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GREAT TRIGONOMETRICAL SURVEY OF INDIA 
IN 1874-75. 

Thc following is a summary of thc several operations of thc prcscnt 

year, given in the order in which they will be found dcscribcd in tliis report. 

I. Trigonometrical. The RSmniid Longitudinal Scrics ; Parallel 9;". . . . 
11. Trigononzet~ical. The Operations in the Assam Vallcy. . . . 

111. Trigonontet~.iccll. Thc Sccontlnry Trinngulntion in Bormah. ... 
IV. Tvigononaet~ical. The Eastcrn Fronticr Scrics, Burmah. ... 

V. T).igo~zonzet~*iccil. Thc Jodhp6r Series ; Mcridian 724 ". . . . 
VI. Topograpl~ical. The Survey of Kattywar. . . . 

VII. Topographical. The Survey of Guzerat. . . . 
VIII. TopograpI~ical. Thc Surveys in Dcllra D6n and thc Siwaliks. ... 

IX. Topogruphical. Bimnlayan Survcys in Kurnaun and Garhmhl. .. . 
X .  Spirit Leveling. In the Madras Prcsidcncy. . . . 

XI. Tidal .  Dctcrruiuations of AIcan Sca-level. ... 
XII. Cfeocletic. Electro-tclcgrnpl~ic dctcrminations of Difference 

of Longit~~dc. 

XIII. Geogvapl~ical. Trans-Himalayan Explorations. . . . 
XIV. Conzpzcting Ogicc. Examin,zt.ion, final rcduction and publication of 

tho Obscrva tions. 

XV. CurtogvapRy. P r c p ~ n t ~ i o n  n.nd publication of various Charts 
and Maps. 



(2.) The operatlions carried on during tlle year under r r r i cn  llsve pro. 
duced the following out.-tam of \rorlc;-of Principal Triangulation, wit11 the 
great tlleoclolitcs of the Survey, 89 t,riaugles, covering and area of 6,4.1G square 
miles, ant1 disposed in cliains n, l~icl~,  if ~nlited, mould extend over a direct length 
of 297 miles, and in connectiou witll \vhicl~ 2 astrono~nical azimutlls of verifica. 
tion have beell measured ;-of Sccont1:cry T~.iangulation, with smaller tl~eodo- 
lites, an area of 4,049 square miles 11ir.s been closely covered nitli points for the 
topographical surveys, a ~ t d  an area of about 6,000 square miles has been operated 
in pnri pnssrc wit11 the principal triang~~lation ;-of Topograpl~ical Surveying, a n  
area of 2,17G square miles has beell completed in tlle Hin~alajas,  on the scale of 
one inch to the mile, and areas of 2,141 sqnare miles, on the two-inch scale, and 
1,208 square miles on the four-inch scale, in the course of nrhicl~ 2,026 linear 
miles of boundary and check lines have been traversed ;-and of Geographical 
Explorations, much valuable work llas been completed, on the Northern Frontier 
of Afghanistan, and on the lines from L6d6kl1 to Lllhsa, and Lllbsa to Assam. 

(3.) The principal tlriangr~lation has been executed with the great thee. 
dolites, whose azimut.ha1 circles have a diameter 
of 24 inches, and are read by I, equidistant mi- 
croscopes. The average theoretical probable 
error of the angles, and the average geonietri- 
cal error, of the triangles-the amount. by 
which the sum of the three observed angles of 

a1 excess-are shown in the table given in thc 
each triangle differs from 180" + the spheroid- 

margin. The number of parties employcd on IT' '25 19 .48 Hills. 

the  principal triangolntion-which \I'M origi- 
nally fixed a t  six, ba t  had by last year bcen 
reduced to four-has this year been rednced 
to three, the party employed on the BraLma- 
putra Meridional Series having been transferrccl, on the completion of that chain 
of triangles, to undertake secondary triangulation in Burmah. 

(4.) The financial administration of the Department during the present 
year llas been exceetlingly di5cult and embarrassing. A large increase of ex- 
penditure had been occasioned by the introduction Of the system of consolidated 
salaries, which mas effected in 1874, under thc anticipation that the increase 
might be met by 'savi~igs in otl~er quarters'; these savings have turned out to be 
illi~sive, and a further increase of expenditure has been incurred by tllc resump. 
tion of operations in Burmall, where almost every description of work is very 
much morc expensive than it is in India proper. The orders and instructions 
for giving effect to the above measures were followed very speedily by orders for 
large reductions of cxpendit~rre; the latter could not be immediately carried out 
without keeping a large poition of the est,nblishmcnt of officers and surveyors 
unemployrd; they are now to be gradually carried out witl~in the next three 
years, by the stoppage of promotions, and a reduction of numbers as vacancies 
occur by deat,h, rebirement,, or transfer to other Departments. 

(6.) I now proceed, as usual, to report on and give an abstract of tho 
operations of the several Survey Parties and Offices. Furthcr details will bo 
found in the Extracts from the Narrative Reports of the Executive Officers given 
in t.hc 6rst appendix ; and a full account of the Trans-Himalayan Explorations 
will be met with in the second appendix. 
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NO. I.-TRIGONOMETRIChL. 

THE RAMNAD LONGITUDINAL SERIES; PARALLEL 95". 

(6.) The operations for the revision of tlie portion of the Great Arc which 
lies to the south of Bangalore having been completed, 

P B ~ ~ O N N E L  as stated in my last Report, the Madras party was 
Mnjor B. R. Drmnnll, Dy Sopdt 2nd 

O~ndc  deputed to commcnce the 1Umnrid Longitudinal Se- 
MI a B r l c l ~ n m , S o r ~ c ~ o r ~ t h ~ m d e .  ries, which is to trend east-wards from tlie Great Arc 
,, C D. Potter, Ass~shnL Yurveyor 

1st (tmdo on the parallel of 9d0, and had been approximately 
Nr E W. Lnaeron, Bat .  Burvc~or laid out during the previous year. 

2nd Orude. 
(7.) Several stations had to be built and the  

rays between them to  be cleared, before the fino1 ohervations could be com- 
menced; the series had also to be extended along the coast to the Island of 
lurnesweram, with a view to the proposed connection of the Survey of India 
with that of Ceylon. Major Branfill himself took in hand the complction of 
the stations and rays of the first figure, and sent his assistants to build the stations 
and clear the rays flirther in advance. He commenced the final observations on the 
29tli December and completed six stations by the 20th January, when, h d i n g  that 
IIC mas likely to overtake the station-building and ray-clearing operations-which 
mould have brought his own work to a stand still-he left his assistant Mr. Belcham 
to continue tlie obscrvotions and proceeded in person to direct and acceleratc the 
opc~rations in advance. It mas fortunate that he did so, for the belts of dcnse 
palmyra forest, intermixed with groves of cocoanut trecs, made tlie selection of 
stations very difficult indeed. To cany a zigzag traverse in the vicinity of each 
my tlirougll the forest was possible, but to clear the straight lines between the  
stations, down to tlie ground level, as usual, was found to be impracticable; thus 
to raise tlre stations to a sufficient elevation to overlook dl intermediate obstacles 
was tlie only thing to be done, althougli the palms grew to a considerable height, 
and the ground mas generally Ant. By availing himself of sand hillocks, and 
constructing an ingenious portable braced stand for the tlicodolite, and lofty 
scaffolds for the signal, Major Brsnfill succeeded in overcoming all obstacles, so 
that by tlie end of the first week in &larch the work of station building and line 
clearing-to tlie extent of cutting down or lopping the branches of some of tho 
most obnoxious palms -mas complete, as far as RhmnBd. 'fit obscrvotions pro- 
ceeded without interruption and were brought to a close by thc 1st May. 

(8.) Major Branfill's, next care was to extend the approxilnatc series from 
Itimn6d to Rritneswerarn, with a view to the Ceylon connection. After examining 
the couutry, he decided, on account of the increasing density of the palm forcst 
ant1 the mpid narrowing of the land, to utilize the islets of the coral recf which 
lies parallel to the mainland a t  the distance of 4 or 6 miles ; he thus extended 
tlie series by a succession of quadrilaterals as far as the land's end. Next season 
the remaining portion of the triangulation to connect the Survey of India with 
that of Ccylon-a sketch map of wliich is given in my last annoal report-will, 
i t  is to he hoped, be complctcd; the work however cannot be bcgun before the 
cntl of tlie month of Janu:lry, wllen tlie violent winds of the north-east monsoon 
motleratc, and open boats-tlie only craft this Department can afford to entertain- 
may ply between the islands in the Straits, to supply the signal and observing 
parties with water and food. 

(9.) The out-turn of field work consists of 27 principal stations fixcd by 42 
triangles, forming 9 polygonal figures (6 quadrilaterals and 3 Iiexagons) which cover 
an arca of 701 square miles, entirely in the plains, and extend for a direct distance 
of 00 miles from west to cast. A set of star observations for azimuth was also 
taken, and 36 secondary points mcrc fixed. I havc cva-y reason to be satisfied 
with t l ~ c  vigorous manner in which Major Branfill 1139 cnrlsicd on his operations, 
nnd wit11 his jr~dicious efforts to reduce tlieir cost, 1)y modifying the structure of 
thc stations of olscrvation, so as to utilize thc advantages afforded by the timber 



of thc pnln~yra trccs, as 3, set off against the serious difficulties presented by the 
superabundance of these trees, on the ground over which he was operating. 

(10.) For some years past Major Branfill has been making a collection of 
the oommon place-names met with in Soutl~ern India, wit11 their traditional 
root-meanings and local applications. A list of tliese will be found in tlie 
Appendix to this Report. Similar lists, collected from otlier parts of India, 
would doubtless be of much value to tile ethnologist and pllilologer, as well as to 
the topographer, throwing some light on the language and history of the inhab- 
itants, and even on the physical geography of the country. 

NO. 11-TRIGONOMETRICAL. 

THE OPERATIONS I N  THE ASSAM VALLEY. 

(11.) Lieutenant Harman relieved Mr. W. Beverley of the charge of this 
Pnaeorns~. party a t  Shillong, in October 1874, under instructions 

Lientenont H T. Hnrmsn, RE., that  lie would be required to join the S~lrvey Detach- 
Qficlntlng at.-t Sllpdt 2nd @man ment accompanyicg the Field Force which was to be hfr W O'O'Jull~ron, S ~ I T  4th Grnde. 

J O. Hughes, bast. Surreyor sent into the Daphla LIills in December. Tlllis it  was 
~rd)bde. a matter of great importance that he should take the 
field a t  the earliest date that  it mould be safe to do so, and mark out work for 
his European assistants and Native establisllment to perform, during Iris absence 
witb the military expedition. Starting from his Head Quarters a t  Shillong on tile 
3rd November, he was able to devote upwards of a montli to the preliminary 
operations of the triangulation in the country between the Civil Stations of 
JorhBt and Dibrugarh, and to frame instructions regarding the work which 
was to be carried on in his absence. 

(12.) On the 12th December he reached BorpathBr, tile second encamp- 
ment of the Field Force, and reported liimse!f to Major Godwin-Austen, of tlie 
Topographical Survey Department, who had been selected for tlie charge of tile 
Survey Party which mas nttacl~ed to the expedition. H e  accompanied the Feld 
Force, as Assistant to Major Austen, until the 7th January, when he mas deputed 
to make a reconnaissance of tlie Ranga Valley and tlie liill ranges to the east of 
the tracts occupied by tlie Force. Starting from the vicinity of Nortli Lakllimpur, 
he marched for some distance along the course of the Prins river, taking the most 
direct and best line to the Daplila villages i ~ t l ~ e  Ranga Valley, which line, though 
crossin? tbe outer bill ranqes, is more open and easily traversed than tile route 
along tbe Ranga river. Even here liomever no roads or well trodden foot pat,lls 
wcre found, tlie country was overgrown mith dense forest and jungle, and the 
progress made in each day's march mas very small. I t  was known that no food 
moult1 be ol~tainahle eth rotrfe, and vcry little a t  the Daphla villages when they wcre 
rcached ; snpplies of food had tllereforc to he carried mith tlle party, by coolies, 
and tl-eir daily consumption rapidly drrrcased the gcneral stork providcd for all. 
Thus Lieutenant ITarman mas ol~ligetl to contcnt hirnsclf wit11 a guard of only 12 
scpoys ; and aftcr reaching thc Dapllla villaqrs Ilc found that eveu tllcse men were 
more than he could Ecrd, and that he ~voultl either have to return a t  once with 
tllrm, 7.r itfecfc2, or to dismiw them and trust llirnsclf entircly to t l ~ e  prople of 
tho country. IIe cllose the latter altrrnativc, ant1 succccd~d in maliing good 
friends of thc simple mountainerrs; and, after complrting his survry of t l~e i r  
country, he event~~allp p~nuaded  them to take him back to Lakhimpur by the 
Rang3 Vallcy route, tllouqli a t  first they stoutly ohjrcted to doing so. Tl~r*y 
reprcqcnted the track as vrry difficult, a mrrc liuntinq track, not passable for any 
man mitb a load, and crrtninly not for Assnmesc! coolit,s, whom thry npprar to 
regard with great contempt. Lieutenant JIarman found that thcir accounts of 



the difficulties of the route were not much exaggerated, as t l~cre  mere places over 
whicll evcn his dog had to be carried; but lattcrly it appeared that  the chief 
objections on the part of the Daphlas to taking him by t h ~ s  route mere causcd by 
~pp~chcusions that tlley might thereby incur the enmity of their more powerful 
neighbours, thc Abors, and be punished by them for so doing. 

(13.) Lieutenant Harman worked right well, and showed much patience 
and tact in his transactions with the semi-barbarous inhabitants of a country 
mhicli no European had ever before entered. H c  underwent much roughing and 
exposure, and incurred many risks, but these have been repaid by the succcss 
m l ~ i c l ~  has crowned his exertions. H e  has drawn up a very intcrcsting account 
of his own operations and of the country and pcople, which will be published by 
the Survcyor General as an  appendix to the Daphla Military Expcdition Survey 
Report, by Major Godwin-Austen. 

(14.) Lieutenant Harman had expected that  his services with the Expedi- 
tion mould not be required for a longer pcriod than six weelis. But it wm not until 
the mouth of March, after an absence of nearly three months, that he was able 
to rejoin his own party and resume the trigonometrical operations. H e  tllcn 
found that the amount of progress which had been made during his absencc wm 
not as great as he had anticipated; several lines had still to be cleared before the 
observations of the angles could be commenced. H e  laboured vcry vigorously 
to push the work forward, but found the difficulties too great to be surmountcd 
in tllc short time remaining before the setting in of the rains and the conse- 
quent termination of the field season. I n  many places the forest was very 
licavy and dense; and worse than all were the occasional patches of jheel-canes 
"terribly armed wit11 crooked thorns on every surfacc," through which the native 
linc-cutters, wit11 their wooden sandals and naked legs, could scarely creep without 
sulfcring severely, and i t  was found impossible to clear the lincs more rapidly than 
a t  a rate of little more than 100 yards in a day. Thus the rains had commenced 
bcrorc Lieutellant Harman was able to begin flnal observations a t  the stations 
bct~recn whicl~ the lines mere clear; and very soon the country mas flooded to 
suc l~  an extcnt as to become impassable. Lieutenant Harman llad therefore 
no alternative but to quit the field and return with his party to his head 
quarters, a t  Sllillong ; he complcted only two triangles, after expending an amount 
of 1:ll)our and excrtion on his work, ml~ich would havc sufficed for a long line 
of triangulation in almost any other part of India; much of what was done 
will llowever be of futurc value, and tend to expedite the operations of the next 
field season. 

NO. 111.-TRIGONOMETRICAL. 

THE SECONDARY TRIANGULATION I N  BIJRMAH. 

(16.) I n  May 1874, I an intimation from the Secretary to the  
Psnanr~er,. Government of India, in the Department of Revenue 

m, nFrrrlrg, pg,, Or,,, As,ietsot Agriculture and Commerce, that  the want of proper 
s ~ ~ ~ > a ~ r i ~ t t c * ~ ~ , l e n ~  ISI. (~VR, IC.  topographical maps had necessitated the suspension 

M r .  J. W. blilcltt~ll, Yurrryor 4th 
Ormdc. of the Geological Survey in Burmah, that isolated 
MI. D. J. Collins, A E B ~ .  Survc~or  4th town surveys were being carried out ; that Marine 

Qrruln. Surveys of the coast mere shortly to he commenced; 
and that the government mishcd me to take early steps for the vigorous prosecu- 
tion of thc triangulation in Burmall. 

(17.) Accordingly the party mbicll had recently completed the Brahmn- 
pnt,ra cS(,ric~, as reportcd last ycnr, w m  rc-organized and transferred to Burma- 
undcr thc chargc of Mr. W, Bevcrlcp,-with instructions to carry chains of se- 
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condnry triangles, from tlre nearest principal sides of tlic Eastern Fisontier Series, 
in order to fix all largc towns, prominent and permanent ol~jects, peaks, kc., for 
Topograpl~iral and Geological Surveys, and the light-houses, kc., along the coast, 
for thc i\larine Survcy. 

(18.) Tlie cstnblishment was formed into two detacl~mcnts ; one v a s  imme. 
cliately under Mr. Beverley Ilirrlsclf; tlie other was under Ilis senior assistant IbIl,. 
RIitchell, who was now transferred from tlre Eastern Frontier Series, in connection 
wit11 which, lie had, during tlre previous season, laid out the design of a secon- 
dary triangulation to Peg11 and Rangoon. This he was now to finish, while Mr. 
Beverley worked in continuation, in the country to tlre soutli of Itan, ooon. 

(19.) Before commencing his own work, Mr. Beverley examined Mr. 
Mitchell's selections and found that they required to be modified to some extent. 
H e  then reconnoitered tlie country to tlie south, and laid out a triangulation 
down to tlie coast line near tlre moutlr of tlie Rangoon river. H e  took observa- 
tions to fix the positions of Elepllant Point Column and Eastern Grove Liglrt, 
and various points in the town of Rangoon for tlre Seaport Towns Survey. IIe 
then commenced tlie observations a t  tlie stations, north of Rangoon, connecting his 
stations to the so~i th  with tlie Eastern P~~on t i e r  Series, but was unable to observe 
because of the unfavorable condition of tlre almospl~ere. Two more attempts were 
made subsequently, on tho commencement of tlie rainy season, but both witlrout 
success ; and tlie same result attended the resumption of the triangulation along 
the  coast towards Clrina Bnkir Light. 

(20.) Mr. Mitcliell spent much time in reconnoitering the ground and 
laying out tlie triangulation to tlre nortli of Rangoon, and he took observations 
from seven stations ; but owing to very bad wratller, frequent attaclcs of illness, 
and otlrer causes, Ire failed to carry out 11is share of t,lre operations, and thus Mr. 
Beverley's work still remains unconnected ~ v i t l ~  the principal triangulation, and 
consequently does not 6ive any but rouglrly approximate results. I t  is expected 
however that the requisite connection will he made early next season, when the 
atmosphere mill probably ~IC clear and favorable for the observations. 

NO. 1V.-TRIGONOMETRICAL 

THE EASTERN FRONTIER SERIES, BURMAH. 

(21.) In  previous ycars the tr ian~nlation of this series Irad l~ccn bronglrt 
P s a s o m r ~ ~ .  down from I'rome to the nortliern portion of t.lro 

W. C. ~ ~ ~ ~ ~ ~ r l ~ ,  R ~ ~ . ,  D R ~ , , I J  Slrony-Glrecn Districts, tlle terminal side spanning 
8upc r i t~ l c~~< l rn t  3rd Qrntlr. 

Mr. 11. lirrcrlrg, Sum. lnt Gmdc. 
the Sittnng Valley a t  a distance of abor~t 30 nliles 

,, J. c ~ l , , , , ~ ~ ~ ,  ~ssista~ttsurvr~. ahove the town wlricli givcs its narnc to the District. 
or 3rd ~ m d c .  During tlre present yenr t,l~e sories lras I~ecn extended 
in a aoutlr-easterly direction, to mitllin 40 milcs of the town of Moullnein, the st,n- 
tions on tlie eastcrn flank resbing on tlro llill mnges ~vlricl~ sc.parate t,hc Brit,isll 
territories from the Sllan States t,ril)utary to Sinm, wllile tlrose on tJrc wrst, flank 
are near tlre coast of the Gulf of hlarta1)an. Stations 11avc also been selected in 
advance, through the Yrovince of Tennaserim, to rr short distance belo~v the 
town of Amherst. 

(22.) I n  Section V of my Inst Rrport I Irave givcn a very full account of 
tlie grcat difficulties wllich are met wit.11 in conducting t,lle op~rat,iona of this 
S u r v ~ y  in D~lrmali, in consequence of the dense forest and gro\\rt.h of tropical 
vt.gctatiou wlrich is usually met with evcrywlrere, tlre sparse populat,ion, the 
reluctnncc of the Burmese to work for hire, and the practice in which tllcy 
indulge of firing the grass jirngles (Inring tlre ficlld smson, and t.lrus ol~sclrring 
tkc atmosphcrc to an exlent which renders a l l  observations to distant points im- 



I ncecl not lScpcat what has becn said on this sul)icct, but allusion to  
i t  is necessary, becausc similar difficulties have attendt:d the opcrations of the pre- 
sent field season. Moreovcr somc of tlic stations llatl to be placccl on obligatory 
peaks of the liill ranges, so far away from tllc ncarcst human I~abitations, and so 
tllickly fringed with forest, that no one was known to llave cvcr reached them ; 
tile surveyors had to pioneer tl~cmselves wit11 their compasses, and to cut their 
mav onwards througll the jungle, scaling great rocks and precipices, without any 
guide to lead them.- 

(2.1.) The out-turn of work comnriscs a quadrilateral, a double polygon 
\--./ - - .- 

and part of a hexagon, covcring an area 6f about 3,150 square miles and advanc- 
ing the series a direct distance of about 100 miles. Nnrnerous secondary points 
were fixed both within and external to the principal triangulation. The prelimi- 
nary operations for future triangulation were carried over a distance of abnut 100 
miles, and llnve reached tlle parallcl of Kbldgouk Island, on which a station-site 
has been selected. The principal towns wherein points have brcn fixed are Shoay- 
Ghcen, Pcgu, Sittang and Bhiling; a secondary triangulation has been corn- 
menced towards the new Civil Station of Paphoon. T l ~ e  out-t~u.n of work mould 
be considered very good in any part of India, under far more favorable condi- 
tions for its achievement ; under the actual ci~~cumstances of the operations i t  
is all the more creditable to Mr. I-lossenrode, and to Mr. H. Beverley, by whom 
the preliminary opcrations were conducted. 

TIIE JODHPUR SERIES ; IlERIDIAN 724'. 

(2k.) Captain Rogers rctumed from furlough and relieved Captain lIill 
PBBBONNEL. of the charge of the party on tlle 20th Novem- 

Cn tnin N W. Rogcra, R E , OITic~nting 
bei. 1874. 

$cp,lty Superintendent 3rd Qlndr (25.) The triangulation was extended north- 
a[r. \V. c. Price, ~ u r v v o r  4tll Grlde. wards, tl~rough the Deserts of Jaisalmir and Bikanir. ,, C P Torrcns, Analstant S u r v o ~ o r  

3rd Ctnde. These tracts are apparently so called because, though 
Mr. P F Y r t l l l t ~ ~  * 3 9 1 3 t ~ l l t Q ~ r r ~ > 0 ~ .  inl~abited by a cou111arati~-ely Iargc population during 

4th Qrdc. the rainy season and the early portion of the cold 
weather-when there is still a supply of water in the tanks-they are deserted in 
the hot season, when the tauks are all dry, and drinlia1)le water is in many 
parts only to be obtained by being sent for to grcat distances. Thc water in the 
wells is u s ~ ~ a l l y  brackish and unfit for liuman consumption; thus water for the 
survey camps had to be brought from distances averaging 10 to 20 milcs, througb- 
out thc greater portion of the season. 

('LG.) The out-turn of work has bccn vcry good and creditable to Captain 
Roge~.s and his assistants. The principal tl-iangulation nrau advanced 104 miles 
along the mcridian by a serics of polygonal figurcs, consisting of a pentagon, two 
hexagons and one doublc polygon, wliicll cover an area of 2L72 square miles. 
An astronomical azimuth of verification mas measured nt one of thc principal 
stations. The preliminary operations, for the selection of the sites of stations 
in advance, werc carried over a distance of G &  miles, towards the Sutlej Series. 
The positions of the towns of Bikanir and Pugal, and other points, mere fised by 
sccondnry chains of triangles. 
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NO. V1.-TOPOGRAPHICAL. 

THE SURVEY OF KATTYWAR. 

(27.) Tlic operations of this topogra~hical survey liave been carried on 
Psnso?i~nr.. under the excci~tive charge of Captain Pullan, owing 

cnptnin A. pullnn, s.c., D ~ .  to thc continued absencc of Captain Trotter on duties 
DULY Stlprrintrndcnt 31.d Grndo. connected with the Geographical Explorations in  
J. MrQill, Esq., Oll'g. Ass i s l a~~ t  Su- 

porinlendn~lt l e t  Qrndo. Eastern Tnrkestan and other regions beyond the Bri- 
Mr. F. Deli. sorre~or 3rd (frnrle. tish Frontier. Tlie year has been uneventful in  t l ~ e  ,, N. C. Qwgnno.Sor. 4 th  Grndc. 
,, W. A. ~ i ~ l d i ~ , ~ ,  ASS~S~, , , ,~  sor. liistory of the survey, but good progress has been 

vryor 2nd Grncle. 
Mr. 17. Oldhnn~, Aast. Surre~.or 3rd 

made, botll in the field work and the mapping. 
G ~ U ~ C .  (28.) The out-turn of final topographical work, 

,, Q.T. HoII, nitto 9rd on tlie scale of 2 inches to the mile, by this party ,, 11. Corkrr~., Ditto 4l,l1 ,, 
viaqji R,,~o,,,,~I, rind 11 Nnlivc sur- embraces an area of 1749 square miles, comprising 

vrjors and Apprentices. parts of Prants Hhlltir and Machliu KBnthB in Katty. 
mar and a portion of tlie soulhern sen-board of Cutch. Tlie a,rea is less than what 
mas covercd last year, but this is satisfactorily accounted for by Captain Pullan, i n  
his report. The triaugulation executed in advance for the operations of next 
year covers an area of 2,200 miles, 200 of which are intended for the Survey of 
the Cutch Coast. I n  addition to tlie above, 1,117 linear miles of traversing were 
cxecutcd in order to demarcate the boundaries of Native States, and to check the 
details of tlie plane table survey. 

(20.) I n  my Report for 1872-73, para. 47, I stated that vhen the opera. 
tions of this survey sl~onld rcacli the shores of tlie Gulf of Cutch, every effort would 
be made to connect them with the survey of that Golf mllich mas made by Lieu. 
tenant Taylor, I.N. This has now bcen done, and the agreement between the two 
surveys is reportcd 1)p Captain Pullan to be very satisfactory. 

(30.) As rcgnrtls t l ~ c  mapping, four new sheets, Nos. 32, 33, 34 and 35, 
liavc been dmmn in such a manner as to be suited either for reproduction on tlie 
full scale of 2 inches to the milc, or for reduction by photography to the 1-inoh 
scale. 

KO. VI1.-TOTOGRAPHICAL. 

THE SURVEY OF GUZERAT. 

(31.) During thc present Scar ItIa,jor Haig has been carrying on the 
system of opr:ration which has been very fully de. 

PRPsOYNEL. 

Mn,ior C. T. IIt~ir.. R.E., Dcpuly 
scril~ctl in Section V I I I  of my report for last year, 

Suprri~,trndcn~t ?lbci  C I~~I I I - .  m11crcl)y all swvcys of British lands, which had been 
1~ic11t. J .  E. Gihhs. R . K  Assistnnt pr~'riousIy madc in detail for fiscal purposes, by the Sup~.rintrn<lcnl 2nd ar~ult*. 
bfr. J. ~ , . f i ~ , , ,  sUIT,~JUP 1 4  Qrnde. 1301lll)ay Revenue Surveyors, are combined together, 

1 '  v 3  supplcmcnted 11s topog~*aphy ~vl~erevcr necessary, and 
,, A .  I?. 1,. Cl~rislie, ,, 4111 ,, 
,, C. u h r l - h ~ , . ~ ,  ,, 4111 ,, mnpptvl on the scdt: of 4 inclirs = 1 mile,-while the 
,. x. J .  C ~ ) I I I I O ~ ~  1 \ ~ 3 1 .  S I I ~ ~ ; , ~ ;  ren~nining portions of the British Districts, and the 
, J .  l i k i  ,, , . , , I \VIIOIC of thc Nativc Htates, are surveycd and mapped 
,. ( t .  UILII. p s  "11 s B  on the 2-inch SC:LIC, as in Kattywar. 
,,, 8. Nc~rnlnn,  ,, 4 t h  ,. 
,, c. X o r n ~ a n ,  ,, 4th ,, (32.) An arca of 1,378 square miles has been 

Oopol YislllllL nnll 11 Ratirc sllr- topograpliicnlly surveyecl, of whioh 983 square miles 
rrjow nnd A ~ ~ ~ w c n t i c c ~ .  

was on tbe scale of 4 inches to a mile and 392 square 
RWENFR Srn~smoea. milcs on thc 8-inch scale. Thus the out-turn of 

Mr. T. A. Lrhlca~~rier. 
7 Nolirc Yurrrrora. 

work, as mcnsurcd by the area completed, is almost 
cxactly doublc what it was last ycar, when the opera- 

tions were of a tcntativc nature, and thc best mcthod. of ,utilizing the Revenue 
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Survey details 11ad still to be asccrtaincd, by carcful trial and investigation. 

(33.) I n  tlie Dang Forests an area of J ~ o u t  550 square miles mas trian- 
gulated. A small area in Sheet 79 was also completed with data points, by 
traversing, and a further area of about 300 square miles of British territory 
previously triangulated was prepared for survcy on the 4-inch scale, by effecting 
the necessary connection bctwecn the fiscal details of the Revcnue Survey and 
the stations, of the triangulation by meaus of traversing. 

(34.) The country topographically surveycd includes portions of the 
Dholka, ViramgSm and Dhandhuka talukas of t l ~ c  Ahmedabad Collcctorate and 
of the Limri, Laltlitar, WadlimSn and Cambay States, all mhich have now been 
completely surveyed, and appertain to Sheets 81 and 82 of the general maps ; also 
portions of the Ankleslvar taluka of tlic Broach Collectorate and of the Olpdd 
taluka of the Surat Collectorate, appertaining to Sheet 14. 

(35.) The mapping has progressed very satisfactorily. Major Haig has 
introduced a valuable printed form, called thc " Section Registcr ", in which all the 
different stages through which each map has to pass arc tabulated, so that i t  pro- 
gresses regularly, and passes from one class of draftsman to another, according as 
the stages are divided among the different classes. 

(36.) An interesting report by Lieutenant Gibbs of the country in the 
Dangs, in continuation of the one wliich was published in my report for last year, 
will be found at  page 36-. of tlic Appendix. 

(37.) The Surveyor General has expressed very decided opinions against 
the desirability of making any use whatever of the Bombay Revenue Survey de- 
tails; he has represented to t l ~ c  Government that, in his opinion, the Guzerat 
maps, on the 4-inch scalc, in which full use is madc of tl~ose details, are not as 
essential for the requirements of the coutltry as maps on half tliat scale, obtained 
from morc speedily executed surveys, made without reference to the Revenue 
Survey work ; and he has particularly advocated the early procuring of materials 
for the completion of tlie sheets of the Indian Atlas, mhich are engraved on a scale 
of somewhat less than t-inch to tlie mile. A C~mmit~tee of Survey and Engineer 
O5cers mas therefore appointed by the Governnle~it of India to report on the sub- 
ject. The committee mere not able to agree upon any report; no definite con- 
clusion was arrived at  with reference to tlie utilization of tlie work of Bombay 
Revenue Surveys for topograpllical pfirposcs; and irreconcileable diffcrences of 
opillion existed regardinq the rclativc cost and utility of surveys on the 4-inch 
and the 2-inch scales. Under tlie circumstances the Oovernmcnt had adopted a 
medium course, and directed that the 2-inch scale is to be employed in future, but 
that the Revenue Survey maps arc to bc utilizcd in thc operations. 

NO. VII1.-TOPOGRAPHICAL. 

TFIE SURVEYS IN DEBRA DON AND THE SIWALIKS. 

(38.) Tl~cse survcys are being made coujointly by a portion of the Ku- 
p,'r*son,,r, fl t h e  po,.~io,, of or maun ant1 Garliwill l'arty liuder Captain Tliuillier, 

r u m n u n  alld Q n l h l c d l  P~v'.Y and by the survcy branch of the Forest Department ernployed in the Bin. 

Cnptnin 11. R. Tl~uillirr R.F 01Tg. 
~vhicli Itas been lately created and placed under Cap- 

~ ~ ~ , , ~ t ~  S~tl>evinlmde~tl, la; ok;is. tain Bailey-\\,itli a view to executing special survcys 
Idt. ?It. Q. C. onh. Asat. for the requirements of forestry-and, while under Baprri~ttenrlrnb Sud (f~ndc. 
Bfr. C. J .  Neurillo, Burvryor 211d formation, has been temporarily affiliated to this Bar- 

Q rnde. 
Mr. J. Lon, Burvcyor 3rd Qrndo. "y' 
,, L. J .  P O C O C ~ ,  SUIT. 4th Orndo. (30.) The survey of the non-forest tracts of 

H. Todd, sur. Intarndo. tllc Dellra Dlin District., by Captain Thuillier and his ., T. Rinncp, ,, 
,, E. P. wrixon, ,, 211~1 Grade. party, llns made good progress during tbe year, and 

11 Nolire S~~rre~ors. Captain Tlluillicr hopes to be ablc to complete it, 
as mcll as the survey of JaunsSr Blinar, in the next field scrrson. 



(1~0.) T l ~ c  field opcl.ations were commencetl early in October and conti- 
nued to tlie cnd of April. P25 sqnare miles of country wcre top~grapl i ica l l~  
s~lrvcycd on t.11~ scale of 4-inchcs to tlie mile in tlie Dim. T l ~ e  nrholc of Jaunshr 
B:inrar n.ns covcretl witli a net-work of triangles, cornprising an  area of 470 square 
nlilcs; 30s linear miles of boiuidary traverses were executed, ant1 63 miles of 
cllccl; lines nrt.rc run over tlie topograpl~ical worli of tlie surveyors. 

( I . )  The country surveyed presents ground of very varied descriptions, 
from the flat cultivated lands in tlie vicinity of the River Asan-a tributary of the 
Jumna, and tlre main tlrainnge cliaunel of t l ~ e  Western Dbn-to the crest of tlie 
Mussoorce range, ~ \~hic l i  rises to a height of 5,000 feet above tlie level of the 
I)h. Tho low spurs and broken tracts about the foot of the liills gave an infi- 
nity of trouble, both in delineating tlie features of tlie ground, and in chaining the 
boundary traverses ; in the latter operation very heavy corrections mere required 
for the rcdilction of hypotl~cnusal to liorixontal values. 

(42.) Captain Thuillier reports fi~vorably of tlie pisogress of liis Native 
Surveyors, w l ~ o  are said to be improving in tlie a r t  of delineating ground with 
thc  plane table; their traversing work was all reduced in t l ~ c  field and found 
to stand tlie usual tests in a satisfactory manner. As the survey advances and 
the Native Surveyors become bctter trairled, tlie introduction of t l~ is  cl~eap agency 
may be expcctrd to 1i:tve a very appreciable efl'ect in expediting the completion 
and rcduciug tlie cost, of t l ~ c  work. 

(-1.3.) The Index Map of the Dehra Dlin and Simalik Survey, which is 
attaclied to this report, sho~vs very clearly the extent of \\,orb completed and 
reinaining for cxecutiou by Captain Tlinillier's party. Tlie uncoloured portions 
of the map - represent the forest tracts which have been or are being surveyed by 
Captain Bn11c.y. 

(11.) Captain Bailcy's Annual Report has already been submitted to 
Government tlirougli his o\\ n Department, together wit11 my review of his opern- 
tions. I t  is here tl~ercfore unnecessary for me to say more than that the out- 
turn of topogmpl~y is about 268 square miles, which lias been done on the same 
scale as the non-forcst tracts i)y Captain Tliuillier ; the amount of the boundary 
and intcrior traversing was 326 miles. Tlic grountl operated over was very broken 
and difficult, more particularly in tlie interior of the Siwalik Hills, tlie intricacy 
and ruggeilncss of wliicl~ are probably unsurpassed by liill ranges of the same 
altitudes in any part of tlie world. 

(45 . )  'I'lic out-turn of topogmphy cxecutcd by these two parties may be 
consitlcred small, as comparcd with that of other topogmphical parties working 
on tlie standard scalc of 1-inch to tlie mile, in Native States and in Districts wl~ero 
minutc delineation of thr  feat~wcq of thc ground is not required; or cven with 
t l ~ a t  of Revcnur Sur\-ry partics, morliing on the same scale and with much atten- 
tion to detail, 1)ut in flat and open country, wliicl~ requires littlc or no topographi- 
cal delineation. I n  Captain Tl~nillier's operations the average montl~ly out-turn 
of topograpl~icnl area, during tlre field season, I)y a party of plane table surveyors, 
consisting of 1 European and 2 Natives, mas 10 sqllare miles; in Captain Bailey's 
wit11 two lnorc uativcs .in each party, it  was 7 3  sqnnre miles ; i c  both cases tho 
native surveyors were ncw I~ands under tmininq, ba t  t l ~ c  Enropcans in the former 
wrrc, a.9 a rulc, older survryors and better skillcd t l ~ a n  in the latter, I am satis- 
fied that therc was no want of exertion and pninstaliing in t l ~ c  execution of thc 
oprrntions, and that a larger out-turn could only have been secured by a sacrifice 
of fidclity and rxcctness, in the delineation of the ground. 

(L6). T l ~ e  conjoint sumey mill form a map in 4.2 sl~eets;  of these 18 l~avo 
bccn completed and dcpoaited in tliis office, and 16 have been reproduced to full 
scalc and published by photo-zincography. 
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NO. 1X.-TOPOGRAPHICAL. 
- - 

HIMALAYAN SURVEYS IN KUhlAUN AND CARI-In'hL. 

(47,) During the  rainy season of 1874, a detacllment from Captain 
Tl~uillier's Party, nndcr Mr. Ryall, mas located a t  

PERSONNXL. Almora, tlre nearest point to  the  scene of the  future 
E. 0. R ~ I I ,  Esq. Ollicinti~ig Assist- 

ant Supor intcndc~~t  1st Ctrnde. field operations at  which the recess quarters of t h e  
BIr. C .  11. RIcAFee, ,\.*aistnnt star- party coultl be estal~lisl~ed. Before t h e  rains mere 

vcjor 1st Ctrado. 
Mr. n. F. brs i s tnn t  Sur- 1 ~ ~ 1 1  O V ~ P ,  Mr. R p l l  and his assistants lrad to take t h e  

vryor 3rd (3~nde .  field, in  order tha t  they n l ig l~ t  reach the  lofty ground 
M ~ .  I. 8. Pocork, Assistnl~t Surveyor 
(f~.nde. they Irad to survey, and m : ~ k e  the  most of the  s l ~ o r t  

bfr. J. B. McCort,ll~, Assistnnt Sur- interval during \vllich the  snow line is at its higliest 
vcyor 4 t h  QI . I I~C .  ant1 thc at,n~nspl~cre is bright and clear ;  this occurs 
between t l ~ e  cessation of the  autumnal rains and the setting i n  of winter weather. 

(48.) Mr. R p l l  conducted a series of triangles tlrrough n stupendous 
gorge overllung by tlre lofty mountains of C l ~ i r l r l ~ a ~ l a  and Husal ing;  a n  under- 
taking mliicl~, 11e says, reqaired all his skill and nerve. He also s l ~ p e r r i s ~ d  
the  operations of his assistants n r l ~ o  wcra emplny-(1 in  1)1:~1le tabling on the  

of ollc: i~lclr t.o tlrc! nlile. T11c dificolties this little detacl~ment  had to con- 
tend \\lit11 in  the 1oft.y region i n  1v11ich they mcre employed, and \vlrieli mere 
successfully overcome, are fnlly detailed i n  tlre Apl>enclix and t l ~ e y  reflect credit 

all cencerned. Captain Tl~uillier dra\vs particular attentiou t o  iMr. I. Pocock's 
i n  the upper part of t h e  Mhna Valley, nrherc the  average l~eigl i t  of the  

gronnd surveyed was over 21,000 feet and tllc maximum height reaclred was 
26,010 feet above sea level. 

(49.) T l ~ e  area t~opograplricnlly surveyed co~nprises 2,17G sqnarc milvs, and 
the  portion of country t,riangulated in advance covers 800 square milcs. Tliere 
now remains only about 1,200 square miles in the Ririlla Jo\vt>r, l l l rn r~na  and B;ipAns 
Valleys to survey, w l ~ i c l ~  ~vi l l  complete the unfinisl~cd portion of GarlrwAl. I jut  as 
tlre opcrations in  t l~esc desolate rcyions-to wlrich supplies of food and fuel l ~ a v e  
to be transportc!d from great tlisk~ncc~s-art! necessarily of a sonleml~at costly 
nature, t l~e i r  completion has been postponed for the present, and i t  will not be un- 
dertakcu until tllc erltcncliture can bc nlct by savings i n  other quarters. 

NO. x. 

SPl l l lT  LEVZIJNG OPERATIONS IN TI-IE RlilDRliS PRESIDISNCI-. 

(50, )  Cal~tain RicCullapl~, on Iris retnrn fiwm furlougli, succeeded to the  
raasorr~sr.. clrarge of t,hese operations, zice Lieutenant Harman 

Col,,ain J ,  R, nleC,,ll,,El,, RE, ,  1~110 11zd been transferrrd to Assam. I I e  con~menced 
Offirinting Aesirtont Stqrcrintc,~ld~.~tt \\rork a t  tbc S.lv. end of t l ~ c  Bangalore Basf3, the lreifilrt 
lst. MI, Ctmtle. A, =, nrgson, Aaristnnt sl,r. of \vlriclr Ilad I~crn  provisionally nscertainr(1 11y tri:~u- 
mgw 3rd Orndr. g111:ttion ~v l r ic l~  rests on a deteruliu:~t,ion of the  mean 

T ~ r u  t,otire rerpr<lcre. sea-levc~l a t  iIIadms, I)y Colonel l l c  IIauiland. H e  
then ca,rried a line of levels, ciai Ttimlihr, Sira, IIiriyur Tallak and REtmpur, to  
to  Honur 1I.S. ant1 illto Uellary, from wl~ich  station the work mas continued, via  ̂
Alhr, Adoni, and hIhdu\v~irnrn to Itaicl~ore ltnil\v,zy station, w l ~ e r e  i t  mas closed on 
the  3rd April 1875. The opcrations wcrc carried on in a vcry satisfi~ctory manner, 
and the  aggregate length of the lints con~plet~ctl is 297 miles. 

(51.) A t  Bellary a junction n7n.; cfft!cted 1vitl1 the line of levels which 11ad 
been carricd from there to the l'ort of l<arwar-011 tlre \vcstern coast-by Lieute- 
nan t  Ilarman, in  thc prccoding ficld scason. Captaiu RIcCulLgh's h c i g l ~ t  of 





(5.1.) Much time was necessarily occupied i n  thc  construction of the 
stations and i n  gctting the instruments into good working order. The regular tidal 

were commenced, a t  Okb6 in December 1873, a t  IXanstal in  March 
1874, and a t  Nawanhr i n  April 1874. It mas hoped tha t  they might  be carricd o n  
continuously for a t  least a year, if not longer, a t  each station, a shorter period 
being iuadecluate to famish  the rcquisi t ,~ data for arl invcst,igation of each of 
the principal tidal constituents. Considerable anxiety was Ilonrever felt as to  
lVhat rnigllt happen doring the  season of the n~onsoons, when heavy gales are  
prevalent; but  every precaution mas taken to s t rcng t l~cn  tile noodru observatories 
in mllich the  instruments mere set up, and to anticipate and provide for all possible 
oontingencics. 

(55.) Tllc monsoon of 187 k set i n  mit,li gre:lt severity and lasted long ; 
but  tile observatories all stood firm, and tllc tide garigc?s and tlre other self-register- 
ing  i n t r L I n l ~ ~ t s  rcmaiucrl in  gootl working order, a t  all the  stations, t,l~roughout 
the  season. Unfortirnately ho~vcver at  Wamaniir tlie entire configuration of t h e  
fore-sl~ore became altered, and :LU extensive sarlrl spit was formed, below tllc 
low water level, on the line of piping, mllicl~ becnlne complctoly buried. T l ~ i s  
occurred i n  t h e  month of July,  and necessitatetl t l ~ e  snspcusion of tile r e ~ i s t r a -  
tiolls a t  Nawanhr, uutil  s l lc l~ tirnc as tire piping could be extracted ant1 ngaln p u t  
into communicntion will1 deep \rrat,er. I t  ~vas cnpcct,cd that  the original conf-  
gurat,ion of the fore-sl~orc would pro1)nl)ly I)e restored I y  natural causes, n.11cn 
the  wind vcered rountl to its 11sna1 direction, wl~icll  ~ rou l t l  occur son11 after tire 
commencement of the cold meatl~er niontlls ; I~i l t  this cxpectatiou r a s  disappoint- 
cd, and, as the  cold season wore on, it  bccnme only too certain that  tllc piping 
\\.liicl~ lay beyond tile low va te r  line ~vonltl never be rccovrrcd. A supply of ucw 
piping was thcrcforc ol)l,ailletl from 130111bny and at,tacl~etl I)y 3Ir. llend(4l to the  
land portion of t l ~ e  original pipe, and I)y tlle c o ~ i l ~ n c n c r m c ~ l t  of thc ~ i i o t ~ t l ~  of 
Blarcl~ 187.5, after a. 11rc:tk of nitzc ~ n o u t ~ l ~ s  tliiratio~i, the title gaugc was onco ]nore 
in  free conl~nunicat,io~l wit11 the srn, and t l~erc  appearctl to IN: every prol~al~i l i ty  
tha t  i t  ~ r o u l d  so rclnain, at, least 1111t,il tllc s ~ t t i r r g  ill O €  tllc next, nronsoon. 

(66.) B u t  tllc station of Namali:ir a1)pcal.s to Ilarc been f i~ tcd  to be :I 
t,roul)le and a resation. Within a fort,nigl~t nftc:r Mr. llcndcll Irad rc-st,artcd t11(: 
tide gaugc, 11c rc tu r~~c i l ,  from a n  il~sl)ectio~l of I I n ~ ~ s t a l  station, to see 11ow ~ n a l -  
ters ~ \ ~ e r c  progressing, and fount1 t11:lt (Illring his al)sencc? co~rsitlcrnble O I ~ : ~ I ~ ~ ( ~ Y  
ltad again talic:n pl:tcu; t l ~ c  fore-slrorc Irnd I)ecti rapidly sl~nllon,iny, m ~ d  tllc nc:\\? 
p i p u ~ g  was bt:ing fast coreretl nrit,l1 n tleposit, of silt and luutl, nrl~icll Ilad nearly 
rcacl~ed up  to thc  1c1-cl of the rosc a t  its orrtcr cstreniit,y. 1 le  cu t  i t  a \ ray a t  
once, antl sabstitutrtl sevcr:rl lcilgtlls of iron ~ ) i p i ~ i q ,  ~vl1ic11 nrc!re l~cltl  ill ~11s-  
pension aborc tllc sorfacc of t l ~ c  sl~orc:, by 1)eing attacl~etl-at a level a lit t le 
I)clo\v t l ~ a t  of tlrc lo\vrst spring t.itlrs-to stalicts driven vort,ically into the grollnd 
for tllc prlrposc. Blr. llcndcll re~llninetl on the spot for t l ~ c  next two ~ n o u t l ~ s ,  
taking steps to preycut t,hc rosc from bring reaclrctl b; the  collstant,ly r i s i n ~  nlutl 
and silt,; bo t , l~us sucocc~tlcd in gcbt,ti~~g sntisf:lc:tol.y ant1 cont,inuous rt:gist.ra.t.io1~s 
for the whole of the  ttimc, mld 11c cl~cclied t l rcn~  I)y a scrics of llourly rradings 
taken pal.;, passic on a gl.atlnntcd st,:ilB, wllicl~ h&d 1)c~en sct up  i n  t l ~ e  sen, i n  (Iecp 
\lrat,er, i n  order to alti)rd a mcaus of verifying tllc intlicntions of tile self-rcgistcr- 
ing  gnuge. 

