoo trinngulntion, pre- 
vented his tnking nny finnl observntions from the starting side nrhiclr is about 33 miles in length. Having 
visited oneof the terminal stations uiz. blynynbengl~yo, ho reconnoitred the ground selected nnd clcrrred 
fire hills nnd lnid out the t r i n~~f~ r ln t i on  rrp to l'ongl~oo, nnd returned to  tnke I I ~  the obnervntions. H e  
wnn ~tnnble to tnlle finnl observntions from more thnn one stntion, viz. 'J'oungi ; nnd n few from 'I'hhyekhh 
the other station of the starting nide. 'I'hc rains had now ~ 6 t  in, nnd he mas directed to  closeand return 
to  recess qnnrtcm if Ile considered there wns too m11c11 risk in keeping out  an estnblinh~nent exl~orcd to 
cont i~~ued rain. l ' l ~ e  obserrni io~~s  sl~ould be cnrried I I ~  to  'Tu~~ghoo by nn ei~rly dnte next senson, 
and I bnve every hope thnt the trin~~gulntion between ' I 'o~~gl~oo nod 'J'h:iyettnyo illon!: the  Boundary will 
be out  of hnnd next senuon. Mr. hlitchell arrived in recess ql!nrters on the 8th of June  l~nving suffered 
a good deal in henlth during the field smson. 

(10.) Mr. Colliue took the field on the 28th of Octohor and went to  SI16nteji stntion to tnke 
an  nnglo there, which could not  be obtained lnst yenr. 'The country heing herc still r~nder  water, he 
proceeded nnd huilt hltiko stlrtion on the top or n high pagoda. EIc visited Miiko, Chnglibri, rrnd I)aln- 
b6n, in connection with 3 l r .  Alitcliell's work mentioned nhove, nnd huring t:tkeu ns mnny nngles ne he 
aollld obtain he returned t o  t n l~e  up the trinngul~~tion nlong the conat. AR i t  was necessary to obtnin 
datn for opening n ray from Meogdlon t o  the new light-ho~~ne, Ile mea~ured  a hnse cnrcfi~lly on the sea 
aonst, ns the only men118 whereby all nccurnte nngle for giviug the my c o ~ ~ l d  he obtninrd. 'Tl~e ground 
between hlenpblon nlntion nnd the  sen conat is low nnd srvnmpy, and he hnd grent difficulty in opening 
this ray. I d o r  on Ire visited tllu new l ig l~t  out nt sen nnd took observntions off the staging het,ween 
Me~~gillon stntiou rind Elephant P o i ~ ~ t  Column. Mr. Collins rcports that the Men W l l 8  very rough (being 
the no~.th-e:lat ninnsoon) n ~ ~ d  there wns n grent dell1 of vibrntion from the force of the wnves st,ril<ing 
ngniust tllc s t t ~ g i ~ ~ g .  The I~or izo~~tnl  nnklea were very ncc~~rdnnt.  'I'lre sille h l e ~ ~ p i l o n  to ISlephant.Point 
0bt11inc.d from the hnee rnensorctl on t l ~ c  const, n:l.cra rcmarknbly wcll wit11 that d p d ~ ~ c e d  Tro~n con~putn- 
tions I~rought down by tri;~npulntion, and wns used in the npproximate compntation of the lntitude 
and longilude of the new light-l~ouee. 

(17.) On coml)letion of this work hlr. Collins took u p  the  contini~ntion of the trinng~~lntion 
along the coast from the  sidc 1)nnot to blotyi16. H e  carried three trinl lines b~*t,wern 'rnolrin and 
M e ~ ~ g i i l o ~ ,  n diatnneeof 11 milre. over n tra1.t of country nvliere there wnsrxtrcme diffic~~lty in proc~rri~lg 
potnble water which wns 011ly obtnined ill very sninll q~~nntit ien trnd a t  villagcs rcn~otc from the ray. 110 
took finnl observntions nnd co~nplated onc ~ ~ ~ ~ l ~ d r i l n t e r n l ,  ollcning thc intcrvcr~ing rnye ; nntl selected the 
nitem of G stntiono ror futllre wn1.k. 'I'l~e sites sclrctrd npprnr to be jlldiciou~, nnd undcr favor~rble air- 
rumstancen tho trisngulation will probobly reach Kriuhnn Shoal next year. 



(18.) The country d o n g  the  const is low and swnmpy, intersected wit11 numeroue tidal creelcm, 
very few villages nnd these fnr npnrt. I t  in uoder wnler to about the  n~itldle ofJnnnnry,nud 'there 

nre no menus of moving t~bout  except by boats : after ench flood tide the ground is submerged to n good 
distance on ench side of tho crcelr. and Mr. Collins lrnd to do most of his marches on foot, wading 
through slime nncl wet. The country was the  most rlificolt and trying in Burmnh, nnd Mr. Collir~a 
deserves credit for sticlring to his work in spite of frequent nttacks of illncsa, nlthough 11iu out-turn of 
work is smnll. The experience l~o~vevcr  that  he 112s gnined mill be of considcrnble ndvnntnge to  him 
next wason. Mr. Collins returned to recess qunrtcrs on the 20th of n1:ry. 

(19.) The nlen of the Nntive Estnblisl~ment Irnve not \vorlted so sntisfnctorily t he  lnat senson, 
the signnllers having in repented instances given n grcnl de~rl of inconvenience and caused loss of time. 

(20.) Tnbulnr stntemcnts showing the work d o ~ ~ e  by cach officer, nccompnny thia report, and I 
trust that  considering the unfavornble circumstnnccs 11nder which work is obtained a t  aU times in 
Burmah, the out-turn of work for the past senson may be considered sntisfnctory. 

(22.) The Mneter Attendant a t  Itangoon, Captain Arnot gnve every assistance required to  Mr. 
Collins wl~ile employcd in fixing tho light.house. l 'he  work of the Survey nlwags progresses ~atisrnc- 
torily when the  District Officers nasist the Sorreyors. The Deputy 'Commissioners 00 Rangoon, 
He~undn, nnd Thiyetmyo, fur~lisl~ed parwanas immedintely on application, which were very serviceable, 
because the Burmnns pay every respect to n d o c u m e ~ ~ t  henring the official s h m p  of the court. Tho 
Deputy Commissioner of Prome however refused to give Mr. Low nparennn and his refusnl wne con- 
firmed by the Commissioner of the Rangoon Division. The consequence mas serious delay and 
unnecessary expense entailed on the Oorerumeut. 

IT. Extract from the Narrative Report-dated 18th September 1876-of W. C. ROSSENRODE, Esq., 
Deputy Superintendent 3rd Grade, in charge of the Eastern Frontier Series. 

(2 ) The dorntion of fine obnerving wenther being 00 short in Burmn nnd the sidea of some of 
the trinngles beingunnvoidnbly long, owil~g to the inncccssible murnl l i~l~estone ranges falling within the  
trinngulntion, rind it heing utterly impossible to make use of any point in them, I hnd no nl ternat i~e  
but to resume field opcrntions enrlier this senson than I us~lnlly did, to endeavour to complete tho long 
sides before the setting in of bad wenthcr. 

(3.) Mr. J. 0 .  Hughes was posted to  this party by Depnrtmcnt Order dnted 1s t  September 1875, 
nnd finding thnt he hnd had some cxperience in Assam I determined upon detaching all my three nssistnnts 
nnd retnining my Burman writer to record for me in the observntory as  11e did during the previous ficld 
season. Mr. Hogheu joined on the 23rd October in n had state of henlth caused by nn injury he  had 
sustained nt Agm, and findiog llim completely prostrntcd, I llnd to  nltcr nll my arrnngemen&. - 

(4.) Mr. Clnncey having rejoined from privilege leave on the  23rd October ww directed to nssist 
Mr. Beverley in the office. 

(6.) 1 took the ficld on the  2Gth October and begin finnl obserrntions nt ToungzGn H.8, nenr 
Moulmei~l, clouds and rniu interrupted my pl.ogress. 1 howcver colnplcted my obncrvntions on the 
6th November nnd returned to RIoulmciu to  rearrnnge my plans. BIT. Beverley wns requested to tnke 
up the approximate trinngulntion on co~np le t iu~~  of thc office worlr rind Mr. Clnncey wns i~~s t ruc t ed  to  
fix n principnl station ou the cmtern flnnk, which was required to complete the figure previooaly formed. 
Aftcr selecting, building, and prepnring the nbove ntntion, Mr. Clnncey was to visit ench principnl sta- 
tion, and to observe nll the high peaks to the enst, in the interior, connecting them with one of tho 
principnl stntions of the eeries. On complct i~~g hie ohscrv~~tione nt each station on t!:e enstern flnnk, 
he wns to construct n rectn~~gulnr  pillar on it, nnd ~nnkc it over for safe costody to the locnl officials 
before quitling i t :  in this wny he wns to visit serintiln ench principnl ntntion of the previous senson. 

(G.) The country being st,ill under ~vnicr i t  wns r~tterly impracticnblc, nny impossible, to march ; 
I therefore engnged bonta for tho wllole pnrty, bafigngc, instruments, nnd provisio~~a, nnd proceeded to  
lVnbinntongII.S., which is 2 milcs diutnnt from the Ynl~\.ecn river. After the obaervntions \\,ere cornplcted 
the whole party got into the boats nud dropped doan  tbc rivcr, nnd cncnlnped nt the foot of Miznntong 
11.8. thc same ovcnil~g. This hill is conlposed cutirely of li~nestotle nnd the r o d  to i t  wns originnlly 
prepared by Mr. Beverley when 110 soleotcd tho stntion. The til~dnl wns sent t u  re-cut nud improve 
this r o d ,  ns the hill wns snid to be most difficult of nccrss. I I e  rind his party were employed a whole 
mouth in nlteriug, improving, nnd making i t  prnctionllo for conveying the 24-inch Theodolite. With  







Tllodelny was unnvoidnble owing to  desertio~is of coolies wlto were brought from v e n t  distances, 
worlted most roluctnntly, tnking ndvn~itnge of cvcly opportunity of slipping nwny. H e  wns for dnys left 
with 4 to  G tnon to  clenr tough forest trees of grcnt girth. n y  my deputing Mr. Clnucey to  select this 
stntion on the enstern flnnlc Mr. nevcrley N R S  snved n 1oi1g ~nnrch of n fort~iiglit's durntion in retorubg 
from tho station nfter i ts c o ~ n p l e t i o ~ ~  to begill l~in worlc on the western flnnlc. 

(20.) After completing Tounghoung H 8 Mr. Clnncey toolc up his lcgitimnte duties, visiting rill 
t he  stntious fiunlly completed lnst scnson. EIe observed 11ill penks nt, Tl~nmindo, Shoisnndno, Tnbotho, 
find returned the 7-inch theodolile to the depBt nt nloullnein from Rnmiknbo H.Y.; being ut~nble from bad 
health t o  use it. He constructed all tho rcctnngulnr pillars m ~ d  mndc them over for snfe custody to the 
local officinls. H e  wnu unnble to st~pcrintend personnlly t l ~ c  construction of nll the rectn~~gulnr  pillars 
owing to pnl1,itntion of tho heart. \\'IICII climbing hills rind marching becnme painful he proceeded to 
Shony-Cfheen the t~enrest stntion nnd plnced hiniself under the civil-surgeon until he was nble to resume 
work. 

(21.) Mr. J. 0. I Iugl~cs  joincil this pnrty siclc on tlte 23rd October last nnd being incnpncitnted 
for worlr obtnit~ed lenre on ruedicnl certifiontc. 0 1 1  the  expiry of his leave on tbe 1st Februnry, he an8 
directed to  assist Mr. Beverley on the npproxi~nate trinngolntion n ~ ~ d  personnlly selected three stntions 
nud visited the 4th mhicli \ms tised by Atr. Uevcrley. The experience he has gnincd under Mr. Bever. 
ley mill be of p e n t  usc to lrini in this pnrty, nud I have hopes of his being usefully enlployed the next 
senson on i n d e p c ~ ~ d e ~ ~  t work. 

(22.) hloung Jioung, n Burninn Ind ed~~ca tcd  in the Mission and Government Schoolsat Mo~~lmein, 
hns been now two yenrs with the pnrty :IS n Burmesc nnd ICnglisl~ writer, iuterpreter, nnd recorder in 
t he  observatory: ill the  latter cnpncitg he 11ns been of mnch use for the lnst two sensons and has done 
good service. 

(23.) T l ~ o  nntivo es tnbl i~hn~cnt  behaved very well during the field senson, but  on returning to  
recess qunrters mnny of t l ~ c  Hi~~doa tan i  cnrricrs took their dinchn~.ge finding that  they could rendily ob. 
tnin service elscwl~crc. The instrnmcnt bearers have nlso left, but nll vacancies have beeu filled up 
and the estnblishme~~t continuen efficient. RIen of the nIadrns Presidency nre grndunlly taking 
the  plnces of the  I l i nd~~s t ;~n i s  nnd the cstnblisl~n~cnt will eventunlly be composed of Mndrns men. 

(24.) The country finally t~,iangnlatcd last senson is hilly throughout : loug rnnges of hills run- 
ning north nnd south, wit11 nl~ortc~. rnnges between them, or low spurs jutting out here nnd there forming 
conecting liulrs in the c11ai11, estcnrl throl tgho~~t  the triangulated portion in thc ceutre of the Series. To- 
wards the const the l~illn are  low and isol;~ted nud ns you retrent further f'rotn it, they become moro 
elevated. There nre more slrips of lcvcl ground ton,n~.ds the coast than in the  interior. The vnlley of 
the Atternn is rather estcnsive. ~ \ w  the srries ndvnncrs from Jloi~lmeiu towards l'nvoy the populntiou 
perceptibly dimi~~ishea;  villages further nnd f l ~ r t l ~ r r  re~noved from one another nre noticed, and townrdn 
ael6dong nnd 'I'hebeye sit~gle f:~milica hnsiug n h u t  or two o c c ~ ~ p y  the s~nnll level spots which they cuHi- 
vote for n living. 

(25.)  A 1;trge t ~ a d e  in honls is cnrrird on hy the people inhabiting the  forest. A t  the bnse of the 
hills treos of imtnenne girth Itre to 110 found : the trev is selerted, fcllcd, nncl sl~nped : the digging and scoop- 
ing process is tl~tzn pe r l ;~ r~n~ .d .  I r : ~ i i ~ ~ g  the outer ~ l ~ r r n c o  about three inches tlliclc. 'J'he canoes thus 
roughly mndc nrc 20, 40 and 80 fe4.t in Icngth, nnd frotn 4 to F feet in width in the centrc. Thoy are 
then dmg,acd by two or more clcphr~nts over short picccs of tiulber 3 to G inches in dinmeter plnced on 
thc pat11 ; these nclin:: as rollers o\cn.ome the  rcsistn~~ce oferetl by the ulleven gronnd nud the met1 pro- 
eeed merrily on, driving tho e l c p l ~ n ~ ~ t s .  Y'hcse s:tgncioos n ~ ~ i n ~ n l s  are trained to their work nud exert 
themselves to  the ~ l t ~ n o s t  in drnggir~:: the bont t o  its d c s t i ~ ~ a t i o ~ ~  ncar n nnvignblo strcnm. The bout is 
then fiuishea off and  old. l'hc p~lrcl~nser ndlls y1:tnks to the  ida as, widening nnd rni~ing it to the required 
height. Prom this c:illacio~is  do^-out cnnoc n lurge boat ie formed cnpnble of being taken by see to 
hloulmeiu n~ td  R R I I ~ O I I U  fur sale ill the cnlm w i ~ ~ t e r  n ~ u ~ ~ t l ~ s .  All tllc village peoplo assist in making the 
path for drngging tho canoe, and cn1.h one usrs it w11e11 his own hont is rendy for removbl to the stronm. 

( P C  ) From infor~nntion obtained rrom MI.. Bevcr1t:y nnd nfter consulting the mnpa of the country 
in ndvnnce, I nm ofopinion thnt the eerier should be conti~lued in n Y.S.IC. direction from the side Nnltintong 
to Tou~~gshBn, curving it slightly uo an to haro dl tile ntnt,ion.r on tho mail1 lnnd till tho termination of the 
British territory at St. I I n t l ~ c a s  Irlnnd, when nu n ~nnt ter  of courrrc some of the numeror~s islnnds must 
be uced. For visiting thcrc ialnnrls good large sen-going bonts will be required for the mnin nnd detsch- 
ccl parties nud must he pern~nncntly enjinpcd for l l ~ c  entire field acnson. 

(37 . )  1 believe n bnac of  rcrification will he required in Tennascritn. I f  not tied down to n pnrti- 
culnr lornlity for t l ~ c  base, I would reco~nn~end its I~eiug sclected nt ru~y spot between Morgui end St- 
I l a tbes s  1sl:tnd wl~crcver ~o i tn l~ lo  grc~und cnn be found. 

(28 ) 'J'o Colonel Brown, the lnte Cotnruixrioner of the Tennsserim Division, I nm in a great 
meosurc indebtcd for the aucccas wbich h n ~  nttotirlcd my ol)erntiut~s duriug the ct~tire field senson: 



pmvi(led n,e with npnrrtctnn for ~ n y ~ r l f  nnd for each of my Assintnnts, benrinp his ~ e n l  nnd signnture, 
Rlld tile dorunlent WILY promptly nttendcrl to Ily nll the  nl~tive locnl offirials t l~rongl~out  his division. 
lie Wns mucl~ interested in the exlension of the Surrey opcr~~tions, nnd impressed on his subordinstes 
tllnt his wishen acre to be attentled to and his orders e :~rr~ed oot, so thnt the puhlic nervicc might not n ~ ~ f f e r  
dc]ay or inconvenience for wnnt of co-operalion ou their p u t  : the police were nlso directed to hid and 
assist whcnever their s e n  ices.were needed. 

V. Extract from the Narrative Report-dated 21st September 1876-of Captain M. W. ROGERS, 
R.E., Officiating Deputy Superintendent 3rd Grade, in charge of the Jodhpur Series. 

(2 ) Owing to the  very heavy rains of 1875, the  men of t h e  party who v c r e  on leave were 
much delayed in joining, nnd the  medical and othcr stores of t he  party for the  ficld season wcro 
stol)pcd a t  Ahmedabnd. However, means wclw found to enable Menurs. Price and Tol-rens to take the  
field on the 1s t  Octobo~., and I proceeded to  Dccsn, n-hero I innpected the  Meteorological Observatory, 
and laid out a small t r i a ~ ~ ~ u l n t i o n  for ronucrting i t  and the Telegraph Office with the  Karichi Lon- 
gitudinnl aeries. 1 thou returned to  hbil, and having a t  length received the necessary men and #tore., 
left  for the field on tho 23rd October. I marcher1 vib Jodhpur n ~ t d  Bilrnner to the  Rah;i~vnlpnr 
territory, and commenced ol~~ervat ions  a t  Jlansa H.S. on the  4th Dece~nbor. The double figore 
renlnining to complete the sericu was fiuinl~ed on the  :3rd Sanunry I#?'(;, a t  Kni~nsir  T. S. of the Botlcj 
Series. Mr. Prunty  mns then ~ e u t  to close tho stations of the  ~eason'e work st111 to  Gnish the  con- 
nect,ion of sonlo Revo~ l~ ie  Su~.vey points, ~vhi ls t  the  main camp mnrched, via Bah:inall>ur, to tho 
meridian of 70°, on wI1icI1 a nerr s e r i e ~ ,  called the  "Eastern  Sind," was to be corn~ncnced. Thin Irnm 
renched towards the  end of the  moul l~ ,  and I a t  once I ~ e p t n  innpecting the  old st:rtions of the  Great  
lndus Series, nit11 a vicw to  fising on an in i t i d  side: unfortun%tely uevernl of l;hese ntnt ion~ had 
been co~npletely destroyed by the  river, aud the serics nil1 s tar t  from a side considerably nrest of t he  
meridian. 

(3.) The country immediately south of the  Indus is quito flat aud covered nit11 d c n ~ o  t ree  
and grass juugle, and is innndatcd for four or five rnon th~  em11 year ;  i t  therefore bcca~nc nocc*Pnry 
to renort to my tracing nnd tower building in  the  20 n~i lcs  which interrene bctn-eon the river and the  
snud hills. This style of work mna new to all t he  lnclnbers of the party, and tho progress was i n  
co~~eequence slow. Eight  stntious were selected, advnncin,o tho series 24  uiiles nnd rcncl~ing tbe sand 
hilln, on which progress will be inore rapid and less cxpcnrirc. Two to\vers were built aud thc mate- 
rial8 for two more collected, m ~ d  101 wiles of rnys cleared; leaving bu t  a umall d i~ta l lcc  to be done. 

( 4  The party rctur~lcrl to Ab6, vici Jennlmer, trnvcming the  desert north of that  town, wl~ich 
hnq hardly ever been visited previously. I t  differs iu  no respects from the  portions of Bilrnner, 
Jennlmcr, and M a r m r ,  visited during the  progreus of tho Jodhpur Serieu, snve in there being fewer 
villa,oes, owing   rob ably to the  compnrativo absence of the  vegetation n-l~icll supports so many flocks 
and herds in  those states. The country arouud tho city of J c ~ a l m e r  itself is Tery rocky, and there 
arc no road3 for wheelcd rehicles, which arc u u k n o w ~ ~  iu the city. Tho party renched Mount Abli on 
the 26th April, afbor a long anrl fatiguing marrh throogh the  dcsert. 

( 5 . )  This senson's work finishes the  Jodhpur Series, t he  longer of the  two desert periea 
which remain to complete this part of tho principdl triangulation of Inclin; nnd i t  will noh be out of 
plnce to give a short resr~md of the work. I t  i~ 311 nliles iu  length nnd nraa completed in 3 field 
seasons aud one mo~l th ,  from tho f i r ~ t  reconnoismnce for statious to the  lnst Gnnl observed angle : i t  
covcre an urea of 8,041 squaro  nilo on, besirlon 4,318 sq. mile8 of secondnry triangulntion nnd, nit11 the  
exreption of a amnll portiou sonth of the  rirer Luni,  pnaues over n eandy country of nearly ut ter  
desolation. The country is covered nrith ~ a o r l  hills of every form, in  nll directions, dotted here ~ i n d  
there with tuft8 of conrue grnus and stunted uhr1111n. 7'11~ rillngcs, few and far bctwcen, nre collec- 
tiollu of squnlid \r~igw:~ms, situated near ~11ots whero ~vclls, ~ o ~ n r t i ~ o e s  '200 fcct in dcpth, haro been 
excnvnted wit11 g~seat Inhor, to bo ron~arded ofton \\,ill1 o111.y brnc-l(inl~ w ~ t e r .  I n  the  w11ole ditltance 
from the  Luni to tho Sutlej Herien, 2G0 milos, tho ueric.~ ~ n c t  with only 0110 pl l l~e -P l~ :~ l :~~~di -~v l~ ich  
colllql be rlig~~ifiod by the nalne of n to \m,  and fonr \\-lli,.h ranlco~l ns rlccent ~illngcs. All iu barron nnd 
dc~olato, but 11crhnpu the  southern portion of D:il~ri\ralp~~r cnrrius off tho palm iu this respect. 
There the seritrn p n a ~ r d  over a rlistnn(-r of i- on;:.- in whiq-11 thcrcwcrc ouly throo wcUs of drinknblo 
W~tcr,  nud thcsc W C ~ O  col lc~tcd withi11 a B ~ W O  of 1.' nlileu. 



(6.) I n  no native state in which I l ~ a r e  worked, hnu sucl~ hearty and effective nasistnnce bee,, 
rendered to mo, ns by the Politicnl Superintendent of this country. Whilst alluding to this, I also 
tha~rkfully ncknowlcdgo the nssistnuce nud killdlless which we experienced from the Rulers and 
Political Agent,s of Marmnr, Biknner, nlid Sesalmor. 

(7.) Tho totnl out-turn of work of the season is as folloms. Principal ohservniione were 
tnlion at  9 principal stations forming a double polygon, fixing 6 new principal stntions, embracing an 
nrcn of 311 sqnhre ~ni lcs  nnd extending tho series 2 1  lniles along the meridian to its completion alld 
juuction wit11 tlie Sutlej Series. .4 eeron~lnry series, double throughout, mas solected and observed 
on tho meridinn of 71' 15', oxtending 1 4 2  miles from the Jesnliner Rlinor Series to the Karichi 
Longitudinnl Series, nnd coverii~: an nren of 2,526 square miles, fixing 16 nenr secondary nnd n large 
number of intcr~ccterl points. The ob~erratory and t e l e g a p l ~  office at  Dcesa were connected nit,l~ the 
triangubtion by n short eo~ies. All this seco~~dnry ~vork \\-as done with n 10-inch theodolite. The 
approximnte work of the Eastern Sind Scries mas commenced and cxteuded for 181 mile?. 32 stations 
were selectcd aud 10 built. 

(8.) This scason, ~ e e i n g  as i t  did tho completion of one series and the commencement of 
nnother, cannot be judged by the amount of principnl triaugullation turned out ; but  the work done 
this year nill, I trust,, mnke itself felt ill the out-turn of nost year. 

(1 3.) l h a .  l'rice on learing hbd wns employed on the Deem connection, and unfortunately took 
his pnrty up Jcrnj H. S., the result being thnt both he and nll his me11 were attacked by fever and 
n-ith dillici~lty reached Deesa, where they had to  remnin for n month under medical treatment. He 
then mnrchcd to the sonthern portion of the  Enstern Rind Series, and took up the npprosimate work. 
T l~ i s  ho pushed on mitll his usual rigour nnd success, aud  elected 24 stntious and built 8, extending 
the series 110 milos. This amount, considering tho time lost by sickness, was very creditable 
to him. 

(14.) Mr. Torrens mns first employed on tlie Deesn connection which he completed, except the 
obser~atious on Jernj, n-hich I directed should be postponed mltil the eud of tho sessoil. I-Ie then 
took 111) the Bnllner Minor Series on the meridian of 71" 15' and eelccterl, built, and obsorred 
n1011fi it. 11s i t  is 142 lu i l e~  long and double throughout, I consider thnt Mr. Torreus has done a 
most creditnhle senson's work. 

(15.)  Mr. Prunty ncrompsnied me as obsemntory rerorcler, and on the complction of the 
series closed 13 stntione and o b w r ~ e d  a t  nereral of tlie nusiliary stntions neressary for fixing the B& 
I~lwnlpur Rerenue Surrey stations. I Ie  then joined me n11d aided in the my clearing &c., on the 
Eastcrlu Siod Series. During the reccss he observed somo triniiglcs on Mount Bb6, required to 6~ 
the position nnd l~eight of tho barometer which he,s been lately plncod hero by Mr. Chanibors, the 
lIoteorologica1 Reporter of Bombay. This is tho &st Bcnson he has tried any t~inubdation, and I 
am much ylonaed with the results. 

VI. Extract from the Narrative Report-dated 31st October 1876-of Captain A. BAIRD, R.E., 
Assistant Superintendent 1st Qrade, in charge of the Tidal and Levelling Party. 

(2.) The curvee of the tidal dingrnms were onrefully compared with the different records and in 

perlorrued durillg receea. 
one or two canes of unrnll interruptio~ie in the work the curvce were 
interpolated hy n rcfcrc~~ce to the dnily reports of tlic sub-surveyore 

nnd the ingpeclion 1~ool;s. The comyutntions at  fird rnnde ~vcre those for correcting the tide-gn~~ge clockfl 
to true mean lnonl time nt ench ~tnt ion fur each dny during the period of perlbrrnnnces of the cloclt~. 
The dcter~ninntin~~s of tho zero (nnrl this in some ctnnes for several diagran~a of the self-registering tide- 
ghi~gc) wero calr~rlatcd, severnl other millor compotntions were mnde, and t11e11 the po~ition of the pcuoil 
fur each hour, on every ~hce t ,  wns corrected to trruc menn time lhrouVlioiut the entire period reqiiired; 
aud B~ially the Ine:~eure~ncnts of ewry p o i ~ ~ t  rrom the d:~turn were most cnrcfully mnde (thin in dr~l~licste). 
S o n ~ c  idea of the n~ng~~i tude  or this mork may be for~nt>d when I stnte that over 30,000 poi~lts mere 
cvrl.ecleJ for tilne nnd 11cn1.1y 30,000 final n~e:teuremcnt~ were n~ncle ill duplicate. Ench finnl mensore- 
rneut ans tnkcn to the ucnrest l~uudredth of s foot, rind ns this g:rvo nn nvernge of 4 figures for each 
d~stnncc 1110 srlmtnationn fnr the tinnl reanlts werc heavy indeed. 

Ton nre mnre  thnt the observations nt N n f f n ~ ~ l r  ticlnl wtation wero ioco~nplote ; however I hare 
h e n  eunblcd to eliminate almost perfect ralues for I+ complete luuatiolur to the uenreat l~our  in 1874 



ail . ,  gh. 1st Nny 1874 to  14th June 1874 (nstronomical time) both hours inclusive; also ? complete 
lunntions to  the ncnrcst hour in 1875 viz., 13 11. 7th Jlnrch 1875 to  H h. 5111 Mny l875,hoth hours i l~clo- 
eive. I hnve nlso tnbnlnted the values for Okh i  tidnl utetion and Hnustnl tidnl ntntinn for tho same 
peri:~d nud hare  computcd the vn111e of menn level of Lhe sen in each cnse. The followiug table shows 
the results of the ditiereut co~npi~tnt io i~s .  

