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T H E  OPERATIONS O F  T I E  

GREAT TRIGONOMETRICAL SURVEY OF INDIA 

111. Trigonometrical. The operations in the Assam Valley. ... 
IV. Trigononzetrical. The Jodhplir Series, Meridian 724". ... 

The following is a summary of the several operations of the present 

year, given in the order in which they will be found described in this report. 

I .  Trigonometrical. The BilBspur Series, Southern Section, Meridian 82" 

11. Trigonometrical. The Bilhspur Series, Northern Section, Meridian 82" 

V. Frigonometrical. The operations on the Meridian, 75", and the paral- 
lel, 13", of Mangalore. 

VI. Trigononzetrical. The Brahmaputra Series, Meridian 90". ... 
VII. Topograpl~ical. The Survey of Kattywar. . . . 

VIII. Topographical. The Survey of Guzerat. ... 

Described nt poges 
of tile 

IX. Topographical. Himalayan Surveys in Kumaon and Gurhwal. ... 

Report. 

6 

7 

X .  Geodetic. Electro-telegraphic determinations of difference 
of longitude in the parallcl of 13". I 

Appendix. 

3-% 

8-, 

XI. Geodetic. Astronomical detcrminations of latitude. . . . 
XII. Geodetic. The pendulum operations. . . . 

XIII,  Tidal. Determinations of mean-sea level. ... / 26 1 65-a 
XIV. Geographical. Trans-Himalayan explorations. ... 1 29 1 
XV. ConqutCzg Ofice. Examination, final reduction and publication of 

the obscrvations. 

XVI. Cartography. Preparation and publication of various Charts 
and Maps. 



(2.) The operations carried on during tho year under review have pro- 
duced the  follo\ving out-turn of work;-of Yrincil~al Triangulation, wit11 t h e  
great tl~eodolit~es of the  Survey, 98 triangles, covering a n  area of 11,058 square 
lnilt.s, and disposed i n  chains \vllich, if unit,rd, would extend over a direct 
length of 4.16 ~nilvs, and in connection with w l ~ i c l ~  seven astronomical azimuths 
of vt-rilication have brvn mrasured;-of Secondary Triangulation, with smaller 
theodolitc.~, an area of 3,234 square iniles has been closcbly covered wit11 points for 
the topographical surveys, an area of 11,532 square lnilcs has been operated i n  
ptr?.ipass~l with the  principal triangulat,ioii, and in an area. of 7,290 square miles of 
a portion of the Himalayas, wlrich is inhabited by ind(1pendeut tribes, several points 
have bee11 tixed 1v11icI1 will be valuable for preliminary gcograpl~ical require- 
mrn ts  ;-of Topographical Surveying, a n  arrn of 2,7Y 1 square miles has been finally 
complct~~tl  in the  Hiinnlayas, on the scalt: of one inch to the  mile, and a n  area of 
3876 square miles, on the two-inch s c n l ~ ,  i n  portions of tlie Bombay Presidency, 
i n  the  course of which 2,734 linear mil(*s of I)or~ndi~ry and check lines l ~ a v e  been 
tmversi.d;-ant1 of Geodetic Opcrntions, the amplitutlc of the  arc of parallel 
bet\reCn Madras and RInugnlore has I)ec?n dt,terlnined by the  electro-telegraphic 
inethotl, and t l ~ r  pc:nclnlr~ms of t.lie Royal Societ,y and those of the  Itussian Imperial 
A c a d c l ~ ~ y  of Sciencrs have I~een swung a t  five stations. 

( 3 . )  The princi1)nl triangulnlion 11as been esec~rtetl  as usual with the  largest 
t.l~eodolitcs, the nzi~nut~lrnl circles of ~ \ - l ~ i c l ~  11a1.c 
diamet,ers of either 36 inchc~s, or of 2.6 inches. Yrobnble 

Errors oT Oh- 
The  average theoret,ical proba1)lc error of the  
angles, and the average geometrical error, of 
the triangles-tl~e amount by wl~ich  the suln 
of the t,hree ohscrretl angles of each trianglc 
differs from 180' + the  spl~c~roid:~l excrss-are 
shown in t h e  table givrn in  t , l~e margin. I n  
tlie conrse of the operations of the p r r se l~ t  sea- 
son tawo great circuits of triangulat.ion have 
bevn closcd, one forrned 1). the  cllains of h i -  
angl,.s OI I  t l ~ e  ~nc.ritlia~~s of 80" antl 82' and thc 
para l l~~ls  of 18' and 2 I,', thc o t l ~ c r  hy t,he c l~a ins  
on t l ~ r  nirritlinns of 75' nnrl 78' and t l ~ e  paral- 
leis of l:j0 and lSO. A series of t,riannlrs has 
bcrn cr~mnicncc~tl 011 t l ~ e  nieritlian of 72i0, rrnn- 

Q~otnrtricttl  
Er~.o:s of 

nnting Prom the liar;ichi (Rurlnche~,) Longitntlinnl srrics and t,rmding north- 
~vartls, which, wit11 another scrics to  be cxt-cntrd on tlre meridian of 70°, mill 
s~rfficc 1.0 fill t h r  gap \\sllicll at, prcsrnt csists in t,lle t r iar ig~~lat ion of TTrstcrn India. 
T l ~ c  l31.:111111ap11tr:1 Sts~.ic>s. ~r~c\l.i(lian !)On, hns I)~,cbn so far :~tlvanced northwards tha t  
i n  all ~)~,ol)nbilit,v it will IN. conrl,lc-tc~el t l ~ ~ r i n g  the: n r x t  fivltl scsason. 

(I,.) ' l ' l ~ c ?  s t ~ ~ ) ~ l t l : ~ r y  t . r i ; ~ ~ ~ g ~ ~ l i ~ t , i o n  w l ~ i c h  is I~cting carried u p  t h e  Assam 
Vnllry l ~ n s  ni:ltlc very liltle progress, the reasons of ~ v l ~ i c l ~  will be found explained 
iu Scction III. 

( 5 . )  T l ~ e  transit  instrnment,~, clrronogmphs, astronomical clocks and other 
appnrntlts for this Survry-tlre constrr~ct.ion of \\-hicll was commcncrd t r n  years 
ago ill England and Fl,nncr, nndrr  Colonel Stranyr's superintentloncc~, arid has 
bt-c~n rr~portecl on 1)y 11iln fro~ri t,irne to tinic in  various cotnrnnnieations to the 
Royal Society antl t h r  Il,r)pnl Astronomic;~l Societ,y-were rcccivctl in this country 
in  time to permit of t , l~ r i r  I ) e . i r r ~  ~ lsed in  tho prcscnt pear. Thry  wrrc employed 
in t l ~ c ~  tl~btc-r~r~il~at.ior~ of thc. tliIl'(,rr:ncc.s of longit.udr I)c,t.wecii Matlras, Bangnlore and 
3I: ln~alorc hy the  eltsctro-tc,lc%grapl~ic metl~otl. T l ~ c  astl-onon~ical c1rtc:rminations 
of In1 itu~ln were snsprntlt*tl t,o allow of the Officers usually cngnged thereon being 
el~~plo!.tvl on t , l~c  Innait~~tlt:  op'ratinns. 

( 6 )  l 'he p r n t l ~ ~ l ~ ~ n i  olis~~rvntionn M-l~icli wrre comnleneed in the  year 1865 
by Cnpt:riu nncevi, ar~el suspr.ntlt~tl on the  drath of t l ~ a t  Officer in  1871, have been 
rcsulutd ; tlre operations reriiaining to be done in India have been completed ; tlie 
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( 6 )  

pendulums have been taken back to England, and find observations are now 
being made at  Kew, the base station. 

(7.) Much attention has been paid to the requisite measures for the pro- 
tection of the stations of this survey, \vhicli are scattered over all India; it has 
been found that a large proportion of those v~hicli were constructed even at  the 
commencement of the present century arc still forthcoming, though no steps 

a ions appear to have been specially taken to ensure the protcction of any of the st t' 
until the years 1865-66, wllen stringent orders on the subject mcrc issued by the 
Government of India, lists wcrc circulated to the District Officials, and periodical 
reports on the condition of each station mere called for. 

(8.) The final reduction of portions of the triangulation and the publica- 
tion of the Volumcs of the " Account of the 01w.~atio?ts PC., " ~vhich give tho 
results of this laborious operation, have made satisfactory progrcss ; thc pul~lica- 
tion of charts shcwing the preliminary results, whicli arc deduced on the completion 
of each field season's operations, has becn kept  up to date, as has dso that of tlie 
maps mhich are constructed by tlie three Topographical Parties. A second cdition 
of tho map of Torltestan, mhich contains much new information of thc geog- 
raphy of Ccntrd Asia, has been published, as also various other maps mhich will 
be duly described hereafter. 

(9.) During the summer of 1872 I was employed in theIndiaOffice,London, 
in examining the condition of the coppcr plates of the Indian Atlas, and in carrying 
out the requisite measures for the completion of such portions of the Atlas as it 
was considered desirable to have engraved in England rather than in India. Thcsc 
operations have been fully rcportcd on in Mr. Markham's Abstracts of the Reports 
of the Indian surveys, published in 1872 and 1873. I need here only add that a 
portion of my duties in England was to acqnirc sullicient information of the prac- 
tical details of superposing a surface of steel on an en~raved copper plate, by the 
electro-type process, to be able to introduce the method Into this country, for cm- 
ployment in the Surveyor General's Office in Calcutta. The requisite apparatus 
was duly provided in England, and on its arrival in India I proceeded from my 
Head Quarters in Dehra Doon to Calcutta, in order to initiate the process, which 
was soon placed on a satisfactory footing, and is now worked whenever necessary. 

(10.) While in England my attention was drawn to the tidal investigations 
which were being carried on undrr the direction of a Committee of the British 
Association presided over by Sir William Thomson ; I found that it n7as vcry dcsir- 
able that the tidal operations in this country should, when resumed, be conducted in 
a similar manncr, in order to contribute towards thc attainment of a better know- 
ledge of the laws of the tides. MTitli the sanction of the Secretary of State for India 
I made arrangements to procure all the requisite self-registering instruments, and 
to acquire the practical details of tlie reduction of tlie observations by the method 
of harmonic analysis nrl~ich is practised and reconmxnded by the British Associn- 
tion. Thc instruments have been receivcd in this country, thorouglily csamincd, 
and put into good worliing ordcr ; and all the requisite arrnngcments havc bccn 
made for commencing operations by a scries of tidal dctcrminations on the coasts 
of the Gulf of Kutch, mhich will be immccliatcly undertaken. 

(11.) I landed at Bombay on the 31st October 1872, after an a1)scnce of 
nearly two years from India, and on thc follo11-ing day I resunlcd thc direction of 
the Great Trig~nomct~ical Survey, v-hich had been atlministerecl during thc n-hole 
tcrnl of my absence by Major T. G. ItIontgomcrie, R.E., to whom my bcst thanks 
arc due for thc manncr in which he condnctcd thc duties of the Dcpartmcnt, and 
whose scrviccs havc already been ackno~vlcdged by the Government of India and 
the Sccretnry of State. 

(12.) I nonr procecd as usual to report on and give an abstract of the 
operations of thc scvcral Survey Partics and Offices. Further details will be 
found in thc Extracts from the Narrativc Rcports of the Executivc O5ccrs givcn 
in thc appendix, which also contains n papcr of " Notes on the maps of Ccntral 
Asia and Tukestan" which havc becn publishcd in this Office undcr my superin- 
tcndencc. 



( 6 1 
NO. I.-TRIGONOMXTRICAL. 

THE BILLSPUR SERIES, SOUTEIERN SECTION, MERIDIAN 82". 

(13.) The longitudind chain of triangles wliich extends from Bombay to 
Bider and thence to Vizagapatam was completed during the field season of 1871- 
72. I then determined to utilize the opportunity afforded by the presence of Mr. 
Rosse~uode and his party in  the neiglibourhood, to carry a triangulation on the 
meridian of 8Z0, from the saicl longitud~nal scries noithwards, to meet the triangu- 
lation on the same meridian wllicli was being brought down from the Calcutta 
Longitudinal Series by Mr. Keelan, and ~vliicli could be more easily and satisfac- 
torily executed by surveyors already familiar with and located in tlle country, than  
if i t  were conducted continuously from north to south by other surveyors new to  
the ground. 

(14.) Mr. Rossenrode had much difficulty in recruiting his establishment, 
in ~ rov id iuz  ~ack-bullocks-the onlv means 

P s a s o ~ a s ~ .  of >arriage"~vailable in a country Ghich is  
W. ~~~~~~~~d~ E ~ ~ ,  D . ~ ~ .  supClt 3rd Grade. very hilly and intricate and is almost wholly 
Mr H Beverley. Surreyor 1st Orade. devoid of roads-and in obtaining carriers for 
,, F Bell, Sorseyor 3rd ( t~nde.  
,, E. P. Wruon,  Aset. Surveyor 3rd Grnde. his great theodolite ; a panic had seized the 

indigenous 11am:ils or bearers in consequence 
of the mortality which had prevailrcl among them during the operations of the 
preceding field season, and m1.n had to be imported from Hazaribagh who had 
been previously employed by Mr. Rosscnrocle. All the preliminary arrangements 
were liolvever completed in time to permit of the party taking tlie field in the 
middle of November, the earliest date a t  which it is jndic:ious to do so in this re- 
gion of malaria and fevers. After a month's march from Vizagapatam Mr. Rossen- 
rode reached the terminal stations of last season's triangulation wliere his work 
had to commence, and in the three following mont,lrs 11e carried thc final opera- 
tions northwards, a distance of 96 miles, to tlie parallcl of 20" 2$, nrliere they form- 
ed a junction with Mr. Keelan's operations on tlle northern section. Principal 
observations were taken a t  17  stations, forming three polygonal figures which 
covcr an  area of 2,360 square miles. An azimuth of verification was also deter. 
mined by astronomical obscrrations. 

(15.) During the previous field season Mr. Rossenrode had been unable 
to  have a suficient number of secondary points fixed to render his nperations as 
valuable as they sliould be for geogl.ap11ical purposes ; hc llad only tnro assistants 
and mas obliged to elnploy them chiefly in the preliminary oprmtions for the great 
triangulation. During the present season this onlission lias bcen amply rectified, 
and a largc amorlut of secondary triangolation 11ns 1)ren rxecntcd, over an  area of 
upwards of 6,000 square miles, in ~vllieh there arc 83 stations wl~ose position and 
height have been d(,termined, and 203 points fixctl 1)y intersection but not visited. 

(16.) Mr. ltosseurode and his assistants are to be much congratulated on 
tlle satisfactory completion of these arduous operations. The country in mhich 
they mere laboring is one of tllc most malarious and deadly in all India. It mas in 
this region that Colonel Evercst commenced his career as a Trigonometrical Sur- 
veyor, in the year 1616 : a fern montlls afterwards hc was stricken down by jungle 
fever, the most baneful enemy of the operations of tho survey. Half a century 
mas allowed to elapse before the work was resumed; but in 1869-70 Mr. George 
Shelverton mas deputed to take it up ; he too suffered mucli from fever, but he 
remained a t  his post, with a steady persistance and self tlcvotion which, in the 
follo~ring year, cost 11im his life, and lost tlie Govrrnment tlie services of an  able 
and very deserving officer. I n  this last season of tlie operntions, Mr. Rossenrode 
and each of his Ei~ropran assistants and tlic wliolc of t l ~ c  native subordinates and 
camp followers, witl~out a sinqlc cxcrption, snffcrcd ]nor(: or less from fever, but 
fortunately of a lvss virulent typc t l ~ a n  hat1 1)ecn met with to the south, and the 
number of fatal c u e s  was comparatively slight. 



(17.) I n  his Narrative Rcport, Mr. Rosscnrodc givcs an interesting des- 
cription of the Banjkras, tlie class of people by whom the chicf tradc of tlle 
country is conducted, and whose existence appears to bc devoted to purcliasing 
grain in the valleys and plains in tlie intcrior and carrying it to tlie to\jrns on tlie 
sea-coast for sale ; thc roads, or rathcr foot paths, being of the very worst dcscrip- 
tion, passing over r~iggcd hills and tlirough tangled forcsts, t l ~ e  grain lias to be 
transported on pack-bulloclts; ant1 the Banjhra and liis wife and family and all 
his bclongings, travc:l with the bullocks, and havc no other home than theix tents 
and camping grounds. 

(18.) In tlie ensuing field season Mr. Rosscnrode and his party mill be 
employed in Burma, in resuming the operations mhich mere suspended in the year 
1870. 

NO. 11.-TRIGONOMETRICAL. 

THE B I L ~ s P U R  SERIES, NORTHERN SECTION, MEllIDIAN 82.' 

(19.) The principal triangulation mhich mas required to form a junction 
betnrccn the tcr~ninal points of the opera- 

Pxaaonh~isr, tions of tlle previous year in this section of 
H. Koolon Esqr , nepy Supdt 3rd Qrndo. 
M r  L H Clnrhc, Survegor :lrd Ctrndo 

tlie series and tllose of the present year in 
,, J. C. Clsncey, ~ 1 s t .  Surveyor 4th Qrudc. the southern section, has been completed by 

Mr. ICcelan, by observations at ten stations 
forming four q~adrilatcral figures n-liich extcncl over a direct distance of 65 miles 
and cover an area of 680 square miles. A verificntory aximntli llas also bcen de- 
termined by astronomical observations at  one of the principal stations. This 
portion of the nrorlt has been well clone, but in othcr rcspccts tlic pcrforniances of 
the field season arc not as satisfactory; no secondary trim~gnlation nras executed, 
nor mere any attempts made to conncct tlie stations of tlie Topograpliical and 
Revenue Surveys, of which thcre arc scvcral in the ncigliborhood of tlie Trigo- 
nometrical Stations; this work mill have to bc clone before the operations can be 
considered to be complete. Mr. Keclau describes tlic country as tlic wildest tract 
i t  has ever been 1lis lot to work in, covered with forcst and presenting no wcll 
defined points to fix ; his party had been n~atcrially wealtcned by the transfer of 
one of his assistants to otlicr duties ; but as the amount of the principal work 
mhich had to be performed was not very niucl~, I am of opinion that with better 
arrangements and a little morc euterprise the secondary work as well as tho 
primary would have been coniplcted. 

(20.) By the junction of tlie two sections of this chain of triangles, tlie 
circuit formed by the Jabalpur and tho Bilaspur Meridional Series and by the 
Calcutta and the Bider Longitudinal Series, lias bren closed ; its length is abont 
1,130 miles, and the discrepancies at  thc side of junction-as exliibited on the 
completion of the preliminary calculations of tlie triar~gu1ation, ~\~itl iout any correc- 
tion for errors gencratcd in tlic conisso of the circuit-are as follows ; linear, 0'49 of 
a foot in 149h inilcs, which is cqnivaleut to tlic six niilliontli part of the side of 
junction; in latitude 0".28, in longitude 0".02, and in height 20 fcct. 

NO. 111.-TRIGONOMETRICAL. 

TIIE OPERATIONS I N  THE ASSAM VALLEY. 

(21.) Tlle extension of the triang~rlntion into tllc nppcr portion of tlie 
Assam Valley lias long bceu a desidcraturn, in ordcr to couucct the Rcvcnuc Sur- 



vcys of the Sibsdgal* ancl Lakllimpur districts-which mere commcnced several 
years ago-~ith thc general survcy, and also to fix points on the hill ranges lying 
to the north of the vallcy, for tllc elucidation of the geography of regions which 
are at  present inaccessible to E~wopcans, being occupicd by various independent 
hill tribes. Every effort lias been made to pusli on this triangulation aa rapidly 
as possible, but the difficulties met with havc been very great, and the progress 
has bcen far slower than that of any similar operations of this Survey in modern 
times. 

(22.) The difIicultics arise from the following causes. Pi,-st, the whole sur- 
face of the conntry, in thc hills as well as the plains, is covered n~i th  patclies of 
forcst and with dense junglcs of bamboo and long grass ; in every instance more 
or lcss clearance is requircd to render the stations nlutually visible ; when the sta- 
tions can be placed on hill pealts it is only necessary to cut tlie trecs down to the 
level of tlie summit ; but in plains the entire lcngth of line between contiguous 
stations has to be clcared, ancl somc idea of the labor may l)e formed from the fact 
that a single line occupied a party of twenty fivc cutlers tliirty six days to clear; 
if a rainy scason intcrvenes bctween the cutting of a line and tlie final observations, 
a second clearance becomes necessary, as in thcsc regions grass and bamboo jungle 
grows up very rapidly on tllc line during t l ~ c  mine. Seco~~cl ly ,  the country is 
very sparse!y inllabitcd; supplies and laborers have frrquently to be imported 
from a distance, and even 11 here large villages arc met witli the inhabitants can 
only with great difficulty bc induced to rcnrlrr any assistance, though lligllly 
paid for it. T11il-dQ, t l ~ e  most healthy time of the rear for field n-ork is usually 
the least favorable for observations of distant points; the atmosphere is always 
clearest and most transparent iinincdiat,cly after the termination of the rainy 
season, and in the brief pcriod which usually occurs bctween the first showers- 
the chotn bcirsdt-and tllc setting in of t l ~ e  regular rains ; but at  these times mala- 
ria and jungle fever are most rife and tlle country is very deadly, more parti- 
cularly for pcrsons employed in field operations which necessarily entail grcat 
exposure. Wllcn the dry season scts in tlie villagers invariably burn donn the 
grass and bamboo jungle, and then the atmosphere becomes pervaded with smoke, 
wliich hangs like a pall over tlie wl~olc country, and shuts out fromvienr dl 
distant objects and sometimes even near ones ; at these tiines observations become 
impossible, and the surveyors have to be en~ploycd in the preliminary opera- 
tions of selccting and constructing stations aucl clcaring lines. 

(23.) Tlie Assam Series was conlmenced in t l ~ e  season of 1807-68 at the 
stations of the principal triangulation in tlie ncigl~borl~ooil of Gomhatty, by Lieut. 
Larminitb, R. E., mlio was only able to carry it over a distancc of 5G milcs in that 
and tlic following field season. In liis anxiety to push on the work more rapidly 
Licut. Larminic took tlie ficltl, at  the commenccmcnt of thc season of 1869-70, so 
soon after tlie cessation of thc rains that most of his men wcre strickcn down ni th  
fever, and by tlie time they had rrcovered and mcrc fit for work tllc favorn1)lc sea- 
son for observations l~atl passt,d, and t l ~ e  party 11ad to 1)c cmploycd in prc,liminary 
operations for future n ork. 111 1870-71, tllc triangulation was advanced a clircct 
distance of 86 n1iL.s 1,p A1r.W. C. Rosscnrode, tllc bcst season's work yet per- 
formed in tllc caul-sc of tllcsc oprrationq, hut cine in some mcasure to thc prclimi- 
nary operations wl~ ic l~  11ad been l>reviol~sly complctcd by Licut. Larminic. In  the 
follo\ving year Jlr .  IT. G. B(vcrl(,y carricd it 40 milcs further. 

(24.) During thc field season now untlcr rcvirm sevcral points haoc hccn 

P s n s o ~ ~ s ~ .  
fixc~l on tlic hill ranges to tllc north of the 
vallcy, but tllc principal chain of triangles ' BrTrr'Py 8''pt Znd arnde. has 1)rcn advanced a distancc of less than Mr. O A l l n r r ~ ~  A w t .  S ~ ~ r r c j o r  l e t  ,, 

,, \v o u Hit l l~rnn  ,. ,, 1.t ,, tn cnty milts. Tllis is mainly duo to the 
,, J .0  H u g l ~ r ~  ,, ,, 4th ,, circl~~nstancc that political considerations 

necessitated t l ~ e  abondonm~nt of tlie original dosign of carrying the operations 
over the nortl~crn spurs of tllr NAga Hills, for n 11icl1 nrrangcmcnts liad bcrn madc ; 
Mr. Brvcrley 11 as tlicrcforc compellrcl to turn donn into t l ~ r  plains of the Bral~ma- 
putra River, the rcgion of tree-forcsts and densc grass and bamboo jungles, 11 hero 



( 9 1 
every linc has to be opened by laborious clearances. I am sorry to have to add 
tllat much clclay was also causc(1 by an injudicious sclcction of the two stations 
a t  which thc season's opcrations tcr~~linatcd ; tlie indispensable precaution of carry- 
ing a trial line bctmren thcse points before constructing tlrc towers had been neg- 
lected, and ~rrlien the final line came to be cleared a large housc T T ~ S  found standing 
midway between the two stations ; this house was too va1u:lblc to be pulled down 
and tlrereforc the towers llad to bo built up to a considerable height and then high 
platforms had to bc temporarily erected on them for tlie support of tlre lamps and 
heliotropes. Ml this caused much dclay, which mas tile more to be regretted m 
i t  lraPpcncd a t  a time ml~cn tlic atmosph(~re was favorable for observations, before 
the natives had commenced their periodic burnings of the grass jungles. 

( 25 . )  Thc final operations havc now bccn carritd up to points in the vicinity 
of the Dlransiri ltiver, one of thc stations being situated a t  Gola-ghat. Preli- 
minary operations for next field scason have bcen carried up to within seven miles 
of thc town of Sibskgar. Several lligll mounds and ruined tcmples liavc been met 
with, on the left bank of thc Brahmnputra river, which are ltkcly to be made to 
serve as sitcs for stations ; but this will dcpend on ~vlrcther corresponding sites can 
be met with on the long island of Mn,jliili, ~ \ ~ l l i c l ~  stretcl~es from a point a little be- 
low Sibsigar to a point ncar tllr junction of t l ~ c  Dhansiri river with the Bralima- 
putm On that island i t  will be necessary to have five or six stations, only two of 
which have as yet bcen sclccted. Mr. Bcvcrley reports " tha t  Mr. O'Sullivan, who 
was employed in tliis duty, ~vould probably lime completed the selcction had not 
his progrcss being stopped from want of provisions," and t l ~ a t  i t  will be necessary 
next season to carry supplics for mcn ant1 animals in boats from below, and to 
makc such other arrangcnlents as may rcndcr thc surveyors mholly independent 
of local assistance. Hc also states that tliis is thc most difficult portion of the 
triangulation ~vliicli remains to be cxccutcd, and that 1vhc11 thc M:ijhili island has 
been left behind the operations may bc readily advanced into any portion of the  
Upper Assam basin. 

(26.) M c  Beverley reports that the secondary triangulation has completely 
defined the Dufla Hills, n-hicll form the lower range on thc northern side of the 
valley, between the nieridinns of 93" and 94' ; the points laid down mill be useful i n  
thc projected survey opcrntions to dcfinc thc British Boundary. Some pcaks have 
been observed in the snowy rangcs bryond, but as thcy mere only secn on two 
occasions, they cannot yet bc considerccl to be definitely fixed. There is still a 
considerable blank in tlic dctcrlllinations of hill peaks west of 93", which Mr. 
Beverley hopes to be able to fill in a t  the commencement of next field season, 
should the atmosphere be sufficiently clcar to pcrlnit of his seeing thc hill ranges. 

NO. 1V.-TRIGONOMETRICAL. 

TI-IE JODIIPUR SERIES ; hfERIDIAN 7%'". 

(27.) Ground was brolim on this ssrics for the first time during the ficld 
scason under revirnr. I n  tllc p1.crious scasdu Lieutenant ltogcrs had been rnl- 
ploycd in completing the rcvifion of thr  scction of the Great Arc brtmeen the 
basz-lines a t  Bangalorc and a t  Bidvr, after n~hich 11c rct~ti~ncd to Bangalorc to 
spend tllc rcccss scason. H e  had thcrrforc in the first installce to procecd with 
thc grcatrr portion of his party and illstrtu~l~ents by rail from thc centre of the 
Madras l'rrsidcncy, to Ahmcdal~nd, tlic nortllcrnnlost station of the Bombay and 
Bsrodn Rniln-ny, and t,hcn to ~narcll I);(? Dccsn to Erinphra, where lie had arrangcd 
to mcct thc ngcut of thc natirc state of Jodhpkr who had been deputed to attend 
l i i l .  throughout his opcrations. 
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(34.) The recent opcratiolls have becn pcrfomcd hy Ma,jor Bmnflll and 

Prmso~sn~.  Lieutenant hfcCnllag11, who also complctcd 

xrnjor D, Dmnlill,ncpy SupdL, 2nd Grnde, 
a few triangles on the Lollgitudinal Scrics 

LIL , ,~  i\trCo~llsgI~, R R ,  ASS^. ,, 1st ,, the measurement of which had been arrestcd 
BCr 5. \V M~lcl~ell, Asst. Surrcyor 1st ,, 
,, 0 V. NOIIIR, ,, ,, 3rd ,, by a variety of untoward circumstances 
,, c n Pottcr, ,, ,, 31d ,, during the preceding field season. TFThcn the 
E. w. h3eron* 3rd l o  S U ~ V C Y  party commenced operations tliis ycar, 

so large an amount of work had to be performed to forge the remaining links 
tvhich mere required to conncct and complcte the two chains of triangles, that, 
the chances against its being donc in one season wcrc very considerable. The 
work nras almost too much to be finished in the given time, but on the otlicr hand 
it was too little to occupy two ficld seasons profitably. Such instances arc not 
of unfi.cqucnt occurrence in the operations of this Department, and they occasion 
much anxiety; for \\?hen triangulation is complctcd in one part of count1.y i t  
mq-an(1 very generally does-happen that the nearest point a t  wliich ~ I I C  sllr- 
veyors can be profitahly einplogcd is scvcral hundrcd miles distant, ant1 thus a 
great portion of the naturally linlitctl and too short field scason is Liable to bc tle- 
voted to the unrcmunerativc occupation of marelling from one place to anothcr. 

(35.) I n  the present instancc there mas not only a largo amount of mork 
to be done, but the most of i t  lay on thc crests of thc Wcstcrn Ghats in a region ns 
to whicll Lieutenant Trotter had rcportcd-at the close of his operations in 1867- 
that " the progress of the future operations mill now be necessarily slow, t l ~ c  phy- 
" sical features of the country and the bad climate bcing both diificult to ovcbr- 
" come ; the country ovcr which thc principal triangnlation mill pass is very llilly, 
" wild and thinly popnlated, and carriage is only to be procured witli grcat difficulty." 

(36.) The design of the triangulatiolz had bccn laid out some ycars prcvi- 
ously, but there mas reason to fear that this important mork had not becn donc wit11 
suficient circumspection 2nd cam, for two i~lstances had alrcady becn met with in 
which certain of the stations selectcrl wcrc found to bc mutually invisible, \vhcrc~by 
grcat delay was occasioned, for the observatiolls had to be s~lspcndcd until new stn- 
tions liad been selectcd and collstroctcd ; thus this essential portion of tho opera- 
tious required to be carefully examined, which added in  no small measure to thc 
labors of the field scason. 

(37.) IlTarned by past experience of the dclays to which operations in 
Southern India arc liable whcn commcnccd early in thc season, before tlie cessation 
of tlze autumnal rains of tlie north-east monsoon, Major Branfill deputed Licu- 
tenant McCullagh to the northcrnnlost portion of the triangulation, to commcnco 
observations in the district in which the influence of the mollsoon is lcast felt ; tluns 
favorable weather mas secured and the obscrvations of the principal angles were 
carried on continuously without any hindrance. Meanwl~ilc Major Branfill pro- 
ceeded in person to examine the stations alrcady selected, and finding that the 
original plan, if adhered to, mould entail t11e crossing and recrossing of thc ghats 
such a number of times as to causc great dclay, and render i t  impossible to complete 
the operations in thc desired time, he re-modellcd i t  in such a manner as to rcbme- 
dy this clcfcct as far as practicable, aud thus contributed in no small measure to 
thc succcss of thc scason's opcr n t' lons. 

(38.) The out-turn of work is as follows ; 59 angles were mensuretl at 19 
principal stations forming tmo polygollal and two quaclrilntcrd figurcs, wllirll 
cxtend over a direct mcridional distancc of 106 milcs, embrace an  area of 3,:1:30 
srluare milcs and complctc the conuc~ction betwcm the Mangnlorc ineridionnl mltl 
longitudinal series ; the positions and l~cights of 74 secondary stations, and the 
positions of 53 unvisited points, have bccu fixctl. Thesc res~llts arc tho nlorc 
satisfactory in that much of the rnnrching about hail to bc donc on foot, tllc 
roads-or rather foot-paths-being in mmly instnnccs inlpmctica1)lc for horses. 

(39.) Thrcc of the principal stations nc~vly lait1 dow~l  arc tllosc at nhicl1 
astronomical obscrvations for Iatit~tilc had 1)ccn takcn last ycar by Captain Cnlnp- 
bell, and one of thmc-in the ncighbourh~od of 3Iangalore-is thc x~~cstcrn 
cxtrcmity of thc Madras arc of parallcl, tllc mcasurcment of which has becn 



undertaken during the prcsrnt season and which mill be described in section X of 
this report. Au nzimuth of verification was mcasnred by Licatrnant llcCullagh 
a t  one of Captain Campbell's stations to the north, and anotller a t  the same time 
by Major Branfill at  ilIangnlorc, a sccond great theodolite having been sent round 
by steamer from the 3Iatllematical Instrument Department a t  Calcutta for the 
purpose, ~vhich mas returned on the conclusion of the observations. 

(40.) On tlie return of thc party to rccess quarters tlie reduction of the 
principal observations was talren in liand, and i t  mas found that the geodetic 
elements of the triangles from the Bitler basc-line and thc Bombay longitudinal 
series agrec vcry closcly with tllosc of the triangles from the Bangalore base, and 
the Mangnlore longit~ldinal srries ; tho length of tho circuit formed by the 
triangulation is about 1,050 milcs, and tlie discrepancies at  the side of junction 
are as follows ; lincar, O.OG incl~es per mile-or almost exactly the millionth part 
of thc sidc-in latitude O"'07, i n  longitlidc 0".19, in i ~ / . i ~ ~ l ~ t t l ~  3".09, mid in height 
6 feet. These results are a t  present provisional only, but i t  is improbable that 
they will bo materially altered, and they may bc accepted as a satisfactory evidence 
of the accuracy of thc operations, when the length of the circuit of triangulation 
thus completed and closed is taken into consideration. 

NO. V1.-TRIGONOMETRICAL. 

THE BRAHMAPIJTItA SERIES, MERIDIAN 90". 

(41.) The operations on this serics, during the two prcvious field seasons 
1870-72, had bcen entirely restricted to the preliminary morli of selecting sites 
for stations, erecting ton-ers on them, and clmring the intermetliatc lines ; thus 
the field season now undcr rcvicw mas mostly devoted to tllc measurement of the 
principal angles and to secondary 11-ork. 

(42.) Captain Carter took the field at  an  early date, with an establishment 
composed for thc most part of thc surveyors 

P ~ n s o s m ~ .  who had worked with him on the spirit- 
Captain Cnrtcr, R.E., Dcpr~ty Snpdl.?ncl Grndo. leveling operations of the previons as 
Mr. A. W. Donnelly, Surrryor 2nd Grudc. 
,, C. J. Neu~i l l r .*  ,, the surveyors hitlierto employed on the 
,, H. Henly, -4psistnnt S~lrrcpor 4th ~rndc. Bmhmaput,m Scrics had been t,ransferred to 

Nnrring Dnss, Suh-surveyor. 
Arnjad Mi, do. the triangulation in Assaln. He  and all his 

assistants were ncw to tlic ground, but never- * Mr. Nrurillc was on lcnvc or oherncc on medico1 
ccrti6cnlc during the entirc field Se08011. thclcss satisfact,ory progress was made. 

(-13.) At tlic outsctconsiderable delay 
mas occasioncd in cons~qucncc of one of the tonrcrq at  the side of extension 
viously complctcd having bern washcd away by tllc rivcr. A new station had 
tbereforc to be built and connected with tllose behind bcforc any further advance 
could be madc. 16 principal triangles-forming two polygonal figures and the 
greater part of a third-were conlpletcd ; they einbmcc an area of 866 square 
miles, wholly in the plains, and extend over a direct distance of SG miles. 

(44.) This was Captain Carter's first season's performance in principal tri- 
ang-cilation, his n-ork in this Survey having hitherto bren mostly topograpl~ical-in 
Kashmir and Ladak, and in Kumaon and Garhn~al-and geographical, as when ha 
served with the Abyssinian expedition and on tlie Yeshawar frontier. He was 
milch let and hindcred by unfavorable atmosplieric conditions throughout almost 
the entire field scason ; d ~ ~ r i n g  the mornings for several hours after sunrise the 
country in which lie was working aras covered with a dense fog of mists and ex- 
halations ; in the cvcnings this mas snccec~d~~d by the smoke of the village fires 
which werc generally impenetrable to the lights of the signal lamps ; thus obser- 
vetious during the night, nrhicli is usually thc most favorable time of all for them, 
were rarely practicable, nnd as a rulc they could only LC takcn during a few hours 



bcfore sun-set to heliotropes ; towards the end of March cvcn the light reflcctcd from 
heliotropes could not penetrate the dense smoke then caused by the burning of the 
grass and rice-stubble which is always done a t  that timc of the year. T l ~ e  only 
chanco then remaining of being able to prosecute the observations was in gctting 
a fall of rain to clear the atmosphere; but this year little rain fell up to thc end 
of April, by which time tlle whole party was more or less prostrated by fcvcr and 
over-excrtion. Thus Captain Carter was reluctantly obliged to close work bcfore 
he had completed his last polygon, but he succeeded in carrying the operations up 
to a point su5ciently near the terminus of the series to render i t  highly probable 
that the triangulation will be completed during the ensuing field season. 

(45.) A series of secondary triangles was carried eastwards from the prin- 
cipal scrics to fix the town of Mymensingh. 

NO. VII-TOPOGRAPHICAL. 

THE SURVEY OF KATTYWAR. 