(67.) A t  Okllh station all went on most sn.tisfartorily th1*oughout tllc 
monsoon of 1574 ant1 the follo~\-ills ficltl srason ; t , l~rrc  n-crc rcry few l)renks of 
cont,inuit.y in  t . 1 ~  rrgislrat.io~is, and tllcy \\-ere vsry sho1-t antl of 110 inlportnncc. 
A t  1Ianst.nl t l ~ c  brcnlis were morc nluncrous and longer ; hcrc thc  ~ v a t c r  was very 
1nutldy, and not pure and c1ea.r as a t  0lill;i; constrqrtcntlp there was a t,erldrncy 
for a scdimrnt of m11tl to I)c d ~ p o s i t ~ r d  in  thc c y l i ~ ~ d c r  of t h c  gaugc anti in tlIc 
1)iping ; t.his sctlimrnt h:rd to bc clvarrrl out oc!casion:~lly and t l~cl i  t,llc re,rristra- 
timls wcrc ncccssarily interrnptc~d ; Inlt the  l~rcnlts in  t , l~c curves arc of no ma- 
t,erin,l import-ance, and t h y  can hc fillcd in  by Iland from tllc outlines of the 
collateral curves, wit,hout any risk of significant rrror. 

(53.) The most trying and difficult portion of thc  operations was t h e  



carrying out of the periodical inspections during the monsoon of 1874. This had 
proved to be so arduous, and to entail so much exertion and exposure on the 
officer on whom the dut,y devolved, that I felt I should not be justified in request- 
ing Captain Baird to carry on the operations through the monsoon of 1876. I 
therefore dirccted him to continue the registrations up to mithin a few days of 
the commencement of the monsoon, and then to dismantle all the stations, and 
remove the instruments. These instructions were duly carricd out in the month 
of Nay. 

(59.) Thus the periods during ~rllicli the tidal lreiglrts havc been conti- 
nuonsly registered a t  thc three stat.ions, arc 16+ months a t  Okhii, 14 months a t  
Hanstal, 2 months a t  Nan~anhr in 1871 and 2 months more in 1876. Si~nultane- 
011s regist,rations of the direction and vclocity of t,l~o wind, aud of tllc barometric 
pressure, mere made by the ancinograph and the barograph, ~vhich were set up a t  
each station. 

(60.) The long break in thc registrations a t  NawanBr is to be rcgetted. 
But as the st,ation lies n ~ a r l y  midu-ay up the gulf, it  is probal~le that  tlre values 
of the diKerence between the mean level for tho periods of actual observation and 
the mean level for the entire ycar, which are givcn I)y the registrations a t  Ok116 
and Hanstal, may be safely applied to thc results a t  Na\vanBr, to obtain the mean 
lcvel for the year there. Captain Baird has already done this, and obtailied very 
accordant and promising rrsu1t.s. 

(61.) During the field season of 167-4-75, the work oP inspecting the 
ob~ervat~ories, rating the clocks, and maintaining every thing ill satisfactory work- 
ing  order, devolved cl~iefly on Mr. Rendell. Captain Baird mas principally em- 
ployed in conducting spirit leveling operations, for determining the relative levels 
of the datum points of the three tidal stations, and of the stone bench-marks 
which had been laid domn, a year previously, along tllc lines to be leveled over. 
The lengt,ll of the main lines connecting the three t,idal stations nras 275 miles, 
mliicli mas leveled over independently by Capt,ain Baird and Narsing Dass, in 
accordance with the rigorous system of operation ~vlricl~ has heen follo~ved for 
several years past in this Depart~rlent ; 29 ~ r ~ i l e s  of branch lines were also cxecut,ed, 
in order to connect the stations of the ICatty\var triangulation wit11 the tidal 
stations. 

(62.) I n  wo1.1iing between NawanAr and LIanstal, Captain l3aird l ~ a d  to 
make aconsideral~le dctour round the head of the gulf, crossing the Rnnn bctaeen 
Sllikarplir and MnlliB. Several bencll-m:~rlts were fixed on tlrc Rur~n ,  and they 
~vil l  be important points of refrrence wher~ t , l~e operations arc: rc3peated some ymra 
Ilencc. The existing sl~rface level of tllc Rann has been obtained a t  a rr~unher 
of  point.^, for Captain Baird t.oolc t l ~ c  pr~cnntion of I~nvinp all t .l~e pins on n,llicll 
the leveling staves were set up, tll.ivcn down\\~ards until tl~vir heads \vcrc exactly 
flush wit11 the surface of the ground. 

(G3.)  At the close of the field season, the instruments were talien down 
and the observatoric:~ mere dismantled. At  each station the vertical iron cylinder, 
in w l ~ i c l ~  the float of the gauge had acted, was left i r ~  s t n t ~  ~ I L O ,  together with a 
length of ahout 50 feet of the iron pipiny extcnding sea-~rards from the cylinder. 
Thc cylinder n7:1s filled n-it11 clean dry sand, and closed above \\,it11 a tllicli planlring, 
aftcr n-l~icl~ a massivc pile of stones was raised. over the ground around it to serve 
t l ~ c  double oh,ject of n prot,ection, and an indication of t,l~e position for future 
referencn. T l ~ c  t,l~ree be~~cll-marks in tllc immediate viciuity of the cylinder, wit.11 
each of which the datum of the gauge Ilnd been connected, were similarly covered 
over. Finally the several cairns were plnccd under the protection of the local 
officials; and it is to be hoped that the cylinders and bench-marks mill be readily 
discovered whenever the second series of operations are commenced, and that they 
will be f o ~ ~ n d  to have remained undisturbtrd meanml~ile. 

(64.) Thus the first series of operations, to determine whether tlre relations 
of land and sea are constant or c l ~ a n g i n ~ ,  is now an accomplislrcd fact. Great credit 
is due to Captain Baird for thc rnannpr in \vl~icli h ~ :  l ~ a s  conduct,ed the task 
entrusted to him. The dinic~llties he had to contend with, in obtaining exact re- 



gistrations cont,inuously for such long pcriod.q, were very srrious and formidable ; 
all tlie stations wme sit~lated at  points on the coast line wl~ich were vcry far frotn 
thc nearest Iiabitccl localities; tlie inspectioris during tllc scason of Inonsoons, 
which work was done entirely I)y himself, necessitatod constant travelling dui~ing 
the most inclement time of the year, and entailed an  amount of risk and exposure 
which would tell on a constitution of iron. 

(65 , )  The final reduction of thc registrations a t  each station haa becn 
commenced, but i t  mill still take some time to complctc. The follominq prelimi- 
nary results have however bcen obtaincd from the comhincd tidal and leveling 
operations-viz., that the mean sea-lcvel is higher, by 7 inches, a t  the hcad of the 
gulf, and by 4 inches, midway up, than i t  is at  the mouth of the gulf, 

(66.) During the present year the tidal obscrvations which were taken 
a t  the Port of Tuticorin, in the year 1871-72,-with a self-registering tide gauge, 
similar in all respects to those employed by Captain Baird-have been reduced 
by the harmonic method, by Mr. Robci-ts of the Nautical Almanac Office, who 
has long been employed in reducing tidal observations for the British Association, 
and whose gbod services, in aiding Captain Bairtl in the pr~?paration of his Notes 
on the Harmonic Analysis of tidal observations, I have already acknowledged in 
my report for 1872-73. Mathcmatical expressions have been deduced for each 
of the several tidal constituents, by mcaiis of which the height of the tide, at 
any moment, may be computed with great exactitude. 

NO. XI1.-GEODETIC. 

ELECTRO-TELEQRAPIfIC DETERMINATIONS OF LONGITUDF!. 

(67.) I u  consequence of Captain Herscliel's absence fisom this country, on 
leave to Europe, and of tlie services of Captain Campbcll liaving bcen placed a t  
tlie disposal of Colonel Tennant for an cntirc year-to assist in thc operations 
connected with the obscrvations of tlic Transit of Veiius a t  Roorkec-the dif- 
ferential detcrminations of longitude by thc electro-telegraphic method, which 
were commenced in 1872-73, have bee11 suspended, and tlic two assistant sur- 
vcyors and small native establishments ernplogcd on thcm were transferred 
temporarily to the parties under Mqjor B1.anfill and Captain McCullagh. 

(68.) C~p ta in  Cainpbcll's services merc replaced a t  my disposal a t  the 
end of April, wlien thc field season of 1874-75 mas so nearly ended that i t  would 
not have been practicable to resumc tllc electro-tclcgraphic opcrations. Captain 
Campbell camc up from Roorkee to Mussoorcc to fra~ne with me a progranlme of 
operations for the following field scason, to hc mldcrtakcn by llimsclf and Captain 
Hcavisidc, whose services would be sliortly available, for the purpose. 

(69.) The first part of tllc programme was to endeavour, during the  
approaching season of rcccss, to ascci-t&in tlie cause of thc impcrfect perfor- 
mances of onc of the Transit Instrumcnts, wllilc employed in t l ~ e  opcrations on 
tlie line Matlms-Bangalorc-blangalore, and to dispcnsc with the induction coils- 
involving trou1)lcsome batteries and frictional clcctricity-which Ilad hitlicrto bocn 
a constantly recurring sourcc of failure ancl disappointment in thc nianipul a t '  ,ion 
of thc elcctric clironograplis; vide paras 70 and 85 of lily report for 1872-73. 
Both these duties lmvo now I~ccn successfully accomplisl~cd, as mill bc sccn on 
refercncc to Captain Cainpbcll's rcport in thc. Appendix. T l ~ c  ~rduction of a por- 
tion of the previous obsrrvations-n,l~icli rcniained in l~and nrl~cu tlic party had 
to be brokcnup, nut1 has hccu licld in al~cyancc cvcr sincc-has now bccn com- 
pleted by Captain Campbell; tlic final rcsults fro111 the ~vliolc of tlie obscrvations 
havc 1)ceu found to dilfvr by only .03 of a sccond of timc, from the prelimimry 
results by a portion of them which havc bcen alrcady p~l l i shed.  



NO. XII1.-GEOGRAPHICAL. 

YARKAND MISSION. TRANS-HIMALAYAN EXPLORATIONS. 

(70.) I n  my report for last year I statrd that, on the return of Sir Douglas 
Forsytll's Mission to E,~ct,ern T~i~*lcestan, Capt>ain Trotter-wlio had been attached 
to the Mission on my recom~nendation, in order to utilize any opportunities wl~ich 
mig l~ t  occur for prosec~~tinp geo,n~*apl~iczl investigntions-had retlirned to the 
Head Qliarters of this Survey, slid was supervising tlie reduction of his astrono- 
mic:~l ol~servations and the compilation of a map of the country, which were 
being done for l i i~n in this Office. 

(71.) The map and his Narrative of the Geographical Operations, with 
full details of tlie  result,^, have already been submitted to tlie Government, and 
are p~tblislled in the Official " Report of a Mission to Yhrkand in 1873, under the 
oo~nmand of Sir T. D. Porsytli, IC.C.S.I., C.R.", wl~ich was printed a t  the Foreign 
DtApartment Press in 1675. I t  is now therefore only necessary for, me to give 
a brief capitulation of the geographical acquisitions \vhicli mrre the fruits of the 
lahours of Ili~nself, and of the Pandits and other natives especially trained for Hima- 
layan Explorations, who were sent t,o assist him. 

1st. The positions of Khsl~gllar, YBrltand, Tashkurgllhn and Kila Panjah 
(on the River Oxus, in Wak116n) have been very exactly determined, by astro- 
nomical observations; they ltave been used as the basis of the mapping, and the 
positions of all other places have been laid down diffrrent.ially from t11t.m. 

2nd. The routes from Eishghar to the Chatlirltul Lake, on the nortll, to 
the B':ln\rti Pass, on the nortli-east,, and to Marilb&sl~i, on the east,, have been sur- 
veyed, the two first I)y Captain Trotter ant1 the third by Captain Bicltlulph. The 
one to the Clladirlcul Lake had been previously survcyed by Russian Officers, and 
i t  serves as the first connecting liuk between the British and the Russian Surveys 
in Cent,ral Asia. 

3rd. T l ~ e  ro~ites from Khsligllar to the south-west, to Badaksl14n and 
Rnblil, vid Tashkrlrgl16n ant1 the Phmir Lands, have beta surveyed up to Kila 
P a ~ ~ j a l i  ant1 to points in Wbklthn and near the snnrccs of the River Gxus, some of 
wliich had been previously fixed in 1837 I)y Lieutenant Wood of the Indian Navy, 
and otllers bp t.he Native Explorer mllo is k~ioe*n as the Mirza. 

4th. The course of the Pan,jal~ Br :~r~ch of the River Oxus lim bepn sur- 
veyed from W6khin tl~rougli Slligllnhn, and down to Kila W i ~ n a r  and Piqisli in 
R ~sli in,  whe~-elty a considern1)le portion of tlie rern:~rkable bend in the river, 
alotlg tlie nortliern border of Badakshhn, of which nothing wm known previ- 
ously, 11a.s now been clearly defined. 

5th. Tlle routes from Yirkand to Rllotan, and from Khotan to Kiria and 
the Sorgl~iik gold fields, on tlre road to Chine, and from Eiria sout,hnrards, across 
the K11en Luen range and the Thibet plateau to the vicinity of Gartokh and 
Rudokll, have heen survryed. 

6th. Vnrioiis rol~tes between LarlAkh and Enstern Turkestan over the 
Karakor:lm and the Kuen Luen mnqes have been surveyed, some for tlie first time, 
though of others we mere alrently in possession of maps of varying degrees of 
accuracy, whicli had been constructed by Messrs. Johnson, Hayward and Sllam. 

(72.) All these, and more particularly the surveys of the routes over the 
PAmir Lnnds and of the course of tlie Oxus, are very valual)lc additions to tbe geo- 
grapliy of EaqternTurkestan ; and they are especially gratifying to myself as having 
been ohtained, almost, entirely, t l~rougl~  the instrumentslity of an Oficer of this 
Department, wlio wns attached to the YBrkand Blission on my recommendation, in 
order to make the most of the opportunities wl~ich would be afforded for surveying 
these interesting, but hitherto badly mapped, rrgions. 

(73.) On the completion of his map and report, Captain Trotter was about 
t o  proceed to Europe, when the Havildar who had been deputed to make a survey 
of the unknown port iou of the course of the River OXUS, and the Pandit who 
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l ld  been deputed to survey the direct road from Ladbkh to L h h a  and then to 

further explorations, returntud to Hc~ad Q~~ar t e r s ,  almost simultaneously, 
though from such opposite directions. Each ol them I~ronght wit11 him numerous 
joulmals and records of astronomical observations and route surveys, from which 
maps had to I)e constructed and the information extracted and put into a suitable 
for111 for publication, as has been done by Major, now Lieut. Colonel, Montgomerie 
in his reports of the Trans-Himalayan Explorations. Believing that  thls work 
could not bc performed by any one better than by Captain Trotter, I asked him to 
postpone his return to Europe, and to undertalte i t ;  and he cordially assented to  
my proposal, though he \\.as thereby disappointed of the gratification of a n  
early return to Europe, which he had been looking forward to. It is to liim 
therefore that I am indebted for the "Report on the Trans-LIimalayan Explora- 
tions during 1873-7b-75", which accompanies this report, and of which I now 
proceed to give a brief epitome. 

(74.) Starting from Kabul, the Havildar struck a t  once to the north, 
instead of taking tlie usual circuitous route to the west, by the Bhmian pass. 
H e  crossed tlie Hind6 K6sl1 range by tlie Sarolang pass, and, descending to 
Khinjan, took the direct route Ily NBrin and Ishltamisl~ to Faizabad in Ba- 
daltsl~an, the greater portion of which had never before been surveyed. Thence 
he proceeded vici RustBk to Kolib, crossing tlie Oxus at Samti. His instructions 
mere to follow tlie course of the Oxus upwards, as closely as possible; but 
he found that this would have led him away from t,he main lines of communi- 
cation and reudered him open to suspicion, and that to advance a t  all into this 
ter~.a irtcognita, it  would be necessary for him to preserve his assumed cba- 
racter of a travelling merchant, and to lteep to the most frequcnted roads. H e  
proceeded in a north-easterly dircction, via  ̂Hhawiiling and Shgri-dasl~t, to Kils  
Kllumb (the capital of Dnr\vhz) where he again stroclt the river - here called the 
Panjali-at the northernmost point of the bend in its coursc through t l ~ e  mountains, 
between its rise in the PBmir plateau, and its domnmard plunge into the plains of 
KolBI) and Badalcshkn. From ICila Hhumb the Havildar advanced for a ilihtance 
of about 60 miles in a so~~tll-castcrly direction, along thc right bank of the river, 
making a detour to Kila Wanj efz ~ o z r t c ;  and fillally be reached Yazghfliim, the 
froi~tier village of the priucipality of Darwhz. Most unfortunately he mas turned 
back a t  this point, under orders from the Khan of Darmiz, who happened a t  
the time to bc a t  enmity with the Kban of Shighnhn. Thus his exploration of 
thc river was stopped a t  a distance of about one long day's joul*ney from Pigish, 
the loaest point reached by Captain Trotter's nativo surveyor from tlie opposite 
direction. Being ignorant of mliat this man had already done, and most anxious 
to complete his survey of tlie bend of the river, tlic Havildar eventually re- 
t'urned to Faizabad, and went on to Ishkashim, t l ~ e  well knomn village on the river, 
a t  thc eastern end of the bend; he then follon-ed the river downwards, but was 
again stopped and turned back, this time by the Khan of SliighnBn. There is 
thercfore a gap, probably of about 20 miles, between the work of the Havildar 
from the west, and that of Captain Trotter's agent from the east, which is to be 
much regretted ; but on tile other l~and it is a matter of congrat~~lation that so large 
a portion of the cowse of tlie Oxus, which was u~ikno\vn when that river was 
adopted as the Northern Boundary of Afghanistiin, by the British and the Russian 
Governments, has now become clearly defined. 

(76.) Compelled to return from Yazgh6lAm to Koliib, the Havildar, in- 
stead of directly retracing his stcps to Faizabad, struck westwards, tlirougll 
regions, on the north bank of the Oxus, of the geography of which very littlo 
mas known. His route determines the position of the  important town of Kabiidian, 
and proves that the SurkltBb River-which rises in the Alai plateau to tlie south 
of Khokand, and passes tllrougll the principality of KarAtigin-joins the Oxus, 
not near Kolkb, as has long bcen supposed, but a t  a point about 80 miles lower 
down. 15s route survey wna carried soutl~wnrds from KnbAdiiin,-crossing the 
Oxus at the Iwnchik ferry-down to the well knomn town of Khulm, and thence 
eastwards, cici Kunduz and TalikhBn, back to Faizalad. 



(76,) While the IIavildar9s observations mere being worked out and 
]napped in tliis Oflice, information was received of tlie Russian expedition to 
IIissAr, in tlie summer of 1875. As yet 110 full accounts or maps, whicl~ may 
have been published by tlie members of the expedition, have rcaclied this couiitry ; 
but from tlie '' Glance a t  tlie Rc~sults" by Herr. P. Lcrcll, mllicli is translated 
from tlie Rrcssisclte Recrie, aud publislied with notes by Colonel Yule in tlie 
Gcogmpl~ical Magazine for November 1875, i t  appcnrs that Koliib and KabiidiAn 
are two of tlie points aliich mcro visited and fixcd by the Russian Officers. 
Tlius a secoiid connecting link has been obtained between the British and the 
Russian surveys in Central Asia.* 

(77.) A Mullali, mlio had been recently traincd by the Havildar, was 
deputed to explord the course of tlie Kunar River, from its junction wit11 the 
Kabul River near Jaliilabad, to Chitr4, and then on to its source in the  hind^ 
Klisli Iange. Tliis man ascended the river as far as Asmir, where lie found any 
further direct advance impossible a t  tlie time, because tlie people of Asmir were 
a t  war wit11 the nriglibouring ICB& tribes. H e  tlirrc.fore made his way over the 
range of hills on the ltlft bank of tbc river to Janbatai, a place on the Havildar's 
route in 1870 from tlie Punjal) to Bndalcsliin, which route tlie Mullah followed 
as far as Cliitriil. Thcnce he struck into new ground, ascending the course of tlie 
river, vi$ M~qtu j ,  up to tlie Bt~roghil pass; and after crossing the pass he worked 
u p  to Sarliadd WBklifcn, the position of nrllicli had been fixed by Captaic Trotter. 
His work mas very carofully executed, and it has sl~own that tlie positions for Dir 
and ChitrM, which werc determined by tlie Havildar, require to be altered by a few 
miles. I t  gives the entire courscl of the Kunar river with the exception of a 
lengtli of allout 25 miles t,lirougli tlie Kiiffir hills imrnetliately above Asm6.r. 

(78.) Pandit Nain Si~lgli-tlie Pandit pa7. excellence of Major Montgo- 
m~rie ' s  Trans-IIimnlayan Explorations, mllose name i t  is no longer necessary to 
suppress as he has recently retired from active employment-mas one of the 
explorers who mere attached to Sir Douglas Forsyth's Mission, with a view to  
being sent into tlie countries lying eitlier to tlio north or tlie soutll of tlie Gobi 
Desert, sliould an opport 11nity pt.esent itsrl F. Ar this was not found to bc feasible, 
he mas scnt, on 11lb I ' C ~ U L . ~  from Ybrkmld to Lch, on anexploration to LI~hsa, by 
a route lying consicleral~ly to the north of the one ml~icli he had previously taken, 
and wllicli is described in my reportfor 1866-67. His instructions mere to return 
to  India from Lhiiqa uid China, if possible, otherwise by some hitherto unexplored 
route tl~rougli the Bhotan Hills. 

(79.) He left Leli in July 1874, and succeeded in crossing the Thibetan 
frontier, in the disguise of a Liima, or Buddllist priest. Passing about 16 miles 
to tlie north of Rudokl~, he travelled nearly due east for a distance of more than 
800 niiles, over a new line of country, separated from the valley of thc Tsanpo- 
or Great River of T11il)ct-by an almost continuous range of snow mountains, 
whicll trt.ncls eastwards from the Alang G6ngri peaks, in longitude El0, up to the  
Ninjin Tliangla peaks, soutll of tlie grrat Tcngri Nur Lake, in longitude 904". 
His road lay, trl~rouqlioat, over an extensive table land ranging in heiglit from 
13,900 to nearly 16,000 feet above the sea level, a region containing a fern gold 

While t l~rse  pncrs mere k i n g  pasnpd tbroueh t h p  press I rcerircd n copy or  the tnble or " t h e  Lntitude, 
Longitude and Altitude of certain points in IIinrGr by M. Scl~rvartz, a rncrnbur of the Scientific E~ped i t i on  of 1876 to 

tha t  muntrp", which is publiahed io the Russian Tc~rkegbn Gnrctlo No. 48 dntcd Dcccmbcr 1876. The positions it 
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pirrn lor Kollih nnd Knbid~Pn are verg kirly sccordsut with lhose deduced lrom tho  Havildnr'n work 1s will be 108n 
from the lollowing values. 

By the Hsvildar 
Latillulc. Longitude. 

8 7 2 4 2 3  E B I B 1 6  Kabhdiio, 87 29 68 11 

The longitudes we relerred to the meridian of (treenwich. 



fields, and numerous lakes and streams, and almost covered with rich pastures ; 
the inhal)itants are bands of nomads, wl~o d\rell in tents and regulate tlieir moved 
merits by tlie supply of graw and matcr available for their floclcs and herds. The 
Pandit struclc the Tengri Nur Lalte a t  its nortli-west comer, and travclled along 
the northcrn coast of the lake-a distancc of ncarly 50 miles-to the opposite 
corner, whence 11e turned sonth\vards to Lllbsa. 

(80.) He liad spent t l~rec  moiltl~s a t  LhBsa on the occasion of his first 
visit, mitliout being discovered to be a Eritisll employ6. On the present occasion, 
one of the first men lie met was a Mul~ammadan mrrchaut mliose acquaintance 
he liad made a t  Leh. Fearing that IIC might be betrayed, llc, hurried away a t  
once, mitllout waiting for the arrival of a caravan from Lell wliicll was bringing 
him ample funds for furtiler exgloratio~ls. I t  was thus necessary for him to aban- 
don all idea of worlting his way back througli Western China, as his remaiuing 
funds would barely su5ce  to carry I~im back a t  once to India. 

(81.) The most direct route for l l i~u to tnlie nras happily one which lay 
considerably to the east of any that had been previously explored. H e  followed 
the Tsanpo (or Bral~maputm) River for a tlistancc of 30 miles, in a portion of its 
course through Tliibet about 60 milcs lo\\rcr do\m than the lowest which had 
been reached by previous explorers, and his obscrvations have enabled the course 
of the river to be laid domu approximately for a further distance of about 100 
miles, so that the part ml~icll still rc~llains unknown is now materially reduced. 
H e  crossed tlie Bhotan Hills by the route from Cl~etang vid Tamang into Assam, 
which lies nearly north and south on the meridian of 92'. And finally he brought 
his morli to a close at thc towu of 0~16lg11ri ill British territory, and, going d o \ m  
the Bmhmaputra river by steamer, reached Calcutta on the 11th March 1876. 
His astronomical and boiling point ol~servations were very numerous and satis- 
factory, and his work has been excellent throughout. 

(82.) Thus a rich harvest of geographical results-now published in detail 
for the first time-has been oblained from the labours of the Pandit, the Havil- 
dar, and the Mullah; and happily it has been acquired witl~out loss of life or 
serious misadventure, such as havc too frequently been met with in these arduous 
and hazardous explorations. 

NO. X1V.-THE COMPUTING OFFICE. 

EXAMINATION, FINAL REDTiCTION AND PUBLICATION OF THE 
OUSEIiVATIONS. 

(83.) Mr. Hcnnessey-who has for so many years 11ecn in cl~arge of this 

P~nsoaam~. 
Office, and to whom its 
present strate of efficiency 

J. B. N. Hennessey, Esq., F.R.S., 
Y.A. ,  kc., Depnty Suprlt. 1st  Grade. 

W. H. COIO, hq., Y.A., B.R.A.s., 
Org. Dy. Superintondent 3rd Qradc, 

Camp'~ting B~.onck. 

Mr. w. Todd, Buncyor 2nd Qrade. 
,, 0. Wood, ,, 3rd ,. 
H. W, Peychers, 4th 

a Ae. 
Mr. J. Keating, Assistant Siirveyor 

4th Qradc. 
Mr. J. Xcnncdy. Assislant Sn t rv~yov  

4th Q r d e .  
Babw Qungn Pershed Computer. 

,, C d l ~  Mohrin Qltose, 
,, Kally Coomar chatlcrj;)e and 

11 other Computers. 

Printin,q Brosch. is SO greatsly due-bas 
'I" M. J. o'Co"nor8 Pril'tcr. been absent on furlough 
lY Cum~onito"a 

to Europe since the 1st 
P b t o z k c o g m p i c  Rro~~ch .  January 1876. TIle ho- 

Mr. C. o'I"'b"r1'3 zinPo~l 'nphcr .  DOllrS have been recently 
,, C. 1 ) ~ a o n ,  Pl~otog~.nphor.  

P:;;:;~~ti~~~ I blnl' Keeper ond 3 conferred on him of being 
elected a Fellow of the 

Dvnairy  Rranrh. Royal So~ie t~y of London, 
Rlr. G IT. IS. Atki11~on. Storvcyor 3 ~ ~ 1  all M.A., Hon01.h 

Snl (t l .o~lr  
6 I)~.nltsmen, 4 Asat,. Draftsmen c"~s" of the U n i " w s i t ~  

and I Z  Apprcnlices and mop colorists of Cambridge. Dwing 
his absence the charge 
of the Office has devolved 

on Mr. Cole, by whom its varied and responsiblc duties have been carried on 
to my entire satisfaction. 



(8.1(.) Tllc Officc 11ns bcen employed i n  its usual duties of carefully ex- 
amining and reducing t,he observations, and pabl is l~ing the ultimate results of 
suoh portions as II~LTT I~con finally treated, and preliminary results of the portions 
wlriol~ anmit t,he co~npletion of f~lrtller t,riaug~rl;itions before they can be finally 
disposed of. Tlrc 3rd aurl .kt11 Vol~umc,s of the " A C C O ~ C I A ~  of the Operations, &c.", 
have been coml)lot,rd and arc n o n  in tht: Irands of t,lrc. bindcrs. They conta,in full 
dotails of tlrc prillripnl t1riangnl:~tion n,l~iclr is contained i n  the Sectional Figure 
known ns t,lle Nortlr-Wrst (~,untlrilntcrnl, the l i~n i t~s  of \vhicli are,-on tlre east, 
tho ~nidtllc 1ndi:rn nloridinn, 78°,-on the  south, tlre nlest,ern half of the line 
from Calcutt,a t,o Kurraclrcc,-on the mt,st,, tllc British Pronticr line from I<nn.sclree 
to  Pcshir\~--n~,-and on the n o r t l ~ ,  the western half of the Himalayan Range. Of 
the  Synopt,icnl Volumcs-~vl~icll give t l ~ o  results of the  principal and secondary 
trisngulntion for cnc l~  scrios includrd wit,l~iu tllosc limits, in a oontlensed form, for 
t h e  use of gcogrn.plrers nntl sur\-egors-tllrce llad been published by the  date of 
my last report ; i n  t l ~ o  proscut yc:ir two marc?, viz., NO. 4, the Gurl~bgarh Meri- 
dional Seric!~, and NO. 5 ,  t , l~c  l i a l ~ i l ~ l  l l (~i t l ion:r l  Series, have been publislred : No. 6, 
containing both t h e  .Togi-Tilh Alt~ridional and tlie Sutlej li.iver Series, has  been 
completed and is now i n  tlro hands of tlrc binders; and No. 7, containing the 
North-TVcst Hiinalaya Sories nud the Kashmir Triangulation has been got ready 
for t l ~ c  press. 

(85.) Another Sect.ional Pipnrc of tho principal triangulation is  known as 
t h e  So!~th-East Quadrilat,cr:~l; its l ~ m i t s  are,-on tllc north, the  eestern half of the 
l ine from Calcltt.t,a to Kurracl~ec,-on tire w ~ s t , ,  tlre cc.nt,ral 1nc:ridian of 78",- 
on t h e  sont,h, t .11~ eastcrn lrnlf of thc line fro111 Vizngnpatam to Bombay,-and on 
t h e  east, t h e  coast linc from C;rlci~t,ta to  Vizag:~p;~tam. T l ~ i s  section I had fixed 
on to be talicu up, for final rctluct,ion, on t< l~e  courplction of the North-West Qua- 
drilateral; and it l ~ n s  now bt11.11 tlispost~rl of in n most satisfactory manner, under 
t h e  supervision of Mr. C o l ~ ,  to \vl~oso intt~rest~ing rtbport on the subject (in tlre 
first appendix), I 11l11st invitc att,rnt,ion. The tlrird Figure, 1cnon.n as  the  North- 
Eas t  Quadrilnt,crnl, comprisrs the \rhol(: of tlre countjr-y b ~ t m e e n  the one now 
completed and the enst,crn l~nlf  of tlie Llimalayau rauge (up to the  meridian of 
89') ; its rc~daction is uolv in  Ilantl. 

(96.) Tl~or lgI~  V o l ~ ~ r n ~ s  111 and I V  of the  Accotc~zf of thc Opevutwlzs, &c., 
nre now i n  tlrc I)ool;-l)in(l~~rs' I~aods and miyht  I)e s l~ort lp  iss~letl to the public, 
I propose to postpone tllr?ir p~ll~lioation 111ltil t l ~ o  oo~nplt?tiou of Vol~rmc: 11, wlrich 
sbould be issilctl sini~~lt,:ulc:o~lsly ~ r i t l ~  t,l~cb~n. That  volnmt: is intc11dr.d to givc a n  
historical n c c o ~ ~ ~ l t  of t . 1 1 ~  t rL~~rg~~lnt , ion,  and dr:scril~t,ions of t h e  ~ n r t l ~ o d s  of proce- 
dure a ~ i d  of tlro i n s t r ~ u u r ~ ~  ts ml~iclr I~avc  1)(:1,11 o~nl)loyed ; to  set f o r t l ~  the  matlre- 
mat,icnl forrnulm w l ~ i c l ~  I~avc  b(:en adopt.c~t1 for tlrt- sc:vcral cnlcl~ln.tions, and t o  give 
full details of tlrc: final stopr in  tlrc rcd~~ct io r i  of thc Nortlr-West, Q~~adri la teral ,  
when tho scvornl chains of t,rian:lcs arc i -~yard~:d ,  no longer as separate series, 
bu t  as a single triangnlnt,ion, nrlriclr l ~ n s  to  I)c made consistent ititel- se, and with 
tlio four hasc-lines a t  its cornrrs. A co~~sitlt~r:rl)lt: portion of the volume Itas bcen 
complotcd a1111 pnssetl tlrro~~:.l~ tl~c. press, I ) ~ l t  the p:~rt  appcvtaining to the  North- 
West  Ql~adrilat~:r:ll is still in I~antl. T l ~ o  prtipnr:it,ion of tllc volllme has neces- 
sarily fallcn in groat trictnsnrcl on nlysc~lf, a l~t l  i t  has frc:qrtently 1ia.d to  be laid 
nsitle, when othvr ~n:tttt.rs of Inore imrnc~tlintc int,c:rest reqoircd my attention. 
Of tllesc one of t l ~ o  most itnport,ant lrns bocn the Anal rt:d~lction of the Pendulum 
Ol);ervntions, and t,he prcpnrnt,ion of t,hc rcs~l l ts  for p~~l)licat,ion. Happening from 
my long persounl as well nq oflicinl ncq~t:~int,anoe with t,lrc latc C:~pt,aiu Basevi, 
t o  be morc f:rnlilinr t l ~ a n  any ollc c:lw mit.11 tlrc tvol-k 1rc l ~ a d  tlonc, ant1 wit.11 his ideas 
reqnrdinq the rctl~tction of his oI)~t?rv:~tio~ls, I felt it inc~~~nl ) r :n t  011 me to set aside 
Volume 11-nllicll is on s~~l),jcct,s t , l ~ : ~ t  arc: f:l~uiliar to st:vt!~~al of tllc O[ticors of 
this Department, who m i g l ~ t  cot~lplcte i t  in cnso of ~nislrnp t.o mysclf-and tako 
up the volu~no mhioh is to bc devoted to thc pcndulum operations. 



(87.) A great mass of cxpcrimcntal observations which Captain Bssevi 
had rnade-for tlic dcterrninat.ion of tht: reduction of tlie given vibration-numbers 
of the  pendul~lms a t  tlic actual tc?li~pcrnturcs and atmosplleric pi-cssures under 
which tllo swings Were o\)scrtrc~l, to thc corresponding vibration-numllers i n  a 
standard temperature and in a vacu~un-were still am:iit,ing inves t ip t ion  and 
discussion a t  t l ~ c  time of his dcatli ; and until  this work was co~npleted t h e  
final retluction of t l ~ o  ol)sorvat,io~~s a t  t l ~ e  several pcndulu~n  stations could no t  
be performed. I took i t  in  liantl al)out tlie time of C:~ptaiu Henviside's return 
from England, aftcr co l~~plc t ing  tlio s\vings at  t , l~c stat,ious in  the  original pro- 
gramme of opcrat,ions mhicli C:~ptaiu B:~sevi did not live to visit. I t  proved t o  
be a very formidable tasli; for, excc:llent as nerc the expcrimcntal observations 
and great tlie care wl~icli  llad bl:cn l>c:st,o\retl on them, t l ~ e y  presented many per- 
plexing anolllalics for exa~nination, and tlicsc l~a t l  to be patiently i n v e s t i ~ t e d  
sel.iatifn, 1)efore any final decision, as to tlic inforcoccs to be drawn from tliem, 
could be formcd. All these investigations have non7 been completed, and t h e  mhole 
of the observations a t  the  sc!vrml stafions visitcd by Captain Unseviantl by Captain 
Heavisitle have heen rc?tlncctl acco~-dinglg. A clcscript,ivc account of the general 
operations from first to last, of tlie several invcstigatiot~s j11st mentioned, aud of t h e  
metliods adopted in roducing t l ~ e  ol)scr\~:itions, and f11ll details of the  observations 
themselves-with the results ol)tnincd after t l ~ e  rc:tluctions-have now been com- 
pleted ant1 printcd for publication; tlic:y fill 379 closely printed quarto pages, 
which mill probably form part of Volume V of the Accoimt of the Operations &c., 
of this Survey. 

(88.) I t  is intended to dcvote the remainder of t l ~ e  volume to paper9 by 
~~, ,~ , , i , ,  J. ~ e r 9 c 1 , P ~ ,  R E., F.R S. kc. ,  Captains IT~!rscl~~!l ant1 Hcaviside. Captain Herscl~el  

Depl1tySoperintell~~~llt211~1Qm[lc, is o~igng(:tl in i n v e s t i ~ n t , i n  tlre redrlction of t h e  
onplain W. J. Henriaidc, RE., pel ld~i l~l ln vibra. t ion-IIIN~I~I:~~,  from the values de- 

Deputy Sll~erilltelldcllt 3rd (frndo. duced for the respectjive levels of tllc several stations, 
to  the corresponding values a t  tho sea-level. I n  previous operations of this 
nature the rcduction to sca-lovel, wl~icli  is a qnc:st,ion of attraction, llas never 
occupiod mucli time or been of m11cli import:~ncc., owing to the fact of thc  stations 
having beeu usually situated a t  plaoos near ant1 v(:ry sliglit.ly above the  sea. Here 
on  the  contrary the selection Iins, in somo cases, bcen mad,: expressly for the pur- 
pose of expeisimc!nt in t811e direction of attraction. Tlie stations on the taMe land 
of Souttliern India, and on tlie skirts of tlie Himzlnyas, and more particularly 
t h e  station of Mor6, a t  a n  altit,uilc of 15, h00 fcet in t l ~ a  interior of tlie Bi~ualayas,  
nre of this k ind ;  and a considcrablc 1n:ijority of tlie stations, on the  lneridional 
axis of the Indian continent, at-c sit>uatc:tl a t  elevation.: of up\vartls of 800 feet. 
There are also scveral stations wliich are citl~or a t  or vcbi-,y little above the  sea-level ; 
for one of tlie ol!jects of tho operat,ions was to  invcstigate the  relations of sub- 
oceanic to sub-contincnt,al attrnctiou. 

(89.) B u t  enq~liries of tliis nat,rlrc: aro far fro111 cnsy. The calci~lation of 
t h e  attraction of a mass of kr1on.n simple fol-111 is oft,c:n t , ro~~hleso~ne  ; but where 
t h e  mas3 is o ~ n o u n t a i ~ ~ o ~ ~ s  distxict, i t  is abso l~~tc ly  nc:ct:sqary to  make o variety of 
assumptions, of a morc or !css precarions cl~aracter,  on t l ~ c  lr,oiti~uncy of which 
tlie result must depend. Tlie principal of tlicsc? 11:~s rtrfc.ronce 1.0 the configuration 
of tlie surface. Tlie effective at,tjract3iou is sopaml~le into two part,s of ~ v l ~ i c l i  t h e  
chief requires a n  acooratc knowlc~l~c? of tlie oo~it,ours im~nodiatoly round t h e  
station; mliilc the  ot,licr, depending on tlic c ~ ~ r v a t , ~ ~ r e  o l  the eartli, does not 
becomc scnsiblc for somc distance, ant1 then cnnt,iur~ally increases in  i~nportance- 
or morc correctly, wo~lld do so, but  for t,hc gcneml tcridcncy of increased area 
t o  present a lower avcrago I~cigl~t,-so tjlint i t  is I~nrdly ton rnacli to say t h a t  tlie 
effect oE distant cont.inent~ ~ilrist not 11,: c!~it,irely ov~:rlooltcd. T I I I I ~  a Icnomlodge is 
req~lircd iu detail of the ninssc?s sla~itlin:. on given areas, and C:iptain Herschel 
lias necessarily devoted mucli t,imc: t,o t11c:ir csti~nat~ion. Tlie moan l~eigllt  of about 
600 half dcgrcc squares havc thus bcrn obtained fols Northern India, ICasl~mir, 
Turkestan sod Tl~ibet,  11y a close s t . ~ ~ d y  or the: I~ibst, n\~:iilal)lc Inaps. I t  is probable 
that  the arcs to bc dcslt with will have to bo crtcnded so nu to include a great 



part of the Indian continent, sllould i t  appear wort11 the labour. Under the 
oircamstances, tliere is still much work to be done, before tlie results of tlie 
pendulum operatioils can be satisfactorily clucidated and prepared for publi- 
cation. 

(90.) On his return from England, Captain Heaviside was employed in 
this Office, for nearly a year, in complct,i~lg tlre reduction of his own observations 
with the Royal Society's pc~ndul~uns and ill slipervising the printing of them and 
of the greater portion of Captain Basctvi's obscrvations. He also completed the 
reduct,ion of Iris o1)wrvations mitli t l ~ e  Rl~ssian pendulums-which had been sent 
to India to be swung a t  some of the Itoyal Society's pendulum stations, with a 
view to establishing a conncbction bc~t~veen the operations in India and in Russia- 
and with Kater's convert~l~le pcnd~llum, ~l~lricli lrad originally been employed in 
determining tlie bet\reen the length of the seconds' pendulum, and the 
British Standard Yard, and was re-employed Ly Captain Hcaviside for the con- 
version of the differential results by the Roynl Socbiety's pendulums into absolute 
vdues. Full  accounts of these operations, and details of tlre observations and 
reductions, lrave h e n  printctl in readiness for publication, either in Volume V or 
i n  a supplemental volume; they occupy 181 pages of closely printed quarto. The 
results have been prorisiot~ally 1-rdncetl to the sea-level, but corrections may have 
to be applied to this portion of the reductions, after tire completion of Captain 
Herschel's investigations. Tlre rclsalt of the determination of the present relations 
of Kater's convertible pendulum to the Standard Yard, wlrich is now being made 
in the Ordnanoe Survey Office, Sontlr:~mpton, by Colonel Andrew Clarke, R.E., 
C.B., is also aaaited, to complete the subject, before publication. 

(91.) I have every reason to bc n ~ r ~ c h  obliged to Captain Heavisidefor the 
assistauce which hc 11:~s rcndr~r.e~d to m!-sclF, and tlre pains he has taken in com- 
pleting his own sllare of tlre [ ~ c ~ r ~ d u l ~ ~ i n  \ \  orli. IIe is now enlployed with Captain 
Campbell in tlie determination of clcctro-telcgrapliic longitudes in the Madras and 
Bombay Presidencies. 

NO. XV.- CflRTOGRAPHY. 

(92.) Thc preparation of a 3rd Edition of the Map of "Turkestan, and 
the Countries 1)ctwcen tlre Rritislr ant1 the Rllssian Dominions in Asia," was com- 
menced last year. Encli of t l ~ e  four s l~rc ts  comprising the map llad been entire17 
redrawn, ou the samcn scale as that of the two first editions, viz. 1 inclr=32 miles, 
nnd a large amount of vnlr~al~lr at111 11e,\\ 1): ncrlliirc~tl infornlation of Khiva and Cllc 
regions on tlin eastern I)orelvrs of tlie Cnsl)~nn Sen-ohtnined directly from the 
Topo,oraplrical branclr of t l ~ c  Itlis\inn War Ofice-and of the Nortlrern Frontier 
of Persia, froin British ~ourcc,q, Irnd I)cbrn inscr-tctl. But tlrc completion of tlie map 
was postponed until tlrc rrsl~lts of Captain Trottc,r's surveys, in conn~ction with 
Sir Douglap Forsytlr's 3Iissio11, and of tllc explorations of the Pandit, tlie Ha- 
vildar and the ;\l~rllah-n Iricl~ I have drscril)c~d in tlie Gcograpl~ical Section of 
this Report-coulil he introduced into the map. I t  mas then finisl~ed and pub- 
1;slied. 

(93.) A new map of Korthern AfgbanistAn, and the Countries to the 
north of the Trans Intluq Prontit\r--or1 twice tlre scale of the Turkestan Map- 
has beon prepared under Captain Trotter's super~ision, to indicate the results of 
the explorations or tlre Ira\ iltlar and tho Mullall ; it  is appended to this report. 
It is esceodinqly intcreqtin:., its larger scale pern~itting of much detail being 
shown which Ilad to he omittrd Irom tlrc T111.1icstan Map. Two mapa, compiled 
from the Pandit's surveys of the routes from Ladakh to Ll~dsa and thence 
to Assam, also accompany this report, and contain much new and valuable 
aeographp. 



(91.) Of otl~ci. work done in this office I may spccify the preparation of 
Captain Trotter's l'reli~ninary Map of Eastern Turkcstan, mhich l ~ a s  becn pub- 
lishcd with Sir Douglas Forsyth's licport ; the completion of the Gazcttcer Maps 
of Kumaun and C;arl~\\al, of 23 Final Charts of thc triangulation, in illuytra- 
tion of t l ~ c  Synoptical Volumes, and of 5 Preliminary Charts of tr ian~ulation 
which as yet has not bccn fiuallg rednced ; and the revision of thc Map oi Routes 
in Northern India. A tabular statement of the work is given a t  the end of the 
first appendix. 

(95.) It now only remains for me to acknomlcdgc the valuable services 
which have been rcndcred by my Personal Assistant, Mr. H. Duhan, who has 
relieved me of a considerablc amount of official routine work, that  mould other- 
wise have talcen up much of my time. Mr. L. H. Clarkc, has rendcred good 
servicc I)y the careful and punctual performance of his duties in the correspon- 
ding office and as general store-lteepcr ; and he also acted for three months as 
Personal Assistant, during Mr. Duhan's absence on leave. 

(96.) An abstract of the out-turn of work executed by each of the Survey 
Parties, whose operations can be exhibited in a tabular form, is given on the 
following page. 

J. T. WALKER, COLONEL, R.E., 

Circumstances, mhich I am not a t  present in a positioii to explain, havc 
disappointed me in the expectation of being able to append Captain Trotter's 
account of the Trans-Himalayan Explorations, during 1873-74-76, to  this Report. 
An account mill I trust be published hereafter, and a t  no very distant date. 



Abstract of the out-turn of work executed by the Great Trigonometrical 
Survey Parties, during the Omcia1 year 1874-75. 

1 1 2  3 1 4 1 5  6 7 8 9 ---- 

- 
Number  of Prinripnl Stntiovs, noaly  Rserl, ... 

... N m ~ ~ b o r  of Principnl T r i n n ~ l c s ,  cotnylctt~d. 
Arcs  of Prrnr ipd  Trinngn\nt,ion, i n s q ~ ~ n r e m i l c a ,  
Lengtlis of  Princiltnl Series, ill miles, ... 

... Averago Trinngul:nl- Error, in sec.ond-s, 
Arornge Probnblo I3rrol.s of Angles, in, secontls,* 
AstronomicnlAzimotl~solvr~~~Bcotion, ... 
Number of Scwndurp Ststlons nvl~ose posiliol~s \ 

o l d  llrigl~ts hare  bren firrd, . . . . . .  ) 
Number o I  Yocolld~ry Stntio~ls alrose positions j 

onlp hove hcen Bred, . . . . . . . . .  ) 
Number d Yecondory Trinngles o r  which nll 3 

angles hare  been O ~ S P I T P ~ ,  . . . . . .  
Length o l  S e c o n d n ~ . ~  Swicr, in ruilrs, 
Areu of Yeeondnry and Minor Triongulnlion, in \ 

square mllrs, ... ... ,.,) 
Number  oC Poi t~ts  lixcd by interscction, but not 

risited, ... ... , ,  , ,  ] 
Length o l  boandary lines and check linos trn- \ 

vel.sed, in nliles, ... ... ... ) 
Ares tapogrnphicull~ 811rrcged on scale o I  1 )  

. .  inch - 1 mile, in squnre n~iles. 
,, Ippogrnphicnlly s ~ ~ r r c y e d  ou scnle o r  2 \ 

~ n c h e s  = 1 ~nilc, in aqrutre miles. . ) 
,, topogrnphic~lly s~arrryed on rcale o I  4 )  

inclles - 1 mile, in square n~i lcr .  ... 
Number o f R e r c n u e Y ~ ~ r r e j  Stntionsnnd b o u ~ ~ d -  ' 

a q  junction pillars, fixed by trinngola- 
... tion, ... ... 

... vnncc, ... ... ... 
Do. of Principal BtutGna e l e c t e d  iu  nd- ) 

LengH~a of Approrimnto Series, Principal, in  
miles, ... ... . , . ... ) 

DO. 01 Approximote Serioe, 6ccondoq,  in 1 
miles. ... ,.. ... , ,  

Number of Towers constructed, ... ... 
Do. of Pillars and Platfor~ns cons tn~cted  ror 1 

PrincipalStar io~~s ,  . . .  , . . ... 
DO. of P ~ l l a r s  constr~~cterl lor Sewndnry \ 

Btntiona, ... ... 
Do. of miles of  ~ n j d h e a r e d ,  

FI 

27 
42 

791 
93 

0.55 
0.17 

1 

3J 

lo 

1,096 

118 
Do. do. Pnt l l - iny  m ~ d c ,  
Do. Hill-tops rlesrpd of Iorest and 

... 