PI . 

A t  Olchti Tidd Station 

,, Haustnl ... 1G.33 1G.33 0.0 1G.51 + 0-18 + 0.18 + 9.702 

,, Nnvnn6r ,, 

You will observe that. the Inem levcl of thc sen, for 0kh:i tidnl stntion ns delerrnined by 1; lun* 
tions in 1974 is 0.25 foot h ig l~er  ~ I I R I I  tho rcnl valllc, n11d for tinllstnl sirnilnrly i t  is 0-18 feet.hig11er. Also 
for 2 complete lunations ill 1875 the mean level of Ihc sen is only 0 10  feet 11igl1e1- lhan the proper value for 
0kh.i tidnl stntion while a t  H a ~ ~ s t a l  it nbsolutcly ngrces. All this bears out  what you stnte in your 

No. $ dated 20th J :~uuary  1875 ciz. "you will see t ha t  i t  is very prol~nble that x serics of tidnl obser- 
I I 

\~ntinns c ~ n b r n c i ~ ~ g  n period of 2 months f r o ~ u  about the 7 th  3Inrcl1 to  7th of hlny will give n resr~lt  r r r y  
closely coinciding with the mean of the yew, " rind on this nccount every effort wns lnnde to  get the 
obaeri.ntions for thnt period, nod wit11 Hllccess. You mill nlso observe that thc tliffere~~cc of nwnn lcrcl 
of sen nt Okh i  by 18 luontions is 0.13 feet higher thau by 2 lunntions : for Hn~lstal it is 0.18 feet higher, 
and for Nawn~~lir 0-20 I~igher-results which nioue show the grentcr accuracy of the observations. 

(3.) 1 determine the JI. L. of the sea to be 
feet 

for Nawnnhr = 15 36 nbove dotum = 9.476 below n.nr .A,  
, I 1  = 9.66  bore datum = 10.42.k below D.M.A, 
,, IInnstnl = 16.33 nbove datum = 9.702 below B.Dl.A, 

me leveling operations n l~o~v thc f ~ I I o \ v i ~ ~ g  results : 
B 31 A, I I i ~ ~ ~ s t n l ,  ia 0 41 fcet a l~o re  B.M.A,  Nnvnn i r ;  
B 1I A, O k l ~ i ,  is 0-151 feel 11ighcr tllnu B.11 A, EInustnl ; 
Olthi I3.BI.A = 10.494 nboVe lnenll level of sea ; 
Hnnstnl B.M.A = 0.151 below Okhti B.M.A, by leveling; - 

therefore Hnnstal B.1f.A = 10 273 nbove mean level of sea by lereling; 
but  Haustnl B.hI.A = 9.709 nbove meon level of sea by tidal observatione; 

- 
Discrcpnncy = 0 57 1 

thnt is menn level of the sea as  determilled for lTnnstnl tidnl station is 0.571 feet higher than that de- 
termined by leveling fin111 t l ~ o  ment) Ierol of sen nt Ol111i. 

B.M.A,Nn\rn~lirr  = 9 4iG above mcnn level of sen; 
Hnustnl J3.bI.A = 0 419 nbove B .N .A ,  Rn\vnn;ir by leveling; 

- 
therefore Hnnstal B.1I.A = 9.895 nbore men11 level by leveling; 

but  HaustnlB.M.A = 9 502 nboro menu level of sea by tidnl obsorwtion; 
- 

therefore dirrcrrpnncy = 0,303 
that is mean level of nea for Ra~~f i t n l  stnti011 as determined by tidul observntions i s  0.193 higher thnn 
thnt dclcr~nincd by leveling from Nnwnnlir. 

( 4 )  Inpnra. 4 of your No. i:Qj dnted 30th Novcrnber 1875, b c i ~ ~ g  nreply to my lctternbore q ~ ~ o l r d  

mIe mnnn lercl of RI ~ k l , ( i  ~ ~ n ~ l  you stnto " 0110 or other of p 1 r  tidiil etnlions l1111st be selcrtcd ne 
Btation tnken nu datum of nll losoling the d n t n ~ n  of your leveling operations, nnd Ol<l~;i  from its situatictn 
operulions. Ilri~rcat the Hen is c\.idcntly the one to IIC selccled for this piu.ponc." 
Tho dntum for the l c r c l i ~ ~ g  opernli1111n b n r i ~ ~ g  thun bccn sott11.d I wns cunblud to  fiuish l l ~ e  whole of the  
abstracts of the leveliug uycrntious of Lhe prcccrling Geld sensou. 



( 5 . )  I n  n previous communicntion I hare stnted "you will observo how  ell the  trigonornetrienl 
heights ncree with the  renl vnlues, but  ill Cnl rh  they seem to  be all 

Pccnlinrily of levels of tho Runn. 
lcss while ill Knttywnr they nre  renter thnn the vnlues determined 

by fipirit leveling. 0110 very interesting result or t he  leveling is t ha t  the menn vn111e of tho Runn be- 
tween fiInllin Slriktirpnr is G.781 nbove mc:ln level of t he  sen while het~veen Ehnrtnl nnd BnlumbR 
nncl JoVn t l ~ e  level of t l ~ e  Runn  is 0,525. Now the  tide a t  FInnstnl frequently in the  colJ wenther rises 
t o  8 feet n l ~ ~ v e  nienn level nnd get  the  R u m  between fi11nllin nnd S l i i k~ i r l~ r~ r  is perfectly dry from 
Norembcr t,ill Mnrch. T h i ~  shews thnt there ulust be rise in the Runn  between the line Mnllin-Slli- 
k l rpu r  nnd the  bend of the I1:~untnl crcek." 

( 6 . )  While these computations werc being completed 3Ir. Rendell, who l ~ n d  heen on one month's 
privilege lenve, joined me nt Joryn 011 the  22nd Novenrber. After 1 

Mr. nonclrllnnrlnnlnodorRomchnn- hnd given him n prncticnl i ~ ~ s i g l ~ t  iuto the   neth hod of levcling na car- dm illstructed in lc~cling. 
ricd out in this dr\pnrtnient, nnd 11nd snl i~f ied  myself thnt he wns 

fn;t nt t l ~ c  work, nnd tha t  Dnnioder R n ~ n c h ~ ~ n d r n  t he  second leveler who wns t o  nccolnpnny him 
was nlso fit t o  take up  t he  work, I stnrtetl them off with their  pnrty of ~ n c n  t o  comlnc3ncc from Shikir- 
pu r  be11c11-mark, in Cutch-one of the Innin poiutn connected in the fur~ner  senson's worlc. 

(7.) The whole of tho  leveling stnves were co~npnred with the  stn~iilnrd bnr, nnd ohservntions . . 
were ~nnde for deteruliuiug tlie index error of the  priumntic conlpasa 

Cornpnrison of stnres &a. 
ill cnch l c ~ e l .  

(9.) The lines of levels t o  be  executcd were as follows. The  main line was t o  be tnlien right ncross , r - 
Knttywnr from Joryn bench-mark to lV:~dh\vin, the  t e r n ~ i ~ ~ u s  of the 

Range oi the lerel~ng operntione. B. 13. .  nnd C. I. Railway, nod thence nlang the  rnilway line to 
Virnmorirn, Ahmednbnd, nnd nn fnr beyond nn ~~oes ib le .  This  work I Inid down fhr mynclf and n second 
leveler-: of conrse brnuch lincs mere lo  be driven right nnd left of the  mnin liue to connect t l ~ c  t~.igil- 
nomelricnl stations. A loop liue was t o  be carried by Mr .  I{endell from Shikrirpnr bench-mark to 
Addysir both in Cotch;  then, crossing the ~rn:rll portion of the Rnnn  t o  tho Cliornr nnd thence into 
Guae~.nt, t o  be tnlic~i nlong thc  borders c~f the  Rnun  t o  Plitri te~,minns,  nnd finnlly to join up wit11 tho 
n1ni11 line nt Vimmgirn be~~cli-mnrlr : the wm:~ll brnnch line t o  Khliriighorn snlt works wns nlso to be  
luveled over. A a  1 wns do r tb t f~~ l  of tlie nniount of aorli  which Mr .  Rendell nnd Dnlnoder could per- 
forln, tllis being their  first senson 011 leveling, nud also ns I could not cnlcnlale 11ow murh even 2 ex- 
p e r i e ~ ~ c e ~ l  levelen could do with tlre sniell oew i ~ ~ s t r u ~ n e n t s  which hnd Intely beeu supplied, I left tbe 
m:dter of the fur thr r  ~vorlc of t he  sec1111d party in nbeynnce for the time being. 

(10.) I worked t he  rectangular level t h r o u g h o ~ ~ t .  The  cylindrical lerol worked by N n r ~ i n g  
is nlso n first-rnte instrument. 'I'he two smell levels lntely sent, 

The inatrumonts omploycd. 
nnd to be worked by M r .  l te~idcll  nnd D n ~ n o d ~ r ,  werc of n new pat- 

t cm ,  by Cookc nnd Sons of York. &It*. Rolldell snjn of thrm " a t  tinica (Illring the cold wenthcr they 
gr\-e n little trouble on ncrount of the int~ctivity of the b l~bl~lo ."  The l i~ni t ing  dlslnnce for the sn~nll  
]evcIv I Rsed nt C cllnins, nnd Mr. Rt.11dcll rcl)orts "n t  t l~ ia  distnnce in tlie cold wenther.001 of n foot wns 
er~aily rendable, bu t  in t l ~ c  bntter months i t  was almost impossible t o  work nt even n diatn~ico of 4 
chnins nrler 8 o'cloclc ill t l ~ c  morning. 

(I I . )  Thc mnin line ernnnnted frotn Joryn bench-mark, on thc  mnin linc of the series Hnns- 

The main line of levols. tnl tidnl station to Ukhn iidal startio~i; thencc i t  wnu cnrried to 
1)11rol ; tho line \vns thcn tnken d o n g  the ninde-rond t o  Linln; thence 

t o  Pnrdhnri and E1,jkot : nt R4jlcot the  f ~ ~ l l o ~ v i ~ i g  palm poiutn wore connected-English Church, High 
Scl~ool, Rr i jku~nir  Colle:o. From lt:i&ot tho line wns c ~ ~ n t i n u c d  d o n g  thc  mnin road townrds \\Tndl~wiln 
os fnr ns I(unrivn, nnd from this a branch line wns tnlten to IChnkhnnn H.S. ; 1i.nving Kunrwn the line wns 
cnrried still 11l11ng the milin rontl, u i i  H~rmnnbor t o  Clioliln, n ~ ~ d  hero another hrnnch line !v:~a driven t o  
'J'nrkin I1 S. The linc thcn continned to Ullcdnki, nnd from t I , e~~ce  xib Dillin t o  RIuli, w l ~ e ~ ~ c e  i t  W R R  carried 
along the  main rond to l \ r :~d l~wr i~~  Hnila-ny Stntion. L e n v i ~ ~ g  TVndliwlin the  linc was tnken n l o ~ ~ g  thepcrmn- 
I I ~ I I ~  any  crf the 13. U ,  nl111 C. 1. I(nilrvav to Vir:tmgii~n, n brn110h line being t n b c ~ ~  from Lili~pnr bench-mnrk 
t o  conncct t l ~ r eu  u ~ i ~ ~ o r  Irin~~gulation stations of the liat,tywnr n t ~ d  Guzor:~t S I I I - V ~ J ~ ,  nnd OII t o  t l ~ e  hcad 
of tbc No1 river. F r o n ~  V i r ;~~ng i rn  tho maill line conlinnod t o  Ahrncdnbnd nnd thence to Ifcli~nndnbrd. 

(12.) As  a rule the  bench-mnrlcs were embodded n t  10 miles npnrt. There were few pnkn 
pnints betwecn Jorj:r an11 lt~ijliot bu t  bctwcrn Rnjkot nnd I\'ntll~\vill 

Bcnrh-mnrka and pnkn points on 
t h o  ~ ~ l e i l l  l i ~ ~ e .  the pnrnpets of thu brii1;ea 011 thc milin rontl mcrc usc,l. Along the 

rnilwny nr n rnlc I connocte-l one of the hridgcs every dny. 'I'ho 
be11c11-mnrkn ombedded nlong the linc of rnilwny werc i n v a r i : ~ l ~ l ~  built c l ~ ~ s e  t o  the  rnilimy station 
ercvpt nt \'irnmgQm, where t l ~ o  sull-*urvpgor n ~ n ~ l e  n niirt:~ke and built c l o ~ c  lo the wr~ll of 1110 town. 
The  lcv~*l of tllc r i d  o[~lllbnilc the cenlru of tllc booking office ut every milw:~y at~rtion nrns nldo deter- 
mined t o  tcat tho accuracy of the milang lerels. 



(13.) At Ahmedabad the Siharmati nae crossed just above tlie site of the old rnilwny bridgo 
(the new one wns under construction). T l ~ e  lcvel of the bed of the 

Lorele at Abmodnbnd. 
river was determined ; : n l ~ o  n pnkn point nt the Shihibig  wns tori- 

netted, nnd n be~ich-mark lnid down hetween the two minarets a t  the rnil\vny stations. The flood line 
of 11tst year as shcwn me was over 40 feet above the bed of the  river close to  tho Shihibig. 

(14 ) The line passed over i u  I<nttywnr wns vcry u11du1al ing but with n gradual rise from Jorya 
to  Hijkot, which is a little over 400 feet above the nienn lcvel of the 

The genornl opprnrnnco of thecoun- 
try nlong rho muin line. sen. There few atreame of nny consequence, except the Aji river 

a t  Perdhnri, on this part  of the l i ~ ~ e .  From ltnjlcot the rond conti- 
liucd to rise stendily for nhout 35 milcs uutil the maximum height along the main road an0 attained nt 
llolri-nnnn svhic11 IS 713 fect above menu level of t h ~  sea. Thecountry just before this, i.e. from the Bedti 
river to U:~~nanbo~- ,  wns very hilly and r~igged and entailed n grcnt deal of c s t~ .n  laboui., in tha t  so ninny 
more slntio~ls per ~ui lo  were required. Nrnr Bumnubor the country is r ~ o t  much cultivated and 1 believe 
that 20 yenrs ago this part  of the country was covered with denso forest, and thot lions were fouud 
Lhere. There is no trnce of the forest now except n stunted tree here and there, but ngrent deal of gram 
is cnt nod stored here nnd scut to  l i i jkot.  From llolri-naua to  Chotiln the desccut begins slid 
continues rapidly to  Dulis, nnd from l ju l ia to  Wndhwdn thecou~~tryis to lernbly  flat nnd cotton isgre:~tly 
cultivated. 'Phe sudden change in the appearance of the country nlong our liue, from Knltywnr ~ v l ~ c r e  
tl~ere nre fcm trees of any kind nnd hardly any Inrge ones, to  the heavily sooded country near 
Virn~nnim nnd nll n1011g to Al~n~edabnd nnd Mehrnadshnd, is most mnrked. 'J'hcn ngniu the ground 
seeu~ed murh uiore I~ ig l~ ly  culli\-ntcd a s  the line pnssed through t l ~ o  Ahmednbnd collectornte, and the 
de~narcnting liedgrs of the fields often grow to  great heights, the geueral effect of which contrasts atrongly 
with the opeu couot ,~y bctweeu Wndhw~in and Virnmgnm. 

TII" trinllgulatioll etutiollacon- (15.)  Some of the minor t r iann~lnt ion stntions couuccted were 
nectcd. almost entirely demolished. 

(16.) Mr. Itendell reports" the country betweeu Shikirpor nnd Addysir is very low nnd flat 
loop line ~ ~ ~ i b b ~ ~ ~ ~  to viram. except uenr I{hnnmir where i t  is crosaed hy n small raugc of hills 

ghm. rnnning in a north-west and south-easterly direction. 'I'he soil is 
sandy nnd very bnrren-looking : cottou is growu here and there in smnll quantities, but by far the grenter 
portion of t l ~ e  Innd is allomrd to  reniain wnste, tho soil being so poor that i t  ia not worth c u l t i v n t i ~ ~ ~ .  
Tl~ere nre no n,clls in t l ~ i s  pnrt of the country n ~ i ~ l  tlie drinking water is collected in t iu~lts during tho 
rniny season " 1Vhc11 Mr. llcndell n r~ i sed  a t  Addysir 11e snya " I mns surprised to lenrn thnt the portio~l 
of t l ~ e  li1111n which divides C u t r l ~  f ro~n  tho Pulnnpur Stnte nud rrhirh 1 1i:td to  level over mas covcred 
with from one to  t,\vo feet of \\.:~tcr, nud ns i t  w:~s nccrssnry t l n t  the level of the surf;ice of tlie 1tun11 
allould be obtnined, 1 I~nd to devise menns to secure this result." 

(17.) R11.. Itendull reports "accordingly I h:id se\rcr:~l long prEs made up for the stnveu to  rest 
upon : these pegs \vertl driven into the ground up to a c e r t n i ~ ~  mnrlt, 2nd 