(46.) The operations of this survey have made very good progress, an  area 
of 2,642 square miles having been topographi- 

PE~BONNEL. cally surveyed, and an area of 2,680 square 
~~~;~;~x;,'r~~~P~;;P~~~j",p",'~~",'P~~f,","~~; miles triangulated in advance for the work 

capt. A. Pullan, s.c., org., 117. supdt. 3rd Qrade. of next year. This large out-turn is due in  
J. McOill Eaqr., Aeoiatnnt Yuperinteudent. 
Mr. B. R all Surveyor 4th Grade. some measure to the circumstance that thc 
,, J. \Soak ditto 4th ,, topographical operations lay chicfly in the  
,, N. C. G v n n e ,  Aalietant SurveYor 1st Omda, portions of Jhdamar, i n  a bare ,, T. Rcodall, ditto 1s t  ,, 
,, E. wyatt. ditto 2nd ,, and sterile country which is bordered on the  
,, W. Fielding, ditto north by the Runn of Kutch, and prescnts 

Native Surucyorr. few features for survey as compared with tlie 
Vimji Rogonnth, Oorindji Mahala, Nsrsu Dinknr rich districts to the south. 740 miles of Ta- 

and noron others. luka boundary lines have been traversed with 
the theodolite and chain, as well as 409 miles of lines to check the detail work of 
the plane-tablers. 

(47.) The topography of the eastern half of the province has now been 
nearly completed, the operations having been advanced westwards to within a 
short distance of Rajkote, the chief town in the province. Of this town a survey 
mill be made, on the scale of 12 inches to the mile, during thc ensuing field season. 
When the operations of the general survey reach the shores of the Gulf of Cutcl~, 
every effort will be made to connect them with the survey of that Gulf wliich was 
made By Lieutenant Taylor, I. N. ; the original maps of the survey have been lost, 
hut Lieutenant Taylor liad fortunately retained copies for his own use, and litho- 
graphs of these have been made in England and sent oat to this country. 

(48.) Shortly before the termination of the field season Captain Trotter 
mas withdrawn fisom thc charge of t l ~ e  operations, and his scrvices were placed a t  
the disposal of the Foreign Department, with a view to his joining the mission 
which is about to be sent by the Government of India to the Atalik Ghazi, the 
present R,uler of Eastern Turkestan. 

(49.) The boundary traverse lines have all been reduced and found to 
stand the usual tests in a satisfactory manner; there are fourteen circuits n.llose 
nnit,ed lengths amount to 149 miles, and which close with an average error of 0.49 
per 1,000, and there are forty-five t,raverses betmeen trigononletrical stations, t l ~ e  
united lengths of wldch amount to 690 miles, and whose average difference from 
tlie correspouding trigonometricd values is 1.04 per 1,000 ; the grcater discrepan- 
cy in the second instance is clearly due to a slight, but practicdly unimportant 
error in the unit of length of the measuring chains as compared with that of the 
triangulation. 



(to.) Tho opcmtions of the year havc bccnrcportcd on by Captain PliIlan ; 
bnt Captain Trotter has furnished some interesting mcmornnda-which will bc 
found a t  page 27-J of the appendix-descriptive of the aspcct of the country sur- 
vcyed and of tbc atljoining portion of the l lunn of Cutc11 ; also of thc salt ~ ro rks  
rcccnt,ly cstablishcd by the 13ritish Government in the ncighl~ourl~ood of t l ~ e  E u m ,  
a t  L'atri, nrhich placc has been connected with thc Bombay and Uaroda linc of 
mil~vay, by a branch line from the station of VkamgSm. 

NO. VIII-TOPOGRAPHICAL. 

THE SURVEY OF GUZERAT. 

(51.) Thc opcrations of this survcy, during thc prcscnt year, clnbmce thc 

P ~ S O X N E L .  
topograpl~y of portions of tllc ICnira collecto- 
rate, thc \rhole of the l'it,liirl i\Cal~al of tho 

3lnjol.C. T. Hnir., R.E.. OK::.. Dg. S1lp11t. l e t  ornde. 
C I I ~ I ~ ~ I I  ,\. Pui lnn ,  s.c.,  AS^^. I)O. 1st ,. territory of the Gaik~var of Barotla, ant1 llcarly 
JI~. A. I)'%,IIz:I, ~ t ~ r v c j o r  2nd ,, the wl~ole of the Cambay territory. Tllc area 
,, A. Cl~rcslie, ,\sqt. S I I I T C ~ ~  1st ,, 
,, C. 11. A I V L U ~ ~ C ,  dil to 1st ,, finally completed was 1,175 square miles, in 
,, K. ,I. Cu~~~lor, ditlo 211d ,, addition to which an  area of 791 sqnnrc , J I i c k i  clitto 
,. 0. I). C I I P ~ O ~ ,  d ~ t t o  3rd ,, miles \\,as triangulated, and 773 linear illiles 
,, Q. T. Unli, ditto 4th ,, of traverses n-ere cxecutcd in advance for 

Su~-Ssi .v~qors .  future topographical operations. 
O O I ~ I  ~ i s h n u  nnd cir~it  ot~lers. (52.) When this survey of Guzerat 

Rerentre Surreyorr. mas C O ~ I ~ C ~ C C ~  I had reason tb hopc that  

Mr. A. DnlzcU, Asst. Sopdt. nnd 4 Noiive Surve~.ors. 
much of the work of the claboratc Iicvcnnc 
Surveys of the British portions of thc Pro- 

vincc might 11c corn1,incd with it, so as t d  permit of the constr~ct~ion of n good 
topograpl~ical map on a scale considerably larger than that  of the stantlard scalc- 
onc incli to .the mile= ,&"-of the Indian Topograpliical Surveys. Captain Nas- 
myth, mllo had been dcpl~trtl to examine the revrnuc maps, hat1 repol-tcd "tllat 
" thry contained a variety of details n~liich will suffice for ordinary cnginccring 
" rc.q~lirerncnts in tllc laying out of railways, tm~i~roads  mzd canals for irrigation, 
" suc l~  as tlic growing necessities of this fruitful provincc are evermore urgcntly 
" demanding." Subsrqnently I~o~vever, w11en the practical test of qoing over t11c 
ground and dctcrminili; the true distanccs 1)ctmren tllr boundary pillars of thc 
villages and otllcr obligatory points was applied, by t l ~ c  opwntions of' this survcy, 
1:u-g(: discrt~pa~icics wcrc met wit11 in so many instancrs as to crcntc an iuiprrs- 
siorl-on t l ~ e  part of tllc Esccutivc Oificers-that the rcvcbnne niapq \\(-I.(, not to 
bc rc4icd on for topoqrnpl~ical purposes, and tllat any attrnipt to utilize tlwm 
w o ~ ~ l d  bc more laborious, in the long run, than to makc a new survcy of thc 
entire provincr. 

(63.) n u t  in India topogmphicnl survrps arc invariably rxecntcd 11s thc 
mrtllotl of plane-tabling on a basis of points iixc~tl 11y triangulation or tmvcrscs, 
and not by the ortlii~ary land-s~~rvcqor'e mctl~od of cl~ain mcas~rrc~lnmt\. lpor 
slulTcys on small scnlcs, plane-tal~ling sufic-rs atl~nirnl)ly, and i t  is 1111q111,stion- 
al)ly tllr 1)cst mctl~od that c o ~ ~ l t l  Ilavc l ~ c r n  tlcviac~d for tllc. prcliminnry or first 
s111.vt.y of Indin; it is pnrticularly \v(,11 suited for t l ~ c  tlt~linc~ation of IInnood1.11 
11ill tracts and 1)rolirn grolintl ; it, is morcwvclr atlrnirnl~ly at1nptc.d for sllrvrys of 
Nntirc. States nlric.11 clo not ~ ~ c c d  to be very c~lal~orntc~lg c ~ c ~ , ~ ~ t c ~ d ,  for i t  may bc 
rarrirtl on ~r i thout  rnlg chain-nicaq~~rcrnci~tq, oprratioiis n l~ic-11 are 11:11)Ic~ to c:~uso 
c.on\itlcrnblr su\pic.ion ant1 alarnl in tho mntivr n~ind.  T3ut J nnl of opinion tli:~t it  
j, v ~ r y  ill adaptrd for tlic \11r1 c y  of sncll a caol~ntry aq Uuxc>l.:~t, I\ 11ic-11 i~ n riel1 n ~ ~ d  
f~trtil(* plain rovc~rc~tl n it11 trrcs and hnl)itatior~q, 311d wit11 11u1ncbro11s l l i~ l i  cmclo- 
surc,q T\ 11ir.h rut  off the view in all dircctions, ant1 ornl~m.).ass oprmtions I\ l l i r l~ r:n1 
only l ~ c  ca~- r i~d  ou ~:lLi\l'i\ctorily 11 hell t11c 511r\ CJ or ib ; I ~ L c  to see t111.c~ or four of 



I1is nm,rolmrling fixcd points. i\Iorcovcr t l ~ c  proccss of l~lnnc-tal~linfi is not 
sllsccptiblc of bcing indcpcndently clicckcd and vcrified in as snt,isfactory a 
maullcr as that of cllnill rucasurcmcnt, and consctll~cntly lnucll l ~ a s  to bc t r~~s lc t l  
to the skill nntl integrity of thc surveyor. Auothcr objection-an11 onc oS t l ~ c  

of all-is that thcrc is no numerical record of the angul :~~.  mld linear 
tlctcrmillntions, suc l~  as mould facilitate rcfc?renccs to clcnr up displ~tc~tl points as 
to boundaries and other niattcrs, or to permit of t l ~ o  ~\.orIc being ~ l l n ~ ~ ~ c d  on a 
largcr lrllenover it 111ay b!: dcsirnble to do so ; thus bcforc an cnlur~ctl  map coultl 

constpLlctcd i t  nroultl be neccssnry to rnalcc a ncw survcy of all t l ~ o  dctnils of 
tllc ground, and only the triangulatiou and traverses on wl~ich the first sullrcy 
was bssctl would bc avnilnblc for the sccond. 

(5.i.) For thrse rcasons, and because geographical inaps of Guacrat arc 
already available, ml~ich-t,hongh nlucli inferior to the preliminary nlnps of tllo 
Snrvcy Depnrtmcnt-llave for many ycnrs I~ecu madc to sufficc for gcnc~rnl pur- 
poses, it  is obvious thab thc prescnt topographical snrvcy of G~~zc rn t  sl~ol~lt l  1)c so 
oonductcd as to fornisll innps of greater gcncrnl utility thnn tho standnrtl prclimi- 
nary maps of t!lc Dcpnrtmcnt. This can only be accomplished by snpplclucnt,ing 
tllc triangnlition and tllc trsvcrses on ml~icli thc sul)scquent work is based I)y a 
considerable nmo~ult of accurnte chain mcasarement of thc dctnils of the ground, 
and thcn colamcncing the plane-tabling, which \voold thus bccomc rntlicr a n  
csallli~lation of thc prcvioos ~vorlc nud the lllcnns of givina t l ~ c  finishing tonclics, 
than what it now is-the sole ~ucnns of acquiring all t l ~ c  dotails. 

( 55 . )  But t l ~ c  prcscnt organization of Topogmpl~icnl Survey Parties is not 
wcll ailnptcd for op~rnt~ions ~vl~ic l l  involvc thc Inhorious ant1 slo\v process of cllnill 
n1c:asuring; it co~isists of a lliglily paiil staff of s u r ~ c j ~ o ~ ~ s - ~ n o ~ t l y  E~ropcans- 
\vllo arc sliillcd in the nsc of the tllcodolitc and thc plnnc-tablc, mid ninny or 
mllolu posscss consitlel-:rble artistic skill in t.lle dcli~lcatiou of thc fcnturcs or the 
ground, an operation for .cvhich European agcncy is a l \~nys  dcsiral)lc, as nntivc,s 
of this country arc rarely nlet with \\rho can do it nrcll. ~Iorcovcr it is not. dosiral)lo 
to employ nativcs in positions in ~vllicli thcy nlust bc trusted and yct cannot he vcry 
closcly supcrviscd without going tllrongli cxmninations \\*hicll are almost as lal~o- 
rious as the original operations. Conseq~~cntly ns a rule t l~erc  are very fen. nat,i\-c 
survcyo1.s in the cstal)lisl~rnent of a topogral~liicnl part.!.. But chain measuring 
is a ~WOCCSS ~ v l ~ i c h  natiycs can be readily taught to esccntc \vit,l~ all t l ~ c  rcq~lisito 
ncclwncy and 1v11ich can bc matlc sclf-vrrificntory, and on ~vllich i t  is tllcrrforc not 
dcsirnblc to cnlploy a I ~ i g l ~ l y  paid staff of Europeans. Conscqucnlly a lnrgc increase: 
in the proportion of the native to the El~ropcan clcmcnt would I~nvc to I)e mxdc 
bt:fore a topogmpllica'l party would bc in n 11osit)ion to und~rt~nltc opcmtiolls 
~vliich iilvolve considcrnl~lo.atltlit~io~~al labor, \ r i t l~o l~ l  causing n matcrinl il~crcns~: 
in tllc cost of tlic Survcy, as incasurcd by t l ~ c  relation bctwcc~l lllc actual out- 
lay and t,llc area snrvcycd. 

(6'3.) Bat as nu  changcs of organization tnkc solnc tinic to carry out., i t  
mill bc cvitlcllt tllnt tlic only prospect of ol)taining a more tlctailcd nut1 cbla1~ol~ntc 
survcy of Gnzcrat than t l ~ c  stnntlnrd prc1irnillnr.v sL1rvc.y of o t l~cr  parts of Intlin, 
by nlcans or tlic nzcncy ml~icll was nvailnblc for tllc pllrposc., lay in c o 1 1 1 1 , i ~ ~ i ~ ~ ~  
\vit,h tlln t,npn;r:~pl~ic::ll. opcrnlions tllc rc.s~llts of t,llt! estc~lsivc m:!nsurclncllts of 
nlinutc dc:l.nils \vl~inll 11nd : ~ l r ~ : ~ r l p  IIC:CI~ rxoc~lt(\d l ~ y  t11c r,:tr(?ll11~? SL1rVllJrOrS. 1 t  is 
~ X I U :  tlln,t t,llos(! 11'lr~:l.;llrc'ulc~11ks Ilntl uot I I C ( : ~  pc~l*formc(l \\ritll ally prt.t,onsic)lls t o  a 
11igll ortlcr oP nccLlrncy; tllc itlca of contlacl,inq t,l~cln in sac11 a m:uulcr nq t;o ~ ( ' r y c  
the: p~wposc of a g.:lloml survey 11:l.d II!TII tlisc~~ssctl a t  1-hc outsc:t nnll (lt~lillc:ratc~ly 
st:t nsitl(,, on t l ~ c  gro~~nt ls  that t l ~ c  [loin= so would i~npcril 111~: sucoctss of I 1 1 1 -  [innn- 
cia1 opc:r:tt,ions, wl~ic:ll wcro doc:~nr!tl of grc,ntcst iml)ort,:tncc~. TIllls i l  1 1 , 1 ( 1  corn(: 
to pws t l ~ : ~ t  c!ncll vi1l:qc 11:~tl 1)c:cn survoyctl and rn:lpp(:tl srl~:~rntoly, \ \ - i f  l lorl t .  ally 
nttcrnpt to lnnlic a sysl:cmntic conncct,io~~ ol' t l ~ c  several s,lrv(xys, ,rllic.l ,\.,.,.,; cOll- 

s c ~ q ~ m ~ l l y  isol:ltrc:tl. Ncvcrlhclcss n co~~sitlc~~al)lc amoluit of ~ i l i ~ ~ t , ~ :  detail I I : ~ ( ~  I,ccrl 
nlc~:x~arc~tl, ant1 in many places wit11 oo~i.;itlrml)lo cnro; tl~c: l,riIlcipnl nlnrlis to 
Wlli(:ll t,ll(\ mC3Slll'c?S l l ~ t l  11~?1?11 l'cf~~rrec~ \\rCP(? stmill in n~istoucr, :tutl tllcir l)osit,iolls 
coulcl bc lircd by tllc ol~cmtions of the topographical sllrveyors ; and tllLLs a corn- 



bination could bc effected which might reasonably be expected to give a much larger 
a~nouut of minute detail, and more accurate results, than mere plane-tabling over 
ground wliich is pre-eminently unsuited for such a system of survey. 

(57.) The first attempts which were made to incorporate the revenue 
survey details failed, apparently for two seasons; Jirst, the original marks which 
were lixcd by the topographical surveyors were so few that the intermediate details 
had to bc fitted in by combining several of the village maps together, and i t  was 
found that this could not be done satisfactorily ; and seco~adly, the marks which 
were selected to be fixed were almost invariably situated on the exterior bounda- 
rics of the village lands and rarely in the interior, whereas-for reasons which 
will now be explained-the interior marks would have been best adapted for the 
purpose. I n  the Bombay Revenue Surveys a system of operation has been fol- 
lowed which is diametrically opposite to that of the corresponding surveys in 
Bengsl ; one or more so-called ' base lincs ' are always measured in the interior of 
the village lands, in the first instance, and all subsequent measures are referred to 
tliese lines by off-sets; whereas in Bengal theperiphery of the village is first surveyed, 
and all the interior details are subsoquently referred to it. The Bombay system 
necessarily gives greatest accuracy in the central portions and least on the exterior 
boundary lines of the villages, while the converse is the case with the Bengal 
system; the former is unsuited, per ae, for effecting a combination of tlie village 
maps into a general map, whereas the latter is peculiarly well adapted for this 
purpose, and i t  is mainly owing to this circumstance that the revenue operations 
in Bengal have been so valuable for topographical purposes, while in Bombay 
every attempt to construct general maps from the revenue materials has hitherto 
faded altogether or met with very qualified success. 

(68.) Immediately after my return to India I proceeded to Poona-where 
the Offices of the Guzerat and Kattywar Survey parties are established during 
the recess-with the object of inspecting the operations, and more particularly 
of ascertaining what had been or could be done towards utilizing the revenue 
survey materials. I found that little had been done hitherto, but that Major 
IIaig was fully alive to the importance of the measure and much more sanguine 
ns to its feasibility than any of his predecessors l i d  been. I llad consultations 
with Colonels Francis and Prescott, under whose superintendence the Revenue 
Surveys liad been carried out, the details of which I wished to combine with thc 
topographical operations. Eventually the conclusion was arrived a t  that in order 
to olFect a satisfactory combination i t  would be necessary for Major IIaig to bo 
supplied with all the data of tlie revenue survey measurements, as given in the 
original field books, in addition to tlie lithographed village maps which had hitherto 
bcen tlie only materials available for the purpose. This however would nccrssitate 
a crrtain amount of co-operation on the part of the revenue surveyors with thoso 
of this survey, for the field books had been prepared in a manner wliich was 
intelligible only to persons familiar with the details of the operations and not to 
any onc else; and they wero written in tlie Guzerati language, not in English, 
tlie language in which all tlie records of this survey are kept; thus i t  was obvious- 
ly desirable that a few of the revenue surveyors should be attaclled to the 
topograpllical survcy, and placed at Major Haig's disposal, in order to c,nable llim 
to reap tllc full benefits of the work wliicli had been already done and to effect 
the requisite cnrnl~ination with his own work. 

(59 ) I n  the mnntl~ of January a memorandum mm drawn up, conjointly 
by Colonel Prrscott and Mn,jor Haig, on the steps to he taken for detaching an 
officer and one of the native eshhlisl~ments of the Revenue Survey from their 
ordinary duties, and placing them at Major Haig's disposal. Tlie said native 
~stablishments are usually comprised of surveyors only, and not of cllnin and 
flag-men or othrr untlcrlingq, for the services of sue11 men are usually provided 
gr.ulie by the villayes in wllicli the fiscal opcrations are being carrictl on. But in 
tlle opcrations of the professional survey these men are paid for by the Govern- 
ment, and their wages form a considerable portion of the cost of tlie survey. Tllc 
sanctioned cost of a revenue native establishment is Rs. 600 per mcnscm, and 





no longcr, to othcr ground mlicro thcy can bc advantageously cmployed. It is 
further inconvenient in  retarcling tlie completion of the maps, and preventing the 
publication of the successive shccts in continuous ordcr, as is generally done in 
other surveys. 

(63.) Dnring thc  ycar an area of 2,734 square milcs lias bcen topographi- 
cally surveyed on the scale of one inch to the mile, and 363 square miles \Vera 
triangulntcd in atlvance for futurc opcrations. This is a larger out-turn of work 
for tlie n u m l ~ r r  of pcrsons engaged than I am altogether prcparcd to welcome; 
for maay diilicultic~s and clra~vbncks mere mct with. I n  tlie higher ranges the 
mintcr sct in unusnnlly cwly and n~ i th  exceptional sevcrity, and elsewhere there 
was nlncli fog ant1 mill ; thc health of tlie surveyors mas not good, three of them 
breaking do~vn nltogctlicr ; nucl labor was vcry scarce and diflicult to procure, in 
tlic Uhlibar more particnlnrlp, wl~crc cholera n7as rife among the inhabitants, who 
mcrc lraving tlicir lio~ncs panic-striclien. On the9 other hand a consiclerable por- 
tion of the area topngraphicnlly sarveyed is a t  a n  altitude ranging from 10,000 
to 26,000 feet abovc the sea level, I\-licrc thc opcrations merc necessarily restricted 
to slietcl~ing thc principal fcatnrcs of tllc country without any attempt to obtain 
great accuracy or much nlinutilc of dctnil, and thc survey coulcl be carricd on with 
considcmblc rapidity. Licutcnnnt Hill csnmincd a considerable portion of tlie 
work ~vliicli has been done, and his report of the performances of the several sur- 
veyors is ycncrnlly most satisfactory. 

(GA.) Licutcnxnt Uill lias appcnded to his report an  intcrcsting table 
showing tlie avcrnqe ratc of work pel- tliell~, in square miles, in diffcrcnt portions 
of the district undcr survcy. H e  finds tlint in the  higlicr raugcs, where the opera- 
tions partalic of tlie nature of a reconnoisance, from 9 to 11 squarc miles were 
surrcycd daily; but tliat in the modcrntrly high ground of thc Sub-Uimalayas 
t l ~ c  rate \\-as about 3 squarc miles ; in all tlic instances from trl~ich tlicse calcula- 
tions mcro made, tlic ground 11atl bccn triangulated bcforc hand and points fixed 
for t l ~ c  plane-table slcetching of tlic topogmpl~ical surveyors, ~vllosc rapidity of 
prngrcss aud accuracy of dclincation is greatly dependent on t l ~ c  number of points 
pruvionsly lnirl do\vn for them on thc ground, and projccted on thcir planc-table 
shccts, bcforc thcy commence operations. 

- 

NO. X.-GEODETIC. 

ELECTRO-TELEGRilPHIC DETER3IINATIONS OF DIFFEItENCES OF LONCI- 
TIIDE, ON 'I'IIE l'iiltXLLI?L OF 13". 

( 6 . )  All grcnt nntion:ll survry5 linvc, for lnnl~p ycars pn\t, hcrn nindc to 
contribute data for tlic dutcr~ninntion of tlic fiqurc of t l ~ c  cart11 ; liitllrrto tllrsc 
data llavc mainly consiztctl of rncosarcmcnts of tllc distances I)rt\\-ecn snccc~ssivc 
points situntcd or1 or ncar n common meridian, and of tlic astrononiicnl arcs of 
amplitude b . t n e ~ n  tllesc point.;; i t  is only of late years that nttcvnpts l~avc bccn 
made to obtain corrcsponrliilg tlata from nicasurci~lcnt.; of t l ~ c  distnnccs l)ct\vcen 
points situated on a comnlon parallel of lntitudc, and of tllc astrononiical arcs of 
amplitude bctwcen them. Tllc rc>ason of tliis is that thc required astronomicnl 
data arc vcry rcailily obtained in the cnsc of lncridional arcs, I)g tlctcrmining thc 
k t i t u d e ~  of tlie geodetic points, ~ v l ~ i c h  is onc of tllc simplest problcms of practical 
astronotny; but on arcs of pamll1.1 longitudes arc required instc,nd of latitutlcs, 
and the astronomical dctcrrni~iation of an  n1)solutc longitnclc-n-itl~i~i tlic rcquisito 
limits of prccision-is well niq11 in~prnctical)lc, and i t  could only bc nccornplislicd 
by observntions cxtc.ntling ovcrvrry lony pcriotls, with most rxl)cnsive and clnbo- 
rate instruments. Dill'crcntial opcrations liarc tllercforc been rrsortrd to instcad 
of absolutc determinations; tllc cl~ronomctric mcthod of dcducing diffcrcnccs 
of longitude has been Gcqucntly cmployed, and with vcry valuable results 
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rnhcrcver it has bccn prscticablc to cmploy a largc number of chronorncters, and 
to transmit them backwards and fornrards rcpratcdly by sea;  but on land this 
rncthod is not satisfactory bccausc of tlic jolting to which the clironometcrs are 
more or less subjcctcd in transport from station to station, and mhicli ncccssarily 
tends to altcr thcir ratc and atfcct their pcrformanccs. When liowevcr places 
arc connected telcgmphically, tlicir differences of longitudc can bc dctermincd 

great precision ; and thus of late years advantage has bcen takcn of tllc nets 
of overspread largc portions of Europc and of America, to determine 
ditfcrcnccs of longitudc mith thc aid thus afforded. I n  Anlcrica tllcse opcrations 
wc1.e required for gc~ographical purposcs only ; but in Europe, which is covered 
with a net of triangulation of mliich thcrc is as yct no counterpart bcyond the 
Atlantic, and which amply sufficcs for googmphical purposcs, thcir cliief intcrest 
lay in thcir valuc for gcodctic investigations, and thcy mcrc undertaken mainly 
with the object of throwing light on thc figure of the rarth. 

(66.) Exactly elcvcu ycars ago I obtaincd thc sauction of tlic Sccrctary of 
State and thc Govcrnmcut of India to a rcconlnlcnilation wliicll I llad s~tblnitted 
sometime prcviouslg that a sct of first class instr~ul~ucnts, mith all tlic latcst 
improvements, should bc constructed in Europe and scut out licrc to be used for 
geodetic opcrations in connection mith thc trinny~llation of this survcy and tlie 
Government lincs of telegraph. I n  thc year 1863 Colonel Strange was appointrd 
by the Secretary of State to design and superintend thc construction of the 
requisite instruments, or to procure such instruments as had already been construct- 
ed and wcrc s~litablc for tlie p~lrposc. 

(67.) I n  1871-72, thc fo l lo~ ing  instrnments mcrc rcceivcd in this country; 
two transit inst~umcnts of 5 inches efTective al~erturc and 5 feet focal length, 
designcd by Coloncl Strange and constructcd by RIessrs. Cooke and Sons of York ; 
two astronomical cloclis, by tlic Mcssrs. Frodsham of London ; two clironograpIls 
designed by Mr. Foucault and constructcd in Paris by Rlessrs. Secrctan and 
Hardy ; also various rclays, batteries and otlicr clcctrical appamtus. 

(68.) I dctermincd to employ tlicse instrunients, in tlic first instance, on 
thc arc of parallel which crosscs the southern peains~da iu latitndc 13", and 
extcnds from Madras on tllc cast to i\Iangalorc on t l ~ e  west const, passing tllrouRh 
Bangalorc about mid\\,ay. Tllcrc arc telegrapli stations at encli of tllcsc places, and 
great facilities for co~n~nunication bctwecn tllcm, Iladrns bttinq connc,cted wit11 
Bangalore by a direct lilic of railroad, and with IIangniorc by tlic railrontl to tile 
port of Bcyporc on the west coast, bctnrccn \vliicIi and the port of R I a ~ ~ ~ l o ~ . ~  
stcamcrs are constantly plyin:. Tllcsc mcrc very importaut atlmntnqcs to secure 
a t  the cornmeucemcnt of operations thc carly stages of ml~ich mould ncccssarily 
bc of n tentative and experi~ncntal natare, for cvcry thing linrl to bc learut of tllc 
enpnl~ilities of the instr~uncnts and tlic tclcgraphic liiics by ~vl~ic l l  t l ~ c  stations of 
01)scrvntions moi~ld bc conuectcd, and thus it \\-as most dcsirn1)lc that thc oprrntors 
sllould bc ablc to mcct cach othcr rcadilg, to discuss and claboratc their pro- 
rammc of oprmtions, and also to comparc tlicir pcrsollnl c8cluations. 

(69.) T l ~ c  arc of parallcl xvhich mas sclected, for thc prc,ccding reasons, as 
that on \vliicll to commc~~cc thc clcctro-tclcgrapl~ic clcterminatio~~~ of longito(lcs, is 
morcovcr of l>ccnliar intcrcst in that i t  is situntcd mucli ncarc.r to tllc equator 
than any similar arc ~vllicll has yct bcen mcasllrrd in any part of thc glolIc, or is 
lilicly to bc mc~a<nrcd for many ycnrs to coluc, for suc11 opcmtions  nus st nccc~ssnrily 
b(, rrstrictod to E11ropr and India unlil ot l~cr regions ha\-c been trigonolllctric?lly 
survcycd as they Ilavo bccn. Tho arc Inay be dee~ucd n short onc, anil trrminntlng 
as i t  t1oc.s nt 1)olli cntls on occans it is o1)viously incapnblc of cstcnsion; yet its I(-ngtll 
is Go 21' 12" or about 3GL milcs, which is 11y no lncans i l~signifira~~t,  tllougll i t  is 
srn:~ll in co~npnrison with tllc lciigtl~s of tlic arcs rrl~icll ~vill 1jc n1cnslIrctl llcre- 
after ill Ccntr:rl and Nortllcr~l India. Morcovcr it n7ns on this arc of pnmall(~l 
Colonel Lnnll)lo~l first endcavorcd, in thr  ycnrs 1802-5, to tlctcrlllinc t,llc length 
of a dcgrcc of lonfiitutlc 1)y t11c nlctIiod of observing astrollolnicnl lntitutlcs 
ant1 nxilnutlls of a sc~rios of reciprocating stations along it, a mctllod ll,]ticll-tllollKh 
ill adapted to low IntiLudcs-was thc only onc thcn fcaiblc for h b  to employ. 



Thus it mill be seon that circumstances have necessitatcrl thc sclcction of tllc sanlc 
parallel of latitude for the commencement of the determination of longitudinal 
arcs, by the modcrn electro-telegraphic method, that mas chosen a t  thc commence. 
ment of the present century by Colonel Lambton for his corresponding iuvestiga. 
tions. 

(70.) When the requisite instruments arrived in this co~ultry thcy mere 
forwardcd to Bangalore, where Captain J. Herschel, R.E., and Captain TIT .  31. Camp- 
bell, R.E., were quartered. As both thcse o5cers had becn employed for scvcral 
ycars in astronomical operations, and Captain Campbell had spent several months 
in tlie office of the India Store Department in London, in assisting Coloncl Strange 
to examine the instruments on their receipt from the makers, I selectcd them to 
carry out the operations, and I have every reason to be gratiiicd with the man- 
ncr in which they have accomplished the duty assigned to them. 

(71.) They commenced proceedings by setting up the two sets of instn,. 
ments a t  a distance of about fifty fect apart, 

PEUSONNEL. in the compound of a house a t  Bangalore, 
copt a. nrrsrllcl, R.E., DOPY. supdt. 2nd Qrnde. to test their performances, and a t  tlic samc 
,, W. M. Caulpbt41, R E . ,, 3rd ,, 

Mr. G. B c l c h ~ m ,   AS^. Surveyor, 
lat ,, time to acquire a practical familiarity wit11 

,, J. ~ o n a ,  ,, 2nd ,, their manipulation; this work occupied ncarly 
two months of the field scason. I n  January 

the instruments were dismantled and removed ; one set mas taken to thc north tho 
other to the south end of the base-line which had been measurcd in thc vicinity of 
Bangalorc in the year 1868 ; a temporary telegraph line had becn previously erect- 
ed to connect the ends of the base, the length of which is ncarly 7 miles ; thus 
an opportunity was afforded of taking observations at  stations sufficiently rcmote 
from each othcr to present di5cultics similar to-though not quite so grcat as- 
thosc which would eventually be met with on long lines, but yct closc enough to 
permit the operators to meet each other daily for thc purpose of comparing thcir 
results and making such modifications as mere found to be ncccssary from time 
to timc ; moreovcr as the stations of observation mere also stations of the triangu- 
lation, the results mould be valuable eventually for determinations of diffcrances 
of local attraction on the prime vertical, as well as for the primary object of exper- 
imcnting. The month of February mas devoted to observations a t  the stations at  
tlie ends of the 13angdore base-line, during the first half of which Captain Hcrsclicl 
operated at  the south end and Captain Campbell at  the north end, while during 
tlic second half their positions were reversed. 

(72.) I n  the following month opcrations wcre commcnccd on tllc linc 
3Iadms to Bangalore. The station of observation at  Madras was the wcll known 
Government Observatory which has been establishcd there for so many ycars and 
is thc point to wliich the longitudes of the stations of this survcy havc invaria1)ly 
becn refcrrcd ; at Bangnlore the station mas the south end of tlic base-linr, which 
had been connected for tlic purpose mith the Govcrnment tclcgraph Lincs, as the 
3Iadms Observatory had been many years previously. 

(73.) And now for tlic fist time Captains IIerschel and Campbcll found 
themsclves hampered mith the difficulty of employing a telegraphic \vie which 
could only be placed at  their exclusive disposal for a fcw periods and those very 
brief. Tllougll the operations mere invariably performed during the night, wllrn 
the ordinary traffic on telegraph lincs is comparatively littlc, it was found that 
t l ~ c  unrestricted use of a \\ire could, as a rulc, bc only conccdcd for four pcriods 
of fiftcen minutrs each, at  intervals of two hours apart; on two nights lion-cvvr 
the use of the wire was granted for two hours at  a timo, but the then unfavorable 
state of tlic mcatl~cr at  JIndras prevented this concession from being talrcn to 
account there. Under tlie circumstances it mas fortunate that t l ~ c  operators had 
already ncquirrtl, from their prcvious experiments, a sufficient familiarity with thc 
clrtailv of tlie operations to rnable them to make the most of thc goldcn momcnts 
t l ~ u s  charily prc*scntetl to them. 

(7-k.) The operations at 3Iaclras vere conducted by Captain Campbrll, and 
on their completion in April, he proceeded with his instruments to Mangalore, 
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an observatory a t  the trigolioinetrical station in the neighbo~liood,  2nd 

connected it by a temporary line of teleqraph with the permanent line which 
passes through the town, a t  a distance of about three quarters of a milc. The 

a t  the B,lngaloise St,ation nrcrc conductcdth~~ougliont by CaptainHerschel. 
(75.) I n  the Narrative Reports of Captains Herschel and Campbell- 

which are printed in the appendix-foll details l  ill be found of the procedul'e of 
the operations, as n ~ l l  as minute descriptions of the several instruments employed, 
with elaborate criticisms of their perfor~nances which point out both their defects 
and their good qualities. It is unnecessary for rile to do more in this place than 
to give a brief sununary of those reports. 

(76.j Two mcthods of procedure were adopted, depending on the lcngth 
of time for which the exclusive use of tlic Government tclegrapli line could be 
securcd. Wlien the period ~vas  l imi t~d  to a quarter of an  hour a t  a time, signals 
mere interchanged for clock comparisons four tiines n i ~ h t l y ,  oiz., a t  8h 302% 
10A 30nt, 121~ 30nz, and 2h 3 0 n ~  ; the clock a t  one station bcing placed in communi- 
cation nrith tlic chronograph a t  the ot11c.r statioil was made to transmit a series of 
signals-at successive seconds-to tliat station, wliicli n-ere duly recorded on the 
chronogmph ; then tlie clock a t  thc sccond station --as made to transmit signals to 
the cllronograph a t  t l ~ c  first ; one niinutc was considcrcd tlic minimum duration of 
a set of signals, and a complete comparison of both cloclts usually oocupicd from 
three to five minutes. The clock timcs were drtcrmined by observations of tho 
transits of stars over the meridians of tlic stations, the same stars being observed 
a t  both stations ; these observations nrcrc taken in tlie intervals between tlie sig- 
nals for clock-comparisons; from G to 10 stars were observed in each interval, 
giving-in a full night's ~vork-complctc pairs of observations a t  both stations to 
40 or 60 stars. For this nletllod any star is \re11 suited, 11-Lethcr its place is known 
or not, provided observations are also taken to a fen. ~velllrnonrn stars, to determine 
theclock rates mliich are ~vnntcd for application to the short interval between the 
transit of a star over the two meridians, wliicli corresponds to the difference of longi- 
tude. This precaution was talccn and tlius tlie clioice of stars was unrestricted. 

(77.) Another method of procedure mas adoptcd on the nights when the 
exclusive use of tlic line \\ras granted for a period of two hours ; the transit obser- 
vations for determining tlie cloclr times were recordcd on the clironograplis a t  
both stations, first by the observcr a t  tlie eastern station as a star passed over liis 
meridian, and a fern minutes afterwards by tllc obscrvcr a t  tlie western station 
when thc same star reacllcd his meridian ; observations mere also taken as in the 
otlier instance, for local cloclc rates. Of tlic two incthods pursued this is unques- 
tionably the most satisfactory, but it could only be e~nplopcd very partially. 

(78.) The operations ~ronlcl thus appc,nr to bc \cry simple and easy, and 
they may in truth be carried out witli littlc trouble \ \hen tlic ol~jcct aimed a t  is 
solely to obtain drternlinations of diffcrcntial-longitilclc of a sufficient degree of 
accuracy for ordinary geographical purposes. But tlic rrquirements of geodesy 
necessitate that tlic utmost attaiuable accuracy and precision shall be sccured i n  
every stage of the operations for the solution of the problciu ; and this entails a 
careful scrutiny of all the facts of observation, and an elallorate examination of 
tlie crrors whicl~ inay arise from clefccts iu tlic scveral portions of thc instrumental 
apparatus, as \\-ell as from t l ~ c  " p~rsonal  equations" of the operators. Tliese crrors 
nre all very ininutc, and some of tllein arc \-pry difficult to measure and to elimin- 
ate from the ol)serratioiis, but they must bc investigated and eliminated, or tile 
final results mill not br entirely trustn ortliy. T l ~ r y  ~vpre clliefly met rnitll in the 
performances of onc of the transit instriuinciits and onc of tlie c l i r ~ ~ o g ~ ~ h ~ ,  in 
the management of tllc chronographic rccord, mid in the trnilsmission of signals 
along thc linc; but tlie dctcriiliuation of thc pe~~snnnl ecquatiolls of tllc opc>rators 
mas singularly satisfartory, tliougll it I~nppens to I)c t l ~ r  wcnk poilit of all electro- 
telegraphic longitude obscrrations in Europc and America of which I possess the 
detalls. 

(70.) Thc t\ro transit instruments are of almost identical dimensions and 
mere both made by Messrs. Coolie S; Sons ; but No. 1 as constrnctcd partially 



or wholly-it is uncertain which-of aluminium bronze, and No. 2 of gun metal 
throughout. NO. 1 appears to bc faultless ; but No. 2 is defective, and liable to a 
kind of flcxure-occurring either in thc tube or in tlie axis-which causes the 
horizontal collimation to vary collsitlerably with the direction of motion of the 
telescope, thc collimator rcadings bcing 1" greater when thc tclcscope is brought 
down from the zcnith than mlicn it is raiscd up from the nadir. Tlie two chrono- 
graphs arc called A and B ; tllcy arc apparently prcciscly si~nilar in construction, 
but the regulator of B has a uniformly continuous action, \vhercas that of A acts 
by jerks; the fact was linown to the makers but tliey failed to trace the cause, 
wliich is still undiscovered; the result is that B is considered " a  miracle of 
regularity" while A is pronounccd " vcry provoking." 

(80.) The chrouographic  cord consists of a mark made on the paper 
covering the revolving barrel by the passage t,hrough i t  of an electric spark of 
high tension, mliich is generated in a Ruhmkortl"~ coil by the intc.rruption of a 
strong galvanic current from a Uuuscn battery. Both the clock-beats and the 
observer's siguals are thus recordcd on the papcr. Tlic clectric sparlrs pass into the 
paper from the points of two pens or styles-one in connexion with the clock, the 
other mitli the obscrvcr's tappet-wliicll arc attacl~ed to a frame that movcs parallel 
to the revolving barrel. To each Ruhmlrorff's coil a relay and a battcry is attached. 
Two galvanic circuits are formcd, ouc connecting s primary battcry, a relay and 
its battery aud cod mitli the clock and clironoqrnph, tlie other connccting asimilar 
appamtus with the ol~servcr and tlie chronogmph. Signals are in all instances 
caused by a brcak of the carrcnt from a primary battery, which is performed auto- 
matically by the clock and nt mill by the observer. 

(81.) The introtluction of a relay neccssnrily causes a certain amount of 
retardation bctwecn thc gcneration of a signal ant1 its record on tlie paper, the 
magnitude of which is lnai~lly depcntlent on tlic a(1justments of tlie armature of 
the relay through which the currcnt is passing, and as two relays must be em- 
ployed errors may be caasecl by ditl'erenccs in their action. Fortunately such 
differences are susceptible of bcing accurately mrasured on the clironogmph- 
barrel, by spccial operations for tlie purpose wllicli arc described in para. 33 of 
Captain Campbell's report ; but i t  is necessary that a strict similarity of circum- 
stances to what obtaiuecl during tllc actual signals should be maintained during 
the measurement of retardation. C:rptain IIcrscllel n rites that '( constancy of 
" current is the sirzc qrbn 12012. of a corrcet hantlling of retardation ; ~7.90 equality 
"under tliesc circumstances must be attainrd; ( w r y  rclay must have its own 
"battery, and tlicse must cll be equal; and thc line must havc a battcry of its 
" omn so apportioned that the long circuit current shall balance the short circuit 
" current." 

(82.) Tlic linc wires hrtween the  stations nt 31aclms, Rangalore and 
Mangalore mcrc connrctrd continuously withorlt tllc interlrcntion of relays; thus 
the difficulties prescntecl 11y relays wrrc fortunately rrstricted to the obscrvatorics, 
where alone it was possiblc to measure and allow for tlie amount of retardation 
which mas generated. 

(83.) I t  n-as surmiarrl tliat in transmittiny currents along the line wires 
there might be a ditFc,rrnce I)et\recn the vclocity of transmission of positivc and of 
negative currrnts, and that tlie prcsrnco of earth currrnts might aff(bct thr veloci- 
ties of the qnlvanic currents, acc-c-lernting in one tlircction and retarding in tho 
opposite. The folloming vnlurs of t l ~ e  actual timrs of transmission of positive and 
negative currents,in botli clircctions,n-rre ohtainrd on tlie two sections of the line, 
tlic length of wire in the eastcrn scction being 21 8 milcs, in the mcstcrn 246 miles. 

bInrlrns to Bnngnloro Bot~gnlorr to Mnnmlorc. 

From cast to west nit11 positive current, 0.07 0 sccolsd 0.028 sccorid 
,, mcst to cxst 9 ,  9, .010 ,, 0.022 ,, 
,, east to west ,, nrgative ,, -01 b ,, 0.003 ,, 
,, mvst to east ,, ,, 9 9  .014 ,, 0 011 ,, 

These results show that no srnsihlr i n f l u ~ n c ~ ,  in onr tlirrction mnrr than thc otlirr, 
was exerted by earth currents. The vclocity of tlic positivc galvanic cu rcn t  mas 



somewhat greater than that of the nrgativc in the eastern section, but materially 
less in the western. Captain Campbcll ottributcs somc of the large difference 
in  the latter instancc to relay action. 

(84.) The general mcan of all thc drtcrminations givcs a vclocity of 17,000 
miles per second, which is materially greater than the vclocitics deduced in the  
course of similar operations in Europe and America; as honevcr several relays 
mere used on tliosc liues and nonc on thesc, such a difference is only what might - 

have bec~n anticipntcd. 
(85.) It mill be apparent from what I havc stated that Captains Herschel 

and Calupbell have conducted tlicir oprratiolls n-it11 scrupulous carc, and devoted 
tllemsclves to the elimination of all errors, homcrer minute, which were liable 
to be generated. From tlicir reports i t  I\ ill be secn that they met mith great diffi- 
cultics in the manipulation of the Fol~cault-chronograplls ; thesc instruments are 
of avcry complicated construction; morcovrr the rccordiug p:per on the barrels 
requires to be kept a t  a certain dcgree of moistncss, and it' it  IS either a little too 
dry or little too damp tlie elcctric spark fails to ~nalie a mark on i t ;  its state i s  
tl~ercfore greatly dependent on tliat of tllc atmosphere; thus in the diy climate of 
Bangalore in February, Captain Cmnpl~cll could scarcely kccp his paper damp 
enough, vlllereas a xveek afternards, a t  illadras, he was obliged to have a lamp 
bun ing  under it to prevent it from bcing too damp. 

(86.) The employment of chronogmphs pcrnlits of a large number of obser- 
vations being takcn 11 ith very little atlditional trouble a t  the time, as compared with 
a corresponding incrcase in thc n~nnl)cr of ' ere and ear ' obscl~vations. But  on the 
other hand tlle subscq~~cnt labor of rcducing the obsrrvations is greatly increased, 
for cvery mark on the paper has to be measurcd and its position tabulated 
numerically. Up to the present tinze the obwrvations on the line Bangalore to  
Mangalore have been rrduced as far as practicable, but they may still require 
certain corrections for the flexure of transit instrument No. 2 ; those on the line 
Madras to Bangalore and on tlie base-line a t  Bangalore have only becn partially 
reduced. 

(87.) The follon.ing preliminary rcsults havc bcen obtained, which mill 
probably be found not to differ very materially from the fiual results. For 
the saltc of con~parison tliry arc placrd side by side with the corresponding 
differences of longitude obtaincd f i .0~~1 thc chain of triauglcs recently completed 
by Major Branfill. 

Tclegrnpl~ic. TI ignnomctricaI. 
11 m 9. 11. m a 

I. Madras to Bangalorr, ... ... 0 10  39 09 0 10  39.61 
11. BangaloretoMangalorc, ... 0 10  SG.76 0 10  57.17 --- --- 

Iladras to Ifangalore, ... 0 21 36.85 0 21 36.78 
The telegraphic dcternlinatious arc in 110th instances less than the trigonomctrical, 
on the first section by W.52 (second of time), on thc sccond by W.41, and on the 
entire line by 0 9 3 ,  which is eqnivalrnt to 13".95 (scconds of arc.) 

(88.) l'hc values of tlic individual scclions of the tclrgraphic arc are 
somewhat impaired by reason of tllc drfccts of transit instrument No. 2 and 
chronograph A 1v11icl1 have already bccn mentioned. But as those instruments 
were used a t  the ccntral station throngllont, ~ r l ~ i l e  t l ~ r  superior instruments- 
transit No. 1 and cllronogmpk B-~rrrc nscd at the two end stations, the errors 
in the sections must cancel rach otllcr to  a consitleral~lc rxtcnt in the determina- 
tion of thc entire arc, tlic value of nrIiicll nlay bc legitimately compared mith the 
corresponding trigonometricnl detcrminntion. 

(80.) The latitudes 2nd longitatlrs of thr  stations of this Survey have for 
the last forty yrars beeu conlputctl wit11 the follonriny c l c ~ n c n t ~  of the figure of 
theearth, which arc gcncrally linolrn as Evercst's first set of Constants, and are 
given a t  page 1l.j of tllr Accotrllt of /?I? i~ccrs~rrcr~~crrl of at, nl .c  bettoeen the 
Parallels of 18" 3'ctrzd 24' 7', L O I I ~ ~ O I L  1830 ; 

equatorial scmi-axis 20,022,932 fcct ; ellipticity A,. 



Subsequent investigations have slightly modified these dimensions of tho mean 
figure, and Captain Clarke gives the following elements in the appendix to his 
C o n ~ p a r i s o t ~  of the Xtni~dards  of length,  L O I L ~ O I L  18GG ; 

equatorial scmi-axis 20,02G,062 feet ; ellipticity &. 
(90.) Using Captain Clarke's elements instcad of Coloncl Evcrest's, the 

trigonometrical determination of the difference of longitude between Madras and 
Mangalorc would be diminished by 3"'5, and thus be brought into better accord- 
ance with the tclegrapl~ic diffcrcnce, wl~icli however it would still excecd by 101'.5. 
There is a t  present little rcason to suppose that  further investigations of the mean 
figure of the cartll, or corrections to the tclcgraphic determination, ~\riU very 
appreciably reduce this differcncc. We arc thus met by the fact tllat the tclcgrapIlic 
value of the arc of longitude betn-een hladms and hfangalore is materially less 
than the trigonometrical value. Tliis fact is llo\\,evcr consistent with the results of 
Captain Basevi's pcndulnm obscrvations, ~vllich show tllat tlie dmsity of the 
strata of the earth's crust is greater under thc dcpresserl bcds of oceans than it is 
under lands elevatcd abovc the sea level ; thus the dircclion of the plumb line a t  
Madras, on tlic east coast of the coutinent, is most probably deflecterl to the east of 
the  normal to the mean figure, while a t  hIangalore tlrc direction of the plumb line 
is  deflected to the \vest of the corresponding normal; the lcngt l~  of the arc 
between tlie apparcnt zenith points is conscquently diminished and must therefore 
be less than the length dedoccd from trigonomctrical opcrations. 

(91.) Captam Herschel having been compelled to takc leave of absence 
to Europe shortly after the completion of the obscrvations, the work of rcduction 
has devolved mainly on Captain Campbell, who has reported very fully on it, and 
has also described very minutely the instruments, the nlodzcs oprrc~ndi and the 
difficulties which wcre niet with in tlie scveral stages of the opcrations. 

(92.) Captain Campbell bears grateful tt>stimony to the attention and 
courtesy which were rendered to him, on all occasions, by the officers of the 
Telegraph Department wit11 whom he was brought into contact, mentioning more 