... 

... 

... 

... 

... 

... 

. . . . . .  

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

... 

190 
28 

10 

... 
106 

... 
Do. P r i ~ ~ c i p a l  Stntions whoso elemenls ... \ ... were compatcd, ... ... , 

27 

13 
19 

9 
0.48 
0.25 

. . . . . . . . .  
24 

24 

2,249 

29 
67 
7 

... 

, a 5  

30 

Do. Sewndary nnd Trnrerse Stntions ... \ 
a l ~ o s c  elemeuts were con~pulpd, . . .  ) 35 ... 50 71 

... Do. Preliminary Chnrts of Trinngoln- 
tion, . . .  

40 

. . . . . . . . . . .  

,,, 

100 

... 

la 

3 

... 

16 

... 
1 

" '  

,,, 

2o 

69 

. 
6 

l9 

... 

Do. ~ o p a ~ i p h i c n l  Maps completed, 
Do. Principnl Sbntions placed under 08. \ 

cia1 protrclion. ... . . .  , ,  

Do. Slnlions protectetl and closed, ... 
Do. Points Bxed bv trsrcrac, 
Do. Aneroid ~ e t a h i n s t i o n s  o l .Height  
Do. A ~ i r n u t l ~ s  computed, ... 

... 

... ... 

... 

... . 
5 

l4 

11 

28 

2,000 

15 
1 

42 

" 

,., 

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

, ,  

... 
38 

... 

. .  

6 

41 

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

, 

... 
94 

I . . .  

... 
7 

. . . . . .  

14 

l , G 3  

35 
12 

. . . I  

---------- 
23 
28 

2,47'2 
104 

0.47 
0.16 

1 

12 

. . . . . .  
22 

65 

081 

. . . . . . . . .  

14 

. . . . . . . . .  

1 

64  

65 

17 

28 

6'871 

. . . . . . . . . . . .  
7 

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

6,005 
236 

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

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

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

. . . . . . . . .  

1351 

211 

2,200 

. . . . . . . . . . . .  
6 

. . . . . . . . . . . a  

17 

24 

3 

6667 

1,117 

1,749 

. . . . . .  

, 

... 

13 

1:: 
148 

. . . . . . . a * . , .  

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

. . . . . . . . . . . .  
24 

85 

. . . . . . . . . . . .  
659 

71128 

" 
60 

68 

86 
7,138? 

884 
4 

... 

92 

448 

392 

903 
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APPENDIX. 

EKTR\CTS FRO31 TUE R'dRRdTI\'E REPORTS 

OF THE 

EXECUTIVE OFFICERS I N  CHARGE 

OF THE 

SURVEY PARTIES AND OPERATIONS. 



PLAN of a G. T. SURVEY STATION with OBSERVATORY and SIGNAL PLATFORMS shewing 

BRACED STAND for the GREAT THEODOLITE, designed by MAJOR B. R. BRANFILL, Dupy. Supdt. 

O. T. Survty, for the RAMNAD LONGITUDINAL and MADRAS COAST SERIES (S. Section). 

REFERENCE. 

A Masonry pillar and annulus, section and plan, 

B Closing pillar In section. 

C Wooden braced stand, elevation. 

c'c' Masonry support for dllto, in plan. 

D Observatory tent, 

E Tlleodoiite box, in elevalion anti rtlan. 

FF PaLnyra platform, i 
Scale 1 inch a 8 feet. 



Extract from the Narrative Report-dated 30th September 1875-of MAJOR B. R. BRANFILL, 
Deputy Superintendent 2nd Grade, in charge Madras Party. 

(4.) The party took the  field lit Ran:.nlore on the 9th of Novctnber, rcnched ' l ' r icl~inop~~ly ou 

tile Gtll "l. Decclnber, Jladura on the  14th nnil t11u scellc of ope ra t i o~~s  otl the 20th of the pnlne. 

(3.)  TI^^ Rd ln l~ id  Longi tadi~~al  Seric* l1:111 b ~ c n  al)l)roxi~nntely laid 0111; t l ~ c  ~ ) L . c ~ ~ o I I *  waRon 
ns statctl in my last Aon~r:rl Iteyort (p :~r :~ .  15). ' r l~cre  r e ~ ~ r a i n e J  to  

The Scoson'l work to bc dolle. build most of tho slations and rlc:ir the ruys b c t w e e ~ ~  tl1~111, to  
a few of the stutio~l sites ~ v l ~ i c l ~  had oot bee11 precisely d e t e r ~ ~ ~ i ~ ~ c d  on, to ohnerve the ti11:11 angles, 

alld t~ close and deliver tile s t n t i o r ~ ~ .  Bc*ides Illis the Series I~ad  to bo esteuded along tho col~at to  
HHmessernn~ wit11 n vie\v to  the G e y l o ~  connectioll. 

(4.) I ulyself tool< in l~aud  the completion of the n tn t i o~~s  n ~ ~ d  I.:L!~ of the first figul-e, n quad- 
rilateral. I se11t Blr. I3clchnn~ tu co~nplete the ~ ~ e s t  tigore in ad- 

Diapositio~l of Party. vallce, alno R ~ l a~~dr i l :~ t e rn l ,  and the other two i\xai*tnnts to  build 
tile sLTtio~ls and clear the rays further in a d v n ~ ~ c e ;  oue on  the uurlhcru Hank a ~ l d  cenlre, n11d the  
o t ~ ~ e r  011 tho s o u l h a r ~ ~  flnnk nlon:: 1.11~ coast. 

(5.) 1 colu~~le~icctl  obaervi~~g on the 29th Dccc~nber a t  the rt . ;r t io~~s of ICnlapa11nll4r and 
Iiovilpntti, forn~iug a side on the e:wt. Hank of the (3rcnt Arc (I.nt. 9") 

~ i ~ ~ ~ l  obacrratio,lr &cr tIlrea nnd c u ~ ~ ~ p l c t c d  filial o b ~ c r m t i u ~ ~ ~  a t  the nix etatio~is fu r~n i~~ :  the firnt 
elltrusted to Mr. JJclcl~n~~l. two ligurea (qr~:rdril:rteral;r) by t l ~ c  '2Otl1 J n o ~ ~ : ~ r g ,  when I was joined 

by Mr. Bclcl~am, whom I had rccall(!~l to trike up the obscrvat i i~~~a,  
a more ~nechnnical process requiring ouly thc skill and care which I felt suro Mr. Delc l~au~ possessed 
cud would use. 

I wa* i~npellod chicfly to t:ilre this nteli in conscqllclwc of tho grent probnbility of the  observing 
overtaking tho :~pp ros in~ i~ t e  serie* (whicl~ c \ r e ~ ~ t ~ ~ n l l y  it : i ~ : t ~ ~ : ~ l l y  (lid) IIIILL bcciu~nc? I kit that tho   no st 
i n ipo r tn~~ t  duty ill a11c11 diilicolt couotry ( r v ~ ~ ~ i l c d  pl:~in*) i+ kl~c I i ry i~~g oot  t,lru series ill nr lv :~~~ce to t11e 
bcjt  ndvn~~tnge, mud (lircct, i~~q tlie " hl)proxi~n:~t,e Scrics" opcrit t io~~q gc~lerlrlly. I ro~nnine~l  instruct- 
ing nnd nsaistiug Mr. I3olcl1nm for a week, when nltcr nreing hi111 t l ~ r o ~ ~ g h  the observntiu~~s a t  two 
a tn t i o~~s  I felt con t idc~~ t  tlr:~t I might leavc him to  pul.nlle the d ~ t y  st~ccenal'~~lly. 

(G.) I theu prococded to  iuspect BIr. l'utter'n work on  the north Il:il~k n ~ ~ d  centre, and, nftor 
selectir~q R nt:rtion in advance n ~ i d  trncin: and cleal-ing the ray to 

TIIO E~ocutire Omccr in el~nrge pro- it, visited Mr. Laseroll, and gave I I ~ I I I  a I~ t t l e  prnctical a ~ ~ d  personal 
ceods to tl~a front. instruction in the nrt  of rmy tracing, ,kc. I 11cst proreeded to build 

tho stal.ions n ~ ~ d  clenr the rays on the n o ~ ~ t l ~  flnt~k, l c a s i ~ ~ a  Mr. 
Lnaerorl to combine his efforts with Mr. Potler in p u n l ~ i ~ ~ g  or1 the b ~ ~ i l d i ~ ~ :  and my-clenritrg of the  
ceutre aud north fln~~lc, where tho most madonry work was r e q ~ ~ i r e d  to be doue. 

(7.) The statiol~s of tho north flank nnd ceutre of the  Series were hollow mnsonry pillars 
15 to  25 feet in height, bnuked up with e a r t l ~  n ~ ~ d  grnvcl as I~igh 

stations oftlle nortll flank nlld cell- as pr;~cticnblc to p r e v e ~ ~ t  v ibrnt io~~,  with a timber scaffolding to  tra, I~ollow mnsonry pillnrs with tiniber 
socr8olds. support the obsorv:rtory, rou up to  a lnuch greater height for the  

signal. 

(8.) Tho south flat~k lay n l o ~ ~ g  the serioa of sand hilloclcs and ridqes tha t  skirt  t l ~ e  const 
enveloped for the most part  ill d e ~ ~ n e  palm forest. The shifting 

Tempornry ~tations of timber pro. hillocks of drift-sand r u r e  not ~ui tablo  fur permanent principnl 
vided on tho soutll Llnok. stntioua, but by their mcnus, temporarily occupied by slntior~s com- 

posed of ~ o o d e u  piles, all the permanent buildings on the const 
which could be observed, mere fired, nud the acrios rendered n dooble one throughout. A large mnrk- 
stone !van bt~ried doeply in the  sand, mud should the snnd hillocks re~nain, !nay be fount1 for many yenrs 
to  come. I propose having a pile of (coral) stoues placed over each such sthtiou more pe rmn~~en t ly  
to mnrk the site in cnsc the  sand docs shift. 

Completion of Approximato Seriea. (9.) By the end or the first meek in I lnrch the  Approximate 
Series on the south flauk and centre was complete ns far as  Rimmid. 

(10.) The south const of Rbmnid, from the lands-end (Toni Turei="bont ferry") opposite 

DiPculty of tho palm foreat. Pimbnn, for GO miles t o  the  westward, is fringed with n belt of 
dense palmyra forest, intermixed with groves of cocoanut trees, 

through which i t  was very difficult indeod t o  enrry on the series, but  there wns no nlternative feasible. 
To traverse or  " truce" each my through the  forest was possible, but  to  " clear" i t  quite impracti- 
cable; to overlook it was the only thillg to  be donc, although the palms grow to  a height of GO feot 



nnd the ground is gencrnlly quite flat. At  n distnuce of n 111ile or so inlnnd from the sen ahore there 
is n ridge or scries of h~lloclcs, rising from 10 to 50 Smt nbovc their hnse, formed probably by the con- 
stnut nction of the sen brcezea blowing the dry surface snr~d of the beaclr inlnnd, and dopositing it  in 
the pnlm forcst where it  is sl~cltcred from fnrther nction of thc wind. After selecting nnd crecting 
high flngs on the most pro~niaing of these snnd hillocks for s tnt ion~,  the liue between them had to  be 
trnversed nod tho height of i11e intervening l~illoclrs rind of the pnl~ns rnrcfully noted. The lntter 1 1 ~ s  
to  be doue by climbing the l ~ i ~ l ~ e s t  pnlrns and ehnmining the height of the Sorest in the direction of 
the  my. About midway the most prorniuellt pnlm in or near the line is sought for and mnrked with 
n flng, ml~enco the flngs of the two stntion uitcs nt t l ~ c  ends of thc line ran be seen ; n s e x t n ~ ~ t  here lnny 
be usetl to mensure the angle contained by the rnys to the stntion flags, which, with the trnversed 
(pernmbulnted) distances givca the npprorimnte position of the true my, nnd one is ablo to judge by 
ernmilling tho top of the forest wl~cther the ray is likely to  prove prncticnblo or not, and lvherc most 
clear~ng is necessnry. Hnving f o u ~ ~ d  the direction of the my, (nnd if i t  still seems practicable) n trial 
11ne has to  be cnrried, from one or both ends, over the palm tops, the  lenvcs of which ha\.e to be cut off 
lenvi~ig n clear gnp of 10 or 13 feet in the forest. If the trinl line proves nll right i t  bns to be widened 
some scores of  tree^ have to be cut down nnd their price, (from one to  four shillings encl~), settled 
nnd pnid to  tho owners. 

(11.) As the snud hillocks do not attain the hcight of the pnlms, within 15 or 20 feet probnbly, 
the eye and sigunls have still to be raised, nnd for this purpose 

Mmns for raising c ~ o  of observer 1 prepared n portnble blaced stnnd of ~ o o d  17 feet in height, or 
eud nigllnla. else in its plnce set up pnlmyrn logs steadied by piles of snnd, and 

found t l~ey both nnsn-ered well, nnd thus the eye of the observer was 
rnised more than 20 feet abovc the top of tho snnd hillocks. A much grenter height wna necessnry for 
the  s ipn l ,  nnd this was obtained by luenns of lofty scaffolds, for which ns regards length, the pnlmyra 
is well snited. The longest, strnightest and n~os t  convenient trees ca t  down on the line were sdected 
and split up into hd\res for the four uprights, and into quartem nud eighths for the benms, braces, 
ties, &c. The stalks of the palmym leaves furnish the rope by which the scaffold is put together and 
mnde fnst. Such n scaffold tnkes two or three dnys to erect under ordinnry circumstances and eoste 
nbout Eupeea 30 (thirty). 

(12.) I n  one instance I met with a great disnppointment and tho loss of severnl days. l 'he lofty 
gopurnm, or entrance-tower, of the l'irupullhni Temple, (a sacred 

The brnllmsn' refuse permiegion to I'ishnu hue,) offered n tempting site for a stntion, eighty (80) feet mupy tu n atatiou the Tirupnllini 
ten~nlo tower. nbove the ground, by which five rays to ndjnce~~t  stntions over 

the palm foiest were \ell commanded.. I visited the place nnd wan 
allowed to  mount and observe with a small theodolite from the summit of the tower without demur, 
and wns informed thnt 1 might use i t  as a stntion, engaging to  do no damage thnt I would not moke 
good When however I cnlne eubeequently to prepnro the station, nud had been allowed free access a 
second time, nnd llnd taken the necessary measurements, for the platform, &c., the brahmnna and others 
attached to the temple, nnd n large portion of the inhnbitnnts of t lv  village that profits by the temple 
funds, turned out to the number of some hundreds, nud surrounded my tents in n stnte of much 
exciteme~~t, protesting against my agnin entering the tolver, unless I mas prepnred to  pny many 
thousnnds of rupees for its pnrification, whilst some of t l ~ e ~ n  demnnded money for the pollution that 
hrul nlrendy occurred through my presence. I tried for sometimo to conciliuto them but without 
effect: they refused me fnrther nccess, locked tho door, and kept n watch to  prevent by force any 
nttempt on my pnrt to  effect nn cntrnnce, which of course I did not mnkc, tlrough i t  wns with much 
reluctnnce tlrnt I felt obligcd to nbnndon so ndvnntageous n site. I nftermnrds lenrnt thnt on the day 
of my first visit 8 subscription wns mnde nnd n sum of one or two rupees collected to ennble the priests 
to  perform certain pllrificntion ceremonies on account of my visit. On lrcnring this I sent word to the 
temple mannger that  I was ready to pay a rent eqonl to the nmou~lt of any such expiatory sncrificen as 
they deemed absol\ltely nerespnry, for as long as we occupied the tower, but they rcfused. They 
nddcd that they had nlrendy cnuscd tha unhnllomed government telegraph wire to be removed from 
pnssing too near thcir holy building to a distnnce of some hundreds of yards, nod thnt they could not 
let me use their tower a t  any price. No anger or ill will wns displayed on either side, but I was not 
prepnred for such persistent obstructi~enoss, considering I had nlready estnblished n stntion on the 
un6nished gopurnm nt Uttnra Koshnmangei, a celebrated Shiva temple only a few miles distant, witb- 
out any difficulty. The gopumm, or entmnce-tower, of nny Indian temple is perhap0 of less use, from 
n religious point of view, t l ~ i ~ u  tho ordinary tower of an old English Chureh ; nod in t l ~ i s  instance, as is 
common in Hindu temples, the tower being the @ole resort of monkeys and bats, and seldom or never 
cleaned, was in most filthy s h k ,  and no disyetingly loathome na to bo almost unendurnblc to any 



one passing through it. Thnt my pr0flCllCO sl~ould be tliougbl a grcnlcr pollutioil to the tetnple 
tllou t l ~ a t  of these uncleml boasts nnd birds, revcals n stnte of mind t11;it is ~ o ~ ~ ~ c \ v l l n t  rernnrkal,le I 

lost uo time in senrchiug for nnothor poiut, but  the delay cnused by the n!~n~~donlneut of lhis cost me 
about n week in' the busiest time of the  senson. 

(13.) My  next cnro mas to extend the series to R5mennornm with n view to the  CeyIo11 conncc- 
tion. After n cnreful csnrninntiol~ of the country to  the ~011th- 

Ea'tnrn olteneiOn Tor t'le Ce~'on enst of 11611u16d, 1 found t l ~ n t  tho iucrensing density of t,he 1~nlm eonnectiun by an island series. 
forest and the mpid un r rowi~~g  of the laud, obliged tne to attempt 

to utilize the  islets of the corn1 reef wlzich lies 1,nrallcl to thc shore of tho maill land a t  the dislauce 
of 4 or 5 miles. I accordiugly threw out n qundrilnternl to tlie sout:l~\vard based on the Inst, (south- 
easternmost) side of the triangulation which lay co~lveliicnt for tho purpose, nnd foulid no grcnt diffi- 
culty in extending the series by a succession of qundrilnternlu na fnr as the  lnnds-end. 

(14.) The islnuds are acnrcely nbove tlie sen a t  high m t c r  of epriug tides, nud nre componcd 
of coral and snnd atid devoid of frcsl~ wntcr or an!.tl~i~~g to live 

Tho islets of t l~e coral rcof. upon, nltl~ough they are covcrcd with n conrse gram, wecda and 
some bushes n~td  trees, the last by the fisl~ermeu who resort there from the ulaiu laud : several 
of tllem were densely corercd with Iligh tangled bushes thnt cnused niucli troid~le to clerir n my 
through. Lnljor, material, food and water hnvr to be transported thilher by bout, and as conatnnt 
comlnunicntion by open boats or canoes must be ninititni~~ed, there nre only nhout t l~rec  lnouths, 
Februnry, hlnrch and April, bet\veen tho monsoo~is, during ~vhich this work can be carried ou. The 
last four stntions built and observed at, are of good periunueut uiasonry, ns also nre two of those 
in ndvnnce, on the islaud of 11hrnesweram, obser\.cd to but  not yet observed at.  High scalTolds were 
required nt all of the island stations, uud in building these ol~ly  ollc accident occurred througl~out,  
which I tliiulr very fortunate, cousideriug thnt we were nll of us inexperienced in this kind of work, 
and that our materials nud implements were of the most uu\vieldy rind roughest descriptiot~. A11 
ordionry pnlmym freshly cut do\vn weighs nhout l a  toils, nud each hnlf tree over forty (4,@) feat ill 
length, probably -! a ton, to raise which \ve had a working party of from 12  to 20 commoli coolies 
nnd 3 or 4 klnasies. A few stout bnmboos for sl~ecrs, propu, &c., n pnir of rnetnl blockm with n stout 
cotton ropo nnd plenty of "Coir" (cocoanut fibre) rope wero 1111 our iniplcments, bu t  they proved 
nuEcie11t for tho purpose. 

(15.) Tho oue accident alluded to, oocurred by n faulty benm, injured in the felling of the 

Accident. 
tree, haviag been ilindvertently used ou the top of the scnffoldiug 
to support the sigllal plntform. Ou noticing this 1 ordered ita 

removnl, bot i t  gave may in the process, rind t\vo klassies were precipitntcd to the grouud from a 
height of about thirty (30) feet; orlc of them wns hurt n good denl, niid is scarcely nvell yet. 

(16.) I completed those statio~ia nnd clenred nll tbc rays by the middle of April, when I 
found i t  ueccsanrg to desist, 8s i t  was i~aeless to prepnre the  remnin- - - 

Conrl t~s i~~ of the inland Approxi- ing stations iu ndvnnce, some of which rnuet be temporary stations, 
mete Sorice. (being uunvoidnbly ou hillocks of drift-sand), i~nless the finnl 

observntious could be carried beyond thcm to two or more perma- 
nent statious still fnrther in ndvnnce, nnd this aos  quite out of tho question. I therefore contcuted 
myself with visiting the Ielnnds of Knchi, nnd Ncdurnu (or "Delft") nnd nscertaiuing thnt there 
was no great difficulty in nuy of the rnya in nd~nnce, a s  far ns the complction of our shnre of 
the series. 

(17.) Mr. Bolchnm mcn~mwhile pushcd on the fiual observatione with vigour and success 

Progrcag of the Bl~nl obaonationa. without interruption, except for oue or bvo days wliei~ LC overtook 
the building partics. On renching Ilbmi~Jd S. on the 18th hlnrch 

I joined him for the Arimut.11 observntious, niid nfter two dnys n i~d  nights instruclions rind 
assistance, found him quita able to complete the work nlone, which he did nfter I left him witl~out 
any mishnp. I am g l d  to say he continued to work stend~ly, nnd mnde good nnd uniuterrupted 
progress, until he  brought the work to n close h the 1st Alny, when 1 ordered him to desist, and to  
retnrn to qonrters, as the entire pnrty was much crl~nusted, and a lnrgo portion of i t  nick o r  ailing, 
o5cers iucludcd. 

(20.) Mr. Belchnm has done II good senson's work having conducted the finnl obscrrntioua 
with the 24-inch theodolite V C I ' ~  crcditnbly to  himself, this being 
his first senson, nud quito t o  my ~ntisfnction. The conduct of the  

Mr. Ct. Dolcham. 
obser~ing nnd eigunl pnrtics for the islnnd scries rcq~lircd much 
forethought aud good arrnngcmcnt; but he was cqunl to the occn- 



sion, nnd uo uiishnp or fnilure occur~rd to hiuder tlie work throughout. 

(21.) Nr .  Potter has worked viiliiigly and well as ueunl, taking nn iuterest in his work. ITe 
has built 7 mnsoury pillar stntions, nnd t r c c d  nud clearetl 19 Mr. C. D. I'otler. 
miles of mys. I Ic  suffered severely in henltll townrds the cnd of 

the ecnsou. 

(22.) Nr. I~aseroii cnmme~iced the season'j work under the disndvnntngo of not hnving hnd m y  
1)revious prncticnl experience of ray trncing nnd clearing in n flat 

Mr. E. W. Lneeron. nud wooded county,  n ~ ~ d  he fouud uir~ch difficulty in making tile 
" trinl lines," laid off from his my trnce observntions, come out right, even nfter repeated trials, and 
in this wny lie lost considernble tiiiie H e  nppenrs however to  hale  worked hnrd and willingly, 
nnd will 1 do not doubt mnster the diffic~ilty with a little more prnctice. H e  hns built 3 high 
signnl scaffolds, trnced rind clenred G4 miles of rnys, and built, pnrtially or entirely, G mnsony 
stnlioiis. H e  also built closing pillnrs nt, and delivered over charge of, 12 principal stntions. 

(3-1.) Tlie country is ns flnt ns possible, although there is n slight dope down towards the sen 
of a few feet per mile. Inlnnd the country is genernlly dcep black 

Qenorsl fentures of the eouutrg, mil, (cotton) soil, ~ v l ~ i c l ~  is immedintel~ succeeded near tho coast by deep 
&c. sand. The blnck soil is estre~nely rotten, becoming impnssnhle in  

wet wentlier nnd nothing but ynwning crncks when dry. Tlie former 
inlnnd, is milch wooded nnd intersected by tanks, nnd a net work of buuds, dykes, nnd supply chnnnele 
for collecti~ig wnter, nnd i t  is every where cultivated wit11 high growing corn crops, so that the view in 
all directious is obstructed or confined to n Itmit of a u~i lc  or so even wben the observer's eye is rnised 
above the corn which grows up to  tcn feet in height. Moreover every tnnk bed (nnd tanks abound, 
witness Indian Atlns Sheet No. SO), is overgrowu with n dcnse thicket of thorns of a kind of hnrd 
and mnttecl " Bibul"  (mimosa Ambicn) thnt is exceedingly tcdions to clenr n ray through. 

Except for the occasiond sand hillocks, tlie vicinity of the const offers no advnntage over the 
inland trnct, in ns much as i t  is overgrown with pnlm forest, thorn jungle and cocoanut groves. 

( 2 5 . )  Compnred with previous eenaons' trinngulntion, with hill stntions, the signals and ohser- 
~ n t i o n s  were very wild, as wns to  have been expected. Excepting 

Dd s ipols  and gmzing rnja. the f i r ~ t  few, nearly nll the ruys were uiiavoidnbly very low, graxiug 
within 10 or 15 feet of the ground, nnd a few ~nucb closer still. 

(26.) W e  hnve eleven rays more or less clenr over the Innd giving a mean Cqctor of positive 
rafrnction = + 0-023 of the contnined arc. Thirty-sir rnys graze 

Fnrtor of Refraction, inland lnrgely 
nogotire: orer sea poeitire, but more or less badly over the Inlid, giving a mean fnctor of negative 

refrnction = - 0.111 : the largest of these is - 0.289, and there 
crw severnl others nbout one fourth of the contnined arc. 

Of sixteen rays over the pen, some clenr and some grazing, only one gives negntive refmetion, 
(-0037,) the rest nre all pouitive, and genernllg between + 0,020 nnd +0.010, the mean being 
+ 0.032 of the contnined arc, or nbout half that of nn o~diunry series of hill stations. 

(28.) Besidee the plan of the Island Series for tlie Ceylon connection, one hexagon of the M d r n e  
Const Yeries to  tlie north of W m n i d  wns laid out, nod three of 

Extension of the MadraaCoast Series. the stntions built by Illesbrs. Potter nnd Lnseron, nnd tlie former 
has also recounoitred the country with a view to  nnother hexagon in 

advance, but  nenrly d l  the rays require regular tracing and clearing. 
(29.) I t  is much to  be rcgretted that the remaining portion of the Islnnd Series for the Ceylon 

coniiection cannot be begun before the end of Jnnuary when the 
Plan or work for lhe enouing aenaon. 

violent wind of the North-Ea~t  moneoon nioderntes, nnd permits 
open bouts, the only crnft our funds ndmit of, to ply between the islands of Pnlks Straits t o  the east 
of the PIrnban cl~annel and ddnm'e bridge, nnd keep the signal and observing parties furnished with 
water and supplies. 

I therefore propcee employing the strength of the pnrty on the approximnte eenes ( M a d r s ~  
Coaat) to the north of Rbrnnid under my own immediate supervision, selecting and building the 
stations, tracing and clenring the rnys between them until enough of the series has been laid out to  
occupy the observing party until i t  is time to tnke up the Island Series, so that as little time nu poesible 
may be lost in traversing the interval between the advanced part of the Medvea Coaet Series, rind the 
uncompleted part of the Ceylon connection. 



(30.) I am hnppy to state thnt I heliere a considerable reduction may be effccted by the adoption 
of only low masonry pillars and platforms, no larger than al~sol~~tely 

&dudion of wst. necessary for tho sake of pcnnancnco, in place of the usual high 
towers. I cotnmenccd tho Ritnnid Longitudinal Series by building 

high maaonry pillars with timber scaffoldin@. Ten of these pillars, with a mean height of 21 feet 
have cost a t  the rate of RE. 175 each and the cost of the observatory 

Compnrativc cost of mnsonrg pillsrs 
snd timber U C ~ I I O I ~  stations. platform was Re. 40 malting a total of RE. 215 per station, exclusive 

of supervision, 

(32.) Latterly I have constructed log or pile stations for the aand hille, and low mnsony pier8 
for the ordit~ary soil, with lofty scaffolds for the signals. I find the average cost of eleven obaer- 
ratory a i p a l  acnffolds with a mean height of 27 ft. to be only Rs. 30 per stntion, and I estimate the 
cost of low masonry platform stations to he nbout 11s. 20 each, making a total of Rs. 50 per station, 
showing a saving of Rs. 165 per stntion. I enclose a plan and elevation of such a stntion as I have 
found best adapted for this series and most economicnl, sbeming the portable braced staud with obser- 
vatory and signal platforms. 

(33.) I may notice moreover that the I7 ft. stand h3s proved more steady in a mind than the 
Btrbility of 17 ft. braced stand. 20 ft. pierced masonry pillars previously used. 

(34.) One disadvantage of the lofty signnl scaffolds is the difficulty of plumbing the signal 
apparatus in a wind, particularly in a high mind, l%is may be 

Diaadrentage of lofly eignd scof- 
folds. obviated by using hcavier plummets supported by fine brass wire, 

and by protecting the plumb line by a long strip of cloth or mntting 
e p r d  on the windward side. 

(88.) Mr. Bond, desistant Surveyor of NO. 2 Extra Party, mas placed under my orders for 
temporary eruployment in the vicinity of "Unngalore," so a i ~  to be 

Mr. J. Bond, No. 2 Extra Party, ready to join Captain Campbell, R.E., a t  any time during the season 
t em~Ornr i '~  attoebed lor on short notice, in case that officer (who was employed a t  Roorkee 
ployment nesr Bangalore. 

in the observations of the Transit of Venus,) should become avail- 
able for Latitude obserrations on the Madras Meridional Seriea, or 

Ordered to exccutc some minor tri- other work. I accordingly directed him to execute some minor 
angulntion in Mynore. triangulntioo in Dfysore which was much needed by the fiscal and 

othcr surveys, to make a more extended connection of the G. T. 
Suwey principal triangulation mitll ihat of Colonel Lambton, nnd to fill up a gap left in the net work 
of triangulation of thc latter, on the north flank of t l ~ c  Bangalore Longitudiual and between the 
Great Arc and bfangalore Meridional Series, lying to the south of the " Chitaldroog" district of 
Mysore. 

(39.) He left Bangnlore ou the 24th November with a pnrty of 12 Klassies most of whom wore 
quite new to the morlr, nnd starting from the side Rimadevara-betts 

Takas the field nnd 181'8 out tho -L)odnir-mauga H.Y. of the Oreat Arc (in Lat: 13'30') he pro- Beries. 
ceeded \vestwards, and in about sereu weeks laid out a series oE 

thirteen triangles renching as far ae Shi~noga S., nbout 103 miles in length, and covering an area of 
1,098 square miles. Two of these stations are previous G.T.S. points, besides the three initial and 
terminal stations above  anle led, and four of them are identicnl with old stations of Colonel Lamblon's 
Survey a t  which the O Inark was fouud. 

(40.) Hc then commenced to rctrace his steps observing the angles, but mas very shortly 
prosh.atcd by siclrncss and obliged to return to Bangnlore for medi- 

Tho 'JY sick. cal treatmcut. The scasou was a very ~~nheal thy one generally 
ncss for aeven weeks. 

throughout that part of Nysore and the men of the party sufferod 
considernbly from fercr, Ac., ne well as Mr. Bond. 

The delay from this cause was moro tl~nn :I month. A n  soon as permitted by the doctor, hlr. 
Bond again took the 6cld and tho observing \\-as rcsumcd on the 28th of March after an intervsl of 
seven weeks duriug the bcst season for the obscrvations, nud continucd till tho cud of hfny whcn he had 
completed 10 trinnglcs in d l .  

(41.) But he now discovered that one of the rays of Iris approximate scries rrhich he had accept- 
cd ~\~i thout  due cxanrination, on thc crcdit of Coloncl Lambton's Chart 

Approximato Berioe imprncticable. of tho triangulation in w11ich this ray is shown (and tllereforo might 
well l a r e  beeu sllppoacd prncticable) waa obstructed, and tho observ: 

b g  was thercforc brought to  nu cnd, 



nltomatire stfition was selected but the clolldy acnther of the 9.W. monsoon llnd sct in, and no 
farther observntions could bo obtaiucd. After waiting for three 

Reriaed. weeks more ill the ]lope of complctiug tho sericn, I ordered Mr. Bond 
Bad wosther proventc cwplotion of to retunl to Bnngalore whcrc hc arrived on tho 24th June, leaving tho 

tho 8&s. three trinuglcs co~luecting his work with its proper base, incom- 

flete. I tnlst howcver tlint he may be nblc to complete this work shortly beforo tlle ensuing field season. 

(42.) Mr. Bond appenrs to have worked cnergeticnlly and to hnvc done his bcst. IIis men mcre 
nlbny of them now to the work and insufficiently traiued, and he was n~uch  delnyed for want of good and 
timely siguale, arr well as by sickness. 

(43.) 1 beg to  append to  this Report an alpbahctical list of the proper names of the stationa and 
land mnrks fixed during the season, together with those of the eur- 

Lid of the PmPer rounding villngcs and some of the ncighbouring towns, that mill appear 
tion1 and poiuts ilxod, kc., givsu. 

on the records of this pnrty. The vernacular (Tamil) form of each 
place-name was obtained on the spot, as well as its etymolob7 or root-menning. 

I do not ailppoae that all I have given in the list is correot, but i t  may be accepted as tho current 
local trndition and Ils'Lge, nnd ae a near approximation to the nppro~ed method of tmnsliterntion. 

(44.) 1 apprehend that such information, if faithfully aud cnrcfiilly collected, may prove of much 
general interest, and of specid use towards removing from the face 

Root.mennin.P the F ' ~ ~ ~ ~ ~ ~ ~ ~ ~  of the English maps nud charts of Itldin, thc great diversity of render- pmaumed to bo of use mdmterest. 
iug nnd erroncoos spelliug thnt have hitherto disfigured them, and I 

propoae to give annually such a list ne I havc now drawn up of the common and particular plaoo-nuee 
met with during tLe field season. 

Proper Namer of Place8 and Cornmoll Village Names met zo i t l~  on the S. E. Coo& of India, 
chkjly in tho d l o k ~ * a  District of dladraa (Tamil Country). 

Agah i ram 

Alankulam 

Anakattu 

Anappnn 
Aneiph Tivu 

A ppanJr 

Appb Tiru 

Arsmanei 

Areikulam 

Armugam Kottci 

Arn 

Asuran 

From S., a village, street, or qunrter of a t o m ,  set apart for bmh- 
mnns. 

Vil, pr. n. (?)="Banyan tank" fi. &lei, the banyan, and kulam, 
a pond or tank. 

Alei, the banynn (tree), and Gru, a village or  town. 
Mother, "mamma", Lady. Amman-Kovil=" Lady chapel", a temple 

or  place of worship devoted to one of the female deities or 
demone. 

Eng. " anicut " ; fr. Tel. addamu, between, across, and knttu (to 
bind) n bund, dnm, embankment; also T. nnei, a dam, dyke, &c. 

Pr, n. A Cnnnrese cnste or tribe found in Madurn. 
Anei=elephnnt, phrei=rock; and tivu=island (Madurn const)= 

" Elephnnt+ocX: Island". 
Contr. for nnnnpbvccniyakkan, a man's pr. n., nnd patti, a fold, 

or small village. 
Vil. pr. n. (?) fr. appu, a stake or large peg, a wedge; or fr. 

appnn=fatlier, and riri~=tomn, or Inrge villnge. 
"Abbot's Island". Appa=" papa", n term of respect. Tbia island 

is ale0 cnllcd " Shkra ruudili" (loc, corr. for Jladavi) tho 
nnmo of a Muhunmndnu saint, whose tomb or shrine is much 
venen~ted. 

" Kin.7'8 Aosre", a palace; fr, arasan, a king, and manei, a house, 
dwelling. 

Written a'rci, nn edible mter-plant,  (mnrsilen qundrifolia), but 
stated to nlcnn "siz fatrks", as if fr. T. Bru, six, nnd k u l m ,  o 
tank, reservoir. 

"Six faced (one'r) fort " ; bru=six, and mukhnm ; fr. S., the face; 
a name of Ihrtilseiyn, thc War-god, Subrnmnnya. 

A river. Com. uso samo as for air ; in comp. Arr, pronounced. 6tt: 
eee below. 

Fr. N., a demon, 



Athodei 

Attbnknrei 

A t6r 
Aykkudi 

" Riu~r t o f ~ r ~ e "  ; fr. 6ru q. v., nnd odci, n cour6e (fr. otu=run, 
drive). 

"Hiver bank" or "River side "; fr. 6m q. v., and karei, n bank, 
shore. 

A common village name in Y. I., possibly for 'blatttir', q. v. 
"Sheplerd'c abode" ; fr, iyan, a shepherd, pastor; and kudi, a 

habitation, dwelling. 

B is not a letter of tho Tamil Alphabet, but p is sounded like i t  sometimes, ae after m and n, 
and, wltll v, is used instead of it in foreign worde, and also for p'h, and b'h. 

Chndnyan 
Cl~nkkili Medu 
Chakrhkottoi 

Chattrnm 
Chivadi 

Cheri 

Chinni appa D n r g d ~  
Chippi-ltulam 
+Dnghopa and Dnhhgop 

Dovipattnnam 

(?) Pr, n. of a caste or tribe in 9. I., erroneous for kadeiynn. 
Cz~rn'er's mound"; fr. chnklriliyan, a currier ; and medu, a hillock. 

From chakri, S., the discus, Viehnu's weapon (a quoit) and 
Irottei, a fort. 

Vulg. use for chnttiram, a native rest-house. Hind.=chhattnr. 
The Anglo-lndinu " choultrd' of old writers, a native rest-house 

for travellera. 
An assemblage, n hamlet, a small village ; allied to C. keri, aatreet, 

row, cf. H. kheri, Ar. and H. karya, a hamlet or small village. 
(?) " Papa Chini's Daiyah" (Nuhammndan shtine), a pr. n. 
"Shell tank."; fr. T. chippi, a little shell. 
S., fr. doh, the bodj, and gup, to hide; a Buddhist altar, vimlna 

or shrine (see foot note). 
Dalarhy, the minister, or commander-in-chief, in S. I., and punrm, 

a town. 
"Deui'a town " El., Devi=goddess, o name of Pirvnti, Shi~b's  con- 

sort, and pattannm, a town, n seaport (?). 
Bows poiqlt "; fr. S. dbenas, a bow, and kodi, a point. The 
extreme S.E. point of Rimesweram Island, a sacred bathing 
place. 

In  mlgnr colloquial uso y is commonly prefixed to e initial. 

Endal or Yenthal 
Eri 
Etteybpwam 

(t only represented 
g when medial. 
Cfandha mPua-parvatam 

Giri 

A small tank ; a com, n5x to names of small villages in Madum. 
A large street of water, I d e ,  n big tank. 
Pr. n., a towu and zemindiri (estate) of the Ettappan (a Niybkkan) 

family of Tinnevelly. 

in Tamil by k which is pronounced as k when initial, or double, but like 

Pr. n. of the bighest point of Himeaweram Island. S., parvata=o 
hill. 

S. A mor~otain in S. I.; corn. applied to a hill nnmed in Hiudu 
mythology or history. 

" Cowlrerd's town (or port)" ; fr. S. gopil, n cowherd, nhd pattannm 
or pnttinam, q. v. 

Perhnps rr. idnm, left, ns thcrc is a "Vnlam (=right)-b6dal" 
across the fen close by. Idam nlso nlenns a place. I f  for Itham- 
bbdd=" Stccct songs". 

A nian of the Ilerdsmnn caste, or tribc; (?) fr. idci=middle= 
middle-born, i .  c., from Iswara's breast. 

Corrupt. for llama-~lattmn. Nsttam is the village-site, or building 
gror~llcl. 

S. The deity, Sliprenlc Cod, Lord. In S. I, used for Shivd. 
" Issurnn-lioil"=" Slriud's Z'c~nple". 

Knchi Tivu " Wingle Island"; fr. Knchchi, a brokcn shcll or sherd ; this island 
is forlncd of broken cornl. - 

NOTP.-Pogorls (lorlnerlg pronounced pi-nod) may he derived horn thin hp metntl~eais pe.go.dm=(da.go.pa, 
Dr. Bnrgcol). It m y  bu Lou PUJ-gudo Tcl, (=yak, lley~ko~il)="l)~monl~, or d~~il'll Lcmyle," or how, 





Kbdal-i 
Kudi 
Kudisei 
Kudi-irupu or Kudiyiruppu 

Xulam 
Kulaya-uallbr 

Kunru 

Kuttei 
Kbvnr-kuttnm or KBvat-kuttnm 

Madam 

Madura 

Mnlei 

Mnlei 
Maleipatti 
Maleanernpuram 
Y nn 
Mnnnl 
Manapid (?) , 

" Temple-pond" =I1  Clrcirci-lake." 
" Chu~chfold; fr. k6vi1, a temple, and patti, a cnttle fold, a emall 

villnge. 
A junction. Com. term for the confluence of rivere. 
A hoose, dwelling. 
A small dwelling=huts, cottages. 
A dwelling, residence; corn. n, for a small hamlet in S. I., especially 

near the coast. 
" Iforse-bound-point", local name for the Perinpattanam headlnnd ; 

fr. kuthirei, a home, and kattu, to  bind. It is said a horse 
sacrifice mas rnnde here. 

A poud, tnnk, reservoir of mnter ; usually for irrigation. 
Pr. k11lo-Sekbera-n,=" Race hea&o~namenb "; fr. the n. of an early 

Pindyan king ; aud naUarim="good-htonW=" fair-villr". 
Fr.  a pr. n. of Subrnmanya, Kumirnn=son (of Shivi), and kurichl 

=a settlement, rillnge. 
(?) "Spratling point "; kuntbu=setting (on), kil, the leg, (?) going 

on tiptoe. The W.S.W. po:nt of Rimesmeram Island, fr. a 
legeud about HanumLn. 

Prouounced kuudru (and in Mal. kunnu), a hU1, a n m d  hill, a ro~lnd 
stone, a boulder rock. 

A scttlemeut. Corn. n. for n smnll vlUage or hamlet in S. I. pro- 
perly on a hill, for kundrachi (?). 

(Vulg. "Cozwtallum")=(?) "Stunted Banyam" (? fi. kuttru, ? 
danrf) and 61ei, the bnuyan. 

" Cross-foot "; an ialund nr. Phrnbsn ; ao called fr. a R. C. Shrine, 
(kurukkc=a oross) and ndi, the foot. 

F r .  kuruvi, n bird, n ~ m d l  bird, and nattam, a vUlnge site, a village. 
A tank, a large pond. 
A collection, nssernblnge, a crowded p u p ,  cluster, kc.; applied 

to  a collection of huts, n hamlet. 
A smnll tunk. 
(?) "Noise-tank "; fr. kdval=cooing, a crowing noise, and (?) kut- 

tnm, q. v., applied to a littlo village of a few inhabitants. 
Fr. S. Lnhshini, pr, n, of Vishnu's consort, or  Sakti, goddess of 

wenlth, fortune. 
" Lakshmi's town". 
The sacred phallic omblem, eymbol of Shiv15 under which he is 

worshipped by Snivaa. 
Fr. 5. and H., math, a ~chool or college for brahmana, a cloister, 

monaatery. 
T o m  and district or collectorate: derivn. doubtful ; perhaps more 

prly. spelt bladhura (Nelson). 
A hill, moontain, com. use; hence Malabar for Malei-war, nnd 

Maleiyilam, the Malnbnr Iangunge. 
Rnin. Hence Malencidu, the MalnQd or rainy district of Mysore. 
" Hill#old "; very com. n. for vil, a t  foot of, or near R bill. 
Pr. n (?)= " Hi1lgods.tow1~". 
Enrth,   oil. 
Snnd. 
"Sand-hill"; pr. n. of a headlnnd on the Tinnevclly coast between 

TrichcndJr nud Cape Comorin. 
Vulg. 11sc for hlntinir=n town, settlement, fixed abode, h. mannn 

to he fiscd, lasting, to  rernnin ; or (?) fr. manubr=enemies, Foes. 
Fr.  S., R ro~iou,  circle, district, (cf. L, mundue, the world) 

" Coromaodel" (7) for cholamandnl, cf. tondnmandalarn, also= 
n smnll tcrnple or shrine. 

Pr.  n.="Region of grn~a", or n ~ l ~ i e s .  Minikknm (fr. 9, mnni, a 
gem), n precious stone, gem, n ruby. 



Nandapam 

Nsnditop 
Nangnlam 

NnnnRli 
Mnntri 
Nnrnkknyar-psttnnem 

MliriyQ 
Mnravan, pl. Maravar 

Medu (see Metu) 

Mele 

Melmduthei 

Metu or Medu 

Mhich i ,  nlso in T. Mindtchi 

Ninaugudi 
Nott6runi 

Mudaliyir or Nudnli 
M~dukulat tGr  

Mulli Tivu 

Nundel or hfunthd 
Murugei-talci 

M u d  Tivu 

Muttupettei 

Nodumpatti 
Naiken 

Nijo-mundel 
N d a t m n i  Tivu 

A covered court or Ilnll, built with pillars, n r cc tn~ ly la r  open. 
sidcd hnll, bcforo or near a temple. 

Pr. n.; fr. mnndi=n monkey, and toppu, n grove, a "tope". 
Matrimony, praise, delight; corn. nffix to pr. us. of wealthy vil- 

lages of brahmnns, rich in rice fields=a flourishing village. 
Pr. n. of nn island, perbnps fr. i ts being composed of manalcsnnd. 
A chief counsellor, prime minister ; n com. prefix. 
"Skippers' loron (or port)"; fr. marnkkalnm, a ship, (mare, wood, 

nnd kalnm, n vessel), mnralcknyn=ship-owner. 
Once s large seaport town on the Gulf of blan6r. 
Pr. n. of a tribe of the inhabitants of Mndurn, of larleee m d  

predstory habits. 
" Ev~rlastingpond" ; fr. miy-6, that  vanishes not, and kulam, a 

pond, tank. 
A height, kc., comly. pronounced more as if writton modu, moedu, 

or moru ; e. g., Nngari blor, a hill near Madrns. 
Pr ,  n.=" upper (i.e. untern)-kal-huni", (perhnps stone tank) ; 

fr. Guni, a common villnge tnnk. 
'I Upper (i.e. west)-sluice " ; fr. mndei, n smdl  water-sluice for 

irrigation, &c. The land first watered being nearest to the 
eluice is called Mel-madei, nnd the lowest or  last watered land 
is called Kil-madei. 

I n  comp, mel=up, upon, (upper), hence western, west; because 
the country rises to the west. 

'I lVeet .ntdnlhci " (?) for mnnthei, mandei or mantei=a herd, 
flock, (?) assembly. 

A height, hillock, rising ground, com. use for a swell of high 
land. 

For 9. Minikshi=" Tish-eyed"; a name of Pirsati ,  consort of 
Shivh=kili. 

(?) " Fish-villnge". 
Pr. n. ; fr. mottei, bald hended, bare, (?) from being on an open 

bare plain, devoid of trees, &c. 
A title of respect, in CON. use in Madrns, applied to  a Tamil caste. 
" Ol&tunX;town " ; fr. muthu, ancient, kulam, a tnnk, and Iru, a 

t o m .  
Pr ,  n.=" Cope-totun" or "Bill toton" ; fr, mlikku, the nose, bill, 

beak ; (?) 80 unmed fr. being nenr n headland. 
" Conch (shell)-Zaland" ; fr, mulli, a shnnkh, or conch ahell, once 

sbuodnnt here. 
A Ilendlnnd, cspe, point, loc. use for munei, ahendland, promontory. 
Fr. murugei, coarse coral rock, nnd (?) tnlei, the head : e common 

affix, cf. leatherhead, gnteslrend, Ac. 
" Hare-Island" ; fr. musnl or muynl, a hare. Hares are atill found 

on Hnre-Island a t  Tuticorin. 
" Pearl-b~nn " ; fr. mut tu, n pearl (cf. H. moti), and pettei, n 

(market) town, a village ~vitll shops, n bnznnr. 
" Jluttu'r i run i "  (i c. tnnk). hluttu, perllnps the name of the 

mnn who had the tauk mnde. A common proper name fr. 
muttu, n pcnrl. 

A district, county,  ns opposed to  town. In Medura comb. 
applied to Kalln tracts, (sce kallnn). The opposite of KBdu 
jungle. 