A"rnneo'nrnts 'for gattillg vnluo Of this dintnncc from the mark to the top  of tlie peg Gcing known i t  tvns level o l  Ll~e N U I I ~ .  
cnsy to  get tlie Icvel of t l ~ c  ~ ~ I I I I I ~  bclow. 1'0 isolate the ins t rome~i t  

~~~oo t l cn  pegs about 5 feet long were urcd ; thcse n-erc driven into the ground, their tops being flush w i ~ h  
ihe  sl~rfnco of the w ;~ te r ;  on these the level stnud rcsled, and I nrra~~gcd thnt after I I~nd rend the staffthe 
second leveler r;hould road the buI111le : in this \vny I n ~ u  glnd to  sny 1 mauaged to  get over this difliclllt 
bit of ground n ~ ~ d  with very good resul Is. 'I'hero arc oo bench-marks ill the Runn, but onc l ~ n s  bcen Inid 
down on the border nt t l ~ n  east end nnd nnotlirr nt  tile a'rst rud  of tlie line. The lino of levels \TIIS 

tnken as strnight ns possible in order thnl it lnny bc lrveled over a t  any futrlre time. This l~ortiou of t l ~ o  
Huuu is not Oat but  concnve hnving n depression of nbout 2 feet nt the ceutre". 

(18 ) Mr. Rendell co~~ l inues  " 11nvin:: leseled across tho Cl~ornr where 2 11euch-marlts worc lnid 
dOrOR9 t,l10 ~b~,.,,~ to phtri nlld vi. do\vn end c o ~ ~ ~ ~ e c t r d ,  tliz : a t  Piprnla and S i ~ ~ t a I p u ~ . ,  I closed tny level- 

ramghrn. in: in nn enat1.1.1y dircclion on Uolcntnr be11r11-1nnrk : from t l ~ i s  point 
the line of l evo l~  woe tnken direct to  Pdtri. I\ ~ o o d  portion of the g r o ~ u ~ d  pnsred o \ e r  between Goltatnr n ~ ~ d  
1'Atri cousisls of salt mnstc, the lint Iluingnenr t l ~ c  bordcrsof t l ~ a  Itunn. The portio~ia undercliltir.ntio~t 
were of n loom snndy nntnre. From Pdtri to Virnn~gd~u the levcling Ivna carried nlong the rnil\vny l i ~ ~ e .  
T l ~ e  top flnngoa of tlic iron girders of all t l ~ e  bridges werc fiscd ns well as the l le igh~ of the rnila n t  11enr1y 
nll the lcvel crossi~~gs." 

(19.) On tho co~nplction of tbe loop liuo I i ~ ~ s ' r o ~ . t r d  BIN.. Rendcll to  run n hrnnch line from 
Sal~i j  d. nud Itnril Y. ~ I I  3Iel1mndnb:~d bench-mi~rlr, which I Ilopcd to 

Brnnrl~ linc lrom Snl~ii 9. and Ror6 
8, to Ucllu~ndnbnd bcuci~.mnrk. rench before he con~l~lt!lcd tho brnnch hue, I(airn S., Kairn Churcl~, 

and t l ~ o  mile p i l lnr~ along the mniu rond f ron~  Knirn to Bicl~tnnd- 
nlln~l were connected. Tho Sibnrmnti and Wi t r ak  rivcrs werc crossed on tho brnnch line : t l~crc  vvnv 
VerJ little wstur iu oilher at tho Limo, aud the lovela of the bcda of tho rivcrs wore dctormiued. 





I think I am wit.11in the mark in unying thnt, wit11 constant trouble, i t  wm very difficult t o  obtain a 
snti~lbctory record of nine-tenths of the work done. 

(4 . )  While ou this subject 1 may n~eulion thnt the early exper ic~~ce of the ficld senson Icd to  a 

Modification of new nrra11genlonL. modificatio~~ nud siniplific:~tiu~~ of t l ~ e  nrrnngernent rvitl~ which we be- 
gnn. Under my first arrangement each pen magnet was worked, 

under all circ~lmstnnces, by n relny of the  kind used in the Telegrnph Depnrtment, fuur of whicl~ I had 
bee11 able to  procure ou lonn t l~rough the kindness of the Dircctor Qenernl of Telegraphs. The ol~ject 
of this wna lo obtain as  much uniformity as  pofisible, nnd to  fiuljcct all ~ ignnls ,  local rrnil line, to  ns ucarly 
as possible the same conditions as regnrded retnrdntion ; but  on th? other 11nnd there mas some loss in 
sin~plicity. The relaya also, being intended for recording signals received through a long wire, wore ill 
ndapted for locnl work with small bnttery ponrer, and we found that  when called on to  perfor~n both 
duties nlternntely, tlley required n good deal of attention-the only poiut on wllich the electric pnrts 
of the chronogrnph gave any trouble. 

( 5 . )  The modification referred to  nbovc was carried out  nftcr the completion of t l ~ e  first measore- 
ment, nnd consisted of discarding the relays for nll local work, 1n11d using t l ~ e ~ n  only for transmittzing 
and receiving line signals. l'be pen magnets nre now plnced lorslly in ~ i ~ n p l e  circuits parsing through 
clock or observer's key a t  pleasure, and workcd by weak bnttc~ies.  The line signals arc rercived tl~rough 
a relny, which worlca oithev pen by its loc;~l hattery. 'l'he sign:~ls trnnemitled t l ~ r o u g l ~  the line are sent 
by " translstiou," i. e. a locitl circuit pnsses t l ~ r o ~ ~ g b  the " tranrrlnti~~g" relap n.l~icl~ works the linc cir- 
cuit. The ohject of thin wan to keep local and line circuits quite distinct, in the c:lse of the clock or  
obscrver recording through both on the local nnd t l~odis tnut  rl~ronogrnpl~s respc~.tivcly; because when 
there is any comm~u~ic:~t ion between these circuits grent troul~le is sare to  bc caused in ordcl. to m n i ~ ~ t n i n  
tho proper balnnce of curreuts. Anot l~er  advnutage is t l ~ n t  \ \ l~cn  theline signal in  seut. I>g trnns!ation tho 
oo~~ditions a t  the distant stntion have no erect on the  local work, so thnt tho obscrver a t  thc I"orlncr Inay 
receive the s i g ~ ~ n l s  s e ~ ~ t ,  or not-put the liue wire to  earth, or not-dc., as conveuieut l o  hiwself, ~ r i t l ~ o u t  
iu any way nfferting t.he other station. 

(6.) l'he result of the new nrmngninsut is that nrhcn a signal is recorded on both chronogrnpl~s 
the record on the distnnt one i~ all'ected by the relardation of the 

Rctardation nlTccting aignols. line and of two relay#, ns compared with the locnl rccord; n l~ r r r a s  
when the relays were nlmays uned in the  pel1 circuits, this dilTcrcnce Ilelween the tlvo s i g ~ ~ a l s  was due to  
the liuc rt.tnrdotio~i nlont. ; and on this nccouut t l ~ e  chnoge I I I ; I ~  bc looked upon ns ol~jectio~~nble. 

(7.) The best m:~y of compnring the accurncy of the work ~ ~ ~ ~ r l e r  the d i f fere~~t  conditions is, 
I think, by taking nn arcrage probable error of the clock co~nl)nri. 

Accnrncy of results compurcd. 
Eons ohlaincd n~i lh  llre s~.vcval nrrnnjiements. I Irnve carried this 

out with regard to  (1) the origionl nrmngen~snts which esistcd during t l ~ e  season 1872-73 : (2) nnll (3) 
my Rmt armngen~ent,  with which me measured one arc lnnt scason, uei11g-(2) simplo clooh co~np:~ris,~nv, 
-(3) comparison by longit.ude signals (see pnrn 17): (4) the modificntio~~ iulrodured nftcr thnt nrc null 
used for the rest of the senson. The following are the results, each p. e. I)ein,o ohtniucd from 20 iudi- 
vidunl ralues of the clock difference, by s i~nplc  co~upnl~irou, or Ily l o~~g i tude  siguals: 

Mcnn of 10 vnlnes of p e, of clock compnriso~~ under ~ y s t e ~ n  ( I )  = & a  001C4 

,, 6 ,, I I ,, (2) =f '00318 
u 10  t, ,, of coml) I I ~  !011,oitnde signals ,, (3)  = .00:395 
9 40 ,, ,, of c l~c l i  cnln1,n1.iuon ,, (4 )  = ,001 63 

From this it wonltl nl)prnr th:\t the nccunlcy of o~iv  lutest 111et11od is preriscly the Ramo as of t l ~ c  origi- 
nal : irrnngcn~e~~tn used in ~CIISUII  1 ~ i 2 - 7 3 ,  \vl;ich is almost b c y o ~ ~ d  Iny cspcrt!~tion, (ci<lc 1n:lrn. 19 of 1:lnt 
report), \vhile that obt~i l lcd  hy the n r ~ , n o g c ~ n e ~ ~ t  n7ill1 allich nre began work last reason is dccicle(lly 
i ~ ~ l r i r  Thin lnnt r e ~ u l t  I nttvibnle 1):nrtl~ 1.0 1,111. co~~il?:~rntive ines l )cr i t~~~co g ( a ~ ~ c r n l l ~ ,  n ~ l d  to t l ~ c  ftwt 
that, wo nrcre trying to 1180 our relay3 wit11 loo s~nnll  Ilattericn, ~Vllence lulrcrt:~inly of n c l i o ~ ~  rcrrultcd. 
Tl~cso Ggurcu indicato nlso nu ~ ( ~ r ~ n ! i t y  or preriaion b c t ~ v c e ~ ~  the n~ethods ol'direct clnvlc c o ~ ~ ~ p n r i t i o ~ ~ s  r~od  
of l ung i t~~do  signals. The rnrll~c~d of " l o~~g i tude  s ig~~n l s "  here refcrr(*d to  i~ fully clcsc,vilred iu ~ ~ a r n .  17. 

(8.) 1 reforred to 1110 colli~n:~tors ill In? leal. report ns all i ~ ~ ~ p ~ ~ n v e n ~ r n t  nu those wl~irh nrere 

Collimntora. 
used in nor w,>l.k of se:ison 1SiJ-i3,  n ~ ~ d  they ccrlninlg proved vcry 
c o ~ ~ ~ p l e l c  nnd perl'crl inslru~ncnte. I t  i n  diLXc111t to judge of the 

drerec of cfficicncp of the nrrnnge~nrnt for cnsuring stability of thc nsiill direction, to  a l ~ i c l ~  I n l l ~ ~ d ~ d ,  
w i t l ~ o ~ ~ t  plncing t l ~ c  IICIV cullin~ntors nlnnpside oT thc old ones and nct~~ill ly c n ~ n l ~ n r i ~ ~ g  tllcir bcllnl iour 
ulldcr s;milnr circi~mntanrcs, but tlrc ncw i n s t r~~mcn t s  were cr r t ,n i~~ly  vrry s l~~l j lc .  We 11:1ve not llnd 
occasion to rely on t,l~ia slnbility in order to c o ~ ~ ~ h i n e  lhe obnerv:rtious Tor dcrinlion 011 diKcrcut nightn, 

I tl1011gl11 might Ilc dono, becnuse we hit on n n~el l~ot l  of c&ct;ng t L i ~  mutL more certni~lly by mcnue 
of atnr obavrvatiuus, as  I alrall e r l J i~iu  iu t l ~ e  1:ropcr p l ; ~ ~ ? .  



( 9 )  T l ~ e  details of our collimntion obeerrations nre flomewhnt norel, and ns we found the 
methorl most convenient nnd tl.nstwortlry 1 shnll explnin it, one Method of using the CollimnLore. 
colli~nntor, nl~rnya plnced to  the  nort.11 of tho transit t e l e ~ c o ~ ) ~  

cnlled "N" ,  is provided wit11 n fixed cross wiro, thus  X .  'l'he other, to the south nnd cnIle(1 14 S-; 
possesses n similnr fixed x nnd nlso n movenble micrometer verticnl wire. The x of N was ,,llVnys 
plnced ns nenrly ns possible in the  meridinn, nnd thnt of Y n little to onc 
side, so t l ~ n t  tho nppenrnnce in t,lie field of N n.u.3 as shown in dingrnm, AR 

A 
being the microlncter mire. Wi th  AB, rendings were tnken of N and S, nud 
t.hc direrencc e rouverted into terms of the trnusit telescope micrometer. 
T l ~ e n  with the trn~rsit  tele8cope encl of the crosses N 8 were observed nnd )"< )I< 
the  difference e npplied to tlie rending of Y ns n corrcctio~~. The ndvnn- 
tngo of tlre metl~od is that  all the observntions nrc csnctly similar, v i z :  the B 
interncction of n cross by n vorticnl wire. 'I'he disndvnntnges nre, the neces. 
sit! for knorving nccurntely the rolntion between the  microlnoter acrews of the trnnsit telescope nnd of 
Y collirnntor, nnd the small computntion in~o l \~e t l  in the process ; neither of which we found csused nuy 
inconvenience. 

(10 ) I ahnll now proceed to the narrntiw of Inst ~ e n ~ o u ' s  operntinnr, in mhich Captnin Henviside 
Nnrrnti~o of field acoson. \ms associated with me. The p ro l~o~ed  programme included the 

measurement of the following nrcs, nnnied iu the order which wo hnd dccidrd or1 ns the best as regnrded 

Proposed Frognunme. 
t l ~ c  prospects of clenr ncnther and tho col~venience of my meeting 
with Cnl~tnin Hc-nviside, who hnd to  joil~ me from l)ehrirDGn, 

o iz :  Hjdcrnbnd-Booibn ; Bcllnry-Bonlbny ; Ilydernt~arl-licllnry ; Mndrns-Hjdernl~nd ; Mndrns-Uellnrj ; 
BnngnloroBellnry ; Bellnry-Mnugnlore, or Mndl.11~-Bnngnlore. Of these the first six were succeeslhlly 
completed, but time did not suffice for tbe Inst. 

(11.) Cnptnin Henviside cxyected to be nble t o  rench Hyderabad about the beginning of Drcem- 
bcr, nnd I timed my departure from Bnngnlore nccordingly. 0 1 1  19tl1 Novcinber hlr.  Kcelan ~tnr ted 
with nl1 the equipment and estnblishn~cnt by rond to Gooty (1G5 miles) whence he proceeded by rnil 

Stnrt from Dnngnloro. 
to Hydernbnd, nrriving there on December 5th. Mr .  Bond took the 
field earlier-on 2Gth October-for t.he purpose of finishi~~g sonie 

triangulation whir11 he hnd been unnl~le to complete doring the preceding field Reason, with orders to 
proceed nftel.wnrds to Bellnry to selcct nnd prepnre the longitude ~ tn t ion  nt thet plnce, as nlno to con. 
nect i t  with tlrc principal trinngulntion. On 23rd Eoven~bcr  1 left Hnngnlore and proceeded to 
IiIadrns, whore I bnd sonro nrrnngements to mnke ~ i t h  Mr. Pogson, nfter which I went on to Hydernbnd, 
erriving there on 29th November. 

(12.) Hydernbnd hnd nlwnys been spoken of generally ns the stntion to  be observed at, bnt no- 
thing could be dotiliitely settled until I reached the plnce, nnd 

Bolnrum : choice and preyaralion of 
elotiou. hnd nn opportunity of deciding which of the  three trlegrnph office# 

n~ailnblc in tlie immediate nciglrbo~~lrood, viz : Ilydernhnd, Scc~~~lde r -  
nbnd, nnd Bolnrum, mould prove tho   no st convenient for onr purpnse. A very slight reconnninl~nce 
eufllccd to  decide me in h ~ o r  of the lnst nnlncd station, which stnnds on high ol)en gronnd. wilh 
ndmirnble sites for an obse~ra to r j  n-ithi11 n few jnrds, cnpnble of connection with the principnl tri:ln$u- 
lntion by n ping10 trin~>gle, using two stntions of the  Hydernbnd Minor Series n-hich wns execnted t)y 
Lieuteunut (now Cnptnin) Rogcn with a 26-iuch thcodolile as  nn ofF~hoot f ro~n tho Qrent Arc. The 
hest site for the stntion wns within the romponl~d of the D. P. W. Oflice whcro the  Officiirting Superin- 
tending Engineor, Mnjor Ywetenhnm, 11 E., kindly nlloscd me to  build t,he necesenry pi l lnr~ nnd gnvo 
me the use of out-houses closc by, which mere very conveniently placed for the  accomtnodntion of the 
cloclc nnd chronograph. 1Ie was also most obliging in obtniniug masons nud nssisting me in various 
mays. 

(13.) Cnptnin Hen~is ide  n r r i ~ e d  on 7th December on which dnte, nlthough the  pillnra men. llot 

Cnptniu IIenvisido's arrirnl. quite complete, there \ma nbundnnce of employment fur him in tnking 
over chnrge or his pnrty. On the 9th  t l ~ c  11illnrs being rcndy be- 

gnn aetting up  the inalrurnents, nnd from thnt dny to 2Rt11 i~ i c lus i~e  we were busily employedin pmCtice 
ob~ervntions nnd in settling the dctaile for nclunl work, four nights' obaervntions for personal equation 
being included. 

(14.) On 29th Uecenller Captnin Hcnvi~ide dinmantled, and on a l s t  proceeded to Bombay, 

Hc proceeds to Dombny. where he wns renrly to I~cgin the monsuremcnt on lOlh Jnlrunry. 
Our  first night's attempt proved a failure, in consequence of n f i ~ l t  

ycnel,reruont Bolamm-nombny. 
on the lino ; but on the 11 th we were succcasful, nnd me continued 
tho oheervntions with very liltlc inlcrnrption from nny cnuae, from 

that dny to the  21st iuclusive, which coml~latcd the moa~urement. 



(15.) The programme follomcd mas of two kinds : mc bcgnn 011 thc old method of season 1872-73 
having the line only for certain short periods and using i t  c x c l u s i ~ e l ~  

progrnm~oa followed: use of line 
f for long periods. or comparing cloclcs, n ~ l ~ i l c  during thc intcrvnls each took t r a n ~ i t s  
wit11 liis om11 clock. I also applied for and on scvcrnl rligl~ls obtained 

tho use of the line for a period of 3 to 4 hours embracing the \vliolc of our progrnmme, on which 
occnsions one clock was used for trnnsits a t  bo t l~  stations, rlinnging the cloclrs in the middle of encli 

nighti  of clocks bcing d s o  made a t  certain intcrrals. IVLcn working on this system a 
comparison of cloclrs is not ncccssary, but  i t  was always tnken for two reasons: (1) to obtain a 
mensure of their relative ratc, which is useful in determilling the absolutc rate of each ; nnd (2) because 
,, compsrison beiug obtaiued i t  becomes possiblc to conibinc trausits by enrh obser\~c~~\vit~lr I~ i s  own clock, 
in the event of nny hitch in the trnnsrnission of cloclc signals for trnnsits, (a case which occurred on a t  
least OIIC occasion) SO that  such failurc does not involve i l ~ e  loss of the nigl~t's work. 

(16.) I u  lnalting my prepantions for the  opcratious of t l ~ e  field scasou, wl~cn 1 was only nblc 
to reckon on having thc use of thc wires a t  ccrtain sliort period*, 1 

Cllnl'go in Of compnring introduced a change ill the method of clock-comparison wliich had Clocka. 
becu follomcd by Captain Hcrscliel m ~ d  myself in 1872.73, uiz: record- 

 in^ the two clocks dongside of each other for about a millute a t  n lime, which I now call n "si~nplc - 
cornparison". hly objcctioll to this method ww, that  u~lless there is n vcry great ditierence between the  
cloclc rntes (which is ir~convenient for other rensons) the rccol.d of suc l~  n comparison shows no nppre- 
ciable chnuge, and consequently in trnnucribing i t  0110 reads the same fraction of a secoud over and over 
"gain, which is not conducivc to accuracy. I had also in view the prospect of morlting through cablcs 
a t  some future time, for which piupose cloclc signals a t  one second apart mould not bc suitahle, b e i ~ ~ g  
too rap~d,  and I wished to  introduce and test n systcrn adapted for cablctvork. Lnstly I mas influenced 
by the desire to avoid passing strong currents through t l ~ c  cloclcs, fearing conqeqoent iujury to their 
break-circuit arrnngen~ents, which would be troublesome to repair. On this head I believe my fears 
mere exaggerated, and moreover the use of a translating relay which we udoptcd so011 nftermnrds, as  
already noticed, obviates the nccrssity of p n s s i ~ ~ g  any but  very weak currcnts through t l ~ e  clocks. 

(17.) The method adopted I call "comparison by longitude sip:~ls",+ and i t  is curried out 

Coml,nrison by Longitude 
as fclloms. The original eq~lipuicnt i~~c luded  observer's keys, cnpahlc 
of making nnd breakin. two separate circuits : these I a p ~ l i e d  so ns - - . . 

to afford two simultaneous signals, oile for record on tho local chronograph alongside the local clock, 
and the other for transmission along the liuc and record on the distant cbronogl.apl~ bceide the distant 
clock. It is obvious that  each pair of signals so recorded affords a value of thc clock difference, from 
which the retardntion was eliminated by tho excl~ange of sigunls in alterllate directions; and ally want 
of synchronism between the two signals geuer:~tcd by a key was guarded against by reversing its 
connection with tho two circuits. This system answered perfectly in prncticc, but i t  entailed nlore 

Disodvnntngrs. troublesome colnmutntor armngemeuts, and tbc rccord talies much 
uiore time to transcribe than tlint of a simple clock co~npnrison. My  

object in adopting i t  was to a great extent satisfied by its ~uccessful working, as  s o  liavo uow a proved 
synte~n of clock comparison to  fnll bacli upon in case of finding cloclc signals ~~nuoitable for t r a~~s~u i s s ion  
to  the distant etntion. When the liue was obtail~ed for long ])eriodu, the old metliotl of simple clock 
compnrisons was rosumed, and I do not tl~inlr i t  advisable to depnrt from i t  ngain slicu working wit11 
land lines. 

(19.) A t  tho beginning of tho senson we startcd with ~onicwl~nt  complicated rommutntors. t o  - - 
nllow of all the d~ffcrcnt co~ i l~ i~ i :~ l ions  : t l~ese  mere very greatly 

Cornmutntara simplified. 
eimplified by the abnndonment of t l ~ e  relnys for locnl work, and tile 

double key0 for longitude signals, with great advautage in reducing the cl~nnces of mistakes ill rnnni- 
pulntion. 

(19.) On completion of the  Bolnroni-Bombny mca~urement,  I proceedcd a t  once to Brllary rind 
me begnn the ~uenvure~nent Bel1n1.y-Bombny on 28th January conti- 

Mensuroment Dollnry-Bombay. 
nuing wilhout a check ou tho three following nights, nfter which I 

Personnl equation at Domboy. proceeded to  Bombay nnd me took nnother sct of observations for 
pcrsoud equation with Captain IIcnvisida's telescope. On my ro- 

turn  from Bombay me completed the u~ensurerueut by obscrvatious on 9th und lo th ,  losing the 8th owing 
to a fault ou the line. 

This trml is rely npt : it clcorly tnkrs its nnmo From tl~c lnct thot fhr irr,o cloets reere rcrording true locnl 
aidereal limes n singlo s t ~ r l ~  doublJ--rrcor<ied s i g d  tcoald gi,.c the d ( f l e n c s  of loyiludc--subject of coursc to eorrcctionr 
for rely nod linc rotordotion-nl~hough ~hoy oro not sent lor L h L  purpose. J. 11. 



Cnptnin Herrisidc nom v e n t  to  Bolnrum, nnd the mensurement Bolarum-Bellnry occunied - .  
nights, 19th to  24th Fcbrunry iuclosivc. I then proceeded to Mnd- Dolnrttin-Bellnrg : 3111drns-Erllnrg : 

Prrronnl ratletion nInrlnw. ~ , l , l c n .  rns while Cnptnin IIrnviside remniued nt  B o l n n ~ ~ u ,  nnd we c o m ~ l ~ t ~ d  
lore-~oller~. Perso~~nl rquotlou the nrc Madras-Bolnrum on RInrch 13th, being delayed h r  some dnye 
Bengaloro and close of eeason. by cloudy weather. Captain Heaviside then moved to  Bellnl7, 
tnlting ndvnntngc of the opportunity for r ~ s ~ t i n g  Aladrns in ordcr to  obtain nnother vnlue of personnl 
equation, F~111~11ing the nrc b1:trlrns-Bellnrp on 2nd April I proceeded to  Bnngnlore and we completed 
thc  measurement Bnngnlore-Bellnry on h p r ~ l  18th. l ' h ~  observntions on the two Inst arcs were much 

bv clouds. Tltc scnnon l~eing too f.1~ ndvauced t o  p c r m ~ t  of our nttempting the arc Bellarr- - - 
Mangnlore, Cnptniu Henriside joinpd me nt Bnngalore, nnd we took a final determinntion of persoual 
e q ~ ~ n t i o n  with both telescopes brfore closing the  season's observntions on April 23rd. 

(20.) Throughout the measorement of the l ~ s t  fivo arcs we obtained the use of the line wire 
during the whole of our progrnmme each night, an  nrrnngement 

lino Tor long period' a l an~s  vastly superior to  the use of short concessioos, in many ways :- obtui~~ed. 
( I )  the dcnlings with the  telegraph oficrrs nre simpler, our connection 

heing mnde once for all : (2) we wcre able to  work by n sidereal time 1)rogran1me, so that  exnctly tbe snme 
stars were used nigbt nftcr night-n very grcnt object both ns regnrds trouble nt the time nnd in reduc- 
tions afterwnrds : (3) t l ~ c  gene131 reductions of the work will not be nenrly so henvy ; and, lnatly, we 
hnvc every renson to espcr t  that the results mill be snperior. 

(21.) W e  follomd the snme programme throughout v is :  compnrison of clocks ; trnnsits for 

Nigl~tly progmmrnc. forty minutes a t  ench stntion usiug the  snme stnrs, (to allow of which 
the trnnsit observntion a t  west station began nnd ended lnter than 

those nt ennt stntion by n time equal to  the difference of longitude); a second clockcompnrison; transits 
again ror forty minutes; and lastly a tllird set of clock compnriso~~s. Ench observer took level nod colli- 
mati011 obscrvntions n t  convenieut o l )po r tu~~~ t i e s ,  a t  lenst two of the forn~er  and onc of the latter being. 
obtnincd each night. \Ire used only 15 out of the  25 wires for transits. For  the  first set of trnnsits 
E. clock, 2nd during the second W. clock, wns used a t  both stations. I11 the middle of ench group of 
trnnsits, n r~d  nlso in each set of clock cornl>a~.isons, the duties of the  chronograph pens were exchanged, 
thus  reversill: thc sign of the ~ C I I  eqnntion, and eliminnting residunl error af ter  the application of its 
accepted val~~rr ns II correction t o  the record. The t r a ~ ~ s i t  telescopes mere used equally in the positions 
I.P.I3., I .P .W.  a t  e:~ch stntion, t l ~ c  rcvcrsnl being effcctcd nrith great ense, often with hardly appreciable 
disturbnnco, by means of a small woodcn frame on which the  telescope was bodily lifted by four men. 
Encll observer retained the snme e q u i p m e ~ ~ t  t l~ roug l~ou t  the season. 

(22.) As  regards azimuth ob*ervntions, wa mnde a point of obtaining if possible n pair of close 

Obaervntions for ozimutl~. polar stnrs, one nbove and one below the pole, every night ; and the 
niglltn on which wo failed in doing so were comparatively few. I 

h a w  now t o  uoticc thc  n ~ c t l ~ o d  of s~~ l , p l c ine~~ t ing  tliese observations, to whir11 1 referred wheo speaking 
of thc collimntor~; a mcthotl m l~ ic l~  so far ns 1 nm nware is novel, and according t o  our experience very 
vnlunble. 

(23.) It is oftcn difficult to  obtain n pnir of well fixed circumpolnr stnrs which occur a t  timcs 

Circumpolnr atnrs. conrenicnt for obsorv~~tion, nnd moreover in these low latitudes there 
is always n great chnnce of Inning tllc lower transit, pnrticulnrly when 

the  atnr used is n small one. Fo r  the first part  of the season 6 Uraz Rliuoris and 51 Cephei answered 
our purpose ndmirnbly, but  tlicir trnnsits becnme too cnrly for con~~enicncc  in Febronry. Then there 
wns n ~ h o r t  interval during which thcre were no good s t a r s c o n v c n i ~ n t l ~  n\ailnble, after which we adopt- 
ed Polaris srrb polo, and onc of Mr. Pog~on 's  regular nzimutl~nl stnrs (thc datn for which he supplied 
me with), for the rcst of the season. Thin lntter star is No. 90 of l l ~ c  Rndcl i f i  Polar List  and 4330 I3.A.C. 

(24.) Thoaupplcmentnry stnrs which I cnll "comparative azimuth stnrn," arc of about 10' N.P.D., 

of nzimutll stnrs. 
r l ~ o ~ e n  simply for convenience of time of trnnsit, nnd observed every 
night. The exact places of these stnrs mcrc not wanted, but  only an 

npproximntion close enough t o  permil of their c11n11ge in R.A. from day to dny bcing computed, for which 
purpose the places of the R.A. Cntnlogue (from which they wcre chosen) nre amply nuficient. Now i t  is* 
evident that if such a star is observed crory night (the observntion~ heing corrected for change in R.A.) 
and an  absolute determinntion of deviation iu obtained on any one night by well fined stnrs, the deviation 
can be deduced therefrom for ench night. This is nn extreme cnsc which ncver occurred, but we have 
a few instances of nights on wbich no nbsoluto determinntion of dc~~ i s t i on  was obtnined, when it is dedllced 
by means of thew compnrntive stars. After their i~~troduct ion (Februnry 9 and 10) we mnde a habit 
of obeerving nt least two of theeo stars every night nt ncnrly equal in~ervala of time from each other and 
from the  circumpolar stnrn, and thcse observations have been given their own weight in deducing the mean 



devintion for ench night. 'Thus i t  appears that our deviation correction for each night obtninctl by tile 
method, depends generally on three or more observations of polar stars taken throughout the 

night. 
(25.) Our  determination of per~onal  rquntion shoulrl be as reliable ns such nn observation is 

Pcrsonol eqoalion. capable of being. As  already noted i t  depends on theohsemntions 
of nine nights-two mith each instrument before the commencement 

of the operations; one night with one telescope, and two wilh t l ~ c  oll~er,  during t!:e selson; a11d a night 
with each a t  the close of the work. On every occn~ion the method of sharing transits a t  the same 