particularly Messrs. J. Burke and W. P. Johnston ; and he adds that his best thanks 
are also due to Mr. Pogson, the Governmcnt Astronolner a t  Madras, who took tl 

pleasure in facilitating his operations in every possible way. 

AS'rRONOMICr\L DETEllRIINATIONS O F  LATITUDE. 

(93.) Tlie 01)scrvations to dctcrminc the astronomical latitudes of certain 
stations of this survey for grotletic pnrposrs were llrld in al~cgancc d~lring the 
present year, as tlrc t ~ ~ o  astronomical parties under Captains Urrschel and 
Campl)ell, by which they had becn carried on, wrrc both employed on the longitude 
observations 11 hich have just been described. Tlie reductions of the observations 
of the previous year xvl~ich were rt>maining in hand have I~owever been complctcd, 
and Captain Campbell has drvoted much attention to investigating the cause and 
the efFects of a serious dcfect which has bcrn found to exist in zenith sector 
No. 2, and is of the nature of flexure in the tube of the telescope. The cause has 
not yet been clearly traced, but the effects arc found to be rery scnsiblc, and tlie 
value of the rcsults might havc becn materially impaired but for the precaution 
which had fortunately been talirn to obse r~e  pairs of north ant1 south stars, 
whereby the influence of the rrror was elirninatcd. The sister zenitl~ sector No. 1 
has fortunately sllown no tracc of this crror, and has given great satisfaction to 
Captain Herscl~cl. I t  is a s i n q ~ ~ l a ~ .  ci~.clim\tnnce that onc of the t\vo zrnith 
sectors, as wall as one of thr  tn  o tmnqit trlcscopt~s, slronlrl turn out to be dtxft~- 
tivc, while the othtbr instrumc-nt of t l ~ c  pnir is rntirt,ly satisfactory, and there is no 
apparent difference of construction II hich could cause the cLffcrcncc of per- 
formance. 
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NO. XII-GEODETIC. 

THE PENDULUM OPERATIONS. 

(94.) Captain Hcaviside, having bcen nominated to complctc tllc pendulum 
operations which mere suspended in consequcnce of tho death of Captain Basevi, 

was cmployed for some time in acquiring 
PEIISOXXBL. a knowledge of thc manipulation of thc pen- 

CnDtain W. J . I I I C ~ ~ ~ S I ~ ~ ,  R E , ~ ~ p ~ t ~  Bupcrin. dulums and the reduction of thc obscrvations. 
tendont 3rd Qrndc. 

M r .  H. E .  Kculnn, S~~rvcgor 3rd Orode. 
H e  thcn cornmenccd opcrations by swing- 

,, J. W. MncdougnU, dsst. Surveyor 2nd Qrnde. ing the two pendulums appertaining to the  
R o p 1  Society a t  Kaliana-thc base-station 

of the operations in India-to ascertain n~hcthcr thcy had varicd in length since 
they were swung there in 1870, before bcing taken to tllc l~igher Himalayas by 
Captain Basevi. This was the more necessary in that on thc occurrcncc of the 
suddcn dcath of that officer, a t  a remote spot on the clevatcd tablc lands of Ladali, 
they had to bc dismautlcd and packed up by his native servants, n~ithout supervi- 
sion of any Icind, no European being within a distancc of several marchcs ; that  
these mcn did their xvorlc carefully and well is shown by thc fact that thc results 
obtaincd by Captain IIcaviside at Kaliana, are practically idcntical with those 
obtaincd by Captain Bnscvi nearly three years prcviously, which proves that  the 
pendulums cannot llnvc mct with any sensiblc in-jury in the intcrim. 

(96.) This fact establisllcd Captain Heaviside procccdcd to complete the  
oriwinal programme of opcrations, swinging tlie pendulums a t  Bombay, a t  Aden, 
in kgypt, and finally a t  ICenr thc base-station in England. 

(96.) Simultaneously with the obscrvations wit11 the Royal Society's pen- 
dulums, Captain IIcaviside has taken observations \\,it11 tllc pair of pendulums 
belon8ing to the Russinll I n ~ p c ~ i a l  Acaclc~uy of Scirncc w l ~ i c l ~  nrere scnt out to 
India In 1870 for the purposc of bcing corupnrcd wit11 tllosc of thc Royal Society. 
The Russian pendul~ums map bc rmploycd to dcter~ninc cit,hrr an absolutc value of 
thc length of tlie second's prndulum, or diffcrcntial vnlucs of tho force of gravity 
a t  tlilfcrcnt places. Absolutc dcter~ninatiol~s have bcrn maclc a t  Kaliana and 
a t  Kcnr, and dilrercntial ol~cs a t  Bombay, Aden and Ismailia. 

(97.) Captain LIeavisidc, when last I~card from, mas still in England and 
mas preparing to rcpcnt the clctcmination of tlic length of tlic socond's pendulum, 
with the same " convcrtible pendulum" which had bcen uscd for this purpose by 
Captain Katcr in 1817, and ~rl i ich lias bcen placcd a t  Ilis disposal by General Sir 
E. Sabine. This uiidcrtaking will form a very appropriate finale to tllc opcra- 
tions. On its completion, Captain IIcnviside will rcturn to India, sad comnlcnce 
tllc f nal reduction of tllc scvcral observations, in ordcr that thc rcsults may bc 
publisl~ed as soon as possible. 

NO. XII1.-TIDAL. 

DETE~LJIINI~TIONS OF PIIEAN-SRA LEVEL. 

(98.) I n  my aclministration report for 16GG-0'7 I stntctl tllat proposals 
had emanatccl from Dr. Oldllnm, tlic Supcrintc~ndcnt of tlir Geological Survcly, and 
1)ecn sanctioncd by tbc Govcrnmcnt of India, to tlir rffvct tliat investigations 
sliould IIC madc of tllr secular cliangcs in the rclntivr lcrcl of land and sen \vllicll 
wcrc bclicvcd to bc going on a t  various p l w r s o 1 ~  tlw coasts of thc Bornhay Prc- 
~itlcncy and more l)nrtic~~larly a t  t l ~ e  hrnd of tho Gnlf of Cutrh. For t l~csc  
invcstigationq it rvould 1)c nccc~s\ary to takc complctc qcrirs of tidal obsrrvations, 
a t  intervals of afcw ycnrs apart, a t  a certain nunll~cr o€ pn in t~  011 t l ~ c  coast linrs, 
and to conucct thcsc points by vcry carefully cxccutcd liucs of lcvcls. I was 





( 27 1 
are very much smallcr in order to be light and portablc; tho barometers arc anc- 
raids, for no mercurial self-registering barometers were met with which could bo 
safely carried about. These instruments were all constructcd under my instruc- 
tions by Mr. Adic, and though they arc by no means faultless they may be relied 
on to give fairly approximate results mliich will be of some value and vastly better 
than nothing a t  all. Mr. Adie has also supplicd other instrumcnts which will mate- 
ridly facilitate the preparation of the diagrams for the barrcls of the tidc-gauges 
and the subsequent measurements of the curvcs on thc diagrams. 

(103.) One of the principal duties on which Lieutcnant Baird mas cm- 
played in England was the preparation of an account of the practical application 
of the harmonic analysis by which tidal observations are rcduccd for the British 
Association. The procedure leads to much more definite and conclusive results 
than what are afforded by any other method of reduction, but i t  is exceedingly intri- 
cate; though perliaps not morc laborious in the long run than othcr methods 
would be, when manipulated so as to furnish results of equal precision and bearing 
on sllch a wide range of subjects, i t  needs very full and precise explanations for 
the  guidance of the computers. Lieutenant Baird went tllrough the whole of the 
details with Mr. Roberts of the Nautical Almanac Office by whom thc tidal 
reductions are madc for the British Association; and with that gentleman's aid 

drew up a pamphlet of Notes on thc subject, for the usc of thc Officers of this 
Department, mliich lias becn published by order of thc Sccrctary of State, and 
fills 51  pages of closely prinked cctavo. 

(104.) On my return to India I deputed Lieutcnant Baird to malw e 
reconnoisan~e of the coasts of the Gulf of Cutch, with a vicm to selecting titlal 
stations and more particularly to detcrminc in what mnnncr tlle instructions 
which I had received from thc Government to establisli a station "a t  a point as 
far into the Runn of Cutch as possible to mliich the tidc lias fi-ec acccss," could 
be best carricd out. For a point to have fiscc acccss with the sca it is necessary 
that  it should alnrays have a t  least 4 or 5 fect of water a t  lowest tidcs, and also 
that the sea should approach it directly and not tl~rougll tortuous channels ; tile 
point must also be either on the edgc of t11e main land or a t  no great distance 
beyond, because of thc dificulty and expense of constructing a station on thc 
fore-shore. From n~ha t  I had previously heard of the Gulf of Cotcll I n as appre- 
hensive that i t  might not be possiblc to find a, point a t  the cdge of tlie Kunn 
which mould satisfy all the requisite conditions. 

(105.) Licutenant Baird proceeded in the first instancc to JGria Bandar 
(Jooria Bunder), where he fitted up a large country boat to be usrd in navigating 
tho creeks and channels of the gulf, and secured tlic services of a good pilot to 
accompany him in his explorations ; tlic sclcction tmncd out to be a rcry fortu- 
natc onc ns tlie pilot kncw allnost cvery crcelc and mnd-flat on both the C L I ~ C ~ I  
and the Kattywar coasts of thc gulf. Embarking a t  J i~r ia ,  Licutrnant Dnir(l 
crossed to NolvaniLr Point on tile Cutch coast, nrllrre 11e fount1 a spot mllicll is \\.ell 
adnptcd for tidal observations, Iiaving a mini~num tlcpth of 19  fiet of water within 
336 fect of n sitc for a ststion. IIe then proceeded c n ~ t n  nrds towards tlle Ilen(l 
of the gulf, along a coast mliicll for a cousiderablc distal~ce presrnts a great 
brcadth of forc-shorc-composrd of mltd of great dcpth ~vitli maugrove bushrs 
growing ovcr it-and is covered a t  lligll tidc and l(.ft lnrc at low water. m t e r  
long scarcliing he was fortunate in discovering a position near lInnst;il Point, a t  
thc  head of thc gulf, which is ~vcll  adnptcd for a tidal station, l ~ n v i n ~  a minimum 
clrpth of 72 fcct of nratzr within 160 feet of a sitc for an obscrvntory. Lieutenant 
Baird then retarncd westwards along thc ICattyn-ar coast, csamining all tile crerks 
and inlcts, and finding nothing 1)ut long n111dtly forc-shorcs, until lic reaclletl OlilIa 
Point a t  thc entrancc to tlic gulf; t1lci.e hc mr t  with a rocky f ~ r c - ~ l ~ ~ r ~  Ilaving a 
minimum deptll of 23 fcct of water within 220 fcct of a sitc for a tidal st n t' lon. 
Tllc tlirrc placcs sclcctcd apprar to bc well adapted for tllc proposed opcrationr, 
wllicll is the morc fortuilatc in that Lieutellant Bnird bclievcs thcm to bc tilc ollly 
suitnblc points mllicll arc to bc met \\.it11 for tllc purpose ; t l ~ c  only lnatter for 
rcgrct is that an intcrmcdiatc point could not bc fouud on thc Kattyn.ar coast 



bctmeen Okha and IIanstAl, for Nowanhr being on the opposite coast will require 
to be connectcd mitli the two 0 t h ~ ~  stations by a very long line of levels passing 
round tlie head of tlic gulf. 

(10G.) Licutcnant Baird derived mnch assistance in his explorations from 
the  admirable clrarts wliicli \\-ere constructcd by Licutcnant A. D. Taylor of the 
Indian Navy, in 1S31, copies of which, on thc full scale of the original ssuvey, 
had becn rcceutly litliogmpl~cd in England on my recommendation. 

(107.) Thc feas~bility of establishing stations a t  suitable points having been 
thus satisfactorily ascertained, tlie preliminary arrangements werc then talien in 
hand. 'Chc qucstiou wlicther i t  would bc preferable to set up  tlie tide-gauges on 
stngcs crectc~cl in tlrc sea lwyond tlic low nratcr line, or on masonry platforms con- 
structrd on sliorc: a t  tlic l~iyli  wntcr line, mas carefully considered; obviously it is 
drsirn1)le that tlic conui~~u~~icnt ion  b ~ t w c c n  tlic surface of tlie ocean ancl the gauge 
which rcgistcrs tlit: rnomc3ntary vsriations of lcvel should be as dircct as possible, 
i n  order tliat tlie tidal curve may bc accuratcly delineated ; but i t  would be impos- 
sible, witlioat incurring great exprnsc, to construct a staging in tlie sea of suffi- 
cicnt strengtli nnd permnncncc to serve for two series of observations, each 
lasting lnorc than a year aud separated by an  interval of several years. For 
this reason it has bcen decided to construct the stations on shorc, a t  the line of 
high water. 

(108.) The following arrangement has been adopted. Masonry wells of s 
diamctcr of abont tlirce fcct mill be sunk a t  the stations to a dcptli of several feet 
bclow the lomest tides; i n  tliese wells iron cylinders, of a diameter slightly 
cxcecding that  of the float of thc tide-gauge, will bc set up vertically and even- 
tually conncctccl with the sea by an  iron piping carricd along the sliore down to 
the  low  vato or line, where a flexible piping will be attachcd and carried into deep 
water. Tlie cylinders will be closed bclom with au iron plate, to prevcnt the 
entrance of the water which may be expccted to percolate through thc sidcs of 
the well wlicncver the tide is falling. The flexible piping TI ill terminate in a 
rose suspended a few feet abovc the bed of the sea, in ortler to prevcnt the 
eutrnncc of silt as mnch as possiblc, and i t  mill be attnchcd to thc iron piping in 
such a mnnnrr tliat i t  may be readily rcmoved and cleaned wlrenevcr necessary. 
The intcrior diametcr of the piping ~vi l l  I)e two inches, wliicl~ l l n ~  heen con~puted 
to bc sufficient to permit of the transn~ission of tlic tidal warc frorn thc sea to 
tlie cgliudei* in the well, without sensiblc retardation, so that t l ~ r  lrriglit of the 
water in tlic cylinder may be expccted to be always the samo as that  of tlie surface 
of t l ~ c  sm. Tlre tide-gnugcs will be set up  over the cylinders, ant1 their iron bed- 
plates will indicate the plancs to n~liicli thc tidal mrasuremcnts will bc rcferrcd, and 
tliey will bc conncctccl by lrvcling with pcrmancnt bencli-marlrs fixed in  the  
ground in tllc vicinity of tlrc stations. 

(109.) Lirntcnnnt Rnird has becn cmploycd during scvcrxl months a t  Bom- 
bay in makin= all tltc roqrlisitc armnqcmcnts. Cylindrrs lravc 1)ccn constructed in 
suitablr lcngtl~s to I)c casily transported to tlrc tidal stations and tlicn put togcthcr. 
The title-gnr~qcs llavc been testcd by employing t l ~ e m  to rcgistcr the tidcs in the 
harbol~r of Bom1)ny for scvcrnl weeks continoously, and sundry altcrations and 
in~provcnlcnts I1n1-r 1)rrn made to them. Tlie self-rcgistcring bnro~nctcrs and 
anernomrtrrs wcrv tcbstcd a t  tllc same time, ant1 the injuries tliry hat1 received 
in transit out to t l ~ i s  conntry and from thc rusting of portions of tllc n~orlring 
gear havc hccn rcpaircd. Every thing Irns bcen done which could be thought of 
to enqurc the instrutncnts briny found in a satisfactory condition when they are 
set up  for work a t  the tidal stations. I t  ~vns  a matter of great importance to have 
all this donc a t  Bombay, whcre tlicre arc cxcellcnt workshops and skilled artificcrs, 
for such ndvantayes are not to bc mct with in thc places where the instruments will 
bc sct up for ol)sc~*vntion. I n  all tlicsc operations Lieutenant Baird reccived much 
nssistanec from AInjor 3lercmetl1cr R.E., ~ r l ~ o  prrmittccl liim to have full usc of 
tlic n-orl isl~o~)~ ant1 artificcrs of thc Bombay IIarbour Dcfcnccs, and dlowcd him 
a sitc for tcsting thc tidc-gauges. 



(110.) Lieutenant Baird is now enyngcd in constrncting the stations on tllc 
coasts of the gulf of Cutch, and when they arc ready t l ~ c  obscrvations will 131: 
commeuccd. IIc has worked nrith grcat assiduity and sltill, and 11-it11 a h c n ~ t y  
intcrest ~ h i c l i  I trust nrill bc re~rardcd in due tunc by thc successful completloll 
of the operations. 

KO. X1V.-GEOGRAPHICAL, 

TRANS-IIIMALAYAN EXPLORATIONS. 

(111.) For soine gears past it  has bccn c~lstomary to publish with thc annual 
Rcports of this Survey an a c c o u ~ ~ t  by ill;~jor lfontqo~ncrie of one or more special 
exploratio~~s exccutctl by his native agcuts. 111 licaltll has unfortunately dcprivcd 
the State of the scrvices of this oficcr, but I trust for only a short time; lle has 
gone to Europe, takinm ~r i t l i  him tlic maps and journals of nn exploration-by one 
of tlic Pundits-f~.om%llit~~tzd north-cast~rards to tlic grcat Namcli6 Lakc, and 
tlien south~rards to Lllassa, of 1vhic11 he was to have prcparcd an  account for 
publication rrith tllis lteport ; but as i t  has not yct been received it must be pub- 
lishcd scbparately llercafter. 

(112.) Exploratiolls are bcing csrricd on a t  the present time in  various 
directions. A Pathin has bccn sent to thc ~ g i o n  beyond the Hind6 K6sh range, 
ulith il~structions to penetrate if possible into tlre tewn i~lcogrzitcc to thc north of 
t l ~ e  rivcr Osus, into Shiqlinhu, Roshhn, Dnrnrhz a ~ l d  Kliratcgin. Onc of the 
Pundits lias becn sent into tlie part of Grcat Thibet wl~icli lies beyond the north- 
ern watershed of tlic Bmhmaputra ltiver. Four of tlie Pundits have bccn 
attached to the 31ission \vhiclr has bccn rccclltly sent into Eastern Turlcestan, i n  
the expectation that  they may bt, able to nlakc thcir way back to India by various 
routcs through thc Desert of Gobi and Grcat Thibct which are closed to Euro- 
pcans. 

(113.) I very much rcgrct to statc that  intelligence has bcen rcccived 
of tlic murder of thc Miran, orllosc cxploration of thc route from Badaksllan 
across the Psmir stcppe to Kasl~qnr is dcscril)cd l)y BIajor IIontgomcrie in a paper 
accompanyinq my l t c p r t  for 16G9-70, and is a va1ual)le contribotion to tlle 
gcograplly of thosc rogions. Tllo Mirza had been sent on a second cxplorntion 
1) it11 his son-in-law as an assistant. I-Ie liad to travcl through Afglianistnn and 
a t  first llc n.ns alJe to scud in rcports of his progress pretty regularly ; but for 
scwrnl n~onths  11c liad not bren Iieard of, and a t  last a rumor was received that hc 
hat1 I~crn  murtlerrd. Enquiries have been institntcd, but as yet no very definite 
inrormation has I~crn  obtained. I t  nppcars probable lloncrcr that he had t~~avers-  
ed tht. road fro111 Ilcrnt to lInimm~a, and ~vas  proreeding nortli~rards, 11rllc11 11c 
nod his compni~ion 11 crc mnrtlrrcd I)y their qnitlcs during tlrc night ~ v l ~ i l c  nrlccp ; 
a senrant is said to h a ~ c  escnpcd and given information n l~icl l  l t ~ l  to tllc appre- 
11c.nsion and sul)srq~~cnt cxcc~~tion of the murtlrrc~rs, iy ordcr of tllcx Govcr~~or  of 
l[nin~ann. At first t l~crc  v a s  rtlnson to hopc that thc nlmor mig-lrt ha17c been 
unforlntlrd ; for t l ~ c  i\lirxn Irns belic~~ed to Irarc I~cen csplorinq in the direction of 
IIisshr and lC!~ratcqin, far array from the placc n l ~ e r c  tlic crime is said to havc: 
bcrn comrnittcd; but as no lcttcrs hal-c l~ccn rcccivctl from 11im for nearly a yml-, 
and 11c nrould prol~al~ly hnvc rrt11rnc.d somc months nqo Ilad Iic lived, it is to 1)" 
f(3nrc.d that this faill~ful and intclliqcnt c~nissary 11ns ft~llrn a ~ i c t i m ,  and that his 
son-ill-law n110 nccompnnirtl 11im perislrrd at tllr satnca timc. Endeavors a).(* 
hcinq made to ol~tain full informatinu on tllc sal!ject, and to get possession of mly 
or thc AIirza's papcrs which may bc still forthcoluing. 



(114.) Enqnirics arc being made with a view to secure the services of a few 
natives of Assan wlio arc privileged to enter the hills nortli of the valley wllich 
are oc.cupic~l by indl.pcndent tribes, with a view to training thein to inal<e ex- 
plorations in those hills in tile first illstance and aftcr\vards in the regions beyond, 
and inoro particularly to inake a survey of the portion of the U r a l ~ m a p u t ~ ~  
River wl~ich  as yet has not been explorcd. Tlle replies which 11:~ve llitl~erto been 
rcccivcd from tlie district officers slio~v tllat there will be great difficulty in get- 
ting suitahlc persons for the explorations, but I still hope that i t  may hc managed 
by JIr .  Bwcrley, who is conducting the triangulation of Assanl and lias been 
rcquestctl to take this matter in hand. 

(115.) But  the quarter from mldch I have most reason to expect soon 
to rcccive va1ual)le and esact geograpl~ical infornlation is Eastern Turkcstan. On 
learning from Mr. Forsyth that  Irc was about to be deputed on a mission to the 
Atnlili Ghazi, I strongly nrgcd the necessity of his being accompanied by an 
0 5 c e r  of tliis Dcpartmrnt, to undertake tlie duties of a geographer and turn to 
account auy opportunities ml~icli might be presrnted of exploring regions of which 
little or notliing is a t  present k n o ~ n .  Mr. Forsytli cordially cntered into my 
views, and supported the proposals which I submitted to the Govcrnmcnt of India, 
by nrlioin they mere favourably received. Captain Henry Trotter, R.IS., ~v11o was 
tlieu conducting tlie Survey of Kattywar, was consequently placed a t  t l ~ c  disposal 
of the Foreign Department and appointed a member of Mr. l~orsytli's Mission. 
Pending the return from Constantinoplc of the Atalik Ghnzi's Envoy who was to 
accompany the Alission, Captain Trotter spent some time a t  my head-quarters in 
practising such astrononlicnl observations as \voold be required, and more parti- 
cularly those for the dctcrlninntion of absolute longitudes ; forms were prepared 
ant1 printed for facilitating tlie reduction of the observations, in order that they 
might be computed out on the spot and immrdiately utilizcd in tllc construction 
of a map of the country, because far more compreli~nsive and satisfactory results 
sliould tlius be obtained than when the observations are reduced ant1 the map 
constrocted some timc aftermards. Captain Trotter was well equipped with ins- 
t rum~nt s ,  all of \vhich are of tlie ligl~test and most portable kinds suited to his 
reqnirements, and lie was furnished with charts on which the fixed points of the 
Indian triangl~lation to tlie south ant1 tlle Rl~ssian astronomical determinations to 
the nortli 11ad been projected, to facilitate his own operations in tlie intervening 
rcqion. Two ot,llcr oDicers attaclietl to tlie Mission, Capt,ain Chapman, lt.A., and 
Captain Biddulph, A. D. C. to tllc Viceroy, spent a short tirno a t  my hcnd-quarters 
i n  prnctisinq  observation^ and reductions, with a view to utilizing any opportunities 
wl~iclt may be prescntctl shonld tlicy he detached from tlie head-quarters of the 
BIission on iudcprndent explorations. A Kashmiri snrvcyor-of the Rajputnna 
S~~rvoy-and four of the Pundits have been sent with Captain Trottrr. I l~avc  
done all in iuy pon er to promote the success of t l ~ e  gcograpl~ical operations, and in 
my n t ~ t  annual report I hope to be able to announce that a rich harvest of re- 
sults has bccn secured. 

NO. XV.-THE COMPUTING OFFICE. 

EX AlIINriTION, F I N A L  REDUCTION A N D  PUBLICATION O F T H E  OBSERVATIONS. 

116. The Comput,ing Oflice has hcen employed in its usual duties of care- 
fully examining and rrducinq thr  observationq, and pul~lishing the ultimate reattits 
of such portions as have been finally treated and the preliminary results of the pro- 
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tions wl~ich await furt4l1er dnta bef(1re thry  
can I)r finally disposed of. One of 1 I I ~  prin- 
cipal f(,ati~res of tlre year's labors li;~. I)(-c~n a 
rc-adjnstineiit of tlre sc,condarp t r i a ~ ~ s ~ ~ l a t i o n  
~rlriclr is bascd on tlie srvcral princip;~l scbries 
appertaining to tlre so called Nortlr-West 
Qrradrilateral, n ~ l ~ i c l ~  cinbraccs t l ~ c  opc~ntions 
of' tlris Survey in the wca lyinq to the north 
of a linc running n7cstn artls from Sironj (in 
C(~iitrn1 India) to ICurraclrcc, and to tlre west 
of a line running from Sironj to tlic Himala- 
yas. dnotlrrr in.portant opc.ration is tlrc 
p i~~s in f i  tlrrough t l~epress of tlrr observations, 
reductions and final results of the principal 
triangulation of tlre Kortli-TVcst Quahila- - 

~ ~ , ~ ~ t , g  Brnarh 
teral,"n.liich is now all but c o n ~ ~ ~ e t e d ,  and 

I l r  13 W Atklnsnn, Surrcror 4th Q ~ n d e .  
11 ill furnish sufficient matter to fill two thick 

Sl lu~kl l  S I L ~ ~ U O P ~ I I  alld 5 N n t l t c  1)roltslnen nleo quarto volumes R llicll will bc nun~bcrcd 111 
18 Asstatunts and A p p r t ~ ~ t ~ c c s  and IV of the ~ ~ ~ 0 l h l z t  of l h f  Ope?-cctions &c. 

117. As tlie wliole of the coutcuts of thesc volumes nil l  not be needed 
by gcogmplicrs ant1 surveyors, an abstract or S Y U O ~ ) S ~ S  is being prepared which 
will give tlrc descriptions and co-ordinates of tlie stations, and the sidcs and angles 
of the triangles, of tlie principal triang~~lxtion, and also the corresponding data of 
the secondary triangulation. This information ~vil l  be published in a scparatc 
volume for cach of tlie principal sscies, in TI-11ich form it will be most convenient 
for the public in grneral. The first of tliese synopses is now ncarly ready for 
issue ; it  is devoted to tlie operations of and emanating froin or otherwise connected 
witli tlie cliain of triangles known as tlie Great Indus Series, and nil l  contain- 
ilate?. ulin-the positions of the mholc of the points that  hare becn fixed beyond tlrc 
British Frontier, points situated ~nostly on tlie spurs of the Hind6 Kilsh range, 
and on tlre Safed Koh and Skliinhni ranges and tlieir spurs. 

118. The gcnernl principles on which tllc reduction of the observations 
is conducted have bcen described in suiEcirnt detail in tlir annual reports for the 
last five years which have been submitted by myself and by Major hlontgomcrie ; 
i t  is unnecessary thercforc for me to say Inore on the subject in this place than 
tliat tlie oprrations arc very laborious and reqnirc constant and vigorous supervision, 
and tliat I have every reason to be indebted to Mr. Hennessey for the assiduity 
with ~vlricli lie devotes lrimsclf to thc direction of the computing office and it.; 
several branches, and to ackno\vledqc the skill which he brings to bear on t11e 
many matters ~vhicli come under his consideration. Mr. Cole also lias rcndcrctl 
a variety of most valuable services which I am very pleased to have this oppor- 
tunity of acknonrledging. 

NO. XV1.-CARTOGRAPIIP. 

119. Tllc most interesting of the maps nrlricli hnvc been prepnred ant1 
~~ul)lishcd during 1110 current year is tlre second edition of my map of Tarkestan, of 
~rhit:h the first edition was published in four consecutive shcets in 1867-68. So 
grcnt lias bccn the progress of geographical exploration in the last five ycars that 



the mnp lind becon~e insufficient for present rcquiremcnts, and it needed numerolls 
corrcct,ious and additions. As the value of a map of tlris nature-~vl~icl~ has 
neccs<ariiy to bc compilcd from a ~ a r i c t y  of sources, some vcry much marc 
rcdiable than others-is greatly enlianccd by a kno~vledgc of tlie anthoritirs from 
which thc data have been derircd, 1 drc~v up a n~cinorand~un on tlie slibjcct in a 
paper r v l ~ i ~ l i  is cutitled " Notrs on tllc Maps of Central Asia and Turkcstnn which 
harc  bccn l~~tblishcd in tlic Office of tllc Great Trigonomctrical Survcy of Indin," 
and of n-liich copics 11 crc issued n-ith the second edition of thc map ; a copy is also 
appcncled to this report. ll7liile the 111ap nras passing through t l ~ c  press adclitionn] 
information was reccivcd of tlic geogmpliy of Khivn and portions of northcra 
I'crsia nliicll necessitated the publication of an  "Addendum" n~it l i  it. Shortly 
nftcrn-ards furtlicr infor~nation n as rcccived, and conseq~icntly lte-prints of sheets 
KO. 1 and 3 have becn pul)lishcd, n liich enlbody all tlie latest infornlation received 
u p  to tlic present dntc. To these re-prints a note lias been attachcd explanatory 
of the nltcrations and additions, and n copy of this notc is also appcnilrd. 

(130.) Tlre northern boundary of the territories of the 3Saharajah of 
Rashn~ i r  has becw brouglit back in the seconcl edition of tlie Turkcstan inap to a 
consiclernblc distance within the line indicntrd on thc first cdition of thc map, and 
and in my notes I state that  this had been done on tlie nutl~ority of Mr. Forsyth. 
I liad fol1011-ed the delineation gircn in  tlic map of Eastern 'l\~rkestan ~vliicli was 
colnpilrd in tlic Surveyor Gcnrral's office in 1871, unclcr Mr. Forsytli's superin- 
tendrnce, to  illustrate his report of his first journey to Yarkancl; in that  map t l ~ e  
tlic altcrcd boundary line is shomn, but on tlie authority-as i t  now appears-of 
a map constructed by t l ~ c  late Mr. Hay\vard, wllicli Mr. Forsyth had fiirnislrcd 
to  bc used in the coinpilation of his own map, unfort~lnately witliout stating that 
he ob,jcctcd to the alteration. Under tlic circumstances i t  is to bc regretted that 
any alteration \\-as madc, and that  Mr. Porsytli should have becn bronglit fornrard 
as the authority for a line of I~onndary to which he  strcnnously ol),jccts. 

(121) Diiring my absence from India Rfajor RSontgomerie commenced 
the conlpilation of a series of "Trans Frontier l laps ,"  on tlie scnlc of 1 6  miles 
to the inch, containing all tlic most reccnt information of tlie rcxgions bcyond the 
Britisli Frontier. Tl~ese maps are prrpared on a skeleton form, slio\ving tlrc posi- 
tions of towns, villages and nlountnirl passcs and tlie course of the river, but 
omitting tlle l~ills. Tlie following l ~ a v e  now l~ccn pul>lishcd; No. 4, comprising 
portions of Afghanistan, Icafiristan, Bndakshnn, Bokl~am, Icarategin, S\lrat, 
I+rjour, Pnnjlrom, nntl Cliitrnl ; No. 7, comprising Cllilas, Gilgit, Ynssin, Runjut, 
S i r ~ l i ~ ~ l ,  tlrc I'nmir Stcppc., Knshgnr, Ynrkand, IChotnn, and part of Cl~incse 
'I'l1i11c.t; and KO. 9, conlprising Kepaul, Sikliim and portions of Uoolan and Grcnt 
Tl~ibct. 

(192.) Good proqress llns l ~ c r n  mndc wit11 tho scrics of Level-Charts on 
n-11ic.h the rcsi~lts 01' t l ~ c  lc~-f.liny ol)c,rntions for Canals, Rnil~vngs and othcr 
pnl~lic n-orks arc, s l ~ o ~ v n ,  aftrr Ilavinq l~ccn connc~ctcd nit11 tlle innin lines of level 
of this Sr~rvcy nntl rctli~crd to tl~c, snlnc datum, 1.i:. t l ~ c  monn scba level a t  
I i ~ r a l ~ r e .  SIICT~S Xo, 8, 10, ant1 23 (scc accoml~anping Index Clrart) have bccn 
pul~lisllctl nnd Xo. Ci mlti 26 arr in a vcry advanccd stntc.. 

( 1 )  I n  ntltlition to tlrc. al,ovc, tn-euty prrliniinnry charts of thc trian- 
ci~lntion in 1-nrio11s parts of Tntlin l~avc  I r cn  pul)lisl~rtl, and sc,ver:ll final charts 
m.c in I~and 11 11ieli n ill I,(* pul)lisl~ctl n it11 tlic synopsrs of t l ~ c  rc>sillts of the trion- 
z~~ la t ion .  A lnrqr a n ~ o ~ u ~ ~ t  of rniscc.llnneo~rs ~ o r l i  has hccn pcrfornlrd, and an 
i~rlp~~ow,tl s>-stc>nl 113s l,c,cm introducc~d for tlrc cxnniinatiol~ of tlir rnal>s rc~ccivcd 
fro111 the Sllrrcy l'nrtics. I3y t l ~ e  ~) l~otozincoq~~npl~ic  proems 21,171 copics of 
c>lrnrts, mnps and diagrmns 11n1-r 11c~n pr i~l t t~d  of n11icl1 8,113 11a~-c hrcn coloretl by 
11nntl for ~ < S I I ( \  to t l ~ r  pulblic nntl to (;ovcrnmcmt oficinls, nntl 12.539 copicxs of 
~ O I . I I I ~  for cnlc-~~lntio~ls nntl ollicc. nork  have bccn zincographcd for thc current 
rc~q~~ircmcnts of tlle dttpartrncnt. 



(124.) It now only remains for me to acknowledge the valuablc services 
which have been rendercd by my Personal Assistant Mr. H. Duhan, and by Mr. 
Robert Scott, whose multifarious dutics in connection with the corresponding 
office and as general store-keeper have bccn very carefully pcrformed. 

(126.) An abstract of the out-turn of work cxecutcd by each of the 
fiurvey parties whose work can be exhibited in this form is given on the following 
pngc. I am happy to be able to express my opinion that t l ~ e  progrcss mndc on 
all sides during thc year, by the Survey Parties in thc field and in rcccss, aud by 
the Oficcs a t  Head Quarters, has bccn generally most satisfactory. 

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



Abstract of the out-turn of work executed by the Great Trigonometrical 
Survey Parties, during the Ofacial year 1872-73. 

N ~ ~ n l b r r  of Prinripnl Stnt.ionr, ~ l c e l y  f i ~ e d ,  ... 
N l ~ m b c r  of Prinripnl Trinngles, r o ~ n p l r l r d ,  ... 
A r m  of Principnl Trinngulution, in sqonremilcs, 
L e n g t l ~ s  of Principnl Sprier, ill milcr, ... 
Avern$c ' f i i n n g ~ ~ l n r  error, ill srco~lds, ... 
Arrrngc  Probnblo errorsofAngles, ill seconds, + 
A a i m e l l ~ s  of rerifimtion, . . . . . . . . .  
Numbcr  of Seconrlnry Stations whoso positions \ 

nnd l~eigllts hure  bccn f i c d ,  . . . . . .  ) 
Numbcr  of YccondnrgStntions wl~ose positions \ 

onlr  l ~ u r c  horn fired, . . . . . . . . .  ) 
Number  or Srcondnry Trinnglea of allicll  nu 3 \ 

n ~ ~ g l r s  llnre bccn obscrrccl, ) . . . . . .  
Iangbh o l  S C ~ O I I ~ H I ~  Series in miles, 
Awn of SrcondnrJ nnd Uinor  Trinngulntion in  

aqunrc ntilrr. ... ... ... 
Number  or P o ~ n t e  61ed by in terscc t io~~,but  not \ 

ri-ited. ... ... ... ... ) 
Length  of b o ~ ~ n ~ l o y  lines nnd check Lincs sur- 
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Extract from the Narrative Report-dated 15th July 1873-of W. C. ROSSENRODE, ESQ., Deputy 
Superintendent 3rd Oracle, in charge Southern Section Bilaspur Series. 

(3.) On receipt of my Narrative Report and rough chart of last season, Major Mont- 
gomerie, R.E., remarked " I n  brief I cannot accept principal triangulation devoid of secondary 
work ant1 011 this point I must call your attention to letter No. &, dated 21st October 1868, from 
the Superintcndent G. T. Survey." 

(4.) Mr. Bell rejoined the party on the 26thOctober Inst, and before commencing field 
operations I arranged the following programme for accomplishing the utmost q u a u t i t ~  of secon- 
dary ~vork, in compliance with your orders to the late Mr. Shelverton above cited. My short- 
comings thc previous season were attributable, not to inattention to your orders, but to a paucity 
of assistants, owing to which, I could not execute the secondary work you dcsircd. For the 
same rcason another important duty could not be attended to;  the constructiou of rectangular 
pillars, and the handing over of the stations completed to  the local authorities. I eudeavoured 
during thelate field season to accomplish both, by detaching all tlre three assistants to carry 
out  your wishes, retaining ouly a native writer to assist me in the observatory and iu  office 
duties, 

{ 
To determine the positions of the towns of Jaipur and Jag- 

dalpur, the reside~~ces of the ltbjas of Jaipur and 13astar; to lay 
MR. BEVERLEY down all toans and villages within the priucipal t r ia~~gulat iol l  of 

the first polygon and a half, and to fix the position of the civil sta- 
tion of Korlpdt. 

MR. BELL Was assigned the remaining polygon and a half, and he was 

i instructcd to dctcrmine the positions of all important places. 
To construct rectangolar pillars, and to place the completed 

stations under the protection of the local authorities. H e  was also MR. MRIXON directed to execute as much secondary work as he possibly could 
within the principal triangulation completed the previous season. 

(-5.) I had much difficulty in  entertaining men and cattle to proceed wit11 me on field 
cluty. T l ~ e  inhabitants of Wblter, Vizagapatarn ant1 Vizianagaram, drcatl the Jaipur and 
Bastar juuglcs, owing to their unhealthiness. The men who had lrirctl their bullocks the pre- 
vious season, for conveying the baggage of the party, dcmautled cxtrahirc. lgresl~ mcn were 
ct~gagcd by payiug eight annas per bullock in excess of last season's hirc ; their agreements were 
taken on stampcd pnpcr, ant1 by advancing them a month's hire for tach bullock, I secured the full 
complenlcnt of baggage cattle fbr the whole party. The bearers who had carrictl the grcat thco- 
dolitc nonld on no account take service, owing to 5 dcaths having occurred the previous scason 
after their return to recess quarters. I was in a measure prepared for this, and arranged for 
bcarcrs from HazhribCgh who had served with me in AssBm, Cacl~ar, Tipperah, Chittngor~g and 
Arracan. 

(6 )  All prcliminarp arrangements having been made the lampmen left II'Altcr 011 t l ~ c  
14th Novemher to occupy their respective stations. T l ~ c  maill canll) followctl on the 20t11 a l ~ d  
reached Sblrir, a large town, on the 28th by stages. Mere heavy rain fell, and c o ~ ~ t i n u e d  day aurl 
u ig l~ t  withoat intcr~nission until the afternoon of the 1st December. 

(7.) I apprehended much sickness in camp owing to  thc continuons wet ~veathcr;  tile 
mcn wcrc mithont proper food, and hnd to  sleep on the damp grour~tl ; thc ntmw was wet, nntl 
nothir~g dry could be obtained. A large quantity of wood was purcl~asetl, fircs mcrc ~ r ~ a t l c  for 
tho mcn to dry thcir clothes, and to keep them warm. My fenrs however werc grotundless ; 
wit11 thc us11r11  reca caution of administering quinine to thc men, and rcrnoving them at  ollce, n~hcl1 
thc rail1 ccased, to thc high hills of the Korbplit rangc, thc hcalt l~ of the party rcmaincd 

(9.) I rcnched Burdnar, my first station, whcrc I closctl 01)crations t l ~ c  previous SC3S011, 

on the lot11 I)cccml~cr, completed work on t l ~ c  12th nntl rnarcl~ctl next day to the secondary 
fitation of 11rnA. lpro~n t l ~ c ~ ~ c c  I proceeded to Sirsi 1I.S. wllcre I arrirctl on t l ~ e  I9tl1 : that very 
night nn epidcnlic Ijroke out among the pack b111loc!is, 4 of whic11 died 011 the 20tl1, 2 more 
cos~~altics occurrcd thc next day, and I lost five otl~crs bcforc I rcacl~cd I \ I o t i g i o ~ ~  H.S. on tllc 
24th l)cccmbcr. 1Iavi11g lost 11 baggagc b~~l locks  I separated thosc w l ~ i c l ~  \rrcrc stricltcn from 
those wl~ic l~  I111tl not takcn the discasc. The former mcrc S C I I ~  11y cnsy stages to  t l ~ c  statioll ill 
ntlvaucc \rl~cre 1 i ~ ~ t c ~ ~ t l c r l  obscrvi~~g nn azim~tth. This arranpcment savctl t l ~ c  cattle, b ~ ~ t  sickncss 
Ilrokc out ill camp ; t l ~ c  Ilospital Assistant, the Obserntory ltccortlcr, t l ~ c  Jarnadbr and 10 otllcr 
mcu wcrc prostrated with fever. I rcmosrd the camp 1'1,om t l ~ c  foot of t l ~ c  hill in t l ~ c  forcst to 
nn open c lc r~ tcd  spot ncar the village of Rfotig.'ln~l, threc milcs distant from t l ~ e  statiOII ; anti 
altcr corn l~ l r t i~~g  my ol)scrrations, 1 lnarcllcd to Karia H.S., t a k i ~ ~ g  t l ~ c  sick men aitll Ine to tilc 
station, and Ioc :~ t i~~g t l~o  w110Ic camp on t l ~ e  summit of t l ~ e  11ill. I lost OIIC mall on tile Ist  
Ja~inary 1873 ar~tl tllc otLcrv gratlually rccovcred. 





Viragnpatam. Numerous bands of Banjkras resort to  the ahove depbts, large quantities being 
obtained from t11c respective Itiija's officials. The Banjkras are an interesting people 

and an of them would not be amiss. 1 have met them frequently in the above states, 
on the line of march on the high road, I have met thcir interminable string of bullocks. 

The tinkling of innumerable bells announces the approach of Banjira cattle laden with corn ; 
thc leading bullocks are decorated with plumes attached to the head between the horns. Brass 
sockets tastefully worked are fitted on to the upper portions of the horns, the remaining por- 
tions are enclosed wit11 cases; the head has a covering, the neck a collar to which bells are at- 
tached ; all these are ornamented. The tail pieces and p c k s  are also decoratcd. Shells eriter 
largely in ornamenting the several pieces, which are tastefully arranged and worked to adoru 
the useful animal. The costume of the Ivomcn is very striking aud picturesque; i t  consists 
of a petticoat made with strips of cloth 6 to 8 inches in width of many colors, of the brightest 
gayest and most gorgeous hue, which are put together to form this garment. A patchwork bodicc 
of various colors to match the above, and a sheet edged with tinsel o r  red, thrown over the 
shoulders, completes the costume. A ~rofusion of jewels of all metals from gold and silver 
to  base brass are necessary to complete the toilet. Large gold uose rings, some jewelled, 
others plain silver, car-rings covering the entire ear, strings of beads of all colors and sizes 
rouud the neck, the arms covered with bangles and amulets, the ankles decoratcd wit11 massive 
metal oruaments to which are attacl~ed small bells, add greatly to the novelty of the costumc 
of these peculiar people. 

(22.) Long before daylight the trappings of the bullocks are put on and they are ladcn. 
The march begins wit11 the leadi~lg bullock advancing with waving plumes and tinkling bells ; 
others follow in succession, with a cock pcrcl~ed on the load of onc, a hen on another, a cl~ild on a 
third, a kid on a fourth, a litter of pops on a fifth, and so on, until all their livestock and the 
children of the gang are acconimodated. The laden cattle are followed at  intervals by a damsel, 
robed and adorncd as abovc, driving and vociferating to thc lazy and unruly under her charge : 
after a few minutes a man follows, and is heard shouting and talking to the bullocks as if they 
understood wl~a t  mas said, and castigating them when necessary. Each man carries a weapon 
of some dcscription to defend himsclf rn11ct1 necessary. 

(23.) The ~ h o l c  band is escorted by dogs which are seen following the men, women o r  
cattle all along the line of march, exercising thcir vigilance over all. The goats, sheep, cows 
with their calves, and mares wit11 thcir foals, bring up the rear accompanied by the aged, sick or 
infirm of the gang mouutcd on ponies. The loads are every now and then adjusted, the cattle 
which entangle themselves among the forest trees, are extricated, and on the Banjira proceeds 
to his destination with his grain ladcn cattle, his worldly goods and chattels, his wife, his children, 
and his livestock ; he leaves nothing behind. \\'it11 his sheet of gunny, which he pitches for 
shelter from dew and rain, and with all his belongings, he is contented and happy as any other 
living man in the enjoyment of ease and comfort. Each band of Uanjiras elects its own chief, 
wl~o  is implicitly obcyed. The chief settles disputes, and administers justice to all. These people 
seldom resort to courts of justice. They arc an independent, intrepid, hardy race, going through 
uninhabited forests swarming with mild animals. Their eucampments are well chosen, mostly 
on  banks of streams, elcvatcd and open. Their bullocks are picketed in rows, a long rope with 
knots equally placed 3 feet apart to which arc attached halters answers the purpose ; the ends 
of the rope arc fastened to piles driven deep into the soil, and the l~alters secure t l ~ e  cattle. 
Large fires surround the encampmcnt and are fed and kept alive by the men on guard who 
watch turn about. The numerous dogs with each gang guard aud protect them effectually and 
will not allow the cattle to stray nor an intruder to  approach. The dogs are of a peculiar 
brced, Inrgc, fierce, p o ~ r c r f ~ ~ l  and intclligcnt, ant1 are very much attached to their owners. Thcy 
live with the family and are fondled and caressed by the children. 

(24.) Mr. Henry Beverley, Survcpor 1st Grade, was employed during the entire season 
upon secondary opcr:rtions. I have already allndcd to t l ~ c  assistance I received from 11im d ~ ~ r i n g  
t l ~ c  azimuth observations at  the central st:ltion of Karia. 1Irith his 11sual energy and zeal he 
11as accomplisl~cd a largc quantity of work, having detcrmincd the positions of 7 important places, 
connected 10 Topogral~hical stations, fiacd 52 secondary stations and 102 intersected points and 
villages. His triangles having all t l~rcc angles ol~scrvcd amount to 53. The heights above sea 
level of nearly nll his secondnrics have been determined. I n  addition to  t l ~ c  above he has con- 
structcd rectangr~lar pillars over six principal stations and placcd t l ~ c m  under the protection of 
t l ~ c  local authorities. 

(25.) Mr. Beverlcy and 11is dctnchment have one and all suffered from fever, notwith- 
standing ~ r l ~ i c h  hc worked on and even took his stand at  thc theodolite with fever on him. T l ~ e  
\ravy undulating nature of the country, densely clotl~cd with jungle, having villages scattered here 
and thcrc sc rce~~ed  or rather imbcddcd iu t l ~ c  forcst, might have dishcnrteuctl a less experienced 
Sorvcyor in determining their positions. The difficulty of laying down the villnges was great 
and the labor trying ; he however progressed steadily and systematically, and the result has been 
tllc large quantity of secondary work wl~ich is shorn  in the rough chart accompanyiug tliis 
rcport, 



(27.) Mr. F. Bcll, Surveyor 3rd Grade, mas employed throughout the season upon 
secondary work, and hns determined the positions of 5 important places, connected 4 Topographi- 
cal stations, fixed 2-1. secondary stations and 39  iutersccted points and villages, and obtained 35 
triangles nll three angles of which have been observed; and heights above sea level of most of 
Ilis secondary stations have been determined. 

(28.)  Mr. Bell and his establishment suffered from fever; at  one time almost all in camp, 
he Ilimsclf iucludcd, a c r e  prostrated. H e  like all the members of this department bravely main. 
tnined his ground, trcated himsclf and his men most successfully, and persevcriugly arlvanccd llis 
operations r~ot\vitl~standing t l ~ c  sickness iu camp ant1 the dificulties 11e had to encounter in tile 
prosecutio~~ of 11is labor$. H e  remained out latest iu the fieltl and did not close work uutil tile 
~ v e a t l ~ c r  bccnme nnfavorablc. 

(30.) Mr. E. P. TVrixon, Assistant Surveyor 3rd Grade, has throughout the season been 
cmploycd in co~~s t ruc t ing  rec tn~~gular  pillars over principal stations and handing them over to 
the local authorities. H c  has b u ~ l t  and made over 17 stations. I n  addition to  this he hns accom. 
plislled some seco~~dary  work in last season's triangulation. I l e  observed at  10 principal and 7 
secondary stations, ohtnining 21 triangles of which all three angles have been determined, and 4 
triangles of which only tvvo anglcs have been observed, and determined 35 intersected points. 

(31.) Mr. IYriron and his small detachment suffered much from sickness and 11e lost 
three mcn from fever. At Singanbmn H.S. lle mas so ill from fever that he intended proceed. 
ing to Colonel Saxton's camp, which was not very far removed from him, for medical aid. A 
fiivorable change taking place just then enabled l ~ i m  to continue his work. On his return to 
WLltcr he had another bad attack of fever. H e  had to  go over the ground of the previous 
season, visiting each statiou of the Bider Longitudinal Series. The very difficult ground of the 
Eastern Gl~bts  wl~ich he had to traverse has been described in  my last narrative report. I provided 
M r  Tlrrixou with lime for 10 rectangular pillars aud he arranged for the remaining stations. 