" Middle-,fold1'; fr. nndu, middle, and pntti, a fold or small villege. 
Short for Nipakkan, n title borne by men of l'clugu (or Telbgs) 

race, a chief, leudcr. 
Pr .  n. (? ) nnd mundel (q. v.) n bendland. 
" Stmrtl~nlcr island" ; fr, n d n ,  good, and t a ~ i r ,  water (properly 

tnnniru=cool wutcr). 



Neduvnn Tivu 
Kegnpntam 

" Good-villc"; fr, nalla, good, Ctir, nnd Gru, a town. 
(?) " fiz-bag-uille "; fr. nari, a fox, pei (or pai), a bng, and GN, a 

town or village. 
The village site, ground reservcd for building on. Corn. village 

name in  S. I. 
Fr. S. niya, a leadcr=niya, guiding. I n  9. I. a title of warlike 

Telingns, (the " Polignm")=chief lender; d i e d  to niyar, the 
ho~~oured  Sudras of hlalnbnr. 

On old mape " Neducn", locly. pronounced Nedum=l1 h g  island ". 
Vulg. far Nigepattnnnm. Ntign, snake, "dragm", and pnttnnam, 

a town, (?) a seaport town. 
" Ricc town", fr. nel, raw rice, "paddy", and Gru, a town. 
" Tl~is!Jehant" or " thornville " ; fr. nerunjil (vulg. " nerincAi "), a 

weed bearing a thorny seed : (tribulus terrestris). 
" Thistlefold." Sze above. 
Fr. nochcbi, a medioiual tree (vites negundo), and Gruni = a 

tank or well. 

I n  ~ a m i l  w is vulgarly pyefised in pronouncing words beginning with o. 
Oppilin Pr. n.=(l) "the i,~comparahle"; fr. oppu=lilrcnees, comparison, and 

illidavan=one dentitl~tc of,="l~e who is without". (1) 
Ottangudi (1) "Bt~ilders' village"; fr. ottan, a well digger, or builder (n 

cnste), and kudi, a dwelling. 
OttapidBmm,or Ottapandbam P r ,  n man's name, and a corruption. of " (A1ngiya)-phdiya-prnm", 

the aucient name. 

P. in Tamil is pronounced like b sometimes, as after m and n, and stande for the  labial8 (Surd 
and Sonant alike) p, p'h, b, and b'h. 
P i d  Tcl. rt hill, (1) corruption of H. pnhtir, n hill. 
Pbdi A rillage or town, (in comp.bidi) a row ; com. a 5 x  to  vil. pr. n. 

( 1 )  a'bar (in the sea). 
PBdu A plncc, situation, location, besidcs many other menninge. 
Pikkam Com. affix to vil. nnmes near Xndms; (1) allied to pakkam T., a 

side, vicinity, or ( 1 )  to bignm, a division, share. 
Palayo Old. Cf. Gr. palnios, old. 
Pileiyam A place or district under feudnl tenure (n fief), a oantonmcnt, 

military suburb, a villnge. 
Pllkulam I' Illilk-taillc" ; fr. pil, milk, (cf. C. n61, and Gr, gnln, milk). 
Pdlam A ditch, hole, pit, rarine, water course, hollow, &o. 
Pallan, pl. Pallnr A very lorn cnste of labourers in 5.1. 
Pnl l i A I~arnlet, also n small town, a village: a fane, mosque, 5c. 
Palli-vieal Corn. use on the 5. const for a mosque, plnce of worship ; fr. palli, 

n plncc of assemblage, and vhsal, a door or gateway. 
Pnllinmunei Derivntion. uncertnin: n. of an islnnd said to  be named from 

thc mninlnud of which i t  perhaps once formed a pnrt. 
Pdrnbnn Fr .  9. plmbu, n snnke. Pr. n. of the town on llirnesweram Island, 

a t  the cbannel, dividing it  from the mainland. 
P lmbi r  " Snake-river". A amnll rivcr of the Ivfadura county.  
PaneiyGr " Pnlnlyra-ville"; from pnnei, the Pnlmyrn palm, and Gru, a town. 
Paneiyeri-Enthnl " Palnlgra-clinrbeu' tank" ; fr. panei, v. sup. eru, climb, and 

enthnl, a tank. 
Pripinkulnm " Bruhtnn~ts' tank ". Brnhmnns are called pipa, and pipln, for 

pArpnn j? = "Seer.") in S.I. 
Plpndsharn Fr. 8. = " Sin-extinction", a sacred bathing place noar tho loweat 

cntarncts of the Tirnrnparnci river. 
P6r (1)  for pbrei, a rock, crag : n cornlnou nffis to  pr. n. of villqes, &o. 
Pammb11 High ground, n stouy ~nonlld, grnvclly waste, a ridge. 
Pnrnpnna-vnleaei (1) " IZraharcois' retreat"; see l~bpin, valasei, Tel. n retreat. 
Plre i  A rock, rom. use. 
Pareicheri " (Vulg, P i~ rche r r~ )  "="Pnvinh'u hnrnlrl ", or qunrten : fr. pnrei. 

yao, an oul.cnute, drum~ucr, nud chcri, a hamlet, plnce. 



cotton, the cotton shrub. 
pr. n. daughter of Himdlnynh, and condort or Snkti of Shiv.6; 

also called Durgh, Devi, Bhnvini, KBli, kc., at Cape Cornorin 
(" hanniyi-kumbriathe virgin maid ") where there ia a famous 
old temple in her honour ; she ia also called Bhagavati. 

Pnt tansm Fr. S., a town, a city, a large t o m .  
Patti  A cattle-fold, herdmeu's village, a small villnge (=c. hntti). 

Pattinnm A t o r n  by the sea or on a river. A seaport town, ( a  ~ o r t ) .  

Peisds-mundel n. 9, pisLcha="Demmcape". The northernmost point of 
RLmesweram Islnnd. 

Peria Kulnm Great tank"; fr, periyn, great, and kulam a tank. 
Periapnttauam 11 &eat town". This is said to  have been an exceedingly large o ib  

nome centuriee ago. 
PeriOr and PerGr " Grand-ville". 
Perurn61 " &eat me "; fr. periya, great, and &I, a person. A common 

name for Vishnu in S. I. 
Pettei A suburb, a town or  village with ahops, a market t o m ,  usually 

contiguous to  a fort. 
Pey-kovil "Devil's temple". The ShdnPr (or SLnin8) and other low tribee 

worship a demon for god, i.e. a malignant deity. 
Pillei A child, son, a titie assumed by eome of the higher Tamil cantea 

(cf, L, filius ; fr. 61, 8c.). 
Ponthampuli Pr. n. (?) fr, pontu, a hole, cnve, and puli=tamnrind (tree). 
Pothikulaln " Bayyage-pond "; fr. pothi=" full of sacks", or  packs. A tank 

where they unpnck and rest, &c. 
Poy-chnl-16-meyir-nynn-kovil Pr. n. " The lieless truthful (i.e. most true) lord's temple". 
PB A flower; also pusllpnm or pudpnm from the 9. 
Pudu or  putl~iya New, com. use. PudSr=" new town "; Pudu.kottei="new fort", 

(vulg. " Poodoo-Coilah"). 
Pudu-madam New College "; fr. the previous, and madam, a school or college 

for brahmans. 
P u l  Qrnsa. 
Ptildnkil lrPdlbm-b.anch"; fr. pG16m, a plant (the twigs of which are used 

for a toothbrush), and k d = a  leg, properly limb-branch. 
Puli A tiger. 
Pnli A tamarind (tree) eourness. 
Pulieri Tamarind-lake "; fr. puliya (-maram) the tamarind (-tree), and 

eri, q. v. 
Pnlli A spot, point. 
PGmuricllin Flc~cer-broken "; from p i ,  a flomor, (which the coral much reaem- 

bles), and murichkn=plucked or bruised. Name of a channel 
through tho coral reef. 

Purnm Fr. 9. pur, pur6 nnd pGr, a town, city, a considerable town with 
hrallmnn inhnbitnnts; warnm, or vernm is vulgarly ueed for 
this word, ne i n  " Conjevernm", for KGnchipurnm; "Mauli- 
versm" for MnhL-bnli-purnm, near Madrns. 

Puranl T. a eide, the outaide : comly. npplied to an outlying village, A 

silburb, corn. T. nffix to  v. and pr, n. This word is said to  have 
no connection with the previous "puram". 

Putti  Tivu (1) " Huntmock Island". Putti  11nd pottel, are npplied locally to  
shoals, reefs and enndbanks in the sen, cf. pottei, n mound or 
hillock, locnl nsnge. 

Pirrnrn~nn~hallilivu " Portin (-!rep)-Shinyle Island ", puvnraeu-mnmm=the tulip tree. 
PGvnnirnkLanpatti I' PLva Eaik's fold ", (pronounced more like Doghauniken-p.), n 

ma~l's pr. n., nod pntti, a fold = a small villnge. 
Raghunithnpuram Pr. n. "Khghundlli's tolcn". 
- - - - - - .- - - 

N m . - I n  Northern India " Paltan" i8 frequent, on the rivrrr of the Pnnjib, ns Pik.pnttnn Hnri-kn.pnthn, kc.. 
and it ia raid 10 meon n frrry there (el. H. palni, s ferry msn) : slso on the " Jumna" and " ~ n n ~ e a ' " ;  e.& Indrnpot (?). 
Patnn ; also it is r s ~ d i n g l y  rommon on both conelm of BoutLcrn ludL:-" Scringapalrm" (9ri.raoga-psltenrm) in on 
the river " Canrrry (Kircri). 



RijdkapBlinm 

Rimusmimi-madam 

ltimesweram 

Rtimnid 

Reddi 

9. iu Tamil stnllds also for 

Sarnbutti-ycndal 
Santci 
Siyalakudi 

So- een- acv., Cc. or Cl~c-  chcn-, PC 
Scnchadain6thnpurau1 

Sengalancrodei 

Scrrcikirnn 

Yethupati 

Shevelmedu 
Sbivi or Sit.6 

Sri 

Sundarnmudeiyin 

Tanni-turci (2 toni-turei, q. v.) 

Tnrarci 
Tareigudi 

Vulg. For R;ij81ral.l~ileiynm. Rijilml (plural of Rbji) = kinge, and 
pileiyam, q. v., = "Xi~~gs'ton". 

I' Rdniafilcds~i's College", on the S. coast of Madura founded by a 
former rcmindir. 

Fr .  Y., Ritni, iswnra=God, and puram (=? " The tosn of RJi~ta's 
lord"). 

Pr. n, of tllc zemindbri estate and the  town com. cnlled by the  
natives Himi-natba-purnm ( h r d  Rdma's Totun) for which i t  
stands. 

Otle of a Te l ing~  (or Tclugu) ngric~~ltural tribe or  caete, of which 
there nre solno colonies in Tinnevelly nnd M d l ~ r a .  

ch, j, jh, and ell, nnd the Sanekrit ksh, and is pronounced and trana- 
litcratcd variously. 

Pr .  n. Eudal or yenthal, a ernnll tank, corn in Madura. 
(Vulg, shandy) a fair. The com. meekly village markct of 9. I. 
(1) " Belle-house " corn. pr. n. of vils ; fr. chdyal, beauty, and kudi, 

a dwelling. 
, A com. prefix mcaning rcd. See following. 

" Red-docked lord's-totun "; fr. sen, red, chadni, matted hair, 
niithn, lord aud purnm, town. 

ldK~d-rcarer-rou~~ae"; fr. cl~engal  en-knl, red-stone) neru, water 
alld odei, a coursc (fr. odu=ruu). 

T l ~ c  titlc of tllc AhambCdiyau, tribe of Madurn Tamils, hereditary 
scrvauts or clnnsmcn of thc Sethupatis (Zemindirs of ILhn id ) .  

1' Lord-of-the-carcseiuay " ; title of the Prince of the Maravars, 
Zcmindir of 11imnhd; fr. chcdu, a cause\t7ay= Adam's bridgc, 
and t l ~ c  ancient causeway of 1:dmeswernm. 

"Bd-fold"; fr. sivappu, red, and patti, a fold, village. 
"Shi~yle-ialond", fr. challi, brokcu pieces of stone, brick, shell, &c. 
Pr. n pcrh. derircd fr. Shnpaoe, or Slnlann, a Jainn sect iu S. I. 
Pr. n. for uiaulavi, a l ful~amu~adnn worthy, mint, or  sage named 

Shern. 
l'Rcd-s~oriad"; fr. eivappu, red, and medu, a mound, high ground. 
The 3rd deity of thc Hiudu triad ; Saivm regard him aa creator, 

destroyer and regenerator, and worship him in the form of tire 
lingn, his type or emblenl. 

Grandee's-.yringf0rt1'; fr. ahouei, n (water) spring, periyin=grcat 
one aud kottei, a fort. 

A uamc of Laksllmi, the consort or Sakti of Vishnu, goddess of 
prosperity, fortuue. 

" Bea~~tiful-Udkydn "; fr. sundaram = beautifuland udeiyiu, a titlc 
of the kallan tribe. 

Corrupt for Subrn~nanya-p~~ram = " Zb~cn of subramnya" the  
Hiudu hIars, god of war, son of Shivi. 

Pr.  n. of a chief ( shun  = a hero ; fr. 9. surin, tbe sun), and kudi, 
a dwelling. 

(?) " Head of Jlnnaar"; fr. talei, the hcnd. Thc Ceylon end of 
Adam's bridge. 

N, of nn island ; fr, tnlei, the be.nd. 
" Copj~er-colonred"; fr. Y. timra, copper and vnrna, colour. 
" GoIcI~IL-lady-town" (?). 
(1) " Onl.vfair "; (1) santei e. a f i r ,  markct, (vulg. shandy). Old 

name Tnni-cheyum. 
I' IVater ford"; fr. tnonir, water (prop. cool water), and turei, a 

ghht, ford, shore, (PC. 

(2-vu.) A ~alt-marah-swamp. corn. use near the Nadura ccdet. 
(?) " Lundham ", or (?) "flat-hotisr "; fr. tsrei, the ground, earth, 

s. plnec, and kudi, q. v. (2 n level place, flat). 
" l'arrol-riucr "; fr. 1altcil tbc grcen parrot, aud nndi, a river. 



Tedal or Tidal 

Tekkei 

Tenbadi 

Tenkisi 
Teppukulam 
Teri or Theri 

Thalaviypuram 

Tidar 
l'innerell y 

Tiru 
TiruchGr 

Tirum6lugandin Kottei 

Tiruppulini 

Tivu 

Tiynndr 
Tonituroi 

Tulkapatti 

Turei 
Tuticorin 
Tutti-nattam 
T ~ ~ t t i  
TGttukudi 

High ground, a dry place in a river or marsh, a heap, swell of 
rising ground ; tidar, titei and tittu all mean very much the 
EBrne. 

Vulg. for terku (ten) eouth, southern, in oppn. to  vada, north, 
northern. 

For ten-kadal=" ~mrth.sea", a place on the south coast of 
H6rnesweram. 

"South K h i  ", or Benares. 
" Rajl-tank"; fr. tepyam, a raft ou which the idol is floated about. 
Local name for the drifting sand hillocks or red sand wastes of 

Tinnevelly and hladura. 
Field marshal's toiun"; fr. Talaviy =Dalaviy, title of the corn. 
mander-in-chief, or minister of a South Indian Native Govern. 
ment. 

(Tedal, q. v.) a mound, dry bank in a marsh or river, &e. 
Vulg. Eng. for corn. Nat. pron. Tirnaveli, wh. is for Tiru-nel-veli= 

Sacred-rice-hedge". The t o m  stands in the midst of rice 
fields. 

Blesned, holy, sacred ; a name of Lakshmi=good fortune. 
(Vulg. ' I  Trichoor ") (?) corruption of " Tiru-Shivi-per-BrG" = 

" Holy Shivd'a great totun ". 
(?) "Shivdi-re~.ver'r fort "; fr. Tirumil, Holy one, and ukandin, 

obeyed. 
(Vulg. " !Dipatoor ") for Tiru-pati (vulg. "f i+et ty  ")= sacred-lord, 

and 6 ~ .  
Pr. n.; fr. tiru, holy, pul, grass, and in i  ((?)=wearing) fr. the legend 

of %mi having once slept here on the sacred (sacrificial) grnee. 
An ieland (on Coromandel Const divi, on Malabar Coast tiv. 
and div.) fr. S. dwipa=two water#. 
Fr. tiynn= low-born, base. 
" Boat-ferry ", I' ship-ford "; fr. toni, a boat, and turei, Innding- 

place, ford, rond-ghit. 
' I  Turkr-fold ". Tulukknn or Tulukkar, as Muhammadans are call- 

ed in Y. I. 
A landing place, the ford of a river, the haven of a sea. 
Corrupt. for TGttukudi, q. v. 
Fr .  tutti, a plant (" Sida Jfaurilana 'I) and nattam a villnge. 
A trifle, insiguificant. 
The nntive name of " Tuticorin ", maid to mean "rcattered-habitu- 

lion "=" winaotu village ". 
U final is no softly mounded in Tamil a8 to be nearly u.ute. 

Unluriampidu "(Sea)-weed-shore", (?) from the accumulationa of men-weed eo 
common about here. 

Upper "salt l iver"; fr. uppu, salt, and Lru, a river. 
Uypu-tnnni-tivu "salt-water-irland", in oppn. to " Nalln-tanni-tivu" (q.v.) an adja- 

cent island where good water (to drink) is found. 
Uru or Ur A villnge, town, country ; com. appd. to large villages of Canarese 

or Telugu people in Madura. 
Uruni A tank or well. The common village tank, accessible to all in 

the place. 
Uth Com. afEx. ( for GRU, prond. Gttru ) s apring, fountain. 
Uttan or Vuttsn V.  pr. n. (?). 
Uttarakoshnmangei Pr. n., more fully, "Tim-uttara-shri-ko~hamangei", a famous but 

decaying Shivi temple near Rirnnhd, about which there is a 
long legend. 

V in used lometimer for b m d  w in writing foreign words in Tamil. 
Vadn I n  comp, anorth.  By the English called Wads and Bada, e.g. Vada- 

knrei, Wada-k, and Bada-k. " North-bank", North-thore. 



Valaaei 

Valei Tivu 
Vilinokkam 
Varam or-Yorum 
V4sal 
Vayal 

Veli 

Medu Vellakkra 
Velleiyammanpuram 

Vijayipati 

Villttikulam 

Vilvamarattupatti 

(?) Perh. "Right (hund)-bldnl", in oppn. to  Idarn-bid$, a vil. t o  
left of the marell close by. 

Tel.="Removal"=flightfromhome forfenr of anarmy in the field,= 
" a retreat", com. n. of n village so occupied, Vulg. " Wnlaa". 

(?) " Sword-fish-idand" ; fr, v61-min= the sword-fish. 
Pr.  n. of a headland Y. coast of Madura. 
Vulg. colloq. form of puram a town, also maram nnd merarn. 
A doorway, entrance, gnte ; pallirisal, a mosque loc. use. 
An open plain, a field, C. bnilo. The vulg. "bile," " byle", vail, 

and boyal, &c., of Eng. mape. 
A hedge, ward, wall ; com. affix to  village names, ae "Tirnaveli " 

aee " Tinneutlly". 
" White-man's-mound" ; fr. velli, whiteness. 
" White-goddesc-town " ; fr, vellei, white, ammil, goddess, and 

puram, a town. 
" llfargosa river" ; fr. vembu, the margoaa or ' I  Nini' tree, and 

iru=river. 
" Nargosa lank" ; fr. veppu, the margoea or " Nhn " tree, and kularn, 

R pond or tank. 
"Bekl  mandapanc", written Verrilei ( r r  proud. = t t )  on the 

mainln~ld opposite to  Pimban. 
Vijayb's lord", ( i .  e. S h i r i )  Vijnyi=" Victorious", a n, of 
Ptirvnti : hence Eng. " Beejapore" (for Vijayipur) and" Piziana- 
gram" ( for Vijuyimanngaram ). 

(1) Vilitti, occns. form of vili=the wood-apple (Feronia Elephan- 
turn), and kulam, a tank. 

" Be1 tree village" ; fr. Vilva-mamm (in comp. marattu)=the sacred 
Eel tree (cratnva religiose). 

W is not a Tamil letter, but  i t  is vulgarly pronounced before o initinl and u ~ometimes. 

I n  Tamil y is vulgnrly inserted or pronounced before a nnd e initial. 
Ydnei or anei An  Elephant. 
Yelavelankil (1) " lender thorn branch" ; fr. ye1 = tender, velam = thorn (tree) 

("Acacia arabica") and kdl, the leg, a prop, brnnch, &c. 
YenLdi Pr. n. = (1) " why-first" l 
Yendal A very small tank, or reservoir com. a f i  to pr. n. of villagee in 

Madum. 
Yewldi or Erv6di Pr. n. ; (1) fr. eru a buffnlo, and vidi an encloeure, yard. 
Yettiyal Pr. n. (1) for yetti-vayal ; fr. Et t i  = a hitter and poieonous tree 

(" Strychnos nux von~ica") and vayal, a plain, field, &c. 

ABBREVIATIONS. 

C = " Cnnarese" ; Qr. 3 Creek ; H. = Hindustani ; L.=Latin ; M. = Malny6lam ; 9. = Sanskrit ; 
T. = Tamil ; Tel. a Telugu; R.C. = Roman Catholic ; S. I.=South India;  N., E., S., W. = North, East, 
South, West; = menne equivalent to ;  corn. = co~nmonly; Cr. = from or derived from; n. = name; 
pr. = properly ; t.= town ; v. = village ; besides others in morc common use. 



Extract from the Narrative Rep0l.t-dated 23rd August 1875-of Lieut. H. J. HARMAN, R.E., 
Assistant Superintendent 2nd Cfrade, in charge Assam Valley Triangulation. 

(1.) I arrived nt Sl~i l lo~ig from Bangnlorc on October 4th 1874 and took over clinrge of tho 
Party from W. Q. Beverley Esq., on October Gth 1874. 

(2.) The Party left " Qnuliiti", by march to " Jorhit", on November 5th 1874, in chnrge of 
Messrs. W. J. O'Sullivnn and J. 0. H~iglies. Wit11 a few men 1 took passage in n stenmer to  "Knmli- 
biri" nenr " Jorhit" and made nrrnngeineuts for fixing the nensury  building in " JorliJt" from the stations 
" Bor Bhiti" and " Phakwa Dol", by running ray traces from these points into " Jorhtit".-The final 
rays were encli G miles in  length nud were opened out by Messrs. O'Sullivan nnd Hughes. 

(3.) Meanwhile I visited the stations of the side of continuation and the stntions "Bor Ghop" 
and " Gobsingtion " which se re  selected last senaon : and on tlie sands of tlie river laid out a trinngulation 
to give data for cutting the my "Bor Ghop" to " Gohniugiou" and to the Hevenue Survey Pillar on tl~ebnuks 
of the " Dikliu". This done I selected the position for the stntion of " Melaukur" and obtained the bearing 
that  t.he right flank ray from " Gohningaon" should have so as to  skirt the forest which borders 
the  old " Dliy Ali". I could not get to the position of tlie " DimG" Statiou, but got nenr enough to  
warrant the my being cut through a t  once as n fiunl ray. This line was successfully carried by hilr. 
O'Sullivan, and he suitably placed tlie "Dims' Ytntiou a t  nenrly G miles from "Goliaingio~i". I returned 
to  "Sibstignr" on December 2nd nnd as I wns uuder orders to join the Nilitnry Expedition (wliiuh hnd 
already left " NnminpGr" for the " Dnphln" Hills) I visited the parties a t  " Jorlitit" and reported my- 
self to  Major Qodwin Austen (in clinrge of the " Daphla Expedition" Survcy Parly) a t  " Borpathir" 
(campNo. 2) on the 12th December. 

(4.) The force had but a short distance to march, and I did not nnticipate being with i t  more 
thnn 6 weeks, but it  so hnppeiied that I did not get  back to my Pnrty uutil March 3rd, on which day 
1 reached " Disangmuli". Now I hnd directed that as soon as the rays to  " Jorllit" were clear, the 
party should rnoTe on at once to "Sibdgnr" aud work solely in advancing the approximate series, 
becnuse I intended to  return by " Jorhit", build the stntion there and tnke the observations for fixing 
i t  : this plnn was frustrntcd, and the angles must be observed on tlie mnrch up next season. 

( 5 , )  During my nbvence Mr. O'Sullivnn wns in commalid of the party, wit11 illstructions to  
observe to  ally new peaks uot already fired by Mr. Beverley, but  nn opportuuity did not offer. The 
rays to the Revenue Survey Pillar on the " Dikliu" were cut. A lengtli for the side " Bor Ali" to  " Bor 
Cfhop" obtained, but a ~nistnke crept in, and tlie my " Bor QhopW-" Qauris8gar" in consequence fell 
out a good den1 ; this my wns 5:- miles in length aud hnd very heavy forest on it. The my " Bor 
Ghop"-" QohningBon", 7 miles in length, pnssed entirely over grass country, except in the middlo 
of the ray where i t  traversed P bclt of tree3 bordcriug the "Darilin" river. The rnys on to "Melnn- 
kur" stat,ion from " Bor Chop" and Cohniugion were cnrried up to tlie left banlr of tlie " Brahmaputru", 
nnd the right Bnnk my from " Qoliniugion" to " Uirnh" carried as before stated in para. 2. 

(6 . )  On March 4th I croased the river nnd cut tlie two n y s  on t o  " hlelnnkur" till they met ;  
the  ray from " Gohningion" fell on the @pot indicnted on the chnrt, but the line from " Bor Qhop" 
was conaidernbly o u t ;  the finnl ray to " Bor Qhop" was cut aud the station of " hlelnnkur" built 
by Mr. O'Sullivnn (a post station rerluires 3 days to  erect if the mnterinls are nenr nt hand). I rnn a 
ray trace between the " Mclnnk~ir" nnd " DimG" stations, the cutting of the narrow gap took 15 men 
four fill1 working dnyr, but  the fiunl ray took 20 men 20 dnys, Mr. Hughes cutting the  heavy forest 
extending from the " Brnhmnputrm" to the "Bolembr" river, a distnnce of 1 mile, while my detachment 
cut  from the " Dim6" ~ i d e  to the " Bolembr". On this ray fell 2 miles of jheel, a formidable obstncle, 
tmverscd by elephants with vcry great diEculty. On Mnrch 15th 1 visited Mr. IIughes, who was then 
earr).ing e right flank ray from " DimG" to " Tengipinizr" ; this line was for the first I f  miles clear, 
being acrosa n jheel, then came a hllge cane forest for 3 of a mile up to a jhecl full of trees of extreme 
hardness, and the men were workiog up to their waists in water; 1 found Mr. Hughes far from well, 
he  hnd written to say that he feared he would not be nble to stay out the season, and some cases 
of sickness werc ahowing in his detnchment, so I removed this pnrty to  the banks of the river and 
Mr. Hughes cut the forest portion of the " Melankur"-" DimG" ray as above mentioned. 

(7.) I had not been nble to visit "Tengipinia" before I left for the " Dnphla" Hille, nor hd 
Mr. O'Sullivnn the opportunity subsequently, and from a rniaconception of my letter of instructions, 
i n  which I wished the rnys to " hlelankur " to be completed before advancing, thin ray was undcr- 
taken witl~out n reconnoisrnnce hnving been made, nnd i t  landed us in trouble ; finding so much labor 
had already been expended on the line I did not like to desert i t  as in 3 miles more i t  would cross 
the old Aoaamese rained road, tho " Dhy Ali ;" noon March 17th my party shilted to the head of the ray; 



the two following days I was on the lino nnd we worked very hnrd, hut nccomplished 220 yards only ; 
the jheel cane was terribly armed with crooked thorns on every surface, I have soen no cane like i t  
elsewhere : the natives with their wooden sandals and naked legs could bnroly creep through the fallen 
stuff,and they suffered severely. On March 20th 1 left my party on the my, and with n few men went 
to  rewnnoitre " TengPpBnia" : the tract of oouutry between the "Dimri" river and " TengEpLnia" is 
interseoted by the " Boledr"  river, several strenms, and the old " Dhy Ali"; and has not been 
surveyed by the Revenue Survey, so to find where the ray would emerge on the " Dhy Ali" I ran n 
traverse from " h u a  Mirignon"; this done me dragged a boat through the forest and I went 
down the " BolemIr" and decided to carry the line on. 

(8.) I then selocted the stations of " Khcrkutin" nnd " Sisa" nnd gave off the ray I' Melankur"- 
" Kherkutin", which Mr. O'Sullivan carried, building the station close to the spot selected. I mea- 
allred n base on tho sands of the river and laid out a plan for triangulating this aide, which work Mr. 
Hughes exeouted and I also measured another long base a t  '' Lasua" to connect on with this work and to  
fiud the sides " Kherkutia" to " Sisn". Mr. Hughes now took up the my " Kherkutia" to " Dimd", of 
whioh I had a l r cdy  cnt a part from the " DimG" aide, leaving 24 miles of forest and cane to be cut by 
Mr. Hughes from the river side. 

(9.) On April l e t  I returned to "Disangmuk" and reported to you my intention of a t  once taking 
up observations on the 4 triangles now ready ; but reports came in, that the " Tenghpinia" my wns still 
in cane, though better progress mas being ruade. The spring min set in violently, and I got ncwa that 
an elephant had been lost in the jungles about " Dibrugarh" for five days; so tnking some men I went 
up to  "Dibrugarh" ; the river rose rapidly and I yns able to  take my boat everywhere and so selected 
the 7 stations necesenry to carry the series on to " Dibrugarh" Church tower, and see the country well. 

(10.) On April 11th I returned to  " Disnngmub", and found that my Jcmndnr, 2 elephants and 
men from the ' I  Tengipinin" ray, had not rctunied as ordered ; they had not been heard of for 7 days 
and as i t  had been raining heavily since April lst, and nll the rivers were up and thc country flooded, I 
went the next day in search of them; we had mther a rough time of it, but on April 17th were all 
safely back a t  " Diaangmuk". 011 my journey I visited Mr. Hughes' ray " KherkutinM-" Dimti" and 
found i t  11ad gone a mile and was in heavy forest arid cane. On April 22nd Mr. O'Yullivan crossed the 
river from " Sisa" to aid Mr. Hughes in pushing on this line. On April 25th the ray suddenly got 
flooded from the overflow of the " Bolemir", and a f ca  days afterwards as the water was still up, I 
directed that tho work should close there for the aenaou. 

(11.) The forenoon of April 21st I left " Disangmuk " to observe the 4 triangles ready, and so 
much water was then out that it  took us till nightfall to get over 5 miles of the path to  " Sibsigar!' 
As expected I could not encamp within a mile of any of the stations " Qohaingaon", " Bor Ali " or  
" Bor Gbop". I had put off tnking observations till ao late because from December to  hlarch they 
cannot be speedily done, and I thought it  most important I should exnn~ine the country nhend, and get 
all the stntions selected this season up to " Dibrugarh", if possible. I was delayed nt " Gauris6gar " on 
nccount of the hrnnch of a trco on the ray to '' Bor Ghop " cutting the heliotrope and giving a graeing 
ray; and also a t  " Bor Ghop" on nccouut of the heliotrope a t  " Gohningaon" not being visible a t  the 
time of minimum refraction ; i t  was difficult to remedy these defects, as all the lines were under water, 
80 after having visited 4 stations and obtnined the elements of the side " Qauris8gar " to " Qohaingaon", 
from which the Topographical Survey were taking their triangulation into the Nigd Hills, 1 cloeed 
work on M q  10th nnd dropped down the river " Brnhmaputra" in my boats to " Qauhiti" , renching 
that place on May lGth, the same day that bIessrs. O'Sullivan aud Hughes arrived by steamer from 
" Dieangu~uk", the stcarner having been greatly delayed. 

(13.) Mr. O'Yullivan managed the party satisfactorily while I wns in the "Dnpl~la Hills". Tho 
amount of final ray opened was 49 milea of which 6 miles were in forest, 30 over Chapori jungle, nnd 3 
of villnge cutting ; he elected the " Dimh" station and huilt excellent post stntions a t  3 places. 

(14.) hlr. Hughes opened out 20 miles of final my of which 7 miles wem in heavy forest, 7 miles 
of light work and 2 of village clearing : built good post s t a t io~~s  at " Bor Chop" nod " DimG ": built 
tho high platform for shewing a heliotrope above " Phakwn Dol", and observed tho angles for mcnsur- 
ing the side " Melankur"-" Kherkutia" and for correcting the trial ray " JorhI t  " to " Phakwn Dol". 

Mr. Hughes haa not worked this senson in the mnnner I wished and hnd ehonm him ; on most 
of his rays the work expended has not been a t  all judiciously applied nnd the labor lins been excessivo. 

(16.) A man mounted on nn elephant can rarely seo over the surrounding grass, or whatever i t  
is ; no 1 tried to introduce the plnn of aligning the main flags by the pnrta of the f lop which overtop 
the grws, and not by tho lower half of tho Bugs which is the usual custom. 

A tiny gap is cnrried a straight ae con bo dono with small hand flags placed a t  very short intcr- 
vds, and at evory hull nulu a m u  nuccnds e suall porlablo bamboo frrmo so as to overlook tha grass 



and plant n tnll flag in the nlignment witli the brick tall flngs : this msthod obviously requires the least 
grass cutting possible : I have tried the method cnd with success ; but this senson, owing to Messra. 
O'Sullivnn and Hughes being sick and uuablo personally to  superintend the cutting i t  has not been 
employed : qn in ,  in carrying n trial rny through forest it is plain thnt large trees should be avoided by 
shifting the line n foot or two parallel to  i t~elf ,  but  for the same reason this has not been done ; so 
that with exception of the ray " Melnnkur "-" Dimli" all the rnys hnve been cut through as final 
rays, which is in grent measure tlle cnuse of the smnll progress made, especially as tlie stations and the 
heliotropes are placed above the line of grnss and the only obstacles nre the trees. Before leaving 
'' Gnuhiti " the estnhlishlnent sere  put through a course of trying frames of cut bamboos, nnd any 12 
men could construct and erect a stiff frnme 60 feet high in 40 minutes, of course 50 feet is nerer 
necesswy, 20 to  25 feet suffices in nltnost every cnse. 

(16.) The district worked in this season (excepting " Qohaingaon " near "Sibabgar ") has only 
a small " Mirl" village here and there ; no locnl labor worth mentioning was avnilable or procured : neat 
season the " Miri " villages will be fewer in number ; when nenrer " Dibmgnrh " the Commissioner will 
make specinl arrnngements for us. There nre no ronds, only one or two paths were found of use ; the 
mnin communicntions are therirer nnd the rnys cut ;  for the former, bonts larger than small dug-outs are 
very ecarce and men not easily found to work them, and a ray cut through forest is almost impassable 
for elephants. Provisions hnve to be entirely supplied to tlie partics nt work from depats where they 
arc collected, so that to  mnintnin locnl lnbor and move it  on the work is rather n task. The leeches 
in April and the swarms of mosquitos about the middle of April mere great plagues. 

(17.) Of the rny " Kherkotia "-" Dimli" 1 mile remnins uncut nnd of tlle ray "Dimd"- 
" Tengipi i~ia"  1+ miles : when this work is done, there will be little cutting on the left bank of the 
" Bmhmnpntra", the whole of the remaining lines into " Dibrugarh" are over Chapori jungle, chaurs, 
and the river. 

(18.) W e  came across se~ernl old Assnmese embankments and " Alis " (ronds) on our lince this 
year, all covered with tree forest, they nre not shown on the mapa. While trnrelling in my boat 
u p  one of the jins (small deep streams) north of tbo " Dihing" river in search of a suitable site for a 
station I came upon the trijunction of 3 old "Alis" in the tliickest tree forest, but  ahithcr they lcd the 
" BIiria " who accompanied me could not say. Near the "Tengiphnia " station is the junction of the 
" Dlly Ali " nnd the "Mvtiirigarh " (old embnnkment), and the angle is curiously enclosed with a great 
circulnr road. 

(19.) The out-turn of area this senson is insignificant, but I hope, Sir, you will take into cousi- 
derntion the many retarding influences we had to  contend witb. 

Extract from the Narrative Report-dated 22nd September 1875-of W. C. ROSSENRODE, ESQ., 
Deputy Superintendent 3rd Ctrade, in charge Eastern Frontier Series. 

(3 . )  Owing to the difficulty of obtaining carringe and tho country being still under water, I 
sent on the bnggnge and some provisions in chnrge or the tindel on the 7th November 1874, to Jung- 
jutigin, which ww to be my first station of observation. 

(4.) I left hIoulmcin on the 19th November, accompanied by hlr. Beverley, in boats, reached Sit- 
tang on tho 80th Novembr, hirtd boats a t  once, and joined my camp a t  Jundungia H.S. on the 1st 
December. 

(5.) On the nfternoon of the le t  December the men who hnd gone to Yuplitong H.S. with the 
signnl pnrty, returned with the intelligence thnt thcy could not find the path to  nncend the hill, nor could 
they induce the villngers to nccompany and guide them. The guide took them to the foot of tho hill and 
would go no further, for fenr of losing bimsclf in the dcnee grass and trec jungle. I manned n fresh party 
witb axea, billbooks aud sickles and ordered them to cut their wny and get up to the station as quickly as 
they possibly could, without waiting or trying to  obtnin rid from the inhabitants. To wnit for assistance 
was bopeless. Buplitong H.S. is so situated that for 20 to  25 miles in every direction therc are no 
villager. 

The party I sent cut their way up and reached the station on the Gth day after leaving camp, 
and directed their aignsls the day d t e r  clearing the jungle 011 the summit. 

(7.) The obaerrntions a t  Jungjungia H.S. were concluded without fiuther interruption on tho 
11 th December, Kuladong, Thc-ye-khu, Mynynbengkyo, Kaneindong, and Keokpondong Hill Stations were 
then visited in succession. Fmm Keokpondong II. Y. I had to march to Kambungun Tower Station. 
The route lay CLrou~;h the extensire Pegu plain covered with reed and gress jungle ; this duriug the mha 



is nn immense swamp and it wns still s e t .  Eve11 iu the middle of January somc portions wcro imprac- 
ticable for elephants. l'he march wns circuitous and difficult and occupied 7 daye, the  direct distance 
from station to  station being only 26 miles. 

(8.) On completing the observntions nt Kambnngun Towcr Station on tho 25th January 1875, 
,I marched the next day and arrived nt Chaiteo H.S. on the 1st February. A description of it is neccs- 
nary, this hill being held in great snnctity by the Burmnns and all the other tribes in the Province. 

(9.) Chniteo H.S. is a600 feet above sen level. Stupendous projecting rocks, surmounted with 
masses of rock, rivet the attention of the traveller on his attaining the summit of t h ~ e  mountain, and 
he is lost in thought and specr~lntion nt the wonderful plicnomenon which presents itself. The priests 
assert thnt superhuman npncy alone hae accompl~nhed the miraculous lifting of these huge masses of 
rock in successive tiers, and that the gods who executed the work, reside beneath them. Each of the 
above rocks is crowned with n pngoda dedicated to Qaudnma the Budhist Deity, and the Burmana, 
Shans, Knrenn, and other tribes, niakc pilgrimnges from all parts of the Province to the shrines (pagodas) 
constructed on this sacred mountain. 

(10.) The Principal pagodn, nnmcd Chniteo, is constructed on a rock overhanging t l ~ c  eouth- 
wostern face of the hill ; directly below i t  is n ynwniiig precipicc scvernl hundrcd fcet in depth. The 
pngodn ns i t  stnnds on the rock overhanging tlie precipice gives onc the impression on secing i t  from a 
distnnce thnt i t  is poiscd in mid air. On approaching i t  however the rock, an immei~se onc, i t  is seen, 
hns firm hold of the hill side and pro,jects liltc a rllinoceros horn over tlic precipice. On this projecting 
portion the pagoda h118 bee11 coustructcd. This is thc principnl and niost sacrcd pagoda in which are 
deposited the hones and a tooth of Qaudnma Illere is nothing nrtistio in the edifice itsclf, the nerve 
and courage of the nrtificcrs commend themselves to the admiration of nll visitors who are able to 
apprccintc theso qualities. The pngodn is ro~~gh ly  constructed, its defecta however nre hidden b r  the 
covering of gold lcaf ovcr a thick coating of somc blnck looking adhcsivc s~tbstnnce which is prepared 
by the Burmnns and used for this pnrpose to obtain a ~mootli  surface. This substance consolidates aud 
adheres most tennciously to the structure and the gold lcnf put  ovcr i t  is so te~~aciously grnsped by i t  
that  when dry i t  becomcs a solid nlnss difficolt to remove. 

l'llcre nro sevcrnl other pngodns which 11nrc tbcir I~istory, and the pilgrims visit each in s~lccession 
daily during the dry months froin Decembcr to DZny. A grand festival is held an~lunlly, duriug hIarch and 
April. The day of thc full moon in March WRY this yenr the grnndc~t  day of the  fcstivnl. Prior to the 
commenccmcnt of this cnrniiul, shcds and booths spring up in nll directions all over the hill, constructed 
by oue or more members of each commanity, for the nccommodntion of themselves and thcir families. 
Trndcrs havo their stalls well stocked with evcry requisite nud fi~bulous prices are rcnlised by them, the 
demand increasiug nu the days run on townrds the tcrmiuntion of this festive senson. To obtniu a 
blessing, i t  is necessnry to worship a t  each pngodn n~id e ~ ~ c h  pilgrim must a t  all timcs use n lighted candle 
during worehip, the consumption of candles is theref01-e cnorruons. They sell nt 4, 6, 8, 10 and 12 annae 
each, the forrner price8 nrc obtainable during tlic first month, and the lattcr during the succeeding 
month. After the enpily of the two months, the festival concludes and the pilgrims retire to their respcc- 
tire homes. Near the principnl pngoda is a f i ss~~re  io tllc rock, ahorit 4 inches in width, 7 feet long, and 
15 feet deep, into this offerings are cnst, coliaistiug of silver nnd copper coins, gold leaf, (beaten gold) 
rubies and other stonca of lesser value. This Gssure is the treasury box of the Budhist Deity Qaudama. 
On tho pilgrims retiring, nfter mnking their offerings, nicn with long thin rods with bird lime nttacl~ed 
to the ends, endeavour to sccure for themaelves tlie coins nud other vulunbles cnst into it, vhatercr 
adhcrcs to tho rod is bro~ight up and npproprintcd. Cloths of cottou and silk nre also offered, should 
the cloth be of great length i t  is wrapped rouud the pngodn, the smnller pieces do duty as flags, strclr- 
mers and baoners. Coconnuts nnd plantains nnd food arc the usual offerings to tbe priests nud monke. . 

(11.). A wcll 20 cubits deep hae bceu ~ u a k  near one of the pagodas, this fen1 wns nccomplished by 
a single man worki~ig dnily for G ycalx through tlic rocky stratn; he n7as rewnrded for his pntieuce and 
pcraevernncc by hitting upou a spring which provides a pleotiful supply of water, alid the well has never 
been known to be dry. 

(13.) Aftor completing the  obsorvntions nt Chaiteo H.S. I hnd to visit Toungoundong H.S. 
The routes to i t  were very circuitous and \vould hnve occupied me 9 and 10 dnys to reach the station. 
1 nscertnined that an old road through the hills was still pnrtinlly in use which would anve me 5 stages. 
I had this path, for i t  wns nothing more, clcared, widened, nud the overhanging branches removed, and 
although the marching was di5cult and tedioue nnd occupied 8 , 1 0  and 12 hours daily, I saved 6 days 
by adopting it. 

(17.) Suplitong H.S. was drcnded by every man in the native establishment. Thoy had heard 
how Mr. Boverley had fared thoro the previous senson ; how the men with the signal lamps and Leliotropea 
hnd been dotnined iu a howling wildorno~s, iu tho early part of tho soason, until ro-inforccd by me; 



how the men 1 h d  aent cut their may up to the station; horn members of thie pnrty had returned 
nick and disabled, and suEered from fever for 2 months, one having died n raving maniac from fever 
contractcd there ; how Mr. Clancey who had cut the r o d ,  nearly succumbed from fever and how all 
his moo, public nnd privatc h d  been prostrated and sent to Hospital, one having died there. His 
eervants and Interpretar had deserted, and another Interpreter I had sent him hnd taken his 
discharge. Tho ernggerated accounts given by the men who bad been there, of the dangers anddifficul-' 
ties to be oncountered on the journey to Suplitong made such an impression on the minds of the men 
of my camp, that they dreded tho idea of going there. Disheartened and desponding they commen- 
ced the maroh. They were well fed and cared for. The preparatory amngements had been well made 
for going and rettuning, the healthiest time was chosen after the jungle had been fired, and the difficul- 
ties and dangers, which wero so nppnlling became less and less as the camp proceeded onwnrda. The 
summit wna nttained, the theodolite put up and the observntions were completed the third d q  and we 
deecended the hill returning by the enme road and encnmping at  the anme spots. 

(19.) From Suplitong I proceeded to Thulu H.S. which I reached on the 10th of March malt- 
ing 12 consecutive stages. Owing to smoke and haze, the observntions were not completed until the 31st 
I then visited Chnideo H.S. where I was detained 7 daya from bad weather. 

(20.) From Chnideo I visited Kyunkaban Station situated near the mouth of the Bheling river, 
here I wna detained 8 dnys. The my from this to Kalamatong H.5, was 32 miles in length and pnssed 
over a large expanse of water, tbc signals were a t  first undt for observing; when the weather cleared 
u p  I suweded in getting good signals and completed the observations. This was a most uncomfortnblo 
ahtion to encnmp at. Standing ns i t  did close on the bank of the Bheling river, nenr its mouth, in 
dense tangled jungle difficult to cot and difficult to penetmte. The spot selected for the station wan 
the highest available. A circular clearance of a hundred yards was made for the encampment. The 
elephants horses and the sick under the Natire Dootor were located in a village 4 miles naay. 

(21.) I arrived at  Kyunkabun Station on the 4th April during the spring equinox. Two daye 
after the sun was partially eclipsed. l'he spring tides on thia occasion were unusually high. The first 
waabed over the encnmpment and submerged it, the platform was the only dry spot, upon which all 
the baggage, provisions, and other vnluables were placed. As soon as the tide receded, a strong 
scaffold 15 feet high was el-ected for the bnggege, and the tents were pitched upon raised acaffoldinge 
4 feet in height. It wna most fortunate that no storms oocurred during my stay a t  this station, for 
had one broken upon us and raised the water, as atorme generally do, to a great height, we should ono 
and all have perished, for there WIW not the remoteat chance of escape encompaased as we were by 
tangled and impenetrable jungle, by the river and by two creeks, which would have proved fcrmidable 
barrien. 

(24.) There is a bar at  the mouth of the river and the bore here is more formidable than any I 
have witneased in other tidal rivers. 

(25.) From Kgunkabun I proceeded to Kathbatong H.S. the centre of tbe next hexagon ; owing 
to the smoke and haze with which the atmosphere was impregnated, observations proceeded rather slowly. 
The monsoon set in on the 21st April, with etorma and rain, its usual accompaniments. The henvy 
down pour ushered in h e  observing weather and I completed my obeervations and pushed on to 
Kalamntong which I reached in four days. Notwithstanding daily showers of rain, I hurried on not to 
lose the fine weather following rain, but on arriving at  Kalamatong I found myself enveloped in 
cloud and mist. The raina bad set in from the first ahower which fell on the 21st April, every day 
wna wet and the clouds and mist delayed mo greatly. I took advantage of every break in the weather 
md oompleted my observations on tho 13th day after my arrival. 

(26.) There had been no rain from November to the 20th April, and I naturslly expected a 
long break of a fortnight or tbree weeks duration between the first abowers, and tho regulr  setting in 
of the monaoon, whicb ho~lt of good observing weather, would, I had hoped, enable mo to complete 
the Knthbatong hexagon. In  thia however I wna disappointed I could not vinit the two remaining 
stations of thin hexagon owing to the dnily rain and tbe country beooming gradually nubmerged and 
Kalematong which was the highest mountain for miles around, being genemlly capped with clouds ; no 
nignala from it to Mizantong with whicb it is oonnected, aould be obtained. I had no other alternative 
but to clolre work and return to recess quartera. 

(27.) In a dcnaely wooded county, apnraely inhabited, without rods,  the time occupied in 
mnrcbing alone is considemble, 85 days were thie field season spent in travelling. The routen from 
rtation to station are circuitous, the tortuous course of the hill streams being generally adopted to save 
time and expense in cutting new and direct rods.  Labor is the great drawback in Burma. It cannot 
be obtained, the inhabitnnte, ae a rule, nrc unwilling and dieinclined to work. The laboring olasses all 
ore; lnQa readily prewnt themselves, when work offers, to add to their comforts, by earning as  much ar 



they are able. The Burmans are too lhzy to do so, and throughout tho Province, they themselves 
engage tho Madras and Chittagon6 coolies to  plough their lands and reap their fields. 