instrument was follonrcd ; tha t  is to  say, O I ~ C  observer rccorded the transit of a star over the first (generally 
ten) wircs nnd the other tnliing his place observed the  last ten or  twelve wires. Tho obscrrer wllo finish- 
ed one t r a ~ ~ s i t  nlwnys began tllc nest.  'I'wenty s11c11 transits were observed on each night, giving a value 
of the equation with n ~robalrle error of about & O1.O1 ; the  equation itself being about + 01.10, to be 

to  Captnin Henvisiclc's obscrvntions to  rcdncc to mine. 

(26.) I n  the process of transcribi~lfi the cluono:r;~pll record there is probably just as marked a 
personal equation betmeen individuals ns obtains in the  obserrntiona 

Personal equntion in transcribing 
cl~rono~ropl~ic record. themscl~es. l'his 112s never been determined, but  its effect has been 

eli~ninated by taliing care that the work of both stations for nny one 
nigllthm nlmnys becn transcribed by t.he Fame person-Captaiu Heaviside or myself. The same precau- 
tion mas adopted with regard to thc clock comp~rriao~~s. 

(27.) The recess work, including the transcription of the chro~~ograph records and the reductions, 

Recess work. 
is very heavy, no much so that  i t  will be some time yet before we 
nrrive a t  any final res~llts. The work is however in n very forward 

state, the whole being brought up nearly equally; and so far ns I onn form ntl opinion, the results promise 
to be sntisfnctory. 

128.) I have alreadv remarked, t ha t  Mr .  Bond bepan the field senson by f in i~hina  some tri- 
% ,  - 

nngolntion on whir11 he  had been employed under Major Brnnfill'e 
Mr. Bond'e work during season. orders during season 1874-i5. The necessity for completio~l was 

urgent, in order tha t  the whole might be made a\viilablc for use by Captain Strahnn, H.E., in the  
topogrnphical survey operations which he was then nbout to  commence. I am glad to  say that bfr. 
Bond succeeded in the face of a good many difficulties, arising from wcnther, nn inferior staff of signal- 
lers, and the of cholera in the  ncigl~borhood, and handed over all his records to  Captnin 
Str&an, by whom I am informed that  the qunlity of the ~ o r k  is excellent. Mr. Bond's mork nt  
Bellnry proved somewbut diffic~~lt ,  owing to  the unfnvornblc poniiion of the telegwph office, which, 
combined with the  want of good signallers, made the fixing of the longitude stntion troublesome. H e  
had not quite completed i t  when I was obliged to eend him to  Bon~brry on 13th January to  assist 
Captain Henviside, i n  plnce of Mr. Reelnn who was siclc. Mr.  Bond acco~npnnied Captain Heaviside 
t o  Bolnrum, and toolr the ncccssary observations for fixing the fitation there, nnd afterwnrds com- 
pleted tile work a t  Bellary. I was disappointed in the progress of 11is work a t  nellnry, nud m a k i ~ ~ g  all 

for difficulties 1 cannot but  think that Mr. Bond's oper:~tions there were wnnting in judgment 
nnd energy. I had n most efficie~~t recorder throughout the season in 

Babu Harsnhni. my nntive writer Babu Ilarsahni. 

(29.) I n  co~~clus ion of this report, I have great pleasure in recording my grntitude to  t he  
officials of tho Telegraph Department for the inrarinble courteey 

Poreonnl acknowledpcments. 
with which our aishcs werc met and acceded to n-henever possihle. 

I never npplied for assistance of any kind wirhout meeting mith a rendy and cl~earful response, though 
I fenr t ha t  our opcrntions m u d  havo caused considerable trouble in the different telegraph offices 
through which we worked, in many cnses entniling extra work on telegrnph mnstew and ~ i g ~ ~ a l l e r s .  

To Mr.  Pogson, Government Astronorucr a t  l ladrns,  1 had frequcut occ~~sion t o  npply for nssist- 
ance, nnd I am deeply sensible of tho lcindness with w l ~ i c l ~  he a l t~nys  met my wishes. I fear our mork 
nt the Madras Observatory cnnnot l~nvc fnilcd to prove nn annoyance to  him nt times, involving as i t  
did the encampment of my small nntive establishment in l ~ i s  compound. Pinnlly I would thank my col- 
league Captaiu Heaviaide, R.E., for hearty and zenloua 00-operation throughout the aeason. 



VIII. Extract f?om the Narrative Report-dated 5th October 1876-of Captain W. J. HEAVI- 
SIDE, R.E., Deputy Superintendent 3rd Grade, in charge of the Astronomical Pa* No. 1. 

(1.) Hnving rcccivcd orders to tnlte rhnrge of No. 1 Ert rn  Pnrty and commenco electro-tele- 
grnpl~io longilude operations in nssocintion with Captain Campbell, R I;:, I left Head &n:u.iers nt Dell"& 
D i n  on the 17111 November nud proceeded to  Bon~bay,  which is one of thc places i t  ITUE intended to  
councct. 

T!:e Colhbn Observntory bcing n fixed trigonometricnl station, nnd connected by wire with 
Bombny, from \vbich i t  is nbout 3 miles distnut, i t s  grouuds mere fixed upon ns n suitable plnce for 
our observntio~ls : i t  had Inoreo\er the advnntago of being the  place where the pendulum experiments 
wcre cnrried out in IS73 aud I had then foond Mr. C. Chambers, the  S~ipcrintendent of the Observntorv. -. 
so retidy to give mu ewry  nssixtance that I felt confident of the  cordial co-operntion he rendered me iri 
tllis case and for \\,l~ich my best thanks n1.e doc to  him. 

(3.) C ~ ~ p t n i n  Cnmpbell had cornmuuicntetl to Ino the  requirements necessary in the mny of spnce 
and shelter for thc iu s tn~men t s :  these are  simply an open space for the transit  tent, i n  n position 
which could be connected by trinngulntion with trigonometricnl points, with an uuinterrupted view of 
tho henvens to within 8" or 10' of the I~orizon north and south, nnd n room about 10 feet square for 
tile clock nnd chronogrnyh, conveniently ncar thc transit tent,. There were seroral small buildings oh 
the  obscrmtory prcmises that  J I r .  Chan~bers wns willing to  plnce nt my dispos:~l, aud the site eventually 
eelected wns 5G.G feet north-east of the trigonon~ehicnl stntion of the  Bombay Islnnd Survey. While 
i n  Do~nbay I nlso visited the telcgrnph olficinls and arrauged with them nbout the aupply, of batteries 
and the use of the line &c. 

(3.) I left non~bny  for Secundernbnd on thc 4fth of Deccmher arriving there on the  evening of 
the Gth, nnd on the 5th I moved up to Uolaru~n where Cnptnin Ci~mpbell had selected the stntion. A 
dny or two liitcr the two transit tclescopcs wcre set up  close to ench otl~er,  and the two cl~ronographe 
with thc electrical nrmngements were pl:tced in two stalls of a stahlo which hnd been prepnred to receive 
them, about ten yards from thc t r a ~ ~ s i t  tcut.  Bctween this dr~te  and the 28th, I took over chnrge of 
the pnriy from C;lptnin Cnmpbcll, and nre prnctised mork, i ~ ~ t c r c h n a g i ~ ~ g  signnls, taking transits for 
personal eqontion, determining villnes of tho micrometer screws, &c., nnd in gener;il p~xctice in t l ~ e  
mnnipulation of the instruments wl~ ic l~  were nc\r t o  me. I am much indebted to Captain Campbell for 
the instroction he gnvc me rcgnrtling the \.nrious inntromcnts nnd thcir worLiug. 

(4.) Alr. Keelnn left IIc~l:irnm on thc 20th Decc~nbcr t o  build pillars and to prepare tbe atntion 
n t  Colibn. and as the Clirist~nas I~oliclnys were impending I gavc him a letter t o  BInjor Merewether, R.E., 
Executive Engiuecr Bombr~y Ucrencei;, who k~nd ly  sent a contractor t o  undcrtalte the mork and subse- 
quently checked the contrnctor'n bill for me. Tlrc instruments and cnrnp equipage were seut off t~ 
Bombay on the  not11 of I)ece~nber nnd I follo\vcd thc nest day. 

(3.) The cqoiyment (lid nut re.rc.11 l3onrl1ay until the 4th of Jnnnnry bnt the  interrnl of threo 
dnya mnu fully occ~~picd in 111:tking final arrangements regnrding the  use of the line, and batteries, and 
seeing to thc various connectio~~s. Tlrt:rc :~rc  two telcgrnph l i ncsbc tnec~~  Coltibannd Bo~nbny : one from 
the  observatory is connectcd with t l ~ c  clock and tirnc-ball in thc Fort,  the clock thero being regolnted 
by the  observatory clock ; t l ~ e  other wire leads from the Coliba Ligl~tl~ouse to  the lIend Telegraph 
Office in  Bombay, nnd is used to  signal t l ~ c  arrival of stcn~ncrs nnd other rnntterv connectrd with the 
shipping. I t  is tho latter nirc thnt \FRY cnlplo).cd Tor our work, s switch being placed in the clock room 
through shich t l ~ c  s ig~~n l s  from the ligl~tl~onaes to tho telegrnph office passed, with n key which enablzd 
me to throw tlio lighthouse ont of circnit and bring our 1r1c:tl wire iutn circuit. A t  the l~end office 
the wire from Colibn was connectcd direct with tho wire to l$olnrom and thc linc Iiolnrum-Bombny wns 
then worked by n battery a t  etich end cootrollcd by Captain Campbell nnd myself. The hattery I had 
nt Colabn consisted of 63 Mcnotti cell$, n strength rccommcnded by the tclegrnph officials, but nfterour 
firnt night's cspcricnce we founrl 20 celln nn~ply su&cicnt fur our p\lrpose. The enrth mire at Coliba 
led t o  n good copper plate whit11 mas sunk near a well close by nnd kel)t consisutly moiat. In carry- 
ing out these nrrnugenlent~ we are much indcbtcd to M r .  (2. E. Pitman, r\ssistaul S ~ ~ e r i n t e n d c n t  of 
Telegrnphs, in cl~arge of the Bombay office, whose cor~rtcor~s nnnistnnce, rcndcred often nt considernble 
personal inconvenience, tended in nos~nnll drgrec to  the ~nloothncss n-ill1 which our morlc was carried on. 

( G . )  1:egalnr work m a  comn~cnced on tho niqlit of thc 10th J:inuary, and i t  wnsrnther disqlliet 
ing nfter nll our prnctice to hi1 nn wc did. Thin failnro wns due pnrtly to our working with n line bnt- 
tcry too strong for the relays which were ndjusted for the local batteries, and pnrtly to a f ~ l l t  in tho 
l ine;  but after tbie first night we were ningulnrly Frcc from cveu small irregulnritiee of action. The 
distance Bolosum-Dornbny is almost cxnctly 800 111ilcn nud tho line was workcd from Colibn w i h  15 



During the  progresssf tho worlr on t,llis nrc we ol~tained the use of the wire on two or three 
u i g I ~ t ~  for three col~sccutive hours illstcad of for periods of n quartcr of au  hour a t  iutervnls of one 
and a llnlf honrs, nnd this of course co~~siderably facilitated the operations. 

(7.) Mr .  Kcelnn, who hnd bccn sulkring for some time from inllam~nntion of the eyes, was obliged 
to take sick leave a t  Colibn from the  13th to thc 31st J n ~ ~ u a r y ,  and it seemed probable that the work 
would have to be  topped for two or  thrcc (lays until Mr.  Bond's arrival from Bellary, but  Mr. 
Cllnmbers kindly lent me the ser\.ices of his Iread-writer, by name Huri,  who wna accustomed to  transit 

and whom I fooi~d nli exccllcnt recorder. 

(8.) The nrc Bolnrum.Roinbay was finished on the 21st of Jnnuary, and while Captain Cempbell 
wns moving to  Bellary I employed mysclf in re-determining the wiro intcrvalu of the trauait inatrument 
by trnnsit of circunipol:~r s t i~rs ,  the Inst. dctermiiiatio~~ I~aviug been m:rde ill 1872, nud in checking the 
connection of the lo~~gi tu t le  station with the trigonometricnl point. 

(9 ) Tho arc Bcllnry-Bo~nhny 526  nile en in length was worlted from ColPba with 20 cells and 
wnM completed on the 10th of 1"~hrunry. I thrn ruoved to Bulnrum comnlcnci~~g ~ o r k  there on tho 
19th of Febr~inry. Thc nrc I3olaru111-Rcllnry wcs finisl~cd on lhc 2bth of February and the arc 
Madras-Bolerum on the 12th of RIarcl~. Wl~i lo  the cqnipment nas  being moved to  Bellary I went 
down to Madras to talcc some obscrvntions f i ~ r  pcrson:~l cquntion nit11 Cnptnin Cn~npbell, and I returned 
to I3ellary O I I  the 20th. 'l'l~c arc Bli~dras-llcllnry wns co~~~p lc t e r l  ou tho Bud of April; and Bangnlore- 
Bellary un the 18th. 

On the 20th I lcrt fo~. Banjinlore, where Calitniu Campbell and I took fu r t l~e r  observations with 
both transit telcscopeu for pt.rsonal etlunti~)n, and tllia co~npleted our fieldsenson. 

(LO.) 'l'he early pnrt of the j c ; ~  wns very favorable for star obser\.nlions, the  nights being 
ei~~gulnrly freo from clouds up to  thc ~ ~ ~ i ~ l ~ l l c  of B1:lrch. Subsequent to thnt date we were a good deal 
troubled by cloudy ~ ~ i g l ~ t * ,  nnd the \\feather a t  Uellnry in April had mucli the character of a n  incipient 
U10u00011. 

(11.) Cnptnin C n ~ ~ ~ p b e l l  in his report has entered fully into the system he adopted to  carry ou t  
the aorh  and the nrrnngeme~~ts  of the  conunutator rind bntlerics connected therewith, 80 thnt there i s  
but litllo lcft for IIIC to  relate on thin s111)jcct. 1 think ho\vcvar he hns hardly done hi~naelf full justice 
ill detailing thc i ~ n p r o v c ~ n e ~ ~ t s  he hns efl'ec*tc.tl, in v :~ r io~~u  w n p ,  but  more esp~cinlly in the c h r o ~ ~ o p p h  
records. Uy r c n ~ o v i ~ ~ g  thc . s t j l e ~  ~vhic l~  \'\.rrc t'or~n(~rly emplojed to record the rignnls by the action of 
curreut. of stalici~l clcciricilj on c l~cmicn l l~  I I I . C I I H I V ~  pnlcr, and using in their places pens which draw 
C O I I ~ ~ I I I I ~ I I ~  i~llc lincs ~ I I  o r t l i ~ ~ i ~ r y  1~:11wr, ~vhile the I~iltteri(>n (R1c110tti.s) nre in circuit, and which are jerk- 
ed out,afarda \\ , l~enc~rer tho circuit in brolte~i, I I P  l ~ns  not o11ly got rid of the ~~ecess i ty  for preparing the 
paper chen~ically and for keeping it of n c c r l ; ~ i ~ ~  dcgroc 11f dn~~~l~i icss-~vlr ic l~ ,  it. alllnars, proved such 8 

fertile sonrce o l 'a~~nognncc i l l  ~ h c  senson of l$i2.i3-l1ut has also ~ff,*ctcd n great improvement in the 
distinctness of the rccordcd hign:tl.; and in thc ease \\,it11 \v l~ic l~  they cnn in conacqucnco be rend off. I t  is 
very o~rident too t ha t  by gctlin: ritl ol ' thc B U I I S ~ I I  Onltcry, ~vhich is spu l t c~~  of by Captnin Hernchel in his 
report of 1872.73 ns ' I  per l~:~ps  thc  ~nos t  troublesoine rind provolri~~gsource of fniluro ", nnd by changing 
the relnys forinerly in rise for others of :in improved 11iit1c1.11, ( ' ap ta i~~ C'nmpbell barn very much iucrensed 
the ce~,tainty of record of nll a i g ~ ~ : ~ l s ,  nitlront, it ~voultl nl~l)c.n~., any detmction ou the score of accuracy. 
111 fact wl~cre there are so mnny s o ~ ~ r c c n  from ~v l~ i ch  hilches nlny ariae, i t  more than surprised me to  
find things work so s~noot l~ly  111:tt t l n r o ~ y l n ~ ~ ~ t  the season i l  I I : I ~  11cl.n quite the exception to  lose n signal 
of m y  Irind ; and \\tl~en: loxscu have occ~~r rcd ,  t l~esc I~:xvo a1111o*t inrnriably been dne, with me, t o  the en- 
tire stopping or to the w r y  i r r c g ~ ~ l ; ~ r  mte  oS tho chronogriq~h, tho pcrforrnanccs of whicb, though good 
on the whole, are occ:~r;io~~:~lly \el . j  pnzaling. 

(12.) I n  observing t~ . : t~~s i t s  ~ 1 1 d  dcte~,mininq co l l i r~~n t , i o~~  I I ~ n r e  of rorlrse ndopted the same aye- 
tems na Captain C:un~l)h~~ll dcscril~er i l l  paras. 21 and 9 oS his report; nu11 in all other respects his system8 
of procedure hnve been followecl by Inc. T l ~ c  dislcrcllncnt of thc trnnsit instrument has becn invariably 
rend by the rnicrornctcr hc:~d from thc rcflcction of the \viren in a trongh of niercury. 

(13.) During the field season 111.. ICcclnn wns chiefly e~oployecl i l l  the observatory; keeping 8 

record of t:ie collimntion rind level obscrvntious, noting the stars ohserved and the number of wires they 
were observed orer, nnd \vnrning me of the scttinji nnd tiuncs of trnnsit of the stars. H e  prepared the 
etation a t  Colibn For the ohservntiotis rind connccted it xvitl~ the trigo~~ornctrirnl str.tio11. He has work- 
ed both in tho field nnd d u r i ~ ~ g  t , l~o rccess with t , l~e care ilnd i~ndustry tllnt I 11n1.e invnrinbly found him 
bestow on his work, mud his kuo~rledgo of delicnto i u s t r u u ~ c ~ ~ l s  has on ac~fcral occasions proved of aaeist- 
anco to roc. 



IX. Extract from the Narrative Report-dated 23rd November 1876-of Captain H. R. 
THUILLIER, R.E., Officiating Deputy Superintendent 1st Grade, late in charge of 

the Knmaun and Garhwal Party. 

The estnblisl~u~ent of tllc Iilunnnn rind (;lnrhtVil Slirvry Pnrty, 1111 t o  the time of my lnat report, 
hnd beeu broltrn a p  into tn.0 detnrhments, onc opernting in t l ~ c  I~igher snowy rnnges of I(umnllu 
rind Gnrllwlil nnd the  other ill the  Dcl~rn Dill .  The nren t l ~ n t  remniued to be surveyed ill the former 
districts wns about 1,200 squnrc miles only, but  under the  directioos of the Soperintendent, the comple. 
tion of thcse oprriitious which nre necessnrily of n costly nature, wns suspended. Tho pnrty tlleremre 
hns been conceutrnted in  the surveys of the  Dehrn D6n  nnd Jnunsir  Bbwnr. 

(2.) Thc strcngtl~ of the pnrty, which consisted in 1874.75 of three Dcputy nnd Assistnnt Super- 
intendcnts with ten  Survepon n11d Assistnnt Snrvcyors, wns reduced for tbe scnson uuder review to two 
Deputy nud llssistnut Superintendents, nnd seven Surveyors nnd Assistant Surveyors ; oue of the latter 
of whom wns on lenve fvoln 15th October 1875 to 15th April 1876. 

(3.)  The nren rerunining to be surveyed in thc  DGn being snlnll, the pnrty wnn divided into two 

Distribution of Party. 
dotnch~nents, one consistiug of Messrs. W. Todd, 11. Todd nnd 
I. Pococlr with six Nntivc Snrvcyors to complcte thc work in the 

D6u, nud tho other consisting of bfessrs. Rynll, Litcl~field nnd TVnrwiclt one Kntivc Surreyor to 
commence the detail sorvcy of Jnuusnr Biwnr, on tllc scnle of 2 inclres t o  a mile, the trinngulntiou 
of which l ~ n d  brcu done during sensou 167.4-75. Tllc field oporntions of both detnchmenta wcre com- 
menced about 20th October. 

(4.) During the season nn nren of 662 aqunre miles wns topogrnphicnlly surveyed: of this 430 

Oubturn of sork. 
squnre milee wna on the  scnlc of 2 inches to n mile, 124 square miles 
on the  4-inch scnle, and 8 sqnnre nliles on the 12-inch scnle. This 

nren co~nprises thc  cou~pletion of the non-forcst trnct of the,Dehrn BAIL district, nnd nlso of tllnt portion 
of Jnons6r BBmnr w11icl1 I wns tlirec!ed to survey. Thc index mnps nttnchcd to  this report, on compn- 
ri.011 wit11 the  mnps nttnched to my precediug report, show clenrly the czteut of morlt co~nl~leled by this 
pnr ty;  the uncnlorad portious reyreseuting the fdrest tracts whicl~ l~nve been surveyed by tlae Forest 
Survey Dcpnrtn~cnt under Cnytnin Enilej-, H.E., pari yassu with our operntions. 

( 5 . )  At  the end of k'ehrunry, nhcu  in Jnons.ir, I wnu divectcd by the Superintendent to return 
to Rend Qunrtcrs nt 1)ellrn for the purpose of relieving 311.. Cole (ml~o wns proceeding on furloogl~) of 
the  chnrge of t l ~ r  Yrnuring nud t'hotoziucogrnpliic Bmnches of t l ~ c  Ilend Quarters' Onicc, n~ld nleo in 
order to tnke cl~nrge of the Superintendent's office wllen Colouel Wiilker went on fnrlongh. I there  
fore nt thnt tinlo directed Mr. Xjnll to nsaunie tlte full cl~nrge of 1110 detncl~~nent  ~ ~ r o r l r i ~ ~ g  in Jnundr 
Biwnr. 011 Colonel Wulker'a depnrtnre, I wns nppointcd to oflicinlc ns Suporintendeut nnd vacnted the 
cbnrpo of the Ku~unnn  nnd UarI~\vljl P~ l r ty  on t l ~ e  4111 April. 

(ti.) As blr. R ja l l  mns engnjied 011 the Jnuusi r  survey from its commcnceme~~t, nnd took cllsrge 
of t l ~ e  pnrty during the field senson, he t l ~ u s  I~nd the opport~luity of cnrcfully iu~pect ing and ernmining 
the wl~olo of the work tbere : I leare t o  him tl~erefore, the  duty of rcrporti~~g on this portion of the 
survey, ~ i u d  on the n~nount  nnd qunlity of the  work perfnrmed by ench of tho nssistnuts. I nlust Ilowe\'er 
stnte t l~n t  I carerully exnmined Mr. Rpnll'a work in the Amliwa vnllcy nud found i t  very nccurnte 
oud good. 

(7.) The whole of the topngrnphy has been done with the greatcat cnre. Whore the ground 

Topography in the Dln.  ndmitted of it, cl~ecli trnverae lines were run  by t l ~ e  European Amis- 
tnnta, to tost the nccurncy of the work executed by tho N~rtivo Sur- 

veyors : 51 liuear miles wcre trnversed for this object. The I~ill  sketching by the nssistnl~ts wne exnlnilled 
by mysell nnd the worlc wna four~d to bc ncc~~rnte ly  dclinented. 

(8.) Of t l ~ o  nsaistnnta c~nployed in tho DGn snrveg, Mr. Pococlr completed t l ~ e  worlc nllot~ed to 
him on 23rd I'ebrnnry nnd Mr. 11. Todd on 23rd AInrcl~, whcn they were directed to join Mr. Hyn11 in 
Jnnus;ir. Mr. Pococlc not 11:iring l~nd  1n11cl1 rxpericnce in hill alietchiog, nnd the scnle Ile mnaelnploged 
on being ncw to him, hi8 prngrenr w:iw slow, but his work nccnrnte. The nntire surveyors finished their 
work on the I-inr11 scnle, by tho begiuning of Rfnrch, nnd nn thcy were not sufficiently trained for hill 
811rveying without n cllnin, l l~cy vere utilized it1 completing the surrcy of the station nnd environs of 
Dellra, on the scnle of 12 iucl~cs to a mile, n work which hnd been previously commel~ced for the object 
of tcncbing them plane-tnbling. 

(9.) Nun~eroue heiglrts hnre been fixed by aneroid bnromoters tl~roughout tho senson's work! 
IIrigl~ta. nnd ia  additioo i t  wne ~ O I I I I ~  n e c e ~ s n r ~  to determiue 38 more heights 

tl~igouomulricnlly, cl~icfly from previou!ily fired ulntioos. 





with the requiremeuts of the scnlo. 'I'l~c bo~~nclnry pillnrs mere ~c ldom found in conspicuous places ; 
the contmry, they wore either iu thiclr forcst or in Iiidden ~ l ~ l u k s  nnd corners; i t  was therefore no easy 
matter t o  lny them down without erectiug flags nt or n Fvcl honi t l~cm.  

(8.) In order to Iny down the li~nits of tho caulonmcnt of Chnkrntn, I enquired first of tile 
Executive Engineer on specinl ulilitnry works, For informntinn regnrdiug its boundaries, but  there wne no 
one in the office who wns ncquninted wit11 them, and nll the iuformntion I conld obtniu from there wlis 
a map of the  cantonments showing its bound:u*ies. But  Illis map I unfortunntely fouud of little 
or no use : i t  a n s  not t.rue to scnle in the first plnrc ; and in the second, wl~ilc i t  profcsscd to give the 
boundnry tomnrds the  enst of the Chnltritn ridge by n col~tonl* line mnrltcd out  by pillnrs nt intervnls, 
1 found the pillars ns pointed out  t o  me v r ~ y  far from occurring in the nntne level. On the west, n line 
had been a t  one time cut, a8 I esm slight. trnces of i t  here n113 there for n few hundrcil fcct nt a time, but 
there were no pillnrs to indicnte the geuernl line of bonndnry on thnt side. 'L'ownrdn the ~011th however, 
the  boundn~y wna sufficient,ly defined, nnd so also torvnrds the north-enat portioo. M y  next efforts were 
directed to the Cnutoument Mngistrnie's office, nud therc I wns more unsnccessful still. I was t l ~ e r e f o r ~  
obliged to co116ue myself to fixing suc l~  pilllrrs ns eaiatcd :it the time of tho survey. I nm by no 
means sure thnt the  pillars lnid down nre in their correct positions as or ipi~~al lg  mnrltecl oot, for there 
was no one with me to represent c n n t o n ~ ~ ~ e n t  intrrenta, nnd my i~~formnt ion ns to t l ~ e  pillnre W f l 8  e i u l l ~ l ~  
obhined through the zemindnr~ whose posses.iions ncljoin tliosc of t l ~ c  c a n t o n ~ n e ~ ~ t .  

(10.) The nvcrnge height of the pcaks in Jnunsi r  is  boot 6,000 feet nhove  en-lerel; thnt of 
Kindah, a strip of compnmlively w r y  lofty rnnges of lim~satone, lying between the pnmllele of 111titorla 
aOO 44' nnd 30' 49' or thereabout and ex tend i~~g  from the JIIII~IIIL ou the one side to  the Tolls on the 
other, is about 8,300 feet nbove sen-level. ~\(.LIIJ of the penks I ~ o m e ~ ~ e r  in this strip a w  close upon 10,00t~ 
feet high. I n  B.iwar, the nverngo height of l l ~ c  ranges is nl)ont 6,000 feet nbove sea-level. The grent 
peculiarity of J a u ~ ~ s J r  is the geueral absence of forests io it .  Kindnli is rich with foliage of many Icinda, 
yrinoipnlly the oak, rhododendron, spruce fit-, deodnr, &c. Uiwar isnlso very richly covered with foreat, 
bu t  not quite to the same exteut RE 1Crindnl1. 

(11.) All nlong the bnnks of the Tolls, the Pibnr,  nnd tho Jumnn rivers, the mountains nre ex- 
tremely precipitous ; so are also the mouutnins of the Kd114lnh belt. I n  other respect@, no to minule- 
nesa of detnil, the three belts of couutry are not much unlilce one nnotl~er. 

(12.) I now procecd to report sepnratt,ly on cnch  officer'^ mork. 
(13.) I mnrched  fro^^^ >Iussoo~~ee on the 2 l s t  of Ortober, nnd nfter I~nving n gcnernl look a t  the 

coun ty  in J n ~ u ~ i r  Btiwnr, I c.~~nmenccd operntions in the Rinolgndh ~n l l ey  where I continued plane- 
tabling till the 2ud of Dcc.~ml>rr. 1 theu mnrcl~ed I I ~  to S I I I I ~ ~ I ~  i l l  t , l~e P:~bnr vnlley for the pnrpose 
of executing some tri~~ngnl:diun, where I arrivrd ou the 6th U~~rnr tnnnte ly  wl~cn  re t ,urni~~g to cnrr.p 
during the  evening of the rnnle day I met with nn accident, nnd sprained Iny anklc, which disnblcd me ill 

consequence from resumilly worlc till the 9th. but 011 the 12111 1 s~~rcccded  in sending Mr. Litchlield tile 
data for 14 points newly lir..d, to enable him to co~nplcte the ~ l t e t r l ~ i u g  of thoseamdl ~~n tcheso f  c o u ~ ~ t r y  
lying on the right bank of the Pibnr. Shortly nfter I mnrcl~e~l into Deobnn, wllrre I a r r ivcdn~~  the 14th. 
Captain Thuillier having n ~ ~ ~ n m o n e d  me in order to c o ~ ~ l b r  about the  morlc. I resumed the tol~o- 
graphical sketching of the Iiinolgndh valley on the  16th Deccml~crnnd finished it on the 24th. I next took 
u p  the sketchingof the vnlley o l  the Amldwn river clown to lntitude :i0"36', us wcll na n strip of country 
shout 34 miles brond lying to the east of the ridge ~v11icl1 rulln ,lor\-n from Deob:~u to Cl~nltritannd tllence 
to Pokri and Baret. 

(14.) On the  26th February, Cnp tn i~~  Thuillier nrrivrd a t  Sniy:~, where he requested me to meet, 
him in order to make over to nle the entire cl~nrgu of the npel.;ttion~ in .In~uns;ir Briwar. So t.l~nt in acldi- 
tion to my other duties, thnt of e x a ~ n i u i n ~  the work of each of the asssi.tnntu devolved on me. I fi~liell- 
ed work on the 30th of Apl.il ,zud n~arched back to recesn qunrtern, where I arrived on the 3rd of May. 

(16.) Mr. Neuville wna employed the whole season in tlrc office of tho party ca~~rying on the 

Mr. C. J. Hou~ille. rniacellnneous current work, of which there was n large nmorlnt. 
H e  nleo aesiated C'nptniu Thuillier in the D6n by taking 8 few 

vertical obaervationa with a theodolite. 