(33.) Mr. Beverley having determined the positions of the large towns of Jaipur, Jag- 
dalpur, Korip6t nud Naurangpur, has furnished the following information regarding them :- 

Jnij~ir.-The town of Jaipnr is t l ~ c  seat of the Rhja, a semi-independent Prince, the Chicf 
of n tract of country aboot 200 miles in length and 50 in breadth. Jaipur is situated on low 
groand to the south of low undulating hills, the most southeasterly of wl~ich is Doseebata, ant1 
withill sir miles of the high mountains which surround i t  on three sides, and there is an isolatcd 
l ~ i l l  2,000 feet in hcight to the northaard. The town is therefore in a l~o l lo~v  and consequentlr 
n ~ ~ l ~ e a l t l ~ y  t l~rougl~out  the year ; i t  consists of about 1000 huts inl~aljited chiefly by thc retainers 
of the Kcin and traders. 11 metalled road from Korip6t passes through the town from east 
to  west, all the rcst are mere village paths ; OII both sitles of this road are large thatched houses 
~ v i t h  murl walls be longi~~g to tmrlcrs qnrl i ~ ~ f l ~ ~ e n t i a l  men ; and ~ I I  their midst is the residence of the 
J(h,ja, a large upper-roomed pnkn huilding wit11 a tiled roof, situated OII slightly elevated ground 

rc~n~rn:ulrling a view of the town. The rcsitler~ce of the Assistant Agent and Police OfIicer 
a s s  tl) thr n.rst of the towr~;  owing to the ~~nl~ea l th incss  of the place, this has since beon 
~II) :IIIIIIIII~II ,  I)!. tile oificials for Kol4plit on the (;h6ts, distant about 15 miles to the eastwilrd. 
.Iail)~w is .11rro1111drr1 I)? several groves of mango trees; these are planted in rows, each about 
20 ~ar11-  :~l)nrt, ~ r i t h  mntl~cn~;~tical  precision, the trees in each row being the same dista~~ct: 
 fro^^^ O I I C  :r~lotller. Tlle,plarc is snrrou~~tled by a uumbcr of tanks more or less large, oce to tllc 
arest being 11:llf a mile in lc11gt11. 

hi,rr;!,~i/.-\Yhrn Mr. Turner mas appointed Political Agent of Jaipur in place of Captain 
Smith, nllo \ran ol~ligcrl to go on sick leave, on account of thc notorious 11111~enlthiness of the 
town of Jaipur, he w m  given the option of residing on the high plntcnu ~ l ~ i c h  nearly s~trrountla 
Jaipur; 11e took atlvantngc of it nut1 sclcctcd the prescut sitc nbont 15 milcs east of Jaipur. 
The I'oblic \\'t~l.lin 11cl):trtnrent is now cngaged on a good cart road from the hcatl of the G11:its 
to  the town of Shllir, ill the p l a i ~ ~ s  to the east, ~v11ich when completetl will facilitate consid~~r- 
ably the csport of grain from Jnipur a11r1 Hastnr to thc sea coast. At p r c s e ~ ~ t  the only availnl~lc 
ruode of C O I I ~ C Y ~ I I ~  graiu is by pack bulloclis wliich makes all grain brought into Vizagapata~n, 
w r y  espcnsivc. 

The civil station of Koraprit obtained its name from the small llamlct of Kora, " plit " 
I~eing an aKis signifying n very small village, but i t  is in the lands of both thc small village of 
lior.'ll)lit w ~ d  the large one of K l ~ u m h a ;  the boundary line between the t\vovillages passes ovcr 
a small hill in the ccntre of the town, OII  this hill is the Trigonomctricnl statioo. The lattcr 
village was :ll):u~rloncrl nftcr t l ~ c  civil station was formcd ; the site is IIOW occupicd by the Police 
lines an11 the Suh-~Ia~i r t ra tc ' s  Kacl~allri. The sitc of Korhprit is wcll cl~esen, i t  is in the 
rcntrc oT an cs tc~~s ivc  tnlrlcla~~tl, ahout 2,!)(H) fcct :rhovc sea Icvcl, harc of trees. A largc sqllal,e 
tank i l l  tllc r c ~ ~ t r c  of thc town :l11r1 to the ~vcst o f the  Trigo~rometrical station, is being excavated 
\ T I I I ~ ~ I I  will snpl~ly t l ~ r  stntiou with water. Koriplit is in its infancy, thc residences arc temporary 
Ijuildi~~g*, Ilut pcrrnallcllt oncs arc in course of coustruction for thc A g c ~ ~ t ,  Supcrintcndcut 



of Police and for all Government offices. From KorSp6t to SAldr, the nearest native town in the 
nlains is 48 miles, of which 25 miles is on the high tableland u p  to  the Ghits, and 23 miles 
from thence to ~ k l d r .  

- 

Naurangpur is a pretty considerable town extending for allout a milein length from 
north to south, but is very narrow; i t  is situated about a mile from theright bank of the 
Indrabati river, which taltes its rise in the Gh&ts and proceeds westward till i t  falls into the  
QodLvari. During the cold weather i t  has a depth of 3 to 4 feet of water, but i t  overflows 
its banks during the rains, and sometimcs destroys the crops a couple of miles on either side. 
There is but one street through the towu of Naurangpur from which branch off very narrow 
lanes or village paths to the huts; these are of mud walls with thatched roofs, except the 
Rija's house and the Sub-Magistrate's Kachahri. To the east and west of thc t o p  are three 
large taltks respectively which suppljr i t  with watcr; on the bank of the centre tank, to the east, 
is the Trigonometrical station. A. fine avenve of mango trees planted in  four rows exteuds 
from Naurangpur to M a g i p r a  village about 2 miles. 

Jagdalpur is the residence of the Ri,ja of Rastar; his former place of abode mas a t  
Bastar, or Juna Bastar, the latter is now quite abandoned, an11 the site of the old town is a 
forest: a few small scattered villages at the outskirts of the forest still go by the name of 
Bastar. The distance from Bastar is 10 miles. Jagdalpur is on the left bank of thc Indra- 
bati river ~vhich hcrc is deep throughout the year. The town is immediately on the bauk of 
the river, and is inhabited only by the R&ja and his retainers. I n  a large mango tope to the 
south of the town a weekly market is held, and there is a fine, large tank extending about a 
mile in  length to the west of the town. 

Mr. Bell has supplied the following notes:-Karial, the residence of a RLja, consists of 
three to four hundred huts. The RLja's residence is paka, and is built in the form of a quad- 
rangle with a minaret at  each corner. One thing I noticed as peculiar while in the Karial 
Tiluk, i.e., the people would on no account give the name of thcir paternal parent, although 
they unhesitatingly gave their mother's name. I n  all my travels this is the first time I have 
met with this peculiarity, usually i t  is just the reverse. 

Karial is faced on the western side by a marsh extending fully the length of the town 
(there is first-rate snipe shooting to  be had in it) i t  is very low and surrounded by hills on the 
south and southwest, the hills run in long ranges. The Tiluk of Karial consists mostly of well 
watered strips of land dotted with hills, and is separatcd on the west from the Nawagarh Tblak 
by a high and continuous range of hills about 20 miles broad. I t  belongs to  the Raipur District, 
Central Provinces. 

Sihoa H.S. The hill of Sihoa is considered to be thc source of the IIahLnaddi River, 
and like all old places of note it has its legend. The following is what I picked up during my 
stay :-Once upon a time there lived a Jogi (hermit) in a small cave, still extant on the hill top, 
where he was supplied with food and water by a little girl, thedaughter of one of the townsmen 
(for i t  was then a large place and of some importancc). One day the child forgot to take the 
hermit water, which caused her great anxiety and fear; however, when the old hermit saw her 
distress, he questioned her as to the cause and being told, he ordered her to pass her hand thrice 
round the "Tombie" (gourd) and then to  removc the cover. On doing what she was bid, ahe 
found to her surprise the gourd was full to the brim. One day the gourd I~roke, and being full 
a t  the time the contents percolated through the hill, and taking the form of a stream flowed 
eastward; on perceiving what had happeued, the old jogi demnndetl what the waters mcat~ t  
by imitating the course of most other rivers, about that part by flowing to the east, and 
ordered it to go to the west; the order was obeyed, and the river having goue it short distance 
in an easterly direction suddenly turned and proceeded to the westward. Since that time 
(I  could uot gct the date) a fair has been held annr~ally in commemoration of the occurrcuce, 
which is largely attended. -4 few streamers mark the former abode of the Jogi. The hill llas 
once been fortified, traces of which are still to be seen, and it is naturally rather formidable 
being almost pel.11endicular on three sides and consisting of rocks on the fourth side ; on 11eari11~ 
the top of thc hill it  hecomes very steep, and the path admits one person at  a time only, bcillg 
very narrow, aud is c o ~ n i ~ l ~ t c l y  commander1 by a couple of overhanging rocks of great size like 
bastions. Before the use of large guns this place must hove hecn very formitlable; i t  was 
occupied by a hand of maraudcrs. Prior to the country becomming scttlcd, Si l~oa is said to 
have been guarded by a hundred horsemen and fifty foot, but this force has been gradually re- 
duced to a handful of police; Sihoa is now in the Raipur District of the Central Proviuces. 



Extract from the Narrative Report-dated 15th July 1873-of H. KEELAN. ESQ., Deputy 
Superintendent 3rd Grade in charge Bilaspur Meridional Series. 

(2.) The party reached Jabalpur from Head Quarters on the 9th November, and marched 
&om thence on the 20th to  the Raipur district to  resume operations, and arrived at  the tower 
station of MahAsamand on the 16th December, where i t  was intended to  observe a second veri. 
ficatory Azimuth (the first was taken about 50 miles higher up at  the tower station of Pathaidi) 
but  owing t o t h e  low swampy nature of the country around Mahimamand a suitable referring mark 
could not be found in the direction required, and in  consequence the azimuth ohservntions were 
taken at  the hill station of Remai, 12 miles lower down, a station equally free from any apparent 
local disturbance. On the 20th, observations to 6 Ursae Minoris were begun, and completed on 
the  27th of December. The weather throughout these observations remained fair, though fears 
were entertained during the preliminary arrangements, that i t  would not he 80, as i t  was daily 
cloudy during this time. 

(4.) Immediately the observations at  Remai hill station were completed, Mr.  Surveyor 
Clarke was detached to build up all the platforms and cut roads for the large theodolite at  the 
several hill stations selected the previous season; in the meanwhile, Ireturned to the tower station 
of Mahksnmand to begin the final observations there. 

(5.) During the month of December final observations were completed a t  Mahhamand 
station. 

(6.) During the month of January final observations were completed at  the hill stations 
of Khalbri, Guhia, Remai, Jogi and Jatia. 

(7.) During the month of February final observations were completed at  the hill sta- 
tions of Malewn, Bamnai, Peudra and Deodongri. These two last point8 define the closing 
side of the northern and southern sectious of the Bilbspur Series. 

(8.) The final principal angles were commenced on the 30th December, and in order 
t o  close the work on the side of junction (Pendra H.S. t o  Deodongri H.S.) from the north, 
before the signal parties of the southern section came up, the observations were carried on 
steadily to  the 17th February; but  notwithstanding the effort to obviate clashing, a short delay 
of one day did occur to Mr. Rossenrode, when the above named stations were finally cleared by 
me for the observations connected with the southern section. 

(9.) I n  the instruction conveyed in your ORice letter of the 21st October last, a second 
Azimuth was t o  be observed at  Pendra H.S., provided its position was free of local disturbances ; 
but I had strong doubts, viewing the country from the north in the early part of the season, of 
securing these observations, on account of the close proximity of a formidable mass of elevated 
hills running south and east of Pendra, 15 miles off, nnd on which the stntion of Deodongri stands. 
I t  was eventually found on closer inspection of the country in  the neiglthourhood, that i t  
would not answer for either an Azimuth or Latitude station, nnd the project was therefore given 
up. The camp then broke up at  Pcndra and marched up towards Jabalpur, where it arrived on the 
24th March, and thence proceeded to Chanhr (Chunar) vid Rewah and Mirzapur. The march was 
long, tedious and trying; the country travelled over could not have been less than 500 miles. 

(10.) There is no secondary triangulation executed in the last season's portion of the 
principal operations as there are no defined points in the country of any kind whatsoever. I t  is 
without exception the wildest tract it has ever been my lot to work in, at  thesame timevery spsrse- 
Iy inhabited, on account of the numerous wild animals that overrun the district, especially wild 
buffaloes. The Native Doctor Moti Ram wo~lld have been killed by one of them, a solitary 
infuriated beast, the terror of the neighbourl~ood, but for the ready assistance he received from 
villagers who were at  hand to rescue him. On the other hand, the party had only t ~ o  assistants. 
Mr.  Surveyor Clarke was employed in building platforms, cutting roads, preparing materials for 
building rectangular pillars a ~ ~ d  transferring them to the native officials, and Mr. Assistant 
Surveyor Clancey wae employed in the office and in recording observations in the observatory. 

(11.) The men of the Native Establisl~ment suffered much from jungle fever; the 
average daily number of sick were 15, nearly all through the season. 



Extract from the Narrative Report-dated 31st July 1873-of W. Q. BEVERLEY, ESQ., Bssistant 
Superintendent 2nd Qrade, in charge Assam Valley Triangulation. 

(2.) The camp started from Gowhatty on the 25thNovemher. I had intended taking 
the field early in November as stated in my Report for 1871-72, but  was unable to  do so before 
the above date, owing to the latcnoss of the rains, the delay of the men in  rejoining from leave, 
and the necessity for entertaining new men. 

(4.) As there were no stations ready in advance for the final observations, I took up 
secondary triangulation, while the assistants were employed in selecting and clearing rays, and 
in building pillars. I commenced work at BishnLth on the 8 th  December, and visited the hill 
stations of Kamakia, Kandali and Longboai for the purpose of fixing the Civil Stations of Nau- 
gong and Tezpur, such of the Revenue Survey platforms as could be seen and all the prominent 
peaks to the north and south of the BrihmLputra River. 

(5.) . A good number of peaks were observed to at  Kamakia H.S., on the 16th December; 
but  by the t ~ m e  I reached Kandali on the 22nd, all the ranges to the north were completely ob- 
scured. The firing of the grass jungles had begun earlier than usual, the smoke from which, 
combined with the heavy fogs that sometimes did not rise up from the valley till 2 and 3 P.M., 
prevented my getting much secondary work. Several days were spent a t  Kandali and Longboai 
without any results, and I proceeded to take up the principal work, visiting the Revenue Survey 
station of Kamargion, en route, where some observations to peaks were obtained after three days 
very heavy rain. 

(6.) Final observations were commenced at  Cheniahinshon H.S. towards the end of 
January, when the pillars at GolLghLt and Bor-Chapri had been built up to the required heights. 
The Nikori-Chapri pillar having fallen down soon after completion, I suspended the principal 
observations a t  Kankochan H.S., on 12th February, and took up approximate work and ray  
clearing, returning to Kankochan H.S. on the 25th with a view to  fixing some peaks- 
weather permitting-while the pillar was being built. The observations at  this station were 
completed on the 2nd March. From the unavoidable delay in  building up the pillars, the  
angles at  each station could not be all observed at  once, and i t  became necessary t o  visit 
some of them a second and third time. The Bor-Chapri pentagon was out of hand on the 2nd 
April : the observations at two stations of this figure were taken with the 12-inch theodolite, 
in  consequence of the injury occasioned to  the 14-inch on the Gol6ghBt tower, and which was 
reported to you at  the time. The results obtained from this instrument were very satis- 
factory, observations being taken on ten zeros. 

(9.) The principal work for the past season is only one pentagon: this is an exceed- 
ingly smnll out-turn, and is due wholly to the approximate work not being well in advance. I 
have in  last year's report drawn attention to this circumstance, and to the difficulties peculiar 
to  AssLm in selecting stations, to which may be added the very great delay in building stations 
from the frequent heavy falls of rain, commencing in February and continuing with few breaks 
throughout the field season. If the approximate work had kept well aheadof the final obser- 
vations from the first year of the survey, a larger out-turn might have been more reasonably 
expected than we have been able to show. 

During last season, Mr. O'Sullivan bas been able to select six points ahead on the left bank 
of the Brrihmiputra, and mill probably have three more in connection with them, selected on the 
right bank, very shortly after taking the field. I purpose employing two ossistants for a short 
time in building the stations, and hope to have the approximate work for the future always suffi- 
ciently in advance of the final work, aud thereby have a larger out-turn. 

(10.) The secondary work has completely defined the lower range or  Dafla hills, on the 
north bank of the Br6hmLpntra and enst of 93" 2G1, and also fixed several peaks on the inner 
ranges between Long. 92" 30' and 94' 15'. These points would be useful to the survey intended 
to  define the British boundary to the north, or to any party that may accompany the rumoured 
expedition into the Dafla hills. Four peaks on the snowy range also have been added, but as  
these were only seen twice, some uncertainty for the present exists ns to their positions. Three 
Revenue Survey stations have been connected with the G. T. Survey and some more would 
have been fixed had they been accessible, and not built in the depths of grass and forest jungle. 
I n  tlle Lotlla NBga hills four or five peaks have been laid down ; some of these are common to  
the Topographical Survey carried on Inst season, and serve to make a sort of connection between 
the two surveys. Two hills in the Civil and Military station of Tezpur as well as the Church 
and Lunatic Asylum have been fixed, also the Assistant Commissioner's house in the Sub-Divi- 
aional Station of GolAghkt. The Civil Station of Naugong could not be b e d  for want of time, 
but this mny be done iu the ensuing season. 



(11.) T l ~ e  npprosimate work, i t  will be seen, has been carried up to near Sibsiigar. Mr. 
O'Sullivan reports that the jungle on the right bnuk of the BrBhmBputra River, on the Majhili 
inland, is very heavy and will be a source of considerable delay. I t  would therefore be advantage. 
011s to keep nlong the left bank up to Dibrugarh, ouly crossing over when the forest on that side 
hecomes heavy. The side Bor-Ali to Gal~risigar  mill be bcst ntlnpted for extensiou up the valley, 
autl the side Gaurishgar to Cintamnnignrh for turuing into the hills. There does not appear to 
he any tlificulty in the triangulation bcing taken once more into the hills at  this point, as they 
are inhabited hy more tractable tribes, and there are numerous tea gardens scattered dong the 
boundary, a1111 even l)eyo11t1 it. 1 mould therefore propose for thc cnsning season that the survey 
be carried along thc hills entirely, after me havc ouce cuteretl them, or have one flir~~lc resting in 
the plains shonltl t11rrc I)c any political ol),jcctions to our going further i r~ to  the interior. 

(12.) The couutry traversed by the triangulation last season has been already described. 
The same difficulties ill progress mere experienced in the clearing and cutting of rays througll 
patches of hcavy forest and reed juuglc. The country ahead, on the lcft bank as far as the 
approxin~nte work has extended, M r .  O'Sullivan describes as less difficult; some of the rays 
will require little or no clcariug. The stations too, have been selected on high mounds and old 
temples, which will I)c sc.rvicenblc in reducing the heights of the pillars. 

(13.) Iuarlequate carriage hns been the occasion of much delay. As local labor was not 
available, the elep1i:rnts of the party were employed to convey materials for building, provisions 
for the establishrueut and also to crush d o ~ u  the jungle on the rays. I f  two or three more 
elephants could be attached to the party much inconvenience would be avoided. I t  was neces- 
sary last season mheu marching from one place to  another to make frequent halts, while the 
baggnge had been sent ahead, and unfortunately neither elephants nor other animals could be 
obtaiued ou hire in the Sibsigar district by which time miglit have been saved. 

(14.) Mr. Harris was employed throughout the season in building stations. Those at  
Gol6ghRt and ROT-Chapri were respectively raised to a height of 23 and 24 feet. The pillar at  
MadaigLon was built to  a height of 35, and Nikori-Chapri to  25 feet. That at  the  latter station 
had to be built up a second time. 

(15.) I t  was found necessary to erect apillar 12feet high on the Nigri Ting hillock, in 
order to  overlook the numerous trees scattered over the tea gardens which exteud all round 
and up the slopes. An ancient, high temple, surrounded by trees, crowns the summit of this 
hillock. I t  was proposed to  erect a platform on the top of this temple from which a very exten- 
sive view is obtained, and by clearing the ray between i t  and GollghBt, a double pentagon would 
have been obtained. The guardians of the temple gave at  first thew consent to our proposal, but 
subsequently declined on superstitious grounds to  permit what they considercd a desecration of 
the  shrine. The site for the station was therefore selected outside the wall of the enclosure, on 
the elope towards the N. W. corner. 

(16.) This pillar was completed by the 13th April, and Mr. Harris crossed the Brfibml- 
putra and took up the building of Rodonga and Bekbuli Mukh stations. 

(17.) Mr. Harris' progress has been rendered very slow from the met weather which pre- 
vailed almost throughout the season. The bricks after being moulded had to be protected from 
rain, and although dried in  the sun imbibed moisture so very rapidly, (the fall of the Nikori- 
Chapri pillar was due entirely to this circumstance), that i t  became necessary to kiln-dry them 
before they could be used. The soil too, was in  some places so ill adapted for making bricks, that 
they had to be moulded and baked at  long distances from the statio~ls, and convcyetl thence I)y 
elephants and boats. Mr.  Harris, with his usual good managemcut, employed his materials to 
the hest advantage, and with due regard to economy. 

(19.) Mr. O'S~~llivan was employed on the Approximate scrics. IIe  commenced work 
early in 1)ecemher ill re-clcaring and carrying tinal rays between the stations selcctcd the prcvious 
sensou. 

(20.) I have mentioned in my lnst report the delay in cutting throllgh the forest jungle of 
AssBm. 'Chis forest fortunately occurs only in patches on a ray, and some idea of its nature may 
be formed from the fact of one ray l a ~ t  senson having occupied Mr. O'S~~ll isau with a party of 3 
cutters 36 days to carry. There is also much loss of time in re-clearing final rays a secoud season, 
a s  the grass and bamboo jungle grow very rapidly and heavy durir~g the rair~s. 

(21.) On completing ray clearing, Mr. O'Sullivan took up the selection of stations in 
advance at  the heginning of March ; and by the 3rd April had carricd the Approximate series up 
to  within 6.4 miles of Sibskar.  Exclusive of Nigri Ting, 6 stations have been sclected and fixed 
on the left bank of the BriibmBputra. Thcse points conld only he rletermined on after reconnais- 
aance, since no information of any kind could be obtained from the A s s h i s ,  who appear to 
know little o r  nothing of the country beyond the bounds of thcir villagcs, and the maps we relied 
upon were rather incomplete in nome necessary detnils. 

(22.) Mr. O'Snllivan reports the country on the left hank, in the Jorl16t division, to be 
a little more opeu than on the other side, on the hfajhili island, and to have scattered about high 
mounds-tbe sites of villages, old temples abandoned or ruined, aud high tank bauks, with 



n11merous paths and roads. IIc  has shcwn consitlcral~le judgment in 11is selection of stations in 
advar~tageo~~s positions and convcnicnt of acccss, and in carrylng the series over to the lcft bank 
entirely, at a point where it may be readily ntl\.anced iuto the l~i l ls  or extended up tl~evalley. 

(23.) Mr. O'Sullivan crossed the Urihmiputra on 14th April and selected and fixed 
Bekhuli Mukh station, ant1 mo111d have probnl~ly co~npleted the selection of the three remaining 
stations on the nortlrcrn flank, had not lais progress been stopped from want of provisions. No 
assistance could bc obtained from the &lauzadirs who were invariably away from their JIauzas, 
and applications to t11c district otficcrs were of no avail. I t  is a remarkablecoincidence that  the 
Mauzadirs of the Sibsigar District nrcre always absent at ,the Sadr Station when called o n  
by the surveyors forassistance. This is the second scason that Mr. O'Sullivan and his establis11- 
ment and elephants have been, as i t  were, starved out of the Majhili. 

I t  will bc necessary next season to carry supplies for men and animals in  boats from below, 
and to makc such other arrangements as may render i t  possible for us to be ~vl~ol ly  independent 
of assistance from district officers or Biauzadirs. 

(24.) hlr. Hughes, immediately after entering the Department, was posted to this Survey. 
H e  accompanied Mr. O'Sulliva~~ to t l ~ e  field and was trained in ray carrying, and in the use of the 
theodolite. H e  joined the main camp for a short time, and acted as Observatory Recorder. 
Mr. Hughes has s l ~ e ~ v n  much intelligeuce and aptitude in learning the duties of his profession, 
and will in time become an efficient surveyor. 

(25.) The assistants have thronghont the year worked cheerfully and well, and in spite of 
hardships and privations, and various pl~ysical discomforts and annoyances incident to field life 
in Assbm, have continued to evince a zeal for their duties. 

(26.) The field scnsou has becn unhealthy ; nearly every one has sufferred more or  less 
from malarious fevers ant1 otlier complaiuts, returning to quarters much debilitated. One death 
only took place in  the establishment. 

(27.) Thc party returned to uarters at  the end of May, remaining out a little longer in 
the field than mos necessary with a clance of obtaining more work if possible, but the ~ v e a t l ~ e r  
was quite opposed to progress. Thc low ground was under water about the 25th April from the 
continuous heavy rain ; l ~ t t l e  work was got after the 16th of April. Unless prevented by untoward 
circumstances, the pmty will leave recess quarters towards the close of October so as to be on 
the ground enrly in Novcmber. 

(28.) The accompanying chart on the scale of 8 miles to  the inch, shews all the work of 
the Assbm Valley Survey from its commenccmcnt. Tl~ere is a great blank west of Loog. 93"0', 
and I propQse to take up secondary work from Silang (Shillong) and carry thc observations up the 
valley so as to fix points on the ranges to uortll and south and till up this blank. Tl~ese observa- 
tions could be carried on until the  principal stations ahead are ready. 

Extract from the Narrative Report-dated 27th June 1873-of Lieut. M. W. ROGERS, R.E., 
Assistant Superintendent 1st Grade, in charge Jodhpur Meridional Series. 

(2.) During thc recess season I received instructions that the party was to be cmployed 
during tlre nest field scason ill Rlijpntina, on a Meridional Scries, emanating from the KarAcl~i 
Longitudinal Scrics, and proccedi~~a nort l~,  on t l ~ c  meridian 7P0 30' to meet the Satlej Series. 
As the prcparations of t l ~ c  last fcltl scason Ilad bccll made with a view to doubling t l ~ c  Great 
Arc in parts betxvccn Hider aud Sironj, the w11ole arrangements for the season had to  be 
changed. 

(3.) Thcre still rcmained some stations of thc last pear's worlr to be closed, and a portion 
of triangulation to conucct Karnd ,  nllic11 111. llond had been obliged to abandon last year from 
ill licnltl~ : 1)csitlcs this, in thc sclcction of t l ~ c  Arc, norlh of Uitlcr, t l~ere  wcre two gl-oups of 
Z c ~ ~ i t l ~  Distaucc Stations which I~ad becn selected for Captain Herscl~cl last season, and at 
which Ilc l~atl ol~servcd. Until t l~cse were co~~ncrtct l  with t l ~ c  trinugulntiou, his observatior~s 
wonld be asclcsn, I tl~crcfore dcspatcl~cd ilIcssrs. Torrens and Old l~ao~,  wit11 as many mcn as I 
coold spare, as corly as i t  was possil~lc aftcr t l ~ c  Xlonsoo~~, Mr. Torrens to take up the Karnlil 
triang111ntio11 and Mr. Oldham to close as many stations as 11e could before I required his 
serviccs in the ficld. 

(4) The mnin party rencl~cd Al~madabad on the 8th November. Having made all arrange- 
ments for the scuaouJs carriage, and I d t  the grcat theodolite iu charge of Lieut.-Colonel Ciritlitl~s, 



ILE., the Executive Engineer, I marchcd viQ Disa t o  Erinpura where the guard and vakil for 
the  party had been sent by the Jodhpur Government. 

(5.) On the road, I visited the Station of Mount Abu, to see if any place could be got for 
tlle recess quarters of the party, but  I found that  the demand for accommodation was far irkexcess 
of the supply. After leaving Erinpura, I employed myself in coujunction with Messrs. Price 
and Uryson in sclcctiug stations and laying out the Approximate Scries. 

(6.) As soon as this wns sufficiently advanced, the great theodolite was brought up from 
Ahmadabad by Mr.  Oldham, and on the 31st January I comnlenced the principal observations 
a t  SLinda H.S.  of the Karlichi Scr,ies. The obscrving was now pushed on as rapitlly as possible, 
for thc best portion of the observing season had been spent in the necessary preliminary 
operations. Drlay ~vas  experienced twice (two or three days each ti~nc! on account of sudden 
nnd iml~cnctlal)lc mists, and at  the last station of the season I was dctainctl eight days observ- 
ing two R I I ~ I C S ,  a ~ ~ d  this was the first week in April, aud the wcatlrcr after this ]lever clcared; 
so  I think i t  mill be necessary in  this serics to  begin work sutlicicntly curly to get the obser- 
vations fiuished by the end of March. Observations were closetl at  Dodo H.S. on the 8th April; 
I thence marchctl southwsrds, closing, in  conjunction with the detacllcd parties, all the stations 
observed at  during the season. The detached parties having joined the main camp on the 
borders of MBrwBr, I marched via Disa to  Allmadabad, reaching Plina on the 8 th  Moy. 

(7.) The following is a brief o~lt l ine of the seasou's work. 
The Approximate Series was con~menced and carried forward 147 miles, 25 principal 

stations being selected and built; 14 principal stations were visited for observations and 4 
angles observed, fixing 12 new principal stations by 14 triangles, embracing an area of 3,706 
square miles, and extending the series nortl~wards 95 miles, Au asimutl~ was observed at Thob 
H.S., in  Lat. 26'., to two circumpolar stars. 

7 Zcnith Distance stations were fired on t l ~ e  Great Arc for Captain Herschel; besides, a 
good proportion of secondary work was donc-58 p o i ~ t s  fised-embracing an area of 2,443 
square miles, outside the principal triangulation. 

All secondary and intersected points have been fixed in height as well as in  position. 
As the observations, from which the season's work is in a great mcasure judged, were 

not  nble to be commenced until two months of the season hat1 passed, I trust  you mill con- 
sider that the progress of the party has been satisfactory. 

(8.) The country through which the season's operations havc been carried is sandy and 
flat, with an elevation towards the east of nhout 700 fcct, dimillisl~ing towards the west and the 
Lnni  river to  309 or 400. South of the 1,uni river small dctacl~etl ranges ant1 isolated l~i l ls  are 
numerous. Their sides are very steep and coverer1 with jungle. Many of them rive to a 
consitlerable height above the plains, several to over 2,000 feet. 

( 9 )  Jnllor, which is the principal town in this [,art, has a large fort in fair preservation, 
with a garrison and several pieces of old-fashio~~etl cannon; i t  is OII a prccipitous hill, rising 
1,360 feet abovc thc plain, it is however c o ~ n ~ r ~ a ~ ~ t l c r l  I)y n still I ~ i g l ~ e r  pealr of thc rallgc. I 
w ~ q  allowed to  place a mark in the fort ant1 obscrvc from it, and ~vas toltl that I mig l~ t  build a 
principal statiou in it if I pleased. To thc east, toa.nrtls t l ~ c  Luui (~vl~ ich  flowing went, 
across t l ~ e  series, turns south and skirts its ~ves tc r~ l  fli1111i) t l ~ c  country becomcs barrcn and 
anndy, generally nothing but  sand hills col-crctl wit11 low s l ~ r t ~ l ) ~ ,  w:~ter scal.ce ant1 bracliish ant1 
rillagcs few and far between. The hills disappear, and save t l ~ c  sand l~i l ls  the country is level 
for 70  miles, as far as the  Balmir hills. 

(10.) North of the Luni the country becomes still morc santly and dcsolatc, and the water 
is almost entirely brackish. Near Pacllbadra t l~ere  are extensive salt works, but t l ~ r r e  secms to 
he hardly any cultivation, and often such as thcrc in, appears to I~avc I~ecrl destroyctl I)y locusts. 
These were very destructive last gear. T l ~ e  people dig trelrchcs, sqnarc in section ahout one 
foot wide and deep, for miles around their fields. Thcy say that wl~cn the y o u ~ ~ g  locosts, which 
will be every where about this next season, arc born, they makc for the liclils, fall into these 
trenches and being ul~able to fly or climb the perpcodicolar sitlc*, t l~oy perish i l l  them. 

(11.) There are but few villages which possess a well of fairly 11ri11ltal)lc vatcr, and the 
people aupplemcut thc supply by making small reservoirs which t l~cy  call "tanltas"; thcsc are 
cylindricnl, about six feet across and eight or tcn feet tlecp, and are plastcrctl with a coating of fine 
polishetl chunam ; in these they collect rain water and covering thcm with bruul~wood kc., l a v e  
them until the well supply fails. 

(12.) Towards the end of the season the party s ~ ~ f f r r c d  a goorl deal from the badncss of 
the water, and I am afraid that matters will IIC worsc as the serics advanccs. 

(13.) The Jodhpur DarbAr sent a i t h  me a  nard of scpoyr, sow.'lrs and a vakil, and also 
~ e n t  a vakil to Mr. Price. Captain Roberts, thc officinting Political ilgcnt, also sent onc of his 
establishment a i t h  me. Thanks to  t l~ese hell,s I e ~ ~ c r i c n c c t l  no tror~l~lc in cnrryi~lg out my work, 
and I have ncvcr had n field season in which I have mct with so littlc h i n d m ~ ~ c c  or annoyance. 
Bly best thanks are due to the Jodhpur Darbhr for their hclp to mysclf and my assista~~ts. 



(14.) Although there are a good many Bhils and o t l~er  thieves about, I only had one case 
of robbery from my men in  MBraBr, and in that case restitution was promptly made. I n  
Sirolli homevcr one of my peons going for supplies mas attacked and robbcd on the high road in  
open day, and my claims for compensation were rejected by the Political Agent for Sirohi, on t h e  
ground that the men had not engagcd a Bhil to  protect them; this decision considerably 
increased the expenses of the signal parties, as, after it, I had of course to sanction their 
hiring one of the dangerous class to protect the Government property when away from the main 
camp. 

(15.) Mr. Price had charge of thc Approximate Series and pushed it forward mith great 
zeal, sparing himself, as usual, no trouble to complete his work satisfactorily. H e  selcctcd 2 2  
principal stations, built 9, and closed 5, and sl~owed himself in  every may worthy of thc promo- 
tion 11e received just before taking the field. 

(16.) Mr. Torrens completed the Karndl triangulation (an area of 4.73 square milcs) and 
fiscd that station. H e  then marched northwards and fixed two groups of Zcnit l~ Distance stations 
for Captain Ilerscliel, in doing which he rc-traversed the mholc of the heavy march spoken of by 
Captain Hcrvcl~el in his last report. On his road he closed 26 stations of t l ~ c  Great Arc Scries. 
This mas Mr. Torrens's first season at  independent observations, and he had, unfortunately, to  
contend against unusual difficulties; the Zenith Distance triangulation had been laid ou t  for 
the great tl~eodolitc, and the rays were many of them too long for the pojvcrs of his instramcnt 
and signallers, and before he finished his observations, he espcricnced thc usual misty weathcr. 
I-Iis instrument was a 10-inch theodolite, ant1 his nvcrage triangular error 2.5. The health of his 
party mas very bad at  the cornmencement of the season, more than half his men being generally 
useless from fcvcr; in  addition, clrolera mas prevalent in the Karnril district, but happily his 
camp escaped. 

(17.) His Highness the NizLm's minister kindly attached Mansabdar Muhammad FaiBz- 
uclin Kh&n (who mas with me last year) to Mr. Torrens's camp, and thanks to his exertions, cvery 
aid and assistance mas rendcrcd to the camp. I and my party are very muclr indebted to the 
Resident and His Higl~ness the Nizim's miuistcr for their kindness during the last three ficld 
seasons. 

(18.) Mr. Bryson joincd on the 1st October from No. 2 E ~ t r n  party; Ile mas employed 
during the scason on t l ~ e  Approsimate Scrics, sclectiug and bu~lding. IIe selected 1, brrilt 16 and 
closed 3 priucipal stations, ant1 morked throughout the series steadily and well, affordi~rg great 
11elp to Mr. Price and myyelf io our exertions to get the serics mcll started this scason. I havc 
nnmetl him to you for promotion when a vacancy occurs, and his conduct this season quite euti- 
tlcs him to my bcst recommendation. 

(19.) Mr. Oldlram, drving the first portion of the season, mas employed in closing sta- 
tions on thc Grcat Arc. IIe  then joincd mc and aided in the Approximato Series. H c  b1-oug11t 
the great tl~eotlolite from Al~~nadabad, and actctl as observatory rccorder throughout thc ob.rcr- 
vntions ; he morkcd well daring the recess ant1 113s stcadily improved himself ill all b~.ar~cl~cs of his 
work. IIc is now a good recordcr and uscful assistant, and I have every rcason to be satisfied 
with him. Bcuides his ordiuary work he closed G principal stations. 

(20.) During thc lnst recess 2 donhlc polygons and 1 very complicated compounrl figure 
mere conipr~tctl, togcther with all the secondary work of tbe principal and Iinidarabad ,\finor 
Series a1111 the grcatcst portion of thc Katlapa (Cuddapall) l i iuor  Series. Owing to the alteration 
in the locality of the work, and the distancc the party 11x1 to go, n small portiou of the ncaso~r's 
calculatio~~s rcmair~cd unti uished : thcsc mill be brought up this rcccss. 

Extract from the Narrative Report-dated July 1873-of Major B. R. BRANFILL, Deputy 
Superintendent 2nd Grade, in charge Madras Party. 

(1.) Tllc recess of 1872 mith which this rcport commcnces, mas a short onc of 4 
montl~s, bcg in~~ing  only about tllc middle of June 1873, on thc returo of t i ~ c  party from the ficld 

R c c c ~ s  of 1871.72. wl~crc i t  hat1 bccn dctai~~ctl  by hat1 weather and prc- 
vcr~tctl from complct i~~g thc ol~servatior~s rcquirerl to 

finish tllc Mnngalilr Longitudinal Seriea. All the stations h a ~ l  bceu visited, 11ut 3 or 4 :~r~glcs 
were incornl~lctc ~ I I C I I  the onset of the Western Alonsoon olligcd the obscrviug party to  abaudori 
t l ~ o  ficlrl. 

'I'his R C C O I I I I ~ S  for t l ~ c  romparatively smnll out-turn of results obtainctl, and for t l ~ c  fact that 
no prc1imiunt.y c l~ar t  was scut ill. As I~o\vcvcr thc ollicc work was coirtiuu;tlly interrupted aud 



liindered by tlie ill health of the members of the party, contracted in the jungles and " teraiJJof the 
Tl'estcrn Gh6ts during the previous season, little, if any more could have been done than was done. 

(4.) I here beg to refer to paragraph 4 2  of Lieutenant Trotter's annual narrative report 
Unmmmon dil~cultg of t ~ ~ c  coruing season's work dated 29th August 1867, in which he states that the 

nnticipntrd. progress of the series, to the southward of the sta- 
tions he closed on, Chandraguti-Hallibnil, must be slow in  future, in  consequence of the x~atural 
difficulties of tlie couutry aud climate. 

(5 . )  The season's work before us was inseed 
Details of the di5culties to be met. one that  promised to task us to the utmost, and I wag 

by no means sanguine of success. 
The serics lay for above 100 miles along the 

The Wentom QhQta. crest of the Western Ghlts, a tract of hills and 
forests, clouds and mists, rivers and torrents. 

Three or  four roads (two of them bridged) cross the liue of the series from east to west. but 

N o  cross d o  nor dlnges .  
ihere are no cross country roads in the direction of 
tlie series, i .e . ,  north and south uear the Gh6ts. nor 

any villages in the country, except a very few on the main roads. 
The population is exceedingly scauty, dwelliug in  houses or huts scattered singly overthe 

country, one or two at  eacli patch of cultivation. 

(6.). I had already determinedto remodel the Meridional Series,north of Mangalur,rejcct. 
 in^: the s ta t~ons  of the original (Mr. hlcGillls) ApproximateSeries below theG hits, aud cnrrvir~,o the - - .  

Revision of the Approximate Series necessary. 
series cntirely above (i.e. east of) them. ~ a r i  of-this 
I llad laid out last season, and part of the old Approx- 

imnte Series of the Bombay Party could be incorporated ; o ~ ~ l y ,  after last veal's experience, it was 
necessary to  re-examine i l l  the rays, more p~rt icularly s o  as six or seven ye& lied klapscd 
since their first selection ; about one-tliird of the whole distance remained to be selected afresh. 
5 stations had to  be examiued and repaired, 7 built, and 20 to  be closed. 

(7.) I am happy to state that the whole of the principal triangulation, Aleridional and 
Longitutlinal, terminating at  Mangalnr IIIIS now 

me two series terminnting st Mnngalw now 
wmp~eted.  beell fiuished, with a largc proportiou of secondary 

points, and I can confidently assert that had I re- 
tained the original plan of the series, by which the Gl~kts  must be ~:rossed and re-crossed 
several times, i t  could not possibly have been done this season. 

(8.) I attribute our success t o  the good fortune of a comparatively favorable and healthy . . 
season, and perhaps chiefly to the fact of my ]laving 

o f ~ ~ f i ~ a ~ ~ i ~ , " ~ ~ , " ~ ~ ~ ~ ~ ~ , " ~ , I ~ ~ ~ ~ , h ~ , ~ i s t n n c e  the assistance of Lieutenant McCnllagh, R. E., to 
wl~onr I entrusted the conduct of the principal ob- 

servations with the 24-inch theodolite which enal~led mc to cornplete the Approsimatc Series in 
person, nnd to spnre an assintarit for the minor triangulation to the southtvard intended to fill up 
the great gap iu Colonel Lambton's t r iai igulat io~ between Kannir  (Cauanor) and Pauiani. 

(9.) Taking advantage of the first break of fine weather in the North-East Monsoon 
rains, the Pnrty took the field at  Bangalor on the 20th October, and after a march of about 
300 miles commenced operatioils in  the middle of Novcml~er on the terminal side Chaudraguti- 
Hallibnil, of Lieutenant Trotter's triangulation of 1866-67. 

(10.) W e  commenced work at  thc nort l~ern estremitp of the season's taslc, to avoid, 
as m ~ i c l ~  as possible, the region where the North- 

Operation' bun north end of the srries' ]Cast Monsoou clouds and rains are heaviest : aud 
this is snpposed to  be wor?e the farther south yo11 go in this part of India in November. 

(11.) T l ~ e  disposition of '  the party mas as follows :-I myself, wit11 a party of 9 klas- 
sics, nntlertoolr the exnrnination and completiou of 

Dinposition rtatcmrnt 01 the pnrty. tllc A1)1~rosimnte Series. Lieutenant AIcLl~~l la~l~I~ad  
chnrge of thc mnin party of 27 lilnssies nnd Inrupmen a r ~ d  conducted t l ~ c  final obscrv;~tionn with 
the 24-incll tl~eodolite, wit11 Mr. Lnseron a.s recordcr ant1 officc assintant. Mr. 3titcl1cll nit11 a 
party of 11 kla~uies, I sent to complete the finnl observations of tllc minor scries to  the south-cast 
of Mangnlnr which he had laid out and com~ne~lced Inst season, wit11 the 12-inch tl~eotlolite. 

bfeasra. Norris aud Potter I~nd each charge of n builtling party cor~qistil~g of n mason 
and 2 klassien, and were seut to exnrnine and repair the oltl stntior~s nsetl, to build the ncw ones, 
and finally to close thc wl~olc of them as soon as doue witli; t l ~ c  formcr on thc west, and the 
latter on the east flank and centre of the series. 

(12.) 1 took up  the Approximate Series at  Huhli H.S., exarnil~ing and rcpniring the 
Thr Approrimale Series completed by &jor station, wllich hat1 heen alrcndy nclccted and blult 19' 

BrnnflII. the Bombay Party; afterwartls visiting ant1 ohsrrvillg 
in  succession the stations of Hugadi, SidB~hwar, Kodachhdri, Bissali, SidCd~war, IIebbc, 
Walkunji and Sidisbwar. 



I rejoined the main pmty at Sbgar, on  the 3rd January, having marched 481 
Who then joins the main, or obsening party. 

miles (42 marches) in the 7 weeks, besides ascend- 
ing and observing a t  7 hill stations, each about 

1,200 feet above its base; 17 of the marches being across country, and mostly performed on  
foot. 

(13.) Meanwhile, Lieutenant McCullagh with the main party had completed obser- 
~ i ~ ~ t .  progress wit11 tho main party, vations at  5 principal stations, each over 1,000 feet 

obeerving. high and 44 marches apart, besides having had to  
descend and re-ascend one of the gh6ts or passes to  the coast. 

(15.) After my joining the main party, Lieut. McCullagh continued the principal 