(31.) During this senaon the positions of the following towns havc beon determined, Shoay- 
&een, Bittang, Chaito, Bhiling, Thatone, Moulmein, Amherst ahd the Great Pngoda In Pegu. I find 
that the obeervations taken a t  'l 'helnkitog in senson 1869-70 to Pegu Pagoda were incorrect, nome 
other Pngoda was taken and an erroneous position wns therefore nssigncd to it. The observations taken 
at Sanwinguntong during season 1869-70 were correct. This season the Pegu Pagoda waa observed 
from five Pr~ncipnl and one Secondary station. Ifany Pagodns have been fixed and the positions of a great 
many more will be determined during the ensuing season when the t ~ o  remaining atation8 of the 
Kathbatong figure and some of the stations of the Maltbo Pentagan are visited. To secure as muoh 
secondary work se I possibly could, I engaged a Native liecorder, and was thus able to detach Mr. 
Clancey. 

(32.) There was leas sickness this season than the previous one, the avernge number of sick 
a s s  8 in my camp and 4 in N r .  Beverley's. There were 6 cnsualties. Three men were sent home, 
their recovery in this climate beiug hopeless, owing to  contiuued debility and emaciation from fever. 

(33.) Mr. Henry Beverley, Surveyor 1st Grade, has been engaged the whole wason on approxi- 
mate work. He commenced work by selecting the stations of Toungoundung and Thulu. H e  then 
proceeded to Sittang and constructed the pillar at KJmbdngGn in the plains, surrounding it  with s 
wooden platform 16 feet square and 18 feet high. He then constructed the wooden scnffolding over 
Chaideo rock, 26 feet high. Every description of work tnkes time to  accoiiiplieh iu this Province, end 
the construction of the above pillar and two wooden scatToldings, detained Mr. Beverley from 13th 
December to 20th January. Had Colonel Brown, the Commissioner of Teuasserim, not interested 
himself, by personally addressing the Extra Assistant Commissiouer (a Burman), M n  Beverley would 
have bean delayed much louger than lie was. 

(86.) On completing the above, he resumed approximate operations, nnd selected two simple 
figures, a Hexngon and a Pentngou, and closcd work a t  Seradong H.S., after having fixed most of 
the stations of a compound 6gum iu advance. Owing to the setting in of the rains this latter figure 
could not be completed. Some of the sides of the compound figure are long owiug to Mr. Beverley's llsving 
no choice of ground, the isolated, innccessible lime-stone hills rugged, jnggod and funtastically shaped, 
in the valleys of the Atkran and Win~ig rivere, being hopelessly unsuitable. 

(30.) I had directed Mr. Beverley to observe nll Pngodns, which were visible at each station that 
he visited, and to  urn, his best endeavours to determine the position of the Pigu Pngods. He wae 
aucceasful in seeing i t  from Thulu nod Slioay-yougbia Hill Stations. He  selected end constructed a 
etation at Amherst which wns finally fixed by hiu observations there and a t  Toungaun, aud my englee 
at Kalematong H.Y. hIr. Beverley also co~itributed some secoudarics, while carrying on npproximste 
operations, and many other Pagodns, which ho 11ns observed in advance of the final work, will be fixed 
during the ensuing senson when I visit the Principnl Stations. 

(37.) The lime-stone rnnges of hills ou tlle eastern flank of tho Series are mostly precipitous 
and inaccessible and Mr. Beverley llnd great difficulty in fixing suitable stations. He  had to abandon 
Zway-ga-beng and other hills more favorably ~ituated, because the Zbincli Theodolite could not be 
carried up. With all hi6 picking and choosing, he was co~npclled to adopt two of these difficult hills 
of lime-stone formation Rfiznutoog H.Y. and Dlnkbo Ii.S., which with the nid of ladders and rnmpe, he 
managed to  ascend. As this Party has, during its progress, encountered difficulties of every descrip- 
tion, aud every variety of ground, these two hills need not cause anxiety. 

(38.) Mr. Beverley hns nccomplished a very sntiehctory season's work. IIe lost the moat 
favornble time of the year from the 13th Deoember to 20th Jnnunrg in prcpnring the pillar nnd 
ecaffolding s t  Ki~nbilngGn nnd Clinideo stations; notvithstnnding this loas, he with his nsual zeal and 
energy advnnued the approxilnate trin~~gulntion 100 miles of direct diatnnce in a trying and difficult 
country with commendable cheerfiilness nnd nlncrity. 

(41.) Mr. Clnncey has worked well rind ~ntirfactorily. Ho tnkes rnrich interest in hin duties, 
and is assiduous to plenue. Ho hns learned the Ui~rmcsc la~~gunge whlell will be very useft11 to  him. 



Extract from the Narrative Report-dated 13th September 1875-of W. G. BEVERLEY, ESQ, 
Officiating Assistant Superintendent 2nd Grade, in charge of the Burmah Party. 

(2.) The Party was constituted under Depnrtmental Order No. 4 1  of 6th August 1874, the 
sstablishment being trnusferred from the lnte Brahlnnputrs Series. I t s  object is to carry chains of 

trinngles from principd sides of the Ewteru Frontier Series, in order to fix all the large townq 
prominent and permnnent objects, peaks, bc., in  the province of Dritieh Burmah, for deta l  and 
Qeologicnl Surveys, and the ligl~t-houses 9c. along the coast, for the hInrine Survey. 

(3.) A pnrt of the estnblisl~ment and heavy baggage left Calcutta for Rangoon with Mr. 
Collins on the 1st  November; and the remainder with me on the 7th. Mr. Mitchell was trausferred 
from the h s t e r n  Frontier Series, and joined the Party a t  Hnngoon. Work was commenced before the 
end of the month. 

(4.) During the preceding senson, Mr. Mitchell hnd in  connection with the Eastern Frontier 
Series reconnoitred the country, and laid out an approximnte triaiigulation from the principnl side 
Keokpongdong H.S. to Knueindong H.S. down to  Bangoon, so as to  fix that  town, as well as Pegu. 
I considered i t  advisnble, on commencing work, to examine Mr. hlitchell's selections and found it  
necessary to modify his plan to some extent, to  save time in clenring rnys and hill tops. 

(5 . )  On my return from examining the country t o  the north, I took up the triangulation 
southwards to the coast, selecting stations after a careful reconnoissnnce of the ground. Most of these 
atations are fixed on old Pagodas, by which there was a great saving of time ae regards ray cutting, 
and of expense in building stations. The approximnte work of selecting stntions, and the finnl work of 
observation, were carried on together as fnr as prncticable. The triangulation was carried down to 
the mouth of the Rangoon river. 

(6.) Mr. Collins hnd been left to  clear the rays a t  the hill station of Ayodong ; nnd as he had 
now nearly completed his work, I returned to tnke up the final observntions from the stntions north of 
Rangoon, as the atmosphere which hitherto hnd been pretty clear wns gradually getting I~azier, 1 went 
u p  an h r  as Taongnio H.S., but as Yomh H.S. in ndsance had not been cleared nor occupied by the 
signalmen, I wns unable to  complete my observations there. The nngle nt Cl~igl ibi  H.S., between 
Ayodong and Taongnio stations, could not be observed, as the signnlmen hnd been compelled to abnndon 
the latter station on 4th March, from the only spring there l~nving cenaed to run, and there being 
no water known to exist within 10 or 12 miles. 

(7.) The triangulation from Tnongnio and Chiglib6 to the const is incomplete ; as the very dense 
haze, which prevniled from the beginning of hlnrch, prcvented the requisite observatious being taken a t  
Ayodong, Chiglibti, nud Shhutc.ji, ns shonu by dotted lines in the chnrt accompnnying. Two attempts 
were made after the raine set in to oblnin observntions, but witl~out success. 

(8.) The triangulation a l o ~ ~ g  the coast townrds China Bakir light-house, wns resumed in the 
middle of hlarch ; but from the nnture of the ground the progress mnde wns slow. Work was closed on 
the 24th of April, mvl~en the southwest monsoon set in with severe storms, and vory heavy and continu- 
ous rain. I n  fact, the conntry had been gradually getting uuder wnter along the lnrge strenms, from 
the rising of the Irraanddy river since the middle of Ynrch, when the snow nt the eourccs begine melt- 
ing. l'he cutters wem frequently up to their wnists in wnter, and suffered great inconveniences from the 
absence of drinkable wnter under a burning sun. 

(9.) Mr. Mitchell a t  the commencement of the field senson, oprned the ray Channkpho H.8. 
to  Insingpnib Station, and pnrtially clenred the hills of Ayodong and Taongnio, tnkiug some observe- 
tions nt the lntter stntion. He took up the clearing of the ray Chanakpho to Ayodong, which wan 
ultimately abandoned : he nlno took some final observations at Insingpnii. 

(10.) As there rrere no inenns of reachiup Yomi Station directly from Tnongnio, but by a 
circuitous route which would occupy nearly a fortnight, hlr. Mitchell mas deputed to  clenr the su~nmits 
of Kamliitong and Yomi, selected by him the previous year, t,o build the stntions tbere, nnd com- 
mence final obner~ations from the nide Knneindong H. 8,  to  Keokpongdong H. N., closing on the 
stntions of 'I'aongnio and Chlglibi to be visited by me. This was partly in conformity with the plan 
laid down by himself, and which, from my ena~ninntion of the county,  appeared to be feasible. Mr. 
Mitchell, however, after a second examination of the country, and after visiting 3 or 4 points where he 
took rough ohservation~, found numerous di5cul t ie~ in so cnq-ing the triangulation, and was obliged 
to resort to the side Kimbiiugbn T.S. to JJngiGogii H.S. from which he thought he could get over 
the coun ty  more rnliidly. 

(11.) hlr. hlilchell took oboer~aiiona from peven stations; but owing to very bad weather rind 
frequeut attacks of illness, ho pins anable to cnrry his final obncrvations e p  to tho point whore they 



would have been connected with the work executed by myself. Ho endeavoured, a t  risk of health and 
much inconvenience, to  complete his work by remaining out until the middle of June, when Geld work 
was impossible from the incessant min. 

(13.) Mr. Collins waa employed in clearing tho stations of ChlglibB, Engtago and Ayodong, 
and building masonry pillnrs on them. The forest a t  the latter station was extremely dense, and the 
rays from i t  to lusingpnib and Shtinteji were cleared over three broad wooded ranges. Upwards of a 
month wes occupied a t  Ayodong alone. The delay was chiefly due to the di5culty of procuring labor. 
Burmese coolies could not be obtained after the middle of December, and the imlnigrnnta entertained 
were almost useless. Severnl of these latter deserted shortly after obtaining an adva~~ce  of pay ; while 
those from the immigration o5ce contained alarge perccntnge of Brahmins, who syslematically abstained 
from any and every kind of work on the pretence of illness. 

(14.) When the rays a t  Ayodong were all cleared, Mr. Collins took some final observationa 
there, and nleo a t  Kairingcile Ytation with the 8-inch theodolite, and then proceeded and built a mnsonry 
pillar a t  Shhuteji, but could not get observations, on account of the haze which had now become unusu- 
ally thick. He joined me or1 the coast a t  the end of March, aud was employed in carrying rays, &c. 

(15.) Mr. Collins has throughout the sensou dlown a great deal of zeal end energy, is a good 
and eareful observer, and is rapidly becoming nu efficient surveyor. 

(16.) Two Bormnn interpreters and writers were entertained for this Perky. One of these with 
Mr. Mitchell, died from fever in the field. The other was of very great service to me. 

(17.) The men of the Native Est.nblishment have worked well and cheerfully although in a new 
country and ignorant of the language and customs, and hnve given satisFact.ion. They are trained men 
@elected from the Establishment of the late Brnhmaputra Party, and sent to Burma11 on higher rates of 
pay, but still much leas than the pay given in this Province, and in some instances less thnn that given 
to  the game class of men in the Eastern Frontier Party. I n  spite of the inducements of less work and 
very high wages offered in the Public Works Department, they hnee re~nnined faithful to their agree- 
ments. The elephant keepers alone hnve been as usual with that class of men a cause c~f trouble and 
annojance, and anxiety for the health and safcty of the auimale in their charge. 

(18.) The triangulation has been carried over IL variety of ground. The hilly portion is low 
and dcnscly wooded, and the difficulties peculiar to this tract bare been fully pointed out by Mr. 
Roesenrode, and noticed by yourself in your lnst yenr's Report to Governme~~t. These dilcultiea were 
to a certain extent greater to our Establi~hmcnt wl~icll was quitc new to the Province. The country 
along the const is an equnlly difficult one for trinngulntion. I t  ie low, and cut up with numerous tidal 
creeks and rivers. There are few or no paths through the lorn thick tamarisk and thorn jungle ; and 
no drinkable wnler except a t  the villnges which nre small and firr apart. The work on the coast can 
only be done by bonts nnd coolien, both to be entertained a t  Rangoon, aa they can rarely be got in the  
villages, and then only nt exorbitant rntes. Elephants cannot be used on nccount of the scarcity of 
fodder, and small supply of water procurable. The grouud too, after inundation a t  every high tide, i s  
extremely dangerous for laden animals. 

(19.) The out-turn of work for the prmt year, wor~ld have been more satishctory if there bad 
boen no break in the triangulation ; and as the membcrs of the Party are now better acquainted with 
the peculiarities of the country and people, a greater out-turn mny be confidently expected in the  
ensuing field sermon, under fnvornhle circurnetancer. 'I'ho chief causes of delay iu Burmah are the 
difficulty of procuriug labor, and in moviug wit11 rapidity from one place to another; but the greatest 
is the base arising from the burning of jungle and rice stmw. On the coast, there ie less I~aze to  
contend with, as there is very little j1111gle that can be burnt for clenriugs. Very little raiu falls 
during the dry season : between the 7th of November and 23rd of April, there were only two elight 
showers. 

(20.) T l~e re  waa mucll sickness in the camps a t  the commencement of the season ; and both 
Mesers. Mitchell and Collins, and uearly every man of the Eatabliehment, have suffered from 
malarious fever. In  fact, there waa always a large percentnge of nick throughout. Three deaths 
occurred. 



Extract from the Narrative Report-dated 16th August 1875-of Captain M. W. ROQERS, R.E., 
Officiating Deputg Superintendent 3rd Qrade, in charge Jodhpur Series. 

(2.) I returned from furlough on the 28th October, and on the 20th November relieved Lieuten. 
ant  Hill, BE., of the charge of the  Party which he hnd held during my absence. 

(3.) All arrangements for t l ~ e  field senaon hnd been made by Lieuteuant Hill nnd he had sent 
off the assistnnts before my arrivnl. I hnd engaged the carriers for the Grant Theodolite whilst at; 
Ahmedabad and there was therefore no delny in tnlting the field which wns done on the 23rd November. 

(4.) I marched vid Jodhpur to Nok H.S. in Jaisnlmir, where observations were commenced on 
the 17th December; from theuce the observntions were corried on continuously through the heart of 
the great Jaiertlmir and Biknnir desert IU far a3 Marot in Bahimnlyur m d  were closed a t  Uhulan H.5. 
on the 21st of March. 

(6.) The following is a general statement of the season's work. Observations were taken a t  25 
principal stntions forming a pentngon, two hexagon#, and one double polygon, fixing 23 new principal 
rtations, embracing an area of 2472 squnre miles, and extending the series 104 miles along the meridian. 
A n  azimuth wns observed a t  Biugrilri H.S. to two circumpolnr stn13s. The Approximate Series wna 
extended 64 miles to  its junction with the Sutlej Series. The positiolls and heights of Bikanir and 
P u p 1  were fixed by minor triangulation, the area of which, exterior to  the series, Was 681 square 
milea. 

(6.) Some explanation is needed ns to the dearth of secondnry and interseoted points ; this ia 
due to the nnture of the country, in which there are neither naturnl nor artificial objects of interest. 

The total intersected points on the principnl series were 8, of these 7 were intersected from the 
four last stntiona of the series, leaving a t*ct of about 90 miles by 30, in  which there was only one 
point which could be intersected. 

( 7  Mr. Price was in charge of the Approximate Series and extended i t  through the desert to  
the Sutlej Series. Benring in mind the grertt difficulties of the 

Mr. Prioe. conntry, I consider the amount of work he has done nnd the well 
pmportioned good figures which he has been able to obtain, reflect great credit on his zeal, intelligence 
and hard work. 

(8.) Mr. Torrens laid out and observed o minor series to  Bilrnnir by which thnt city was fixed 
in height ; he closed on to  a side of the series emnnating from the 

Mr. Torrena. 
Cfurhignrh, with very sntiahctory ngreement in results. H e  aluo 

fixed the position of Pugnl by a short series nod the llevenue Yurvey trijunction a t  the junction of the 
Bikanir, Jaisalmir and Bnhtiwalpur boundnries. He  also closed 17 stations in Biknnir and Jaisnlmir. 

H e  observed with a 10-inch theodolitc nnd bin nvernge triangulnr error wns 1".7. H e  hns worked 
well and cheerfully and I am much plensed with the quality and quantity of his work. 

(9.) Mr. R u n t y  joined the party from Head Qunrters during lnst receaa, nnd nccompnnied me 

Mr. Runty. 
during this seneon as obaervntory recorder. He  is painstaking, will- 
ing and neat, and hns now acquired tho nccurncy which was all he 

needed to mnke him a very good recorder. He has learnt the use of the theodolite and perfected himaelf 
in depnrtmental routine and I nm very well sntisficd with him. 

( 1  The c o u n t y  through which the eeries pnssed this senson, ie a sandy desert ; the sand hills 
in Jaisalmir are from 90 to 150 feet in height nnd nre distril)uted in such a confused mnnner over the 
mulltry ns to make it  a work of great diEculty to &elect stations or to obtnin any but very short sides. 
Towards the north, in l%nhiwnlpor, they dimininh in height and become mercly mounds of drifting 
mud, intenpermed with open spaces of hard clny which nre porfectly level like tho beds of immense dry 
tnukr. 

(19.) The nand hills of Jaienlmir and Biknnir nre covered with high coarse g rns~ ,  which grows 
in  large tuns, and with shrubs, of which the m o ~ t  common and lnrgest is the Phog, 'a leafless shrub, 
from 6 to 8 feet in height with green twigs and pleasant smelling flower. 

(14.) I n  the Jailrnlmir deaert them is a good deal of cultivation mostly " btijri". Most of the 
numerolls amell valleys formed by the  and hills nre ploughed and sown, although miles from any 
village, and I believe thnt the grain produced is very good. 

(16.) The villages are few and fnr apart ; attached to  each are numerous " dhlinia ", thnt is two or 
thne hub emted  in the deert,  wherever them is eitbor o well of brackiah water or a small excavation 



in the hard soil (which crops out a t  intervals) in which water aollects during the mioa. These dh8nise 
are inhabited during the rains and cold weather, when the desert is comparatively populous, but are 
deserted in the hot weather, when the inhabitants return to their villages. 

(16.) I n  the portion of Bikanir, through which the series passed, thereis hardly any cultivati~n. 
The occupstion of the inhabitants is almost entirely pwtoml, and they have large herds of cattle, aheep, 
goats and camels. From Pug61 in Lat. 28k0to the valley of the Sutlej, with the exception of the 
villages lying on what was the bed of the old Hurkara river-about 40 miles soubh of the Yutlej- 
there are no villages and only a few wells of brackish water; tbis tract is the most desolate I have yet 
met with, and the inhabihnts desert it in the hot weather, taking their camels into Sindh ; this custom 
deprived me of my supply of water camels and obliged me to  return earlier than I otherwine should 
b v e  done. 

(17.) I n  the cold weather, up to  the end of December, thie portion of the coun ty  is alive with 
flocks rind herds which get water from innumerable " tobas" or small tanks excavated in the hard clay, 
which are as I have already mentioned abundant in Bah.4walpur and N.W. Biknnir, and I apprehend no 
difficulty whatwer in taking the aeries in November through the portion remoining from which I hnd to 
retreat this season. 

(18.) All the villages have large numbers of camels which roam in the desert and return every 
few days to the wells to drink, when suoll ns are wanted are caught. 

(19.) Nearly all the country I worked through belonged to three influential Thlkurs, Bikampur 
and Birsilpur in Jnisalmir and the Rao of Pugol in Bikanir, which lust belongs to one of the oldest 
Bhatti Rijput families and is reported to  have held Pugal for more than 1,000 years. 

The villages in which they live are larger, but quite as wretched in appearance as any I met with, 
the only distinction being that the  Thokura live in a sort of a half house, hnlf fort built of mud and 
stones. 

(20.) The cold was very p a t  a t  times, the minimum tbermometer twice registered 16"; this was 
very trying to the men who however enjoyed good health ae a rule. My expericnce of the desert ia 
h t  i t  is very healthy for people who are well fed and have good water to  drink. 

(21.) The oity of Biknnir to  which a minor series was taken tbis season to fix ite height, is n 
fine city built on a slightly elevated spot in the desert where the 

Biksnir. 
ground is hard and stony and intersected by ravines. It has a wall 

3 t  miles in circuit, wholly built of stone and in good repair, i t  has 8 gates and three sally-porta; the wall 
is from 16 to 30 feet high and i t  has n ditch ou three sides about 15 feet deep. There are many highly 
cnrved houses in the city and two imposing looking Jain temples. Water is plentiful from many very 
fine wells. The chief productions are sugar-candy and blankets, both of which are of a very superior 
kind. The population is about 36,000. 

(22.) The fort of Bikanir which contains the Mahamjah'a palace is about 300 yards N.E. of the 
city. The palsee rises above the battlements and gives i t  an imposing appenrance : i t  is 1,100 yards in 
circumference and hes two gates, numerous bastions and a ditch all round. 

(23.) The Governments of Marwar, Jaisalmir, Bikanir and Bah&wnlpur sent officials and men to 
accompany the camps, in their respective States, and rendered every assistance in their poser, and very 
greatly was their assistance needed, for without it the work could not have been carried on for a day ae 
the water for the camps, bad to be brought on an arerrge, 10 to 20 miles on camels. 

My best thanks are due to the Political Agenta Colonel Minchin, Major Walter end Captain 
Burton. 



Extract horn the Narrative Report-dated 8th September 1875-of Captain A. PULLu,  s,c., 
Officiating Deputy Superintendent 3rd Grade, in charge Kattjwar S w e y  Partg. 

Captain A. Pullsn, 8. C., 
John YoWill, Eq., Aant. Bupdt. 

Mr. J. Pegton. 
,, F. Bell. ,, N. C. Owynne. 
" E. Wl'tt. ,, W. A. Fielding. 
,, W. Oldhm. 
" C). T. Hdl. ,, H. Corkery. 

Mr. Visaji Ragumth. 

Oovin 'i Mahalay. 
Nsrsu%inkar. 
Kriehna Qovind. 
Bhridllar Suceerarn. 
Vishnu Yoreahwar. 
Bholmji Bhosekar. 
Nilkant Vital. 
Beahu Vitnl. 
l'uknram Chowdry. 
Oanwh R~chandm. 
V&u Bulwmt. 

The out-turn of field work for 

Out-turn of Field work. 
75 wee not so 

large as i n  the two proceding senaons. 
A considerable portion of the country 
under review, lying as i t  does dong the 
borders of the Gulf of Cutch, wna very 
difficult and tedious to  survey, not 
only on account of the  treacherous 
mud bnnlcs and almost impassable 
mangrove swamps, but  also from the  
variable winds and sudden changes of 
tide among the  creeks which threw 
constnnt hiudrance in the  way of the 
surveyors. 

An area of 1877 8qUare miles inclusive of overlaps, or 1749 square miles within graticule, wan 
topographically surveyed, consisting of pnrts of Pr ints  Hdllir and Machhu Kinthb in Kattywarand a por. 
tion of the southern sonboard of Cutch, which wns surveyed in order to render the Sheets of Kattywar 
more complete and to delineate more clearly the head of the  Gulf of Cutch. 2200 square miles were 
t,~i~onometrically surveyed, 200 for the survey of the  Cutch coast during the snme seaeon, and 2000 in 
advance preparatory to  ensuing topographical operations, nnd 11 17 linear miles of traverse were carried 
over the area of coun ty  topographically surveyed, deu.arcating the boundaries of States and checbng 
the  details of the Plane Table Survey. 

It must be borne in mind that the out-turn of work for the two preceding seasons was exception- 
ally large owing to the wide area of flat 'Itann' it included, and s11cl1 an out-turn can hardly be expected 
in  future. I may here state that the agreement between our survey of the head of t,he Qulf and the 
coast line given by the Marine S u ~ e y  of Lieutenant Taylor, I. N., is decidedly satisfnctory, takinginto 
coneideration the  difference of scale and mode of dclinenting grouud. 

A t  Kdjkot, hearing from Mr. Bell, who was trinngulnting the seaboard of Cutch, that rbe 
nature of the ground on Sathsnidn Det rendered a stone or masonry pillar undvienble, I devised s 
pillar composed of piles of hard teak seven feet long, four feet below the surface nnd three above, nr- 
ranged in a circulnr form, the mark-stone being imbedded in the mud benten hnrd all rouud with small 
pebbles nod straw to bind it, and the cylinder being then filled up with shingle from the beach mixed with 
mud. This pillar is calculated to stand the wash of the monsoon wnters better than a masonry pillar, 
which would offer unyielding resistnnce nnd tilt over from its own weight, whereas in the case of the 
pillars now erected the force of the water is dissipated, and 1 think they will all be found next season, 
in aldu puo. 

On arrival a t  Jdmnagar or NawBnagnr, the capital of the territories of H. H. the JBm, I fonnd 
that  the  border of the Qulf, studded as it ie with numerous small ialnnds, intersected by tidal creeks, 
offered a very difficult piece of work for the Plane Tabler, not only on account of the heavy mud and 
quickennd, but 11180 from the fnct thnt the work had to be done by boat principally, nnd the surveyor 
would have to  study carefully the ntate of tho tide nod the direction of the wind. This work I took up 
myself and completed all the northern and difficult portion of the bonrd by the time that i t  bccamo 
neceseary to cross over to Cutch and exnmiue the Plnne Table work on thnt coast and also about Hauatol 
Creek. 1 therefore started on the 26th February for IInnstnl wid Juria. 

On arriving a t  Hanstnl, 1 found Mr. Hall getting on very n.ell and surveying the swamps with 
correctness and facility. I passed on, after examiuing Mr. Hall's Plane Table, to the opposite coast of 
Cuteh and spent four dnys in a careful examinntion of Govindji hlahnlny's Plnne Table which I found 
correct and neatly executed. I then returned to Jurin and marched along the coast to Bdnchcri in 
order to judge for myself of tho general chnrnctcr of the coast line and swamps; the journey wus a fati- 
guing and dangerous one and I WUE Fery noerly smnmpcd in a quicksand from which 1 was with di5cul- 
ty extricated by my khlassies. 

1 msrched from Molila on the 6th April route for Gogo. The heat wae at thie time intensc, far 



greator than I hnd hitherto experienced in Kattymr, nnd the hot season threntcned to be exceptionally 
Berere, I therefore reluctantly garc up the plan of completing Slreet 45 which would have kept the 
Plane Table parties out until near tho end of May, and sent orders to the surveyors and sub-surveyors 
to the effect thnt when thcy had completed t l ~ c  boards thcy were working they were to march and joln 
me a t  Q o g  and from that port mnlte nrmngements for return to reccsa qunrters. 

After receiving all the Plnno Tnblcs nud comp~riug their bordcrs bcfore taking them t o  Poona, 
I atnrted from Gogo on tho 11th May and opened office nt Poonn on the 17th May 1876. 

Mr. McGill left Wadhwlu on the 21st November 1874 to  talte up and complete the triangulation 

J. McGiU, Esq. Anst. Supdt. 
of Sheet 10n of Knttywnr which had been left unfiiiished by Mr. 
IVyntt. After completing this work Mr. McCill marched vi8 Malia 

and the borders of the lfann and examined the southern Planc Tnbles of Sl~cet 31. Mr. McCill proceed- 
ed thence via HGkot to Gondnl wl~erc IIC commenced the trinngulntion of Sheets 36 and 37-theao Sheete 
were completed on the 6th April and Mr. McCfill marched to Gogo a t  my request and thence proceeded 
to  Poona. 

Mr. McQill worked with tho same real and ability which has characterized him for many yeara. 
Hie interesting memorandum on Sheet 1Oa is appended to  my report. 

Mr. Bell left recess quarters In advnnce of the rest of the party na I required him to furnish 

Yh =, Bell, Burrcyor 3rd Grade, 
aome few extra points oh the senboard of Cutch. Proceediug by 
boat to the port of Maudir, Mr. Bell commeuced work on the 15th 

November at Charakls H. S., and worked very hard nnd \vcll; haviug completed his triangulation be 
joined my camp on the 21st December and we conjointly co~nputed and projected the points on the 
Plane Tables and made them over to the Plnne Table Surveyo~a. IvIr. Bell then proceeded to take up the 
triangulationof Sheet 38 which he completed by the end of Muoh. His out-turn of work was 800 square 
miles, and I have every reason to be satisfied with the number and position of the intersected points. 

Mr. Ctwynne, after completing Pair Sheets 33-35 of Knttywnr, took up his first Plane Table 
nn the 15th Jnnunry 1875. Mr. Gwynine worked throughout the sea- 

N'C' QwY"nel Surveyor 4th son with the willingness nnd energy which distinguish him, turning Orsde. 
out 125 square mileu of very difficult aud hilly country in admirable 

atyle besidea instructing Mr. 11. Corkery, Assistnut Surveyor and Sub-Yurreyor Viahnu Bulwant. Mr. 
&vynne's steady apylic~diot~ in the drawing office during recess is worthy of particular notice. 

Mr. Fielding shrtod from WndhwBn on the 24th November for Sheet 31. He was accompanied 
by Messrs. W. Oldhnm nnd H. Corkery, Assistant Surveyors, YubSur- 

W' *' surveyor reyors Nilknnt Vital and Qnnesh l~imchnndrn and Traverse Sur- f nd Grade. 
vcyor Tuknrnm Cho\\-dry. Tlre whole of the Plnne Table parties and 

Traveree party 1 placed under the orders nud geoernl superinteudcnce of Mr. Fielding of whoae intelli- 
gence and carefulness I hnd formed n Irigh opinion nnd I mas well snti~ficd with the result. Mr. Fielding 
having completed Sheet 31 mnrched so~~th\vnrds and took up It. Plnne Tnble, Y.\V. Section of sheet 43. 
Mr. Fielding's out-turn of work wns 154 squnre miles, very creditnl,lc when it  is taken iuto consideration 
that in Sheet 31 he hnd to superintend the work of 2 Europcnn nnd 3 Nntise Assistants besides doing 
some Plane Table surveying himself. 

Mr. Oldhnm worltcd well tl~rouglrout tlrc senson, first u~lrlcr 3Ir. Fielding's superintendcnco in 
Sheet 31 nnd nfiervarde on Shcets 43 nnd 46 under my own eye. I 

Oldharn1 3rd found Mr. Oldhum's work very cnrcf~~lly douc on every occasio~~ thnt Qndc. 
1 exnmined it. He  requires further prnctice in neat drawing aud 

printing, and when theso are ncrl~~ired satisrt~ctorily, he will be n vnlu~hlc Pl~rne Tahle Surveyor. Hie 
out turn of work 200 squnre miles for this, his first scason, is most creditable to him. 

Mr. Hall worked very well tlrro~cghout thc season botl~ ou tlio borders of the Gulf of Cutch 
nnd nlso in hilly gromnd in Shcet 44. His out turn of work who 

" 3rd 180 square  mile^, aud I hnve cvcry reason to be satisfied with its Orde.  
qua lit,^. 

Mr. Corkery was employcd throughout tlio senson in topogrnphicnl work; his out-turn wna 144 
squnre miles, nnd both Plane Tables in execution and delineation of 

Corkerpm Amt. EurPcyor ItL hilly country are vcry creditable to a young hand and show 8 marked Q d o .  
improvement. 



Mr. Visnji Rngunath wm employed during the major part of the eeaaon in projecting PInne 
M ~ .  vi4i kgunsth, Head uub.gw. Tables, computing Late., Longa. of intersected points, and in general 

veyor. miscellaneous work; a t  the beginning of April, 1 seut him to  rn a 
Check Trnverse across the Cutch portion of Sheet 31. This work he satisfaotorily completed. 

Govindji Mahalay executed the Plane Table survey of 171 square miles of coun ty  in his usual 
onreful aiid art~stio style. H e  has also been very useful as a draughtsrnan during the recess mson. 
Narsu Dinkar was employed in running boundary traverses and check lines during the whole season. 
He executed in a eatisfnctory manuer 323 linear miles of trnverse, and is a useful and hardworking 
assistnot. Krisbnn Govind was employed during the season ~a recorder to  Mr. Bell. Shridhnr Succaram 
executed 167 square miles of Plane Table survey slowly but accurately. 

Vishnu Moroshwar worked very steadily throughout the field season. His out-turn was 196 square 
miles, 6nd there wns some improvement this season in his delineation of hilly ground. Bholnji Bhosekar 
was employed throughout the season in boundary traversing and running oheck lines ; he completed 
273 linear miles of traverse. I n  consequence of information received from you respecting the amount 
to be expended on the Native Establishment of this party, I was obliged to reduce two parties, one Plane 
Table and one Traverse party; Bholnji Bhosekar being the least useful of the Traverse Surveyors was 
therefore dischnrged. Nilkant Vital executed 164 square miles of topography with accurncy and some 
improvement in his style of drawing. Keshu Vital executed 146 square miles of topography; there is 
much room for improvement in his style of sketching ground. He  is 8 good computer. Ganesh Him. 
chandrn executed 170 square miles of topography in a very creditnble way for so young a hand. 
Vishnu Hulwant is very ueeful in the drawing office and promises in time to be a nally good draughts- 
man. 

The principal t o m a  contained in the country now under consideration are ; l s t ,  Jbmnngar or 

Prinoipel T o m ,  &. 
Nawbnagar, the capital of the territories of the J h  of Nawbnngnr 
whioh district comprises, roughly speaking, with the exception of a 

few small detached holdings, Sheets 42, 43, 44, 45 nnd the eastern halves of 52 and 63. The town which 
is on tbe banks of the little river Nbgmati is clean and well built with good streets. The population accord- 
ing to the laet census nmounts to  34,744 souls. The Jbm, a Jhareja Hhjput, is gentlemanly and pleasant 
nnd from either liking or policy afects the society of Europeans, treating all who visit his territoriee 
with much courtesy nnd hospitality. 

The other towns of note in the Jbm's territories are Hariana, Dhunwao and Balnmba. The laat 
named town is supplied with good water by menns of n canal four miles long which carries the sweet 
wntcrs of the Aji up to the town; tradition has it  that a rich Brahmin of Balamba was enamoured of 
the dnughter of a Brahmin of Latipur ; but as Balamba was notorious for its had brackish water, the 
girl's father refused his consent until his daughter wan sure of good water to drink in her new home. 
The suitor thereupon set to work and had the canal cut which now exists thereby winning his bride. 
A dam is now in course of construction near the village of Madhapur on the Aji which will, when com- 
pleted, render the canal nlwnys full of sweet fresh water. 

The town of Mdia, on the banks of the Machhu was 60 years ego a very strong plnce; i t  is the 
only place of importance in Sheet 31 : the iubabitnnts are priucipally " Minni " Mahomednns, but the 
Itija is a Jbarcja Rbjput of the Cutch family. 

Nenr Jimnsgar is a little pleasure house and temple called Rozi Mata, s favorite mmmer resort 
of the Jim'e, situated on a small island or rather isthmlls which juts out into the lagoons and swamp8 
of the Gulf; the fresh breezes from the sea render Rozi a pleaant plnce of sojouln during the hot 
months ; the island is covered with long grnss and tangled thicket giving cover to  herds of " Nylghni " 
or " Hoz" which ronm nt will unmolested, the island as its name implies being their favorite haunt. Neer 
the small villnge of Bnlncheri there is a bungalow on the shore of the Gulf built by the Jlrn and occupied 
during the hot months by the political officers ; a t  a short distance from the bungalow is the village of 
Snchnna, the inhabitant8 of which drive a thriving trade in fish of various kindq and send a regular 
mupply to the British Stetion of Rbjkot. 

The Maohhu river flowing into tbe Rann of Cutch at Alalia and losing itself in the s d t  sand and 

Birsn. 
mud of the Qulf, is the principal drainage line in the country survey- 
ed this season. The others are the Nligmnti which rises in the hilly 

country 30 miles south of Jlmnagar, the Aji the head of which only enters these sheets where i t  de- 
bouches 3 milem north of Henstel tidal ~ t r t i o n  into the Henstal Creek, the Nani and Moti Phuljar, the 
Und and the Meuww. 



Sheet 31 calls for no further particular description na what I said in my Nnrrative Report for 
season 1873-74 of Sheet 32 will apply equnlly io the country in Sheet 

General appearance of tho eountry. 
31. Sheets 42 and 43 are flnt and well cultivated up to the very edge 

of tho mnngrove swamps which nre a leadiug fenture of the country and which sprendhlong the aulf  in 
u. broad belt from Hnnstnl and even higher than thnt, southward over nll the coast surveyed last seeson, 
llear the town of Jbmnagnr all the islnnde and spits of thick rich mud are covered with tsugled mangrove 
jungle in some places rising to an altitude of 40 feet but generally averaging from 8 to  10 feet in height. 
At  high tide a little fleet of boats put8 out from Beri Bunder carrying the wood cutters to their work 
in  the logoone, the white sails gleam on all sides among the masses of rich green foliage and tho 
labourers cut and stack mangrove till a returning tide bears them homeward ; the stock of firewood thus 
obtained is a godsend to J4mnagar as the supply of wood round the city is scanty, a large quantity is 
also laid in by the Bombay bound craft thnt put in at the little port of Beri. 

The coun ty  in Sheet 44 is undulating, orossed here and there by low ridgee-a stony and sterile 
h n d  poorly cultivated; there are few villngee of nny size in Clheet 44 except on its eastern border where 
the country is somewhat less stony and the   oil richer aud better cultivated. 

Throughout the low ranges which cross Sheets 43 and 44 are numerous stone quarries, where s 

Qnnrriea. 
coarse white sandstone is excavated; this stone though porous and 
friable when first brought t o  the surface, hardens greatly by expo- 

sure to  rain and sun and becomes a useful building stone. 
To meet the wishes of the Political Agent, I propose next senaon to triangulnte Sheets 46,47 

and 48 in advance, and to survey topographically Sheets 36, 37 and 38 and the portion of Sheet 45 
which still remains unfinished-the small portion of c o a t  near Diu of which Sheet 41 consists, I shall 
also, I thiuk, be able to complete as the trinngulation bas been doue and nothing remains but the bound- 
aly traverses and topographical detail Survey. 
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totally obliternted. Dhnndhuka the chief town of one of the talukaa of the Ahmedabad Collectomte is 
on this road and is about half\vny betreen Ahmedabad and Gogo. It is in sheet 82. Dholka another 
thluka t o m  and next to Alimednbnd the most importnnt in tho Colleotornte, i~ in sheet 81. 011 account 
of tlie importnnce of l)liolka I had d l  tlie principal tl~orouglifnrcs traversed with a prismatic compass and 
rlrn~n so that tlie town could if necessary be mapped on n larger scnle thau that of 4 iuches to a mile; 
but  on this scnle it  ie n most imposing feature in the map, being nearly 6 iuches from north to south aid 
3 inclics from east to west. Tlie Tluik~~r's towns of ICoth and Gingnd are also in thia sheet, nud Dholem 
(well known in connection with cotton) is in sheet 82. Sheet 81 aoiitains a large aren of 'lhlultdnri land 
intersprrsed with the IChblsn (I explained the menning of thew terms in pnrn 20 of my last yew's 
report) but in sheet 82 the two classes of tenlire are more separate, and I mas therefore enabled to 
survey an aren of 392 squnre miles of Tnlukdari Innd in that sheet on the 2-iuch scnle. 

(8 ) 'l'he country in sheet 14 ia flat, and fairly wooded with babool and palm trees, though along 
the  connt there is a considerable expnnse of sand and mud which, on account of the number of intersect- 
i ~ i g  creeks and nnlnn, required as much labour in surveyiug as culti~nted land and even more, because 
of the difficulty of moving over the ground. The Kim and Seua rivers cross Sheet 14 from enst to 
west. Ihey  Me neither of much importance, not being navigable for large craft, but the Kiln is the 
lwger of the two; both have considerable estuaries, increasing the erpanso of mud. The villnges in this 
 heat tut~ much more closely packed than in sheets 81  and 8 1  : in the portion surveyed this season these 
are none of any great importance though d l  are fairly populow. Perhaps Elno in the Anklesar taluka 
nnd Bagwa and K u m d  in the Olpdd taluka are the ruost 80. 

(9.) Leaving Poona on the 11th November we commenced work in  aheot 81 o? tlie 21st. Hav- 
ing a sutliciency of ground triangulated in advance for two years, I gave Plane T~rblea to both Mr. 
Clirietie and Mr. Counor who had previously always worked with a theodolito. The two Messrs. Norman 
end three Native Surveyors having but recently joined the Deprtment  in September and October, had 
d s o  to learn the use of the Plane Table. I could not commence the instruction of all these pupils at 
once, nud therefore 1 employed those who hRd to  wait, in my Office, where there wee nlways plenty of 
miscellnneous work to  Iw done iu connection with the mapping. 

(10.) One new feature in the ndministrntion of my Party wee the formation of a permanent 
Drawing Otlico. I found this absolutelp necewry, bemuse my mapping power had been most severely 
orertnxcd by the great amount of mapping thrown upon it  by the adoption of the 4-inch soale and I 
therefore kept Mr. Peyton andsis Native Surveyors at my Head Quarter Campand I supplemented this 
force a t  the beginning of the sennon by those hands who were waiting to  be taught Plane 'Cabling. The 
Rcvenue Survey Surveyora were employed solely in plotting the travenres on the Plane Table Sections. 
as they came in, na checks to test their accuracy, aud in transferriug on to  them the fiscal detaile from 
Revenue S x v e y  village maps. 

(11 ) On leaving Ahmedebad 1 apportioned off the work to the different Surveyore, and took 
my Head Quarter Camp to a central position in their midst from which I could run out and see them 
each a t  work: I waa disappointed at the rate a t  which the Survey of abeet 81  progressed, some of the 
tnlukdnri villages interlaced with the KhClsa gave a great deal of trouble from the fiacal demarcations 
being oblitemted, and from the patches of cultivation nlong the margins of the marshy connection be- 
tween the Nal and the BhMhnr river not confonning to the field partition shewn on the village maps. 
A11 tlieae patches were surveyed, but a t  the coat of a great deal of time. On the completion of sheeta 
81 and 82 we movcd into sheet 14, which was completed by 15th May, and 1 myself opened Office in 
Poona on 20th ApF3. 

(12.) During the early portion of the seneon, that is tlll the end of January, Lleutenent Qibbs 

Lieutenmt Qibba, R.E. was engaged in Plane Tabling, aud he completed two Plane Tablea in 
sheet 81 on the 4-inch scale, comprising 36 aquare milea. After thia 

I scat him to examine the Plane Table contnining the town of Dholka and then to continue the trim- 
guletion of the Dangs, which he commenced in the previous season. 

(16.) He succeeded in fixing a great numher of points, but found it  impossible to fir any down 
in the rariner, on nccount of their being so tortuous ~ ~ n d  pmcipitous; i t  will therefore be necesmy to 
supplement hie operations with traverses running along the ravines, in order to give data pointa to the 
P h n e  Tnblers who will be obliged to work either on the tops of the hille, or the bottoms of the valleys, 
2nd sketch in the precipices, and when in a ravine they would never be able to see the stations on the 
heiyl~te. 

(17.) Lientenant Qibha hurl s very difficult tnsk, ae may eaaily be imnginod from the fact that 
the \\-hole of the country in the Dnogn ia mountninoua and wooded and intereccted ~ t h  precipitoW, 
tort~lous rariner, and that hie stations vary in height cnpricioualy betncen 1600 and 6000 feet. 



(18.) I kept Mr. Peyton during the whole field senson a t  my Head Qunrter Camp as the heed 
of the Drawing Office, the strength and duties of which 1 have 

Mt. Peyton. mentioned in porn. 10. 

(19,) Mr. D'Souae supervised all the Native Surveyors' Plnne Tnbling on the  4-inch acnle, and 
instructed as wcll ns sul~ervised Messrs. Christie, S. Norman and C. 

Mr. D'Souze. 
Norlnnn (pnrtly instructed also by hlr. McAl'ee) and Gopal Vishnu, 

aovind Copnl, nnd Bulwnnt Rnjnram, so thnt Ile wns actively employed the wl~ole seasot), us he nltogetl~er 
examined 41 Plaue Tables on the 4-iuch scale, aud 1 Plane Tuble ou the 2-iuoh scale, comprising an a m  
of 736 aqunre miles. 

(20.) Mr. Christle was employed the whole season in  Plane Tnbling on the 4-inch scale, and corn 
sidering thnt i t  mas Ills firat senaon a t  that work, hie ou t tu rn  is very 

Mr. Ctuiutie. 
credltnble, both as to qunntity and qllallty. Mr. Christie is elso 

very observant of the country he surveys, and ha9 givcn me a report describing fully each Plane Table 
that  he completed. 

(21.) Mr. McAFee joined me on the 31st December and I kept him a t  the Head Qunrter Office 
till the 6th Februnry, when I gave him a Plane Table in sheet 81 on 

Mr. McAFee. 
the 4.inch scnle, nod sent Mr. C. Norman with him for instruction. 

After starting Mr. C. Norman he was employed for the remaiuder of the senaon on the topography on 
the 2-inch scale in  sheet 82, and had working under him Qanesh Dapuji 1s t  and Hnoji Narayen; he ia 
a very careful aud nccurate worker. 

(22,) Mr. Connor, though he had learnt how to  use a Plane Table before in the Kattywnr Party, 

Mr. Connor. 
hnd never learnt h o t  to  utilize the Revenue Survey materials, Mr. 
1)'Youza therefore gave him a helping hand a t  first, and then he soon 

went on with his Plnne Tnble indepeutlently, but owing to  his eyes fniling him, not being strong enough 
to etnnd the continunl glare, I had to find other work f ~ r  him a t  my Head Quarters, in projecting the 
Plnne Tables nnd other miscellaneous duties. 

(23.) Mr. Hickie was employed the whole season through in Plnne Tnbling, first in sheet 81  
where he completed 3 Plane Tnbles on the (-inch scale, then a Plane 

hfr. IIickie. 
Tnble in sheet 82 on the 2-inch scale, and then 2 Plane Tables in 

eheet 14 on the (-inch sonle. He is a careful nnd nccurate worker. 
(24.) Mr. Cusson was also employed the whole season in Plnne Tabling, first in sheet 81 where 

Mr. Cluaon he completed 3 Plane Tnbles, one of which included the large town 
of Dhollta, which he surveyed very ncourntely and mnpped very 

neatly. He then oompleted a Plane Tnble in sheet 82 on the 2-inch scnle, and then 2 Plane Tables in  
sheet 14 on the 4-inch sonle. IIe is a very neat drahsmnn. 

(25.) Mr. Hall after completing one Plnne Table in sheet 81 on the 4-inch scale was trmsferred 
Mn Hall. to the Knttywar Party. 

(26.) Mr. 9. Norman was only appointed to the Department on 1st September, so he had every 

Mr. 8. Norman. 
thing to lenrn. He  rapidly acquired a knowledge of Plane Tabling, 
and duriug the season completed an out-turn of 84 squnre miles on 

the 4-inch scalo very accurately and neatly. 
(17.) Mr. C. Norman only joined the Department on the 12th October, so like Ilia brother had 

Mr. C. Norman. every thing to lenrn. His  out.turn wna only G9 square miles on the 
4.inch scnle, but he wRe employed in my Office projecting Plane 

Tnbles and on other miscellmeoua work until the 8th February. H e  too promises well for duties both 
in the field and in office. 

(28). Mr. D'Youza report8 well of nll the Native Surveyors working under him. Oopal Vishnu who 

l'iativo Burveyors. had hitherto been employed ns a Traverse Surveyor, baa turned out e 
very fair Plane Tnbler. The two new hnnds Qovind Gopal and Bul- 

want Rajaram both promise well. 

(29.) The Native Surveyors of the Revenue Survey Pnrty were divided between two dutiea. 