(16.) Mr. W. Todd begnu work on the l a t h  Octoher on P. T .  Section No. 47, of the Dehrn Dfin 

Mr. W. Todd. Survey, confiuing hi~nself to thosc parts of the  hill^ in i t  which Were 
left u~~f in i s l~cd  during the  prcvious Reason. The flat nud raviny 

portionm in this wction mere takcu up by two Kstive Y~rrvcyor~ plnccd under Mr. Todd. Mr. Todd next 

took up  P. T. Sectiooe Nos. 60, G7, nnd GB. The two former wcro entirely mountninoos, and the lnlter 
put17 10. Wi th  the exception of a a~nnll portion done by Mr. I. Pocock in Section 66, Mr. Todd 
aketched these three sections. The moontninn iu these sect io~~s range from 4,000 to G,6(W feet nbove flee 
level,md there is ageograyl~icnl pecnlinrity in then1 wl~ich may be noticed I~erc. Tho slopes are very abrupt 





(22.)  Sir mnps ill  n l l  h a v e  bccn c o m p l e t e d  d u r i n g  t l l c  recess. T l ~ e s e  nre n s  R, l lows :- 
2 S l r c l e t o l ~  S h c c t *  iVos. T'11 n n d  S S IV, s c n l e  I i ~ l c l ~  = I lllile, of tile 

Mnppiog. 
I C I I I I ~ ~ I I I I  nul l  Garh\v: i l  S11rvry ; 1 Sl1:lded S l ~ c e c  Xu. X ST tile Pnllle 

sonle  of tile s n l n o  s n r \ . e y ,  n n d  3 S l l c r t s  of t h o  LJellnl U ~ I I I  H l l r r c y  ~ i z . ,  NOR. T'III, S \I1 n n ~ l  X .\: 11, s r , l l J  
4 i l l r l lcs  .= 1 ~ o i l c .  TIIC ~ n n p l ~ i l ~ :  11;is b e e n  v e r y  r n ~ ~ c l ~  r c t n r t l c d  ill c o n s c ~ u e ~ ~ c c  o f  311.. l i i ~ ~ ~ l e ~  sushlil,. 

i l lg a l l  ill,jury by t h e  ft.ncture of his riyhL wrist. His s e r v i c e s  uu n d r l i f t * m n ~ l  s e r a  lovl to m e  therebv 
for u c n r l y  two m o l ~ t h s .  

KUMAON AND GARHWAL PARTY. 

SURVEY OF JAUNSAR BAWAR, DEHRA DUN DISTRICT. 

Tubular Statenaet~t of o z c t - t 1 1 ~ ~ ~  of wo1.1~. Se(is011 1875-76. 

Detai ls  of T t . in~~gz t l c i t io~~ .  
- -- 

Detai ls  of Topog?.nphy. ScctEe 2 inches = 1 mile.  

REMAEKE. 

Subtcnac instrument, one vor. 
nier ollly I I B P ~ .  
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ground, including 25 s tn t io~~s .  
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SURVEY OF DElIrLA DUN AND SIWALIK HILLS. 

Delnits of Topography. Scale 4 iaches = 1 mile. 

- 

Nauss. 

htr. W. Turld, ... 
,, H. Todd, . . . 

,, I. 9. Pocock, . , . 
G Nnt,ire 9111.rcjo1~s on~der thcl allper- 

vision of tllc uborc urc~~tioncd 
oflirers. 

1 6.4 I biou~~t.it,o.8 a ~ d  for tiu mo~t pnrt ~ovcrcd wit11 f o ~ ~ r t .  I 
bfounlainnus nnrl inLricatc and for the most port covcr. 1 1 rd will1 forcat. I 

1 6.6 ( blounlainoon and for tho most pnrt corcred ail11 forest. I 
Flat end rnviny ground and ill nome pert* intricate and I 1 corcrcd riLh forest. I 

X. Extract from the Narrative Report-dated 13th September 1876-of Major A. PULLAN, S.C.. 
Officiating Deputy Superintendent 3rd Grade, in charge of the Kattywar Survey Party. 

During thc recess senson of 1875 fair mapa of Sheets 3 1 4 2 ,  43 and44  of Kattymnr mere pre- 

PEUSONNEL. 

Ifnjor A. Pullnn, 8. C., Deputy 
Bul~lt. 

J. McGiU, Eaq., Asst. Bupdt. 

Surreyorr. 

&[I.. J. Prvton. 
,, N. ~ . ' ( i w j ~ ~ n e .  

pnred OII a scnle of 2 inches t o  a 
Asaislonl Surceyors. mile for publication on thc 1-inch 

Mr. W. A. Tiicldillg. 
,, W. Oldhulll. scnlc; aud tlie data  connected 

~9 Cf. T. Ilull. with Degree Sheet V I  of Kat ty-  
,, H. Corkcry. mnr were pnrtinlly prepared. 

Se,rior Sub.Sut.~.eym. Mr .  F. Bell, Survryor 3rd Grade, 
Mr. V. R. Oadboli. morkcd during the  rccrsn season 

Sub-St~rueyors. but  (lid not tnkc t l ~ c  field owiug 
C+orind,ji Lfal~nlny. t o  ill I~cn l t l~  ; M r  Bcll procecded 
Noral l  Ilinknr. 
oncl eight others. on one year's fnrlough to AILS- 

trnlin on the 1s t  Novembcr 1875. 
The out-tnrn of work for thc sensou of 1875-78 nrns considernhle. An nren of 2253 sqnaro miles was 
tol)ofirnpl~icnlly snrveycd ant1 consisted of pnrta of 1'1,nnts l i~illdr,  Kntty\\.l~r, Sornth, nud Jl~nlnnnd : 
IHRO rqunrc niilcs were trigonometricnlly survrycd in advnnce, prepnrntory to  next year's tol)ogrnpl~icrtl 
ol)erutions; a11d 1600 lint-ar rniles of trn\crse wcrc cnrricd over the diftercnt sbeets deluarct~ting tlre 
tnluka i~nd stnte bon~~dnr ies  n i ~ d  cliecliing the detiiils of tbe plane tnble Burvoy. . 

The party stnrtctl for t l ~ e  Lcld on I l ~ e  50111 October. The Iiensy biigpngo nnd horses ~s i t l l  iLe 
sul~orclinnte N;rLive estnblisli~~icut proccedcd ns in forlner sensons 

Dopnrtnro for tho Firld. 
by "~,ntilnnr" bonts to  Gogo a11icl1 port t l ~ c y  rencl~cd on the 

2nd Norc~nbrr .  Blcss1.a. 111111, Corltery n ~ ~ d  V. R. Gndholi ~vcro sen1 ill ndvnnce of the 1nni11 pnrly to  
Cftjp~. nnd this n r n ~ ~ i f i o ~ n e ~ ~ t  saved several dn!-s' drlny nt tllat port, na thcy ~lrcpnred plnne tnbltss, pro- 
jc<:lrtl points & ,  R O  t l ~ ~ r t  C I I ~ I I  elirvcynr 011 nrriv111 Ibund his boilrd reildy fur him und was cnablcd to 
[mocecd will~onl dcliry to l ~ i s  csl~cci:rl work. 

I started f r o ~ o  Oogo iu conlllany will1 Mr.  nTc0ill 6n Ill*: 15tl1 Novernher nnd we rnnrcl~ed 
by regt~lnr ~nnrcllcs to  Mnnc l~n~ i r a .  ITcrc klr.  JlcGill  tunled nortli- 

Capt. P~rllnn, Drply. Supurintendont, 
ill cl~srgc. nard  nnd ~)rorccdcd to  t ~ ~ l i o  I I ~  , l h e  Irinngulation n f  Sheet 4G. I 

mnrcha~l west. to J ~ ~ n n g n r h  nnd on nrrivnl there I proccc~ded to make 
n cnrcr111 rcco~~nnirannre of the airuiir  I I I O I I I I ~ I I ~ ~ ,  tllnt irroll~tcrl pile or  grnnite being n very reniarknble 
~ o ~ ~ l . n l ~ l ~ i e n l  fenll~rc. Sr~brerlurntly I procet=drd 11or111wnr(ls lo Cfondn~l nntl cornlnenced my esn~ni i~s t ion of 
the ~ ~ ' n ' i e  tnblcs in Slieet 36. Wilh the cxccption of n fortnigl~t s lml~ t  in c o r r e c t i ~ ~ g  on the spot the hill 
ahndiug of n vcry rugyrd nnd difficultportiou of coul~l ry  in Sl~cct  45, my time t l~rougl~out  tlle field season 





Ronle 600 feet, a huge mama of grnnife intersected dingonnlly by thin Inmiate of qunrtm; this pilo 
is broken a t  the ~ u ~ n n ~ i t  into three shnrply defined pcnlrs, the mesternmost and lo\rest being dediented 
to Ambn I)&, the middle and highest point t o  Gornknnth, nnd tlie enaternmont to Dntatri Swami ; 
rolllld this grent centrnl Innsn the lower spurs wind nnd spread i~lclosing the holy mountain in a circle 
of Ilills. ' I ' l~enext l~ighest pe:~k on the rnnge is cnlled Dntnr, and nestling below the grnnite precipices 
w11icIi crown the rnountnin is the shrine of Jnmil Shah, n celebrntetl Pir to whose pnrred tomb leprous 

blind both Mal~o~nednn and Hindu even now journey to  be made wl~ole ngain. One more yenk Kn- 
likn To l~h  may Ipe mentioned, wl~ich though lower than Girntir or  Ilntnr, still rims to  a height of 4,527 
feet nbove nen leeel nnd attrncts the  eye 1)). the grandeur nnd nh r~~p tnes s  or its ~ r a n i t e  pinnacle. Girni r  
is held in the greatest veneration both by Rmhmin, Jnin, nnd Maliomednn. The moRt remnrltnble tem- 
ples on the hill are Jnin nnd are nt the hnse of Amhn Devi peak; they benr dnte " Surnwut" 1215 or A .  
D. 1159. Aa tlie traveller nppronches from the west the sncrrd "qjynnt"  towers nbo1.e the p ic tnrcsq~~e 
town of J u ~ ~ i g n r l ~ ,  a blue cone ; on ncnrcl. npl)ronch, thc n~ounlnin tnkes shape, nud slnlm nnd  precipice^ 
appear, nnd enclose n good flanged road t,be via sacva of Surasl~tra,  which lends from Junlgnrh through 
n lovely wooded virlley by the green wnters and temples of Damodnr Kund, a l~nun t  of f n k i r ~  and mon- 
keys, for some 9i miles until the foot of thc  mountnin is reached ; still there isno brenk in the ronll, the  
hroacl flanged path winds ~ t n  way t11ro11gl1 brr~shwood nnd crag and along the fnce of grnnite preripicer, 
pant tlic Jni11 temples of Ambn Dcvi, nntil i t  terminates on the topmost poil~t of Qoraknath below the 
hozry time-stnined ~vnlls of the little temple. Only the most eucrgetio of the pilgrims force thcir 
w11~ beyond this l~uint, hut n detcrn~ined rew may he seen strnggliug, with p n i ~ ~ h l  steps sud slow, ovcr 
t l ~ e  r n g c d  granite to the lovely little ternple of I)at;~t,ri 

One strikiug feature on the moontnin is an immcnse perpendicular rock called B l ~ e r ~ t  .Jnp, 
from the summit of which in the days before British rule n-as establisl~ed, hundreds of mad devotees 
t h r ea  themsel\,es into the a b y s ~  below as n lrligious act of suicide. 

The scenery of this re~nnrltnble range is u~ i iq l~e .  The enormous crngs and perpendiculnr preci- 
pices of blnck granite nre tinged hvre nnd t l ~ r r e  with l~onry stsins of time and exposure. The t e ~ ~ ~ p l e s  
nnc~ent a ~ t d  weather-worn, nud the long nrnns of lo\rcr ranges that stretch round nnd wrap in crng and 
forest the skirts of t,he g ~ r n t  ccntrnl pile of Gimrir, form a scene of picturesque bennty and grandeur not 
to be ~urpnslied. The view from the s u ~ n m i t  of the mountain is wonderful, all Kntt,ywnr seelnn aprend out  
like n1nn11 under ; nnd nt  sunset when the sun's declir~ing rnys tinge lelnple and rock with gloving tints, 
nud the Oulf of Cu tc l~  glcn~ns in thc horizon like a goldcn mne, the traveller g u e s  on n scene perfectly 
unique nnd singularly Iien11tif111. The heavy forest m d  thick nnderwoud which corers the Girn;ir range 
is the 11au1it of numerous S~~rnha r ,  hut they nro shy nnd difficult to come across, leopards nlso hnng 
about the ravines r u n u i ~ ~ g  into t l ~ c  11lilins in ro~~sidrrnble  nu~nbr r s  

Pri~~cipal Towne. 
The Principal towns iu the portion of couutry surveyed t l ~ i s  

mn8o11 nre :- 
la/, Gondal-the principnl town of the Gondnl state ; the chief is n Jhnreja Rqjpnt. The t o m  

is on the Inanka of n ~ ~ n n l l  stream a trilpr~tnry of the Dh~idl~nr, nnd is c1en11 n ~ ~ d  lvell Irept: the 11igl1 rond 
from RRjkot to Juniignrl~ rut18 through ( f n ~ ~ d a l ,  I I I I ~  a neat bridge spans the r i \c r .  The Politicnl 
Agrnl'., I ~ ~ ~ u g n l o n ,  Pul~l ic  offices, Poat office nnd Hoapitn1,nll well built edifices,,&nbir~e to give Gondal 
n ~~c~marltnblg tl~riving look, and the town is nlso ronnected by nn electric telegraph line with R.ijlrot 
and l3o1nbny. 

2nd, Jrfpnr-thin town in the cent of a petty " Ratt,y" cl~icf of the Wala  mre. I t  is a wnlled 
t o m  pictureuquely situated on the banks of the BI~:idl~nr river over wl~ic l~  n I~nndsomostone bridge 
bns ju l t  bceu erected by the I':sccut,ive 1Cnginccr For ICnttgwnr. B1.11ind tlie town looms in tlie fitr 
dinta~~ce the Oirn~ir range, nnd l l ~ c  rapids of the JjI~:idl~ar ill the forcgror~nd, combinc to form a very 
plrnsii~g lnictt~rc Tl~erc  in n gnod trav~.llcrs' bungalow a t  Jetpur,  nnd the high rond betwecn H:tjkot 
nlid Juniigarh pnnses close hy the town 

3 ~ 1 1 ,  Dh~).$ji-ihi~ is oue tlf the chief towns of tlic C o ~ ~ d a l  tnluka ; it is situnted on the south 
hnnk or the Ijl~ildlinr rivcr nnd is n Inrge nnd thriving 11lncc : tlicre is a very ~ o o d  school here, rind the 
town is conncctcrl ui6 Jctpur,  (:o~~dnl, Il~ijlrot, ;un~l .-\h~ne(ln\~;~d ~ r i t l ~  I4o1nb;~y by n linc of telcg~.nph. 

4fh, Jiia6,ynrh-this to\s8n the sent of n Xlal~omed~in Nanrrib, iu situated nmong groves of mango 
and ollier t r c c ~ ,  a strnn: lvall forlnr1.1~ surroundvd t l ~ r  ~ I B W I I ,  hot, it is now rnlli~lg into decay, n Ii~rge fort 
called Upnrltot looks dorvn upon t.110 town, but a l t l ~ n ~ ~ " ~  f i~t~~nidnl~lc  i n  nl)penl.nIice i t  is now 
unc:lred fur ~ L I I ~  d c sc r t~d .  Ju111igl~r11 wit11 n pu11111alion of 18,311 U C I I I ~ P  is i~~fc:rior only in inil~ortnnce 
t o  Jli~nnnp;i~, R I I ~  D I ~ a ~ ~ n n g n r ,  nnrl rnnka nr the t l~ i rd  town of the province. The town is  s l ~ r r o u ~ ~ d c d  
ou the r o ~ ~ t h  nu11 wrat l ~ y  llenvy jungle e l r c ~ c l ~ i ~ ~ f  for miles, atid on the cnst i t  is shut in hy the lo\ver 
8pnm of I.11e (firnir,  t,lie north apl~ronclr in  open nncl n gnod metnllcd road runs bct\vec~r If~ijltot ~nnd 
JuniigarL. Tbo water s111)111y uf llle city is bad nud scauty. Jun ign r l~  is conuected Ly c1cctr.i~ tcle- 



gray11 with Co~idnl nnd Rlijliot. 
5th, Jhi,~jhu.rli,.a-this is a town of some size whose crombling nralls nnd rnnaclive old pntewaVg 

indicate former prosperity. Not  far fro111 the toen  and on the  edge of the  I<uon is the islnr~d of ~ ; ~ ~ ~ i ~ .  
dnr on whicl~ nre eomc curious springs uf brackish water \rliich bubble up from the ground even in the 
sovercst drought. Jhinjllumriln is the resideuce of n Rl~jput  'I'linkur, but II Knmdnr, deputed by tile 
British Oovernnient, nd~ninisters justice nnd collects the revenue. 

The ~~riucipnl  rivers wbicl~ flow through the country under review nre the Bhidllnr, the Ujnt, alld 

Rivera. 
the Uben. The Bhidlinr the most considcrnble river ill Kntty\rnr 
rises in the low hills north of Jardin  and tuliiug n sooth-westcm 

course fnlls into the G l ~ l f  of Cutch a t  N n r i  Bnndar. I n  the  rniuy season the Ul~ndhnr is said 
t o  be ~~nvignble for s~nnll cmft as fnr inlaud es  Dhoriji near J ~ ~ n ~ i g n r h .  Tile Ujnt rises in two iu 
the  plntenu nenr Minekeorn and flowing n0rt.h joins the Hlilidlinr nhuut 4 miles from Nawi Unlldar, 
The Uben rises nrnong tbe uortheru spurs of the Qirucir rnngc 11nd h l l s  into the  Ujnl a t  Wnuihdi. 

The villnges in the portion of Knttywar surveyed during season 1875-76, are decidedly 

~ppcorence ,,,,a ,,hrncter of tile populou~, the  country beiug fertile nnd, for Knttywnr, well wooded, 
coonlry. mango, tamarind, b ~ r  nrid pil~nl trees are here scattered over 
the  plain nnd afford n grateful slinde near viilnges a t ~ d  ~vclls. Fiue  crops of bl~jree aud cotton nre 
grltwn throughout these dietricts, nnd the sugttrrane is nlso lnrgely cultivnted. 

A bout one third of the people of the Junlgarh stnte nre I\lahomednus, tile remnining tnvo-thirds 
nre EIiudus of various raatee. I n  the C o ~ ~ d a l  stnte about three-l'ourtlis 

Poyulntion. of the people nre Hilldus, the  remnintler hlnl~omednns. Guzernti is 
the lnngr~nge of the maases, but  Hindustnui is well understood in all the large towns, more eeyecinlly 
Jun,igorli. 
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XI. Extract from the Narrative Report-dated 30th October 1876-of Major C. T. HUG, R.E., 
Officiating Deputy Superintendent 1st Grade, in charge of the Guzerat Survey Party. 

(3.) The out-turn of field work consists of 924 equare miles of topography on the  (-inch 8cnlc! 

Mnjor C. T. Hnig, R.R. 
~ i ; u t c n o n t .  J. E. Qibbs, R.E. 
Mr. A. 1l'You~n 
,, A .  11. L. C111,iatie 
,, C. H. McAFee 
,, J.Hickie 
,, 0. 11. Cuason 
,, 9. F. Norman 
,, C. Nor~nan 

hlr. H. 0. Forns 
Qopnl Vlsljn~~ 
D;iltrirl~na Btibljre 
Lnhal~uttui'~ (>11111puri 
O~nrsll N ~ i r i y m  
01111t.511 Jitip~~ji 1st 
X t o . i ~  Xnrn.wn 
Bulwul~t Bovind 

Mukn~~d Dinkor 
Bhno Qovilid 
Qnnerl~ Bnpuji 2nd 
Monnji Abu 
Qovind Qouril 
Bnlwnnt Iinjnrnm 
J. V. 1)'Yo11zn 
Snyana Soibu 

I Sub-Surveyor. 

Kubar Pnrhl~~tdliss 
Jugnl M81is11hhrim 
Pnrbb~~ Kisor 

nnd 948 rqunre miles on the 2-inch 
scale, the  former beiug c l ~ i r f l ~  
Brit,ish Khlilsn land nnd the 
latter cliiefly Foreign territory; 
and 1 G50 Nqonre miles were p1.e. 
pared for fit~nl survey chiefly by 
trnveraing but  with a little tri. 
angu~at ion where it was neces- 
sary. 

(6.) l'he nrenfi~lnlly sur. 
veyed comprises sheet :+I nnd 3 
qulrrter of 32; nlso 78 rind 79 with 
a gmall portion (56 squnre miles) 
of sheet 10n of Katt,y\var. 'rhis 
small portion was s ~ ~ r ~ e y e d  by 
us  on the 4-inch scnle aa it mns 

British Khiilsa lnnd mbich I thought desirnble to have mnpped on the same scnle as tho rest of the 
territory to which i t  pertained nnrl adjoined. 

(7 ) The orders of Government restricting the scale to 2 inrhes to n mile were received too 
lnte to ndmit of nny nlterntion in tlie field arrangements, but nlthongh the  British Khilun lnnd nvns 
anrveyed on the 4-inch scnle it will all be mapped on the 2-iuch scale; 80 ths t  the cost mill not be 
npprerinhlp more tlinn if it had heen surveyed on the  2-inch scale. The field nections have been re- 
dnred to half scale iu tlie Goverument Photozincogrnphic Office here nnd from the reduced copies fnir 
mnps nre trnred. 

(r.) The nrcn tnpogrnphed is, ns will be seen on referring to the nccompanying Index mnp, in 
tnro pnrts, nhic l~ I ~nny CIIII tho northern and southern. The northern portion includes n l ~ ~ r g e  yurt of 
the  V ~ ~ R I I I : ; I ~  tnllilc~ nnd n ~ m n l l  pnrt of the Snnnud talulra of the Ah~nedulrnd collectornte, n pnrt of 
thc Knri hlnl~nl, and sir villngeu of [he P i t an  ~ lnhn l  of the Gneknnr'n territory, n l~d  a snlnll 1r:lrt of the 
I I : i h i tnn t~~ .  The Virnmgim tnluhn hna now been ccmllleiely snrvcyed with the exception of 4 
d ~ t n ~ l ~ e d  villnges situnted in sheets 72 and 77, nod the  S;innnd tnluka i m  nlso co~nplete with the exception 
of 8 villnjiea in sheet 7. I n  this northern nrcn Dre the following principnl ~ O \ F I I E  :- 

F;rn~n.v(i~n-a ln l~~ l in  town ; popolntinn nbont 20,000, with ilu mnniripnlity, u nh~nlntdnr's conrt, 
nnd n Rnilwsy ~Lntion where tbe line from Kh~irlghorn (distnuce 14 nliles), the great Qovernment Snlt 
st:~tion, jnins the Wndlr\vn~~ and ill~mcdnlrnd line. 

nlcin,/nl-no importent I(hblen town, with a populntion of about 7,000, nnd having a municil~nlity 
and a Post office. 

Drtroj-n Kl~hlsn town, with n populntion of nbont 3,000, nnd n brnnch Post offico. 
Kwi-the chief town of the Knri Mnhnl, Qnekwnr's territory, wliich hne e someahnt interesting 

I ~ i ~ t o r y  n t t n c l ~ i r ~ ~  to it. I t  has n populntion of about 17,000, and n tinc palnce, and is fortified by n good 
wnI1 from wl~ich it i u  rtyled Ki ln  Kari I t  in the residence of a Wnhiwntdnr (hfnnager), n Matnlatdnr, 
nnd P o n j d ~ ~ r ,  nnd I~nu a Post office. I n  1802 it stood a siege nnd wna taken by ,Sir Willia~n Clnrke on 
the 30th April or Lhnt, your from M~blhorno Cfnokwnr, wl~o, n ,Jngl~irdnr of Icnri, wnu notninally n d ~ ~ ~ c u d a ~ ~ t  
or t l ~ c  Onrkwnr of l311rndn to whom nn an~lnnl t r i l ,~~ te  n f  Rupees 120,000 Irn* pngnhlc., n ~ u l  \\.IIo though 
n-ithin tlie Ctarkwnr's territories wits na indepcntlcnt of hi111 ns the lntler wns of t l ~ c  Peishwn. hlnll~nrno 
rebelled ng~~ ins t  him, nnd perbnps but for tlie Br i t i d~  t1.011l1s n~ight  I~nve ~nnin~r.incil hiu it~delrrt~deuce, 
bu t  on the cnl)tnre of Knri he wit# taken prisoner, nnd I h r i  nnd i t s  diut~.irt wcre mnde ovcr to the 
Bi~roda Cl i~ekw~~r,  rvho in coneidcrniion of the Britial~ serviccs cerled the C'lhiklrli psrgnnn, now n 
tnlukn of the Xurnt cnllcctorntc., to the Britisl~ Go\-ern~ncnt. Rlnihnrno's rntl~er wnn the first Prince of 
l i :~ r i  : l ~ c  nrnm errlahli~hetl there hp hie h t l ~ e r  Pilnji Gnekwar i s  1731. The pnlnce and town \\ulls 1vcl.e 
thervforo 11rol11111ly bnilt no011 nfter ( I I I I ~  dnte. 

BeclarriJ'i .IIQfhn-n rilluce in thc Piitnn IhIuhnl, Gnekwnr'r territory, of only 123 inl~nlitntlte, 
pitt~ntetl I I I . ~ ~  ~ I I P  ~ i l l i ~ ~ o  ef UCPII,II. or G40 inhnhitnntu, fa~n~ouu for  it^ te~nl)lo nnrl its rnelns (Ihirr) A 
meln is Iwltl t l~ere crcry innntlt, Iwt onre n ycnr in the cnd (11 Heptcn~l~cr tl~erc is a furnuus nud very 
Inrgclj atteudcd mcln tisilcd by Hilldue of rill c;cuics from all y l~r ls  of Cfuzeret. 



Katosai~-n Thikur 's town under the Mahiluinta Political agency. I t  hns n populntion of over 
2000, nntl has n number of dependent villnges. There are other villnges of over 1000 inhnbita~lls but  
of no partirnlnr impo~,tance. 

(I).) T l ~ e  whole of the northern nren is witl~out nny through drainnge. There is no nbundance 
of tnnks wl1ic11 nppcnr to  nccom~nodnte the whole of the rni11faI1. There i s  not n single watercoorfio 
which Ilowu either into the Runn of Cutch on tho went, or into the Ylbnrnmati river on the enat. A few 
wntercourses, witl~oul even snfficient importance to  cnrry n name, drnin inlo tnnks or lose them~rlvea  ill 
the flat country. There is 11 1:~rge lnlce on the 110rIh-west mnrgin called Wnnod-un-Saran (from Wnnod, 
a neighbouri~~g tnlukn town uuder the Kattyrvar Political ngency) which covers whcn i t  is full about Gi 
nqnare miles. Half of this fnlls within our m n r g i ~ ~ ,  the other half has been surveyed by the Kattywnr 
Party. 

(10.) The country on the ennt of the northern nren is fincly wooded with Mango, Kirni, Tnmnrind, 
Baninn, Pipal, Nim, Wood Apple and other trees, nud undulating to an cxtc l~t  ernbnrrassing to the plnlle 
tabler, as the nndulations co~lfornl to  uo ~narlted system of drninage, but  are very irregulnr; so thnt 1i:rd 
the country been ncc~~rnte ly  contoured, the contours would m e n ~ ~ d e r  so ns to defy eye sketching, thxt is to 
say, no two snrveyore would 11xve represented the snme ground in  the snnle wny without s ~ ~ e n d i n p  nrery  
1011; tilnc over it. The west of this area is very flat and open, the trees being almost confined to  the 
im~nedi:~tr: vicinity of the villnyrs. The soil also is very diferent ou the enst nnd west. On the wrst 
it is clny wit11 scarcely any adn~ixture  of ~ n n d ,  while on the enst the sand prrdominates, so tlrnt wilhin a 
distance of 30 miles the gener111 r~sprct nnd chnrncter of the country uudergoes n very marked cl~nnjie 

(11.) The Uo~nbay Bnrodn and C e ~ ~ t ~ . n l  India R a i I ~ a y  t~aversee the northern nren from west 
to enst uot fnr from its soulhern margin, a ~ ~ d  the Ahmednbnd and \'iranipim rond ellters tlre sont l~ern  
mnrgin nt G+ miles from the south-east corner of sheet 79, but  this rond ir of IIO importauce now au nu 
cn$neering worlc ; pnrt of i t ,  between S i ~ ~ n n d  and Virnrngim, l ~ n s  bee11 tnken up for the 1)ernmenrnt 
wny of the I311il\vny, and the rcst is sadly on t  of repair;  east of Snnand ill sheets 80 nnd 8 the r(~:td 
is in good order. 'I'l~e Government telegrnph wire just crosses the north-east coruer of this nren, and 
nbont G miles of its length lie n i t l ~ i u  the margin. There are no other engiuecr i~~g works in tlre 
northeru nrert. 

(12.) I n  t l ~ i s  pnrt of the country crime abounds t o  an  alarming extent. Freebooters tnke 
ndvnntnge of the niauy l,olitic~~l divisions of the country nnd evnde the ~ o l k e  of one state by retrenting 
iuto nnotl~er. When I \\.as n t  Knri a troop of the Quek~vur's cnvnlry hnlted there for n few dnga 
in the course of their senrch ~ ~ f t e r  some of these robbers. Fortunately the robbers thiuk i t  politic 
not to  molest, servant3 of the British Uovernmeut, and so none of our surveyors wore interferetl with. 

(13.) The soutlreru arcacon~prising sheet 3 1  nnd the north-west quarter of sheet 32, includes part  
of the Bronch, h o d  i~ud  Anliles~\'nr tnli~kns of the Bronc11 collectornte (wl~ich is now the exception 
of a s~nnll  portion of the Anklcswnr t a l ~ ~ k n  iund a very small portion of the A~nod talulcn coniplelely 
surveyed), pnrt of the Sinor Mal~nl  of the Qnekwnr's territory, also part  of tho liajpiyln territory n l~d  of 
the Sinkl~ern  Mewna ~ ~ n d e r  the H e \ v ~ i k i ~ ~ t n  I'oliticnl agency. 

(14 ) I n  llle sout,l~ern area Ive the following pri~lcipal towns :- 
Rroncb City and Civil station-with n populutiou of about 3i,000. This is nppnrently a city of 

grent n ~ ~ t i q ~ ~ i l y  irnd snid to I~nve Lcen k ~ ~ o w n  to l l ~ e  nucient Cl~iuesc under the lintno of Puloe-kie-tcll'c-po', 
the cnllit~ll of n I c i~~gdon~  on the Nni-lno-tho or Nerbuddn.* A r h n  the Greek, and Ptolemy t l ~ e  Egyptian 
historin11 of the Augustnn period, spenk of it ns Harig~~zn situnted ou the Nnrmndns; and the uuknoan 
'uthor of the I'eriplus of the Erythrenn Sea, geo;rnpl~ic:~lly i d e ~ ~ l i f e s  it with Bnrignan by t l ~ c  ~ l t n t e m e ~ ~ t  
of its being " 30  miles on the Nnrmndas" nud by his nccurnte description of the " bore" or  tidnl wave 
o f t h e  Gulrof Cnmbny. I t s  nnme 11ns nt vnrions times been much trnusformvd from the originnl Brigu- 
karlln, literally the delta of Brigu the tutelnry s n i ~ ~ t  of the river whose slrrine is still to  be seeu iu old 
Hroacl~. " T o  the Arnbinn trnl-ellrrs of Ibe tent11 nnd L~\felfth oenlnries it n'ns knowu nt ditl'erent t i n~es  
"as Baroh, Dnros, nnd B~llrr~!j ; the lntter ~rl~oucticnlly the slinle ns i t  is now iu Ouzel.nti. I t  hey 111d 
" a t  lenst n dozen forms in Eugliali in three ge~~e rn t io r~s  : but Ihoitsh, Dorich and Bronc11 seem to be tho 
" Inst." The nt l~ninis t ra t io~~ of Bronc11 nnd its dellendent territory clrnugrd 11111rds 8evel.nl tilnes ill the 18111 
century. I t  1vns tnlcc~l in 1772 by the Hritisl~ who entruvlcd it to n Nntive Chief nnd council till 1783, 
whcn it wan conrc~.rerl on Ml(1iddiijl Ycindin on nccotu~t of 11is vnl~c~~ble uid and services in 1779 ; but in 
1803 Scindia took up arms ngninsl. the British, nncl in that )-ear llronrh wns taken by storul and subse- 
quently ceded I)y treaty to the Rrilish iu ~vl~ose hands it hns ro~nnined ever since. Bronc11 is uo~v  famous 
as n grent cotton centre, nnd bonsls of @or-ern1 r p i n n i ~ ~ g  rind g in~~ in r :  mills nnd pree~es .  The  tow^ is 011 

the Ncrln~ddn nnd covers an are11 of nbout 2 miles by 11cnr1y 4 n mile. The Civ~l stntion is nt the west 

From pvtrn. 10 ol  IIr Dr,vl's Rrport of 1110 Hovcuuo SetLlomuut of tho Uruach Toluku, No. 1026, dated YOlh Octuber 
1871. Yubliahed by Qovern~nout ol  Bombny. 



end of the town, t l ~ e  Rnil\rny stntion nt the enst end. It hne a manicipnlity and tile usnul offices to 
be fo1111d nt every nd~ninistrntive cent,re of n district. 

Ankles~car-thc chief to\vn of the tnlukn of thnt name, hns n pol,ulntion of nenrly 9,500, n ~ ~ ~ l ~ t -  
dnr'n c o ~ r t ,  R ~nun~cipnlity, n Post office, nud n Rnilway station wl1iv11 is nearly due ROllth of RrOIIClh 

8tntio11 nt n dintnnce of G miles. I t  is on the sou t l~  side of the Nerboddn a ~ ~ d  ahollt 3 milea frolll its 
present I~nult, but, on the edge of whnt is t l ~ e  tradit , io~~nl old bn111r. l'he river 1111lst lln\re rh l l l l~ed  its 
course very ~ I I I I ~  years ngo na there nre several very 11op111111rn towns 011 the lo~ver g r o ~ ~ ~ ~ d  between the 