~ i e ~ t .  MCCullagh chief obserrcr, Major Broom observations and conduct of the single parties &c., 

assisting and superintendin(r. whilst I assisted him in the observatory, superintend- 
ing our progress and the operations in  general. 

(16.) There being no roads between many of our stations, we l ~ a d  on  sevcral occa- 
sions to leave our camp and baggage for periods of a week or two, and on one occasion the 
main party was for three weeks separated from the camp and its supplies. 

(17.) During the ten weeks ending 14th hfarch, final observations were completed 
a t  11 hill stations, each 1,350 feet high, ou the 

Amount of work done by main or observing party. average, and 4 days' marching apart. 
42 principal angles were observed, giving an average of 1.4 angles per diem for each 

day's (and night's) observing. 
(18.1 Two sets of Azimuth observations were requisite, but  in order to push on the 

~r inc ipa l  trianfllation to the utmost, and ensure its completion this season I had postponed 
h e m  t o  the last. 

You mere able to send me a spare 22-inch theodolite by sea to hlangalur for tlte purpose ; 
this I proceeded to use myself, whilst Licutenant 

Azimuth obsorvntions at 2 stations. RlcCullagh, after completillg the principal triangu- 
lation, proceeded to K ~ ~ ~ ~ & ~  H,s., one of the Zenith Distance stations (in latitude 14' 8') 

drimutl, complctod, and return ,,f mnill observed at  during the previous season by Captain 
party. Prineipnl triangulation cornp~etod. W.M. Campbell. H e  nccomplishcd his task on the 
27th hfarch and reached Bangalor on 15th April, thus closing a very fortunately successf~~l 
season's work. 

(19.) On the 8th March when thc observations at  Anlir 11. S., thc last station but 
Major BrnnGU lcoves the main party ior uiruuth One, were tinislled, 1 left the nlaill party and marchetl 

at Mangnlnr. to  Mangalur, 100 miles distant, ~vhich with a fair 
road I acomplishcd in six days, arriving on the 14th hlarch. I t  was necessary to raise a 
platform in  order to observe from. This work occupicd 4 days and was or~ly just completed 
on the 19tl1, when the stcamer arrived wit11 narrow's 24-inch theodolite (No. 1) w l ~ i c l ~  I landcd, 
sct up and began observing with, the same evening. 

A comolete set of circumpolar star observations for Azimuth to a IJrsa: hlinol.is (Polaris) 
Mangnlur Ari~noth completed. a t  mestern clongstion (the same star nscd ~ i e n :  

tenant AlcCullagl~ for thc Azimuth at  KoramAr H.S.) 
was tinished bv the 2&th of March, and on the 25th I packed un and despatched tlre instrunlent 
back to ~ a l c u t t a  by steamer and left for Bangalor tlre samc day.. 

(20.) Altogctl~er 59 principal angles have beeu observed this season nt 17  stations, of - - -  
Drief, gcnorol stntement of ncld work dol l~ .  which 7 werc ncaly sclectcrl nnd built, forming ;L 

double series of trianeles, comorisine one tlonl)lc - ,  . L. 

polygon, one hcxagon, and two quadrilaterals, covering 3,330 squarc miles, nnd e r t c n d i ~ ~ g  thc 
Maugalr~r Alcridional Serics, which is now complete, 105 miles from north to south, aud nt tllc 
same timc c o ~ u p l c t i ~ ~ g  t l ~ c  Jlntlrns and RInngnlt~r Longiti~dinnl Serics at  hfnngnlur. 

Two ~\zimutl~s of verification l~avc I I C ~ I I  ol)servetl, and 71 secondary points, wit11 tlleir, 
I~cights complctc, tixctl, cml~rnci~tg an arcaof P,064 sq~iarc miles exterior to the princil~nl tri- 
angles. Aboot 150 1)nromctric hcightu 11nvc becn observed, and all the principal stations finally 
closed and tlcliuercd to tllc lot.aL civil autl~oritics. 

(21.) I) stations of Colonel Lambton's trinngnlntion werc fonnd, with (0) marlc-stoncs 
Connection wit11 Coloncl Lambton's atations. in position, and duly occupied or  conncctetl. 1 0  

otlter ~loiuta of tltc old snrvev have also been cou- 
nected, but as no station ((3) msrks werc found i l~cir  identification is not exact. 

(22.) I have compared our (the Madras Party) mean preliminary  codet tic values of thc 
final s ide ~handragot i -~a l l iba i l ,  dcrivctl from t l ~ c  

fimpnri"n of rn'r1r3 romrnon terminn' Calcutta BUC (via AIadras nnd Alangnlur) wit11 those will, those or the Bombn). l'nrty 1866-67. 
of the nombay Party derived from the Bider Ume, 

with thc following results-which are the closiug differeices or errors generated in a circuit of 
1,050 milcs of principal triangulation-the Ibferidionnl Scrics extending 350 miles ~iortlr D I I ~  

soutl~, and thc Lougitudinal Serics 170 milcs eust and rcst .  



Closing difference, or circuit error linesr = 0 -1 ft. = 0.06 inches per milc. 
I I  I I  ,, ,, in  latitude 0".07 = 7 feet. 
91 n ,, ,, ,, longitude 0".19 = 19 feet. 
I> 1J ,, ,, ,, azimuth 3".09 
,I 11 11 ,, ,, height 5 feet. 

(23.) W i t h  regard to the last item, I have farther to remark that our h e i ~ h t s  in this .- 
(Chandraguti) neighbourhood are about>() fcct less 

Com~ari~on with Colonel Lnmbton'e than Colonel Lambton's published valnes of thc same Cl~nndnrguti. 
points, which is ahout the same cliff'erence in amount 

and sign as was obtained by a similar comparison of the heights of common stations oftll; 
Great Arc north of Bangalor; on the other hand, ncar hlangalar, 100 miles south of Chand- 
mguti, our heights are 40 feet greater than Colonel Lambtou's values of the same points. 

(21.) 1 have not the means of making a rigorous comparison with Colonel Lambtou's 
Compnriaon -it11 Colonel Lambton's values nenr geodetic values of his stations ncar Mangalur, but 

Mol~gnlur, in longitude. I am able to state that his value of the longitudinal 
arc, Madras-Rlangalur, is 38" greater than ours, Just about double of what the difference 
was midway, near Bangalor, and in the same direction. . 

(25.) I n  latitude our values agree much more nearlv with Colonel Lambton's. hnt: . . - , --- - 
there appears to  b i  a slight cumnlative difference. 

In lntit,ude nnd distance. 1 have still less means for ma kin^ an exact linear 
comparison, but I have some reason to  suppose that Colonel ~ a m b t o n ' s  unit of length 
was too great and his numericd values of the sides of his triangles therefore too small, not- 
withstnuding the fact that his value of the longitudinal arc is, apparently, too grcat. 

(26.) Reverting to a comparison of heights, whereas in  the vicinity of Bangalor Colonel 

In I~eights. 
Lambton's values (derived from the sea at Madras 
like ours) meregreater by 30 to 4,0 fcet, near Rlanga- 

lur  they appear to  be 40 feet lesr than ours. I have been unable yet to  seek the source of tlris 
discrepancy. 

(27.) O n  referring t o  Vol. X of the Asiatic Researches, article IV page 382, his closing 
A mistnke in the pujlislled stntement of Colonel error ( + 8.6 feet ) when corrected for an error, 

Lnmbtol~'~ closing CROr. which Captain Herschel detected and has pointcd 
out to mc, viz. the omission of a minus sign before 3 . G  feet (the trigonomctrical height of his 
final staton) appears to  be - 36.6 feet referred to low water mark, say -34 feet referred to mean 
sea level ; whence our values would appear to be about 6 fect too grcat. 

(28.) But  we have another and independent reference to sea lcvel. I n  Novemhcr and 
' December l8G9 Captain Bascvi, R.E., determined the a. T. 9. h ~ i g l l ~ s t e a t e d b ~  rofer~nce to theee~ leve l  sea level at  Mangalur by a montll's observations of 

nt Alongnlur by levelling. 
high and low ~ a t e r ,  and referred i t  by levelling to  

some permanent masonry buildings. Last  year, under my directions, Mr. Norris conncctcd 
our Mangalur station with these, and with some n c ~  permanent stone bench-marks, placed and 
marked for the purpose, by a line of levels wllicl~ has been checked by the Executive Engineer, 
and found to accord well with his own. I have therefore some confidence iu stating that the 
hIangalur (pillar) station, near the Light llouse and Idgrih, is 186 fcet above mean sea level, 
(the .round level there being 171% fcet). But  our trigouometrical value of the Mangalur stntiou, . - - 

Closing error of now O.T.S. hcighls = + 10 fcet 
dcrived fiGm sea level at  Madras is 196-feet, whence 
i t  appears that our valucs arc 10 fcct too grcat. 

(29.) I am inclined to attribute this larec closine error of 10 fect in a great measilre to ~, 

Cnuse of lnrgc closing error suggested 
srtdhen variitions in thc local dcflect~on of the plnmb- 
liue in the aides (of triangles) between stations above 

and 1)clow the Ghits  : and this view is perhaps partially confirmed by the abnormally high fact- 
or of refraction obtained in these cases. 

(30.) From the configuration of the country I should expect to find greater eastcrlp and . . 
north-eistcrly attraciion (i.e. i cs tc r ly  and south- 

Con~idem1)lr vnriotion of loml nnd mountoin ottroc- 
tion ~o bc er~~ectcd.  

wcsterly displacement of the true Ze~lith) at tlrc sta- 
tions 011 the western edgc of thc Mysor higlllands, 

which, as it were, overhang the low country, than at stations situated ncll out  it; the low lands, 
west of the GhBts, or at  highland stntions some distance inland, i.e, east of them. 

(31.) Lieutenant McCullagh, R.E. I have much pleasure in reporting thc valual)lc 
aasistancc I have received from this Ollicer. He 

J~irlltennnt 8 1 .  R. IfcCullagh R.E., Assistant Super- llas invariably ollt my  alld directions, 
inLendent l e t  Grade. 

and has conducted tlrc laborious duties eutrustcd to 
him to my, rind I trust to  porrr, entire satisfaction. 

As a test of his ability to conduct the operations, and of the quality of thc work 
ohtainrd I need only refer to tabnlar statement 11 attaclietl, from which it apprnrs that altllongh 
tl~c, mean trianpular error is large (0".65), as has hitherto gcncrally Iwcn the case with the 
24-iuch theodolite (Troughton and Simms' No. 1, altered,) i uuc with the R1ndl.a~ P:irty, set  



the probable crror of the angles obtained this scnron is only $ 0" ,144, and the mean of all 
75 angular corrections computed 0" -24. I trust you agree with mc in thiukillg this higllly 
creditable to Lieutenant McCullagh's powers of observing and carefulness, this bcing his second 
season's practice with a 24-inch theodolite. 

I beg to express my obligations to Lieutenant RlcCullagh for the ready and chccrful 
may in which he has backed me up in completing the series, and I repeat that without his 
assistanoe, I do not think i t  could have been eflected this seasou. 

(32.) Mr. J. W. Mitchell, owing to R, rnricty of adverse circumstances of which rainy, 

Mr. J. Mitchell, Asst. sumeyor Ist 
cloudy and hazy weather mere the cllief, has a vcry 
small amount of triaueulatiou to shcw for the ., 

season's mork. 
H e  visited 7 stations and completed only fire triangles. 
I t  must be allo~red that the couutry (Knrug and the Western GhAts) mas difficult, the 

weather extremely bad or unfavorable, and the rays unusually long : his signalmen suffered 
from fever and mere frightened by wild beasts. 

I am glnd to state that  his observations seem to be very good, the average maximum 
difference between the extreme values in fifteen measures of each augle being 7".4, and his mean 
triangular error 4".6 (see table IV.) 

. (33.) Mr. Norris accomplished the task assigned to him. H e  examined and repaired 

Mr. O. V. Norris, Asst, Smoyor 3rd 
2 old stations, built 2 ncm platform stations, and 
finally closed aud delivcred 9, (about 50 days' work). 

H e  ascended 13  hills, each about 1,500 feet Iligh, clcared or made about 12 milcs of pathway and 
marched 1,165 miles in 96 days. H e  was delayed 40 days in a season of 199 days, 18 of them 
by sickness. 

(34.) Mr. Potter performed the task I gave him moderately well. H e  built 5 and 

a. C, D, Potter, Asst. Surreyor ard Gmde. clOscd platform stations (50 
ascellding 15 hills over 1,200 fect high and marched 

1,OGB miles in 86 davs, beina dclarcd 32 davs out of l i 9  in the field. H e  also observed some 
sbcondary angles wit71 a 7-i;ll theodolite atafcn.  stations. 

His progress was not rapid, and I had occasion to find fault with the insufficiency of 
foundation givcu to one or two of the stations whic11 he built, also for tlle most surprising error 
of embedding a permanent i@) station mark, on onc side of, instead of precisely plumbed under- 
neath, a pole and brush signal that had been prcviously erected and obscrvcd, which he found 
illconvenient or inadvisable to remove. I need scarccly say that I ordered him to revisit the 
spot and place the mark-stone correctly. 

(35.) Mr. Laseron has done a very good season's mork. H e  accompanied thc main 

Mr.E. w. Loseron,hst. SurrcSor 3rdGrode. party for 5 months and performed the duties of 
c~bservntorv recorder and office assistant with his 

usnal ability, neatness and regularity, to my entire satisfaction, aud that of Lieutenant 
3lcCullagh who reports most favourably of him. 

The principal angle books were kept up in duplicate, notwithstanding the rapidity of the 
observations when thcrc mere two observers. 

After the completion of the principal triangulation, I dircctcd him to execute some minor 
triangulation with the 7-inch theodolite to fix some secondary points where they appeared to bc 
most rcqaircd. This he appears to have done very well, having observed 12 measures each of 55 
anglca at  13 stations, formiug 18 triangles ~vi th  a mean triangular error of 4".6, and firiug 9 
new points, with vertical angles to each, in t\vo months, during which he marched 345 miles in 
30 days, asccnding9 hills, eac11 abont 1,100 fect high and returned to Uangalor on the 30th Afay. 

I am very ~vcll pleascd with Mr. Laseron's first essay in iudcpcudent triangulation. Ifc  is 
already n good obserscr, autl if he colltinucs to take paius to improve, and gains a little more 
expcricnce he promiscs to become a very superior trigouomctrical surveyor. 

(36.) Although the progress of the maill party mas not actunlly stopped by sickncss, yet 

Eickncps in cornp. the llospital mas never empty, aud not a me~nbcr of 
the party escapcd without suffering from the common 

bilious or jungle fever, or from the rheumatic complaillts rife in the districts traversed. 

(41.) I havc to rcport that the instruments and equipment of tlle party generally are 
Thr i n s t r m c s ~  in  use n.it11 LLe party gcucrnllgin in scrriceable order, or in course of repair to be 

good order. made SO. 

Tllc principal instrument, Troughton and Simms' 24-inch theodolite No. 1 (altered) is ill 

Tho 24.incll tbcodolite. 
- good mnrking order and adjustment. As thc old cascs 

and carrying appnratus were gctting shaky, I have 



renewed them with lighter and more convenient ones, and I am now having a new braced 
tripod stand mnde which I trust mill be as steady as, and considerably lighter than, the old 
one. 

(43.) The observatory tent has gradunlly bcen renewed, little by little, during the last 
few pears, and very much lightened by substituting 

O b r n a t o ~  tent d u a l l y  renewed of late 
bamboos for the heavy tie and cross rods of solid Lightened. 
squared wood. 

I think that the gain in lightness of equipment has materially aided our progress, and I am 
striving still to reduce the weight of every thing to be carried, to a minimum. 

(46.) The country traversed by the Series this season is one of great beauty and interest. 

General nppcnrnnce of the country. Superficially it consists of forest clad hills and valleys 
of no great height or depth, diversified by open grassy 

glades and downs, mauy streams and rivers, with some prominent peaks, and mauy bold bluffs and 
precipitous cliffs. 

(47.) The prime feature of the country is the irregular ridge line of the Western Ghirts 

Tho ridgc of the Western Ohit. running generally N. N. W. and S. S. E., at a dis- 
tance of 10 to 30 miles from the western coast, be- 

tween 15" and 13" North Latitude, and tising from a height of 1,500 feet in Sunda. to 3.000 feet - . , 
in Alanjerabad. 

(48.) This part of the country is called 6hc " Malnld" (or Male-nidu) " Rain district" 

Tho Maln&d. 
from the escessire amount of raiu which falls here. 
On the western slopes and summits of the Ghits, 

(by Gblts is usually intended the hills as well as the actual passes and valleys between them) the 

Ucavy rain.lnll. 
rain-fall fro111 May to October is very heavy, from 
150 to perhaps 300 inches or more, falling in a single 

season, and this combined with frequent dense fogs arrd clouds, when there is no min, night and 
morning, and also with the moisture wafted in from tlie ncst by the sea breeze during the hot 
months of February to May, ~roduces nnd reproduces such a rigorous growth of plants and trees 
that the oeonle can hardlv keeo their clcarines free from i u n ~ l e .  

(i9.)- The head df theANaggar ~ l a l n G l  may be considered to be the Kotk KAn or Kudurk. 
Mukh and the Bald Raynnn Duruga ; or perhaps, tlic 

Featurcs or t l ~ c  MnlnLl. ~ ~ 1 . 3 1 1 ~ I  mnze of higli 11ills a few miles to the north- 
ward running from the Varlha Parvatn at ' ~ a n g n  Mulln nenr tlie edgc or ridgc of the Western 

- - 
Ghlits where the Tunga and Bhadra rivers risc, enstward by the great Vctlachala and Angrikal 
hills to the grand conical peak of Mdrti Pnrvata (the " Calua Peak" of Indian Atlas sheet 
No. 43.) 

(50.) The valleys here are from 2,600 to 3,000 feet above the sea, but fall rapidly towards 
the north and north-cast to 2,000 fcet, bcyoud whicl~ 

Tlir cl~ainnge grncmlly to the North nnd N. E. thcir slopes are more geutlc and uudulating, but 
wit11 a dccided northward and north-caatmard tendency. 

The Bhadra, Tunga, Cllora[li alld \Vartla (Varada) all flow in this direction. 
(51.) But the Shkravati which rises in the rocky fastness of Kauli Duruga, and drains the 

Bid5rrir (vulg. Bedenore) or Naggar basin, after a 
Drninogc of the Nnggnr bngin nlone by the Alw- north-~vcstcrly course of about 40 miles, precipitates 

ravnti to 'lie N. W. Tile ~ ~ r e n l ~ l ) " o r  Kurhnlli its maters by a sirlgle drop of more than 800 feet at 
waterfalls. Klirknnr~i into thc Gbrsappa vallcy or ravine, and SO 

to the west coast. Some officers of the 1ndi:ln Navy, kc., meas~~retl the main fall from a cradle 
suspended in front of it from a cable strctchcd across the cl~nsn~. T11t.p foand the pool at tlle 
base of the Rkja fa11 829 feet below its surnmit and 132 fect dccp. 'I'l~e river here is perhaps 
some 400 yards wide, but the main cataract falls in a nnrrolv cllasm at the north or right bank of 
the river only 40 or 50 yards wide. Tlierc arc 3 other very hcautiful cnscadcr, I)ut their fall is 
broken by p;ojecting rocks. 

(52.) The declivities on the western face of the rangc from I i ~ ~ d u r e  AInkh to Gersappa 
are very steep and frequetltly precipitous, so much 

of lhe Obita or Prc so that I suppose they very commonly attain a gm- 
cipitous. dient of 30°, i.e., afall of 1 in 2, tlie height being half 
the actual base. 

(53.) Numcrous peaks rise above the average height of the range by 500 to 1,000 feet, 

The peaks of the Qhits. 
1111t fern of them exceed 3,600 feet above the sea; 
C'llnndrnzuti (2,794) Kodachddri (4,41 l ) ,  and Kudure 

Mukh (6,215) feet stand out very conspicuously ahove all the rkst, only equalled by filerti in the 
T~inga BhadraDokb, and only surpnsaed I,y the Chandrn-drona (Moon [i.e. crescent] sliaped) 
hills, also now commonly called tkc Ubl~i~ Uudan l l i l l~ horn the namc of a Mul~ominedan Pir or 



Kallandar who lived and died there some years ago, and is reported to have introduced the coffee 
plant first into Maisrir. 

(54.) The ghfits, o r  passes themselves, running east and west through the range, arc nu- 
merous, being on the average only lomiles apart, and 

n o  numeroue old posses superseded by s fcw new th ough mostly disused and impracticable now, attest 
roads. the fact that there mas formerly much traffic between 
Mais6r and the west coast. The existing traffic is large, and is maintained by means of 4 or  5 
new ghits, most of which are open and some of them already available for wheel carriage. 

(55.) I n  ~ o i n t  of fact however. trade is chieflv cffected bv ~ a c k  cattle. some thousands , , - . . L 

Tmffic by mcms of pock cattle. 
of which daily throng the passes and their approach- 
es throuphout December, January and February. 

carrying rice, betel-nuts, pepper, cardamoms, sandsGvood and other kxports tb thc coast, to ekl 
change for salt and manufactured goods. Many Lamblnies, (or BanjBries), hesides numbers of 
country folk from the eastward, are employed as drovers, and i t  is probably by these and by the  

Koramirs, KerachBrs and other gipsy trihes infest- 
Gipsy drovera. ing the country in the dry season, that robberies are 

committed. Our camp was robbed four or five times without the thieves being discovercd. 

(56.) The population of the Nagar llalnfid appears to  have diminished greatly from 
Diminished population. what i t  must have been a t  some time. 

The laree towns which once existed. and ~art icularlv the citv of Naear. name11 IIaidar - - 
c agar' by ~ a i d k  Ali, .insteadUof 'its oldcr name 

Deserted towns and rice fields. Bidarur (Bamboo-town), as the Kelladi Navak called 
Bidar-halli (Bamboo village) when they made i t  tlieir capital, a& (almost deserted, "and from 
the frequency of the deserted rice fields we observed, the rural population has also probably 
decreased in recent times. 

(57.) I find more difficulty in conceiving how a large t o m  and agricultural population 

!Cho sent of government removed tho chief cnuse. 
evcr existed in the Malnitd, than how i t  has de- 
creased to its pl.esent statc. The Hlias and PBli- 

gRrs or feudal and predatory chiefs having disappeared, t h e  merchants and artisans disappeared 
with them, and are only to be found in places where they can practisc their craft under the pro- 
tection and by the aid of a strong governing power. With these classes too the agricultural 
population also decreased for want of encouragement, and under stress of a difficult couutry 
and an unfavourable climate. Formerly no douht thc great attraction here lay in  the fact that  
the rulers of the couutry spent their revenue here. 

(58.) The more recently deserted rice fields noticed, indicate afurther  decrease in  the  
m e  deserted rics Gelds partly duo to decline of rllral popillation, which may be largely tlue to the 

serfdom. decline of slavcry or rather of domestic serfdom, which 
was once general in this part of the country (the hIalnRd), but is now disappearing. 

(59.1 I t  is supposed that the iutroduction of CofFee has been one causc of the decline of . . - - 
serfdom. The coffee planters rcquirc labourers and 

Also to the lobor by offer high rages for them, and in order to obtain 
colfee plnntntiona. them, pay largely in advance, a temptation that serfs, 
who had been accustomed to receive their food and clothing Src. in kind, were uuable to withstand. 
and thercfore left their old masters for the coffee plantatio<s. 

(60.) I n  recent times also the native merchants have "sold up " thc old landholders, o r  
supplanted many of them in their valuable areca (Kanarese Adikl) or betel-nut palm, pepper, and 
cardamom gardens, or have opened fresh gardens and coffee plantations for which they must have 
labourers. Like the European coffee planters before mentioned, they too pay high wages 
(3 or 4 annas a day for a coutinuance, and perhaps twice as much on occasions), and both alike. 

ifter absorbing all the labouring population of the 
Lnbourers obtained in genge from the loelonda of 

South Knnnra. country, obtain coolies in gangs from the South 
Kanara loalar~ds by means of large advances made 

to the village headmen, many of whom are large creditors and send those iudebtcd to them 
up to the coffeeestates and gartleus to work off their debt by manual labour, (receiving their 
daily food only from the planters) during the open months December to March or April, aftcr 
which time the coolies return regularly for the rainy season (May to October) to their homes 
in  the lowlands. 

(GI.) I n  this way I supposc a habit of migation is being established amongst a 
large class of the population, and the result to us is that no coolies, or day labourers, are 
to be had in the district of palm gardens and coffee estates, except from the old landholders, 
"Gauda" or "lIeggade" ( the lattcr are Jain) villagc headmen, and they have already too few 
domestics to cultivate all t l~cir  own fields, and are uowilliug to allow them to work elsewhere. 

(68.) All who can, quit the AlalnAd ~ I I C I I ,  or rathcr bcfore, the rainy season begins, 
except juuglc fowl, bison aud clepl~auts, who roam at leisure duriug the raius, rctiring to the 



fmtnesses and thickcts of tho ghRts and the tarai, when thc mcather clears and the human pop,,. 
lation returns. 

(69.) I should not omit to  mcntion that  during the last fcw seasons me have witnessed the 
period of tho bamboo. apparently simultaneous sceding and death of the 

bamboo. 
I believe I noticed cases of the bamboo flowcring and dying in  small patches in 1865-66 

in  Bangalor and the Eastern Cihiits, and ever since that timc I havc ycarly observed large tracta of 

bamboo forest simultaneously sccding or dying. 
This year in the Nagar 3lalnhd I observed vcry few patches of hamboo forest still alive, 

except in  n few spots, particularly on the banks of the Bhadra River and to the west or northwest 
of the BAba Budan hills where we mct with young bamboos of scvcral years growth. 

Mr. H. Stokes in  his report on the Nagar Division of JIaislir, dated May 1838, para : 36, 
gives 12 yenrs as thc timc for small bamboo to  come to  maturity and 40 years for the large 
kind, and he states that the small kind seedcd in the beginning of 1837 round the Biba 
Budan hills. A t  Hebbe, the N.R.  point of these hills, we found a very dense growth of 
green bamboos of the small kind, about 2 inches in diameter and 10 to  20 fcet in height. 
These did not appear to  be at  all near their maturity a11d thercfore their period cannot be one 
of twelve years. I have becn able to get no precise information on the subject. The 
common belief here is that the period of the largc bamboo is about 60 ycars and that of a 
smaller kind about 40. 

The bamboo harvest (thc sced heing cdled "bidararisi" i .e.  bamboo rice) is said to occur in 
in  ayear  of scarcity. But  the harvest is not simnltaneous throughout thc country; i t  takes 
several yews for all the tracts of bamboo forest in a large province to seed, so that I suppokeit may 
be only that an unusually hot, dry or peculiar season is rcqnircd, aftcr the bamboo has arrived at  
o r  near its maturity, to bring on and rlctcrrnine the time of its secd-bearing. The interesting fact 
is, that  all thc bamboos in thc same tract, forcst or patch, secd ant1 tlic together, ~vlrilst thosc in 
t h e  adjoining district seed and die togcther a year or  two sooncr or latcr, as if following the 
period of a Meteorological cycle, slightly modified by special local conditions, more or less 
favorable to  them. 

Extract from the Narrative Report-dated 1st September 1873-of Captain T. T. CARTER, R.E., 
Deputy Superintendent 2nd Grade, in charge Brahmaputra Series. 

(2.) The principal observations in connection with the nral~maputra Series had heen stop- 
ped since the field scason of 1869-70; Major Alontgorncric R.E., the Officiating Superintendent 
decitlctl that rather t l ~ a u  leave these ol~servations in al~cyance for another ycar ( shcn  the services 
of onc or two parties cmploycd in principal triangulation ~voilld bc available) the work 
should he carried on hy the civil and nativc cstahlislrmc~~bs of thc No. 3 Extra or Leveling Party, 
in conjunction with the native establishment of thc Brahmapntm Scrics, to which latter party 
Mr. 14. Healy, Assistant Surveyor 4th Grade, mas tmnsfcrrcd from the Sarnbalpur Series. 

(4.) I n  addition to thc disadvantage of carrying on the work with an cstablishment that 

Anlicipotccl dillicultics. 
Ilad been cmploycd for years back on leve l i~~g opera- 
tions and thercfore unacc~lstomcd to purely trigono- 

metrical work, the principal observations had bccn in abcyaucc sincc thc field season of 1869-70, 
and meanwhile the position of one a t  least of the pillars alrcady built had bccn reported critical 
owing to the cncroacl~~nents of thc Jamina  (Rrahmaputra) Rivcr ; besides which the rays prcvi- 
ously clcared would uaturally have bccome overgrown after a pcriod of threc years, cspecinlly in 
a climate like Lowcr Bengal whcrc thc growth of vegetation is very rapid ; thesc difficulties, 
auticipated on taking t l ~ e  fielrl, turned oa t  u~~fortunately too true. 

O n  my arrival at Serirjganj (mherc the party disembarked from t l ~ e  rivcr steamer) 1 Wo-9 
int'ormcd by Mr. D o ~ i n e l l ~  who had precedctl me 

Missing tower on eidc of rontinutiuu. wit11 thc main camp and nativc establishment, that 
the pillar at  Parkoksn had been mashcd away during thc prcvions rains. I t  nas ncccssary at once to 
makc arrrngcmcnts to rcbuild the pillar at Parkoksa on onc of the old rnys. A portio~l of the 
native cstabliuhment mas set to work to malic thc neccsvary bricks for the new pillar, and Mr. 
Donnelly was deputed to supcrintentl them, ml~ile I procecrlcd to  Soilahari T. S ,  to ercct the 
scaffolding for the observatory tcnt at  that station which I was desirons of having done undcr 
my own superintcndcnec, in order that the scveral assistants having sccn onc built, might be 
iurlcpcntlcnt when cmployrd on this work ill future. 

l ' l ~ c  scatroltling at  Soil:rl)ari mas c o ~ ~ ~ p l c t c d  on t l ~ c  26th Novcml,cr, ~ v l ~ c n  I I~rocccrlc~l to 
lJarkoksa to choose a sitc for the nctv pillar, avccrtaiu wl~a t  progrcvv rrn3 bciug madc RJ rcgnrds 



the making of the bricks and scc that no diffic~llties mcre likcly to  arisc 3s mould canne a rlclay in  
the speedy completion of the pillar. Leaving Mr. Donnclly to build thc same, lay off new rays to  
such of the stations it was necessary to obscrve from, to fir the new station, aud to build the 
necessary scaffoldings for observing thcrefrom, I left him on thc 30th of Novembcr and proceeded 
to build the scaffolding at ltasl~idpur T.S. and thcn commencc final observations a t  that station. 
On the same date Mr. Healy was deputed to procccd to four of the tower stations in advance, 
and build the necessary scafl'oldings for observing from thc same; the building of the scafl'oldings 
at  the remaining four tower stations, likely to  be observed from during the season, being entrusted 
to Sub-Surveyor Narsing DBs. 

(5.) Observations were takeu at  thrce stations as pcr margin, when I proposed returning 
to observc from the stations neceueary to completc 

A n a l  Observation thc Basalia and BBgmiLra polygoos, in both of which 
Rnshidpm, Dccolnber 10th to Ifilll. 
o b i  ,, 17th to 21tl1. 

the new station of Parkoksa cl~tcrcd. On the 29th 
GaborFbm ,, 25Lll u, 5th J ~ ~ ~ ~ ~ ~ ~ ,  of Decemher I receivctl a letter from Mr. Donnelly 

reporting that t l ~ c  Parltoksa pillar having rcacl~etl the 
height of 25 feet had fallen down, scvcrcly injuring two of the masons : I at  oncc proceeded by 

Tl:o Pnrkoksn Pillor down nt heigllt of 25 boat c1om11 thc river to makc n ~rcrsonal inqniry into 
t l ~ c  cause, which was that t l ~ c  bricks merc mouldctl 

out ofvery bad clay and not half burnt ; thc officer in chargc of the constrnction mas Mr. A. W. 
Donnelly. This second mishap to the L'arkoksn pillar necc~sitatcd my changing thc order of obner- 
vations; the stations of thc Basslia polygor~ and four of thc 13igmiLra polygon, being all dependent 
on Parkoksa. lleturniug to Gaborgrilm T.S. and com1)leting ol~scrvations therc, they acrc  conti- 

Dolndnngn T.S., J~munry 6tI1 to 14th. nucd at  thc stations as per margin. 0 1 1  the 18th of 
Sldipot.i T.S., ,, 16th  to Z n d .  J a ~ ~ u a r y  the pillar a t  l'arltoksa was rcportcd comple- 
CIIU~--s~lorpur T.S., ,, 231.d to 2Rll1. ted, and by thc 5th of k'ebruary Mr. Donnclly had 
BkmSra T.s.l 'Oth t o " u b r u n r ~  7t11' finished the bnildir~g of t l ~ c  scaffoldings at  the stations 

of Poelsa, Basalia. Aloalta~~di and Parltolcsa ant1 had clcnrctl the rays to thc nclv pillar at Parkoltsa. 
By this date hoth Mr. IIcaly ant1 Nnrsing D63 hat1 complctetl the bniltlil~g of the scaffoldings 
told off to them, I was therefore iudcl~cndent of all my assistants, as far as my ohscrrations went, 
and their services were available for the ar~proximate work a l ~ d  minor triannulatio~i. After . . 

IjkgmBra, thc final obscrrations mek continued in 
the o r d c ~ ~ s l ~ c w ~ ~ , i ~ p t o  thc 21st of April, when the work - ~. ..~- - 

Boiloblri T.S. ,, 25h1 to 291.11 was closcd for the-scason. A slight hitch occurred a t  
Mokinlpur T.S. Morch 3rd to 4th 
Pnrkoksn T.S. ,, 6111 to l l t l l  

t l ~ c  station of Soilabkri T.S : on the lamp-man pro- 
Alonko~yli T.8. ,, 12tl1 lo 201.11 ccctling there to shcw his signal, hc foaud he could 
Dollnrphrn T.S. ,, 22nrl to :BLII not p l ~ ~ n ~ l )  the old mark, thc pillar having deflected : 
linlkncllor T.S. ., 29lh l o  1 It11 April this ditficnlty was got over hp inserting two ncw mark- 
Jilukipur T.S. April 15th to ZIst s t o ~ ~ c s .  or mt l~cr .  mark-bricks. leaviur t l ~ c  oririnal 

'2 - - 

mark-stones (inserted by Captain Tl~~iillicr) nntlistnrbcd : t l ~ i s  ncccs*itatctl my observiug from 
lfokimp~ir  T.S. I hat1 I~cen ansious t l ~ r o n g l ~ o ~ i t  the season to co~nlllete thc pri~~cipal  work up to 
the side Knuchipira T.S. to Garoldra H.S., as t l ~ e  pillar at I-Ialltncl~ar is within $ of a mile of 
the river, and to have obscrvetl from the two st:itions nhove namcd would have made the 
next season's work indcpcndent of i t ;  but by t l ~ e  21st of April (aRcr nearly six m o ~ i t l ~ s  
incessant work) the wholc of the party mcre more or less intlisl~oscd. At t l ~ c  Hill Station of 
Garopira, two of the signallers had to return o t ~  account of fcrcr, water there was scarce, md I 
mas unlvilling to run the risk of layiug up thc c s t a l ) l i s l ~ ~ n c ~ ~ t  at  the end of thc field season, 
especially, as they 11ad IICCII hard at work from the bcgi~~uiug  of Novembcr : I determined tliere- 
fore to close work for the season at Jhn l i ip~~r  'I'.S. 

From t l ~ c  time tlrc party took thc ticld (15th Novcmhcr 1872) up to a i t l ~ i n  a f c a  days of - .  
WcnLher n~id ntmoapl~ero. its closing work ("1st Al~;.il), with the cscel)ti6n of 

half all 11o11r's rail1 OI I  t l ~ c  u t l  F c h r ~ ~ a r v  and on the , ~ - - -  
4th March, thcre was no rain. Captain Thl~illicr in his report of his operations during the 
ficld scason 1869-70, t1cscril)cs csnctly t l ~ c  tlilficnltics ul~dcr \\.hie11 tllc ol)scrvcr labours while at  
work in these parts, arrtl o n i l ~ g  to t l ~ c  want of rain t l~ i s  scason, the atmosl~hcrc was particularly 
bntl. During the month of Uccclul~cr and up to the end of I"cl)runry, a thiclc fog covers the 
whole country, clcaring away ;il~oot 10 .\.s~., so that no n1or11i11g anglcs arc obtaiuable. At sun- 
down during tl~csc months, the inl~nbitnnts tlrivc ill their cnttlc :111tl at oncc sct fire to the heap of 
ref~isc lying near the cattle sl1c11. Evcry villagc is so011 c~~vclopctl iu xmolic, and as our rays 
always pass ovcr t l~rce or four villages, ol)scrvati~)ns to Inrups at thin timc of the ycar arc impos- 
~iblc.  As the season arlvnnccs, v ; ~ . ,  from thc ~niiltllc of I?cbr~~ary to thc cntl of 3larcl1, thc people 
(preparatory to tilling thc land for the rain crop) burr1 the grass on the chars (low I : L I I ~ S  bordcr i~~g 
the river) and thc ricc s t ~ ~ l ) l ~ l c  which is lcft stantling in the liclds, 1cnvi11g a heavy, smoky atmos- 
phere which makcs lamps iu\riuiblc, anrl \,cry ol'tct~, iu thc caw of the burning grass crossing the 
ray, intcrfcres with ol)scrvatirr~~s to aCtcrl~ool~ I~clintrol~cr. April is t ~ o t  m11c11 1)cttcr ; the11 a stror~g 
win11 hlows, r a i s i ~ ~ g  the sand o n  thc bal~lcs or t l ~ c  river and mnltirtg it vcry dificolt to sce thc 
hcliotrupcv wlrcr~ the ray crosses it. 'I'l~c lrcriotlical N. I V .  stor~us bcgiu about t l ~ c  1 s t  



week of April; thcy come on very suddenly, and though they only last a short time, pcrIiaps 
14 hours, i t  often happens, if a t  night, that one or two of the lamp-men havc been obligcd to 
remove their lamps for safety, aud of course are unable to align them till next day, so that when 
after a storm the atmosphere is clear and lamps can be taken, observations arc often interrupted 
by the instrument having been dismantled or a lamp removed. 

(6.) I n  a country like Lower Bengal, a minor triangulation is almost impossible o k n g  

Minor Triongdntion. to  the number of villages and exuberant vegetation 
necessitating the clearing of rays; indeed, i t  would 

be cheaper to fix any largc town by the main triangulation and large sides. As it is one of your 
orders that on no account is secondary worli to  be neglected, it has been usual to fix the villagcs in 
close proximity to  our stations by simply taking their direction from the pillar, and measuring 
their distance with a perambulator; in this r ay ,  a considerable number of villages ( 114 111 

all) have been fixed sufficicntly near enough for geographical purposes. An attempt was made to 
cut  in flags on large trees from the principal stations, but this entirely failed. Another way of 
fixing secondary points is by carrying a traverse, and in this way, three paka buildings were fixed, 
which lay near the principal work : I was anxious to fix the large towns of Mymensing and 
Bograh if possible by triangulation ; while observing therefore from the tower station of Poerbitri, 
I visited the small out station of JamAlpur of the Mymensing district, and saw at  once that it was 
feasible to  carry a minor triangulation, emanating from the side Poerbari T.S. to  Char-Sherpur 
T.S. along both bauks of the old bed of the Brahmaputra river, which though now a compara- 
tivelv small stream as com~ared  to the Jamdna river. is still called the Brahmauutra : the iail at  
~ a m i l p u r  was convenient& situated for breaking dbwn the side Poerbari T.s.. to ~ h a r - d e r ~ u r  

T.S. I accordingly, on the 7th of February, directed 
Mr. D?nneuy tokc' up ninndotion to Mr. Donnelly to  take up this work, and i t  occupied Mymensmg. 

him for the rest of the season viz., to  the 19th of 
Aaril. I am bound to  state that I consider that this wns verv trvine: work, and Mr. Donncllv 
de'serves great credit for carrying i t  through successfully duriLg tl;e muonths df March and ~ ~ r i i ,  
the hottest time of the year in these parts ; Mr. Donnelly a t  the close of his labours was much 
pulled down : his total out-turn of work mas as follows :- 

Number of stations observed from . . . . . . . . . .  54 
Do. of triangles of which 3 angles were observed . . . .  . . 54 
Do. of intersected points . . . . . . . . . . . .  13 
Do, of miles of ray tracing . . . . . . . . . . ..  8 
Do, of points fixed by ray traverse . . . . . . . . . . 5 
Do. of heights observed . . . . . . . . . . . . 1 
Do. of paka points fixed . . . . . . . . . .. 2 1 '  
Do. of paka platforms built and fixed . . . . . . .. 4 

Length of secondary series . . . . . .  . . . . miles 4.4 
Area of secondary triangulation . . . . . . square miles 32 

I n  addition to this, he had previously completed 34 miles of ray tracing to and from the 
Parkoksa pillar, and superintended the construction of 5 scaffoldings for principal observatious. 
Unfortunately his work in recess bears a very bad comparison to his ficld work. It was tlie 
6th of August before his angle books were brought up and the computation of his field work 
could he taken in hand. 

(7.) Mr. Hcaly having completed the building of thc four scaffoldings allotted to  him on 

Mr. Hcnly, Assistnnt Surveyor 4th Qrode. 
first taking the field, he was directed on 15th Jn- 
nuary to  commence the buildiug of the four pillars 

Approzimale wwk .  asp& margin, necessary to complete the series on its 
Kbel~doho T.9. western flank : this work he had finished by the 31st 
Norsingbnnj T.9. March, when lic rejoincd my camp and was suhse- 
Oobindp~~r T.8. quently employed in rcco13ding, bringing up angle 
Alnngjiui T.S. books, kc. I havc not had an opportunity of visit- 

ing any of the pillars built unclcr Mr.  Hcaly's direction, but I have every reason to believe that 
he has excrciscd a careful supcrvivion in their construction : liin monthly papers, accounts kc., 
have been well and ncntly sent in, and in ofice he has worked hard. 

(8.) About thc timc Mr. IIealy was directetl to complete thc building of the remain- . , 
Nnrning Dis ,  Sub-Surreyor. 

ing pillars (tower stations) of tlie scries, Sub-Snr- 
vevor Narsinp Dis was dcputcd to build the platform 

stations on the eastern flank in the Kurabiiri ~ i l l s ,  the mestern spurs of the Garo ~ i i l s  ; this 
piece of work hc also cornplcted, under difficnltics, by the 31st of March. Themajority of his 
establishment were laid up with fever thc grcatcr part of the time, this part of the country being 
very uuhealthy and watcr scarce. Before entering into these parts, I had secured tbe assistance 
of the Deputy Commisriioricr at  Titro (Giiro Ilills) and had also procurcd parwanas from the 
Assistaut Commissiocer of Goalpbra. Nurskg I)& mct with uo dilIicultieu cxccl~tii~g thoscdue 





Some few days were occupied in projecting point* Src. on tlic plane tablm and then tile 
Su r rep r s  proceeded to take up their respective plane tables. 

(2.) The season 1872-73 hna been a satisfactory one. 2,642 square miles have been tope. 
graphically surveyed on a scale of 2 inches = 1 mile; 

Out-turn of work. 2,680 square miles have been covered by net-work of 
triangulation; 739.5 linear miles of boundary traverse 

lrave been run and every boundary pillar or stone fixed, besides 409.3 linear miles of traverse, 
which has been carried aloug tlie margius of plane tables to test the accuracy of the detail work. 

(3.) The portion of the province under survey, during the past season, was the northern 
portion of Jhiilawirr, a bare and sterile country bordered on the north by the wide salt wastes of the 
Rann of Kutch ; tlie detail surveyors met with no obstacles to hinder the rapid execution of their 
work and thus a very considerable area of ground was topographically surveyed this year. 

(4.) CaptainTrotter having been selccted to accompany the British mission to YArkand, 

Captain Trotter, R.E. I proceeded by order from Head Quarters to relieve 
that Officer at  U'adwtin, and took over charge of 

the Kattywar Party on the 6th of April, and from that day until the 28th April I remained at 
Wadwbu conducting the curre~it work of the office and bringing up some arrears of work. 
Findiug that many alterations had been madc in Wadwin Camp, more especially the extension of 
the Railway Line to the camp and the erection of several blocks of building in connectiol~ 
therewith, I made a re-survey of the portion of ground in question, and atlded the details, when 
complete, to Sheet 12 of Kattywnr, which had already been publislred. I also weut over all the 
published sheets of Kattywar, making such small corrections and addenda as were necessary 
previous to despatching the maps to office of the Political Agent, Riijkot, for sale. 

(5.) On the 28th of April all the topographical Surveyors having completed their work, I 
Rtlurn to rcccsa qnnrtcrs. started for recess qunrters and opeued oflice at PLns 

on the 1st of Rlay. 

(6.) Mr. McGill, on arrival at ViramgLm on the 15th November, wan employed in prepar- 
John  ill &¶., ~ ~ ~ i ~ t ~ ~ t  gup& lst  (trode. ing a chart the triangles be broken up the 

net-work trial~gulation which he was about to take up; 
on the 3rd Decemher he began work at Rti-jkot and carried ;net-work of triangulation over sheets 
34 and 35, completing 1,400 square miles by the 26th of March on which date he closed work. 

Mr. McGill is so well known as a rapid and excellent observer, ant1 his work is always 3 0  

good that it is unnecessary for me to comment further upon it. 

(7.) Rlr. Rvall beean work on the 28th Norember and continued sketching around 

Mr. F. Rynll, Surveyor 4th Qrnde. r ~ r r o ~ ~ g n o t ~ r  rnc 
10th of April, II(LVLII 

survey. Mr. Ryall works slowly but accurately. 

' ' .' : field season. He closed work-on the 
L-..:.. g completed 194 square miles of 

(8.) Mr. Wood was employed during the early part of the fiold season in projecting 

Mr. J. Wood, Surveyor 4th Grade. plane tahles. IIc commenced plalle tabling on the 
20th December and workcd until the 18th January. 

He was then summoned to Dhrbngdra where he remained computing until 21st February. ~e 
again took up topographical work on 22nd February and closed work tir~ally on tlre 6th April, 
lreving completetl 164 square miles of topography. 

Mr. Wood is a very voluablc assistant as well in recess quarters as in tlrc field. 

(9.) nlr. Gwynne on arrival at Viramgiim was employed in completing fair S l l ~ t s  

N. C. Asst, guneyor I,t orode. 
23, 21  and 29, and in mounting and projecting plane 
tables until tlre 16th of December, on the 18th he 

commenced plnue tabling and closed work on the 6th April, having coml1lctcrl239 square miles of 
topography iu very good style, bcnitles superintending and examining the work of Sail-Surveyol~ 
Oovindji Mallalay and Nilknnt Vittnl. Mr. Gwynnc is a most valuable assistant both in the field 
and in quartcrs, and his work this season is as tl~oroughly satisfidctory as that of prcvious years. 

(10.) Mr. Rendell was employed on his arrivol at Virarngiim in allotting work to the 

Bfr. T. Rendell, A33t. Rurvrror lat Grnde. various trnverse Surveyors. On the 24th of De- 
cember he commenced plane tabling near PBtri, an(] 

turned out 192 square miles of accurate and neatly erccutcd work hy the 20th of Rlarch. 011 

the 23rd March Mr. Rendcll rclicved Mr. RIcGill who was proceeding on leavc, and took up the 
]let-work triangulation in Sl~ect 33. This work Mr. Itendell cornpletcd on the 20thof April, llavi1lg 
triangulated 270 .qrIare milcs of conutry, altogetlrer a highly satisfactory out-tnrn for the seasou. 



(1 1 . I  On the 28th of November. Mr. Wvatt rotnmencctl morlc antl procecdctl to trian- , , 