Bsvsnue Survsy. Mr. T. A. LeMesorier, the Aasiatnttt Superintendent, in ohnrge with 
3 Nnt,ive Surveyors were employed trnversing in sheets 31, 32, connect- 

ing the village ho~~ndnry tnjunctions and vilinge sites of the British territory with the tri~lngulntlm, 
while 4 Native Surveyors wore employed in my Office transferring the fiaonl details from the Revenue 
survey villnge mnps to our Plune 'l'ablrs nR they cnnle in. 

(30.) I t  will perhnp~ bo notiwd that iu my lnat yenfa report 1 only mentioned the Revenue 
survey Pnrty as consiatit~~ of 5 N n t i ~ ~  S U ~ V C ~ O T S ,  whereas iu this report thcare nre 7. h c h  Benron I 
have to consider the proportio11 n( Native Surveyors to onderlinp t h : ~ t  I requiro, nnd the superilltend- 
en t  of the Quzerat Hevenue survey supplies me either with more Native Yurvrryore and l e a  fund8 to 



p y  for ut~derlinga, or vice versb; tho total salnries of both being limited to Rupeee 500 a month. 
During the past aeason I ouly required very little moreground to be prepared in advance of the topogm- 
phy, but thnt tho drawing power wns iusufficient to meot my reqnirements. I therefore drew on the 
Suporintendeut Hevenue Survey for 2 more Nativo Surveyors for employnlent in my Office. 

(st.) I beg to inform you thnt, when we tnlre tlle field a t  the end of this month, I expect that 
with the exception of part of the inlcing in of the fields 011 4 sections, 

Mapping. 
the whole of tho dmruing of the scctions on the &inch soale win 

be completed, but  there will rcmnin n qunotity ofprintiug work oo scvori%l sectionq, which will be carried 
pu by the permauent Drawiug Office t l~nt  I shall take iuto the field. The drawing of the sections on 
the 2-inoh scale has also beell commenced, but will lrave to be finished in the field. 1 expect to  have 
the  seotions now in hand completed before we r e t u r ~ ~  to recesn quarters. 

(35.) I iim happy to inform you that there is a mnrked improvement iu the mapping of thin reoew 
over that of last year. Lnst year we worked under grent disndvantnges, but we learnt several leasons, 
which have been turued t o  account this year, and now the hnnds are clnesified iuto ( I )  free hand drafts- 
men, (2) aecond class draftsmen nnd (3) mechanical drakemen, ond the printers are nlso divided into 
(1) b m d  printers, (2) and (3) 1st nnd 2nd class type printers. To ewh  section, before i t  ie begun, 
is stitched a printed form called "Section I{egister" in which nll the different stages through whioh the 
map hes to pass are tabulated, and against ench there is n spncc for the signatuve of the draftsman 
or  examiner, who ynsses it  through the pnrticulnr stage, so that each mnp progresses regularly, and 
p a e s  from one clam of drnft~man to  anorher, according as the stagoa BE divided among the different 
clnsaes. 'l'his method could not be arrived at a t  once, and the want of it  lust year rvas the cause of 
mauy errors, which have taken up a great deal of time in correcting. 

 computation^ (36.) A11 computations have been oompleted. 

Eztraclrfrom Notes on the portion of the Dangs visited by Lieutenant J. E. Gibba, R.E., in 
February-May 1876. 

(1.) The country in which I have been working this season comprises portions of the Dang 
Fomat, together with some aaekwar territory, part of the Pimpaluer taluka of Khandeeh and part of 
the  Diglin taluka of Nisik. 

(2.) I must prefaoe my remarks with a few words concerning the notes that were published in 
the  General Heport for 1873-74. They were in some maes merely records of the imprcrssione with which 
1 waa struck a t  the time, nud which I was co~ltout to leave as such till I ahould verify or correct them 
thim year, hoving no idea that they would go fnrther than the office table. I shall now have ocwwn 
to correct aome of my statements of lost yeor. 

(3.) The whole of the hills formin: the Dangs mny be looked upon as  the first step of the trap 
formation lending to the Deccan tahle land. The second atep is a t  

bpect  of the counbry. 
the Qhits bordoring the  eeet of the Dnngs. The lower step is 

deeply cut into, as with a gmver, hy the water couraes of the torrents of the rniny aeneon. At the foot 
of the uppar atap the valleys rise to nearly the original level of the ground; thus ill a direct distance 
of about 10 miles the water worses have a fall of about 1500 feet. The 'trend' of the lower step, and ite 
valleys are clothod with forest. The upper step is fringed along its western edge by high peak#. The 
atrat. are perlectly horizontal and the peaks consist of vertical columns of bnsalt. Where these ore 
equal in height they give the apperanoe of a tower, but where of unequal height and arranged like the 
half of a set of organ pipes, thcy give a t  a distnnce the i l lus io~~ of trlting, which I noted last year, and 
which I again noticed on leaving the Dangs thin year. On tho upper step the aspect is quite different. 
From one of my stations on tho peaks of tho fringe, w:licli there m n  roughly north and south, to the 
north-east ley a Bat plnin dotted with low conical Ilill~, bare of trees, to the enst and s o u t h - e ~ t  were 
high hills with Ant tops, or pcaka, but only clothed below with fore~t.  To the west lay the Dnngs, a 
monotooous expense of forest. Looking down there ~cnrcely nppenred to be nny hills, the valleys being 
too steepsided and wiuding to show. Generally speaking the aspect of the country is wild and inhospi- 
table, but offieeionnlly picturesque gorges, and dells mny be met with, though dways of n wild chnrao- 
ter. 

(I.) In the course of my work I visited the hill forts of Bupgnrh, Songarh, and Siler belong- 
Bill Pod& ing to H. H, tho C;ackwar. . , 



Rupgarh For t  was taken f r o h  the  Bllils by one of the Qnekwara, but  hna long sinco been abandon. 
ed, and ie in ruins. I t  Les in a very silent position on the frontier, and a t  one time was useful for keeping 
the Bhils in check. Last year I made a note of n perenninl spring s~lpplying a tank in the fort. Dis- 

a t  the time with the informatioil 1 received thnt the tank wns supplied by a sprlng, I examined 
the place, and thought over the rnnttcr thin yenr. The level this year iu March wns within an inch or 
two the same as in Mny lnst year. The tnnk i6 nt the I~igliest part of the fort, which stands on a mass 
of rock high above any thirtg olse within miles, so that i t  could not be a spring of descent. The water 
iR oold, and there is neither motion in it, nor ovcrfloa, as would be caused by n spring from a great 
depth. A syphon col~ld not exist through roclts of tlo joi~~tcrl n lrind ns tmp. 'I'lie only explnnation there- . - 

fore that 1 can give for the presence of this constant supply is thnt, ns in the cnse a t  the ponds made on 
the Youth Downs of Englnod, the dnily sen breezes laden with vnpour reach Rupgarh almost without 
obstruction, and there, being checked and meeting with the cold uurfnce of the water already there, 
they are deprived of their vapour, which condenses to collect in the tank. 

Songnrh Fort is on the hill to the west of the once walled town of Songnrh. I t  was origlnal!y 
seized from the Bhils, some familiea of whom still hold Jaghira in connection with it. I t  haaa garrisonof 
26 men, and there are 35 guns in It, which are rusty and honey combed. l 'heonly portiol~ of the defences 
a t  all kept in repair is the  entrance a t  the nortl~ern end. From the top of the hill two high wnlls run 
down splaying out, and ere connected a t  the bottom by a very high wall in which in a gntowny. I n  tho 
lower part of the enclosed spnce nre the niins of what must have been a fine palace with neveml stories. 
Songnrh is the Head Quarters of the Pargann. 

Sdler Fort stnnds on an irnme~~sc mass of basnltic rock on the top of the upper step. This mano 
of rock is very steeply precipitous on the southern side, where i t  is slightly concnve, the horns of tho 
crescent Banking tho ground between. The security of the fort lies in its n a t u r ~ ~ l  inaccessibility. l'be 
ascent is by a zigzng rock-cut staircme up the southern cliff, completely in view from the ridge above, RE 

far ee the simple but ingenious system of gate-defences thnt bnr Access to a nnrrow ledge along and half- 
way up the western face. From the northern end of this ledge is another rock-cut stnircnse leading to 
the ~ e ~ o n d  set of defences that are just below the level of the spring of the 'roof '. lXe  most active of goats 
could not ascend by any but the regular pnth. On the top are cnttle and goats thnt have been carried 
up when young, a good supply of water in tanks a t  the foot of the roof-slope (which in about 200 feet 
high), and rock-cut casemates for the gnnison. 

(5.) 1 think thnt the evil reports about the Dnnga are exaggerated. Whether this year nnd the 
laet hero been exceptionally healthy or not I do not know, but judging 

Climate and Health. from them 1 think that with a little care there need be very little 
danger of sickness between the end of February and the mlddle'or end of Mny. I believe that during 
that period there is little or nothing to fear in the nir. Without doubt the rnter  is unfit to drink, not 
only because in many places i t  is niixed with the rank prodr~cts of rotting vegetation, but that it ie still 
impregnated with the malnria of the cold semon. The sovereigi cure for this I believe lies in distilling 
ell water for drinking or cooking purposes. Hindds, who drink water in large qunntities, and who 
will not touch distilled water because stills were unknown to their forefathers, suffer considerubly, and 
1 hed several very serious cases of remittent fever among the HindGs of my party. The rest all en- 
joyed very good health. 

(6.) Lwt year tho etatistice I collected about 14  villnges that I visited in forest tracts, showed 
thnt the  percentngo of children wns 36.55 nod this yenr the statistics 

Inhnbitnntm. of 26 villnges given as the percentage 37.96. On compnrieon with 
the Census Report of the Bombny Presidency, 1 find thnt tlie proportion is n little over that for the 
whole Presidency taken together, n ~ ~ d  therefore my conclusiou lnst year thnt the populatiol~ here was 
rapidly decrensing mny be erroneoua, still I bcliere I wns not very wrong, aud think that, considering the  
few old people one sees, the percentage c~f cl~ildrou is smnll. 

The hillmen genernlly are very snperatitious nnd thoir worship being dictated by fear, stoner 
erected to Wigbdeo (the t ~ g e r  god) n~ id  Nbgdeo ( t l~c  snake god) are very common. 

A a  I worked lnoro in the hcnrt of tlie Forest this yenr t l~nn  Inst, I nnturnlly snw more Bhils. 
They me however disnppoaring from the country, 1x0 Bbil cliiefu nre 14 in number, 5 being styled 
Rhji, and the rest Naik. 

I visited a manufnctory of Kith, the Pnrsee Ovorseer showing me every thing. The process WM 

just t \e  eame as  I described lnst year. I was nm~~sed,  if not shocked, by the nonol~alance of primitive 
innocence with which severnl young women, habilldra peutL:lrc, nrnrj no,, v2futa, stood around. Some 
r e r e  abeolutely lean clad than tho men. The dirtiness of the people ia rivalled by the dirtinelra of the 
proceos. 



A t  one village vidi rrrirabile mmslruln iu the form of a yaun i  womnn bnilt by nature to be a 
len-handed amaeon. Her  right brenat was supplying the want8 of her baby, but i t  is fortunate she h d  
not twius. 

(7.) While working in and along tlie boundary of Qneltwnr territory, I was surprised to see 
the wretched state of the trees, e8l)ecinlly teak. One might reckon 

! h e  Foreat. on the core of nny tenk tree over a foot in diameter b i n g  rotten, 
and the trees were all misshnpen. I ngreenbly struck by the conlrnst on working int,o the Dnng 
stutes. 'I'he superiority in size, symmetry and henltl,y growth of the trees under the Forest Depart- 
mellt over thoac ill the uiicnred for Unekwar districts, catches even the untrained eye nt orice, and 
spealts volun>es in praise of the care and efforts of tho Depnrtmaut. The trees are tnll, thick and 
ntraight, and solid tl~rougl~out, nnd the old trees that nre felled are re1)laced by healthy sap l i t~~s .  I n  
some dells the trees were particularly 6ue with tall straight trunks, not branching till they had attahed 
a great height. 

(9.) Last year in my notes the trees &c., mentioned were put down irreepective of order, I have 
therefore repeat,ed their names in the following lint of species I hnve 

Botany. identified. The native names are those given me by the hillmen, 
who aeem t o  have names for all trees and plants. Besides the following 1 noticed several that I hope 
next year to  be able to identify. 

Capparidem-Capparis pedunculoea, a small shrub with recurved thorns and umbels of amall 
white flowers having 1011g gynophors.-2500 feet. 

rllaluacca-Hibiscus Itosa Sinensis (Jnnodi), the shoe flower in Siler gnrdene. 
Bomlnt-Nalabnricum (Stionwnr), red silk cotton tree, described last year.-Dang Valleyr. 
Stcrculincea-Sterculia urene (Khandol) described last yenr.-Dang Valleys. 
T'licrcee-Grewia abutilifulia (Uhnmon), a stnall tree with 3-uerved lenves and eymes of small 

yellow flowers, having petnls much smaller than sepals; drupesamnll yellow said to be edible; woodhard 
and strong.-2000 feet. 

Bdocea.-iflgle Mnrmelos (Dil) with 3-foliolate lenves (emblemntio of the Hind~i  Trinity), and 
large globose fruit having a woody riud and many seeds in  a sweet aromatic orange pulp, valuable in 
dysentery.-1500 feet. 

Anmardim.-Mnogifcra Indica (Am), the cornmon mnngo, near village sitee. 
Cclostrinea.-Celastrus paniculata (Ktirktingun), a scnndeut shrub with pendulous panicles of 

tiuy greenish Bowers; the weds yield lampoil.-Dnng Valleys. 
Rharnnea.-Zizyphus rugosa ('l'uran), a small tree with recurred pricklea ; fleshy white fruit with 

crustnaeous stoue, having a mawkish h t e ,  and being much eaten by the inhabitants.-Common even 
over 3000 feet (See Hooker's Flora cf lndin). 

Ithamnus Wightii (Hngntrum), aemall shrub with shortly nccnrninate faecicledleavea; 
panicles starting opposite to one of the lowest leaves of n tull ; berries, #size of apen, superior, 4-seeded, 
red-ornuge ; calyx peraisteu&evideutly rare as I only saw one ~pecimen, and few of the villagers knew 
its name. 

Leguminoaa-Erythrinn Indica (Pangara), a tree armed with black prickles ; leaves 3-foliolate; 
raoemes of bright scnrlet flowers in Rlarch. Wood used fur sword sheaths (Bird-wood).-Dang 'Ialleys. 

Erythrina suberosa (also called Pangara), very nimilnr to the above but with cork 
like bnrk.-Dang Valleys. 

Buten frondonn (Palap Kankam), known to Luropeana ns the Dik ,  a shrub with a- 
foliolate, leaves leaflets large, used as plates or drinking cups ; tomentose rncomes of large silky orange- 
red flowers in February and March ; legumes downy, one seeded.-E\.erywl~ere. 

l'nngamia gli~bre (Kurunj), a tree with 5-7-rnliolnte lcnres with large glabrons 
leaflets; uillery racemes or el~ortly pedicelled pink and white pnpilionnceous flowers.-Dnng Valleya 

l)albergio latirolia (the Yisu of tlie Bombay Prosideucy), the black-wood tree.- 
1500 feet. 

Dalbergia ougeinensis (l'nnnj), a large tree with 3-foliolate lenves, leaflets large, 
reddilb when young; rncemee of small pink flowers; wood tough, strong, nnd henry.-Up to 1500 feet. 

Casain fistuls (Bisn), a srnnll tree with pinnate lenves hnving 5 pairs of lenfletn; 
pendulouo rncemee of bright yellow floweru; pods long, cylindrical, divided by spurious traverse platan 
h t o  oneseeded wllm; seeds hard, ehinp, collected by red beetles.-lcverywhere. 

l'amnrindus Indica (Amli or Chinch), near villngo sitee. 
Bnuhinia ltacomoaa (Aapta), a smnll tree or ehmb;  leaves used when dry for 

making ' b i r l  ' or nstive cigurettes; terminnl rncelnee of smnll white flowers.-Common everywhere. 
Acacia Catechu (Khair) mentioned laet year.-Common everywhere. 



Albizzia Lebbek (Siris), n lnrgc trce with blnck bark, nud dnrk henrt-wood some- 
whnt like black-mood; leaves abruptly bipinnate ; pinnzz 2-6 pairs ; leaflets 10-1.5 pairs, very oblique ; 
raceme axillary, long peduncled with mnny close 10-15 flr~wered lleads -Up to 1500 fcet. 

Cicer Arietiuurn (Chnna), gram cultivated about Soognrl~. 
Phaseolus Muogo (Urid) cultivated in small patclrce in the Dnngs. 

Combg.etacm.-Anogeissus Latifoliue (l)iora), a tree wit11 ~vl~r te  bark aud wood, and light green 
elliptical leaves; i t  yields a very fine strong wl~ite g11m.-I1i vnlleys nud up to 1500 fcet. 

Terminnlin Chebuln (llerdi), leavcs lnrgc, oblong nnd downy when young ; petioles 
short with pair of glmda nt apes ; pnuiclcs of pulyle ornl drupes hnv~ug a bloom ; drupes (myrobolans) 
valuable for their tannin.-2500 feet. 

Terminalin A j u n a  (Mota Sidrn), a large trce with smooth bnrk and dark heart- 
wood.-Up to 1500 feet. 

dfyrtacece 4 i z y g i u m  Jambolnuurn (Jln~hul),  a tree with light colored bark and opposite, entire 
shining leaves ; 3-forked panicles of small white Bowers with cnlyptrnte corolla ; good timber and edible 
fruit.-New village sites. 

Sizygium Salicifolium (Jlmbul), a shrub with willow-nhaped leaves ; lax pnoicles of 
amall white flowers.-In beds of rircrs. 

Cnrcyn nrborea (Knmbi), a tree with Inrge entire meml)mneous lenvca, u~uch eaten 
by a emall white caterpillnr ; leaves nfter flowers ; flowers with 2-3 huudrcd long white stenlens ; style 
long, ho~rey a t  bnse; fruit the size of a smnll apple, cdiblo.-2000 feet. 

Cucuvbitacea.-Cucumis trigonos wit11 oval fruit, yellow striped with green, very bitter; 
climbing or creeping about s11rubs.-2000 feet. 

hanthncea. -Lorn~rhns  bicolar (Bl~cndgol), n w r y  common pnrnsite especially on the Aapta ; 
flowers long, slender, scarlet nud grecu ; lenves opposite, cutire ; disc nccrcscent round inferior ovary.- 
Evcrywherc. 

Ruliacem.-Nnoclcn cordifolia (Hcdu), a Inrge tree with roundish downy stipulate leaves, und 
round heads of flo~~ers.-Vnllcys. 

Qardcnin dumetorurn (GiI), a smnll spinous tree with opposite, sin~ple entim lenves 
having interpetiolnr stipules; flowers sessile, nsillnry, so!itnry, whitc filling to yclluw ; fruit round.- 
Everywhere. 

Gardenia lucida ? (l'cndrum), vcry sirnilnr to the nbove but with large Bowera ; flowere 
full of honey ; stigma Inrgc, 1)rown nnd sticky.-Xvcrywhcre. 

Co~nposit~.-Bli~mca holosericn, a unnll downy llerb with dccply serrnte lenves, nnd yellow flower- 
heads in elo~~gated panicles. So comnlorl nll over disuaecl clenriugs, that  a t  first 1 thought i t  muat be 
oultirated. 

0lcaceg.-Jasminr~m Sambnc (Uhnt A t o p ) ,  n shrub with fmgrant, double white flowers.-In 911er 
Gardens. 

Supotacea.-Bassin Intifolin. (hfahwn), mcutiooed lnst yea r  'I'liere nppenr to be 2 varieties, the  
one with red nnd the othcr with green 1enves.-Both in grcnt numbem abovc tlrc Qliits near Pimpalncr, 
and also common in the Dnngs. 

Ebenacea.-Diospy1.ou erscolptn ('l'emburui), a smnll tree with large leaves downy beneath; fruit 
edible with rather plenmnt flavour.-1500 fcct. 

Apocynncea.-Carissn Cnrnn~lu,  n spinous shrub wit11 shining corinreons lenves, nnd fragrant white 
flowera; berry with swect ncid p11l1) ; Ho\vers in h1nrch.-Common everywhere. 

Wrightia tinctorin (I<Bln I<um), n smnll trec or sl1r111) with white wood, and lax 
panicles of fragrnnt white Bowers appenring in April ; style very short and anthers low down the tube.- 
Common evarywhere. 

IIolnrrbena nntidgs~ntericn (Doli ICl~rli), n shrub very sin~ilnr to tlre abuve, hut with 
wider leaves, and p~lbcrnlous flowers hnving partinlly colicrcnt nullicrs which form a pg rmid  :~bove the 
limb of tho corolla.-Common evcrywhcrc. 

Asc1~piadncee.-Cnl(,tropis (3ignrlton (hIndir), n s l r r ~ ~ h  nbounding iu nrilky juice, opposite lenves 
and interpetiolnr umbcls of purple flowers.-Common ou nll clenrings. 

Bignoniacea.-Bignooin Qiiarlriloc~~lnris (JVnrix), n rcry I~nndsomc trco when in fill1 bloom with 
its lnrgc bunches of crimped white flowers.-Vnllc!.a and up to 1500 feet. 

CorJincem.-Cordin Blysn (T3hoknr), n sninll tree with simple nlternnto leaves, pauicles of whit0 
Bowcm, snd cdiblo berries with g lu t ino~~s  pnlp.-1500 [cot. 

Verbenacece.-Tectonn Grnndi~ (Sngwnn), thc teak trce -\'nlleys nnd np to 1500 feet. 
Qmelina arborca (Slieorii), with opposite entire lenl,es, velvctty beneath ; inflorescence 

a raceme ; drupes yellow, superior, cdgx persisterrt ; fruit much rnten I I ~  wild nnimnls.-1500 feet. 
Viten Nirgundi or Bicolor (Nirgnndi), n slrrob with ol)positc 3 or 5-foliolate loave 

and pauioleaol smnll bluish purplc floacr8.-Coruruou iu  valley^ 311d nbovc tlie GLits. 



B t r p ~ o r b i n r e ~ . - P b ~ ~ ~ ~ u t h u s  E~nblicn (Aoula), n smnll tree with nxillnry clusters of dowers ; drupe 
0csl1)-, er1ible.-Vdeya. 

['rticacem.-Ficus hel~ghnlcnsis (Wnror Bnr), the Bnnpnn tree.-Common everywhere. 
Ficus religiosn (Pipnl), with cordntc, nnrrowly accuminnte leaves.-Everywhere. 
Ficus pseudotjiola (I'ipri), n toll lmudsome tree with long petioled, obloug.ovete, 

shining leaves.-Cbnlm0n. 
Ficus cordifolia (Pler), a tree wit11 leaves somowhat like those of the Pipal, m d  

c ~ ~ t s t c ~ x  of slnnll sessile round fruit.-Common. 
Ficus gloo~erntn (Umbnr), a crooked t h e  covered with figa, purple when ripe, and 

nlwnrs full of worms or flies.-Common eepecinlly by streams. 
A rtocnvpacea.-Artocnrpns intcgrifolia (Panas), ths  Jnck tree, with shining dark green coriaceous 

lenvcs a114 huge fruit with shngrccn exterior.-Wcstern borders of Dangs. 
O ~ c h i ~ l n e r ~ . - I  ww scvcral spccilnens on trees, b ~ l t  none in flonrern. 
Amn~~yl l idace~. - -Crio~l~~m pnrvlun (Knrwand), stem &bout 9 inches high, about 3 white flowera in 

rln,llcl; the bnll)s wcro generally so fiscd in the crevicea of rocks that  they could not be taken out 
nllolc ; flowers in l\lny.-Common on tops of h n g  hills and on the Ohlts. 

pn/srneen.-~ornssus flabclliformis ('I'Jri), tnpped for its snccharirle juice, drunk under the name 
c,f thri or toddy.-Common in tbc \rcstcrn L)RII~S and ngnin nt tho foot of the upper GhLts. 

P l e u i x  Sylvcstris (Icnjur), the common wild dnte palm ; fruit yellow when rips.- 
\Ycstcrn nnngs. 

~~n~ai,~en..-Eleusinc corncnnn (Nlgli or Nlsui), cultivated for food and export, k i n g  given to  
l<nnj$ras in cschnuge for salt. 

Orym mtirn (Cl~olchn), common rice, occasionnlly rniaed in small quantities for food. 
Holcus spicntus (B4jri), cultivnted for food. 
Ra~nl~usn vulgaris (IVclu), growiug to GO feet high in thick clumps.-Western Danga. 
Bau~lrusn strictn (Dbs), n small strnigl~t species of Bamboo with long thin branches.- 

'\vcntcrn Dnngs. 

Tllerc is of coulw n grcnt snmcness in t l ~ c  litl~ology of the district, the greater pert of the rocks 
varjing from I~lnck to grey crystnlline bnsnlts, diorites, and the like. 

Grolo~y .  On thc tops of sevcral of the hills of the 'lower step'  I met with 
fill1 of nriculnr whitc crystnls. I saw vcry fcw ln~*ge crystal mnssea. There are no alluvial depo- 

*its. nn,l thc roclts of thc rivcr bods arc polished and rounded by the attrition of the gritty particles 
cnrricd down by thc mollsoon ton'cnts. 
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~ ~ t m t  from the Narrative Report-dated 15th November 1875-of Captain H. R. THUELIER, 
BE, Officiating Deputg Superintendent 1st Grade, in charge of the Kumaun and Garhwal and 

the Dehra Dun Survey Parties. 

I n  the spring of 1874, the  Estnblishment of the Kumnun nnd Gnrhwtil Pnrty wns broken up 
into two detnchments; ono \ms sent undcr Mr. E. C. Hynll to 

Peasomc.  resume the Survey of t l ~ c  l~ighor rnnges in l (u~nn~ ln  nnd Garl~wil, 
Captain H. R. Thuillicr, R.E. the operntions of a h i c l ~  will be described l~erenftcr, the other 
Lisutannnt St. Q. C .  Ooro, %E-, A88t. 

Bupdt. detachment, as  per mnrgin, under my omu superintendc~~ce, mns 
employed during the field Rcnson 1874-75 in cnrrying on the SulveJ 

Smyon A"t' snrosyor" of Dehrn l)li11 which wns colnmenccd in the previous year. 
Mr. C. J. Neuville. 
,, J. Luw. (2.) The field operations comlnenced enrly in October. Lieu. 
,, L. J. Poooct. tenant Qore, was entrusted with thc supervisio~i of the villnge boundnrg 
,, H.Todd. 
,, 'l'. Kinnq. traverses : Messrs. Low, 'I'odd and ICinney, eaoh with two Nntivc 
,, E. P. Wrixon. Surveyors, were deputed to tnke up  the topography of the Western 

Nadics &meywt. 
DGn commencing a t  the Jumna. Mr. L. Pocock wns directed to 

11 Nntira Bwreyon. 
colnpletc the trinngulntion of the Enstern Dtio and subseque~~tly to 
proceed to  Jnunsrir Bimar for the same purpose ; nnd Mr. Wrixon to 

earrp main traverses in the Enstern D h  for fixing trijuuction pillars for cl~cclts on the boundnry trnverses. 

(3.) During the  aeason, 225 square miles of rorlntry have bcen topognphicnlly surveyed on the 
scale of 4 incbes to  tho mile; the trinngolatiou of the  DGn llns 

Out-turn of work. been completed nnd the whole of Jnut~shr BSwnr covered with a 
nebwork of triangles, comprising a total nrea of 470 square miles. 70 linear miles of mnin thcodo- 
lite traverees, 328 miles of bour~dary traverses nud 63 miles of check survey liues were run. 

(4.) The whole of thc topogrnphy has been done most cnrefi~lly and the mensurements hnvo 
been very searching. G 3  lincnr miles of chcck survey were executed 

~ ' O W P ~ J .  ncross the detnil work of the Nntive Plane Tablere to test it8 corrcct- 
ness, and the bill sketching wnn examined in s i l l  during the progress of the work. The results of theso 
tests were very satisfactory nnd proved the work to be minutely nccurnte. 

(5.) The area topogmphically surveyed is smnller thnn I had expected to hnve completed, but 
meveral causes tended to thia mault. 'Cbe Nntivc Surveyors with only two exceptions were rnrv hnnds 
and hnd to be t ~ u g h t  Plane Tnbling, for their worlr during the previous spnson (which WRB their first 
season of surveying) had been restricted to traversing. 'I'heir proarcas too when trained proved fur 
elower thnn I hnd anticipated, so thnt the brunt of the  work fell on the Europenn Assistnnts. This in 
a great mesailre however wns due to the intricacy of the g r o ~ ~ u d ,  and the lnlgo nmount of dctnil met 
with throughout the ground over which the topogrnphy was cnrricd. The tnbulnr statement will shew 
this by the nmout~t of chninillg nnd tlre lnrgc proportion of plnne tnblc ~tnt ions  which wen! found 
requisik for filling in the iuterior dehils. For the first 3 months of the field Rcason also, the luslrriant 
vegetation for which the Din  is proverbinl nud thc high Bh(dtir grass which covers n lnrge proportiou 
of the  low-lands, proved n grent obstacle to thc progress of the Plane Tnblcrs. This gntss in geuernlly 
burnt in the month of Februnry nnd n ~ ~ t i l  tllnt time thc aurveyor is much delnycd by l~nving to cut  
lines for hie chain meanurements. The field senaon nlso wnn sl~ortcr than I tnigl~t hnve mnde it, but 
this I wae wmpclled to cut short owing to tlre large n~nount of mnpping which l~nd  to be uodcrtnken 
during the recess. this hnving been grently augmented Ijy the 1:irgc nren I~rought in hy the R ~ ~ m n n n  
m d  Garhwil detachment during the anme scnson Unrlcr theqe circnmstnnces and hearing in mind 
that  it was our fimt senson of working on the 4-inch scnle, I trust thia out-turn s i l l  bo considered 
ut ishctory.  

(B.) The whole of the trnvcrsing required for the romplction of the S ~ ~ r v c y  of the D6n wna finished. 
All precnutions, na dehcrihcd in my last wport, were tnken to insum 

Trmrmu. 
nccuracy of results. Tho main thcodolite t~nvc~xes  were in all cnses 

run between trignnometrical stations, but in collnequenre of the gronnd being 1nol.o ruggctl nnd brolren 
than that met with in the preriouv senson, the rntio of error is ~omewhnt Inrgcr, t ho~~g l r  still ~ntisfnctoq. 

(7.) The boundnry t rnvems were all completed nud comprisc 121 villngcs nnd estntes. These 
trnvemn are in nll cnRes \vcll tied in by chcck points f l l r~~is l~ed either BouoduJ tnrene. and thsir erron. 
trignnornetricnlly or by the mnin thcodolitc huve~ses. They weyo 

e~.cuted by the Native Surveyors with the plnnc tnblc and circolnr protractor, nnd wcrc all reduced ill 
the 6dd m d  found to stntld the uarral tests in a ~ ~ t i ~ f l I ~ t 0 l . y  Inanlwr. ' ~ I I c  pr01l11~1 was Illore or I C R ~  
b d  throughout for chni~ling, especially about thc lo\v.lnntlu a t  tLc foot of the hills, a l u g c  porlioll of 



the work having to be carried ovcr broken gronnrl 2nd m v i n e ~  with stccp dcclivitirs, i l ~ c  mcnsurements 
of which rcquired very heavy correctio~~s for reduction to the I~or izo~~tal  levcl. 'I'l~r bo~~nalorics nlvo 
were very intricate, thc nverwc distnuce bctwecn cnclr stntion in 5526 fitations bcing only 4 53 chnins. 
Notwithatanding these trinls, the errors are very fairly small. 

(8.) T l ~ c  country survcycd doring the senaon comprises ground o l  evcry vnricty, from the  
Ant cultivated lands in the riciuily of the Asan, n tributnry of 

&marks on the cou~~try. t l ~ e  Jumoa nnd the u~niu cl~ninngc channcl of the W c s t e r ~ ~  Din,  
t o  the crest of the lfossoorco rnnge which rises to n l ~ e i g l ~ t  of ovcr 7000 feet above scn level. Tho 
low spurs and broken ground about the foot of the l~ills gnve nu i11Bt1ity of 111bo11r and trouble iu 
surveyiug, being for the  most pnrt covered with thiclc S i l  forest and cut up by dcep precipitous ravines 
and ' rnue' with beds of boulders lower down ; these raus spread out lenving brond 11nd111nting plntenux 
betapen them which ure for the  n ~ o s t  part ~vell  cultivntcd, except iu plncce where el~inglc crops out. 

(10.) Numerous heights, in addition to  those obtaiued trigonometricnlly, have been fired by 
Aneroid heights. Aneroid bnrometcra thronghout the season's ~ ro rk .  

(11.) The amount of trinngulation m d  trnversing in ndvnnce of t l ~ a  portion topogrnphicnlly 
surveyed, covers in the D6n an area of 125 s1111nre miles, this being 

Triange'ntion ad- tho extent of thc Zamir~dbrl lands which re~uains to be s~~rveyod ranee of the detail aurvey. 
by this party. I n  addition to thin, the whole of Jaunalr BBnar, 

comprising nn aren of about 360 aqr~nre miles, is rendy for the topography to be commenced. The 
surrey of thie portion of the district which is composed entirely of hills nnd mountnins, is to be done 
on the  scale of 2 inches to  the mile nnd will admit, I am aknid, of little are no traversing. 

(12.) I now prococd to  report separately on each officer's n70rk, the details of which nrc 
tabulated on page 4 5 - a .  

(13.) Lieutenant Qoro took the field on the 7th October nnd was cmployed until 22nd 
November ill superintending the village bouudnry traverfies in tho 

Lieutensot Gore, R.E. neighborhood of It&.jpur and Dehrn. Ou relieriug him of this d ~ ~ t y  I 
entraetcd him wit11 the topography of eections 13, 14 and 24 bordering the Jamnn. Ilnving completed 
tl~cse aectione, he took up sectione 38, 39 nnd 49 in the beginning of February. About the middle 
of March, I sent Lieutenant Gore's party to complete nll the low villngc lands lying among 1110 forest of 
the E a a t o r ~ ~  D6n, in the vicinity of the Song nnd Susan ; thie being the most fnvorn1)le time of the 
ycar for surveyiug this grouud, on a c c o u ~ ~ t  of t l ~ e  bldbui. grnss bcing nll cle:~rcd rind its freedom from 
tbc malaria of tho neighbooring ~narshes. lluc11 of this lnnd is covercd wit11 mnk vegetntion nourished 
by the  amount of wnter furnished by these strcan~s and their numcrous tributnrics. The greatest 
obatncles to tho surrey b e i ~ ~ g  the cnue brnkce wl~ic l~ w r e  i~rnccessiblc to mnn or clcphnnt. Lieutennnt 
Qore witb the help of the Native Surreyors cornpletcd thc worlr nllottcd to him by t l ~ c  20th April. 
Lieutennnt Qore hnving been trnusferrcd to the topograpl~ic~nl brnnch of the drpnrtmcnt, 1 havc much 
pleaaure in r e c o d i ~ ~ g  the vnlunble ue~istnnce I hnve invnrinbly reccivcd from him since 11c bas bee11 
under my orders, during which time 11e has conducted his duties wit11 ability nnd cnclsFy to my ontiro 
satisfaction, und 1 consider him in every wny qualified for independent cl~nrge of snrvcy operations. 

(14.) Mr. Neuvillc was employed t,he wl~ole season in my office io the n~iscell~ueous current 
Afr. Neuvills. work of wl~ich there \van n large n m o u ~ ~ t .  

(15.) Mr. Low wns e~nployed nll the s c a s o ~ ~  in Plane Tabling. l i e  commenced on scction 7 in 
tho Kbbdir lands of the Jumnn, where hc eal)crienced m11c11 delay from the 11igl1 grnss wl1ic11 covers 

all that  portion. In January 11e took 111) the north n ~ ~ d  enst por- 
Mr. Low. 

tions of section 27 which ans    no st intlnicde nud difficult ground, 
cut  up by deep rnvinos nnd low hills covered with forest. He then completed t l ~ c  hilly portion of 
soetion 37, rind Icn\-iog his two Native Surveyors to fill in t l ~ c  low g r o u ~ ~ d ,  IIC corn~~~euced section 46, 
which consieta entirely of hills and runs up to the Mussoorcc nnd Laudour ~ettlement.  By the end 
of the senson he con~pletcd this section nnd section 57 which nlso cousists entirely of hills. I was 
wcll satisfied with Mr. Low's diligence nod the accuracy of his work. 

(1G.) hlr. Pocock wns cmployed from the middle of Octobcr till the bcgioni~~g of April on 
t,rinngulation. H c  first complctcd tho rc~nniniug portion oC the 

Mr. L. Poeock. 
Enstern Dill  covering :in nrcn of 110 s(111:irc ~nilcs, nud on 2211d 

January atnricd for Jnuneir Biwar, thc trinngulntion of ~ \ ~ h i r l ~  he succensfully colnplete,l by t l ~ c  car1 of 
March. Thia portiou of his work embrnces an nrca of 3GO square milcs, which is well coscrcd with 
pointa. 1 Lave cvcry rcavon to LC well sntisficd with Dlr. LUococIc's c~cr t ions  and the rc111111~ of hiu work. 



(17. )  Todd mag cn~ploycd on topograplly tllrouglioutlhe season. H e  commenced 
on 19th October with two Nntive Surveyors and during the aefiaon 

Mr. H. Todd. complcted sections 9, 15, 26 and half of 56. Of these sections the 
ill 15 rind 26 wns most intricntc and difficult. The delineations of the features have been 

very nrtiatically and fnithfully rendered and the varied chnrncter of the groundhas been g hem with 
but the labour involvcd in surveying such a lnrge nrnount of detail was great and very 

tedious. The lvo~k of the Native Surveyors was rigon>usly examined. Section 56 consists entirely 
of hills, the grollnd being very precipitous nnd difficult to  move about in. This pol-tion of the work 

done wit11 Mr. Todd's usual rnre nnd nccnrncy nnd tho qunlity of his work is highly creditable 
to him. Mr. Todd closed work on tho 30th April. 

(18.) Nr ,  Kinney commenced field work on 17th October and was engaged in Plane Tabling 
during tho cntiw season. He was first entrusted with sectionp 3 

Mr. Kinnoy. and S in  the low g o u u d  of the vnlley of the Asnn, and was provided 
with two Native Surveyors whom he hnd to train. He completed these sections by the 20th January, 
when I transferred his Nntive Surveyors and scut him to  tnke up tile topogrnphy of the hills in eeclions 
25, 35 Jc 36. The ground in the two fnrmcr of thcsc sections is lligh with bold oprn features rialng 
to  a height of about 7000 feet and mns easy to sketch, but in  the central and lower portions of 36, the 
llilla are much broken up into smnll confused masses, covered for the most part with forest and inter- 
sectCdby narrow and intricate rnvines, resulting iu nu unusual nmount of detnil in the smaller natural 
features. A portion of this section whicl~ I had hoped to  hare hnd completed had to  be left for tho 
next field senson. Mr. Kinney hns worked hard and well, his sketching and delineation of ground ie 
remarkably good and characteristic. 

(19.) Mr. Wrixon was employed in minor trinngulntion in  the rough ground between the 
Dehm aud ltnjpur road and the Song Npdi. HC subsequently took 

Mr. Wruon. up the traverse of the road from Dehra to  Hardwhr and then 
u line up the right banlr of the Gauges from Hnrdmir to Tapoban. I regret I am unable to 

report fnvornbly of Mr. Wrisou's work or conduct. 

(20.) The topography done by the Nntive Surveyors, considering that i t  was their fimt season 
in Plnne Tnbliug, was very fair and found to be minutely acc~~nlte, 

Native Bunegore. but they are very indifferent drnftsmen. I n  this however they 
nre improving, nnd will I have no douht next season turn out more artistic work. I have been well 
entisfied with the diligence of nll tllc Native Surveyors with two exceptions, one of whom wae discharged 
and the pay of the aecoud rcduced. 

(21.) The party was crnplnyed during the recess on computntions und mapping, All the 
computntions connectell with the previous season'a trinngulation 

Recess 01 1Bi5. 
nud trnversing mcre completed. The lnnpping includes the p ro  

parntion of 7 Sheets of the Dchrn DGu Survey on the scnle of 4 inches to the mile which have been 
complcted and sent to the Bead Quarter's Offjcc for publication. 

(22.) Thc detail surrey of the remaining portion of the Zamindhri lnnds in  the D6n will - A 

Fmgromme for field season 1875.76. 
be resumed nnd complctcd. The topogrnphy of Jnunskr B6war, 
on the scnle of 2 inchcs to tho mile, will also be taken ur, by a 

* - 
portion of the party nt the commeucelnent of the ticld scason, and I trust to be able to complete the 
surrey of thiu portion of thc district nlso during. thc ensuing senson. 
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DEI-IRA DUN SURVEY. 

Tabular slntente?tt of  ozbt-t~b~tz of Z U O ? ' ~ .  Seuso~t 1874-76. 
Details of T~~iangula t io~ t .  

Illell. 
Mr. L. Pocock, ... 12 470 75 657 191 44,l 6 1'4 2.4 112 11 1064 7 

,, E.Wrixon, ... 7 '20 23 39 .., 62 ... ... ... 40 103 I 6  
71 - - - - - - -- I --- 

Totnls, . . .  490 98 596 191 503 1 6 . ... 119 I .,. 1187 n 

Approxhntc. 

Details of Topogt.aphy. ScaZe 4 inches = 1 ntile. 

Details of T~.aversirtg. 

Mr. J. Low, ... 

NAMES. Rsara~ne. 

Lieut. St, G. Qoro, RE., 36,825 3.8 627'3 17.7 Lcvcl and broken ground. 

and 4 Nativo Surrcyore, ... Hills. 

\ 15,401 

RBYAsKs' 
brcrnge ulp. 

Ilu error. 

11" 

,.. 

-- 
,.. 

2.3 

and Nativo Swcyors ,  . 1 l_630 

8,178 

Mr. H. Todd, . 2,379 

NAME#. 

---.- 

Mr. E. Wrixon, ... 
(Tbeodolita tmerser)  

Nntire Bancyarn, ... 
(Plnnr Table and protrartar tra- 

[rerec6) 
Totals, ... 

3.3 

25.7 

1.9 

19'4 

7.0 

22.1 

11.2 

, 

and 2 Native Suweyora, ... 

Arcrngc dis- 
t m m  in cbaine 
between aha- 

Lions. 

20.67 
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--- 
... 

329.0 

4,600 

Aroryc  error 
per 1000 links. 
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- - 
. . . 
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70 
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Compnrntivclg lcvcl ground. 

1156 
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578.1 
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233.6 
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40'4 -------- 
1932.4 
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271 

6726 

- 
6007 

Mr. T. Kinncy, 22,620 

sad 2 Native Eurveyors up 15,760 

U)th January, 

3 .1:1 1 R ~ r i u c s  and low hills wvorcd with 
[forest. 

Hills. 

Mr. E. Wriron, ... 
Totale, ... 

9.9 

... 
15.7 

... 

. .. 
62'6 

3,369 

1,43,757 

or 224.6 sq. 
miles. 
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ravincs hnd l o r  hills muslty corered 
wit11 Corcst. 

Hills. 

Portly lcrel and partly ravines and 
[low hills. 

Hills. 

Flht and tobrnbly open ground 



PU.1IAITN AND CARHTC'A L B CR I'EI', 

(23.) My lnst report trcntcd t11c opcmtions of this pnrty up to thc beginning of July 1874, 
wllen it returned to recess qunrters nt Alu~orn, wllicll plnce was selected on nccount of its being 

to the ground of field opcmtions-n matter of much importnnec on nccount of the limited 
iu which survey operntions cnuld be cnrried on in the higher snowy mnges. Experience has 

proved that the bcst time for operations iu these high nltitudcs is immediately nfter the miny season, 
the snow liuo is nt i ts lrighest ~ n d  the nt~nosphere bright nnd clear. 

(24.) The pnrtg, nv11icl1 consisted of tho ~nembors ns per ma-gin, had but a short rest a t  
Al~nora nud mnde nn early stnrt for the field while the mins were 

E, C. Rynu, 'Vdt'  till in progress. This involved much discomfort on the march 
drristnnt Sumrywr. nnd somc risk of mnlarious fever, but was necessary in order to 

Mr. C. H. McAFee. secure evcry day of t l ~ c  short time nvailnble fbr surveying. 
,, E. F. Litrhfiold. (25.) Mr. Hyall hns submitted the following report of tbe  
,, 1. 8. Pncock. 
,, J. F. McCarthp. operations under his charge. 

" Active operations were commenced on all sides by the 13th 
September. 

" I t  mas my originnl intontion to  conduct a series of triangles nlong the Tibetan frontier with 
n view of lnying down penlrs, Bc., in the Sutlej Valley. I abandoned this project when 1 lenrnt that 
the undertaking mould press too henvily on your estimate of expenses. I proceeded instead therefore 
to inspect the topogrnphicnl work finished during the previous summer nud the ground where tho 
Plane Tnbling wna about to be done. After completing my inspection tour, I proceeded to  continue 
the Ililam trinngulation. The totnl length of the Milnm trinngulation is 48 miles, of which 32 was 
finished during previous and 16 during the senson under review. The greater portion of this work 
was rery trgiug; it  required nll the skill u1t1 nerve I possessed to piorcc to  stupendous gorge overhung 
by the lofty snowy mountnins of Chirlthnnn nnd Hnsnling with n series of triangles. The steep~lena 
of tho gorgc may be conceived when it is u~lderstood that the direct horizontnl distance from Hasaling 
snowy ~ e a k  to the Oori rirer is rntl~er less thnn 14 miles and thnt i t  towers 14,000 feet above it. I n  
this trinngulntiou Mr. McAE'eo nssisted me by observiug st three of the bnsc stations. 

"The cxtcnt of trinngulntion finished by me covere nu nrea of 200 square miles, comprising 
fire statious visited of nu average height of 13,300 feet above sea level. 

"As far IU rcgnrds altitude and physicnl formntion, the two districts of Kumnun nnd Oarha51 
rnny be divided iuto five helts or zones, I sl~nll describo tlreso 

Description of mulltry. in succession beginning with No. 1 from the north. 
No. 1 Zone. lyre average width of this belt is nbout 15 miles. I n  length i t  extends from 

the N i n a  Valley in the west to that of Byins, bordering on the Nepal frontier, in the east. I t  
comprises withiu it, besides the two nbovc mentioned valleys, those of Niti, Milam, Rilam and Dharm~.  
The nreragc llcight of the basilla of thcse vnlleys is nbout 14,000 feet above son level, the highest 
basin (16,500) beiug thnt of Mina nnd the lowest (12,500) tbat of Byins. The nvernge altitude 
above sen level of the mnin and minor mugev within this belt is nbout 20,000 feet. The ground though 
lofty, is for the moat part undulnting. Access to  the tops of most of the spurs or ranges is not 
difficult, t l~ough very trying in conscquenco of the great tvuuity of the air. With the cxceptio~~ of tho 
main nmges which divide the above mentioned six vnlleys, the wholc formation of this zone is of 
alnte of nlmost every corlceirnblc color and iu variou~ stages of decay. 

The rnnges thnt are csceptcd, nre entirely cor~lpoved of granite, thnt is EO f w  no I could 
judge, for I coold not perceive mny or the sligl~test order of stratification among them. Fuel can be 
scldorn bud over 12,500 feet; grass never over 13,500. 

No. 2 Zone. This belt consista or rnnges of estremcly precipitous nnd rugged lofty mounhin 
bnrriers running parnllel to nnd south of Zone No. 1. I t s  average width may be put down a t  10 miles, 
ita mnximum is about 17. The whole of tl~eae ranges are stupendously lofty, the mean height of 
the peaks on them being nbout 22,000 feet, and the formatiou throughout is of granite, except in 
some few plnces wlrerc it  is of gneies. Tho drainage from the comparatively undulating and open 
valleys of Nnna, Niti, Rlilam, llilnm, Dhnrma nnd By(iuu lying in Zone No. 1, breaks through these 
enormous bnrries, aud t l ~ c  ~ i z  gorges so formed average in mid l~cight nbout 4 miles in breadth. The 
midcet, tho gorge of thc Niti or Dhauli rivor, towards Joshimnth, beiug about 6 miles. The narrow- 
cut is thnt of Milam k i n g  nbont 3 milcs. The sidcs of thcse gorges are overhung, aa s m ~ t t c r  
of coursc, by nlrnost shcer yrcciyices, capped by towering ~~ccdlc-like pcnks. The casiert of thcrn, 
whcrc t l ~ c  trimgulntinn IIFLS been rlrricd tl~rough, wcre co~~vertcd into stntions, nucent to most of 
which wns nol nccnn~plinl~e~l withuut irnminc~~t risk of lifo. Thc witlcel portion viz., 17 rnilcs of this 



belt consists entirely of a wild and uuinhnbited vnlley cnllcd the Rishignngn, a t  tlle lend of which 
is the Nandn Dovi mountain 35,669 feet high. This valley is extremely l~ rcc i~ i tous  broken:; 
the ground beyond the first 7 or 8 milcs cousisting of bnre roclrs, snos-bcda and glaciers, wit11 no. 
signs of vegetation. 1'Le hills fall abruptly domu to the river which davhcs like a torrent betweed 
perpeudiculnr walls of rock, which form its bnnks. 