ancient n ~ ~ d    nod ern bn~~lrs .  Anltleswm was ceded to the British by the treaty of B I I ~ C ~ ~ ~  nl lS02. 

Sinor-the cl~ief tow11 of the  Qneklvnri pnrgnnn of that nnme, has a populntion of nenrly 6,000. 
Like  every s11c11 to~vn i t  118s its Wnl~iwntdnr, Mlimll~tdl~r, nnd Fo~!jdnr. I t  is situnted OII  the right bnuk 
of the  Ncrbud~ln. The brink is here very precipitoi~s n ~ ~ d  varyi~~:: from 90 to 120 feet ; the comnlllniclltion 
therefore between the  tow^^ rrud the water is effected by wide ghttu of mnwnry steps. I t  has a!so some 
fiue e~~ t rnnco  gatenays. 

Ta~rlzb~i-n l u g e  town of Rome 3,200 inhnbitnnts ; on the main track of communimtion between 
Bronch and Ihrodn, l ~ o s  its tra\,eller's bungnloa, nnd is nhorrt 13 n~ilps from Bronch. 

St~kol-tirth-populntion 2,900; Janor-population 2,GOO; I ~ I I ~  Nikorrc-populntio~~ 2400; a1.e three 
towns ill the Bronch tnluka on the right hnnlr of the Nrrbuddn, the firat t ~ v o  nre nbout 67 milesapart nlld 
the lnat intermediate between tho~n.  Sulral-tirt,h is nbout 15 ~ r~ i l e s  from Broach, nnd irfamous ill hnving 
ita nnme nlwnys connected with n ~ ~ o t n b l e  Bnnian tree under which it iu snid Alesnnder the Great 
euramped wit11 his nrlny*: Pliuy mentions this tree ns capable of nffording shelter to nn nrmy of 30,000 
i ~ ~ r n .  On an isl~ind in the Nerhndda nmrly opposite Solral-tit11 is now s dense \vood in the place 
wl~cre  this f i~n~ous  tree once stood i t  is snid nlot~e, nnd from its isolation mns supposed by the natives 
to hnve synlllg from the tooth-pick of Knbir, n Qurn who grafted the telleta of sevrrnl modern creeds 
npon a Hindu slock so c~;lftily na to render the question of his disciples being Hi~ ldu  or otherwise still 
open to debate. The i ~ l a l ~ d  is called Kabiwnr from its having n t e ~ n l ~ l e  snered toKnbiln on i t  in the thick 
of the wood but no portion of i t  pertnins to Sulcnl-tirth. I t  is divided between Nikoru aud Janor nnd 
two other i~~ tc r~ned in t e  villages IvI~rngnleshwnr nnd A~~gnreshwnr, nnd the wood is ml tlie part whicl~ 
pertnins to AIangnlt,shwnr, but ~~ever t l~eless  this wood nhich from a little distance has so regular an 
otltliue us to npyear like n single huge t r re  i* nlwnys cnlled the Yultnl-tirth Bnuinn trce. 

Dilta-po1~1lntio11 2,000, and B6ar Bhdla Bat-populalion 2,000; these nro two of the populous 
tonvns sitr~nted on the low ground hetween the  nurient nnd modern b:u~ks of the Nerbudda mentioued 
iu c o n ~ ~ e c t i o ~ ~  with the town of Anklenwnr; lhey prrtnin to the Bronc11 t111uka. 

C h ~ n d ~ d - ~ n ~ ~ u l n t i o o  about 3.000; on the right bank of the  Nerbuddn. I t  is a town undw 
M;lodwa in t.he FQ~~lchern 3Iewaa under the I{ewikhntn Politico1 ngency. l'hia town is on the eastern 
margin of sheet 31 rind therefore aerves well t o  define the  exteut to which the Nerbuddn hns been 
surveyed, i t  heiug inupped from Chandod to the gulf of Cnml,ay. 

Nund Hhdlod-pnpulnt,ion 2,200 ; in the Ifnjpipln territory on the right bank of the Nerbudda. 
Rllnll is the old nnd Ul~i~lod the new t o \ \ f ~ ~ ,  but  both adjoin rind mnke one large town the  chief centre 
of a pnrgnnn n ~ ~ d  the residence of a ' l 'hn~~adsr.  

'I'here nre in tllis s o u t l ~ e n ~  nren 24 other towns n i ~ d  \illages wit11 popnlntio~~n rnnging between 
1,000 nnd 2,000. A m o l l ~  the atill s~naller villngrs is one 1lntn11p11r remnrknhle for ite corllelinn. I t  
is on the ~ n u t h  of thc  Nerbr~dda ill the Hrijpi1)la territory. The co13nelinn is dug out of n hill near the 

& I I ~  tnlcen to Cnmbny where it is cut  aud poli~hed chiefly by a t~umber of blind folk, nnd sold to 
tile PllbliJ u ~ ~ d e r  the  well knoan  onme of c'sn~bay stones. Mr. Chri~t ie  reported on these corllelinn 
nlineR of Ifstnnpnr in 1873 vide p. 34-a of A n n ~ ~ n l  Report for 18i2-73. There is nlso nenr R l ~ t n n p ~ ~ r ,  
RI~CI  a i t l r i ~ ~  tlte precincts of a temple, n f n m ~ ~ u u  tree of ordeal, of which the trunk is cleft through n11d by 
i t  s man eusl~ected of crime is mnde to nssny to pnss. t l is guilt or innocence is  roved by the tree 
either contrncting the o p e ~ ~ i ~ ~ g  and dl t n i ~ ~ i n g  the culprit, or by a1:owiug him to  paee through without 
hiudrallce; such is the pol~ular auper*tition. 

(1%) The s n u t h e r ~ ~  nrea is tr.~vernerl hy the  Kerbaddn rirer which ie tidnl ae far as the 

QaekwHri village of Itlrnlip~lr shout 24 n~iles in n direct liue rrom Broaeh, but 36 miles by the river. 
].nrpe native croft come u p  R H  far nu the I{nilway brislgo a t  Bronch, but above thnt, crnft up to 30 tons 

no far as  'I'alakw,~rn a11o11t 4 0  miles direct from Bronc11 nnd 65 milen by the river. l'he Nerbudda 

hrlR revc.rnl smnll t r ib~~lnr ies  which flow into it from the Sitpurn mountnine: the western extre~nity of 
enters the south of sheet, 31 ; and the wholc of the c o u ~ ~ t r y  between the Nerhuddn and the 

S i t l ) u m  is very much cut up with rnvinee and wnturcnursea, mnlring nboot 200 square milen of 
c , ,u~l t rp  ?xtremely diffirult t o  sllrvcsy, pnrticulnrly to hands who have been ncc~letomed to the  flnt 
pIaiIls of British Guzernt. This pnrt of tho country is mostly ve1.y wild, t l ~ i c l t l ~  wooded in pnrte 
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with hnstard ienk nnd in part# wit11 palm tree., nnd the soil is yery stony. Wit11 the  exception of the 
I l e ig l l bou r l~~~~d  of the river, wl~ere tllere nre lnany towns and villnges, the  interior of this pnrt of the 
Co l l l l t p~  is inhabited Ily Dhils, all11 the hiils art) the abode of tigers, pnnthers and other wild anirnnls, 
w l l i r l ~  r r eq~~eu t ly  nllure the Rronch nportnnren t,o Ilny them n visit. On one occnsi~ln Mr.  C u ~ s o n  wna 

n Nnln IYIICII n tiger s p r u ~ ~ g  out oB n bual~ within 30 yards of him, on the other side of the 
Nnla, and nladc off into the j~lllglr. 

(16 ) ' W i t h  the excel~tio~l of a amnll aren of lnnd in the vicinity of the  Nerbudda cnlled BhBLa 
rind (:orat (both of these linviug n Inrgo admixture of fland in the co~nposition of the soil) the remnin- 
der of the southern nren is a great plain of black soil, which in the cold wenther under the luxuriantly 
verdnnt crops presents the appenrnllce nf a sen of nl~nort Ironiogeneons b r i l l i n~~ t  green, beautiful to the 
eye of the Revenue Officer, but too monoto~~ona to  please an nrlist ns it is not eveu broken hy n hedge ; 

villnges are ecnttercd over il; like i a l n ~ ~ d s  from 3 to 6 miles apnrt, and a few babul trees stand out 
like bearnns I~t , re  nnd there. 

( I7  ) The nouthern nrea inclndes 25 miles of the I3ombay Birodn end Central India Rnilway. 
tho stations of Anklt~awnr., Bro~lch, Chnninrgilrn and I'ilej. 'l'here are no metnlled roads in this nrea 

(exceptin: those s i t l ~ i n  Broach municipal limits) but there nre severnl cleared ronds which have the 
of being strnight, but  cnn scnrccly be cnllrd engineering worlts. 

(18.) Tho IIcad Qunrters of the party left Poonn on the 8 th  November, nnd Office wns opened 
nt Broach 011 the l 4 lh  ; but previous t o  len\'ing Pool~n enell of the Surveyore was given hie portion of 
work so that ench went a t  once to  his proper 11ost. I distributed the  pnrty ns follows. Triangullrtion 
nnd traversing ill sheet. 28, 29, 30, Lieutenant (3ibl)s and Bfr. I"orbes with three Native Surveyors of 
the Ilevenoe Survey estnblirlimeut. Topography of British Khi lsa  lnnd in thenorthern aren (sheets 78, 
79) on the scale ot '4 inches to  a mile, Mr.  U'Souza wit,h 8 Nntive Surveyors incloding trvo new hands 
who hnd to be instructed in plane tabling. B r i t i ~ h  'I'nlokdnri nnd Foreign territory in the snme slieeta 
on the scale of 2 i~~c l r e s  to a mile. Measr~.  Iiiclrie, 5 .  Normnn nnd C. Normno Topography of the 
southernaren (sheet 31 nud part  of 32), Measrs. Christie nnd Cussvn and Nntive Surveyors Uol~nl Vishuu 
and Bhno Goviud. Drawing Office, Mr. Blc~i 'Fen, Mr.  Ferns m ~ d  4 Native printers and draftsmen. 

( 1 .  On nccol l~~t  of the rapidity wilh which tlre plniie tnbles on the (-inch scale were cornpletcd 
in the previous senson rind the consequent difficulty in having hoards nlways rendy mounted and 
prqjected to tnlte the plnce of bo rrds complete4 I before leaving POOIIR devised n menus of mounting 
plnne tnl~le sections OII to  the boards dry. wlricl~ turned out  successful in every wny and enabled me to 
send nerv  section^^ projected with p t i c n l e  nnd data points to  the sorvcyon by post or to give out two or 
three a t  n time to n surveyor w l ~ o  could t:rlre Iris con~pleted section off his b a r d  nnd replace i t  with a 
uew sect~nn in n few minutes ; aud so ench surveyor had bul  one bonrd which he  never chnuged through 
the sensnll. 

(20 ) The means T adopted mere ns follows; I fitted ench plnne tnble with n s t r ip  of deal on each 
of its b u r  sides. Three srreks clalnped ench strip to the board. l'lre screws hnd flat broad heads b u t  
not brondrr than the tlrickn~.sa of the tnble, so Lhnt they never interfemd with the play of the sight rule, 
nod  orre responding bross fe~nnle screws were let  flush into the sides of the tnble. I nlso ndopted what 
is as fnr n3 I know n new method of rnonnling the paper on cloth. I Iny the paper fnce down on nn 
ordinary tnble, then wet nnd pnste the cloth 011 t l ~ e  bnck; the ovtbrlnps of the cloth ndbering to  thetable 
keep the paper nud cloth ~ ~ e r f e r t l y  tigllt during the process of drying. When dry the xnoilnt,ed aheet 
comes enaily nwny from the tnl)le, and the sheot never Ilnsinp hnd its snrfi~ce scrubbed with n sponge ns 
in thc ortlinnry process, p ~ e s e ~ r l s  n benutif111 even appenrnnce and is perfectly Ont; such n sheet can 
rendily be stretched on IL plnne t;rblo and srcurrd with the den1 strips and b~.nsa screws if holes nre cut i r ~  
it to ndmit. thc screws nnd ~nndt! suffici~ ntly lnrge to  ndlnit of n !ittle play up nud down. If  ouce made 
tight in the cool of an enrly r n o r ~ ~ i ~ ~ g  it nci.cSr r t y i r e s  frlrtl~er stretching. 

(21 ) After r emn i~~ ing  3 rl:~ys R I  I:roacli. 1 begnn ~ n o v i ~ ~ g  nbnut ~ h w t  31 ltlnong the plane lnblers, 
nnrl remained there till tlre 2:lrd of I)e~-cnrbcr \ v l~e i~  I \vent to  t , l~c northern nrennrrrl moved nbout nnlollg 
thc plnne tablers there nntil Lhe 2211,l of I:c!i~.r~nry: I then r o l n r n ~ d  to  Drnncli nnd ill n few dnyscolled in 
Lirntcnnnt Uibbs to rvliovu me of the c l ~ n ~ ~ ~ c  ol, thc P ~ ~ r t y  to  en~tble tne to nv.~il ~nysr l f  of I l~ree  I I I O I I ~ ~ I J '  

~wivilegc lenvo wl~ich I took from the 13th of thnt mont l~ .  I nlso cnlled in Mr.  Forbes and his Nt~tive 
Survcgors who I~nd I)y thnt time co~nlilet~xl n suffi~.irncy of trnversing in nheets 28 nnd 29 for our next 
aeaao~~'s rcqnire~~~cnts ,  and will1 1116 nssi*tn~~cc or MI.. Forbes nnd one Nntive Sur~,egor I cnm~nenced thc 
colnpilntion of n map of Hro:~cl~ on the ncnle of 16 inches to n mile from the slrcetv of the rity wurvey 
d l n n ~ ~  on tllc scnle of GG Teet to an i11c11 I I ~  the Ilevrnue Sorvey. 'I'l~is IVIIS n work reqniring cnreful 
rnntlnqelt~e~~t os 71 eepnra(c Innpa had to bn fitted together nod correctly plncvd na to the gl.nticule. Mr. 
Iiorlica'n olhrr two srlrvcgord con~rnonct~d the t rn~~sfere~lce  of fisc~rl dct1111s from the lteveuue Surtey 
villiigc urnpa to thc plnne table sectiou that had alrcndy been completed. 



(22.) On my return from privilege lenve on the 7th June, Lieutenant Gibbs handed me ,, 
most eatisrncttory menlorandurn giving full particolnrs of his mnl~ngement of the Par t r  durillg my 
absellee. Lenv i~~f lh t .  drnwiug office under hlr. McA'Fee ill Broach where nlso he left Mr. Forbes 
hlld his Nntive S I I T V I I J I ~ ,  lie spent the  remainder of the setwon in the soutl~ern aren inspecting the 
differeot aurveyor'e work ; n~rd  Ire also supplied n few points by trinngulntion where there wns (lefi- 
cirllcy. A S  t11u delinention of the hills ill sheet 31 was so~ne t l r i~~g  quite new to the sllrveyovs workillg 
ill tllnt sheet, n ~ ~ d  ns Lie~ltennnt Gibbs could not possibly Irave found time to initiate th6m llilnself ill 
tile nrt of Irill skr-t,cl~ing, Ire wisely sont for Mr. D'Souzn from sheet 79 for this purpose, n ~ ~ d  direcled 
Hicllic lrlld Mr. C. R'ornlnn to supervise the  Nntive S ~ ~ r r e y o r s  \rho had been working ~ ~ n d e r  Blr. L)'Souzn, 
On t l ~ e  3rd Blny he  rejoined tlre drawing office n.hic11 hnd opened work in Poonn on the 1st. 

(23.) 1 11ow stale eerMtim the work pel-formed by each of my nssist~l~its.  1'0 I~ieotennnt Gibbs 
was entrusted the prepnri~tion by trinlrgulntinn and trnversin:: tile Licotenn~~t Qibbs. 
foreign territory in sheets 28, 29, 30 for fiual survey. Where Ire 

fo1111d it prncticnlile-that is where the country was fiiirly O~J~I I -he  apreacl n net-work of triunglep, but 
t l r r o l ~ ~ h  tho woody pnrts ho rnn a system of traverses a t  regulnr distnncea npnrt based upon tho triangu- 
lation The stntiotrs on  the west fl~r~rk of the Singi h ler id io~~al  Series, the enst 0nnh of the RI~rhi S e r i ~ , ~  
nnd the net-work of aheet 31  ~fforded the requisite points of depnrt,ore aud c l c ~ s i ~ ~ g  for b(,tIl 
hie trinrlgulnlio~r nnd t,l,nversing. H e  wns nssisted in the trfiversing by Gopnl Vishnu, Gnnl.sh Bripuji 
1s t  nnd ~;n~rerIr Rripr!ji 211d, but  each of these wnsemployed ou work elstrwl~ere d l r r i ~ l ~ :  pnrt of the sensou. 

( 2 . )  Mr. Porbesnssivtedby Iris three Nntive Surveyom of the R e v e ~ ~ u e  Survey I)epart,mellt l181d 
the prepnrntiou by t rnve r s i~~g  of the  Rritislr territory ill sl~ects 28 

Mr. Forbcs. 
nnd 29. The river Mahi lnny be @aid to be the bo1111dnry of the Bri- 

tish territory tl~onnlr there nre small diVergeuces therefrom. The traversing of the I3ritiab territory 
C ~ I I I I O ~  be Inid 0111 ill any regolar line but llns to strike up011 nll the tri-junctions of villnge boundaries as 
well as  on ehch villngr site, for retwona which l~ave been explirined in former reports. 

(2; ) Mr. 1)'Sousn had the supervis io~~ of the plnne table surveying on the 4-iuoh ecnle of the 
British territory in the northern nrea. I placed under him Lakshu- 

Mr. T?'3o11ra. 
mnn Gharpuri, Multnnd Dinknr, Galreah Bripuji let ,  Rnoji Nornyen, 

G o \ . i ~ ~ d  Gopnl and Bnlwnnt Rnjnrnm ; nnd hi3 duty was to keep m o v i ~ ~ g  about nlnong these six men in- 
~ ~ ~ c c t i ~ ~ g  tllcir work rind seeing that they made proper use of the Revenue Survey villnge maps. Fle ~llso 
hnd u ~ ~ d e r  him t\\-o nrlv hands who llad to be taught, SnynnnSnibu nnd another who turned out n fu i l~~re  
nnd hnd to he d~rch~lrged.  Y~~hseqr~ent ly  I had to  withdraw for the drnwiug office Lnkshr~rnrin Glinrpuri 
and h111ka11d 1)iuknr-Snynnn Saibu habving menntirne been tnught-nnd Inter on Gnneslr Biprji  1st to 
help Lieutennut Gibhe with the tmversing. Mr. 1)'Souzn hnd to be coutinunlly on the move, nnd nlthorrgh 
it wns not ut~cessnrg for h i ~ n  to take up  a plnne table 11in:self his work \vns 11ard e11011g11. 'I'ownrds the 
c l o ~ e  of the eensolr as  stated iu para. 22 he had to  proceed to the aoutlreru area us an iustructor in 
l~i l l  drnwing. 

(26  ) Mr. Christie wns employed plnne tabling in sheet 31, both Dritial~ territory on the 4-inch 
scnle nrrd foreign on the  2-inch scnle, uutil the middle of Mnrclr when 

Mr. Cl~ri~tie. 
he relieved Lieutennnt Qibbs in chnrge of the work of trinngulnling 

and t r n v r r ~ i ~ r g  the foreigt~ territory in uheete 29 and 30. His out-turn must be cousidered very good. 

(27 ) Mr. Blcb'Pse wna employed the whole seeson in the  drnwing office; his duties were multi- 

Mr. UeA'Fee. 
fnrioas, genernlly supervising the drawing work and projeclil~g the 
data on the plnne table sections. 

(28.) Mr.  Hickie turned out 210 square miles (including overlaps) of plnne tnbling in the most 

Mr. IIiekie. 
difficult part of the  northern nren. Bring wl~olly foreign territory 
i t  wns all on the 2-inch scnle ; i t  is ~uperficially t l ~ o  lnrgest area aur- 

vejed hv one pemon in the season, and keeping in view the nnture of the ground, must be conaideld 
very g~111d 

(29  ) Mr. Cussou wae employed a t  first on British territory on the 4.i11ch srnle in ehect 31 nud 

Mr. Cosaon. then on the foreign territory ou tlre 2.i11oh scnle in the same sheet. 
Subsequently I tranaferrcd him to  ot l~er  gronud nnd then directed 

him to  take up Britiuh territory on the 4-inch scale in sheet 32. 
( 0 .  Mr.  9. Nortoan wae nt first e~nplojed in the nortl~crn aren wl~ere he completed 82 squnre 

Mr. 9. iiorn~sn. miles of plane tnbling on the 2.inch acnle ; thia 110 hnd j r~s t  co11111let- 
ed when I was compelled to trnosfvr Mr. Cusso~l from Bnro~In to 

l3rit.i.h territorv, nnd I tl~ercrore direrted Mr. 8. Xortunu to tnke up the work in  Bnrodn territory in 
tile a~~ut l lcrn  nren 111nt. Mr. C I I S P ~ ~  hnd to nbnndol~, and d u ~ . i l ~ g  t,he r c ~ n a i ~ ~ d e r  of the R V ~ R O I I  IIC wm.ked 
ill thu nolltllerll arm.  From the inrtrl~ction he received f ron~ K r .  IJ'SOIIZ:I l r ~ ~ d  ~111stfiqrre11t prnctice iu 
tllr Ifnjpipla hilla ho bccnn~e a very lnir hill sketcher. His out-turu must be couaidercd very yuod. 



(31.) Mr. C. Nornlnn mas employed exrlueivcly in t l ~ c  n o r t l l e ~ . ~ ~  nrcn plnnc tztbling on the 2-inch 
scnle. I l c  is nn nccoratc r~nd carefill surveyor, but his o ~ ~ t - t u r n  is 

Mr. C. Norman. 
not YO lnrge ns I~is  brother's 011 R C C O U I I ~  of his fillling sick n~ ld  being 

incnpncitnted for work in tho open from the let of hpril ,  nnd nlso frorn his having to survey the city 
of Kari the traversing of the mnin t l~orooghf~~rcs  of w l~ ic l~  detninctl I ~ i m  a week. During thc lnticr 
pnrt of the season, Lieutonat~t Gi l~bs  eml~loyerl I~inl iu the drawing ofice a t  Bronch. 

(32.) Of the  Xalivo Surrcyors, Gopnl \'inl~uo nnd Qanesh 131ip11ji Le16 proved themselves uscful 

Native Surveyore. hands both rvii.11 tho plane table and nt traversiog, but  t he  latter in 
not so active nu the former. Rnoji Nnrayen nnd Bhno Govind have the 

best out-turne of plnno tnbliug : the  latier wan siclc for a mon t l~  and had n very intricate pieoe of grouud 
in one plane tnble, so that his out-turn is less thnn that of the former. 

(33.) During the field season ihc castcrn half of degree sheet 11 was commenced and complet- 
ed, nn~ l  ns i t  contains 4 sheets of the most thickly populnted part of 

Tho Drawing Office. 
Guzerat ns well as the n ~ o s l  thicltly wooded, the drawiug nud print- 

ing of this m l p  wns no liaht task. Mr. Ferns drew nnd printed the whole of it. Mr.  Pcrus had nlso 
to re-dmw half n section of sheet 80 on the 4-inch scnlc which had been i11.jcred. The printing of 10+ 
sectious on tho 4-inch acnle ~vns  comme~~ced nud cumplctctl, and that  of 7 sections had been com~nenccd 
in the previous recess but was completed in tlic field-altogether equivnlent t o  about 14 sections. The 
drawing office mas weakened by my employing two hands, Lnliehun~riu Qbarpuri nun Muknnd Dinknr iu 
plnne tnbli~ig, while two new Ilnnds were beiug instructed in that brnnch so as  to ~ ~ t i l i z e  the services of 
the khnlnssies who mould otherwise have been idle; nud owing to thc inability of these uem hands tolearn 
plane tnbliug quickly, thc two Native Surveyors were nbscnt from their posts in tho drawing office till 
the latter end of Jauuary. From this cnuse a ~ l d  from tho occupntion of Mr. Ferns on degree sheet 11, 
seven sections on the 4-inch scalo rcmnined inuoml~lete when the oflice returncd to Poona. 

( 3 )  The orders of Goverumcut r e s t r i r t i ~ ~ g  t l ~ e  scale of British territo~,y to 2 il~clles to the mile 
in plnce of 4 inches to the nl:le has sonlcwlrat burdened us wit11 n ~ ~ o t h e r  innorntion inasmuch ns i t  en- 
tails a new style of d r n f t s u ~ a ~ ~ s h i ] ~ ,  rind so t11c prcparatiou of thcse mnps for reproduction on that scalo 
hne somewhat thrown our ~nnpping into arrenrs, but  I Iinvc made the drawiug office stronger thau lnst 
field Beason and I hope'to finish off all the mapping before the Party rcturns ngnin to recess quarters. 

(35.) The maps pnblished ou tho 2-inch scnle will contnin all the detail of the 4-inch scale wit11 
the exception of the Gelds aud their numbers ml~ich were derived from the Ilevenue Survey mnps; end 
that kind of detail \\,ill by no means be eutirely dispcused with, as  the trijuuotious of fields, along t l ~ o  
village boundaries, along the boundnries of waste I a ~ d  nnd ml~ercver tho plnne table stntious ocour, 
l~nve still to be iuserted with n sufficioncy of their numbers printed to euablo identificutiou of the fieltl 
corners. B u t  the  drawing of these 2-i11cll scnle ulnps is very muoh finer thnn that  of those on the 
4-inch scnle nnd this iucrense iu fiueuess of csecutiou means iucrease in time of ereoution, so that the 
time we save in detail wo nearly lose in superior workmn~~ship. The maps now in oourse of preparntiou 
are-aa works of art-superior to nuythiug we have hitherto succeeded in produoiug, and I doubt not 
will be greatly ndmired by all who hnve to use them. 

(36.) The computntio~ls of the triangulation aud trarersiug of the pnst season are all approaoh. 
ing oon~pletion, and will be completcrl before we ngaiu tnko the field. 
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111. Extract from 
F.R.S., Deputy 

the Narrative Report-dated 12th December 1876-of Major J. HERSCHEL, R.E., 
Superintendent 2nd Grade, in charge of Calculating and Printing Branches 

of the Computing Office. 

(1.) I received chnrge of the office on the 21st Mnrch last from Mr. W. H. Cole, M.A., whose 
report, printed in the Appendix to the Superintcndent'r Annual Ijeport for 1874-75, reviewed the opera. 
tious of this Office, ns well as  those of the Drnwing, Photozincographic, aud Printing Offices, for the previ- 
011s 17 months, from hlny 1874 to Scptember 1875 inclusive. 

(2.)  With  regnrd to the work done during the interval prior t o  Mr. Cole's departure on furlough, 
I hnve to rely on the mo~i t l~ ly  reports : includiug that the preseut account covers the 13 monthe from 
October 1875 t o  October 1876. 

(3.) hIr. Cole's departure was somemhnt sudden, and as i t  was followed a fortnight Inter by that  
of Colonel Walker, the cllnrge mould have proved a very onerous one had the snperiutendence of all the 
above branches devolved upon me without preparation. Colonel Walker mas therefore pleased to sepa- 
rnte the Drawiug and Pl~otoaincogr.zpl~ic Offices and to plnce these under Captain Tbuillier, E.E., who 
mas to officiate for him ns Superintelldent ; leaving the  Computing nnd Printing Offices to my care. 

(I,.) Within a few dnys oC my accession to office the prrpmtion of the usual monthly report 
directed my nttentiou to n system of diary lreepilig which hnd been co~nmenced uuder orders from the Super- 
intendent about 15 mont.l~s before, the object of which, as  I understood it, was to obtnin the actual 
cost of any individunl picce of work, ns in a fnctory. I could uot lenrn that  this result had ever been 
obtnioed, although tho time of ench workman wns duly occounted for. In  endeavouring to carny out  
whnt appeared to be the intention, i t  became evident that ill the absence of nny indication what speoial 
work W.18 to be the subject of pnrticulnr estimate, a very elabotnte specification of details mns necessary. 
This prevented n serious difficulty, to provide for wl~ich would require a closer supervision than I could 
give. The only prnctical encnpe seemed to  be to obtain-at auy rnte nt f i r s t t h e  relative cost of claesee 
of work. I accordingly classified ns soon as I could do so, and very soon obtoiued what seemed 8 entie- 
factory result, which I introduce here as n guide to the order which will be observed in thin report. It 
is necessary however to remnrk thnt, as there is nn annual periodicity about some kinds of work, i n  
would be premnture to draw very close infe~*euces from so partial a piece of statistics, which is in fact 
on trial. On the other hnnd there is reason to hope thnt, ns ench individual concerned can see in the 
monthly stntements (of which the table shows only sum totnls) the actual co3t in rupees of his share of 
the severul kinds of work on which he has been occupied, there may grow into existence, with proper 
help, n sort of restrnining judgment as to the worth of it. 

l l ~ l u l a r  Statement of Cost in Rupees of dt&rent Classes of Work done in the Computing OJce. - 
C L A ~ ~ B ~  

---- 
1 l t eco rd~  ... 10  5 6 17 

... 662 301 606 
t 

2 Computations 2 a  
3 Accounts ... 47 45 33 2 
4 Returna ... 62 298 74 
6 Slipply ... 46 
6 I'rena copy ... 626 657 786 633 333 25 
7 P r e n ~  proofs ... 377 220 225 304 263 la  
8 Charts ... 184 122 3 1 6 
9 I\foteorology ... 34 35 46 62 14 9 

10 Library ... 18 9 8 8 1 
11 Corrorpondonce ... 94 56 54 60 17 3 
12 Btntions ... 33 37 65 37 178 68 8 
13 1.enro ... 68 1 6 2  191 210 70 74 8 
1 4  IIoli~lny . . . 7 1 58 88 6 
0 Miscollnneous ... 110 171 164 95 44 3 

I t  will rendily be uudorstood thnt the  designations of olnaaes here given are  often mere cstchworda 

- ' The Bgurcs for November sod December hsre been added from Inter report. by delire of the Buperintendenb. 



rlonoting n vnrioty of itrnin. 
I now proceed to take the above clnsscs in order and will use the opportunity to indicate in Nome 
clotnil what thoy represent. 

( 5 . )  Rerovds. In  no dopn,rt~nent of the public ~ e r r i c o  prohably nre records more 
than in that of Surrey. They repre-ont monoy sunlc or fu~lded ns the cnse may be, rnd the strictest 
precnl~tious hnve nlwnys becu takcu to guard against loss or dostruvtiou. Tho host snfcguard no doubt 
i n  prompt publicstion, but this i~ not nlwny. possible Our progress in this direction is howvever 
u~~doubtedly ninliing a lnrge mans of MS rocords rnnk chiefly a3 u~cn~o~r tos  of thoso who mrougllt 
thom. Our museum of these is mnintni~~cd and must continue to be mnin ta i~ l~d  so long as field 
records conti~lue to bo mnunlly or from t iu~o  to tinio received. Pnrt of tho work ullder this head 