Mr. R. N. Wyatt, Assistallt Surveyor 2nd Orode. . gulateBheets of 'att~war' O n  

16th Deccmher he joined Mr. Hendell and com- 
nnted noints for the R. Plane Table N.E. Section of Sheet 10. H e  trianeulated aeain from 

8 

20th December to  15th January, sketched ground in Sheet 10 from 2hth ~ a n u n t $  to  28th 
February, commenced the triangulation of Sheet 32 on the 11th March and completcd i t  OII 

the 21st April. Completing in  all 1,010 square miles GI net-work triangulation and 100 
square miles of plane table sketching. 

Before leaving for Masitri, Captain Trotter expressed himself much pleascd mitl. Mr. 
Wyatt's energy and steady hardworking qualities. 

(12.) Mr. Fielding commenced work at  Viramglm on the 17th Novembcr and mar 

lfr.W, A Fielding, Aaaistnnt Surreyor 3rd endc,  in preparing plane tahles and c o m ~ l e t i r t g  
the fair maps of Sheets 23, 24 ant1 29. On the 

1st of January he began topographical work and fit~islled on the 2ntl of April as he mas 
snfferiug a great deal from exposure to the sun. Mr. Fielding completed in all 283 square 
miles of plane table sketching of good quality and execution. 

(13.) Visaii Punt  mas emnloved t l~roue l~out  the field season with the Iread Quarters . , A " 

Viaaji Punt, Scuior Native Snrveyor. c a m p  and was extremely uscful. I n  April he 
proceeded l>y mv orders to the Rann and took 

levels at a mile apart along the edge of thc ~ a n n  as it passes through Sheets 10 and 20. 
This piece of work extremely irksome on account of the great heat and want of water, 

he completcd cntircly to my satisfaction. He rcjoiued me at  IVadwlo on the 24th of April. 

(14.) Covinqji Afallalay was employed during the season in plane tahle slcetchirtg. Hip 

Ooviudji bfnl~nlng, Sub-Surrcyor. work is favorably reportetl on by Alr. (i\rynne as 
far as regards Shcet 22, but I find t l ~ c  drawing of the 

lorn ridges and scattered brushwood jnngle in Sheet 20 is much esaggcrated, and calculated to  
convey a wrong impression of the grotu~d. 

(15.) Vishnu Moreshmar mas emploved on topo~rapllical work doring the semon. Mr. . . - i,. 
Vial~nu Yoreshwar, Sl~b-Surrojor. tlelding- reports favorably ;lu t o t h e  q11aIity of this 

Sub-surveyor's work, but atltls that 11e f o ~ u ~ d  him 
inclincd to take his work somcwl~at too easily. 

(1G.) Keslru Vittal was employed daring the entirc season as recorder to RIessrs. 
Kesllll Tlttol, Sub-Snrregor. ;1IcGill and lieudell. 

(17.) These four Sub-Surveyors were employed in running boundary and check tmvcrrrea 
Narnu Di~~kor, Bholqji Bllo~eknr, Krislll~a Gorind, during the field season. The results of their rcspec- 

T~~knrnn~, Su11-Sarvc~or~. tive work  ill be fou~rd in the tal~olar  s t a t e m e ~ ~ t .  

(IS.) Shridhar Sacraram antl Nilkant Vittal were employed on topograpl~y throug-hout 
Sllridllnr Sucrarnm and N ~ I L , , ~ ~  Vittal, sub. the season, both turned out good work and are favor- 

Survryol,n. ably reported on 11y Mr. G N ~ I I I I C .  

(19.) Having only taken over charge of this party at t l ~ e  termination of the field season, I 
am unal~le to do more than give the short outline sketch which I have given of the proceedings 
of the party during the field season. Captain Trotter before leaving expressed himself pleased 
wit11 the work of all hands, ant1 on carefill comparisonof the junctionsof plane tables aotl the agree- 
ment of traverse check lines with the detail drawiug, having in view also the average trial~gular 
error of the t r iangl~ la t io~~ and the average linear ancl circuit errors of the traverses, 1 most 
rradily entlorse Captain Trotter's ol~inion of last season's work. 

(20.) The work which I l~avc lait1 out for the coming season is as follows :- 

A r r ~ ~ ~ g r n c n t s  for next rmaon's op~rntions. 1st. The net-work triar~gulation of Slleets 
4.2 dd 4.5 - - , > -, - . 

2nd. The furninl~ing of cutra points in Sheet 40 and the survcy topogrnphically of Sheets 
40,41 to complete Dcgrcc Shect XI. 

3rd. The Survey topograpl~ically of Sheets 31,32,33,34,35 on n scale of 2 inches to 1 mile. 
4th. The surrcy of the Cantonments, Civil Station and native town of Rl.ikot on a 

scale of 12 inches to 1 mile agrecal~ly to the instructions contained in ycurlettcr :,:, dated 4th 
August 1873. Owing to the complicated natl~re of the state I)o~~ntlarien ncar Rljkot and intri- 
ratc,nnd hilly con~rtry comprised in the 5 shects to he surveycd topograpl~ically, it may not be 
I ~ O R ~ I ~ I ~ C  to conlplctc thr plane tahlc ~ k ~ t ~ l ~ i t l g  of tllc \vl~ole 5 s l ~ c e t ~ ,  b ~ l t  every endeu~or will be 
rnntle to tlo ro. 





Extract from ntemoranda forwarded by Captain Tflotter, R.E.-late kt charge 
Kattywar Party-on the operations during Fielcl Season 1872-73. 

(1.) As Captain Pullan took charge of the party before the close of the field season and 
has had an opportunity of carefully inspecting and 

apts in  Pullan's report. examining the whole of the work, I leave to  him 
the duty of reporting on  the amount and quality of the work performed by each individual as 
well as of the cost of the survey and other details usually coutaiued i n  the General Report. 

(2.) The country surveyed has been as usual in Kattywar of a very varied character; 

Aspcct of tho country. 
adjoining a large flat tract of salt waste, the surveyor 
comes up011 rich,~vell cultivated soil, hounded perhaps 

on the other side by two ridgcs of sandstone absolutely devoid of vegetation. The whole of the  
eastern portion of the ground is decidedly flat with hardly a rise of any description. Near  
Dllringdra however, and running down N.N.nr .  and S.W. from it, are numerous sandstone 
ridges many of them valuable as quarries. The sandstones of DhrLngd1.a being famous i n  
Guzerat, and the Dhringdra " Chaki*," or  round mill-stones, c6mmo11 t l~ rougho~i t  the country. 

Towards t l ~ c  south-west of the ground surveyed, the nature of the country changes : 
there hills and jungle talte the place of plains and cultivation. 'l'l~e produce of t l ~ e  country is 
much the same as detailed in former reports : aheat, bijra, cotton, jamiri and ti1 being the c11ieE 
productio~~s. Unlike the other parts of Kattymar, which have been surveyed, almost the whole 
of the water supply is here procured from tanks. IVherc there are  streams, the water is general- 
ly brackish, and the iuhabitauts always drink ill prefcreuce from the tanks of which there are  
generally one or more to  every village. These mostly dry up in t l ~ c  hot weather ; but  in the  
majority of them there are paka wells, from which water is procured wlren the tauk is itself 
dry, Many of thc large tanks in cold weather preseut a very pictc~resque appearance with the  
tops of half a dozen or  more wells appearing just above the surface of the water. 

(3.1 A ~ e c u l i a r  feature of the countrv is the nnmber of large oaka wells or " b4olis " , *  . 
Large underground nells or "Biolis. " ge;~erallp built some huArehs  of years ago i n  the  

vicinity of what were then large and populous towns. 
Some of them are very roomy and beantiful, the covering and the ornamer~i;rtion 01 tile approaches 
being very elegant and elahorate. A broad flight of steps generally richly oruamented a t  the  
sides, leads down to the water. On the first landing place you look through a long vista of 3 or  4 
cupolas, on descending a few more steps to a lower l a ~ ~ d i n g ,  you again look along and through 
parallel rows of cupolas, and on getting to the bottom, and near the level of the water, you look 
thror~gh a third row forming a baserneut of very elegant triple-storied cupolas. These are  erected 
over each of the 3 or 4 wells a t  the Ilottom, the rrl~ole are surrounded by a stone pathway by whic l~  
you can get access to the smaller wells and to a large open circular well a t  the other end, from 
which watercanbe lifted to  the top by the usual methods without the trouble of descending the 
steps. l 'he t e rnpera t~~rc  at  the lower landing of  t l~ese wells is cool nnd deligl~tful, and would form 
a charming place iu which to spend the heat of the day in the hot weather. It is a peculiarity of 
these"bAo1is" that there is uot l~ing above ground to  lead to  the a~~pposi t ion that there is ally thing 
unusual underncnth, a long low stoue wall, 2 feet i u  height, beiug all that is visible to the eye. 

4 With  the excention of afew antiouarian remains, the countrv is most uniuterestine. . , -. 
Description of tho Rann of Kukh. 

nb mountaius or even l~i l ls  w&tlly o f the  name, no fine 
rivers, or large forests, or picturesque vienrs meet the  

eye. Tovards thc north a partiallv cultivated, treeless plain is all that the traveller sees, with an 
occasional tank whose low bauks 6 r r n  t11c only practical~le points ou which to  erect stations for 
our triangulation. 'I'l~is plain gradually mcrges into the Rann of Kutch, an extensive desert 
about which mnclr has been written by various authors but of which a short description will 
not be out of plarc here. 

I t  is a vast and perfectly flat tract of desert without a scrap of vegetation of any kind and  
so little lower in level than the country to its south that in many places i t  is impossible to  say 
where the Rann begins and t l ~ e  n ia i~~land  ceases. There is often however, an intermediate d r i p  
of land, betwcen the cultivatio~l and the desert, on which grown a short stunted grass, the  food of 
the cattle and nild asscs when they can get l~othing hettcr. On t l ~ e  other hand portions of the  
Rann extend inland in bays meeting the sandy bcds of rivers which all sink aud arc lost i n  the  
aands as soon as they conle in contact with the Raun. 

( 5 . )  111 some few places islands rise ont of the midst of it, generally shewing marks of 
volcanic action. Somo of t l~csc islands are luore or l e ~ s  covered with grass, tocollect which carts 
are ucnt over a t  the proper seasou from tlrc mainlaud. I n  the cold weather i t  is possible t o  
traverse the Harm wit11 i~npunity, as altl~ougb the sun is always hot yet there is generally a cool 
breeze b l o w i ~ ~ g  I I ~  from thc sca on the mcst; but iu tlic hot weatl~er I lrave bcen assured that to  



spcnd a day on  tllc Rann monld I I ~  almost certain dcath : I havc l~card of morc than one 
authcnticatctl casc mhcrc mcn llavc got lost on thc Rann and havc wandcrcd about in a circle 
until thcy havc fallcn csl~aostcd. I can quite imsginc this to bc true ; for as thc hot season 
advances tllc dazzling glare is blinding and thc hcnt ovcrpo~vcring. T l ~ c  miragc distorts and 
magnifies tllc smallcst ob,jcct into tllc most wonderful shape ; a stick appcars likc a tree and a 
stone likc a hill, and no distant objcct can bc secn a t  all. 

(6.) Thc composition of thc surface and subsoil appears to bc in tolerably rcgular layers 
of sand and clay with a large quantity of saline mattcr admlscd. This saline dcposit attracts 
the  moisturc from thc atmosphere and thc surface is then frequently damp. For some months 
in  thc ycar, the R n ~ l n  is undcr watcr. When the prevalent westcrly winds l~cgin to  blow in 
March, thc matcr in the Gulf of Kutch is gmtlually hcapcd up, and it advauccs in a slow wave 
right up thc I t m n  nntil thc fall of thc morlsoou in June, by wllich time almost t l ~ c  whole of the 
wcstcrll 11ortion is covcred wit11 matcr, varying from n few inches to a few fcct in depth, '#hen 
the mill fi~lls, fresh n7ntcr is carricd iutn thc Rann by the rivers that empty tllemsclvcs into i t  and 
thc  wl~olc becomes a vast Ialcc-nomhcrc more than a few fcct in  dcpth-and whicl~ subsides 
gmd~lnlly at  thc close of the monsoon. The admixture of fresh and salt matcr kills large 
number* of fish; and, I havc, in crossing the Rann, come across the rcmains of myrinds of 
~ ~ I L \ V I I S  \vllic11 nppcar to  havc met their dcnth in this manner. I have, also in thc cold weather, 
secn hcnps of dcnd locusts, which fortunately for the inhabitants of Kattywar, havc fallen victims 
to  csl la~~stion in crossing this tlcscrt tract. 

(7.)  T l ~ c  only animals that livc in this milderncss are thc common antelope, which 
oftcn wnntlcr out  somc miles and spcnd somc hours of the day therc, and rcturn to the mainland 
for foot1 and wxtcr, and thc Ghorkor or wild ass (Khacllar is the local name). Thc latter breed 
i n  the Rnun isla~lds during the monsoon months, tinding thcrc plcnty of grass and water: after 
thc  monsoon, mhcn the waters llavc retirctl, they somctimcs cross ovcr to  the mainland, and as 
the  Rann is thcn a mass of slush scvcrnl illcllcs dccp, they arc somctimcs drivcn into i t  by men 
on foot who arc able to pursue nnd drivc them nhout 1111til the young oncs fall pcrfcctly exhausted 
and arc casily captured. Pew ho~vcvcr caught ill this manncr snrvivc this preliminary trcatment. 

(8.) Thc llalin is crosscd by scvcral cart tracks which mill 1)c sllown in the season's maps. 
Some of thcsc, to\vards the head of thc ltann, arc only closcd for a few mcclcs in the year and are 
evcn thcn opcn for horsemcn ant1 foot passcngcrs ; othcrs ncarcr thc hcatl of the Gulf are closed 
for half thc ycar, viz., from thc first risc of tllc \eater in March or April until the subsidence of 
thc  waters aftcr thc monsoons. At thc licatl of tllc Itann, and includcd in this scason's mapping, 
arc tlic ncw and cxtcnsive Government Salt Works at  Piitri, a short account of which may not bc 
i~nintcrcst i~ig.  

(9.) For more than a hundrcd years past, salt has bccn manufactured from water taken 
Snlt Blonufwturc. from wells dug i n  thc Rann, more particularly at  Kurn 

in t l ~ c  Dhrbngdra statc and in Pktri and the neighbour- 
ing villages of Kharagora, Bajana and Uru on thc castcrn border of thc Rann. Government has 
hitherto contented itself with levying a vcry hcavy dnty on all salt sold in our own districts; but 
on  account of the large amount smuggled from Kattynar and also from the above mentioned 
places, Government has been compelled to undertake the maunfacture itself. With this end 
in view, all the old Rann works have bccn closcd (with the exception of those belonging to 
Dhriingdm, an independent state in Kattyaar) ,  compensation having bccn pair1 for old interests 
involvcd. A11 the works also on the a c s t c r ~ ~  coast of India, bctwcen Camhay and Bombay, are tobe 
or havc bccn closcd, and all that  part of thc coi~rrtry will bc supplied with Hann salt, manufactarcd 
a t  the Govcrnmcnt Works. It is hopcd I)y tllcsc nlcans and by an introduction of an efficient 
line of patrols on tllc frontier, hctmcc~l tllc KattyIvar statcs and our own districts, i t  may be 
possihlc botll to kccp thc Kura salt from getting across to our own and the Gaikwar territories 
and at  the snmc time to  prevent the Mhlma opium from gctting to Kattywnr. 

(10.) Prior toGovcrnmcnt taking ovcr chargc of the ncm morlts atPAtri,thc salt was manu- 
facturcd by thc " Agrios" (as thc makers alc tcrmcd) on thcir own account, in quantities lirnitcd 
by Govcmmcnt, to be sold to privntc mcrchnuts at  a maximum ratc of 2 annas per mauntl. Prac- 
tically thcy did not get this price for it, as thc mcrchauts 1v11o purcl~ascd gcncrslly did so (on 
account of the ?bundance of the supply) at  a much lomcr figure. (;ovcr~lmcnt now employ 
thcse snmc " Agr~os," let them dig thc mclls and make thc palls (giving t l~cm advm~ces for that 
purpose) and purchase the whole of thcir stock of salt (if of approvcd quality) at I t  annas pcr 
mauntl, all round, rcmoving thc salt to \varcllo~~seq on the adjacent shorcs that hnvc bccn con- 
structetl for thc purpose. 'l'hc Agrios arc thcrcforc rcally much bettcr o f  tllan thcy were he- 
fore, as formcrly that portion of thcir stock ahlcll rcmaillctl u~lqoltl before the pcrio~licnl 
scttiug in of t l ~ c  monsoon (when thc wholc of the works arc flootlcd and the wells and 
pans tillcd u p )  wm liable to  hc swept away. Tlris actually occurretl the year before last 
to the uttcr ruin of the salt owncra, and I am informed that 4~2 pcr cent of the entire produce 
of tllc last fivc ycars has becn mashcd away in  tlic same manncr. 

(11 .) I t  mas proposed to manuracturc during the past season twelvc and a llalf lakhs of 
mnunds of salt, n l ~ i c h  is a littlc abovc t l ~ c  amount cstilnatetl ;cy rcquircd for col~sulnpt~on in that 
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portion of the Prcsidcncy lying bctmecn Bomhay and Ahmadabad. For this pl~rposc 252 pans, each 
2.50 feet long hy 60 fcct wide, have becn constructed. The process of making the salt is very 
simple and is almost the same at  PAtri as at  Kura, but at  the latter place, the pans are arranged in 
no sort of order, being seattercd in all directions all over the place ; nhercas at  Phtri they are 
arranged symmetrically in rolvs with spaccs hctwccn for storing the salt. As soon as the monsoon 
llas come to an end and the piled up watcrs of the Rann have retircd, each " Agrio" sets to  work to  
dig a well and to make his pan. The well has first to  be sunk, as without the water procured 
from i t  the workmen w o ~ ~ l d  be unable to  puddle and rcndcr watertight llis pan. The sinking of the 
well, \vhich he accomplisl~cs with the aid of hircd labour, occupies him somc weeks. H e  soon 
reaclles watcr, i t  is truc, but only what is termed surfacc water, and which docs not contain nearly 
so much salt iu solution as anothcr kind of water which he reachcs gcncrally at  a depth of from 20 
to 30 feet, on reaching which there is generally a rush of vcry strong brine which comcs up with 
cor~siderable force and riscs scvcral fcct in the well : when he gcts this rush of water he is satisfied 
and columcnccs to  prepare his pan. Sometimes holvcvcr instentl of tapping t l ~ c  brine he comes t o  
a hard retl clayey soil called "morod," and the cspericucc of the past years has shown that when 110 
comes to this 11e must abandon all hope of gctting to  the brinc and start  a frcsll wcll clsewhcre. 
Assumi~rg hoaever that he has reached good water, he prcpares his pan by raising a smnll bank of 
earth all round it. H e  then pumps up watcr with the common balance pole and buckct and 
covers his pall with i t  to adepth of one or two inches. This watcr sinks into the ground and he 
then commences to pudrlle the pan by constantly (with the aid of his hircd assistants) treading 
the ground, a most laborious proccss, for thc pouring on of watcr and t r e a d i ~ ~ g  and consolidatirlg 
has to go on until the bottom of the pan becomes quite waterproof, which from the quantity of 
clay in the soil it  ultimatcly docs of course in some soils quicker than in othcrs. 

(12.) This prclimiuary of wcll sinking and pan preparing generally occupies about two 
months, whcn rcady the brine is pumpcd in to a depth of several i11c11cs and lcft to evaporate. As 
soon as thc grcatcr portion of the watcr has donc so rqore water is pourcd on, and this is rcpcatcct 
perhaps once in cvcry three or four days. Crystals of salt soon form at  the I~ottom and thc Agrios 
have to stir thcse crystals about frequently and briskly wit11 a largc raltc. This goes on until a 
crop is rcady, which gcncrally happcns about thc middle of Fcbruary, when all the watcr being 
allowed to evaporate, the salt, wl~ich thcn forms a layer scvcral inchcs iu dcpth ovcr thc whole pan, 
is takcn out and arrangcd in conical hcaps by thc side of the pan, whence under the ncw nrrange- 
ments, instead of bcing lcft on thc ground and sold as the opportunity offered, i t  will bcimma- 
cliatcly carried on a tramway by trucks, to thc central storcs, about 2$ miles off aud on high ground 
bordcring the Itann. Thcrc i t  will bc weigl~ctl and handed over to the Government Official 
dcputcd to rcceive it. T l ~ i s  ccntral store has bccn connected by a branch railway line about 
22 miles in length (I'ktri to Viramghm), which has bccn specially made for the purpose, and which 
was in course of construction ml~ilc we wcrc surveying the ground. T l ~ e  salt will be carried by the 
llailaay Company to thc dcpOts that arc to bc formcd at  Ahmadabad, Bhroch (Broach), Baroda, 
Balsar and S6rnt where it will be storcd :,way aud sold to the public at  a fixed rate. 

(13.) Instead of talting onc crop in Pcbruary and another in April o r  May, a supply of 
better salt is ol~tainctl by co~~titruing t h c m a n u f a c t ~ ~ r c ~ ~ ~ i t h o u t  emptying the pan until April o r  
May. An average crop of 18 W pcr superficial foot of evaporating surface may be obtaincd from a 
good crop up to t11c middlc of Fcbruary, and for the sccond crop a somewhat largcr quantity; if the 
crol) I)c taltcn at  the cnd of thc scason, only al~out  3 4 %  of salt of a supcrior quality may be 
ohtaincd pcr foot. Thcsc quantities dcpcnd vcry much upon the amount of brine that may be 
pumpc~l up, nnd if n. man is lazy 11c \vill gct a small rcturn. The brine also is variablc in quality, 
and somc wells will givc more salt than otl~crs. I n  March and April tllc salt is apt to  receive 
very serious i11.iury from the clouds of dust and sand that fly about. The DhrBugdra works a t  
Kuraal~pcar to suffer morc from this cause than the morc protected works at  PAtri. At the  
formcr place I was told that the manufacturc was gcncrrilly entirely stoppcd from this cause and 
from the supply of s a t c r  iu the works runuiug short about the end of March or beginning of 
Anril. - -r - - - .  

(14.) Thc heat in t l ~ c  Rann being so csccssive, it 11ns been nrrangcd thnt all the labour of 
carriage ant1 storcagc at  thc Co\,crument IVorlts shall in t l ~ c  hot mcather bc carricd on nt night. 
At Kura t l ~ c  salt is gc~~cral ly madc from surfacc water as they cannot obtain the brinc springs whicll 
affortl so rich n crop at I'itri. The rcasorl is I bclicvc that the whole ground nt Kura is underlaid 
wit11 " morod" and thus the watcr bcing dcficicut in quality as wcll na in quantity, they require 
two wells instcad of one for cac11 largc pan : the proccss of manufactureis the vamc. 

(15.) I estimntcd, aftcr careful inquirics and measurements, the snlc of salt nt Dl~r!rngrlra 
to be about one Ink11 of maunds per annum. I t  hna howcvcr been cstimatcd by the Cnstoms' Col- 
lector of Bombay at  ns high a figure ns four lakl~s, of which he assumes that 3 lakhs arc smuggled 
across our fronticr, causing a loss to our income of nearly six lakhs of rupccs. Although we have 
been in corrcspondcncc on the subjcct,we cannot arrive at  lcss discordant rcsults. The cnlculntions 
arc somewhat clnboratc and I need not give them here, but my own figurcs are confirmcrl by the 
~tatcrncnts of thc Darbir Officials who I~oacvcr moulrl naturally be disposctl to cstimatc it at  m 
low a figorc as ~lossil~lc ; for cvcry thiug ovcr one Iakb, which has been assu~nctl to  bc tlrc probable 
consumptiou iu Kattywar itsclf of Kura salt, must be admittcd to bc smuggled. 



(18.) In the Kura works, the digging of the wells and making of the pans, are undertaken 
by and a t  the expense of the " rlgrios" who are assisted by their families and follow no other 
avocation. At our own works the salt manufacturers are also cultivators. The produce is 
generally sold at about 12 annas the donkey load (24 maands), but varies to from 10 to 13 annas. 
According to quantity of the total amount sold, one anna in the rupee is taken when the accounts 
are matlc up (annually) to defray the expense of establishment, which is very small consisting ofone 
khrkuu, one havildbr and five peons : the balance is divided between the Darb6r aud the ~ ~ ~ i ~ ~ .  
Each therefore receives say 54 annas per donkey load or 2: annas per maund clear profit to the 
D~rb61., and profit, less vorking expenses, to the " Agrios." Besides this there is asmall duty 
levied of 2 pies per donkey load, or Rs. 1-8 per cart load. 

(17.) The pans vary in size from 2,500 square feet to 10,000 square feet as against a 
uniform sizc of 15,000 square feet at  t l ~ c  PAtri works. There are 80 wells at  work but in most 
cases two wells are required for each pau. I purchased salt, retail, in the village of Kura at 112 
pouuds the rupee. 

8 I have heard it suggested that the brine at the Kura wells was supplied direct from 
tile sea I,y subterranean ti Itration. I maile some experiments in the cold weather to test the same, 
but  could detect no positive traces of tidal influcucc. I t  is true, there were periodically diurnal 
rises and falls in tlre water of the wells, but this I clearly traced to the effect of the pumping of 
the water up from o t l~er  \vclls and tbe consequent lowering of the level of the water in tile 
adjacent wells. 1 had purposed continning the experiments in a more careful manner in the hot 
weather, ba t  was uuahle to carry out this idea. I t  was said at  PBtri that the water rose much 
higller in the wells in the hot weather than iu tile cold and this would certainly indicate tidal in- 
fluence. as the periorlical rise of water in the Rann in that  season would certainly produce that 
effect, did suhterrnneous filtration exist to the e s t e l ~ t  supposed. 

(19.) 011 the other hand at Kura very much nearer the sea, the water in the wells is said to 
he very m11c11 lower in the hot weatl~er than at any other time; but it may be said that the " morod" 
rlnderlying the Kurn we119 would prevent the influence of t l ~ e  tidal wave being felt there. Mr. 
Maury, the Customs' Officer, in charge of the Phtri works, was interesting himself in the question 
and has possibly carried out further experiments. 

(20.) I made constant inquiries along tlre edge of the Rann to indeavour to get some light . . 

Secular depression of the Rann. tl~rown OAI the subject of the supposed secular depGs- 
sion of the Itann; hut althor~gh tlie oldest inhabitants 

recollect on about three occasions, during the past fiftv years that the waters prior to the 
monsoon had advanced further thau uqual, I co111d not gather that there had been any perma- 
nent change of a marlccil nature. There is a tloubt in my miud t l ~ a t  the Rann was once the 
bottom of tlie sea or rather of a large shallow Imy. At Jhinjunbra on the east edge, about 50 
years ago (as far as I coultl learn from ~ a t i v e  reports) a large iron anchor was undoubtedly found 
buriecl in mud. I t  was broke11 up within recent yenrs and I a s 9  never able, although I repeated- 
ly tried, to get hold of any man who ever saw i t :  I have no doubt whatever that such au anchor 
did exist. 

Extract from the Narrative Report-dated 11th September 1873-of Major C. T. Haig, R.E.. 
Officiating Deputy superintendent 1st Grade, in charge of the ~ u i r a t  Survey. 

(2.) W e  were unusually late in taking the field, for the previous field seaJon had been 
nnusually long, which of itself called for a long recess, hut apart from this, we were detained 
longer still by having to take up the work of u t i l ix i~~g the map3 of the ltevenue Survey, which 
had well nigh been abandoned as an impractical~le job, but which you dceided (on your ins- 
pection of this office! should again be proceeded with. Consequently it was not till the 23rd 
December that I left Poona myself, having sent off my Assistnnts a few days previously. 

(3.) Owing to our taking the field so late and to the locality of our topographical 
work being so flat, close and wooded, we have only completed the topography of two sheets 
Nos. 9 and 10 and one plane table viz., No. 8 of sheet 8, comprising nu aggregate area of about 
1,175 * square miles; hut the triangulation and tr;tversing have been pushed on, so that we havr: 
threesl~eets quite ready to he topographically filled in, ant1 two others partially rcady which 
require only some traversing for etTecti~~g the necessary connection between the Revenue Survey 
marks nnd our s ta t io~~s ,  and besides a net-work of triangles of about 3 milc sides, extended over 
about tlree-eighths of another sheet. 



(4.) The c o u n t y  topographically suweyed this year includes portions of six sub- 
t61ukas of the Kaira Collectorate, the whole of thc Pitlid Mahal (pargana) of the  Gaikwar's 
territory, and nearly the ahole of the Camhay territory, and makes complete the mapping of 
a continuous strip of couutry comprising 6 sheets lying between meridians 72" 30' and 73" and 
pnrallels 21" 30' and 3 " ,  rcaching from the outskirts of Ahmadabad to  half way between 
Broach and Slirat, and containing the large towns of Kaira, Mahmudabad, Matar, Nariad, 
Barsad, Pitlid, Cambay, Jamhusar, Amod, Wagra and Hansot, and the ~nouths of the rivera 
Narbada, Dliad:~r and Mahi, and about 35 miles of the Sabarmati, and the same length of its 
tributary the Watrak, and its confluents the Meslva and the Siri, also about 30 miles of the 
Khari river, the waters of which lose thcmsclvcs ovcr the rice cultivation vest of Kaira, and 
eventually drain into Lhe Sabarmati. The whole of this country is cxceediugly flat, and with 
the exception of the promontories betwecn the mouths of the rivers, is finely \vooded, indeed, 
that of the eastern halves of sheets 8, 9, 10 and 11 is so thickly covered with trees that  
though exceedingly pretty to the eye of the admirer of nature, i t  is almost appalling to  that  
of tKe topographical surveyor. 

(5.) Owing to Captain Pullan being taken from this Party to take charge of the 
Kattywar Survey, I was unable to commence any triangulation in  the D i n g  district which 1 had 
intended to do. 

(6.) On taking the field our strength comprised as per margin, and during the season 
Bfojor C.T. Hnig, R.E. there were the following casualties :-Captain Pullan 
Captain A. Pullan, 9. C. withdrawn from 1st April 1873 to  take charge of 
Mr. A. D ' Y O U ~ .  the Kattywar Survey, Jfr. Hickie proceeded on 6 ,, A. D. L. Cbristio. 
,, C. II. Mc A'Fee. mor~ths' sick leave from 1st March 1873 and Rlr. 
,, E. J. Connor. McA'Fee temporarily laid up by sickness for nearly 
,, J. Hickie. r month. 
,, Q. 1). Cusson. 
,, Q. I l d l .  (7.) On arepresentation being made to Lieu- 

Sub.Su*v yorr. 
tenant Colonel Prescott, Superintendent Guzerat 
Revenue Survey, acquainting him with the intention 

Qopnl Viahnu. 
Qnneah Bapuji, let. of combining the results of his survey with ours, he 
Rowji Narain. acquiesced to a proposal to  place under my ordera 
;,UIUO~ Qlmrpurny. one of his field cstahlishments, under an Assistant 

~ ~ h u n d  Dinkar. 
how Qorind. Superintendcnt ; and on my meeting him at S h a t  he 

Balasnt Govind. drew up and forwarded a letter to  Government 
Gnnesl~ Bnpuji, 2nd. bcgging for sanction for this proposal which wan 
Vital Vishnu. granted. 

(8.) I n  the Guzerat Rerenuc Survey the monthly cost of a native establishment is 
fixed at Its. 500, the mllole of which is devoted to salaries of Native Surveyors and a few peons, 
but not in paying measurers, whose yervices are provirled gratis by each village surveyed; but 
as this service could not be rendered gratis to the establishment working under my orders, i t  
woold have bcco necessary, had Coloncl Prcscott f~~rn ished  me with an establishment of full 
strength, for me to have provided an adtlitional staff of measurers at  a cost of Rs. 750 a month. 
Therefore, as my expenditure already absorbed the whole of the funds at  my disposal, I was 
obliged to ask Colonel Prescott to give me a small establishment, the aggregate salaries of 
which would not cxcecd Its. 200 a month, and to malic over the balance Rs. 300 a month in cash 
to me for the provision of a staff of measurers which he did. 

(9.) Accordingly on 25th February I was joined by Mr. A. Dalzell, Assistant Superinten- 
K~tl,rr Parbllu DM, P ~ ~ ~ L O O  Eiaor, ~ a l u  h b n -  dcnt Revenue Survey, who was accompanied by a Ver- 

ram, Qopnl Qm~ash. nacular Clerk nnd 4 Native Surveyors as per margin. 
(10.) I will now dcscribe the method in which I availed myself of the resources of the 

Revenue Survcy maps. The mcstern halves of the two sheets 9 and 10 had been covered with 
a net-work tri:l~~gulntion (average of two mile sides) and the eastern halves with a system of 
traverses, giving alarger nun~ber of fiscd points than the triaugulation, on occouut of the greater 
closcness of the coontry. 'l'he triangulatiol~ l ~ a d  been executed under the orders of the late 
Lieutenant Colonel Nasmyth who had cn~ploycd some Native Surveyors of the Revenue Survey 
in taking mcasuremeuts from the trigo~~ornetrical stations to three or more corners of the field 
or "number" in which they were situated, and theu from these measurements inserting the 
positions of the trigonometrical stations on the Revenue Survey maps. The traversing \vas 
executed under my own orders, and that in sheet 9 had been laid out so as to conform as much 
an possible with village boundaries ; that iu sheet 10 mas to have been run on the same principle, 
but my instructions were misunderstood and scarcely any points on village boundaries were fixed 
by it at all; so that I had to proceed by three different methods in utilizing the Hevenue Survey 
maps in these three differently prepared areas. 

(11.) With the triangulated area I proceeded thus :-The trigonometrical stations having 
been plotted, ns stated above, on the Revenue Survey maps, I measured (with the aid of the scale 
at foot of coch map nominally 16 in,= 1 mile) the distances from trigonometrical atations to  the  



tribhetns" (village boundary trijunctions), then with these distances (altered according to 
t h e  2-inch scale) as radii and the respective trigol~ometrical stations, plotted on the plane tables, 

centres, I described nrcs, the  intersections of which gave the approximate positiollv of the 
tribhetas on  the  plaue tables. I say " approximate " for no three arcs gave a sillgle intersec- 
tion but  nlways a triangle sometimes very small but  sometimes as large as the eiglrtieth part 
of a square mile ; the centre of gravity of which 1 accepted as the position of the tribheta.  hi^ 
thus gave me a series of points on the p l a ~ ~ e  tables, correspouding to a number of points on the 
Revenue Survey maps, the details of which 1 was now able wit11 a little tension here and pres- 
sure there to  transfer with a pantagmpll to  the plane tal~les, which I did in blue inh, retaining 

copy of the same on tracing lillen in  my ofice. This, though none of i t  was finally accepted 
on  its ow11 merits, proved a valuable assistance to  the plane t a l~ le  sorvcyor, who filled in the 
details i ~ ~ d e ~ e n d c n t l y  ; the result of this portion alone is sutf icie~~t  to  prove that great use may 
be made of the Itevellue Survey maps in improving the accuracy of onro\vo, if we only take 
the  trouble to  make a more extensive and systematic conuection between our fixed points and 
theirs ; for the discrepancies bctacen their details a11d ours consist only of small lateral displace- 
ments, c x c e p t i ~ ~ g  of course when roads and ere11 rivers have altered their courses, which they 
have had time to  do since the work of the ltevenue Survey was executed ; for the Sobarmati and 
the Watmli  are iu some places most capricious in this respect. 

(12.) O n  the  traversed portion of sheet 9, sincc, as stated in para : (lo.), the  traversing 
had been laid ou t  to  strike as many points on village boundaries as possible, the transferring 
of the details of the Revenue Survey maps to  our  plane tables was a very simple matter ;  forthe 
tarverses once plottetl on to  the plane tables, we had the  proper assigned limits-if not of each 
map-of groups of two or  three maps, the details of ~vhich were easily plottetl with a par~tngraph. 
This was (lone in blue and the  tliscrepancies between i t  aucl the subsequently and indeper~dentl~ 
aurveyed details, are very small intleed, and where they do occur are, as on the triangulated area, 
mere lateral displacements, attributable possibly to  want of proper care in  the drawiug of the blue 
trausfer. 

1 Owing to  my instructions being misunclerstood,as stated in para:(lO.), the traversing 
i n  sheet 1 0  struck on so fetv points rccog~~izable in the Revenue Survey maps, that  i t  was impossi- 
ble to lay down their detail on the plaue tables a t  a l l ;  1 tl~ercfore had the village maps reduced by 

t o  the scale of 2-inches to  the mile, a ~ ~ d  then traced from these reduced copies all the 
detail required on to  separate pieces of transparent, tracing paper, which I made over to  the plane 
table Sllrveyor, Mr.  Cusso~t \vho found them most uset'ul. Having fixed on his  lane table the site 
of a village from which the roads emanate, and llaving gone r o u ~ ~ d  the boundary fixing the points 
vllere the roads intersectetl i t  ; he then had on his plane table two points for each road between 

he trar~sferred tllc rand from the Kcvcnue Survey tracing. To  check the roads thus plotted, 
he took one or  more inter~ncdiate c i r ~ , ~ ~ i t s ,  a ~ ~ d  then i t  was found that  he could rnap the ground with 
b u t  IlaIf the number of plane table stations that  were necessary in ground of which we had no 
Revenue Sr~rvey maps. I regretted I had not adopted this siml)le rnetl~od of u t i l i r i ~ ~ g  the Revenue 
Survey maps over the whole of sheet 9 and 10, instead of mapping a great part of the country 
as I had done approximately in  blue on  the plane tables before they were take11 into the field. 

(14.) I distributed my party as follows :-Captain Pullan and two Native Surveyors, to- 
pograpl~y of western half of  sllect 9. Mr.  McA'Fee and 2 Native Surveyors, eastern half of sheet 9 
ant1 plane tahle H of sheet 9. Mr.  D'Sol~za, Mr.  Hall a r ~ d  one Native Surveyor, westcru half of 
sheet 10. Mr.  Cosson and 1 Native Surveyor, eastern half of sheet 10. 

hlr .  Christie, triangulation in sheet 15. 311.. Connor triangulating and snperintending 3 
Native Sl~rveyors traversing in s l~eets  2, 3, and 4 (Kattywar Nos.) Mr. Hickie heiug in very poor 
health I kept a t  Kaira plotting the trigonon~etrical stations and. points on the sections of sheet 14 
and a few traverser on some of the plane tal~les  c~f sheet (9.) 

(15.) hIr. D'Souza's worlc embraced almost no British territory nnd so entailed nospecial 
work in utilizing Itevennc Snrvey maps, ant11 ~ r n t  Mr.  IIall w l ~ o  only ~ o i n e d  the department on 
22nd November 1872 wit11 him to  learn the ortliuary method of plane table sketching. 

(1.6.) After going round and seeing Captain Pnllan, Mr. McA'Fee and Mr.  Cusson and 
their n a t ~ v e  assistnnts at  work, and s11ewi11g them how I wished them to  take advantage of the 
Revenue Survey work, I proccetletl to  inspect Mr.  Connor's wo1.L after wl~ich I was joincd by the 
Revenl~b Survcy Party untler Mr.  Dalzell near Sanand and ahout 18  miles from Ahmadabad, in 
aheet 2 (of the Kattyar Survcy) on 25th Fcbrunry as stated in para : (9.) 

( 7 . )  I had during the previous month entertained a number of new hands for ernploy- 
ment undcr Mr.  Dalzell, and 1 had also prepared a n  equipment of theodolites, chains kc.  for them, 
bn t  I I ~ a d  to instruct l ~ i m  and his Native Surveyors in the method of traversing ant1 of connecting 
traverses together, and travcrscs with triangulation I~i therto atloptcd in this survey to which they 
had not heen accllstomcd ; and I llad to give him systematic instructions to g~lide him in spreading 
his traverse meshes properly over ~ h e e t s  2 and 8. This work ot instruction kept me with him 
unti l  15th March when 1 left him tocarry on his work. 



(18.) To assist me i n  issuing instructions for systematic traverse operationa, I requested 
Mr. Dalzell to bring with him from Colollel Prescott's office the original maps of all the villages 
in the Sanar~d and Ijholka pargallas. I had already obtaincd the fair copies of the general map of 
the Ahmadabad Collectorate, a rough coml~ilatiou on the scale of 4 inch = 1 mile, shewing the  
village sites and boundaries and pril~cipal roads and tanks. This map I found most useful, 
tllougll it would have been more conve~~icn t  had it been on double the scale. 011 it I sketched out  
acomplete project of all the traversir~g that 1 saw was requisite, having first plotted approximately 
011 it all the trigouometrical stations fal l i l~g witl~in the two sheets, and the traverses that  had 
already heen coml~lcted by the Native Surveyors ul~tler Mr. Conuor, and the village base-lines, 
the positior~s of which were derived from the o r i g i ~ ~ a l  village maps. 

(19.) I n  designil~g the projcct of the trnvcrsir~g, tlie end I kept in view was to  deter- 
mine the pos~tion of a point close to  every villaae site, and the positions of all trihhetas 
(village b o u ~ ~ d a r y  t r i jn~~ct ions)  which are most raluablc points, as each one is a well defined point 
on three different villagc maps; this end I believe has been fully attained. 

Additioual mcauurcmcnts were taken to the poiuts fixed near village sites, from t h e  
nearest field trijur~ctions, to  e ~ a b l e  them to be plotted on tlie village maps. I n  villages which 
had been originally surveyed by tlie ltevenoe Survey by "means of base-lines" runn i t~g  close 
to  the village site, mcrely the ends of the hasc-1i11es werc fixed, instead of fixing a point near 
the village site, rnl~icl~ answers the sanle pnrpose and involves less trouble, but the  proportion 
of such villages iu the Sanar111 and Ulrolltn pargallas is very small indeed. I n  the Ulpar 
thluka, %rat District, where Mr. Dalrell and his party were ernploycd a t  the latter end of 
the season, :tlmost everg village had bcen surveycd with a base-line and sometimes with 
t ~ o  or three a t  right-angles to each other. 

(20.) After leaving Mr. Dalzell, I again went round visiting the Assistants engaged 
on the topography, ant1 this timc visited Mr. D'Sonza and Mr. Hall  whom I had no  time 
to visit on my pcrviouu circuit. I t  was when on this circuit that Captain Pullan was with- 
drawn to assumc cl~arge of the Kattywar Survey, w l ~ i c l ~  entailed several minor changes among 
the plane tnblc surveyors which will appear in  the separate reports of each Asssistant, which 
1 now proceed to  give in  regular order. 

(21.) Captain Pullan, with Rowji Narain and Mukund Dinkar, completed the topo- 
graphy of the western half of slrcet 9. 

(22.) Mr. D'Souza had entrusted to  him the western half of sheet 10, comprising 
plane tablcs 1,2,5 and6 ,  and under him I placed XIr. Hall and B;~lnnnt  Govind. H e  com- 
pleted No. 1 himself, instructing XIr. Hall the while, and he iospected No. 2 which he entrust- 
ed to Balwant; he then divided No. 6 into two, g i v i ~ ~ g  one halt' to Mr. Hall and the other to Bal- 
want, while he himself took up No. 5, he completed this on the 27th Alarch and then I sent him 
to take Captain Pullan's place, leaving Mr. R.1ch'Pcc the easier job of supervising the completion 
of plaqe table 6. Both Mr. Hall and Ualma~lt G o v i ~ ~ d ,  after the completion of the western half of 
sheet 1'0, a g a i ~ ~  joined Mr. D'Souza in the enstern l~alf  of sheet 9. Besides these he had then under 
11im M u k u ~ ~ d  Dinkar, Bhow Govind, and Vital Vishllu to complete the eastern half of sheet 9 
and plane table 8 o f  sheet 8. T l ~ c  work ill this portion h:~d progressed very slowly owing to Mr. 
McA'Fee's sickness, and Vital \risl~nn's carelesnncss which necessitated the whole of his work to  
be done over again, and for which I dispensed wit11 his services. Mr.  lI'Sol~za's time in this part  
was almost entirely taken up in examining work done hy otl~ers,though he himself filled in a small 
portion of plane table 8 of sheet 9. H e  ox~ly returr~cd to Pooua on 10th June. 

(23). Mr. Christie was employed all the scason triangulating. H e  first ran a series 
of single triangles round the margin of sheet 16, emanating from and closing on sides of 
Mr. D'Sol~za's net-work t r iang~~lat ioo of last year, wl~icli extends slightly ihto the 11orther11 
portion of this sliect. This I cousidcretl snfficicnt triirngnlation in Rat British territory which 
I ir~tcuclcd to have travcrscd in t l ~ c  s:rrne may as s l~cc t  14. The serics comprised 40 triangles 
and coverer1 an arca of 161 square miles. After complet.ing this work, Mr. Christie took u p  
aome net-work triangulation in shcet 32, three-fourths of wh~ch  is foreign territory, and he 
covered an area of 280 sqnare milcs. As he has submitted au iutcresting report of his season1# 
work I attach i t  as an appcndix to  this. 

(24.) Alr. McA'Fee had under him Rhow Govind ant1 Vital Vishnu t o  undertake the 
topography of the eastern half of sheet 9 and plane tablc 8 of'shect 8. H e  was impeded by ill health 
during the early part of the season, but during tlie latter portion he was able to work well a t  
the supervisiot~ of Mr. Hall's and Balaant Govind's work in shcet 10. EIe returned to Poona 
on  the 8th Mny. nhow Govind workcd well. 

(25.) Mr. Connor, besides supervising three Native Snrvepors Gopal Vishnu, Gnnesh 
Bapnji 1st and Ganesh Bapuji 2nd traversing in sheets 2,3,4, (Kattywar), ran two aeries of tri- 



angles on meridians 72' 10' and 72' 20', emanating from sides of the Guzerat Longitudinal series 
and closing on sides of the net-work triangulation carried into sheet 4 by Mr. D'Souza in 1868- 
69 and lying between the Snbarmati series and the series on meridian 72"; he also ran a ,.hain 
of triangles about 23 miles long along the east flank of tlie series on 72", as tlie greater portion 
of that ground is foreign territory and mould therefore be outside the traversing operations, 
~~~h of the series run by hlr. Connor is about 31 miles long, they comprise 41 single triangles 
and 9 quadrilaternls, and cover an area of 330 square miles. These two series, with that on the 
flank of series on meridian 72" and the flank stations of the net-work triangulation insheets 
8,0,10 afforded points of departure and closing for the traverses which mere e ~ e n t u a \ l ~ - ~ i t h  
the a s s i s t a ~ i ~ ~  of Mr. Dalzell's party-so spread over sheets 2 and 3 as to  determiuc the position 
of a point near every village site and of several points on the boundary of every village land. 
31r. Connor also took some observations to determine the difference in level between the datum# 
of the Railway and the Ahmadabnd aud Viramgdm road, so as to enable me to  convert the 
levels of the latter into absolute heights. H e  returned to  Poona on 30th April. 