" No. 3 Zoue consists of from G to 7 miles of spurs emanating kom the foot ob the snowy 
mnges and runuing mostly in n southerly direction. The average height of these spurs is about 
12,000 feet above sen levcl ; they are composcd partly of stratified gneiss and partly of c~s tn l l i zed  
lime-stoue, the former occorring about 4 miles tolvards the north and the latter a b o ~ ~ t  3 miles towards 
the south. I n  consequence of the stratified nature of tlreir formatil?n, the spurs are, as  a rule, 
precipitous on one side and sloping on tile other. The surveyors working amoug them hnd no.diffioulty 
therefore in getting nbout. 

"The operations of the snow pnrty under my direction mere nlmost entirely confined to  gnound 
in the above three zones. I t  niny be thought perhnps thnt to trent mmilnrly the remaining portion 
of Kumnun and Qarhalil previously surveyed, would be irrelevant to this report. I n  order however 
not to leave the sullject in an iucomplete form, 1 shall proceed in oi oursory manuor with the  
description of the remaining zones. 

No. 4 Zone is by far the brondest; i t  nverages hbout 50 miles, and the avenge height of the  
ranges in i t  is nbout 7,000 feet above sea level. Tho diKelonccs however between the heights of eonti- 
guous spurs are so trifling, that to one loolring a t  the whole of this belt of cou~i t t~y from n cornmuding 
point, all the  ranges would nppear to be ucnrly of one uniform height, n o  great c o n t m t  is to be 
seen anywhere. The widlh of this zone is grentcst in Kumnun and least in QarhwBI. From any 
point in the middlo of this zone nnd from its southern estren~itics, the snowy ranges nppcnr to rice 
very nbruptly and seem to  gird its northern limits like an immense wn11, towering a b w t  12,000 
feet nbore it. Unlilre the  mount:iius found in most parts of the Himnlnyas, as far ns I have 
seen of them, the mouutains in this 4th zone nppcnr to be much waterworn and so present very 
minute nud intricnte features. They hare gireii topogrnpliicnl surreyore lnucli hard work, entailing 
upon them a t  the same time the exercise of much judgement RE to w11nt detail should be sup- 
pressed, in order to make room for expressiug tlle more important features. With the exception of 
some portions lying townrds the north which is of gueisa, the principal formations are of lime-stone, 
slate, micn-schist and qunrtrose rocks. 

" No. 5 Zone. T l~ i s  might be called the Siwalilc formation of Ki~maun and (3nrhwBI. 
Kumnun hns ;erg litlle of it, t he  widest part in it lies to the west of Ril~idh6ngi where it is about 
8 miles. To the east of Ku16dl16ngi this formation loses much of its Yiwnlilc lilte aspect, and might 
he termed simply a sand-stone range, of nn nrerage height of nbout 4,000 feet hnving nn avernge 
width of about 5 mileq. Qarhwlil however has the largest share of this snnd-stone formnlion. The 
widest trnct of the sood-stone country in tlris district, consists of the Pntli rind Rotli Dins, which 
average in breadth nbout 12 miles, inclusive of the outer rnugcs girding them. The averoge height 
of the ranges in this last or sand-stone zono, witli tho cxceptiou of thnt noted aa lyiug in Kumaun 
to the east of Kulbdhbngi, is about 2,000 feet aborre sea level. 

"Mr. McAFee was entrusted with the triangulntion of the country about Choudans, which 
lies nt the foot of the l)harma and By4ns \'alleys. H e  succeeded 

Mr. MabFce. 
witli prnisewortliy npplicntion in getting through about 600 square 

miles of triangulntion by 24th No\.ember, nrhc~i he closed work and retraced his steps to Nnini Tnl. 
"Mr Litchfield maa deputed to tnke up the Plnne Tabling of the southern half of the Niti 

Vnlley and of the vnlley of the Rishiganga river, s description 
Mr. Litchflsld. of which hns been nl re~dy gireu. On completing these sectiona 

he was directed to resume work in the higher valleys of the Pi~idnr river. Ha accomplislied the wnrk 
allotted to him in n very creditable manlier but not without undergoing great exposure and privations 
eepecially in the Rishiganga Vtilley, the survey of which is perhnpu the most formidable undertaking 
in the whole range of the Himulnyt~e yot nccomplislied. The nmount of his field work consisted in 
akelching an aren of 837 square milcs. Considering the qunutity und quality of his sketching, he 
deserves mlch credit for his successful lnbonrr. 

"Mr. I. Pocock was enlrusted fir& wit11 the sketching of the upper portion of the Mdne 
Ynllop, in sections 31, 22 nud 20, wl~ich he succesefuUy completed 

Mr. I. Powek. 
Op 6th Oclobc~.. 

"Mr. Pocock's survey of this portion of tho Ifinn Vnlley, wns n most arduocs nnd enterprising 
feat for which he deserves much commendntion. 011 the couipletion of tlris piecc of ~ o r k  Mr. Pocock 
wan d~rected to rcaume the s l e t c b g  of t h o  Jownr Vnllcy, which Lo bad Leeu obliged to relinquish 



in the beginning of July owing to  the inolemoncy of the weather. After doing this, he completed 
Roction 63 and a of 02 lying on the easteru frontier of Kuolnun from which he made a 
reeonnoissnn~ of the Nopsl border. He  then retraced his steps towarde Rudrprayig in anrhwil, 

to a small portion belonging to section 8, whioh had been illadvertently omitted when the 
survey of that pnrt of the country wns dono. Advantage was taken of this opportuuity to provide 
hlr. pocoot with aneroid baremetera, for the determination of heights of places along his route 
from Almora o i 8  Sriuagar through Tihri-Garhwil to Lnndour. 

1' Mr. Pocock after an ardaous field season closed work on 20th March and arrived a t  Dehrs 
ou 31st ?darch. 

"From what I could learu of the ground in  the Niti Valley, 1 formed an opinion that the upper 
portion was, though very lofty, yet comparatively easy to survey; I 

Mr. YcCwthy. therefore made over this portion to  Mr. McCnrthy, as he was the 
l e d  experienced hand in the party. He  accomplished the undertaking with credit, for it was accurate. 
His  rendering of the ground, as far as giving ndequate expression to the features, map however very 
poor. 

"1 have good reason to anticipate that more than ordinary difficulties will be met with in the 
north-eastern frontier of Kumnun in the valleys of Dhnrmn and Byins, the survey of which remains to  
be done. Their inhobitnnts are notorious for rascality and drunkenness, in fact they are little better than 
mere savnges, and their proximity to the N e p l  and Tibetau frontiers, renders them a very diEicult peo- 
ple to deal with." 

(27)  The area topographically surveyed on the acale of 1-inch to the mile, comprises 2,176 
square miles and the portion of c o u n t y  triangulated covers 800 squnre 

Out-turn of w o r t  miles. I cannot abstain from drnwing pnrliculnr attention to the 
aurvey of the  upper part of the Mina Valley, a most difficult undertaking successfully performed 
by Mr. I. Pocock. In an area of 108 square miles, the average height of the ground surveyed was over 
21,000 feet, the average height of the Plane Table stations was 19,800 feet and the maximum height 
visited by Mr. Pocock wns 22,010 feet above sea level. This value was obtained differentially by ob- 
servations of the boiling point a t  the plnce itself and a t  n trigonometrical stntion of known height, and 
approrimntcs to the greatest height reached on any mountain by man. The Messrs. Schlagentweit in 
1855, Vide their Vol. 11, Iudin and High Asia, ascended the flunks of this same mountain, Kamet (their 
Ibi  Gimin), to a height of 22,259 feet, on an undefined spot, the height of which they obtained from 
observations with R mountnin barometer, and Mr. W. H. Johnson in the report of the survey opern- 
tions in Knahmir for 1863.64, is eaid to have visited a point "upwards of 23,000 feet above the sea". 
The whole of the topographical work was in very elevated regions and the ground in which Mesers. Litch- 
field awl McCnrthy wereemployed, was not very far below that  of Mr. Pocock's in point of height. I n  
these bnrron aud inhoapihble regions, besides the natural physical difficulties which were in themselves 
very trying, the commisenriat arrnngements were a source of much anxiety. On considering the trials 
of such an enterprise, the risks that must have been incurred in ascending mountains of such stupen- 
dous height and in tmveming glaciers, the physical exertions in such rarefied air and the exposure to 
extreme cold, 1 thiuk it  will he admitted that these operations were of a most arduous nature and that 
Mr. Hyall and the Aseistants employed under him are deserving of great praise for their energy and 
determination in ovwcomiug such difficulties. 

(28.) DwiDg the recess this portion of the party was engnged in the  computatione of the snow 
triangulation and iu the prcparntion of the fair maps of the Kumaun 

Bseeu of 1876. and Garhwil St~rvey. The followiug sheets have been completed nnd 
mubmitted to tho Photozincogrnphic Office for publicntion. 

Skeleton aheeta Noe. V1 (2nd edition) XI, X11, XIX,  XX, XYI,  XXII ,  XXII I ,  XXXI, 
XXXVlI I .  

S h d e d  ~ h e e t s  Nos. XII,  XXII ,  XXXVIII .  









KUMAUN AND GARHWAL SURYEY. 

Tabular etatement of out-turn of w o ~ k .  Season 1874.78. 
Detail8 of Triangulation. 

Details of Topography. Scale 1 inch=l mile. 

Mr. E. C. Rynll, 200 '6 t 6  6 13,300 

B ~ M r a n n .  

* Mr. McAFee assisted Mr.RyaU by taking 
obaewntions a t  3 of the base stations. 
The area about 60 square miles embraced 
by these stationa has been included in 
tho out-turn ahrwn ngainst Mr. YcAFee. 

t Angles obscrved s t  2 of the Forward sta. 
tlons during previous field season wntri. 
buto towards making up this number. 

N A M E S .  

Mr. E. F. Litcbield, 

i ,, I. 8. PomL,  

I ,, J. B. McCartl~y, 

Tatala, ... 800 26 I 23 I 66 ( 46 ( ... ( A 

-- 

B I Y A B X I ,  

809 Very rugged and prnc$itolls 
ground, principally m the 
Rihiganga Valley. Includes 
60 square miles 01 rewnnois 
sauce of the eastern portion 
of that valley. 

About the upper sonrces of 
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the Pindar nver. Qmund 
r t l y  very rugged. 

A out the lower parta of the 
Pindar and Rlmgmgs Val. 
ley#; qround easy. 

Bold hlgh ground in the 
upper part of the hUns 
Valley, culminatin in some 
of the loftiest dmnla j an  
peaks. 

Abmt Jowar and Choudans; 
ground easy. Includea 187 
square miles of rewnnoir 
aance 01 the Nepal barder. 

Aboet Rudrprayk on the 
Alnknsnda river ; ground 
eosy, details very intricela. 

Bold and commanding p u n d  
about the upper part# of the 
Niti Vslley, partly precipi- 
tous and partly undulsthg. 

Chicfly to the east and west 
of Joshimsth: p u n d  partly 
~ g g e d  and ( ~ e n e d l y  other- 
wlm. 

a Theae nvernges do nol in- 
clude the quantities msrked 
thus t. 
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Extract from the Narrative Report-dated 15th July 1875-of Captain J. R. MCCULLQ~H, 
R.E., Officiating Assistant Superintendent 1st Grade, in charge Leveling Party. 

(2.) On the 30th November 1874 openations mere commenced nt the S. W. end of the 
Bnngaloro Base, nud the point of origin to which the heights of 

Mwementu of the party. all tho Bench-marks nre referred, is the metal plnte in the floor of 
the observatov a t  or about ground level. The trigouo~netrical vnlue of this hns been taken a t  3117.775. 
feet. 

(8.) From this the line of levels wns cnrried wid TlimkGr, Sim, Hiriyur Tnllnk and RImpur 
t o  Hondr 13. S. and iuto Bellnry, conlinued vid Allir, Adoui, Mbdnwaram; and the scaeou's work 
was closed nt Rnichore Roilway Station on the 3rd April 1875. 

(4.) On the 5th the return march, nbout 257 miles in length, was commenced nnd the party 
renched Emgalore on the 30th April. 

(5.) Before commencing operations the collimation of the levels man adjusted; i t  was again 
exnmiued on the 1st February nud finnlly tested on completion 

Cbnduat of the opentbns. of the work, when one level mas found to be almost in  perfect 
adjustment and the other only very slightly thrown out. 

(6.) The staves were compared with the portable stnndnrd bar on the 0th December, on the 
1st  February nnd fiunlly on the 3rd April, the day 011 which work mas closed. 

(7.) Throughout the senson the rules and instructions laid down for the conduct of leveling 
operations, were strictly adhered to. 

(8.) From a short distance out of nnngnlore, the genernl appenrnnce of tho country passed 
through is bare, uninteresting and far from picturesque; although it  

Nature of tho county. is decidedly undulating, and might in some plnces be called lrilly, 
until the neighbourhood of Bellnry is approached, but from that on to Hnichore there is not much to 
complain of in the wny of inipediment to leveliug. 

(9.) For the first 18 sections the sum of the rises nnd fnlls, pnssed over by the staves, gives 
nu avenage of 65.7 feet per mile; up to  section 42 this wae slightly reduced being 60.3 feet. As far ne 
section 59 i t  becomes 55.1 feet; and over the whole line the nvernge rise nnd k l l  stands at 47,s  feet 
per mile. 

(10.) During the operntions the ronds nere kept to as far as possible, but  tho line r an  carried 
Poroaa country for a distance of nbout 33 miles. 

(11.) The IInggri nnd l'ungnbhndra rivers were met with, nnd hnd to be crossed; the former 
three times, first hy a bridge nt Iliriynr, secondly nbout five miles from Hon6r H. S. where there rvns 
not muuh water, but over a mile of deep sand, and thirdly nt hIokn uillnge, where nlso there was 
little water but again about n mile and n half of very heavy sa11d iu the river bed. 

(12 ) The Tungnbl~ndra, a t  Bl~idnwiram village, was a somewlint more formidnble obstacle, 
being about hnlf a mile acroas with high steep bnnlrs; the ratorway wns some 25 to  30 chains iu 
width, but fortunately there were islnuda (of snud) which were capable of being mnde use of by 
a k i n g  a zigzng course. 

(13.) During tho mon~he  of December and January, tlie nights and early mornings were 
very raw and cold, and hcnry mists hung nboat until the sun was 

we'thsr ib On well up. Prom the middle of February i t  begnn to get wnrrn, health of the party. 
and before the cloee of the worlriug senson i t  waa decidedly hot 

tcather. 

(20.) The following is the out-turn of work for the eenson : 297 miles of double levoling 
embracing the deterrni~lntion of the heights of 210 Permanent Bench- 

Od-tora of work. marks, buildings, templea dc., d c  ; 2 Trigonometricnl stntion~, Hou(lr 
H. 8. and Bnnddr 2. D. 9. of the Oreat Arc Series ; nlso tho O. T. 3. Bench-mark at the Mninwaring 
b n k ,  Bellnry, laid down by Lieutenn~it Ifrrrnrnn. H.E.,  in the previorrs senson; the "level of top of 
rails " a t  Bellary, Adoni nnd Raicbore Rnilanj Stations ; 8 Bench-marks of the Public Works Depnrt- 
meet; and 10 Houudnry pillnrs or the lterenue Survcy. 

A t  Ksichore the usual a. T. 8. nench-mark llns been engrnverl on tbc rock in aitfi, the position 
being indicated by a pnkn pillar, iu n situation, ol~tsidc the Rnil\rug Station Compoul~d, conrenicnt for 
the reeumption of the l e re l i~g  operntions a t  Rny future time. 



(21.) n c  computntione are now complctc ant1 the following tnLlc shone a compnrison between the  
determinations of height of a few of the points connected as obtained 

Office duties. by Q. T. S. Triangulntion, G. T. 9. Spirit Leveling, and the Madrae 
and G.  1. P. Railway Dcpnrtmenta. 

Extract from the Narrative Report-dated 4th August 1875-of Captain A. W. BAIRD. R.E., 

Officiating Assistant Superintendent 1st Grade,  in charge Tidal and Leveling Party. 

(2.) When I visited Hnnstal Tidnl Station in August 1874, I found that there wes a coneider- 
able deposit of fine mild in the small pipe in conneotion with the 

The inspecting pnrty at Hanatnl 
Tidnl Station. cylinder: thia cnllsed n slight retardation in the flow of the water 

from the sea to the cylinder and vice uwad. 'Ihia of course had to be 
rectified ns soon ns possible ; the cleaning ont of the pipe wna P difficult job, and Afr. Rendell complet- 
ed i t  in a sntisfnctory manner, wit,hout losing more than n dny or two of the work of the Self Regis- 
tcriug Tide Qnuge. When every thing wns ngain in thorough working order, Mr. Rendell left with 
his detnchrnent for Nnwnnlr l'idnl Stntion to await nly n~rivnl. 

3 Having made nll preysrntions for commencing leveling operntions, C took the field withthe 
greater pnrt of the Native Establishment on the 16th October and 

Ronlninder l'nrtJ trike tho marched direct for J o r p .  On my nrrivnl there I a t  once engsged 
nnd cross lo Cutch. 

nntivc bonts to convey us ncross the Q~l l f  to Mundm. W e  reached 
Mtmdra on the 2ls t  Octobcr and camped thcrc. 

R E M A B X ~ .  

Origin of tho apirit leveling operations Beeron 1874.75, to wl~ich 
the vnlues of all tho Be~~cl~.mnrLa are rcfcrred. 

By  triangulation. 
,, spirit loveling. 

,, trinngulntion. 
,, spirit leveling. 

,, Madras b i l w w .  From ms level at Madras. 
,, spirit leveling. 

,, Mndrns Railway. 
,, spirit loreling. 

,, Mndros Railway. 
,. Q. I. P. Railway. Froln sen level at Bombay. 
,, epirit leveling. 

S r m s a .  

9. W. ood of the Bnngnlorc Bnee, 

Bnnddr 2. D. S., ... "' 

... HonGr H. S., '" 

BollnrJ., (Lerol of top rails), ... 

ddoni, (Level of top of roils), ... 

Rnichore, (Level of top of rails), 

(4.) I visitcd NnnnnLr Tidal Station ns soon as possiblc nfler my nrrival nt Alllndra, nnd found 
Mr.  l<enclell engaged in the repairs of the platform round the  obser- 

Visit Nnwnndr Tidal Stntion. 
vntory, which hnd soffercd considembly from the heavy seas during 

the monsoon, since 1 11nd il~sl~ected the stntion in July. 

( 5 . )  llnving csnmincd the forcsl~ore nt Nnwsnir. I snw that nothing could bc done as yet to- 

Programme of n0r.k fur tield aroson. 
wnrcis grt.ting i ~ p  the smnll iron pipe and the flexible pipe, as the sand 
bank hnd rat.hcr incrcnned thnn otherwise, since I hnd l a ~ t  seen it. 

I could also trace n very decidcd difference in thc confignrntio~~ of the spit nt the point where the creek 
joins the sen ; so thnt I hnd hopes in ? or 3 nlcel~s that thc bnnlc would be washed down sufficiently 
for thc pipc to bc tnkcu I I ~ ,  and morcovrr the wind wns blowing strongly from the north which would 
drirc thc snnd bnck along the const. I then gave 31r. Rendell instructions for his work dnriug the field 
nunson-that he ~hoo ld  wnit a t  Nnwanirr for a week or two nnd try to put the station in order ns soon aa 
possible, then take up thc inspection of the observatories ill turn, and genenlly keep the stntiona in 
wnrlting order. The dnily morning reports from the stations came t,o my office during the whole fizld 
senron. 111 this way Mr.  Rrndell wns enabled to work advantagcor~sly : and nt the snme time I \vns kept 
infomod of what was going on a t  cach stntio~l, while I cond~lcted tbe leveling operntions. 

Heights. 

3117'775 

( 1452 
1451'076 

1583 f 1589.460 

t :;gQ:i;9 
13fid'36 { 1368.193 

131 1'21 
1314'0'3 
1315'517 



(8.) Tho country between Nnwnnir Tidnl Station n11d the mninlnnd proper, is more or less a 

h v o l i ~ ~ g  opcrntio~~s. 
~ u ~ t d  en7nrnl) or S m a l l  Rumr, rind is covered nt the high tides of tho 

2 or 3 dnys followiug every ucw nnd fill1 moon. I lind therefore to 
wnit until tho v c ~ y  2010 high tides which n~o~ i ld  occur nbout the 2 days following the " Noon's firat qunr- 
t c r "  in ordcr to drivo tlie levels ncroqs this trcncherons bit of ground entiafnctorily. 

(10.) Wliilo mniliu.: to begin worlc, I hnd several iron prgs with flat plates fixed 011 the top, 
constructed to pl~icc tho legs of the Level Stnud 11po11, wlieu workiug over shnky ground. I was in 
hopes thnt I sho~ild t1ie11 be nblc to isolate the inntrumeot to n certain extent, nnd so lesscn the tendcucy 
of t l ~ c  111lbble to move \v11e11 readill? t l~u scnlo irftcr the stnff hnd been observed. To a certain extent 
this nlrswered, but I soon becnnle nwnrc how fiitilc this plnu wns, for the ground wns psiofully difficult 
to levcl over. 1 snm t l ~ n t  1 must modiry the rooline of worl r i~~g in order to obtnin tlioroughly good 
rcsults of the Icveling nnd a t  tlie snme time get o\wr a reepectnble distnuce per diem. 

(11.) I tl~crcforc nrrnugcd thnt the secoud leveler shonld rend the bubble scale, after 1 hnd 
observed the staff, while I nct~~nl ly  h~ id  my eyo nt the i ~ i s t r u ~ i ~ e ~ ~ t  (for the sligliteat moveme~~t  would hnvo 
cnusetl the bubb!o to move43 or 5 divisions nnd perhaps one end to  disnppenr nltogother). I rend thelevels 
in the  snme wny for the sccoiid le\.eler, while he obaerred with his level. Even with nll thie care, on this 
g ro~ i~ id ,  nnd when crossi~ig the portions 011 tho Run11 proper, we had often to take severnl sets of obser- 
vntious bcforc they were perfectly sntisfnctory. 

(13.) The leveling operations were to be cnrricd out in two sections, the  first from N n w n ~ ~ l r  Tidal 

hngo  of tl~o loreling oporntions. 
Stnlior~ nloug the Cl1tc11 const, nrross the ltuun between SliiknrpGr 
nlitl Nilli~i,  the11 nlo11g the Iinttywnr const to Bnlumbn, thellce over 

~ u ~ o t h e r  portin11 of thc I(u1u1 to  IInnstnl Tidnl Station. 'I'l~e m c o ~ ~ d  sorien to commellco nt IInnstnl 
'I'ldnl Station naross tho 1i111111 to Joryr~ nnd thence nlong the  ICattywnr const of the  Qulf nod ncross 
tlie s~nnll 1t11un of 0lrli:i JIendal to Okh6 'l'idnl Stntion opposite the lalnnd of Bet. Brnnch lines of 
eollrac were to he tnlreu to Y I I C ~  'l'rig011o:netricnl Stntio~ls ns nrcre convenie~itly uenr the mniu line of 
levels. Thc I3uucl1-11inrk s t o ~ ~ c s  prol~erly cut hnd bee11 Iiiid doff11 the previous year (3 a t  ench Tidal 
Stntion) nnd the others nbout 10 milrs npnrt n l o ~ ~ q  the route, n ~ ~ d  these lind nlso been lnid down with 
rcferc~ice to  the 'l'ripono~netr~cnl Stntions to be con~iected. 

(14 ) From BIundrn to  Shiknryi~r tlie line to be lcvelcd over was distnnt from the Gulf from 5 
niilss nt I\ la~idra to  15 miles a t  Auj i r ;  tho country wna tolerably 

NntllrcOfcolllltY On C1ltcll flnt till within n short distnnco of Al!jrir, where we mct with some 
up to l l ~ o  HIIIIII. 

stpep hills and then descended again to nbout tlie snme relntive level 
na ncnr Rlu~~drn.  Pro~rl A11j;ir the ground continued flnt for n few miles nnd then became undulnting 
almost right nvmy to Shil(:~r~)lir. From A11j6r to S11iknl.plir tho co:~st linc (if I mny use that  expression 
for the dc~nnrontiou bttwec~l the m n i ~ i l a ~ ~ d  find the ILII~II)  wns from 5 to 7 ~niles distant from the line 
of lcveli~ig. One peci~linr fcnture ill the ronda in Cuteh, nlong which a took our levels, is that  they are 
nq :r rule 2 or 3 fcet nud ill somc cnsc* 5 fcct bclow the gc~icrnl surl'nre of the country in tho immedinto 
vicinity. 1 \vnn more pnrticulnrly struck ~vitli this when 1 hnd to viait Nnwnnir in the  monsoon last 
yew, fur the rontls thcn nppe;ircd morc lilrc n ~ ~ ~ n l l  c n ~ ~ a l s  than nnything else. 

(15.) 'I'l~c Tr igo~~o~~ict r icnl  ntntions in C ~ ~ t c h  which I connected were fouud to be in first-rntc 
rtq~nir, n~ id  na they had boo11 co~~atructcd more thnu 20 yearn yrevi- 

Or@nt TrigollOmctrlrol Stntions ill 011s to thc time \vc vi~itetl them, it ~lroms tlint with ordinnry precau- 
C,,I,.ll U O I I I I C P ~ C ~ .  

tionn OII the pnrt of t l ~ e  Nntivc Authorities, onr S ~ ~ r v e y  marks ought 
to rcn~ni~t  in ~ ~ c r k c t  prcscrvntio~~. 'l'ho stntiooa I visited were cillier on the topa of hills or of some 
very high towers nl tha l)ri~~cil)nI totvnv. 1 mny 111cntiu~: tllnt it took me tho whole of n dny nud work- 
ing hq rnpidly ns ~IO.~SIIIIC to C O I I I ~ U C ~  1111tcbo\v 1I.S., n distn~icc of al~out 4 of a mile from our mnin line. 

(16 ) Bctnccn Shiknrpilr nn~ l  thc 1tu11n the cou~itry is nlulost entirely unculti\rntcd, nud there 
i~ n scrieu of hilloclts co~r~poscrl of fine black snnd which are covered 

Counlr!, On of "lc R1llll' ~ i t h  dc11se vcgctntio~i. 'I'liese hillocks nppear to bo moveable; they bPLreca JhikqGr and bl i l l i i .  
nrc dotted hero aud tllerc over thc plnin, but the  hillocks in the  

i n ~ ~ ~ ~ e d i n t c  vicinity of the Runn here nrc tolerably I ~ i ~ h ,  and form nu almost u~iinterruptcd chnin for 
a mile or two to tho went nnd ru111ii11y ucnrly psrnllcl to tlie gencrol linc of the ltunn. 

011 the lCntty\srnr ~ i d c  oyl~oaitc there nrc no hillocks but n tract of waste land for one ortwomilee 
wl~ich is cut up I?y n great ~ ~ u m b c r  of Xullnl~s, thcn we tiud n mile or two of cultivnted fiolda occupied 

TIIO Mcmnon by the " Mennns" (who are considered n rnce of professional thieves). 

The \illagcs of thcsc Ifcanna nrc srnttcrcd ell over the coiutry Iicrc, nod there aro some 200 of them 
I I C ; ~  the ~u \ \ . I I  ot' .\lilli;i. h c l ~  vi l l~~gc coi~sists of n Celv atraw Lutu surrounded by n strna hcdgc, IUI~ 





Hnnstnl and commenced tho second section, Ranst31 to Okhb. Tho origin was ngnin the planed surface 
of the bed plate of S. R. T. Gnuge. Similnr nrrnugen~ents were mndo as fornlerly for the Hunn nnd 
we had some 14 miles of i t  to detcrrniue between Hnnstnl Tidnl Stntiou nnd Somarthnl B.M. There are 
also 2 Trigonometricd Stations of the net-work series of the Knttywnr party on this line. Those servcd 
ns closing nnd re-stnrting points for ench dny'swork, nud their heights were of course determined. From 
Somnrthnl B.M., the  ground is slightly undulating, nnd within 1 mile of Joryn, is cultivated. Jorya T.S. 
was connected nnd also n Drnnch litla of (10 miles) wns tnlten t o  Hntlitndn H.Y., n principnl stntion. 

(24.) The line from Joryn to OkhiTidnl Stntion wns tnlten vile Nnsinngnr 2nd Kl~nmhhblin to 
OJrgut which is on the ICnttywnr side of the ltunn of Okhd Mnndal. 

J o v n  to Q%lt clone to tllc Rnlla The country ns n rule s n s  pretty flnt with the usunl cotton soil up  
of 0kh6 Mnndul. 

to sbout 7 niiles from Khnmhhlilin when i t  bejinn to be hilly nnd the 
Found very Iinr2 nnd rocky. From Khnmbliilin nlso to Gilrgut i t  was undulating nnd hilly the 
whole way. Oue or two rivers had to be crossed on this line ; they were of course alniost dried up  a t  
the  time we were working. 

(26 ) The line of levels nftcr pnssing Q6rgut llnrl to be tnken ncross the Runn of Okhd Mnn- 
dnl to Topni Ness B.11. in Okh i  Mnndnl. This Hunn which is 

The Runn of OkIi6 Mandd. 
nbout 2 miles broad, entcnds from the gulf of Cutch right away the 

~vhole length of Okhi  hInndnl, and is only scpnrnted from the open $en by a s t r ~ p  of snnd hillocks 
about : of n milc long nnrl from 200 to 300 yards brond. The llunn therefore cnuses the OkhL Man- 
del t o  be n small peninsula joined to I<nttymnr by the strip of sand bnnk above mentioned, close to the 
villngo of Nadi. 

(27.) Close Lo the Runn the p o u n d  is very steep nnd rocky. About n mile further on, it 
becomes nndulating nnd then tolerably flnt right nway to Okh6 

From Topni Ncsa to OLhi Tidnl Tidnl Stntion. A grent number of corn1 beds are exposed on the  
Etation. 

surface between Armrn nnd Okhb Tidnl Stntion ; this evidently shows 
thnt nt n not very distant period i t  must hnve bcen covered by the sen. Okh4 Tidnl Station is situated 
a t  the end of tho peninallla and a t  the  point where the gulf joins tho sea. I have described i t  
i n  n former report. 

(28.) The leveling operations mere completed and closed 
Clorpd lcrcling oparntionn Okh6 on the  3 Bench-marks a t  Okh4 Tidal Stntion and the 9. R. T. Tidal Station. 

Gnuge bed plnte as nt Hnnstnl. 

(30.) Having closed leveling operations I marched to Dwbrkn nnd made arrangements with 
AIr. Hendell for dismnntling the stations; and as you had ordered 

to DwLrkn. 'Or me to do all I could to get complete work from 7th March to 7th di~mantling tho Tidal Obaervntaries. 
May out of Nnwnnnr Tidnl Stntion, and thnt the instrumeuts a t  

the other obserrntories should bc kept working simultnneously, 1 nrrnnged that Okh6 Tidal Station 
&ould be the  first dismantled and ns soon aftcr the  7th May ns possible. 

(33.) Previous to dismnntling Okhi  l'idnl Station. 1 sent out the Knlassies who remained and 

Okhi Tidnl Stalion diamnntled. 
some coolieu to collect stones to build lnrge m o ~ ~ n d s  or plntforms 
round the Bench-marks nod the  cylinder which you had ordered mo to 

]enre i n  e iof~c  quo. By the evening of the 15th of hIny the whole of the instruments nnd all the piping, . - 

except 50 feet in conneelion wit11 the cylinder, were put on bonrd the boat which was moved close hy 
for rhe purpose. The cylinder hnd been emptied of wnter nnd dried out nt the bottom (there was no 
sediment of nny de~cription here) and filled with clean dry snnd. A thick wooden board closed tho 
top (being secured by bolts rind nuts) nnd nn immense mound of stones was rnised over it. On the 
16th blr. l t r ~ ~ d e l l  sniled for Nawnnir to perform the dismantling of Nnwnnbr Tidnl Station which was 
done iu esnctly the eame wny a3 nt Okhi.  

(35.) On the day nfter AIr. Itendell sailed, I lcft Olth6 Tidnl Stntion for Dwirrkn. All thnt 

Okhb Tidal Slation as it wm left. remnined visible of tho utation being 4 immcnee mounds of stones. 
'l'he station wns hnuded over to the charge of the Aseistnnt Resi- 

dent a t  DwBrkn. 
(36.) I now marched rapidly from Dwirkn to Rijkot and stnrted the office there, nnd a day or 

lfarchcd to Xjhot. two afterwnrdu went out to Hnnstnl l'idnl St.ntion whero Mr. Rendell 
nlennwhilc had arrivcd to dismantle that station. I fouud he hbd 

com~ilctcd every thing very s n t i a f ~ t u r i l ~ .  

(37.) The duplicnte sheets of the Icreling operntionu hnve been completed and computed, but 

during the Feeem to 
the nl~utrncts cnnnot ho mode o r ~ t  until the level of origin a t  N ~ w n -  
n ~ i r  Titlnl Ytntion nbove menn lcvcl of uen and nlso thnt of the closing 

points nt H : tn~ td  Tidal Station a ~ ~ d  Okhi  Tidal Station have been detcrmined. The Tidnl diagra~na 



have all been carefully inlrcd in ; the time cornputations in duplicate have been brought up ; and the 
correction of the diagrams for zero and for time is now in hand. Experiments for Index errors of 
tllcrlnomelers aud anemometers have also been completed. 

(40.) Mr. Rendell has morkcd through the wliolc ficld scaso~i t o  my entire satisfaction. I 
Pcrsonncl of tlio Pnrty. have already reported that  he is most useful t o  mc in every may 

connected with the morlr a t  the  tidal obeervatorics. He has been 
most iu carrying out e\rorytliiug I ~vislied, and i t  is mainly omiug to his care and vigilance 
that the work a t  Na\van6r, for the 2 1)articular months you wislicd, ling beon successfully accomplished. 

Nursing Dasv has worlced throughout tlie season the second levol. He is a first rate lcvclcr, 
a very quiclr and cni.eful obsc~.\~er nud does his ~vorlc gcucrally t o  my entiro sntisfactiou and fully bears 

the good name lie has got from Officcrs utidcr wl~om he has previously served. 
Dnmoder ICamcl~~~ndrn, Dhondu Vennyck null Bhitsram Ycshwant have all worked well a t  the 

Tidal Observatories, and give promise of being v e ~ y  useful. 

Oot.tun1 of lcvcling opcmtion. (61.) The following statement ehows the amount of leveliug 
done by llic party. 

2744 miles oil Main line by two iudcpendent levelers. 
20 t  ,, Braucll ,, 8,  

38 Bench-marks, built in masonry platforms, conuected. 
17 Priucipnl stations counected. 
3 Minor stntions 

45 Paka points duly inscribed and councctod. 

(42.) I would again beg to report that I am much indcbtcd to  tlie Political Agents of Cutch 

i\asistnncc rendcrcd by politiclll and Iht tywar  aud to the Assistant llesident a t  Dwirka for the ossis- 
Ollicers. tancc they hare m~iformly rcndered me. 

(43.) I n  couclusion I thiulc the Party may fairly be congratulated ou the general sncress 
of the project iu having secured both s t  Okhl and Hanstal Tidal 

Qenrl.nl success of tlio oprrntions ; 
com,llc~io,, o,le pnrt ol. ,,rojcct,  station^, complete  eta of tidal combined with nicteorological oh- 

servations which mill comp,?re most fnvournbly with what lias been 
done both in England and America, and in having so far succeeded a t  NamnilJr Tidal Station thnt tlie 
observations taken will be sufficicut to cvnluate (by differentinting with both OlthH nnd I Ianstd  which 
werc worlring simnltnncously) t l ~ o  principal clat,n reqnired. 

The leveliug opernt,io~is co~nbiued with tlie tidul obserrntions complete t l ~ e  work necessary for 
one part of the project nud fix thc lcvcl of about 30 ~uiles of t l ~ c  ltunn of Cutch fur tlie sensoil 1874- 
75, and a repetition of tlie work solue 20 years houcc will elfectunlly settle the question of Secular 
Depression iu  this peculiar region. 

Extract from the Narrative Report-dated 28th September 1875-of Captain W. M. CAMPBELL, 
R.E., Officiating Deputy Superintendent 2nd Grade, G. T. Survey, in charge 

Astronomical Party No. 2. 

At  the date of my last Aniinnl Rcpovt, Octobcr 1853, I was cmliloyed in the reduction of tlle 
Electro-Long~tude observations, mltde by Cnptsin Hc~scllel and myself duriug the preceding season 
1872-73. 

Tlicsc rcductions wcre so far complcte tlint I was cnnblcrl to girc the results of one rncasuremcnt, 
that of tho arc Bangalore-Mangalore, nud subacqucutly, in time to LC includcd 111 thc Geuernl lleport, an 
npl)rosin~nte vnlue of 1\Inclrau-Bangalow. 

(2 ) The prosecot~on of tlic ficld operations was snspcnded in conscqnenco of Cnptaiu Hersclicl's 
taking fl~rlough in August 1973, and t l ~ c  rcductions ncrc also stoppcd inln~cdi:~tcly nRcr tho submias~on 
of niy rcport, beenuse I was uncspcctedly obliged to npply for six months furlough to Europc, mhich 
was grnnted. 

(3.) 1 hnd soine months prcvionsly bcen wnrncd tlint niy SC~\ . ICCS would be lilnccd a t  tho dis- 
ponnl of Colonel Tonllaut for thc ob~ervation of thc Tranu~t  of Vouuu, from a dirt0 which mas then 
uncertain. 



While I wns in England, 1 wns put  on duty to nssist Colonel Strange in the prepnmtion of the 
ins t r~in~ents  intended for Colonel l ' ennnnt '~  une during tho Transit. These formed n ~ c l y  f111l arid 
handsome c~~uipment ,  conaint.in& of n G-inch et]nntorial, n imnait instroment, n photoheliogmph, an 
nstronomicnl clock nnd quadruple chronograph, all, with the exception of the pllotolieliogmpl~, ordered 
from Nessrs. Cooke & Sons nt so l a k  n date that there nns  g~.ent doubt n.q to their being got rendy in 
time. I remniued on this duty ns long ns I thonglit prudent, vith n view to joining Coloncl Tennnut in 
time for all tieeessnry preparations, nnd allell 1 left E~iglnod, tlie trnnsit i n s t ~ ~ ~ l n e u t  and n small pnrt of 
the  equatorin1 wcrc still iu the mnkers' hnuds. 

(4.) I joined Colonel Tennnut nt Itoorkee on 29th September 1874, some of tlie i ~ i s t r ~ i ~ n e ~ t ~  
had tlien arrived and the  rest came in gradually, nll reaching 11s before the Transit took place. I n  addi- 
tion to the special eqr~ipment above enumerated, Colouel 'I'e~inn~it hnd the  loan ot' the new 36-inch 
theodolite, designed for the Great Trigonometricnl Survey by Colonel Strange, which had just nrrived 
from Englnnd, nnd he pu t  i t  i n  my clinrge for the Trnusit. Our time was very fully occupied in pre- 
pnrntio~is up  to the dny of the Trnnsit. 

( 5 . )  J ly  epecinl duty during the event, wns to note tlie times of all the contacts, and nlso, while 
the  plnnet wns witbin the son's disc, to tnlte clironogrnpl~ic trnt~sits of both linlbs of the snn and plnnct 
orcr the wires of the tlieodolite, uaing the horizontal wires during tho enrly pnrt of the Trnnsit, botlt 
uets nltenintely for a short time about the niidlllc, nnd the verticarl wires ~ ~ L ' L . R > \ I . ~ Y .  I found the obsei-- 
vation of contact with such no instrument very diEicult, becnnse tlie limbs npproncl~ed, especi:~lly nt 
egress, very slowly, nnd ns piactice wit11 tlie model had ~Iiowii tho probability of the contact being sud- 
denly colnpletcd by tlie forrnntinn of t l ~ e  "blnck drop", the nio~nentnry eepectatiun of this lasted over 
niinutes, during the n.liolc o l  wl~icll the motion of the i ~ ~ s t r u ~ i i e n t  both vcrticnl and horiaontnl had to be 
mni~~tnincd by the tnngent screws. 

During the 'Cn~nsit I never left the telescope, and nccnred n Iargc iiumber of t l ~ e  obsemntions of 
sun nnd plnnet described nborc, which when reduced will nford so many cictcrniinntions of the rclntive 
positio~ls of the two. 

(6.) JVitli regnrd to t l ~ e  36-inch theodolite, I mny rcmnrk that i t  is n mngnificent instrument, 
elnbornted in its dctnils to an riuununl degree, and ns fnr ns I cnn j~ldgc, its ~)erforninnccs nre excellout. 
A theodolite, with its lnrye Iiorizontnl circle and compnrntirely short telencope, cannot be a convenient 
instrument for nstrononiical work, bnt I cnvy the surveyor who niny Iinvc to rise tliis instrument for 
trinng~~lation, if his work lies iu a moderately l c ~ e l  country, c o ~ ~ ~ e l l i ~ r g  Wi~n to resort aeitlrer to the tops 
of high hills nor torcem. 

(7.) I left Colonel Teilnnnt in April, and proceeded for a sliort time to IIcnd Qunrters, for the 
purposo of discussing will1 t l ~ e  Snperintendent the progrnmnie of operntions during the eusuing field 
aensoo, when i t  is illtended tlint 1 s11o11ld go on with the Electro-Longitude observntions with Cnptni~l 
Hcnvisidc, 1i.E. ns my colleague. I then proceeded by Calcutta rind Mndrus to resume my proper duty 
a t  Unngnlore. 

(8.) At  Cnlcutta I lind severnl connultntionn with RIr. Scliwendler, Electrician of the Qovern- 
ment Telegrnph Depnrtmcnt, ou the sul~jcot of the electricnl nrranqernellts of our chronographs and the 
electricnl of our worlr gcncrslly. I found him extremely obliging, nud retdy to assist me in 
unclertnkiug expcri~nents ns to the chronogrnphic nrrangements under discusgion, to which I shall refcr 
w i n .  I nlao obtained from him some ~lacful genernl information, with reference to our operations. 

(9.) I wns engngcll for nenrly a fortnight nt hImlrns in fo r~~nrd ing  the determitlation of the  
difference of longitude betwcen Woorkee nnd the hlndras Observatory by the electric telegrnpli, which 
NU reqnircd tu eunble Colonel 'L'ennaut to reduce his Transit of Venus observntiune. 

(10.) After nnirnl nt Rnngnlore it \vns a nintter of sonle time to pick up the threads of the 
work, which 11nd been in nbeyancc fur more than n yenr nnd n hnlf, nnd was of so uovel n kind, that 
no cut and dried plan of procedure hnd been adol)te(l. At  first I l~nd  no amistance beyond that of my 
nntive mi t e r  and hut littlc progress in the reduction upas prncticable. Since my reinforcement by 
BIeasrs. Keelnn nnd Bond, the recluctions have made rapid progress and are now nearly complete. 

(11.) My o m  time I~ns  been vcry mnch occupied with the  instrumental eqoipment. I would 

refer to my lnet report,, and tlint of Captain Ilerschel, on tliis subject, which contain detailed descriptions 
of the  equipment and the pcrfonnnncez of its vn r io~~s  pnrta. lat, one of the  transit teleacopce was 
condemned, ns being to n certain extent untrustworthy, owing to uncertainties in its line of oollimation. 
2nd, the eleclric arrangements of the chronopnph were bittcrly complained of by both of us, as giving 
enrllras trouhlc and anxiety to  such a degree that up to the close of the newon's work we co~lld never 
uulcly rcckon on getting through a uight'a observations without a hitch. 



(13.) I i i r ~ t  turned my nttentio:: to the Faol1.y Trnnsit, cnconraged in the work by the  fact that 
n simil;lr ruiling in tho 'I'rnnsit circle of the C:unbridge Observntory, which mas under investigntion when 
I wrote my last report (vide para 30), hnd hcen nince traccd t o  bnd soldering nnd corrected (uidc 
Jfol~thly Notices of lloynl Astronomical Sorict,y fur Fehrunry 1H75, pnge 186). The idcn of such a cause, 
w111:n suggested to Iny mind, commentled ituclf as that which ~ u u l d  best explnin the cffecta me hnd 
observed, indeed i t  nt once made clcar what before mas obscure. JIy first step was to carry out t he  
,)rocens described ns coutcnlplnted in my Inst report n ~ ~ d  by n littlc filing the reversnl of the ohject half 
tubc (i.e. revolution on its own nris through 180') a t  its connection to the axis, wan rendered possible. 

Half nn honr's observation of collinlators then s l~o~ved t l ~ a t  the fnult,\vaa In thnt part, becaoae 
the errors prcviousl~ observed remaiucd identically the same, cncept that their signs were changed. 

(13.) I then toolc the t,abc t o  AIndrt~v and showed i t  to  X r .  Doderet, the blnthemntical Instru- 
ment Maker to  Governn~cut. When we esnmiuerl i t  with a mngnifyi~~g glass, signs of yielding round 
the bnse of thc  tubc becnme nppnrent, and farther scnrch showed that tho tube hnd been spliced, in order 
probnbly to  rnnlte it correspond to the focal lcngtl~ of the ob,ject glms after the latter hnd been ground. 
The existence of such pnt,cliing ~ n l l ~ t  be considered snfficiently discreditable to  rnakera of the rnuk 
of AIessrs. Cooke & Son, and i t  vvns also i~npcrkctly and clutnsily execntcd. Very little doubt remained 
as  to our having foond the sent of tho miscliicf, nnd Mr. Dodcret, a t  my requcat, immediately took steps 
to ~ t r c n g t l ~ c u  t l ~ c  splicing nncl n~alir  it c l f cc t~~ ;~ l .  

(14.) W l ~ c n  I rcccived the tnbe from nlndri~s and put the telcacope through exactly the nnnle 
course of ol~servations ns befiorc, 1 fonnd that the f ~ ~ u l t ,  if not absolutely, \vns prnctically eliminated, ns 
1 fi~ilcd to discovc~~ nny certnin indicntion of wl~at  l~nd  previously been most gross qi~nutitics. 

'I'l~is result mnst IIC conuidered very satirif;~ctory wilh regard to our future observntions, nnd 
moreover, having 11ow a clcar knotilcdgc of tho nntnre of the old firult, it lnny be possible to amend 
the n~cthod by nl~icli  the rollimntio~~ nnd lcvel corrections for the instrulnent were deduced during 
seasou 1873-73. 

(15.) I nest nttncked the arrnngcmcnts of the chronogmpl~. As already remarlied 1 11nd solne 
consultation nt  Calcnttn wit11 Mr.  Scl~wendlcr on this ~~ll!ject. 

I\ly olijcct was, I d ,  to gct rid of the indnction coils, involving thc troublcsume Gunwen Bnttericn, 
nrid frii.tionnl electricity, :ind Znd, to  throw nside also if possiblc all c l ~ e ~ ~ ~ i ~ n l l y  1)rcp~rcd paper. I l ~ n d  
bcvcral nltcrnative schemcs in view. 

1st.-l'o record by lines t,raccd on prepme11 pnlier by nleanR of electric cnrrcuts. 
2nd.-'1'0 prick I~olrs in the p a p  by ~nechnnicnl mcnns put  in nction 11y elcctric c l~rr rn ts .  
3rd.-'l'o use pens drn\viug continnons lines, the signals being rccordcd by sodden jerks to one 

sidc cau~cd  by electric cr~rrents. 

(16.) T l ~ c  nrgn~ncnts in favor of the first mere theorcticnlly jirenter instrntnneity of eiannl re- 
cord, nnd 110 cl~angc being required in the parts of the chn~nogniph fior its ndoption. Agninst it, the  
neccssit,y of prcpnred pnpcr, very si~nilnr to whnt we hnd nIrc:~dy fonnd eo objectionable, and the pro- 
1i:~ble necessity for strong bhttcry power. I t  nrna to perl'ect this mctliod that J l r .  Schwendlcr so kiudly 
uudcrtoolc to erecotc csl~critn~wts.  

The secontl mctl~od I was f;tmilinr with, bring the snmc nn t l ~ a t  of Colonel Tennnnt'a chronograpl~, 
and I knew it to be perfectly trr~stworthy and s i~nl~le ,  bot on the othcr l~and  the nlteration of our chro- 
nogrnphs to soit i t  would I~nve been troi~l~lcso~no. 