relntes to t,he osnmiontion, indosing, paging, catnloguing, kc., of tI103e latcr additions. The g r d u a l  
nccrction of MSS si l~ro tho present nccommodation wns allotted 11ns become a source of some 
diftjculty and ansioty ; nud the Rocord Room and Library alike demand study to prevent their be. 
coming crowded. 

( 6 )  Cosytc/afio~~r. It nppcnrs desirnblc to restrict t h i ~  class RS much as possible, and further 
to  subdivide it, with n view to fncilitnte the desirod np1)misement of different kinds of work. Having 
regnrd to  the naturnl current of oporatio~is i t  is not difficult to see what the vario~ls subclnasea 
should be. Tho folloning have boen laid down as guidos for the colnputers in proparing their several 
monthly accounts of work. Enbcl(css (n) clnims all computntious directly connected with tcamed series : 
s~rbclnss (b) comprises l c rc l l i~~g  and tidal roduetion : srhclnss (c) a~tronomical and pondulum work : 
eubclnse (d) is devoted to tho rerluctionn of associated scries, and referring to the timehonoured plan 
of this Surrop, mny fitly be known ns the gridiron subclnss. I must pass orer (a! for the moment. 
I n  (b) I am not nurare of snptl~ingrequiring specific mention having been dono during the twelve- 
month. I n  (c) a good deal of worB n-ns done ill the early part of the year in thecourse of prepa~ing 
the pendulum opernt io~~s for prcsn, but I am not in a position to describe i t  precisely. I n  specifying 
the work u~ider  (d) it will be necesmry for mo to  go more into detail. 

(7.) Three lnrge nrens of triangulation, which have boen frequently mentionedin these reportn 
suder the nnmes of North-West Quadrilatornl or N.W.Q., South-East Quadrilateral or S.E.Q., aud 
North-Enst Qundrilntoral or N.E.Q., have to bo considorcd. Of these the firth deals with 8 series, 
the wand with 6,  and the third with 15. Thus the three Quadrilaterals incorporate 29 distinct 
series of trinnglos, each of wbich omis a nnme aud u. set of records aud of computations. They 
form as i t  were three qunrterings of tho grant Indian Surrey shield. The fourth quarter-the South- 
Wes t  Quadrilateral or S.W.Q.-need only bo mentioned : we Lave not anything to do with it here. 
It will eventually consolidate 5 or G other series with those already mentioned. 

(8.) There is little to be said hore about the N.W.Q., which has alrondy been frequently 
described, furlher than that the redoction of i t  embodied most of the esperience which has guided 
us in subsequent oporntions of that naturo. Nor is it nccessnry in the present oonlloction to say 
much of tho S.E.Q., the reduction of which was reportod last yenr nu nearly complete. The work 
which followed thoroupon d l  fiud its place in  nnother page. Of the N.E.Q. reduction also i t  would 
be enuier to sny littlo than much ; but as this is a report I must briefly describe its features. 

(9.) It was originnlly intendcd to restrict this job to thoso old series running north and south; 
between the moridinns of Dolhi and Cnlcutta, which together with a chain of triangles shirting the 
Himalayas and anotber a1011g the pnrallel of Culcuttn (or nearly so) gavo, no doubt, the first quaint 
suggestion of a gridiron. Those series hnve always had rather a bnd reputation as compared with 
the nobler ones of moro recent days, aud in designing tho programme of successive reductions they 
were assigued n third place so that thcy might rest upon, instond of offering a weak support to, their 
etrongor neighbours. This mas moll; but to tho eastward of these again lay 4 connected series which, 
being of the higher order of merit, would in this way run n chanco of b o i q  unfdrly dealt with. Them 
were ther eforeincluded in the N.E.Q. scheme ; which, in  its extended character, presents 49 equations 
of condition. 

(10.) Them is one poculiarity about this thin3 gridiron reduction which require0 epecial notice. 
Tho first and second ore indepeudent bodies of trinngulation, having nothing in common except at  the corner 
where they meet : but as at thiscorner they have ono side of one triangle in common, upon which each may be 
ooneidered ns bneed, thc two rigid wholes become in effect one rigid wholo. In the vacant areas forming 
tbe other two qunrtcrs the trinngulntion occupying them hue to be adjusted. Thus the N.E.Q. may be 
considered os n pieoe of trinngulntiun which hne to conform ton much lnrger number of fixed pointe. The 
anme will be the came in the fourth quarter. This in no wny adds to the difficolty ; on the coutratp the 
immedinte effect is to remorc two equations, one of which woold link together many of tbe others in 
such n way as to increaeo tbc trouble of solutiou of the ultimate normal equations. This Inst uperation 
formu howovor so amall n portion of tho total labour th: '. it would be o mistake to l q  much etrese upon 



i t ,  The grent mnsn of the nark  in to be fonnrl in the rormntion of the coefficients, and every coefficient 
saved represents there nn economy which far ontnwighs what would result from its mere ahsenre in tho 
final equ~itions. If  I nm not ~nistnlcen 00 coeflicieuts out of 641 are thus saved, ns a direct consequence 
of the N.E.Q. being hased u11on the illready co~nl~leted N.W.Q. ILI ICI  Y.E.Q. 

(11.) I n  the annexed tnble I have e~~de:ivoured to  present some s t :~ t i~t i ( : s  of the three qnndriln- 
tern1 redoctions. 'I'he lnst two liues require n word of erplnuation. The more e n t n ~ ~ g l r d  a eet of given 
conditions are interse the more do they re;ict t11e one upon the other. Every ~ u c l ~  renction give8 rise 
to  a term (with its coefficient) in the r~llim:lte clnntir~ns brtween tho indoterminnte fnctore-slno cnll- 
ed above, and in the tnble, nor~nnl erln;ili,~ns. The nrernge ~ ~ u n ~ l ~ e t .  of t e r m  in these equntionu is there- 
fore, roughly, n measure of the en!angle~nent, or ns we may sny, of the interdependence of parte. 
Again, as the p ~ ~ r t s  so dependent on each u t l ~ r r  consist in every cuae of a number of trinnglee, and 
therefureof I I I I ~ ~ L , ~ ,  the n~c!rilge p r o ~ o r l i o ~ ~  of tllr lnttrr  is solno mensure-prubnbly n very rude one,-of 
the wenlrneas, ns the other is of the s t renyh,  of the frcrmeworlc couaidered as a whole. The inference in 
not elltitled to  much weight, but  i t  has some sn~al l  interest. 

GRIDIRON F U N C T I O N  TABLE.  

(12 ) A I;~rge pnrt of the preli~ninnry calculntions for the N.E.Q. hnd been prepared prior to  
Mr.  Cole's depnrt,ure. The el~sbern ~erieu wcrc the letst advanced, RE their i~~clns ion hnd not Ijeen decid- 
ed IIIIOII. I wn8 cnnbled however to posh ou with the cnlc~~la t ion of coeficirnts, nud nfterwurds with 
the sol~liion of t l ~ e  e c l n a t i o ~ ~ ~ ,  of i l ~ r  ten wester11 cil.cuits The elimination has been carried as far as  

Number of Associntcd Series ... ... ... 
,, Cil.roits ... ... ... ... 
,, C i r r ~ ~ i t  trinngles ... ... ... 
,, Non-circlrit t r i x~~g le s  ... ... ... 

... ,, I3qunti1111s of Cl~nditinn ... ... 
,, ' Normal I?qontion C'ocllicients ... ... 
,, Products t'ornring the stune ... ... 

... v v  neglecting sub-diagonals 

... Avernge terms per normnl equal ion ... ... 
,, angles eonccrned per t e r ~ u  ... ... ... 

the 38tl1 equation, where i t  has bee11 slnp1)cd fur the present. Every equation ns for~ned, and every eli- 
~ninntion IW coml~lcted, has been s ~ ~ l ~ j e c t c d  to nolnc test. For one 01- two of these I am indebted to  Uahoo 
C:~lly blol~un, who is very expert ill devising these cherlw. l'hnt I may not be ~~udcmtol)d  to  imply that  
the intrnduction of c h ~ c k s  wilr 21t nll n novelty 1 ~hou ld  explnin thnt the great inc~.ense in the number of 
eqnntions rendered it i~nposuil~lr to :iclol~t tlia :xlnr;illgelnen!s of the N. \V.Q. anrl S.E (,! ; and that in devia- 
ill:: ot,hers mure suitn1)le to  t l ~ r  :rltercd circu~nrtnnces, different facilities presented themselves for secur- 
ing checks. These were of collrac trrhcn ntlr;rnlngc of. 

(13.) Having been invtructcd to  cut.tnil calcnlnlion ns I I I I I C ~  IW pos~ihle-in view of the inferior 
chnrncter of t.he t,ri~~ngulstion-1 have given u ~ y  closest attention to this point. I t  is often a matter 
of tsxtre~nc di%cult,y to judqo rightly what rnrnsnlv? of accnt.ncy is suficieot nt each s t ~ ~ g e  of a series of 
nurr.r*ricnl oper;&tions, in order to Recllre n aatisfnctory C O I I C ~ U S ~ O I I .  0 1 1  the one hnnd, too much caution 
mny ei~tnil fruitless 1~11)011r; on t l ~ c  o t l~cr ,  too much hnrdihi~od tnny lent1 tu failure. Pcrhnl)s I hnve erred 
on the latter side. Should the cvent prove this, I shall bo the less eaousnble through hnvinq had two 
previous sets of cornpnti~tion by which to be g n i d ~ d .  A 1  the Rnlne biu~e there in an unnvoidnhly grenter 
risk of eensible error in what ~nathc~nuticians call a first ay~~ro r im;~ t iou ,  where the qunutities to be found 
are (ne in the N.E.Q.) cornpnrnlively Inrgo. 

(14.) We may now rrtuvu to subclass (n) of mt. 6, which inclndes all computationsdirectly con- 
nected with nn~ned series. The exlcnsiol~ of the N.E.Q. t o  iuclude the Assnm, the East Calcutta, the  

N.W.Q. I S.E.Q. I N.B.Q. 

Brnl~mnputrn, nnd the Enstern Frontier neccssitntcd the revision of t.he origin81 computntious af these 
ecrien, portions of \vhich, thong11 the obst~rvnt iu~~s  wcrc IIIIICII with good iuetruments by good observers, 
bad beco~ne in some sort  obnolcte t111.nuqh the i l ~ t r u d ~ ~ r l i o n  of better clements of origin :~nd moro refined 
motl~ods of pwli~ninary trcntmcnt. They wpm in pnrt rrcomputed, and the results were ndoyted in 
obtni t~i l~g the errors to be dispcr~ed by the N.E.Q. I(ednction. 

(15.) A large amount of seconrlnry trinngulalion be lon~ ing  t o  the several series furmiug the 
S.E.Q. hns heen corrcctcrl, revised, or  nhcre uecessary recalculated, uyou the bnsis ol' t he  fiunlly correct- 
od yrinci1)ul elcmeuts of thnt section. 

8 
5 

629 
268 

23 
329 

40,050 
23,2M 

1 -b 
183 

6 
3 

277 
169 
15 

165 
16.GG4 
9,784 

11 
151 

16 
12 

673 
120 
49 

651 
50,962 
29,132 

1 1  
139 



(16.) height 'dednctions along severnl of the meridio~lnl series of the N.E,Q, have bee,, 
golle over, ill nlrticipntion of their nctual req~~iremeut  for publicntioll &long with the other results on 
those series, in order to sllpply the best available mnteriuls in Oudh, Hollilkhnlld, aud N,W, provinces, 
for the level shcets in coume of compilation. 

(17.) For the  prepnmtion of level charts the  Drawing Office hne acquired from 
eonrces data some portion of which is scarcely inferior to  that  supplied by tile Q.T.8. le\relling, and 
ia connected with i t  and with occasioiid tower stations of the  series which traverRo the N.w. 
Prolinces, Oudh, and Bengnl. The trigonometricnl (or uignol as distiuguished from atof) levelling, 
obtained by vcrtical augles measured with the  theodolite, though far less trustworthy than spirit 
(or staff) levelling is still good enough to  be valuable when connected with the more reliable data. 

Accordingly i t  falls to this office to  hnrmonize the  two. The adjustment which is requisite in  
any such case mny be effected either hy a direct nppenl to  the  method of least squares or by the 

npplicntion of a discretionnry n~et,llod of allotment. I was not alrrare that  the  former hnd ever been 
given a concln,sive trial and therefor0 applied i t  in one or two of thecnses which nrose as above. I have 
eince understood that  the  method hns beer1 tried, nnd discarded as being too refirled for i t s  purpose. 
Under thefie circumstnnces thcre is no occasion t o  say more about it than that  if there should here- 
nfter be any desire to repeat the experiment the  form into which the  work was thrown mny 
be found of use. I t  is one which I thinlr applicnble to almost nuy simple problem of dispersion of 
error by least squares, however numerous either the e.luations or the  urlknomn quantities might be. 

(18.) I t  hns been usual to  recko~l Astro~iomical Azimuths as among the operations of a 
series. They are so, no doubt, if we regard only the  fact thnt they are almost invariably observed by 
trigonometricnl pnrties conducting the usual field operations. B u t  considered as computations, the 
neceswry con~~ect ion disappears. I n  classing these i t  seems best to  assign them a plnce d o n g  with 
other eeodetic measures. Thoro are 42 nstronomical azilnutl~s a t  stations of the  S.E.Q. : some 
of these hnve becn computed ilow for  the  first t ime ;  others hnve been examined and where 
necevnnry corrected ; mid nbstrncts for press hnve been completed, or drafted. Of the  nbovo 
number 15 were observed subsequent to  1863, when a different method of registering level rendings 
was introduced. The reduction of these last has received very careful atlention, in  the  hope of as- 
certaining the requisite fncinl corrections as well as t,hose due on nccount of error of verticality of 
of the  azimuthal rotntion axis. Owing however to the  necessary ignoranco of the state of the pivots 
a t  difforent periods there appenrs to  be very little prospect of determining the former, and in that  
case i t  n-ill be necesuary to  combine observations taken "fnce right" with corresponding ones tnlmn 
"face left", the mean of which will be cleared of the  fncial errors. This amounts to  much the same 
aa mewuring on 5 zeros with 10 microscopes, instead of on 10 nrith 5. 

(19.) I n  co~~nect ion with the subject of observed azimuths 1 may mention thnt an endeavour 
has been made to nscertain the general effect of the finnl redi~ctions of the N W.Q. nud N.E.Q. trian- 
p l a t ione  upon the disngree~nent of gevdetic nod nstronomic nziinuths in those qunrters. For this pUrpORe 
Bnboo Gunga Pershnd hna prepared, with grent rnre, an nbstl.nct of all nstronomicnl nzimut,hs, showing in 
the  case of those which admit of it, the finnl, and in all others the preliminnry, disngreement. This is 
not the first time thnt n collection hns bee11 made, but as it bas never.before been possible to approach 
so closely to  the facts, the nbstrnct repnys study. Of the 179 observed azimuths, the finnl reductions 
enable us so far t o  compare provisionnl discordnnces with fill111 d i~cordn~~ces  in 85 cnses. Of these 85, 

the azimuths1 correction has in 62 cnses the sign proper to reduce, and in 23 to increase the discord- 
ance. Of the G a  cases in which the sign is proper, the nurnericnl magnitude in ofteu too great, n~id 
nometimes (in 12 instnnces) sr~ff ic ie~~t  to produce an increased diucordnnce with changed sign. Thur, if 
we consider magnitude only, there are 50 decrellses ngninst 35 increases. Thnt this is obviollsly the re- 
sult wae illtended when, by Colonel Walker's direction, the fundamental azi~nr~th of ol.iovill of the 
Yllrvey was changed-nfler an investigation very similnr in sonle rpspects to this-by ]",I, scarcely 
needa more than rncognition : n general diminution of pl-ovisionnl discordnncen wns a necesanry conse- 
qllcnce. The interest docs not lie here, but in the further question, Apart from this constant correction, 

is there evidence of s diminution which may be fairly ndduced na confirming the discipline to which tlle 
trianjiulntion has been subjected ? The answer is I think d rma t ive ,  but hardly ~ositive. I n  some canes 

tllere is a marked sppearnnoe of correction ; but, remembering that however ~ e r f e e t  the triangulation 
might be, there w ,>~~ld  nlwnys rcmnin the nncertnin discordnnces cibuaed by locnl attraction, this is incon- 
clllei,.e. LRatly there is some indicntion, in the outstanding preponderance of negative over ~os i t ive  

dj3&ordances, thnt the cbnnge of fundnmatnl azimuth WRB rnther too ~ m d l  than too great. 
(20.) The reRult on the whole is this. The absolute attraction a t  Knlirinpur is almont wnclu- 

,,iVely pro\.ed to cnllse nn nzirnuthal devintion of somewhat more thnn + 1" 1, rind this quantity been 

F , ,~  i n  detertnilling the influence of locnl nttrnction nt all the other ntntione Yet reached by the 
fiual d u c t i o u s ,  when  the N.W.Q. aud 8.E.Q. are publiuhcd, thero will be availuble 85 determiuatioua 



of deviation, which hrrve p e r h n p ~  n bctter claim to rnnk nn nhsolule thnn nny pet given t~ the world. 
There remain 94 others to which the  continued bnilding up of the frnmemork will extend a like charnc- 
ter. Those in the  extreme south, where the effect of lnteral attraction on a z i m ~ ~ t l ~ a l  nzim~rth ccnseg, 
must be looked for, in thin couneetio~~, with exceptionnl interest. W e  may now rcturu to the more pro- 
saic subjects of this report. 

(21.) Accounk. There is but liltle t o  be said shout these. As a class i t  includee all time de- 
voted to monthly p ~ ~ y  bills and to the Ireepit~g of pny, contingent, and map nccounts. 'I'hcsc hnve been 
conducted by Mr. Wood, whose n~nnngcrne~~t  of thcnl hns heen sntisfnctory. 

(22.) Retw.m. This class includes i ~ ~ d e ~ ~ t s ,  eslimntcs, m o ~ ~ t h l y  progress reports, stock and er- 
penditure, and work of thnt character. It is of more importance and requires more experience, and when 
as ill Auguat the indents OII E ~ ~ g l n l ~ d  are ouder consideration the  cost is exceptional. Sonle of the 
priucipnl items are prepared by Mr.  Wood. 1 anlies n list. 

Annual Iteport, materinls for : 
,, Estimate of Ytorea for Iudent : 
,, Indent on E n g l n ~ ~ d  : 

List of Books nnd Poriodirnls required for the year : 
Stnteu~eut of Iteceipts nncl I s s ~ ~ e s  of Storrs for 5 years, nnd of Balancen : 
Iteview of Expeuditure of Stores : 
Monthly Progress Reports, in detnil : 

,, Statement of Cost of the Department: 
Stationery nnd occasional Indents : 
Stock nud Expenditure Lists of printed Forms. 

(23.) Supply. Under the  hend of sul~ply 1 reckotl the preparation of transcripts or abstracts 
fro111 the professional records to meet the wnnts of field pnrtiea and other npplicants ; as  also nll work 
in cott~~eotion with npplications for infor~n;~tion of whntroever kind, by other offices. This is often a 
soulre of trouble, if not of actual waste of time, owing to the vagueness of the demand ; but the slendy 
i~~crenne of our pt~blicntions e ~ ~ n h l e s  11s to meet n co~~tinunlly lnrger prol~ortion year by year by the 
despatch of a Preliminary Chart, a Level Sheet, or a Syuoptical Volume. Such supplies being matter of 
businevs o ~ ~ l g  mnke hut little show i t t  the scale of coat, cornpnred with their utility. During the p w t  
year, in nddition to AfS dola supplied to  about 20 officers, aome 750 despntcl~es of maps, charts, books, 
a ~ ~ d  fornls have bee11 ntnde. Under this hend sl~ould also be noticed-as directly connected with the 
extellpion of the supply of materials-the compilation of a revised list of mups and charts publidhed a t  
IIrnd ~ u n r t e r s .  This wo hope to be able to priut. Meanwhile a copy in MS htu been supplied to  the 
Surveyor General. 

(24.) Press Copy. If r e  mny judge from the monthly cont of this class, i t  stands firat in im- 
portance. A I I ~  when i t  is considered how very long and sometimes devious a chain of procedure is 
traceal,le from tho early measuremellts of angle, t l ~ r o u g l ~  the preli~ninnry calculatious-revised perhaps 
as knowledge increnscd-up to the linnl stnges by which the independent work of numberless hnnds 
has bee11 welded into one co~~sis tent  whole ; i t  is not surprizing t.hst i t  rarely hapl~ens that nlly singlo 
page of the original records cnn be p r ~ t  illto the priuter'a hand. Not only this : the compilation of what 
is auilable for pul~licntion is something very dlfferent from selectiot~ and tmnscription. TO the ealculn- 
tor i t  is very much what co~nposition is to the writer, only thnt it must hang together by much more 
i~~el:rsiic links. There may be no wenkness, on his pnrt-no ~nistaltea, no oversights. Thus i t  is really 
the cnse that the prepnr~~tion of press copy occupies a very lnrge proportion of the computers' titne. 
Where possible-rind it very often is possible-the later stnges of cnlculatio~~ nre so couducted as to form 
this ~nntcrinl. Bu t  s. considcrnble pnrt of whnt is to be l~rinted nrfral be compiled. Of this kind are 
nlphebeticnl and othcr synopses of renults, especinlly of secondary triangulntion. Alphabetical arrnnge- 
u~en t s  arc generally troublesome in prnportiou to their utility, and first drafte have commonly to  be 
revised and rearranged before they nre fit for the compositor. And then they must be compnred with the 
original materinls. Mere transcripts do not r eq~~ i re  this, but  con~pilations tnke so much more tiole to 
check t.hat i t  is u~~adviaable to reserve the compnriuon until the mntter is in type. A great part of the 
expendi t~~ro under this hend is t o  be nccountcd for by the necessity of revising part of the copy for the 
N.W. Himnlaynn Secondnry Trinnqulntion. I t  munt hnvc hern a terribly tough job to prepnre i t  a t  
all-and I believe Mr. W. Todd is entitled to mach of the credit of it-but when i t  came to be printed 
i t  hung on the compositor's hands tool~eavily nnd I dirccted whnt remained-some 200 pnges of printed 
matter event~~ally-to be trnnscribed. There \vas also some revision of the orthogrnpliy of uative 
nnules a t  the snmo limo. This mrnn in Mr. Wood's 11nnds at first but nfteranrds in Mr.  Prjchers'. 

(25.) The synopses of nccondnry t r i n n g ~ ~ l n t i o ~ ~  of tho G series of the R.K.Q.  (which likewine form 
press col~y) bave bccu continued and are uow conlplete. Recomparison is required in one oase. l'reae 



ropy in othuwise rendy for the  whole of the  Syuoptical Volulnes of this Section, n11d t l~ese  are in course 
of print.ing. 

(26 ) One other kind of press copy may he noticed here. A good denl of letter pro50 now nccom- 
pnnies uu~nerical cl~nrts,  both those cnlled " proliminnry" and those dcvotcd to levels. TIle prillted 
mntter is either put  npon the c l~n r t  before i t  is photogrnph~d, or nccon~l~nnien i t  ns a pampIIIet. lI1 
either case the  C o ~ ~ ~ p u t i n g  Ofice is answerable for its beiug properly printed, aud to a certnin extent for 
wl~nt  is printed. I u  the  cnse of chnrts 8~1~11 ns the level sl~eets,  \vl~ich nre co~npiled in the Dmwing 
OEco, my r e ~ ~ o ~ ~ s i b i l i t y  wns limited. The letter press ncco~n l~n~~y ing  8 of these, prepnred by &Ir. 
Atkinsou, has boeu printed in pnmpl~let form. Those r l ~ i v h  hnd been printed in earlier yenrs, nt inter- 
vals, were of di5erent pnttcrus, nnd 1 wns n good dcnl pcrylexrrl tvliich to :idopt. Foreseei~~g a cull of 
the  same kind i t  seemed worth wlrile to form n gond pnttern, ns these tjpogrnyhicnl detnils are otherwise 
worrying. There i9 now a rcrtnin uniformity nhout these which I hope will prove sntisf~irtor~. Tire 
mnnner of printing upon preli~niuary charts has ~ J s o  vnried n good denl, nceordir~g t,o circumstnnces, 
from time to time; nud I lli~ve eude~rvoured to incor1)ornte the best pnrls in those which hnve pnssed 
through my hands; but there is still rooul tor i~uprove~nent.  na my reluctance to nlnke ally changes lins 
only bee11 overoome with rnr~ch hesitetion. I beg to bring to notice the p~.eli~nillnrg c11n1.i~ of tile 
Raurutid n i~d  Enstern Frontier Series, 18i4- is ,  the  tyyogrnyhy of which nns arranged under n ~ y  
instruotions by Mr. 'STood. 

(27.) P v r s ~  Proofs. I t  will be linrd to find nnytlring interenting to pay on this very dull subject. 
And yet so mi1c11 h u m ,  ns \veil as nllnoyrlnce, directly reslrlts from n~isprints-to any uot1ri1:g of t he  
merely mvthrtio aatisf:~ction ill good pr iut i~~p-that  it hlls n c e r t n i ~ ~  claiu~ of its owo. Tlre subject stnl~de 
third in order of cost;  hut ns n great prrrt of the  r end i~~p ,  coml~a r i~~g ,  a11c1 col-recling OF proofs is done 
by the  lers l~ighly pnid ~nembers, it does in fxot occupy a Inrger sllnre of the time rind lahonr of the offioe 
thnu cnn be done justice to Irere. I therefore trike occnsion to express IIIY full rectngnitio~~ of the results 
of careful trniuing which has rnitde i t  possible for pintin: of a renlly crellitnble order to be turued out 
nlrnoat w l ~ o l l ~  by Natives of this country. And in snying thin I by IIO mealin i~nderrate the criticnl 811- 

pervieion exercised by Nr. Peycten,  olr ~vhoae vigiliu~ce 1 have bern nble to rely more thnn I could 
have expected. Prese proof. upon and ncc~rn~~nny iug  p re l i~u i~~nry  chartrr 11:l~e been dealt wit11 nlmost 
entirely by Mr. Wood, a h o  in this ns in every part uf hie multifnrious occl~pntious, has sho~vn both 
the  desire and the capacity to give effect to nly i~rstructions. 

(28.) Charts. The sepnrntion of t he  Drawing and Pho toz in~ogra~h ic  branches, from the  
Calculating and Type-printing branches, alrendy mentioned nn I l a v i ~ r ~  take11 ~ l n c e  early in the  year. 
drew something of n liue defining the  obligntions of the  lntter in respcct of r l~ar ts .  The only ones 
with which we were coucernod were those for which there was correvponding type-~r int ing.  I m n e x  
s list of these :- 

N. W. Himalaya Degree Sheets, Index Map 
DO, do. NOR. 1 t o  21 incl. 

Eastern Frontier Series Preliminary Chart 1874-75 
Rimnlid Lo~~g i tud ina l  Series do. do. 
Jodhpur IIeridionnl Series do. do. 
N E. Quadrilateral Extension, Skoleton Map 
S.E. Quadrilnteral, G Series, 14 Plates. 

Hefereoce has alrendy been made in speaking of press copy, t o  the numerical dntanccompanying what 
a r e  k n o m  aa preliminary charts. These are drown by the nurvey parties and contain, partly npon the  
face and partly iu attachod 119, tho nuurericl~l results of the  ~ ~ r o \ i o u s  fiold-senson. I f  possible t he  
MY portion is eet up  in type aud an i n ~ p r e s ~ i u n  placed upon the chart before i t  is pl~otographed. I f  
t h e  nvailnble spnce is insu~liciout the  mlrttcr in typo is eeparntely printed and attwhcd in  pamphlet 
form. It Kill rendily be underntood that  the Computing OlIico is i n  this way t o  a certain extent 
responeible both for whnt nppears upon aud Rith the  chart-not in respect of ite ni~mericnl 
&curery, which is provi@ional, bu t  in regnrd to itrr gcneral hnrmony. T h i ~  gives rise t o  an iudispen- 