(26.) Mr. I-Iickie mas in too bad health to be employed on out door work, and therefore 1 
kept liim in the office morking at  the plotting of traverses and triangulation on the office charts, 
and in plotting some traverses on plane tables and also in pautagraphing village boundaries on 
to  the sectious of sheet 12. H e  proceeded on 6 months' sick leave from 1st March. 

(27.) Mr. Casson, assisted by Luxumon Ghorpuray, mas entrusted with the topography 
of the eastern half of slieet 10. He  completed this on the 15th &lay when he proceeded to join 
hfr .  Cliristie to assist him in tlie triangulation of sheet 32. I had intended Mr. Cusson to under. 
t t ~ke  part of the triangulation of that sheet independently, but owing to  unavoidable delay in 
providing him with a proper theodolite and eqoipmeiit, this intention mas abandoned and 80 he 
merely made himself geuerally useful to Mr. Christie. 

(28.) I hare been well satisfied with the diligence of all my Assistants and also with 
that of all the Native Surveyors, excepting Vital Vishnu who has beeu discharged, and Balwant 
Govind whose salary mas reduced for carelessness. I append tabular statement showing the 
amouut and quality of the work done by each. 

Extract of Report from Mr .  Christie lo Major Haig. 

(0.) The country in sheet 16 w u  one uniform level throughout, perfectly open in the Olpad Gluka, went of the 
Tapti, and also in the  CtaikwuIi territory, south of the Purna river up to the Roilwsy line : eaatward it became more and 
more woody and wnse uently nnfnvorable for triangulation. I n  sheet 32 the country roa  perfectly open and level up lo 
the emtern boundary o\ the 2nd plane table ; a t  this point the character of the country is completely chnnged, high rocky 
hills and extensive ridges densely covered with jungle, baking the plnce of wide plains of open arable ground, almost entirely 
devoid of trees, except in and about the villages. With the change in the country, is noticeable a striking cantrant 
in the appearance and condition of the inhebitants. Instead of the well clothed and reU to do men and women living 
in  decent weather-proof h o ~ ~ s e s  surrounded by many little appliances, which go towards supplying the sesnty requirement4 
of a native home, one is painlully struck with the wretchedly ragged and attenuated nppenl.nnee of the hill men (moetl 
Bhils) and their fam~lies. The idea of abject povertg produced by the nppenrnnce of the people, is only painf111Iy increaaei 
bv sight of the wetelled hovels in which they live. Their huts are wit11 hardly any exception, mere grnss sheds aferding 
tile most mengre sl~elter from Ihe inclemency o l  the weather, owing to the clumsy, careless ruonner in which they nre pllt 
up. In  the month of &lay when thunderetorms, accompanied with heavy falls of rain, were of almost nightly occurrence, 
their huts were in so dilspidnted a state nn to offer barely more protection than might be afforded by a goad sized umbrella. 
dltogetlier the utter indifference for creature comforta displayed by the Bhile, is perfectly sorprizing. Although the coantv 
further on is very hilly and densely wooded. I am told carts are used lhroughout. A very small portion of the land is 
under c~~lt i rnt ion owing to  t.he scanty population which is almost entirely composed of Bhfls, whose chief occupation 
consists in felling timber, whir11 they carry for sale to tile nearest n~nrket. Good wmter is obtainnblc at, allnost every 
village though wells are few in number ; the want of them being met by pita dug in the sandy beds of the nnllw with 
which the county is everpahere intersected. 

(9.) At, f? rillage of Ratanpw I came aeross large pita which had been excavated to obtain the well h o r n  
"Cambay Stoue which nre here found in lnrge quantities. Thew ,pits are worked by agents of the Cambny Lapidaries. 
M a r  collecting aumcient quantities lhey burn them in kilns when on y such M aaaume a bright translucent nppearmw are 
retained ; these are then packed up in gunny bags and carted to Cambny. 

(10.) Wild animals are numerous though owing to the heavy cover very ditlicult to get at. From the closeat 
inquiries I muld make, I wea surprised to learn that these jungles up to a t  lennt the meridian of 73' 30' are not at 81' 

mnlarious errn in Ihr <.old neather. This seems to be borne out by the appearance of the natives who though *n ond 
aqnalid from ponr lirine, prcrent none of the misernble e e c t c  of syateuu emaciated by dineale no noticcable trnct' 
notorioosly feverish e ~ ~ c l ~  as the loresta in North Canada. 
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Extract from the Narrative Report-dated 25th September 1873-of Lieutenant J. HILL, R.E., 
Offg. Dy. Superintendent 2nd Grade, in charge Kumaon and Gurhwal Survey Parb.  

The party was employed during the recess of 1872 on computation and mapping, in. 

Tllc Rncess of 1872. 
cluding the preparation of four fair sheetsof the 
Kumaon and Gurhwal Survey which were completed 

and sent for publication to the head-quarters office at  Dehra Ddn before the party took the field. 

(2.) The plan of operations for the field season was as follows:-lst, to send in September 

Plan of operations for tho field aemon. two aoaistnnts to survey topographically the ~ l l o l e  of 
the MRna Valley and a portion of country in the cast- 

e m  half of Sheet XI1 which had beenleft unfinished in 1868 : Znd, in November, when the weather 
becomes too cold to carry on a survey in such elevated regiol~s, to move those two nssivtants 
soutl~wards to  commence the topograplly of Sheets XXI and XXII;  and 3rd, to employ the main 
strength of the party (recess duties being done) on the topography of the follolving districts, 
viz :, the Bhfrbar tracts from HaldwAni eastwards to the SCrdah river, the lake cour~try to the 
east of Naini-TCl, the country round Lohu Ghbt, and those portions of the Gori and ltarnganga 
Valleys which lie in the vicinity of Askot. I n  addition to providing for the above work, which 
all lies in Kumaon and British Gurhwal, the plan of operations had to include arrangements for 
commeuciug a triangulntion to the west of the Ganges and its tributary the Rlandngni river with 
the object of providing points for a topographical survey of Tiri Gnrhaal, Del~ra Ddn, JaunsAr 
and Bbwar in the first instance, and subsequently for the survey of other districts to the aestaard. 

(3.) With the above objects in view, the party took the field as follo\vv:-Messrs. L. . . 

The lc ld senson of 1872.73. ~ocock 'and H. Todd started for the MQna Valley 
on the 27th September. Lieutenant Harmon start- 

ed for Naini-Tbl on the 1 ~ t  November. Messrs. J. Pevton and J. Low left on the 9th Novem- 
ber, the former for the BhLbar hills east of IialdwBni, the latter for Lohu Ghdt, and Rfr. E. F. 
Litchfield left on the same day to  take up his work to the east of Naini-TCI. On the 22nd No- 
vember Mr. E. C. Ryall started for the Rh4bar tracts near Haldwilni, and Mr. T. Kinney, who 
had been detained in quarters lnter than the other assistants to examine maps and to accompany 
the civil authorities on their inspection of the boundary of Masriri and l~andaur, started on the 
4th December for his work near Debi Dhdra to the east of Naini-Tdl. 

(4.) When the assistants had left head-quarters, I commenced my march to Haldwini, 
taking with me as my office aasistant Mr I. Pocock, who had lately joined the Department. Oor 
road lay through HardwRr, and on arriving there I made an inspectittn of the staving done by men 
~vhom 1 had sent out before the end of the recess to prepare for the commencement of the new 
triangulation of Dehra Ddn, kc., and in spite of v e y  hazy weather I succeeded in taking observa- 
tions from three stations. I then continued my march to Haldwbni, wlricl~ I made my head-quarters 
until the 19th March, when I moved them to Almora. Iluring the greater part of the semou, 
while my head-quarters were stationary at  HaldwAni and Almora, I was travelling about with a 
small camp inspecting the work in Sheets XXV, XXVI, XXXI, XXXIlI and XXYIV. 011 the 
7th May I despatched the head-quarters camp in charge of Mr. I. Pocock by the plains road brick 
toDehrn, and I myself left Almorawith a very light camp to inspect the work in Slleets XXI 
and XXII, and in the MBna Valley : that done, 1 returned through the hills to Mnsliri, arriving 
there on the 7th June. 

(5 . )  I now proceed to  report separately on each officer's work, the details of which are 
tabulated on page 37-a. 

(6.) Lieuteuant Harman's ground was of three distinct varieties. To the north he ]lad 

Lieutenant H. J. Harmnn, R. E. to  sketch the lake country which incll~des Naini-TBI, 
Bhim-ThI. SCt-Thl and Naukucl~ia-TCl. 111 tllis 

district the differences of level are very great, and the ground, which i~ crowtled with important 
details, is also so complicated that in many instances the 1-inch scale was found il~ntleqllate 
to represent all its characteristic features. Southwards the ground changes its cl~arncter ; the 
limentone of the lake district giving place to intricate sandstone hills resernhling the SewAliks. 
The northern slopes of these nand,tone hills are more cultivated than any other similar grollnd 
in Kumaon or Gurhwal (prohahlp on account of the proximity of Naini-TAl and the goor1 roads 
which p a ~ s  through thia district tothe plains), their southern slopes however tire uncultivated. At 
the foot of these southern slopes lie the flat tracts of the BhRhar. They nre in general covered 
with Sn'l forest on the more raised plateaux, ant1 on the lower flats with Khair and Sissu find 
other jungle. Of late yenrs owing to the exertions of the present Commissioner of Kumaon 
considerable portiona have been cleared and irrigated, and in the neigl~bourhood of Haldffdui 
in particular there is now a large extent of cultivated land. 
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(9.) Lieutenant Harman's field mork consisted in surveying topographically 268 
miles of most Intricate country, in helping Mr. ltyall for a meek at  computations, and in doing 
the work specified in  the two preceding paragraphs. This mas an excellent season's work; large 
in amount and, as I found on inspection, of a very thorough and satisfactory cllaracter. 

(10.) The portion of country surveyed by Mr.  Ryall adjoins nnd lies to  the east of 

E. C. Ryall, Esq. Lieutenant Hnrman's BhBbar ground, \vllich it re- 
sembles only iu  a general nray. To the north it rises 

into sandstonehills of the s e k l i k  formation wl~ich are thickly covered with sc2, dhau and chb 
forest. Bclom these l~i l ls  are flats of a much wilder character than those lying to the westward. 
The flats are here almost free from irrigated clearings exccpt at Barmdeo; they are very 
wooded, aud are intersected by numerous tortuous streams and watercourses, intermingled 
with swamps, cane and bamboo jungle. This ground presents great obstacles to tllc Surveyor. 
I t s  climate only admits of work being carried on without great danger to health during the 
months of December, January and February, during which timc the jutlgle grass is high, and 
the Surveyor, shut in on  all sides, is obliged to  have his way laboriously cut  before him, and is 
restricted exclusively to  the traverse mctl~od of surveying in  order to map the hidden features 
of thc country. 

(11.) While Mr.  Ryall was survcging this difficult tract of country, he carried on hand 
in  hand with his topography a minor triangulation to  determine the positions of some poiuts 
which were required for traverse purposes. H e  computed out  the elements of these points in 
the  field with Lieutenant Harman's assistance; and I may here remark that 11e also employed 
himself on computations while marching to his ground at  the commencement of the field season. 
I I e  finished his topography on the 1st hfay and then went to Naini-TB1 to determine trigono- 
metrically the height of the Naini-Ti1 lake. After his arrival there he was weather-bouud for 
some claps, but on the 8th Map he completed thc necessary observations; and, his field work 
being done, he started for recess quarters. 

(12.) Mr. ItyallJs out-turn of mork is, as usual, large. His survcy embraces an area 
of 270 square miles, and i ts  execution is in all respects most creditable to him. 

(13.) Mr.  Peyton's survey mas exclusively topographical and was confined to hilly 

Mr. J. P~yton. country. His first piece of work consisted in sketch- 
ing the portionof the Ul~ibarl~il ls  whichlie immediate- 

ly to thenorth of Licntcnant Harmm's andMr.  Rq-all's Bhibar survey. Thc southern part of this 
llilly tract is especially troublesome to sketch, owing to the dcnsencss of the forest with which 
i t  is covered, ant1 to  the sparseness of the population and the conscq~~cut  difficulty in procuring 
c.oolies. Proceeding northwards the hills become simplcr in their charactcr, more free from forest 
:~nd less tltil~ly inltahitctl, and sketching becomes pvoportionately easier. Mr.  Peyton finished 
the surrey of this tract of country on the 12th March, and thcn started to talte up his second 
piece of work, wl~ich includcs Askot and part of the eastern sidc of tllc Gori Valley. 

(14.) Wi t l~ in  the nort l~ern limits of this sccond portion of his snrrey are some of the 
spurs of the snowy range v l ~ i c h  separates the Gori Vallcy from the wild district of Dhnrma. A 
very nnosunl fall of snow commenced about the end of April and continued, off and on, for about 
n fortnight, rendering thc I1igI1 ground i~laccessible and o l ~ l i g i n ~  Mr. Peyton to close work on 
17th May without I~aving tlnitc finished the work allotted to  him. nesidcs the ohstructioll 
ra~tscd hy snow, his work was rclartled hy a very estraort l i~~arp fog ~ 1 1 i c h  lasted during the greater 
part of April and r l ~ i c l ~ ,  wl~ilc at  its tl~icliest, renderctl oljjects i~~viail)lc at  a distacce of a collple 
of hundred yards. I n  spitr of thesc drn1vbacl;s MI.. Pc*yton succeeded during the field seasor1 
in  survcyina 380 squaw milcs of country, all tile varicd I'c:~turcs of w l ~ i c l ~  he dclineatcd with Ili* 
11s11nl artistic skill. 

(15.1 J i r .  LOW nas employctl d u r i n ~  tllc fi[,ld season on the topography of two Sepn- 

Mr. J. Lo.;. 
rate portions of K~trnaon. Towards the close of tllc 
season Irr- cornmencctl, nnd, he is still cllanaed up011 

n triangulation of thc J u i r  Vallcp; 1)11t as it.: t1ctail.i hclong properly to thc ycar 1873-74 tllep 
:Ire not includcd in tltc present Hrport. Hin first duty was to finish thc sarvcy (commcncerl 
tlurinp t l ~ r  prel-ions field scason h!. 1\11., 1,. Pococl~) of the 01' co~lntrp \rhicl~ include* 
lroltt~ (i11;it and lics hctwecn P a t h o r : ~ ~ a v l ~  and CI~:~mp(rrrat, dcscriptiorls or wl~ich places arc. 
c,ontairled in 11aras : (19.) ant1 (23.) o f  tny last ?ear's Narrative Report. 'I'llc con~ltry Sllr~eyc[l q\. 
3lr .  LOIT iq of a cl~aracter similar to ir.l~:~t i.i t I~erc d~:scrihcrI. 13road opcn flat$, lookillg from a 

tli-tanrc almost like onc plain :r11(1 tn.n~irtatin;l on the t~or t l~-acs t  in n vcry s~~tltlcn frill, reacll 
I'rorn t l ~ c  now t lc~rrtr t l  stntion of 1lol111 (:l~:it to n r o  NAtll, wllcrc a gcntly untl~tlatitlg collntr!' 
volumcnrrs wl~iclt cstrntls as far \vc.;ta.:u.,l ])cl,i I)llilrn. 311.. Lorn f r~isllcd his stlrsey of tlliq 
tract of rollntry 1)y t l ~ c  rnidtllc of Vcl~l.~l:rr~, atlrl tllrn st:trted to  tnlic up I~ is  second piece of 
~vork 1vhit.h ronsistctl in sketching tllr portion of tllc H:imgarlgn Valley iifllicl~ lies near 1ifiko'. 
ant1 i3 i ~ l c l ~ ~ r l r d  in t l ~ c  ncstcrm Ilalf of ?;ltcct S ? ( S ] .  Tl~is  of countr,v docs not call for 
:I I.ullrr tlc<cl.iption than wl~at  is cot~tainctl i t1  tllc t a l ) ~ ~ l a r  statcmer~t O I I  page 37-s I t  is sltllfitei1 
rlosc to t l ~ c  couutry tucutioucd in para:  ( 1  I..; Iult a. it doc3 not tlnitc attain in any p"1 to 



of cven 9000 feet above 31% level, Mr.  Low was not compelled to close work in conee- 
p e n c e  of the bad weather described in  that paragraph. His work was much delayed how- 
ever by the dense fog and by the rain, and his health being also very indifferent he did 
not succeed in  finishing his topographical work until the end of June. 

(16.) During the field season Rlr. Low completed the sketching of 4,30 square miles of 
hill country. The improvement in his sketching this pear is very remarkable. His RBmganga 
plnne-table sketch, his most recent piece of work, is far better than anything he has hitherto 
turned out and is in  every respect a very creditable performance. 

(17.) Mr. Pocock reached his ground in the MAna Vallcy on the 12th October and com- 
menced his sketching close to the famous temple of 

N r .  L. Pocock. BadrinBth. I subjoin the notes he made while work- 
ing in this very interesting portion of country. 

"Tho portion of t h e  MGna. Vnllcy survcyed by me lies in tho Pafi of Pnilkl~nndn, Ziilnh Qurhwnl. l 'he  climate 
ia very cold in October nnd November. Townrds the  end of October the  proplo begin to leave the  valley for Cha~nol i  
and Knm P r i g ,  nnd by the  25th flovembcr not a soul reninins nt AIinn. They d o  not return to their rillnges till tho  
months of A11ry nnd J u n e  when the  s ~ l o w  is sulficic~~tly thn!vcd to admit  of thcir doing so. T h e  ground which I l ~ a o o  
skotehed is most precipitous and in lnuny ports i t  is quito i~~ucccusible. 

A t  Y h ~ a  itself a n d  on tho surrouncl i~~g n ~ o ~ ~ r l t n i n s  there is no forcst, b u t  lower down-rnmmencing from Bene- 
kuli where the  AI~ina people collect their wood s ~ ~ p p l y  in April, I l n y  nnd June-wood of rnrious kinds is to be found. 
At  Udna 111c only grain \rhich g r m s  is kollc pa'hpnr, t h e  seed bcing put  dorvn in Yny nnd the I~nrvcst~ cut in September. 
The soil is so poor tha t  i t  will not yicld but  orcry other year, rind thc  produrc is t l ~ c n  only n b o ~ ~ t  200 mounds. Thin 
kolrc is onton u ~ ~ c o o k e d  by the b16nn pcople nftrr s i~nply  making n m ~ s l ~  of the  I lo~l r ;  their brei~kfwt consists o l  this a. 
a rule. Thcrc is near Mdnn n Gnc piece of lcvcl grou1111 OII r i lhcr sido of tllc Alo~knnndn river wllich is used for calti- 
mtioa. T l ~ e  mode of cultivntion is eimilnr to w l ~ s t  is 11sec1 nll ovor Ctorl~rvnl. After sowing the i r  fields, the  majority of 
t l ~ o  Inen go o r  with bnrley, rice, Ilour, kohl and a smnll qonntitg of gur, lndcn 011 gOnts and sheep, t o  Tulingmnt a n d  
C l ~ n t ~ r n ~ ~ g g l ~ n r  in Tl~ibct .  T l ~ i s  bnrlcy, rice, kc. is brou"l11 u p  from R:irunngnr ntld I<ohcl~vlira during the  winter months 
in  crchnngo for salt and borax Lnkon do in^. I n  all, ov; thrce t l ~ o ~ ~ e n ~ ~ d  goat-londs of salt n:.e brouoht into MQna by tho  
X i n n  people and by Bl~otcns ; tho lnlter coming ovor tho pnsq w l ~ e n  tlhey nro hard  prcssed for bnrle;and ricc. 

l l ~ n ~ p n r t  of the  river Alnknnnda ( i ~ ~ c l u d i n g  its northern tributary the  Susnwnti) which lies in m y  work has  
its source from sovcrnl glttciers, rind is not n n y n ~ l ~ c r e  forcl~tblc, both on nccount of its depth  nnd grent veloeitg. I t s  bed is 
of  boulders, and the  strear11 even in Octobor nnd Novcmber is frozen along the  sides, a n d  would be so entirely but  for tho  
friction mused by its violent motion. 

There is IL su~nl l  three-cornered lnke (cnch corncr having n nome) ncnr I f i n n  cnlled Sntopnnt o r  Karchikul  which 
is considurcd holy. I t  is soid thnt i t  is fntl~on~less nnd tllnt no bird ctln fly llcross it, and i t  is resorted t o  by n few of tho 
pligrilns rvho go t o  Bndri116L11. T h r  pcople of the Alinn Vnlley throw t h e  ashcs of their dend into it, and they nlso mnko 
several olkrings nt the lnke to propitinto tho dcity who is n ~ ~ p p o s c d  to iohnhit tllc spot, so thnt tho pass may not be blocked 
up nndcluscd Ibr trnlEc b s  henry ft~lls of snow, wl1ic11 they bcl~ove would be the c~wo if t l~cca olrcrings were neglected. 

The Bsdr in i th  Tcmple is rery  n-ell know11 nll oFrr Indin, o11d is prcaidctl over by a high priest called tho  
Rnulji or Roul Saillib, who is a D r i h ~ n n n  of the  Dcccun of the  Iiighcst chpte. 'I'l~ir tcn~ple  is nllowed n rcvcnue from t h e  
Government. n I I I I I I I ~ C P  of ri11n:~s ill Qu1,11\vnl and K I I ~ M ~  being ohligcd to p n j  to tho Rnulji. Tho deity Badr in i th  in 
eo~~sidcrc.d the most holy, bccnusc supllosed to be self.crcntcd, n11c1 for this rrnson cren  more sncred than Jognrnith. 
(Jngnr~~lith is of ivood carred by n c n r p ~ n t c r ;  hence the trnditiun nnlong the r~nt i res  of this rolllitry tha t  carpentera nerer  
attain n ripc nga.) T h e  idol of B:~drinBth is of sonlo line blnck stone ~ v l l i r l ~  hns thc npprnrnnca of mnrble. I n  n good 
sonaon twenty-lire to thirty thousnnd rupces n1.o orered 111) nt the Dndri11Gt11 shrinc, nnd thc  nmount nllowcd by Qororn- 
rllel~t is sercn t h o ~ ~ s n n d  rupees; nolwitl~stnnding this the  t c ~ r ~ p l c  is i ~ ~ v o l r o d  a good dcal in debt. Tho debt appenra to 
hnro been I~endcd doen.  All tho dishes in tho temple ore of puro silrcr, nnd tho top of the  tomplo is covered wit11 a 
was11 of gold. 

The blirchns, o r  Mbnn proplc, ore fino alrang frllows hut  nrc ~rent.ly nddirtcd to drinking n l~orriblo liquor 
which thry cxtrnct from ricc and otllcr grnins. T h e  Alirchas thougI1 Lliry profess to be R(ip6ta. without the sncrcd 
thread, ore o f a  low cnstc, ond nre not nllon-ell to m t c r  the tcmplu of Uadrinith. Tllcy arc wrll t o  do, nncl brsidea t l ~ r i r  
sheep and gonts they own p o ~ ~ i c s ,  Thibetnn clogs, ybks nnrl jobns. Tho y i k  is rcrv sure footed n ~ u l  does t o  ride. T l ~ o  
jobo is n cross betvccn tho ybk R I I ~  tho cow and is e;,en a m o k  11scfu1 aniBnl Ihnn h e  yik, ns Itc con endure grentrr 
oxtremea of llent nnd cold. 

On tho rond from tho B o d r i n i t l ~  T c ~ n p l c  to tho Sntopmt  Lokn is n writer-fall cnllcd Uo.sidl~brn which in 
believed to stop flosinm on bcing eigllted by nnybotly of inln~ornl or bnd clinrnctcr Tlir bf~i rc l~ns  firmly bclicvo this a n d  
tclln story of such a t k n g  o c c u r r i ~ ~ g  during t h e  timo w11r11 the  British wcrn toking Rumaon o ~ ~ d  ~tur6ivnl .  The  Hijn of 
Xumnon believing tllat by making n pilgrimngo t o  t.110 Strt,opnlll hlko Ihc progrrrr of the  E I I  lisll woold be stopped, 
detcrmincd o t ~  doijlg so ;  but no sooner d id  his eycs rest on  Bosidl~rira than i t  ccused t o  flow, fur g e  was a Lyraut nnd on 
oppressor of his pcoplc. 

Tho rond t~lung tho r i rcr  in my portion of Ihe work is rcry  good ns fnr ns IIrinn. Above thnt i t  is very bod in  somo 
ports. J u s t  nrnr h1:il~n t,he ronrl cra;sos from tho loft to tho right bnnk over n 11nturn1 bridgo for~nerl by no immense rock 
1111dcr wl~ich the riser flows. LIcro too tlw rivrr has n h l l  of orcr n Imndrod feet. 

'Phc nhojpaln or bil.rl~-lnrt \rib11 hcrc just below tho limits of perlwtunl snow-is n rery  IIPCRII tree. T h e  t runk is 
used for ballis or rnkcrs nud the bnrk (slra'g) placed over those aud prcsscd duwu wit11 cartl~. forms tho roofing o l  tho 
houses!' 

(18.) Some furt l~er  iuformation regarding this part of Gurhwal is contained in  para. 
(7.) of my last year's Narrative Iteport. 

(19.) Mr. Pococlc finished his work in the M6na Valley on thc 8th Novcmher and then 
marched soutlirvards to take up the sketching of thc western portion of Sheet XXLI. This part 
of thc country is thickly covcred with forest. I t  contait~s some vcry I1ig11 ground ; but in general 
it is of a moderate clcvation, the I~igl~cut point here visitcd by Rlr. I'ocock being about 12,400feet 
above sea IcvcI, aud thc majority of his stations bcittg vcry mncl~  lower. 

(21.) By rcfcrcnce to the tablc on page ST--&. it  will be seeu that in spite of illness Mr. 
Pocock tnrnetl out a large amount of work, his t ~ p o ~ r a ~ ~ l ~ ~  embracing nu area of 83.1 square 
miles an11 his triangulation an nrca of 83 sqnarc milcrr. T l ~ i s  large out-turn is of a very satisl 
factory character. His skctching has bccu carefully donc, and, tllough lie still lacks the manua- 



 kill R I I ~ C I I  11ns 1)cc11 ntttrilled to by most o r  tllc other mernbc1.s of the pai!ty, llis style of sketch, 
illg is steadily ~ I I I [ ) F O V ~ I ~ ~ .  