'l 'l~e last method I mns nlrcndy fnmilinr with by description, ns it is thntgenernlly used in America, 
and nt Madrna 1 had thc ol~portnnity of sccing it in practice ill n small chronogrnl~h of Mr. Pogson's, 
the nction of which wns so very c c r l a i ~ ~  nnd natisfnctory thnt I nt once decidcd on adopting the priuciple 
if possible. 

(17.) 011 exnrninntion of our chronograpl~s I foond thc changes rcquired n.onld be very simple 
and easy, nnd onr o\vn nl~pnrntns contnined t l ~ c  necessary p~irts of nny i~nportnnce, uiz., t l ~ e  electro- 
mngnots of thc rolnys, which t l ~ c  nilol~tion of the new ~ncthod 1vo111d throw out of use. I nccordingly 
drewllp n design which AIr. Doderet exerntcd, !vitb in some rcspects perfect snccess, nnd he 11ns now in 
his hunds nn n~nendcd dcuign, which I see no reason to  doubt will prow quite sntiefnctorp in every wny. 

(18.) The f r r t  nttcmpt fniled, bccansa I was ntriving to  obtnin the double record of clock nnd 
observcr (or two clocks) 11y rnenns of only unc pen, which wonld hnve hnd the b ~ e n t  ndvn~~tnge of doing 
awsy wit11 "etyle (or pen) cquntion ". 

After n good den1 of experiment I wnn ohligerl to abandon this, finding t l ~ a t  in order to obtnin 
n nntishctory record, a somewhat rndicnl chnnqo in our prenent menns of producing the signals (brer\k- 
ing nncl mnking circuit) would hc nccesnnry, which I did not think t l ~ c  object justified me iu nttempt- 
ing with the t i~no  nnd means nt. my d i ~ ~ o u n l .  The present design co~upriaes two pcns following each 
other 011 tho paper, just aa lhc stylcu did hrruerly. 



My confidence ill its beiug hunrl to nusmcr, is I think justified by thc single record, nlrendJ 
obtained from a eimilnr pcn, beiug ns good ns onc could wish. The ouly chnuge in  the chro~~ogm~+, is, 
that the ebonite plnte cnrryiug the styles hns hecn tnken off the oarriage, (see my lnst report para. 24) 
nnd n lnrgor plnto of wood substituted, on which nre fitted two clcctro-maguets (tnken from our old re- 
Inys) nnd tho pene, which project over thc bnrrel just as thc styles did, and trnce exactly similnr spiral 
lines. 

(19 ) This n~cthod does nwny with nll the objectionnble features of the old nrrnngement, nnd is 
~s simple ns can be cnsily i~uagined. Tllero mny be a slight loss of nccuracy, but I doubt even this, 
and if it does occur'it must be of the irregular kind which call cnoso no detcriorntion in the final 
res111h. 

I t  11ns also the ndvnntngc of economy in anring expensive chemicals, ns ~vcll ns by reducing t l ~ e  
nmount of nppnrntus cnrried about. Lnstly, n great dcnl may be often p ined  by the two obscrvel~ 
cxchn~~ging tclegrnphic info~mntion, in  doing which Cnplnin Herschel t~nd  I constautly lost time by our 
inability nnd (co~nruon to nll beginucrs iu tlre nrt of ~igunlling) to rcnd as fast as we could sigunl. 

With the pen recordcr the mcvsage lnny be written on thc cl~ronogmph nud rend off nt compnrn- 
tivc leisurc. 

(20 ) Tbcre is nnother point in  thc equipment which has been much improved aiuco our lnst 
field work, viz., the collimato~-a. 

Those belonging to the Trnnsits hnve only recently becn received from England nnd are in every 
\vnp snperior to the ones formerly used, and thcy hnve nn ingenious feature in their cnustruction, by 
wlrich nny rnorcluent of t l ~ c  iustrumcnt on its pier ( ~ h i c h  must take plnce owing to  difference of 
espn~lsiou and contniction uuder varying tcmperntures) is confitled to the dircctiou of the axis. This 
is liliely to prove ~nlunble, because with our ficld obscrvntories the collimtttors are ~iecessnrily 
plnccd on pillnrs outside, without nny ndeqnnte protectio~l either from t l ~ c  heat of the sun or the 
cold nt night. 

(21.) The point is of importance cl~iefly with reference to the use of the collimntors ns meridio- 
nnl marks, which they never strictly nre, becnuse the devintion of the Trnnsit instrument is determined 
independently every night. Bot  if the collimntors nre appreciably stnhle, as I cspect will prove to be 
the cnso (and as to  which their t l l l ~ t ~ ~ n l  obser~ations afford most senrchin:; eviclcuce) they will provide 
the  lnenns of combining nll thc obscrvntions for devintion a t  a statiou, in ordcr to get tho error for ench 

Our former espcriencc shows thnt this, if obtainoble, \v~ll prove n grcnt ndvnntage. 

Extract from the Narrative Report-dated 23rd November 1875-of W. H. COLE, ESQ., M. A., 
Oficiating Deputy Superintendent 3rd Qrade, G. T. Survey, Oficiating in charge 

Computing Office. 

I hnvo tho honor to Iny bbgfore you tho report on the work performcil by thc Computing Oilice 
between the l e t  blny 1874-up to which date the last report detnila it-and thc 1st Octohcr of this 
ycnr, that is, for n period 5 months in excess of that usually rcported on. This chnngc is due to your 
having rccently directccl thnt Executive Officers should bring the nnrrnli\-cs of t l~air  opernt,ions up to 
tho end of thc rccess uenson, succeeding the ficld Penson to  which thcy refer. I drnm your nttcntion to 
it, becnusc were i t  not borue in mind, the oat-turn of work I nm nbout to delnil ~vould nppear out of 
proportion to that of previous years. 

(3.) The nttention of this Brnnch hns, whcnerer opportunity offcrcd, bcen stcndily directed to 
the 6nnl reduction of the trinr~gulntiou of 1ndi;r n ~ ~ d  thc puhlicntion 

Finel Reduction of tho Triongulotion. of ihc rcsnlts, nnd considernl~lc progrca~ hnu now lren mede. Of the 
Gvo largo scctiona into which you hnve divided the triaogulntion west of the Aleridinn of 89' 
t l~ rcc  arc now in bnutl, and I will eudcnvour to give you n gcucrd idea of tho progrces thnt La8 becn 
mede with esch before stnting tbe work of the Officc iu delnil. 

(4.) This division of the t r i n ~ ~ p ~ l n t i o ~ ~  which extends over an urea of about 476,000 squnre milen 
wro in n vcry ndvauccd stat0 r h c u  rcported on lwt you.  All the principsi t~ i au~u ln l ion  had bccn rcduccd 



~ n d  tllr res111t- pns~ed through the press, nnd one of the Synopticnl Volumcn-w11irl1 g i ~ e  o n l ~  such data 
ol' each s e r~es  3s w e  required for p r l~c t i~a l  purposes-I~nd beeu published, viz., Vvlu i~~c  I, or the Great 
Indue Series. Since that date four more Synopticnl Volumes have been completed nud published, vir., 

Vol. 11. or  the Great Arc Series, Section 24" to 30". 
Vol. I I I .  ,, Karbchi Longitucliual Series. 
Vol. IV. ,, Qurhigarh hleridional Series. 
Vol. V. ,, HahGn Meridionnl Scries. 

Tl~ere  still remain three series to complete this section of the triangnlntion, the Job<-Tilb Nericliounl, 
Yutlej ILivcr nnd Nor th -We~t  IIimalaya. The two former nre in a very advanced state nncl \\.ill pro- 
bably together form \'olume VI of the Synoptical Volumes. I hope to send them to the b i d e r  in the  
course of two or three mo19e weelts. 'I'he North-West Hirnnlayn Series is rendy for the press, but  has t o  
give p l ~ c c  to  other s~rbjects more urgently required. I t  will be some months before i t  can be 1)ub- 
linhed; but nothing now reinnins to  be done in connection with i t  by t l ~ i s  brnl~cl~  of the officc frlrtl~er 
t l ~ a n  to superintend i t  through the p ~ e s s .  I t  will be accompnnied by several charts, moat of wl~icl, llre 
drawn but have not  yet been photozincographed. 

South-Eaat Q s d ~ . i l n t ~ r u l .  

(5.) This section of the triangulation of Indin, wl~icll is con tn i~~ed  bet\\.ecn tlie J l c r i c l i n~~~  of ;To 
and 8DG nnd the parallels of 17" aud 24", is that wl~icll you directed al~ould be reduced 6eco11d in ordcr. 
Neglecting the two short triatlgi~lntions of the South Pbrnsnith and South AlnlGnchn Ser ie~,  wl~iclr 
were not executed with firat class iustruments, the Qondrilnternl contains six chains of trinnglcs formil~g 
three mutually dependent circuits. At its north-west corner i t  unit* with the N. \V. Qundrilotel-al, the 
side KCmkhera to  Uhaoriaa of the Sironj Base-line tigure being common to  both. '1.11e l e ~ ~ g t l l  n l~d  
poaition of this side having been finally determilled in the reduction of that Qu.drilnteml s c r e  col~ai- 
dered invariable. A t  mch of the other corners are bnae-lines, viz., t l~osc of Cltlcuttn, Vizagnpntnu~ R I I ~  

Uider. I t s  reduction necessitated fillding t.be vnlues of 831 unknown qlln~~tities,  which sl~oulcl snti+ 
202 equations of co~idition. 277 of the equntions were Ilowever of such n fo rn~  tlrnt nn e q ~ ~ n l  uutnler 
of unknown q~~an t i t i e s  were readily eliminntcd aud the  undert~ckiog wns thus reduced to f i nd i~~g  5 5 1  1111- 

known quautitiea to ealisfy I5  eq~urtioi~s, ~ub,ject to  the nsunl co~~di t ion  thnt the euln of the qunres  of 
the several quantities multiplied by their respective ~ c i g l ~ t s  sh11111d be a rn i~~ imt~ ln .  Al t l~ougl~ the n l d l ~ o d  
of reduction waa the slc~ne na thnt adopted for the Nor th - f  eat Qundril~~terrrl, t l ~ c  eal)e~.ience gnil~ed fro111 
the latter has siiggested mnny slight modificntiol~a in the details of the coml)~~t~l t ions  svl~irh have led to 
a considerable anving of lnbour. T l~ i s  11- been further lightelled to  n vcry marked extent by the em- 
ploymel~t of Arithmonleters, and I have now the snt is t i~ct io~~ of reporlily t l ~ n t  not o~l ly  l ~ n s  the p r i ~ ~ c i -  
pd triangnlation been finally reduced n~id  prepared for pul)Iicntion, l ~ u t  also tllnt n lnrgc a m o u ~ ~ t  or 

secondary triangulation con~iected with it is in a f i~r  ndvancxd state;  t l ~ n t  of the (frent Arc, Section 18' 
to  2P,  the Cn lc~~ t tn  LongiLudinaI Series n ~ ~ d  the Cnnst Series is nlmost finiul~ed nnrl o l~ly  l~eedr to IIC 
arrnnged for publication; thnt of the remniui~~g aeries ia iu nu ndrauccd stnte, l'lrua ill n few mo11t11s 
nothing mill remain but  to  pass the dntn through t l ~ c  press. 

l%e  follo~ving t~rble contains the fi~ctn of r o ~ n l ~ u b t i o ~ ~  of the Principnl trinngrllltion. 111 column 
(1) the 18  equaliolis, wl~icli remaiued nftor the elimi~~ntion of the unknown q ~ ~ a t ~ t i t i e u  allore men t io~~c~ l ,  
aro nombered in the order ill which they were nrraoged for solutio~i. Of these tho firat s i r  are side 
equations, five of them bcing between base-lines, the measured lel~gthn of which, have, for the purposes 
of reduction, boen assumed as errorles~. The sixth ia a circuit equation. The remnining nine are nll 
circuit equations in Latitude (A) Longitude (L) and Azilnuth (A). The circuits are ahotvn by the 
lettera in column (2) which have reference to the dingmrn. I I I  coll~rnn (3) nre the nbpol~ite terms of the  
equations, or t l ~ e  errors which 11od to  be dialwrsed betmeen the hnse-lines or in the circnits. I t  sl~ould 
be stated that  the  term8 in which the linear errorr, viz., those of the first six eq~~nt ions ,  are here 
cxpreaned diffcr from those employed for the N. W. Quadrilnterrrl which will be found tabulated 
on  page 64-a of your report for 18i0-71, t l ~ c  forlncr being ditiere~~ces in the 7th plnce of logs nnd 
the latter similar differences divided by dlodulrcnxsin 1": tlie cl~ange is due to  n silnplificntion in the  
manner of expressing the co-efficienta of the U I I ~ I I O I V I ~  qunotities. The e imul ta~ieo~~s solution of t l ~ e  
eqilationa involved 0ndillg the vnlurs of an cqunl1111mbc1-of indetcrminntc fnctors, nnd column (4)  exhibits 
the accurncy with which this nolr~tion mns perfortnetl, tho c~~~nnt i t ics  ~11onn in it bcing obtnined by 
substituting the deduced vnlucs of theae fnctors in thcnormnl equntions. With  the nid of the indetcr- 
minnte fnctorr, vnliles of the a n g ~ ~ l n r  errors ii~volvcd in tlie eqnationn of condition s e r e  found, n t  first t o  
5 plnccsof decimalaof seconds, and afterwnrtls reduced to :I pll~crs. These vnlucslreingsubstitutcd ill the 
eq~~nlions prodi~ce the qoantitios given in columns ( 5 )  aud (6), and their accordance with the quantities in 



coliinin (3) nfforda t l ~ e  8orond test mhicli mns npplicd to  the nccurncy of tlie cnlculntion. These tests having 
been considered sntisfnctolSy the angular errors to 3 places were introduced into tlle computations nlldthe 

correctioi~s mndo : tho lnst colurn~l cshibits the residunl discrepnncics mliich thcn remained. 
With regard to  t l ~ c  first six eqont,ions it sl~oold be stated t l~n t  the cnlculntious of the trinngleshnve 

bccn mnde with tnbles of logarithms to  7 plnccs of decilnals only, nn 8th placc being obtained by 
interpolntion, yct the diacrepnncies nre nt most only 4 in tllc 8th plnce of logs, nud two of tllem catice1 
if the trinngulntion is considcrcd continuous from the sido Kirmkl~ern to  Bhnornsn vi& Cnlcuttn, to 
Vizngnpntnrn. Furthermore, if n completo circuit is lnnds stnrting from tlle side Homkl~ern to llhnornsa 
nnd carrying tlie cnlculntion of the triniigles rouud the whole periphery of the Quadrilnternl, tho value 
of tho side of origin is reproduced identicnlly to the ciglith plncc of decimnls of logs. The largest 
~lisorcpanoies in lntitude and longitude still remaiuiilg nre ".005, or nbout 6 iuches. 

Tahle of the facts of computntion. 

n'orlh-East Qundrilnfrrnl. 

(6). A e  the reduction of the principal triangolntiun of the Soutll-Enst Qundrilnternl nppranchcd 
completion, I waa enabled to  make II commencement with thc third scction of tho triuugulntiuu, 

t ." - 
a 

C 

f 

Trinogulntion inrolved 

VALUE OF CIRCFIT EDBOU 

Before 
reduction 

(1) (2) (3) (4,) (5) 

A a ( - 16.44 - 16.439 - 16.441 - 16.439 

7 in A 
8 ,, L 
9 ,, A 

I 0  ,, A 
11 ,, L 
12 ,, A 
13 ,. A 
14  I, L 
15 ,, A 

substit,,. 
tion or "in. 
detsnninnto 

lnctors" 

(A+c,)-(B,+E) , r + GOGO 
Ditto - 0,214 
llitto + 0.212 

(E+C,)-(H,+F) - 0216 
Dittu z, + 0,203 
Ditto - 4.958 

(P+C.)-(&+D) - 0.142 
Ditto + 0 239 
Ditto - 3.88Y 

3 
2 F a  3'- E 
Z 

2 5 

BJ substitntion of 
dcduacd angular errora 

+ 0!b500 
- 02140 + 0.2120 
- 02160 
+ o N:{O 
- 4-!)(id0 
- 0,1420 
+ 0 2390 
- 3-S8SO 

Aa computcd 
to 6 decimnls 

On contrnction 
to 3 deeimols 

+ o.'6500 
- 0.2140 
+ 0.2113 
- 02160 
+ o snno - 4.3682 
- 0,14,20 
+ 0,2390 
- 3.8880 

+ d'o;no 
- 0,2133 
+ 0,2117 
- 021G0 
+ 0.2029 
- 4,36H2 - 0,1419 
+ 0-23Y8 
- 3.8881 

- "002 
- .005 

'000 
- ,004 

,000 
+ 4 0 8  - -005 

.OOO 
- .005 

- 



known depnrtmcntally ns tho Nolth-East Quadrilnternl. It is boundcd on the mcst by the Great Arc 
Series, Section 24' to 30°, on the south by the Calcnt(a Longitudinal Scries and has in its eastern and 
nortI~cm periphery, the Calcntta Mcridionnl nod North-East Longitudinal Series. I t  contains twelve 
series, ,forrniug cleven circuits 2nd its rciluctio~i mill prow a mprc scrious undertaking than that  
of any of the other divisions. A t  prcscut only the  circuit errors nre in course of calculntiou, 
but this preliminary computation mill shortly be complcte aud then the reduction itself can bo 
take11 in hand. 

(7). In addition to the  cnlculntions I hnve already describcd n good den1 of assistance has bcen 
givcn to Captain Heasiside in preparing nud passing tllrough the 

Other cnlcnlotions. press t l ~ c  rcsults of the Pendulum Operations. Captain Trotter has 
also receired much nid; the computation of the cutire mass of the obscrrntions made by him, whilc 
hc was ntt:~ched to the Yorltaud nIission l~aving been performed by this Office and the results tnbu- 
lnted for publicntion in his report. A quantity of miscellancous work has also beell performed 
n'hich is briefly summed up elsewhere. 

(8). I noticed above the grcnt ndrantnge which had accrued from the use of Arithmometers, 
instrulncnts which were iutroduccd in to t l ~ o  office by yourself severnl 

Arithmometcre. montl~s ago. Some of the compntntions nrhich formerly occupied 
n pair of computers n fortnight or three weelcs ran with thcir aid 11c cotnplcted in four or firc d;iys. 
They nre almost invnlnnble and n.onld be quite so if niorc cnrc mils I~cstowed on t l~ci r  construction. 
They are of foreigu ninnufacturo nud the several parts rlppear to be ~nade in the gross, and then to 
be roughly put  together; thns mnny of them soon get out of ordcr and malte mislaltes. Were 
they cnrefully constructed as they would be by English mechanics, the principle ou wl~ich they are 
designed is such that i t  seems iulpossiblc they should commit errors ; as their manufuctun! is protectcd 
by a pnteut the desired imprdvement is not 1 fear liltely to be eKectcd. 

Another aid to t he  computers, recently iotroduced into the office, is Crellc's Rechentnreln, n 
book of products of all numbers from 1 to 999. I n  this case foreign labour has t l ~ e  advautage 
over English ; for i t  has produced nt n cost of ouly sixteen shillings a most useful book, the labour of 
compiling which must havc becn euormous. 

(9). The details of the ordinary calculntions are as follows :- 
Angle Books, iudczed ... ... ... ... ... 467 vols. 
Abstracts of Anglcs, copied nud compared ... ... ... GO0 angles. 
Zero and general means computed ... ... ... ... 600 ,, 

(Weights computed ... ,.. ... 383 
... Sphcricnl Escesses computed ... 277 

Simple Qundrilnternle reduced ... ... 32 
... ... ,, Polygo~~a S P  32 

... ... 1 Compound Figlures ,, 11 
... Aurilinry reductions made ... 75 

Principal Triangulation : Tri4ugles comlluted ... ... ... 537 

... ... 

I 
Lats. Longs. Azimuths compiitcd 750 

t) I ,  ,, corrected (after 9. E. Qundl. 
grindiug)) 140 

... ... Hcigh t~  computed ... 170 
... ?, examined, corrected and ndjustcd 630 

... ... ... 1 Trnrerses computed 18 

... ltny 'l'rnces computed ... ... G 
... Secondary Triangnlatiou l ' r i n ~ ~ ~ l e s  adjnstcd and coinputed ... 2,400 

... ... ... Hcights conipotcd 12 
Lntitotles, Longitudes nnd Azimuths computed 1,100 

Esplorntions 

(10) Tho work performod in collnectioll with tho Typographic and Photoziucogrephic ~ C C E ~ C S ,  ie 
dcLailcd belo~v. 



For Typograpl~ic Ogicc. 

Bynopara of the opcmtions 80. Pages compilcd and printed. Cornpilod, but not yet 
pot to preaa. 

Azimuth Tsble, Jogi-Ti16 and Sutlej Series ... ... 
Alpbabeticnl Lists of Qurhhgnrh, Hnhhn Satlej and Jogi-Tili Series 105 

Note to Great Arc Finn1 Chart ... ... ... 
l4 1 Errnta and Contents, Gnrhbgnrh, Karhchi, RnhBn, Great Arc (24"-30') 11 
2 

Co-ordinates and Descriptions &c., of N. W. Himalaya aeries, compris- 
... iug 39 squfire degrees ... ... The whole 

Numerical and Alphabeticnl Lists of Principnl Stntions, Doa- 
criptions of Principal Stations of the Series corn- 30 ~ h ,  

... prised in the S. E. Qundrilateral ... 1 
I A bout 80 pages 

Triangles Priincipd and Secondary of the Arc, Calcuttn nnd Coast Series whicli are half 
ready 

For Vol. (9. E. Qusdrilnteral). 
Lists, Descriptions of Stations, Observed Angles, Reduction of Figures nnd Priucipal 

Triangles 
R. Calcutta Longitudinal Series ... ... ... ... 42 (to end of figs ) 2 
Grent Arc (18O-24O) .., ... ... ... ... l g (  9 ,  As) ZD$ 
Jnbnlphr ... ... ... ... ... ... 56 ( ,, figs.) 2 @ 

Biliapik ... ... ... ... ... ... 86( ,, ,, ) % "  
... Const ... ... ... ... . ,, lists) 

... ... ... Bider ... ... ... 4O(to near end g 
of L a) h * 

Other compilations for departmental and general use. 

I 
Besides the above, the euxilinry reductions of the figures of the E. Conet Sefiee nnd of a portion 

of the Biliaplir Series, including about 20 pages of printed matter, have been compiled but not yet 
put  to  press. Some progress hes nlso been made in setting up the azimuthel observations appertaining 
to the Youth-Enst Quadrilateral for the press. 

Compiled and printed. 
Book of Houtes in N.W.P., Himnlnyas Be., ... ... ... 34 pngea 
Dnta for Rnngir Series Charts Nos. 1, 2, 3 ... ... ... 13  ,, 
Data for Bilasphr Series Chart, (9. Section) (1872-73) ... ... 8 ,, 

... Data for lG. Frontier Serics ,, (1873-74) ... 1 ,, 
... ... ... Appendices to  Vol. I 1  ... ... 23 ,, 

Fur Phtozinwgraphic O&e. 
Pinsl Chvtr. 

... Kadchi Seriee ... ... ... ... 

... ... Great Arc Series (24' to 30') ... ... 
... ... Qurhhgarh ,, ... ... ... 
... ... ... RahGn ,, ... ... 

... ... N. W. Himnlaye Beriee ... ... 
... ... ... Jogi-TilB Series ... ... 

... ... ... Sutlej ,, ... ... 

P n l i m i n q  Charts. 
Mndnrs Longitudinal and Mangalore Neridional Series (1871-73) 

... Bilinplir Seriea (S. Section) (1872-73) ... 
... ... ... Rnngir ,, ... ,. . 

... ... Aoeam Valley S w e y  (1869-74) ... 
... ... ... , , ,, (1873-74) ... ... ... Bombay Inland Survey ... 

Comp~~rctl or cxemiwd. 
... 2 
... 1 
a * .  2 
... 2 
... 2 
... 1 
... 1 - 

Total 11 - -- 

1 ... 
1 ... 
a ... 
1 ... 
1 ... 
1 ... - 

Totnl 8 ~- - 
For Offim me. 

... Triangulntion of the loutb.%st Quadrilateral ... 



(11.) Observations for time were tnken on 20 occasions during the yenr [or the purpose of s l ~ e w i n ~  
menn time nnd n t i n g  chronometer.. Meteorological Obse r~n t ion~  

Instrumonto1 Work. 
were mnde in the Delirn Observntory on cvery day tl~roughout the 

year, and the results were reduced and communicnted month by month to the Reporter on Meteorology 
N. W .  Provinces. A tnlrle of ~nonthly menns is as usual appended to this report. The large self-regis- 
tering Anemometer referred to in lnst year's report wns p"t into working oidcr in J n l l u ~ r y  lest, atid a 
record has been since kept of the hourly velocity 2nd direction of thc wind. The winds in the D6n are 
so light that  they often fnil to turn  the  fans which move the direction pencil and this part of the record 
although i t  hns heen always tnbulated, has ]lot been made nuy ,rut. of nt present. To do so would neces- 
sitate a cnreful weeding out of nll liourly velocities below a certnin fixed minimum. As yet only menn 
hourly vclocities, irrespective of directiou hnve been deduced for ench month, an abstract of which fol- 
lows that of the Meteorologicnl Observations. I t  is remarkable how closely the curves formed from these 
data resemble one another. 

(12.) The preservation of the Principal Stations of this Survey has been sn uaunl steadily kept 
in view, nud much co i~espo~~dencc  llns in consequence been entniled. 

Protection of Stntions. 
Replies to nbout 350 letters cn this suhject were drafted by Mr. C. Wood 

under your direction, u ld  nbout 40 letters nddreesed to district officers who hnd failed to submit their 
annual reports on the etntions placed under their chnrge. Modern changes in the boundaries of district8 
have caused some difficulty in ascertnining what stations fall within ench. Since lust reporting 16 more 
districts I~ave been finally settled, making in all 307 districta of rhicli the lists are now complete. The 
check lists now include 2,700 stations. 

(13.) Several dutice of s miscellnneous charncter have also been performed by this branch of 
the office which mny be briefly summnrised as follows:-Reduction 

Miacelloneous. 
of bnrorneter rendings; computation of humidity and observed 

refractions on the Jogi-Tili Serics for Appe~idix No. 3 to Vol. 11 :-Prepamtion of Appendices Nos. 2, 4 
and 5 to Vol. 11 :-1Zxamiiintio1i nnd arrangement of four Synoptical Vols. for the biuder:-Transla- 
tion of two Explorers' route surrey field hoolts :-Alphabetien1 lists of Indian proper names prepared 
for departmental issue :-New tnbles (Auxilinry) and a new form constructed to facilitate the com- 
putation of circumpolar stnr obserrnlions for nzimu1h:-1)ntn collected for discuseion as t o  the 
bdvianbility of giving the observed azimuths in the 8. E. Quarlrilateral effect in the finnl reduction 
of the triangulation:-Circuit errors of the Kashmir triangulntion and North-West Himalaya 
secondary triangnlation determined nnd dispersed :-Effect of the difference in the values of the 
earth's axes ns adopted by Everest and Clnrke on differences of latitude, longitude and azimuth computed 
for arcs of various magnitude :-Elements of the Bombay Isinnd Survey, executed in 1866.66, prepared 
for publicntion :-Differcntinl lntitudes and longitudes examined for the new edition of the l'urlrestan 
Mnp :-Captain RlcCullagl~'s and Lieutenant Harman's levelil~g records examined and reported on :- 
' Errors of menu squnro' or Intitude, longitude nnd nzimuth a t  the terminnl stations of the right and left 
hand brnnclies of the cil-cuits of the N. W. Quadrilateral, ro~nputed from the origin of ench circuit. 
Twcnt.y-nine officers have been ilupplied with dntn. Forms for depnrtmentnl use hnve bet.11 issued to  
0G olliccrs, and 776 parcels contailling mnps, charts, kc., were booked and despntched. Four candidates 
for employment in tllc Junior Dranch were examined and three instructed in depnrtlnentnl computations ; 
and papera supplied for the examination of six other candidates, bcsides serernl other duties which need 
not be enumerated here. 

(14.) The work performed during the 4 yews ending let Mny 1874, and the 17 months, 1st May 
1874 to 1st October 1875, is concisely stated thus. 

1871-73 

1,420 

273,157 

1873-74 

1,220 

388,420 

Pagca composed, . . . 
Do. printed, ... 

1874-75 (I7 months) 

1,868= 1,319 per annum. 

527,916=372,647 ,, 

1870-71 

810 

234,828 

1871-72 

1,143 

241,348 



61, [SEASON 1874.76. n 

Tho totnl pnges oomposed in the 17 montlls under report may be subdivided thns, 
For volumes of the G. T. Survey, ... ... ... 1402 
,, Routc Book, ... ... ... ... ... 35 
,, Chnrts, hlemos, kc., ... ... ... ... 306 

... ,, Annunl Heport, ... ... ... ... 125 

Totnl ... 1868 
C 

DRA IVIX5 BRANCH, 
Tho work c.xecoted by the Drnming Office is exhibited in the table which follows ' this report. 

Some very important mnps hnve been prepared thore during the pnst yenr ; those of most general 
interest nre tho 3rd Edition of the map of Turkestnn, compiled under your own superintendence; 
the  mnp to illostmtc the roports on Sir Donglns Forsyth's hlission to  Ylirknnd nnd other mnps relating 
t o  Trn~ls Frontier explorntions, the compilntion of which is due t o  Captnin Trotter. 

PHOTO-ZlNCOCf RA PRIG BRAiVCB. 
The work from 1st hlny 1874 to  30th September 1875 is shewn below under tho hende of 

Nnpa, Charts, 1)ingrnms nnd Forms. 
Naps. 

~ U B J E C T .  

... Prints of mnps published in former yoma ... 
Guzel.nt, ehcet No. 8 ... ... ... 

Ditto No. 9 ... ... ... 
Index to Dehra Ddn Survey :. . .., ... ... Ksttywnr Survey, degree sheet No. V I  ... 

Ditto No. VII ... ... 
... ... Index to  Kattpvnr Survey ... 

... ltonte mnp for the W. Hirnnlnyns kc., ... 

... Chambs Map ... ... 

... Index to  I<un>nun nnd QnrhwB1 Survey ... 
,, Quzernt Survey ... ... ... 

Kumnun and Gnrhmal, sheet No. 25, akcleton ... 
... Dehrn Ddu Tee Compnny's Plantation, sheet No. 1 

Ditto N o . 2  ... 
Guzerat Surrey, sheet 80, section 3 ... ... 
Jnunsir BInp ... ... ... , . . 

... Enstern Turkestntl ... ... 

... Plnn of Lnndour h z n r  ... ... 
hlnp illuetrntiug'l1mne-Himnlnynn Explorations during 1872 

... Index to Mossooree nnd Lnndonr Survey ... 
T n w ~  nnd Cnirtonment of R~ijliot ... ... 
Map illustrating Trans-Himaln~an Erploratinns during 1873 
Knttywnr Survey, sheet No. 35 ... ... 

... .. Guzernt ,, 80, section 2 ... 
... . .  ... 18 11 .. 9 . . .  
... . . . .  7 . . .  
... . 1 ... 

Kettywnr Survey, sheet No. 33 ... ... 
... ... ,, 32 

M l l ~ ~ o o r o e  nnd Lnndour Survey, ~ h e e t  NO. 13, skeleton 
... 'Jurkeeinn Mnp, sbcet No. 1 (3rd edition) ... 
... ... 2 ,P 

... ... 1, 3 ,, 

... ... 4 ,, 
... Rxttywnr Survey, sheet No. 34 ... ... 

Kumauu rind Gnrhwil, sheet No. 93, skcleton ... 
... .. , la ,,... 
... ,. 0 , , . . .  
. . .  .. ..... P 23 
... I 9  ,1 I, 38 , , . . .  
... $ 9  31 , , . .a  

... Cuzernt Burvoy, sheet 80, eeotion 13 ... 

... ... , 8 

... .., 

DehrwDGn nnd Simalik No. X 
Forest Department 

- 
No. of copios 

printed. 

1,341 
113 
105 
481 
107 
150 
468 
473 
22 
460 
426 
105 
75 
76 
135 
22 
478 
63 
466 
2.3 
83  
401 
133 
110 
110 
135 
105 
127 
147 
133 
44 
263 
227 
284 
273 
154 
I77 
1-56 
156 
01 
167 
150 
107 
100 
105 
132 
137 
108 -- 

9,974 

When publisl~ed. 

... 
Mny 1874 

t 

September ,, 
October V, 

I, IS 

$ 9  1 9  

November ,, 
t 

P, 

II I )  

91 B 

December , 
1 9  I I  

January li75 
,, P 

Fcbronry P 

t 91  

t 

~ n ; k h  , 
1 ,  

April 
P 

I 9 

:: 
~ a ; :  8 

,, I* 

I ,  

June " ',: 
J'hY , I  

Auguet 7 

, 
9 .. soitember 

,, 1, 

$1 ,I 
$ 1  9 

,, 
0 :: ,, 
t 

. . .  Totnl 

- 
0 j 

40 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
1 
1 
I 
I 
I 
1 
I 
1 
1 
I 
I 
1 
1 
I 
I 
I 

92 



Pho!~- zkc~g~~aph ic  Branch-(Continuad). 

Beside8 the foregoing 28 Blue prints were issued and several Silver prints were prepnred on tho 
scale of tho Indian Atlas for the use oE the Engravers. 

Mndrn~ Longitudinal and Mangalore Meridional Series 
(1871-73) Numericnl ... 

Assnm Vnlley Trinngulation (1872-73) ~ u k r i c a l  
Karachi Longitudinal Serics, Chart No. 1 

I 
I Final .. 

I ,  ... 
Rangir Meridional Scries, Chart No. 3 Numerical ... 

I 1 ,, . . . 
Bi16spbr Series, season 1872-73 (S. section) ,, . . . 
Brnhmnputra Series, season 1873-74 ,, . . . 
Grent Arc Series, (Sec: 24°-30")Fi~~al ... 
Qnrhignrh Meridional Series, Chart No. 1 Final ... 
Eastern Froutier Series, aensou 1873-74 Numericnl ... 
Rnngir Meridional Series, sheet No. 2 ,, . . . 
GurhBgnrh Meridionnl Series, Chart No. 2 Final ... 
hlnlabnr Minor Series, season 1873-74 Numerical ... 
Assam Valley Survey, season (1869-74) ,, . . . 

$ 9  (1873-74) ,I 

~nngnlore)hleridional Serioe (Great Arc), season 1873-74"' 
Numerical ... ... ... 

Bombay lslnnd Survey Numericnl 
I . . . 

Rahbn Meridionnl Series, Chart No. 1 Final ... 
N. W. Himalaya Series No. 1 Final ... 

B U D J B C T .  

2 ,, . . . 
Rahbn ~:idional ~ e r i s ,  Chart No. 2 Fino1 ... 
Jodhpbr Series, season 1873- 74, Numerical ... 

When publialied. 

July 

August 
I ,  

I ,  

~ e i t e m b e r  
,, 
I,  

0c';ober 
November 

December 
January 

I, 

I, 

February 

I Total 

Diagrams. 

1 Totnl, ... 1 6,243 

Profcssionnl and Office Forms. . . . . . . ... 1874-75 (17 months) 34,310 

- 
B U B J B O T .  

1 
When published. 

1874 
August 
2t:ber t) )I 

co ies 
printel. 

60  

382 46 
1166 
680 

4 
390 
370 
190 
736 
402 
837 

November ,, 
Plates to illustrate Volumes 11, 111, IV, V, VI ,  of the 0. T. 1 &5 

Survey, and other diagrams. t~ 

MAY I I  

June 1 1  

I J U ~ Y  ,, 
August 
I September 
I I 



7,536 Mnps nnd 4,446 Chnrts mere issiied during the yenr. The forms are  a lwqe  expended ns fast as  
printed. Contrnsting the  work performed since 1870-71 we have, 

An abstmct of the work executed during the pnst five years stnnds ne follows. 

Year I Mnpn 

I n  concllision I must express my thanks to the several members of the office for their cordial co- 
operation in, and conscientious discllnrge of its duties. Where nll hnve worked so well i t  seems almost 
invidious to single out any for especial commendntion. I cnnnot however refrain from doing so in one 
instance a t  lenst. Mr. Wood has been nssocinted with me in the  snme ofice for nearly nine years; 
but  1 have never hitherto hnd an opportunity, similnr to tbe present, for plncing on record my high opi- 
nion of his services nnd i t  is with pleasure that  I now nvnil myself of i t  to stnte that I consider them 
very valuable. His  duties are of n nature constantly requiring the  exercise of no smnll patience and 
pereevernnce but his energies never seem to flag and his knowledge and experience are often of tho 
greatest service. 

Mr. Todd has done ercellent work while attnched to this office, and while congrntulating him on 
his restored henlth, I cannot but regret that i t  necessitates his return to field duties and thus deprives 
t h e  office of his services. 

Mr.  Peychere hns proved himself exceedingly useful nnd deserves every commendntion. Besides 

taking his regulnr 8hare of the work, a good den1 of the final supervision of press proofs has to b0 

Chnrta 

839 

1,375 

2,206 

2,027 

4,271 

1870-71 

1871-72 

1872-73 

1873-74 ' 

1874-75 (17 Months) 

S U B J E C T .  

Yaps, Charts and Diagrnms, . . . ... 
Forms, ... . . . . . . ... ... 

entrusted to him and in this be hns been of much nssistnnce to me. 
Mr. Keating has become fairly woll acquaiuted with t l ~ e  proceases of computation and works 

industriously. 
Daboo Qurlgn Pershad has dischnrgod his duties in tbe snme exemplary manner he nlwnys has 

done rind dcaervee tlint I nhould ndd my testi~nony to that  so frequently expressed by Mr. Hennemsey rtn 
t o  hia efficiency. Di~boo Cally Alohun has also gniued my npprobntion by the intelligent interest he takes 
in his work. On more than one ocmriou he has mnde sugRcstions with reference to the calculations 
which have led to  a diminution of labour. Babooa Kally Coomar, Qopnl Chunder and Tnrnpodo have 
worked with their nccustomed diligence, and the other computers have given me every reason to be satin- 
fied with them. 

6,465 

10,131 

6,910 

9,207 

9,971 

I n  the Dmwing Office Mr. Atkinson hue continued to conduct his duties as successfully as her* 
tofore, nod although the  loss of his two best men, Sheik Saidudeeu and Qoormukh Ying, has for 8 time 
oonniderably dimini~hed the  power of his office, he is doing his beat to train up others te  supply their 
plnces. 

Dingmame 

13,205 

4,937 

12,055 

3,557 

25,43 

Number of Printe. 

I n  the Phot~zincogmphic Office Mr. Ollenbach is as hnrd working nu crcr. I an] glad to observe 

i l ~ n t  he now throws more of the manual labour on his subordinata, devoting his own nttcution to  

Forms 

10,482 

13,655 

12,549 

28,125 

34,310 

1874.76 

19,488 

34,310 

1873-74 

14,791 

28,125 

1870-71 

20,509 

10,482 

1871.72 

16,443 

13,655 

1072.73 

21,171 

12,549 



pt~~err is ion of their work, nnd the out-turn is very antisfactory. Bfr. Dyuon deaervee great credit for 
the excellence of his negatives. I could wish that liis assistnuts Dempster and Lloyd made more rapid 
progrerrs under his instruction, but the ar t  of Photography is not learnt in a day, and v i th  more pmc- 
t.ice uo doubt they will become more proficient. 

Mr. O'Connor in thc Printing Office has worked very industriously and the out-turn of work 
hns been fully ns great as the office was capable of. He  mas a t  ore  time somewhat lax in the discipline 
he maintained among his subordinnten, I am glad that he has done his best to correct this fault. 

Mean Velocity in miles of the winds which blew at Dehra during 8 months 
of 1875 for each hour of the day. 

Civil Bourn. 

0 to 1 
1 ,, 2 
2 ,, 3 
9 ,, 4 
4 ., 6 
6 ,, 6 
6 ,, 7 
7 ,, 0 
8 ,, 9 
9 ,, 10 

10 ,, 11 
1 1  ,, 12 
12 ,, 13 
13 ,, 14 
14 ,, 15 
1.5 ,, 16 
lfi ,, 17 
17 ,, 18 
18 ,, 19 
19 ,, 20 
20 ,, 21 
21 ,, 22 
28 ,, 23 
23 ,, 24 

Sume, ... 

Ivcrngea, . 

February. 

7 
2.19 
2.39 
2.31 
1.96 
2.58 
2.08 
1.81 
1.96 
2.19 
2.46 
2.31 
3'1 
3'07 
3.22 
3'08 
2'50 
1.50 
1.12 
1'46 
2.j4 
2.08 
2'42 
2'51 

55'13 

Mnrch. 

3'13 
2.68 
2.2.3 
2 0  
1.97 
2.10 
1.87 
1.68 
1.67 
1.90 
2.72 
2.9.3 
.?.Us 
3'88 
4.23 
3.83 
3.32 
1.98 
1.19 
2 . 2  
2.94 
3'00 
0 
3.23 

--- 
6.3.78 

--- 

J 

1'41 
1'52 
1.40 
1.48 
1.00 
1.07 
0.62 
1.07 
1.00 
1.38 
1'52 
1.52 
1'83 
2'07 
1'59 
1'59 
1'34 
0.90 
0.28 
0.41 
0.45 
0.69 
1'17 
1'03 

----- 
28,41 

2 3 0  2 6 6  1.18 

June. 

2'67 
1'97 
2.03 
1'77 
1'6.3 
1.70 
1.3.3 
1.10 
1.00 
1'43 
2'17 
2.0 
2'3.3 
3'07 
3'00 
2'90 
2'20 

1.30 
0.70 
1.57 
"47 
2.27 
2.47 
2'27 

47.42 
--- 

A"@, 

0'59 

: 
0.38 
0.14 
0.28 
0.14 
0.34 
0.69 
0'79 
1.21 
1.66 
I .  
1'90 
1'57 
1'37 
1'20 
1.07 
0.66 
0.62 
0'76 
0.55 
0.90 
0.86 

20.33 
- 

A p d  1 Mny. 

1.91 

Sept~rnbCr. 

0.90 
0.74 
1.10 
0.8.~ 
o.57 
0.50 
0.43 
o . ~ ~  
0.70 
1.20 
1.53 
1.53 
2.03 
2.40 
2.33 
1.47 
0'97 
0.57 
0.47 
0.60 
0.90 
0.77 
0'85 
1.07 

24.88 

- 
0.85 

3'75 
3'00 
2 . 5 ~  
2.32 
2.11 
1.86 
1'75 
1.61 
1'86 
2'78 
3'96 
4.11 
4'86 
4'93 
5'18 
4'86 
4'59 
3.34 
I 
2'31 
3.14 
2 
3.72 
3.14 

2 6  

2 1.01 

------- 
3'14 
2 7  
2'36 
1.86 
1.71 
2.07 
1'79 
1.96 
2.68 
2.78 
3'11 
3.96 
3'79 
4'18 
4'89 
4'43 
3'89 
3'68 
.3'25 
I 

i.75 
3'36 
3.57 
3.50 

75.60 

3.15 





Annual Return of work executed in the Drawing Branch of the Computing 
Of3ce from, 1st may 1874 to 1st October 11375. 

Cornpilalion. ( I I c files. I 

Dsscnr r~ ron  OR Wonx. 

Sheets Nos. 1, 2, 3 rind 4 Turkcstnn DInp, (3rd ed i t i o~~)  with \ 
... Itill nl~nrling. ... , . . ... ) "' 

Yap  of Kumol~n nnd Gl~nl~\\-ll lo ill~~strntc Mr. R. T. Atkin- 
son's GnzctMcer oc l fo rnn~~n  nnd Onrl~rvil. witll? ... 1 
hill sllndil~g. ... ... . , . .. J 

Map to illustrnta t,he report, on t l~o Trans-liimulnym~ Explo. 
ntions in  Great Tibct node during 1812: ~i t111 . .  I 1 

Number of 
allcctn or 
diagrams. - 

- .  ... hill nllading. ... ... ... ) 
bIop to illnstrats t,l~e report on tho E s ~ ~ l o n ~ t i o n s  l'rnns-Hiin- 

nlnynr and in Nepnl ~nnde during 1873, with ... 1 
hill ellnding. ... ... ... ... 

Prolin~innry AInp of Snstcrt~ T t ~ r k r s t ~ n  to illnat~~nte t l ~ r  rr- 
1 

ports OII Sir Dot~glns Burayth's Missintt to liusll- ... 1 
gl~nr  ~ U I . ~ I I C  1873.74, wit11 l~i l l  nl~nding. ... 

BIap to illutitrntc the rcpol,t on tlbc Pnndit'e ronta tllrougl~ 
Qrc:~t,'l'ibct from I ud:ikli to Asrn~u wid t l ~ c  Ten- 

1 
gri Nur htkc nlld L ~ I ~ J R  ill 1874, Sllccte 1 nlld "' 

2, n,it.ll Itill sl~ading. ... ... I 
111dcr C11nrt to 1110 Drcrro Sl~cets of tho N. ~ : " 1 1 i r n n l n ~ )  

Ycrics trio~~golution, \\.it11 llill sl~nding. ,.. J "' 
Mnp of Afg l~n~~i s tB~~  (by L'aptnin Trottc~.). ... ... ... 
Sltrrt No. Li oC Le~.cllcd IIcigl~ts. ... ... ... ... 

I)o. ,, 26 do. ... ... ... ... 
Rerisrd nnd corrcctrd 3Inp of Rol~tcs in Norbhern Indin. ... 4 
Bketcl~ Map of Ti l~r i  03rl1will  will^ n~ljoining stnles. . . . . . .  1 

Rnngir Series Sl~cct No. 1. ... ... ... 
1)". ,, No. 2. ... ... ... 
110. ,, No. 3. ... ... . , . 

Arsnm Bnllry t.rit~~~gl~lnl.ion, Senaons 1868.68 to 1872.73. 
Uumba~y Islnud triungulatiul~, ... ... ... 

Scale 
1 ~IICII 

Orrnt Arr Sc~.ies. ... ... ... ... 
X~urirlli Surics. ... ... ... ... ... 
O u r l ~ ~ i ~ s r h  Scrics. ... .., ... ... 
I<IIIIG~ Scrics. ... ... ... ... ... 
Joci-Tilil Sorics. ... ... ... ,.. 

RKXARKS. 

I S i c  ... ... ... ... ... 
N. W. Ililnnlnyn Scrics. ... ... ... ... 
Degreo Cllarts of Ll~c North-Went Himnlnya trint~g~~lntion. 

Exnrnincd and rcport.cd on 18 Mlrpa o l  R u ~ n n ~ ~ n  ond 
Gnrl~rrll, Knltywnr, Ciuzernt ancl l)chra Dill1 ... 
and Yiwnlika Nurvuys. ... ... ... 

Ernmined 148 proofs of hlnps n~ld Chn~.ts. ... ... ... 
Calur~d 7PWJ htnpa. ... ... ... ... ... 
l'rvptlrcd 24 prof~~auionnl and Oflico forms on drnwing and 1 

t.1111sr<~r I,III,Cr. ... . , . ... ... j ." 
Prrlmrcd plnl~a nl  rilics of Kl~otnn. Yilrknnd nnd Knsl~gl~nr. ... I 

1)o. mup to sborv llm co~~~lcct ion of trin~n~ulatiou 01 
Inrlio sltd Ccvlon. ... . . . . . .  

Corrcctcd S11col. Xo. 1.1 a l ~ ~ ~ ~ ~ r s o o r c e  rind L~ndoltr  SIIPTCS, 
d i r t  b of b o ~ ~ n l n r ~  pillnrs on1 ..: 1 
1l1c sovct.nl sl~cels of this a~lrrcy. . . . . . .  

For Photo-rinwgmphy. 

ditto. Reduction to j mcalo. 

ditto. 

dilto. 

ditto. Reduction to : 8 ~ ~ 1 8 .  

ditto. 

ditto. Rcduction to 5 mcnle. 
ditto. 
ditto. 
ditto. 
ditto. Rcduction to t asnle 

ditto. 
ditlo. 
ditto. 
dibto. 
ditlo. 

ditto. Reducl io~~ Lo k ocnle. 
dilLo. ditLo. 
dilto. ditto. 
ditto. ditto. 
ditto. ditto. 
dilto. ditto. 
ditt.0. drtlu. 
ditto. 

For Pltolo-zincogrnphy and Ziaco- 
G'RP~Y. 
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