eable scrutiny by which errors of minor consequence nro ~ometilncs detected. This is psrticularly 
t h e  caae -4th the  orthogrnphy, doecriptiona, nnd nomenclnturo of stations which appear both upon 
t h e  chnrt, and in  t h e  ndded mntter-pointrr in which NO cannot expect perfect manuscript. It ia 
not  eney to define very clenrly what share of the  work thus inllicated,-e~pccisIly what share of t h e  
prena work-is t o  be reckoned under t he  head of Chnrte. I t  wo111d meem to claim everything which 
goes to  t he  making of thcm, hu t  obrioualy other clnnses have somo claims on the  process too. 

(20.) There is one point in con~~ec t ion  with this eubject which ought to be noticed in a report. 
There iv m steady demnnd-nnrl I am bonnd to  ntlmit n logitiu~ate ono-on the  part of the  1)rnw- 

ing Oilice, for type-printod titlcu, foot-uotos, &c., requircd for mupa wbich are  to be photogmphed. 



Tl~ese  used to  be attached in the  Pholo-Priutiug Otlice, but  n.s they took the plnce of printing which 
would otherwise fall to the  draughtsmun, Isuggested that i t  wonlrl be preferable that  this should all 
be doue in  the  Drawing Ofice, not only becauhe i t  mns proper tbnt a map rhould be I~anded to the 
photographer complete, but  because i t  soenled likely that  by the  esercine of a little forenight t he  
petty demands on the  priuter would becon~e condeuscd into lnrger a ~ t d  less frequent ones. This has 
I believe been found to  be the  casc, and i t  is clear gain ; because printed slips though a boon to t he  
draughtsman are  a drain on the  printing power. They hnve long since been felt  to be so much more 
wasteful than if the Dranring Ofice had its own p r i ~ ~ t i u g  ap])liuncen, that as long ago an August of 
Imt  year-15 months ngo-a11 emergent indent for I think $50 worth of plant ~ n a  despatched through 
the Government of India to the  Secl-etary of ?.tale. I t  \rna sanctioned; but  to this day the  type kc .  
have not  been received, any more than have our owu regular iudents of a somewhat earlier date been 
met as yet. A part are I believe on thcir \yay-via the  Cape. 

(30.) nlcteo~olo,yy. The usual observutions hare  been recorded without interruption, and 
reduced: monthly abstracts hare becn con~mnnicated to the  hleteorologicd Reporter to t he  Qorer~l-  
nlent, N.W.P. The usual table of monthly means and a table of wind velocities as furniol~ed by a 
@elf-registering anemometer on tho 14asevi Dfemorial Clock-Tower are  nl~pcnded The wind directions 
indicated by the  same are  also self-re~istered and thc  rhccts n.re nvnilnble for i~~rent igat ions  of tho 
influence of barometric tides on the  lower nir currents ; but  the  ofice is too full  of work to allow of 
such being undertaken csropt by npecial desire of the  illeteorological Ofice. Observations for t ime 
have been frequently takcu, by Mr. Peycheru, for regulating gunfire a t  Alussooree and the Bnaevi Clock 
a t  Dehra, ns well as for chronometer rating. 

(31.) Librnvy. A librnry is nothing without a catalogue, and a catalogue is next t o  nothing 
which does not nervc itn purpose well. The only catalogue \ve possess is one which having outgrown 
the  fmmeworlr coustructed by me in 1BG:3 for n comparati\.ely modest stock of books, calls urgently 
for reconstruction. Tho subject has been preacnt to my milid for months; but  though I have 
a me11 defined idea of 1\-11at has to be done the large anrouot of ~ r i t i n g  ~lI1ic11 i t  will entail 11an pre- 
rented much progress. As a npecial memorandum on the  libraries in public offices wna circulnted by 
the Government of India not loug since, no apology is ueccssary for noting briefly here what occurs 
to me on the  subject. Tho fouodrrtion of the  Catalogue of the  British Museum Library, na ~ e l l  ua of 
that  invaluable annual publication the  " English Catalogue ",-copy of which from 1831 to  the present 
time 1 I~nppeu to posseas-is nu alphabetical arrange~nent by ( I )  author's name (2) lending word, 
where the  work is anonymous or o~i ly  editcd. Cross  reference^ are most uneful, but  they muwt be quite 
subordinate, and must uot intcrferc wit11 the  plan, which consists in h n ~ i n g  one full and complete 
entry for each work, in its alpl~nbeticnl p1:rce. There mutat be ample room for fresh entries, but  i t  is 
]lot desirnblc tlint l l~e re  ~ h o n l d  be currently ma(le, unlovr tlie rr~stodiao 11nn nouo literary qualificw 
tion. A day-book for current ncquisitious provides sufliciently for the  cntalogue beiug properly filled 
up from ti1110 to time. 

(32 ) Having perreived thnt suvh n cntnlngne mnnt be prepnrrd if llopnible I  topped further 
entries in tho existing elnsdr$ed catnlog~ri~, ~ I I I ~  il~stituled n d:~j-book. Tllis is a current nccount of boolts 
lent aa well as received, nud h11s becn kept, 1111 sillre. I t  sn l~p l~n~emts ,  on tlie Cr. side-if i t  does nut 
rend1.r ~rnnecessnry-t,he file of receipt nulen ; and on the Dr. side it, nl~ons or should t ry  to nhow the 
tille nnd description, in f1111, of IICN nrq~~isit.ionn, for use ill bri~lfii l~g 111) the c~~tnlopl~e.  1 may ndd that 
this lnt,ter mny pornihly be crented, if I am nllowed time, willlout the resonrces of the office being 
drawn upon othcrwisc lhr~n for printed fnrn~s. 

(33.) 1 I~nve nlrendy rcn~i~rked upon the cronrded stnte which the Librnry ~ n d  Ilecord Rooms 
hnve renched. 'I'his p11rt1y arises from the constnnt influx of printed sliecta of the  Volu~nes of the 
Operations, 'I'he anounl out-tnru of the printing office is partly represented by 315 to 40reams of double 
roynl, of professional mnttcr a l i ~ ~ ~ e ,  nll of which I~ns, I ; I ~  a t i n~e  at lenst, to be stored in one or other of the 
rooms of the office. 'I'his nlnss of pnper occopies much ncrommndntion, nnd lends to oust both records 
and books. I f  funds were avnilnblo 1 should propose the n~thst i t ,~~t ion of iron racks of greater capacity 
for the present some\r~I~nt i n ro~nmodio~~s  wooden stages, especinlly in the library, where I think npnce 
would be gained-and t l ~ n t  withont risk from wl~itu nnts-by following tho outline of the room intatend 
of occupying its rentrnl aren. The rnclcs which hnve been ererted in the observntory are excelleut 
models-though of collrne they w o ~ ~ l d  rerlniro to 11e differently designed for a library. 

(34.)  Correspo~rdence. This spenks for i t ~ ~ l f ;  hnt it does not include correbpondence in cunneo- 
tion with the pmaervation of stnt,ionn, neat to he dcxcribcd. 

(35.) Slationn. 'I'he bu~ines@ nnd rorrenl~ondenre connected with the  protection of ullrvey sta- 
tions has for severnl yrnrs becn rondnrted hy Mr. Wood, nnder the direct control of the auperinte~~dent. 
Without nt all desiring t,o interfere n-it11 an arrnngement which, if i t  nbuorbs to nu i ~ n c e r t ~ ~ i n  exte t~t  t11e 
atteuliun of his principal assistaut, yet ut the snrue t,ime relieves the officer iu charge of much reaponsi- 



bility, i t  neverthelo-a nppenred prernrious to leave the entire knowledge of the details nt the mercy of 

events. Mr. Wood acrordiugly, by my direction, drew up nn account of the routine, from wllieh the 
iollnwing is ooudeused. Tllere are tllreo forills i r i  regi~lnr use viz :-A, Custody ltecoipts ; 13, Allnun] rind 
Ulstrict Lists ; C, Final District Llstfl. Custody Hereipts are t n k e ~ ~  by executive officers from 
officinls nt tbe tiwe of l~nndi~ig over stations into their charge, and n1.e transmitted to LIend Quartere, 
where they are filed RR ~ O I I C ~ I O ~ ~ .  1 do not gather that thcy serve nny other pulapose, in t h o l n ~ ~ l ~ ~ ~ ,  
as they are nnnually incorporated iu the lints U. Tlueue are prepnl-ed by the executive officere, 
in  the first instnnce, irrcspoctive of districts, na Snllunl Lists ; and from tlle~u nre conlpiled here, on 
the same fo~ms ,  the District Lists, which are sent out to the civil officers, who revise rind return tIiem 
wit11 thoir roport ou the condition of the stations which they aro thus onicially mnde cog~uizant of as 
existing within their jurisdictions. From one cause and nnother these district lists are a t  firat in- 
complete and errouoouu wheli seut, but when thus rerised they ulltl~nntely supply a11 the requi~ite 
uleans for proparing the final lists C. These are then transmitted, nlong with blnnk forms, and tile 
district officers, tnking the final lists rn guides, report an~iunlly oo the spare forms, utating in an up- 
proprinte colunln the nctunl condition of encli etntion, nnd if necensa~.y the estinlnto of its repair. 

($6.) The objout of this procedure is clenrly to securo n complete transfer of nl1 stations to 
the care of the civil admil~istration of the districts in which they are situnted, and to provide for their 
continued preservatiou. The latter purpose is effected by an allotment from I~nperial funds. An 
annual expenditure wns some years y o  sanctioned mliich nt that time averaged 4 Rs. per station. 
The illcreme in the number of stations so transferred, without a corresponding increase in the d o t -  
merit, has lowered this avernge ; but i t  hna been found possible, so fnr, to defray the requisite expen- 
diture. 

(37.) There are IIOW 313 of these Final District Lists, clisponing of some 2725 principal sta- 
tions, leaving perhaps 30 districts in  which i t  bas not yet been posnible to get beyond the preliminary 
stage. To keep the aystem up, and to arrange for the propor expenditure, entails of course much 
correspondence, and requires on Mr. Wood's part a very extensive knowledge of his subject. 

(98.) Althougl~ the preparation of the Final District Liuts mnunged in this way provides for 
the gradual recti6cation of local informntion regarding the positions of the severnl stations, i t  is I 
t h i n i  a pity that i t  has not been made a means of obtaining the veruaculnr names of localities specified 
in  the descriptions. This depnrtment is fully nlive to the importance of setting a good example in 
the matter of orthogrnpliy in its publications, and i t  might get much help in the annual reportsfrom 
districts, were the spelling in those more attended to on the spot. 

(39.) I n  close connection with the proserration of Itnown stations, is the recovery and iden- 
tification of old ones which have been lost sight of. Formerly-I nrn referring to tho enrly days of 
the Survey-it eeomed the n ~ t u r a l  fate of a st.ation to  die out and lenve no sign. I remember one 
which had been thus allowed to pass out of existenco for half a century, and itu site ouly mas recover- 

by digging about in  a likely pnrt of a ploughed field. Some di~nppear uunccountnbly, while some- 
times later operations re-eatablish n stntion sensibly but not identicnlly the nnnle ns nn older one. 
hll such incidents have-since Colonol Wnlkor plncrrl tho pronervalion of Trigonornetricnl Survey 
skrtions on ita present footing-been carefully notod iu a book dovoted to the purpone. 

(40.) PEWTINO OFFICE. The tabular nnalysis of monthly coat which hn.9 now been gone 
through does not include expenditure on printer's stnff. Thnt pnrt of i t  which hm been assigned to 
press proofs should be added to the cost of the printing ent:~blisluucnt propor, if i t  were desired to 
estimate tho c o ~ t  of the printed matter publi~hed here. I t  would no doubt be poeaible to obtain in 
this way a proportional estimate of the cost of comnpoaing a d  cor.recling a page of type. Rut to 

ortend this estimate to  printed pages would in~olve aconsideration of the ni~mher of pages, and would 
a result of doubtful accuracy. Moroorer i t  would lenve out of consideration everything con- 

netted with material and plnnt. I shall not therefore venture upon this, but will  merely gi\ J a 
continuation of tho usuel statement of out-turn. . 

Year. Pages composed 
(loolscnp sisc). 

377 

Pages printed 
(all sizes). 
63 thousand 

. - 
72 1143 241 ,, 
7a 1420 27.7 ,, 
74 1220 888 9, 

75 13191 373, ,, 
76 1179. 849. ,, 

lor rn bwalremonlh. 



The falling off in the last  year is due t o  sevcrnl causes-among which nlust be inrloded m y  inexperience 

ns a printer. I n  the  enrly m o u t l ~ s  the  out - turn  a n s  very snlall, boiug chiefly proreseionnl ruatter of 

u ~ ~ u s u i ~ l  killrls, nlld lelterpl-e8s colltnining 0 good s p r i n k l i n ~  of n~at l~emnt ica l  demonstratioll. La ter  

on there wU6 dilliculty in coml~osing well [rum t h e  dml't of t h e  N \V. Hin>nlaya Degreo Sheets, 

as  has been alrendy cxplailled. I j u t  i t  is necdless t o  truce thcvc fluctualious minutely, since out-tllrn 

mu& frequently depelld upon cnusen hcyolld control. I nl~ould ho\vever m c ~ ~ t i o n  tha t  the severe illnee0 
of our prilltel- Mr .  O'Collnor, which deprived the office of his eervices for (i weeks, ;lnd t h e  Failillg health 

and ultimate denlh of o a r  bcst prcssni;in-eve~lla wl~ich thvcw a scvere i l icren~e of rerpoueibility on 

Bnboo Qungn Perahnd who was e l l p e ~ i l ~ t c ~ d i o g  at Dehrn  duriug the time-canuot, 1 think, t h ~ n k s  tu 

his exertions, he held t o  ezplaill tllc decrt*nse. 

(41.) M r .  O'Connor hns siuce trlltell siclc lcnve and  t h e  charge of t h e  priutiug estnblishmeut has 

devolved upon his chief compositor N u f i e e r  Sinfill, who cnrries on the  w r k  surpriziugly well. I have 
also beeu fortutlnle in replacing tho  prrsnnlntl sutivf;lctorily. 

(42.) I c n l ~ u o t  close th is  report  witllout nn expression of regre t  tha t  t h e  close of this year will 

brillg round for the second time t h e  half yearly period wheu clnilns to  iucrensc of salary are eonsidered, 

witllouL m y  being &Ole t o  submit nny rccollilneudatio~ls: no t  because none ILre worthy, hut  becnllee 

retreuchment is ordered. I I~nve  I I U  allcvll:~tive but to  ci:~irn for tllose under mo t h e  recognition whicl~ 

I myself tender them-of tlinuks for services fnithfully perfbrlued. 

Mean Velocity in miles of the winds which blew at Dehra during 12 monthe 
of 1875-76 for each hour of the day. 

Civil Hours. 
4 h 

OtO I 

1 v t  2 

,, j 
3 ,, 4 
4 8 s  5 
5 ,, 6 
6 , ,  7 

1.35 
I ' , JZ 
1'06 
0.84 
0.45 
0.52 
0'58 

1.29 
1.26 
2.00 

10 ,, 1 1  2.68 
.?'29 
3'87 
3.90 
4'29 
3.94 
3.71 
2 . 7 1  

1.06 
1'.3r 
2.00 

21 ,, zz 2.16 
22  M 23 2.61 

1.10 
1'17 
1.90 
2.2.3 

3'33 
3'80 
3.53 
3'63 
4'00 
3'40 
z'R7 
1.20 
1'57 
3 ' t7  
3.57 
3'53 

2.881 2'58 
1.6'5 2 .10  

1.50 
2 
1'46 
1'36 
1.25 
1'32 
1.29 

1.69 
1'.35 
0.65 
0'54 
0'42 

0.95 
1.81 
1'3.3 
3'43 
4'62 
4'59 
4.55 
5..32 
4'7.3 
5 '18 
,341 
2'91 
2.32 
2.77 
3.09 
.?'14 

1.77 
1.81 
1.58 
1'48 
1'45 

13 9 1  14 3'63 
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2 2 1  
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2.00 
2'03 
2.07 

1.97 
1.38 

2'45 
------ 
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59.25 
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1'4.3 
3'05 
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XIII. Extract from the Narrative Report-dated 22nd December 1876-of Captain H. R. 
THUILLIER, R.E., Officiating Deputy Superintendent 1st Grade, in charge of Drawing 

and Photozincographing Branches of the Computing Office. 

I n  consequence of Mr. Cole proceeding on furlough, I rrns directed to take chargo of tho 
Drawing and Photoziucographic Briluclies of tho Computing Office and assumed their direction on 
the 21st March. 

It is necessnry to state that tho return of work executed in these two branches is for a 
period of t r e l ro  months, and tllcrcforo it ir, not comparnble wit11 that submitted in  the preceding 
report, which embraced a poi.iod of 17 u~ouths for rcasonu therein atstcd. 

DRA WIXQ BRAlvCH. 

annual R e t u r n  of work e x e c u t e d  in t h e  D r a w i n g  OfBce, during the year 
e n d e d  30th S e p t e m b e r  1876. 

DESC~~PTION OF WODK. 

Comnpilnliorr. 

Map to illustrate tho report on tho Pnndit's routo throuel~ 
Cirent Tibet in 1874. Sl~cets 1 and 2. ~ i t h  Ilill) 
shnd~ng. ... j ' "  

fndex Chart to tho ~ ~ ~ r e e ' ~ l ~ e r t s  of ti]'; N.W. Hi;;;nIayn Series . .  \ . 
triungulnlion, wit11 llill rhudi~ig. ... 

Mnp of Hnvildnr, rind AIulluh's roules lhrough Afgbnnistnn \ 
..)... t v . ,  1873.74. ... ,.. .... Bbeet No. 6 of Spirit Lerclled Hcights ... ... 

Do. ,, 13 Do. ... ... 
Do. ,, 19 Do. ... ... 
Do. ,, 21 Do. ... ... ... ... DO. ,, 23 DO. ... ... 

... DO. ,, 25 DO. ... ... 
Do. ,, 26 Do. .., ... ... 

... Do. ,, 27 Do. ... ... 
DO. ,, 28 DO. ... . . , ... 
Do. ,, 40 Do. ... ... ... 
Do. ,, 41 Do. ... ,.. ... 
Do. ,, 42 Do. ,. . ... ... 

... Do. ,, 45 Do. ... ... 
Do. ,, 63 Do. ... ... ... 
Do. ,, 69 Do. ... ... ... 
Do. ,, 66 Do. ... ... 
Do. ,, 1 Dcllra DGu aud Sirtiliks nit11 bill shndiig, ... 
Do. ,, 2 Do. Do. ... ... ... 
Do. ,, 24 Do. Do. Survey. ... ... 

El'aol Churls. 

... Qrent Aro Scries, Section ; 18"Lo 21'. ... ... 
Cnlcutta Lo~~gitudiunl Bcries. ... ... ... 

... E w t  Conat Series. ... ... .., 
... Bilispur hleridionnl Series. ... ... ... 
... Jabnlpur bleridionol Series. ... ... ... 

Bider Longitudinnl Scrics. ... 
Degree Ohnrts of tho ~ o r t h - % s t  ~irnnln):; ~ r inn~uls i ion .  ... 

ilfisccllaneotrs. 

Examined and rrportrd on 4.1 f i~ir  originnl bhps af Kumn~in 
oad Gnrllnill, I(nttj.war, Gluzornt nnd Dellrn Dlin) 
nnd Sinliliks Surrry*. ... .. a ... j ." 

Examincd 113 proofs oC Mnps nnd Chnrts. .., 
Culored 8,602 Alnps. ... ... ... 
Prepared 7 prolraa~onnl nnd omco forms on drnning nnd t m n s  

Fer pnprl,. ... ... , . . ... 
Prcporcd n trnrr on lincn of Ll~e Aesaur TaUcp Trinng~llntion 1 

1876-iG. ... ... .,. ,,.).,. 
Prepared n trnco on lilwn of country round Hlr CIIIII. Pmk. 
Prepared an Indrx ('11snrl uf ~ r i ~ ~ n p l ~ l a t i u n  of N.E. Qundriln- 1 

torn1 ens1rl.n csl~naiun. ... . .  " '  

Prepnrcd 68 Fig~lrcs of the arrcrnl wries contnincd in tho S.B. \ 
Qt~ndrilt,tcr,tl to illualrnle Q.'l'.Y. Tollllllrs. ... ) 

Prepruod 97 Uingrn~ns ond I)crcr~ptin~~s ul Hcnrh-BInrks (01. 
Bbcrts NOR. 6, 21, 25, 27, 28, 40, 41, 4% 4% nnd 
6G ul Bpirtt Lrrrll~rl Ileigl~ls. ... ... 

Prepnrcd trncin~gs for ase of rul.ioos Olficcre and for rccord, \ 
and pcrfonued other u~i~ccl la~~eoua dutiag. . ) ' 

R E M A ~ K ~ .  

For Photosincography. 

Do. Rcductiou to 5 scnlo. 

Do. 

DO. 
Do. 
Do. 
D a  
no. 
no. 
Do. 
Do. 
no. 
110' 
no. 
DO. 
Do. 
Uo. 
1)o. 
Do. 
no. 
1)o. 
Do. 

Do. Reduction to + sale. 
no. no.  
DO. 110. 
Do. Do. 
Do. no.  
DO. Do. 
DO. Do. 

For Pliotozincogrepl~y end Zinc@ 
g r n ~ b .  

For Plrotoaincography. 

T l~c  d i p n ~ s  for Photozinrogrsr 
nod reduction to t scale. 

Nl~mbcr of 
sl~cets or 
dingrnms. Scnle 

- 

dfiles 

16 

24 

16 

2 
2 

1 2  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
t 

4  
4  
4  
4  
4 
4, 
4 

". 

... 

"' 

2 

1 

1 

1 '  
. . . . . .  
. . . . . .  

1 

1 
1 

1 

2 
3 .  
2 .  

2 
1 t 

" '  

' 

' 

-- 

... 

... 

... 

... 
1 

... 
I . . .  
I . . .  

1 
I . . .  
I . . .  

... 

... 
I . . .  
I . . .  

1 
1 

I . . .  ... 
1 
1 

... 
.. 
.. 

2 . . .  
2 . . .  

... 

... 

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

"' 

. . . . . . . . . . . .  
"' 

" . . " " . . . .  

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

"' 



This OfEce has boon priucipally engngod in the preparntiou of charts of trinngulation, of wI1icll 27 
havo been completed, and of the series of Level c11art.9, in wl~ich considerahlo progross llas beon 
mnde. Twclvo of theso slleots hnvo bcen co~npletcd nnd four are very nearly rct~dy for tho press, 
The nccompanyiug Index mnp shon-s the R ~ C C ~ R  that llaso bceu l~ub l i~hcd .  The n ~ a p  of Nortllerll 
Afghnnistan showing tho results of t l ~ c  csl~loratioun of tho Hnvil~lur anil the Mullah, nud t l ~ r ~ t  of the 
Pandit , '~  surrcys through O r m t  Tibet, both compiled nuder C;~l)taiu Trottor's superdsion, were 
completed early in the year, but circumvtnllces of which you are awnro, hare prc\.eutod the publica- 
tion of theso Tory intercstiug maps. 

-4 large amount of misccllaneoun work has been done in addition, and I am glad to be in a 

position'to say that  Mr. Atkinsou, tho Chief Draftsman, couducts thiv small branch k t k  much 
e5cieucy nud enorgy. 

The amount of work cxct~utod by this Office for i l ~ o  year ended 30 September 1876 is shown 
herenftor undor the lieads of Chnrts, Dingmms, Forms, and Maps. This work may be briefly 
sulnmarized as follows:- 

109 kauxfors hnro been made to zinc, 23,425 complete prints of maps aud other subjects and 
19,311 copies of Formq hare been struck off, bcuicler, tho prepnration of 126 silver prints. 

Tho out-turn bears fnrornblo comparlhon wit11 thnt of former you.s, which can be seenby 
reference to the abstract glveu in tho last report by i\lr. C'olo, n~ld taking iuto consideration tho 
reductions which ham beeu cnniod out both in thin and ~n the Drawing Branch during the year under 
renow, I trust the rotunls of those small OLlices will be considered satisf:~ctory both in quantity and 
quality. 

I n  the Photozineogmphic Office Mr. Ollonbach continues to merit the good opinion previously 
expressed of his industry and supervision, while the subordinate8 in both branches have ns a body 
worked snti~factorily. 

Charts. 

C .  

B O B S E C T .  Wllcn publiml~cd. 1 2 1 N~~~~~ 

Jogi-TilS Meridionnl Series Cllnrt, Fiunl ... . . . 
Sutlej Yrries Cllnrt, Finnl ... . .. . . . 
North-Wost Himalngn Sericn, Degree Sheet 1-2, F i n d  ... ... Fobrun~y 

,, ,, ,, 9, 3-4, 9, ... ... 
~ o d b ~ : r  Series, sea8011 1871.-75, Ni~mcricol ... . . . . . . Morr.11 
RrirnnLl Longitudinnl Series, Scoson 1874.75, Numerienl ... ... April 68 
Emtorn Frontier Scrics, senson 1874-75, Numcricd ... ... August 70 

Totnl ... 1678 

Diagranr s. 

N$,tz!es 
'51 
890 
So% 
1537 
81 

1261 
1026 
1918 
742 
"53 
350 

97" 

18,314 

B U B J B C T .  

r 

Plate, to illualrsto Volumon of the G.T. Survoy, and other Disgrnme { 

I 

When publiehed. 

October 1875 
Novetuber 
nccembor 
Jnnunry 1 7 6  
Fcbrusry 
April 
Bfny 
June f .  
September ----- 

Total . . ,  

l'ruleasiou~~l and Ofice Forma ... . . . . . . ... ( 1875.76 



Besides the foregoing. 12 Bl11e prints were issued. and 126 sets of Silver print8 (50 sobjects) 
were prepared on the ncnle of the Indian Atlns for the  use of tho Engravers and for Executive Officera 

b 

2 1 N~~~~~~~~~ 
h a  

I " 1  I "g I 
I 107 
I 105 
I 108 
1 415 
I 444 
1 454 
I 143 
I 137 
I 147 
1 164 
I 103 
I 105 
I 145' 
I 1281 
I 148 
I 152 
I 132 
1 136 
I 136 
I 139 
I 141 
I 135 
1 454 

444 : 140 
1 '59 
I 127 
I 14.3 
I 1.32 
I 159 
1 157 
I 481 
I 137 
I 34 
I 34 
I 130 
I 140 
1 "7 
1 104 
I 106 
I 107 
I 399 
I 10 
I IZO 

I 1'9 
I 133 
I '09 
I 113 
1 r r o  
I 162 
I 35 
I 111 
I 110 

"5 
I 109 
1 95 
I 11s 
1 121 
I 9 
I 142 

86 14. or5 

i ~ U ~ J E C T  . 

... Prints or ~nnps p~lhlisl~rd in former renrs ... ... 
Kumuun nnd Gnrhwdl. all cct No . l?.. contoured ... ... 

... ... .. 22. .. ... . Uuzerat Surrrp. shect No 80. ecctioll 4 ... 

... . . . .  6 ... . . . . . .  ... ... I )  .. I I  . . . .  10 ... ... ... . . . . . .  . . . .  1s ... 
Indcx to Qt~zernt . Yurrry ... ... ... 

... .. Kntlgrvnr .. ... ... 

... . I)ell~.n~ D6n n ~ ~ d  Simnlik S ~ I .  rry ... 
Del~rn DBn nnd Sisnlik Yorvcy. sl~cct No. V I  ... 

... .. 3: .. V I I  ... . . . .  xv 
Kumni~c~ nnd Qnrl~\vil. allcot No . 21. skrlebn ... . . . .  6. contoured ... ... 

... . 38 . . .  ~ : ~ ~ : ~ ~ ~ ~ ~  y:~ 1 For N.W. P~.ovincc~' Qnzettcor ... ... 
Usl~ra UGtl nnd binxlik S~~rvcy .  sllcet No . I 

. . . . . .  V For Forest Department . . . . . .  X I  . . . . . .  XI1 

I.  * I  I .  

... ... . . . . . .  XI11 
3 3 9 s  XIV . . . .  X X I  For F o r e s ' t ' ~ e ~ e r t m c ~ t  

l lnp  illnetrotin: t l ~ r  Pnndit's rootr in 1874 ... ... 
... Index la humnun nnd Ourl~mJI Surrey ... 

1)ehru ndn and Simnlih Surrey. al~rct No . 11  ... ... ... 
K U I ~ R L I I I  rind 01~rI11vill. ml~ect No . 43.  ekelclun ... ... ... 

. ... Knttgrvnr Surrey. alicet No 42 ... ... 
43 ... ... . . . . . .  ... 
31 ... ... ... . . . . . .  ... 

Kumnuu rind Qrrl~mll. sl~cct No . 2fi. skclotoll .. 6 .. 2nd edition"' 
3fnp illustt.ntirrg Ll~c Hnvildnr's mutea 1873-74 ... 
Knttyrrni 8 u l . r ~ ~ .  elleet No 44 . ... ... ... ... 
l111p of Kllotn Ulltnb~~r ... ... ... 
Knmnun rind Qnrl~rvil. pnrt of sl~cet No . 17 conto~rred ... ... 
Dclm 0611 0111 Yitvnlik Stmey. sl~ect 2 .. :: i For Fonst Depn*ment .. I )  .. 
Qozcrnt Sarvcy. sl~cet No . 80. section 12  ... ... ... 

... I . . . . .  6 ... ... ... ... 15 
... :: 1 3 ... ... 

Indox to Norlh.Wcst IIimnlnyn Series Degreo Blicete ... ... 
Trinngulation. N E Qondriluternl Eestenl Extension .. . . ... 

Bpirit Lovelli~~g opurntions. No . 66 ... ... ... ... ... 23 
... ... ... 27 

Quzcrnt Surroy. sl~cct No . 81. section 2 ... ... 
... ... I I I I . .  4 ... . . . . . .  10 ... ... 

Knmeun nnd Qnrl~rril. sl~cct No . 1. skeleton. 2nd odit.ion. ... 
Bl~~nsoorce end L n ~ ~ ~ l a u r  Yo~.rcy. sheet No . 1.1.. skeleton. 2nd edition 
Bpirit Lcvelliog oporntions. No . 28 ... ... .. 40 ... ... 3 .  45 ... 
Quzernt Survcy. sl~cet No 81. sccLion 6 . ... ... ... . . . .  12 ... ... 
Bpirit Levelling opcmtions. No . 6 ... ... .. 21 ... 
Dehrn 5611 and d ~ a a l i k  Burvey. sheot No . ~ 1 i r  ... .. I )  . . . .  X I 1  ... 

lV11cn publi~l~cd . 

... 
October 18i5 . 

. . . n  3. 

. . . . .  I. 
Norembor .. 

,, 
. . . . .  , 
. . . I )  I .  

. . . m v  I .  

. . . I )  I) 

. . . I .  I .  

. . . . .  I . . I .  .I 

Dccember I* 

. . . . .  .. 
0. 

I*  

1 3  

I. .. I. 

)I 

3 3  

.I 

1 3  :: PB 

. . . B v  1 3  

. . . v s  
Jnuunry 1 % ~  

3 

. . . . I  8 .  

. . . . .  I. 

February $ 3  

. . . I .  .. 

. . . n  3. 

. . . . v  .. 
March 11 

. . . . .  I3 

v :: I)  . 
1 3  

. . . . *  I) 

April 9 

1 9  

~ n ;  m 
June .. 

. . . . I  .. 
July I I  

t .I 

+ . . . t  I. 
August II . . . . .  I. 

1 3  

. . . . .  II 

. . . m  

. . . . I  s . . . . .  .I 

Boptomber II 

. . . . .  I. . . . . .  .. 

. . . . I  I. . . . . .  .I . . . . .  .. ------ 
... Tolnl 
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