(22.) Mr. Todd mas directed to  sketch $110 part of the hlhna Valley which extends from 
Nr. H. Todd. the lipper limit of Mr. Pocock's work as far north- 

wards as the M6na Pass. I n  occotdallce with hia 
instructions I1e made for tl!e H4ss ps rapidly as possible so as to commence his sketching therg 
s ~ ~ ( l  to work down\vards as the illtensity of the colt1 increased. 0 1 1  t l ~ c  lit11 October lie reported 
t o  mc that Ile I~arl bee11 obligeel to nbandoll tlliy piece of work owing to tile utter illsllficiency of 
tile trin11gl1latiu11, and t h i ~ t  hall Come d o \ ~  from the pass aud c o n ~ n ~ e ~ ~ c c d  sketclling to the 
solltll of i\lr. l'ocorli. D11ri11g tllc time that 111.. Todtl wns up near the Alhna Pass lie 
jleithcr I~im>clf nc!r I ~ i s  cst;lbliallnlent, hilt (lie1 llis bent, I bclicvc, to fix his po\ition 
mctlcc I 1 i 3  sItrtc.I~i~~;, tIlo11;11 ~lllfortunatcly withollt sllccess. 'I'l~c season was nn esceptionallp 
scvrrc. o:~c'. tl~c, t !~cr~~i t~n~c: tc r  IloOll 011 tile pass stanrlillg at  12" below freeaillg p i n t ,  and by the 
t ime ) ~ r .  Totltl r:ent:l~ctl his gsollt~d soutll of Mr.  Pococlc both he and 11is estaIIIisllment yere much 
klloclietl 111); but in spite y f  this IIC \vot!lieJ h;rrd rind by the 12th N o y c m ~ c ~  llnd coRpleted 8d 
square miles of snrvey. 

( 3 . )  0 1 1  rccciving hIr. Todd's report I wrote to Mr. J. Low ml~o had triangulated the 
JI:ina \-alley for 1 1 i ~  ex >lanation of the nllegrd f'ailrl19e in his trian,rrnlatiou. He  stated is his 
~ c ~ I I ,  that I I C  cotlsit~crck ~ 1 1 ~  poi~1ts 1 1 ~  laill du\Yll \VCrC s~ltficient for t11c pt~rposes of p l a n e - t a ~ ~ i l l ~ ,  
:rlltltll;it 11e woaltl u~~tlcrtnke to slietcll tllc gro1111tl ill question I~imself t y ~ t l l o ~ ~ t  any additional 
trigol~omotricul stations. klerc tile mattel- ronts for tile ])resent; for althon 11 1 had intended to 
decide the question +en I made my inspccticlll of the -\I(Inn 17orli in May,$ mas unable to do 

the people had not returned to  their villages and all the valley was closed beyond the 
v i l l q e  of Miitla mhioh mas the extreme point I mas nble t o  reach. 

(24.) 011 completing the work specified in p a p .  (22), Mr. Todd marched sauth and 
commenced, on tlre 19th November, the sketchillg of the mestern portion of Sheet XXI. The 
following are his notes on this part of the country. 

"  his pirre of work compriars portions of Puil~kllendo nnrl blnlln nnd Tnlla Dasoli. The country ig intcrqecteq 
bF three inll~~rnsc spurs jutting out from the snowy rnllge of Triaill nnd tcr~uipnted by the river Alnknandn. ' h e  
"brthprn faers of tliese spurs are of enag elope and drnsely covrrecl \ ~ i t l ~  chestnut, hozclnut and flr trees. Tho villages nre 
frtr ill lllnmbcr ond t.lw n~lti~ntion very limited. Tl~r g r o ~ ~ n d  under cultirntio~~ yirlds s~~tlici~nt crops for the support 

t l l r  ~ i l l ~ ~ c r s  ; tlls gurpll~s finds n ready sale among t lw  blircllns (the inhnbitnnts of tl~c M 6 n ~  and Niti Valleys) whom 
t h p  pl.rrrity of tlic climate during minter compels to migr~ttr to tllrao pnrts. Another means of support is tho Yebrine of 
tile mrrirr sl~rrp for a l l i c l ~  the ~rnture of the enentry is ~ c l l  ndnpted ahrding, na it dors, rev  eertcnsii8 prstarepe. 
whrao s l l ~ r p  nrr readily 'porrhnsod by tho Mliwhns for t~nclillg purpores. '1110 rood run~ling nlong the lep bank of thg 
Alllkllnndn, n ~ ~ l  t h n g  which the trade is'c6iefly cnrried 011, ir, for the grenter portion, in very Fair order. 'The 
rulld ";a Rlin111i to Josliimet nnd Niti is o v e v  narrow one, with vcry steep oscor~ts nnd drrccnts." 

(23.) While working here BJr. Todd's health, which had suffered severely frqw ilia 
esposllre to the great cold iu the v 6 n a  Valley, completely broke clown. I n  his anxiety to do 8 
good season's work he mns toa lang silent regarding his illness ; but at  last (and after he had 
rllrrrrded in finishing more than two-thirds of his plane table) he rcported that  his illness ]!ad 
i l l ( . l . (~i l~( .I1 :~I:~r~llirl~l:)?. and he forwarded a medical certificate recommenrling that he should he given 
, i l l  :, I I f I c o t r  On receiving it I directcd him to march to Debi Dl~lira 
r l l l l I  t l l C I L . , j ~ , i ~ ~  1\[1.. Ki~llley V ~ I O  \ v o ~ ~ l d  wive I~irn Q l ) l ; l~~c  t:rlrle I 11ntl scnt him for the purpose. Mr. 
iru,lll nrt:.,r,lill;l!. l?:i~.cl~ctl for Drlji ~)!Zir:i : i ~ ~ t l  :rrrivctl tl~t:rc OII  the "!It11 da~~l la ry .  AIr. Kinney 
\\:I.; tllrll :, c ~ ~ l l ~ l c  oftla!.~ I I ~ I I ~ C I I  d is ta~lt ,  I I I I ~  011 I~car i~ lg  of &lr. 'l'l)dd's :lrrival he r n c ~ ~ t  at ouce ta  
l)e<l)i L)llilrn ar~tl f o u ~ ~ d  111.. Toeld SO seriuusly ill, but11 borlily ant1 m c ~ ~ t ; r l l ~ ,  that it was necessary for 
hIr. Kinlley to acco1nl)any hirn to  Almora which mas thc Ilearest place mliere medical assistance 
collld be obtair~ctl~ ' r l ~ e  Civil Surgeon of Almora r c ~ o m q e ~ ~ d e d  that Mr. Todd should at once 
stop rnork ant1 go OII leave ; 1 tl~erefone scnt Lim wit11 that objcct to Dehrr, where he arrived oq 
the'l8tl1 k'ebrnary,, , 

(2; ) air. lodd \yas nlllc to complcte thc nkctcl~ing of 288 sqrlnre qi les  hcfore his illnesn 
compcllcrl l~iln t~ stop worki~~g.  I f o u ~ ~ t l  his qorli, as usual, hot11 as regards its accuracy and it* 

(27.) 3Ir. liiquey reached his ground near Del i  DIIIII-n and co~nmcncrd his sltetcl~ingon 

Mr. T. Kinnr~. 
the 26th Dccen11)er. 'l'he part of the country he 
syrveyecl lies to the cast of Naini-'fiI a ~ ~ t l ,  as regards 

its general cllaracter, is like grounrl of a similar altitude elscwl~crc ill K l ~ o ~ a o n .  The followin@ 
arc some cxtrncts fr.om the notes tnadc IIV 111.. Kinney wl~ile IIC  wnu carryi~lg on his snrvep. 

*' I h h i  I111;Ir~i i +  r1,:11t.r n pret.t? L I K I ~  u i ~ h  r~lll~)nlnti~~IJ' IFPL'I  gvot~nd ~ I O ~ P I I  by r t tv in~ .  ; somc of tl10 spllld 
h t ~ i n g  ,~lrn~.c,l n n t l  r t ~ l t i r ~ ~ ~ , . c l ,  nltilc C O I I I P  RPC vt)~(,ra-d w i t h  01th I I I I ~  r l ~ ~ d t ~ ~ l ~ ~ ~ r l ~ ~ ~ n ,  A ~ O I I L  tltr t c .~~~~~les  mnd dharmvdla 
lllrrr lnrc n f e w  dtvldnrr I U ~ ~ I V ,  *olncof tllrlll r r rv  lilnc trrcs nnlrl s l l p n l ~ r n t l ~  or cun~i~l r~l~i lh lc  ngr. Tlll.l.e nrc two telnplso 
Itrrc, or rslllg*r d~l.lnire, i,.r I I O  otrlnnl tcmplr 'no; rxiqtl, l l l o ~ t g l ~  t1~c1.c nrrrridrncrs or o l ~ c  or nlonb l~nring brrn hcrofomerly, 
in tho  frnlments of n~rsv~l .i!wra lgiug nhoql 1n11d I~n~ilt i111u l l ~ e  dhn~~~n.v~ilmt.  P U ~ ~ P  few blo~.ks \~.llicll look like capitnIa of 
p \ l n n  WE a h \ \  prrh.t-: .I.Itr ts* rlyinrs arv 9nc.vrrI to t\ro d i s l ~ n e t  cleitirs; the minor ouc, u~~ic.!~ is on thr to al the 

1111. I n r ~ n ~  ~lwl i ra t rd  lo n I J P C ; , ~  (~r~nc<.ttlir~r) silo is rul,l,<,~eal to I,? n Ilriipilt: lllc ~witlcillnl 0110 brill8 t l ~ ~ t  of ($0 Dtbl 
( ~ ~ ~ ~ a l ~ )  I ~ I I , ~  1 )  I V I I I ~  R ~.,,-irl~.ttt lj~.,i~,n~:tn ~~rit-L. 'L.llia 1,ntla.r .Itl.it,~ i *  IIIUIIIPII nt 1118 b n s ~  of n rnvily formed by two 
r.llorlrlntll houlrlrra ~VIIC,.~ 1,q,* rrat an: t i .~*l  cnclr oll14.r ,kt n I~rizl~t or nbo111 ,1O Icct f rom lltr ground. There nre mnnY 
rll,.II I, ~tbl , l~ . r~  ~,.;~ll<,r~.cl nl, #:,I. 1 1 1 ~ *  ~ ~ ~ ~ ~ n m l i . s t u  I I C ~ ~ I I I ~ U ~ ~ I ~ I I , I I , I I .  p o ~ n r  P T P ~  OI ~ r c n t e r  .ire t l lnn llie two forming t h o  teulpl' 
Tno g r ~ ~ l ~ i d  4bout U c b ~  I I l ~ l i n  i~ rcnlnvtqi?ly \\..I1 wntrl.~d, n111,1,6~ cvrry little. rnvi~ie 11n~i11g wutrr in it. A ntunbcr of 
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d h n ~ , d l o s  ore built near tho principal shrine for the accammodntioa of tlle pcople who visit it rt the mnnsl mela, or 
fCstird, whic l~  is held in the mont,ll of S d w w  (June-July). I srr informed that a stone throwing fight generally Kind8 
1111 ~ I I C  ntela-I can obtain no other reason for thin annual skirmisl~ (in which it is mid men aro oeelvliondly llercrely 
r,un(led) but that it plenacs the Debi. 

The ground in tlle sontl~ern portion of my plane-table sertion is much boldrr, ond the ridges generally are 
ronsiderpb)y llig11er I.hnn in uny otllor port. duotllcr peculiarity of the topogrnpll~ o l  this pert of the country is the 
oecneio~~nl lowness of tho wntrral~eds : between two 11igl1 points the ridge, 111 some instances, suddrnly a i n h  so low thst 
ul,lrss onc were to stnt~d on tllr nctuol pnss or anddle formcd by 111e ainking of tho  ridge it would bo dimoult to believe 
t,hnt ono did not arc two spllrs running dowrl from distinct ridges into a volley bctwecn. 

04 Hie so11111crn ridge of tho Ucogilo 11iU tl~c oak forest is rrmarknbly line, tile trees graving tliickly to- 
Ectller nnd nttninillg n grcut nizu : they nre very stroiglrt too, some o l  t l~rrn qs h l l  and straight ns the lurgcst c h b  pines, 
."d they nrc also bn~nchless to s considcrnble hrigl~t. I sl~ould imnginc t h t  tl~is Forest, crlcnding os it does a consider. 

dirlnnro nlong the ridge, rvould be of grout valur. 
At blnnglnlok tl~ere are iron nlillce which arc partly worked by Doms from ynrions sllrrot~nding pleoes, buF 

fllicOy by t l~use  of Blnnglnlck itaelf nnd of Nni villngc in tho Chnubl~ni~lsi Pali.  Tile ore ia ~mcl t r t l  doyn in the valley 
of the L ~ d h i n  rirrr n t  a plncr enllrd Uori-ka-khern, w l ~ i c h  is nlso n dcpdt for the snle of the  iron, na tl~e Ioha'rr fro= all 
pnrtp of t11~. 811rroundi11g di8tri1.t come to Bori to purcl~nse the rougl~ tnetnl lbr tlleir work. The mltle now worked ia 
$uatctl beloir tll? riilugo of blnnglulck-bctivegn it ond BnliJn-tl~o hrruer workings in tl~c vi l lqo pf hlnndglet itsalf 
Ilnw bern nbundu~lerl ei~ncc lost gcnr. 

Tho portiuu of Chdlsi Pati to the N. and N.E. of Debi Dl16ra ns h r  u Olignr and &fliInkot is most eqtraordi- 
nnrily well cultirntrd ; not n trnre of jl~ngle or oven of rvastc land rnn be seen, nud t l ~ o  atecpcst ravinos are Lerrseed tq 
tllc vcry botlop. Tl~ere ore IIO less than thirty rillqcs-n1n11y of t l~em very lnrgc ones too-within on ores of soma . - 
iigllt o i  nine bqunre tniles. 

- - 
Tl~r  roud from Ilcbi Dlldra uiR Jrnti to Cl~nronj, the point of its junclion with the main district rond s few miles 

nortl~ of Dol, is n new rond. I ~ n v i n g  been mude only some 16 years ngo, wl~iletl~e other rond has bccn in oxistcnce ainco the 
KstBr Rii. l~nvinc heell nicrcly improved nnd rruoired bv tho  Britisl~ Qovern~ar~~t. Tlle new road. thouch it leseenn 
~ I I C  distn&lc f r o r ~ ; ' ~ l n ~ o ~ ~ n  to lfubi ~lilraconsi~~cra'hl~, is q. ;orJ ntecp one an11 i~ vrry little t!sed; Ilic di;tr/et &k, however 
ilrns'a~ this rond-tllr dbk  rl~nukics betwrcn Almorn rind Dcbi UhGra bring nt Chnl.onj nnd ,Tenti." 

(28.) Although Mr.  Kinney did uot reach his ground until the field season was far 
advanced, and though he lost some days in attending on Mr.  Todd, he completed the  sketch- 
ing of a full plane-table section on the 16th April. His work has been oarefully and well 
done, and, as usunl, he 11as given me complete satisfaction. 

(29.) Mr. Litcllfield coqmenccd to plane-table the  part of country allotted t o  h i q  
east of Naini-Ti1 on the last day of November, 

BIr. E. F. Litcl~liold. This piece of C O U I I ~ P Y ,  mhich separates the  hilly 
coontry surveyed by Lieutenant Harman f11om Air. Kinney's ground, is intersected by good 
district roatls and is in genergl very tl~iolily covered with forest: i t  contains one lake (Malwq 
ThI), and i t  is also remarkable for a se ly  sacred peak called K a i l b  Parbat mhich is annu- 
~ l l y  visited by hundrcds of pilgrims. Mr. I~itchfield finished his work here on  the last day 
of Fchruary, a ~ ~ d  then marcl~etl to take up his second piece of work, which consisted i q  
sketching that part of the (fori Vallcy, in Slioat X S X I ,  mhicli lies between the ground 
yssignctl for survey to  Afessrs. Pcyton and Lolv. This piece of country oalls for littlc descrip- 
tion : i t  iu cl~iefly rc~n+rkablc for the number of roads whic11 have been cut through i t  by 
un enterprising Thibetan named Dhannu for the benefit of his country~uen who trade in salt 
and bor;rs. IVhilc working here Mr.  Litchfield mas much I~indcrcd by the thick fog and 
hat1 mcatlrer already noticed in para. (14); Ile nlso unfortunately became very ill tomnrds the 
end of the field season nnd mas obliged to close murk on the 2211~1 April without having qoitc 
tiuished his slzctclling. 

(30.) Mr. Litchfield's field wovi consisted in sketching 274 square miles of hilly country,, 
all of which work I found very carefully and satisfactorily done. 

(31.) Mr. I. Pocock joined the Department on the 28th Octoher and mas posted to  

BIr. I. Powck. party on the same day. I have employetl l ~ i m  on va- 
rious duties, all of whicli he has perfo~:mcd t o  my satis- 

faction. I Ie  has actcd as my rccorder, and has learnt to use an 8-inoh tl~eorlolite. During my 
inxpcct io~~ tours I IC  has t:rlie~~ charge of the head-quarters camp. As a rule he has been employed 
in my oHjce or) c11rrc11t work an(/ on the ordinary computations w l ~ i c l ~  are car~ierl on in a topogra- 
phical party. Hc has al~plierl hiqsclf diligently to  loarn his work, and has proved I~imself to  beq 
valunblc otficc assistant. 

(32.) The I~ealtli o f thc  pnrty during the fleld season was not good. Nearly every msist- 

IIcnltl~ of  Llln pnrty. ant  suffered rqore or less frnm ill IrqLth, and there 
wcrc mqny bad caws of fevcr. among the native estah- 

!inl~mcnt. Thi! mcn n,orliing in the Rll!lhar srlfercd most, Mr. Ryall a t  one time having only 
011c-fourth of 11i.r nlrn tit for d~, ty.  A severe out-break of cl~olera also took place in the district 
nhoot t l ~ c  I ~ r g i ~ ~ n i ~ ~ g  of IJel,roary and the cou~ltry ynaer survey was 11ot free from tlre epidemic dn: 
1.it1g the \VIIIIIC of t l ~ c  remainder of  t l ~ e  field seasoli. Althougl~ the district s n Q r e 4  severely from 
this out-brcalt of cholcrn, the survey cstabl ishmc~~t escaped with vcry few fatal cases. 

(33.) I n  spitc of many drawbacks the field senson was, I think, a s ~ l ~ s s f u l  one. The 
flcnrrnl ntrirq of l l ~ c  lirld operqt.io~~s. weather mas, in general, most nnfavo~~rnblc to survey 

operations. The minter eet i j  i q t h e  hILnaValley ulk- 
11su:tlly early :rntl wit11 csccptionnl scrcr.ity. Elsen'l~crc t l~c rc  wy ~ q c h  fog aqd rain. Tllo health 



of the nssistants was not good, nnd t l ~ r c c  of them merc cornpclled by illncss to  stop working before 
the  end of thc field season. Labour mas very scnrce ovcr thc greater part of the country under 
surrey, aud in the Bhhbar in particul:lr it  was with the greatest difficulty that  the panic-stricken 
inhabitants,flping from the cholern,could be prevailed upon to  givc any assistance to  the surveyors. 
Whole districts were deserted, n~td  in  such places the survey could only be carried on by the expen- 
sive plan of hiring permnuent coolies from elsewhere. I n  snch a couutry also as Kumaon, some 
pnrts of which are dcadly and others inaccessible at  certain seasons of the year, and where conse- 
queutly the climatic changes must influence the movements of surveyors, much precious time is 
unavoidably lost in marching. Yet, by the end of the field season the large area of 2734squaro 
miles had bcen topographically surveyed. 

(34.) On reference to page 37-,, i t  will be seen that there is little uniformity in  the daily 
ratcs of work there tal)ul:~ted. This is due to  thc great varicty in the physical characteristics 
of the country surscyetl, which i~rcludcs ground of all kinds, from the low smampy piaius of 
the Bl~kbar a ~ ~ d  Tarai to  the inaccessible snowy ranges which separate British territory from 
Cliiucsc Tliibet. I n  the h ig l~  ground among the snowy ranger where the snrveyor can exer- 
cise little choice in  the sclcction of his stations, but must be c o ~ ~ t c n t  to  sketch the country 
from such points as are accessible to  him, a survey partakes sornenhat of the nature of a 
reconnaissance and can bc carried on at  the rapid ratc of from 9 to 14 square miles a day. 
I n  the moderately h i g l ~  ground of the Sub-Iiimalayns a good survcyor works at  an average 
rate of about 3 square miles a day ; while in the flat Blirbar tracts, ~vhcrc the method of survey 
employed is that of straight parallel traverses, thc daily rate of work is about 4 square 
miles. I t  will thus be seen that  for a country like Kumaon rlo rule can be framed to fix 
one good uniform rate of work, or, which comes to much the same thing, one uniform number 
of plane-table stations per square milc. 

(35.) While on the subject of the mcthods of surveying employed by this party I 
may rcmark that  n plan for recording l ~ l a ~ ~ c - t a b l c  traverses 11:~s been in use for the last 
two years nnd hns been found to answer its purpose. A circlc is dcscribed round the gra- 
ticule on the plane table and graduatc~l t o  qnartcrs of a dcgree from lcft to right, com- 
mencing from the south-(or an or t lna~~cc  survey cardboard protracter may be used ins- 
tead). 111 traversing, the azimilths of back ond forward stations and of trigonomctrical points 
arc taken by placing the sight rule over the centre of the circlc, iutcraecting the objects, and 
then reading the angles off the graduated circumference. This cau bc done very quickly, 
for bct~veen each observation i t  is not necessary (as it is nit11 a prismatic compass) to  wait 
while thc needle comes to rest. The azimuths also are refcrrible to the true meridian and 
are not mcre compass hearings: they are therefore all the more q ~ ~ i c k l y   lotted on an ordi- 
nary graticule; and having becn read off a circle of large diameter, they posscss consider- 
able nccuracy. The azimuths, chnincd distances &c. are entercd in a ficld book, and a re- 
cord is thus preserved which is capable of bcing utilized nt any future time, and which 
would prove very convenient if an enlnrgemcnt of the scalc of the survey became necessary. 

(37.) Since the commencement of the present recess the party has bcen employed on 

'l'llc prcscnt rccrss of 1873. 
compntntions, ant1 on thc preparation of the fair 
maps of thc rountry survcyccl during the paqt field 

senson, four of which maps should bc ready for publicatior~ bcfore t l ~ c  party again takes the 
6 eld. 

Extract from the Narrative Report-dated 5th August 1873-of Captain J. HERSCHEL, R.E., 
Deputy Superintendent 2nd G d e ,  in charge Astronomi~d Party No. 1. 

,> 

(2.) My principal subject will necessarily be that to ~ r l ~ i c l ~  thc firltl scnson of 1872-73 
was dcrotrd, namely thc exl~rrimcr~tal tletcrrnir~ntion 

Bubjecto of this rcport. of  lo~~gitudc-diffcrcr~rt:~; b ~ ~ t  heforc cutcring upon 
that  it is ncccssary tllnt the rnl)jcct of former rcportq sl~onltl bc brouglrt to  a couclusion. 1 
refer to the Iatit~ulc ol~crations 011 t l ~ c  Ccntr:ll Indian AIeridi:u~. 

(3.) Thc g r ~ ~ c r a l  rcsults arrived at  were prcsc~~tcd  in a tabnlar statcmcnt in the post- 
srril,t to nly last report : thcre is little to add to that 

Adrlit~onnlmmporiso~~~ofIi~tro~1~n~ic~~ill~~codr~ic statcmcnt so Car an nstrononlic CO-latitlltlcs are Con- 
Intih~dcs. rrrnccl. The gcotlctic c l c ~ n c ~ ~ t s  of the S~>IT , INA and 

lI.\nc;,tos ~ r o n p s  have hrcn scut to me, giving the 
follo~ring comparieo~~s, w l ~ i c l ~  arc not in any way spccii~lly rcmnrkablc. 
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(4.) I turn now to the other p:~rt  of mp subject. And here I find i t  advisnhle t o  guard 
I,on~it,t~dc-direrer~ce: possible misco~lceptionol.tlle against a not unliltely misco~~ception of the aim and 

object in vipw. ohjert of such operations as are now to  be described. 
( 5 . )  With few exceptions, and those of q i ~ i t e  modern date, determinations of longitude- 

difference by astronomical methods h:~r.c had for tlleir ol,ject the longitude of points either geo- 
graphically undeter~nined o r  only ap[)rosimatelg known; that  is to  say, the ol~ject  has been 
geo.qrapItica1. This is the case wherever the estremities of the line of operations have been uc- 
connectctl by trian:ulation. Where such trianEolation exists the difference of meridian is 

The object not geog~~nphical. ltnown thereby wit11 much greater accuracy than 
~ I I V  astronomical methods not  of the hiehest order - ~- ~- 

of precision can approach. The e ~ t c n s i o n  bf tile electric telegraph has g r e a t l i  simplified 
the problcm in certain respects, and for the purpose above-menlioned ltas made the operation a 
really easy one. Hut that p ~ ~ r p o s e  is in no respcct thc one in view at  present. The Trigono- 
metrical S I N - v e  of India has long since masteretl the geogrnphy of India, although i t  has bee11 
unable to place India correctly on the map of the morltl. That I~ns been done with considerable 
accltracp by the Astronomers of Afadras; a ~ t d  will no do1111t be done with still greater precision 
by telegrapl~ic determination of longitude-difl'erence from Green~vich. Still  that is not the 
present ol).icct. 

(6.) I t  is not very easy to  say what i.9 t l ~ e  object but, spcaltinggenerallp, i t  may be said 

Ocncrnl notion of tl~c real purpose. to 11t: to t,vy nl~e thcr  the 1Sartl1's form has been cor- 
rc!ctlv su r r~~ised  hv those C+codesists who, l ~ a v i n ~  

comparctl the c~irratnres  of different meridi:rlli (as ol,t:1ild' by mcasurrrnents of degrees of 
latitude) wit11 each other, conclndctl t l ~ : ~ t  the nicr i t l io~~;~l  sections are not all alike and tha t  the 
E~rt l t ' s  form is not, as ltad been assnmt:d, a slrhrroid of rrvolution with a circ~clnr ]<quator, hnt 
a sphcroitl with pcsrl~nps an elliplirnl cross sertion. I t  is ol)\,ions that hcre \vc l~nve need of 
an order of accuracy far greater than ~ \ .o~~l r l  si~fhce for Crcopralllticnl purposes. 

(7.) I t  sccms ncceswry to insist somewl~:lt on t l ~ c  t l is t inct io~~ here dmmn, as in all the 

Rensons Tor insisling on the dirtinrtion. nrc~oitnts of the oprrntions of this tlescription t o  
irltirl~ I have l~at l  arrrss-with certain ercrotions 

in whicl~ the ol!jrct is n~omerlly that  whicIl I ~ n r r  jnst n~entionrtl-there is an untlirguired faith 
in thr ovc1.11owrriltg simplicity of the n~ctltotl w l ~ i e l ~  caltnot fail to  raise thc q i ~ c s t i o ~ ~  where is 
tllc diffirtllty? I t  \rill 11erltal,s I)e s~~ITicient to  reply, tltat in  t l ~ c  cxcrptions to  ~ v h i c l ~  I have 
allllrled the wl~olc tenor is one of exttai~stirc rcscarcl~ illto n ~ i ~ t n t c  rallses of crror-that every 
effort is mnde to  eliminate or  I I I I I I ~  t!lc~n d0~11-in ordcr that the result may bear close corn- 
parison with t~~igor~omctricnl r n c n s ~ ~ r r n ~ r n t .  

(8 . )  Tl'ith so moch of preface 1 may procrerl to indicntc the principal features of the 
first attempts to pnt into practice the Tclcgrapl~ic Metl~ocl in 111di:1. 

(9.) The Equipment consists of two sllpcrb-looking transit instruments of 5 inches 
Rquil)ment a l r c r t ~ ~ r e  ant1 6 feet focnl length, cons t r~~c ted  onder 

the nupcrintcndence of Col. A. Strange by Cooke 
and Sons of York : of two nrtronomical clocks hy Frodsl~om and of two chronogrsphs by Secre- 
tan end Hardy of Paris besides relays and batteries. 



(10.) To describe all these in detail mould extend this report to too areat le1leth. T . - " - 
will therefore only indicate the riain featt1res as 

D.srriptiotl 01 instruments conhcd  to particular 
features. they gradually presented themselves to me as requir- 

iug espccinl attention. For I ought not to omit to 
state that  I came to  the tnsk profoundly ignorant or all details and more especi~lllp so in regard 
t o  the proper ma~lagemcnt of electro motive force, with \vhich I had never had auy practical 
acouaintance. P~,act icc and incessant study of the s~~l).ject have done much to  remove the - -..- 
iniumerable difficulties w11it:h were cnco~~uiered  from first to last; but I am not asllamed to 
own that to the very last thcre remninctl, ill the mauugcrnc~~t of the chronograpl~ic record es- 
pecially, a considerable amo~unt of uncertninty. 

(11.) I l~avc thoogl~t  it best l ~ i t l ~ c r t o  to spcak in the first person, so ar not to iDl,olve 
m y  colleague, Captain Ci~mpbcll, in nny of the statements I might make ; but he will, I feel 
sure, bear me out  in what I have just said as to  t l ~ c  d~tficnlty of securing satisfactory cllrono. 
graphic record. 

(12.1 The source of these difficulties is to be fonnd in the fact that the rccord consista , , 
of a mark made on the relro1vil~g drum and paper 

Prinripnl so~~rre of prarticnl ~Iifirulties to bc found 
in the dependence on f~ict ional  clectririty. 

by the passage of an electric spark of high tension 
aeneratcd in a ILuhn~ltorH's coil hv thc interrun. - 9 - - - - - -  

tion of a strong galvanic current, which is, so to spealc, the secontl of three liul;s in the chain 
of agency betweell the clock or observer a1111 the drum. We have first the linc or I)aniell 
current, broken at  will by the obscrrer; its cessation breaks the local or Bunserl circuit and 
current; the interruption of the latter induces in thc Rohml<orti coil thc static:rl electricity 
whosedischarge by spark upon the popcr burns the required mark. But in ordcr that all this 
may happen, not only must the nhole of the apparatus he propcrly ac$usted, but the Bunsen cur- 
rent  must be strong. coou=lr to  induce a strong spark, and the spark must find its way t l~rouch Daoer - - - .  . . .  

of exactly the r r ~ ~ ; ~ i s ~ t c  tlcgrcc of dami~ncss. 'i'l~at the 
And on the proper I~ggro~nctric conditions of the 

rccord popcr. paper may be always properly damp i t  must be pre- 
pared wit11 a tltslitluesccnt, and the tlerr~.ce of i n ~ ~ r e e -  . " 

nation with the latter mast depend on the Ggrometric  co~~di t iou  of the air. H C ~  at Bangalore 
we are at  the mercy of c h a ~ ~ g e s  of wind which set calc~~lat iou at defiance; paper that will do 
well enough in  the early part of the ercnir~g may bc almost d r i p p i ~ ~ g  or as dl-p as a bonc a fern 
hours Inter. Accordi~~gly I found i t  necessary a t  last to l ~ i ~ v e  variously prepared papers at 
hand to suit diiTercnt weathers. 

(13.1 But nerhaos the Bunsen battcrv i a  the most trouhlesomc and orovokin,o snurce of ,- , - A A 

faiiure. There are about a scori of trick'; wl~ic l~  it 
The Dunseu battery n sourcc of troublr, due ta 

inwnsto~~cy. has, :tny one of allich will impede its actior~ or obs- 
truct i t  altoeether. Somrtin~cs when it is out of tem- " 

per i t  will play 2 or  3 of these at  once, and an hour or morc will bc w:~sted i11't11e attempt to 
force or coax i t  to behave. L u t l y ,  there is always more or less uncertainty which is in fault, 
the relay, the battery, or the paper. As I say, to  the last I nrvcr could gnarantce a satisfactory 
record ; aud it is uot s r ~ r p r i s i ~ ~ g  therefore that at  first, wit11 many other tlifficulties unexplained, 
the  finest nigl~ts  were often the oues when least seemcrl to  be done. 

Buhsriour of (he clocks. ( 1  Of the Clocks 1 havc nothing bnt good to say. 
I .  Of the Chronographs-one is a miracle of regularity, all11 deserves the I~ighcst com- 

Of the Cl~ronogrnphs. mcndirtion. The o t l~er  is rcry provoking. 

(16.) The Relays have done their duty creditably, but t l ~ c y  arc I tlrir~k of I~ad pattern 
and ought to be cha~~gct l  I can~lot  explaiu their 

Relays. defects hrrc. 
(17.1 I have here merely elanced at  the different sources of tro11l)le. As a rule they . . .  " - 

are not R I I C ~  as can be rcmovcd I~eforc hand ; p:rrtlg 
Preriso cnllsP8 of tilure alwoga uncertain because 

of thcu rarlety. hecause t l~c i r  causes are but little undcrslootl, partly 
because t l ~ c y  arisc from a ~ ~ d  in the actual working, 

by expenditure of material, hy theaction of chclnicnl p~-oducts of that cxpenditurc, or hy c11n11ge 
of weather. They :rrl, 111:rtter of detail individ~~ally, I ~ a t  each has a more or leas direct aud im- 
portant share in the wl~olc, and t l ~ r y  are rarely all a h s c ~ ~ t  at once. 

(IS.) Lastly, 1 )nag add on this subject that where the united action of two ntl~errnise 
intlependcnt observatories is essential to thc success 

Combinrd artion of two indcpcndcnt oporotars 
mlao neecaslrry for complcte auccesa. of a particular class of operations, t l ~ c  chances of 

miscarriage arc greater than if one only is cou- 
cerned. 

(19.) For the determination of longitnde-difference chronogrnphically thcre appear to 
he t ~ o  distinct classcs of method, in wl~ich one clock, 

Chronographic drtarminotiona a t  lonaitede ronaidrr- 
ailll to 

on public tcleSrnpll lines, and tlvo, rcrpectivelp, arc llsetl. I an1 not prepered 
to enter fullv into the cruh,ject of their rcspectivc 

merits here, further thnu is requisite to explain the dema~ids upon the 'l'elegraph Dcpartrnrl~t for 
the use of the public wires. Hut it is necessary to take into consideratiou that the transmission 



of a televaphic signal rcpresenta a certain lapse of time, the  neglect of wl~ich would involve an 
error-depending of course on the distance-equivalent perhaps to an error of mcasurcmcrrt of 
Traosmissiin ~quisnlent to foot in 1 foot in 6 mile*. Collseqllently any rne t l~o~l  wl~ich 

leaves this out of cor~sidcration del)ends ill fact on --  

others which do no t ;  for the interval of lost time must he computed from an aisumed velocity. 
lo. ~f one chronograpl~ only is used, the distant s i g ~ ~ a l s  must be tra~ismittetl to it, ant1 must arrive 
late, and the error in qnestion occurs. 2'. If two c l i ro~~ogrnp l~s  are used-and still one clock- 
observer's signals are transmitted to  the cloclc s t : i t io~~ ,  arriving late, and clock signals are  scut to  
him, also arriving late, and therefore making his signals appear too early. This combination 
tllerefore-of one clock and two cl~ronographs-1)rovitle for t l ~ c  transmission-lapse. I n  both the  
cases mentioned however, i t  is to  hc noted that the line-wire is r e q ~ ~ i r c d  during the whole duration 
of the transits at  oue-the distaut-station. 3'. I f t v o  clock's are used one at  each station, t l ~ c i r  

Method allere two clocks aro used. 
errors and rates may be ascertained independeotly, 
by ativ 1111rn1)cr of stars and to  any decree of ureci- 

sion, witl~out leading to  a knowledge of longit~~clc-ditlcrence. But  no sooneris  a 6  signaliimed 
by both-being transmitted for t t ~ c  purpose by t l ~ c  linc-mirc-than tlie clock-difference is known 
(sul?ject as before t o  the tlelay in  transmission) ant1 hcuce the lo~~git~~tle-difference. The direc- 
tion in allich the sign:il is sent will determine nhetller the clock difference is too small or  too 
great on account of the delay and by sellding a1tern:itely t l ~ c  cscess and defcct (if equal) become 
known. W i t h  two clocks tlierefi)re, and two chro~~ogral l l~s ,  all that is r e q ~ ~ i r e d  of the wirc is to  
transmit "con~parison sigoals :" the rest is local work. I t  is obvious however that as the latter 
equipment inclutles the former, and wit11 i t  t l ~ c  power of employing tlie n~cthods which are sui- 
table to  it, the fill1 eqnipmcnt gives thc choicc of the 3 methods, two of which employ the l iue 
largely, and the 3rd only a t  intervals of two or tllree hours. 

(20.) 'The quautity to  be foulid being not an absolute lime, but  a dif lrence of t imes, 
i t  is not necessary to lcnow exactly the actual clock 

Absolutc timo not required ; o111y dilTere~lco of 
times. errors, but t l ~ e  differc~~ce of these. This is a very 

important point-wl~icl~ docs I I O ~  seem to  11al.e beer1 
taken advantage of in either of the few continental opc:rations of this kind which I linve been 
enabled as yet to  procure. As tlie a l ~ o l e  of our regular work has been hased upon i t  to  that  ex- 
tent ovcr-riding such precedent as we Irave-I must estcnd this portion of my subjcct to explain 
the rcasorls for adopting it. 'l'he hest way to do so will he to give our actual system and the 
process by a h i c l ~  it is proposed to deduce t l ~ e  longitude-diffcrencc. 

(21.) Clock comparisons are  erclia~lgerl a t  8-30, 10-30, 12-30, P.M. Between these 

Ordinnrg programme. 110urs transits are taltcn "locally" at  such times that  
the snste sets of slars are observed at both stations, 

as far as circumstances permit. Certain intervals are arranged for taking instrumental errors of 
adjustment; and that  is t l ~ e  whole of the programn~e. 

Tlie reductions may be outlined thus :-comparisons give clock differences and trans?nission 
111pae : se lcc t io~~s  from tlie t ra~isi ts  give rate of each 

Rntionale of reductions. clock, and tl~crcfore clock-rlifference a t  any time other  
t l ~ a n  that of comparison : [or if the compnrisons are sufficient, thc diffcsrencc a t  any iutermediate 
time is known from t l ~ e m  alone. I t  is an open qucstion ml~ ic l~  mctl~od mill hc best, ill this rcsl~cct.] 
Transit of any star over both rncrirlia~~s gives two cloclc times whose tlitlcrencc equals the clock 
difference a t  the moment of transit over the E. m c r i t l i : ~ ~ ~  +lo~~gitude-differcnce+effect of rate of 
W. Clock during tlie interval from otlc meridian to the othcr. The only unknown qnantitp bere 
is the longit~~de-difference, which is tl~creforc determined from t l ~ i s  cquntion. Every star ob- 
served at  /~otll stations gives thus a mcasllre of thc rcquired longitude-cliffcrence, without any 
regard to its precise It.  Ascension a t  the time, to find a.liich woalcl require a large amount of 
really unnecessary Iabonr. For i t  is to Ilc rcmnrkcrl that the only nay  in 1~11icIi act11a1 
(as distinct from rclative) time or ratc enters in t l ~ c  f i ~ ~ a l  csprcssion of lo~~gitude-differcnce is 
ill the ndoptctl viilue of  ratc-etlect during the pa4snb.e of n star from OIIC rneritlim~ to t l ~ e  o t l ~ c r  
a minute qnaotitg, not l ia l~lc  to s c ~ ~ s ~ b l c  error, w l ~ i c l ~  rnust entcr ill nuy case, wltatever the 
systenl or trcntmcnt. 

(22.) 1 am a t  a loss to acconnt for thc non-appearance of this view of t l ~ e  matter in any . . 
practical shape, in the 111111lications to  1~11ich refei- 

Rnwna for olloptillg a not gencrn1lg prac- ence has bcen marlc : for the ~ r i o c i o l c  ~ v l ~ i c h  under- .:.. 1 
&#Be". . . 

lies i t  is certainly R O I I I I ~ .  I t  is possible t l~n t ,  aol- 
laterally, knomlcdge of stars' places is advnnccd, nntl that lor~gitutle olople is 11ot ad~nit tcd to be 
the sole ol~jcct  in view. And IIO tloubt i t  in coatrary to  gcncral principles to  procecd by sclec- 
tiorr from observations to  obtain that which might he madc to depcnd upon all. I t  is however 
t o  he remarked t l ~ n t  the use of the chronograpl~ m:ikcs a vast difft:rencc in the application of 
such pri~~ciplea. Tlie reason for not d i sca rd i~~g  observations actually made 11as some reference 
t o  the labour of making them. The chronogmpl~ gives uu the nlcnns of obtainiug n large mass 
of available record with vcry 1ittlc.more trouble than is rcquired for a small quautity and i t  is 



a t  this stage-before the real labour begins-that the selection may be made. I t  is i+, the 
readi~ig qf of the chronographic record that  we must look for reasons for or against tire utili- 
zation of a11 or only some of the availahle material. 

(23.) M y  departure on  furlougl~ wl~ilc a considerable portion of such material remains 
AnticipnLion of some results. still unworked, prevents me from doing more than 

hazard a few numerical results; which nlv colIengue 
Capt. W. ;\I. (hmpbell, R.E., will no doubt be able in due time to present in a moie satisfac- 
tory form. I s11011ltl not howcver be acting fairly townrds him, considering the large amouut 
of work to he done I~efore a f11ll report can be loolied for-eithcr in thus desertiug him or 
in anticipating the concl~~sions :rt w l ~ i c l ~  hc nlay arrive-but for the fact that my t;tking furlougll 
last year was tleferred only for the sake of corumencing this nork, and that 1 am now ellabled 
to  leave the prosecution of i t  in worthy 11a11ds. 

('74.) Thereis one respect iu wl~ich there is unhnppily grave reayon to suspect any 
Flexure or of the trlrsroprs a l ~ p ~ o s c d  to appearance of accnracy whicli the results may here- 

detract from the value of the opel.ntio~~a. after present. O\lril1g t o  Some cause wllich has 
completely baffled detection, it is almost certain that the liability of the tube or axis of one, 
and of the other. of the two t r : ~ ~ ~ s i t  telescopes to lateral flexureis very considerable. 
This is a very common failing in large instn~ments,  I believe, but at  tilt: same timc oue very apt 
to  be o\rerlooked owing to the grcat dificnlty of proving satisfactorily its existence. Of course 
i t  is still more difficult to investigate and allo\r7 for it.  If i t  exists to the extent to whicl~ 
my experiments point it will I fear be necessary to take the fact largely into cousideration. 

(25.) Very careful observations have been made for the determination of our relative . . 
Personal eqont io~~ detorn~incd concl~~?irelg. personal equation, with results which I have rcason 

to  believe 11ighly satisfactory. There is nothing to 
be apprehended on this score. 

(26.) The comparison of clocks a t  Mangalore and Bangalore have been all read off, 
clock eompariaione supply cridence oc first rate reduced and collated fol* the purpose of determin- 

periormnnce i ~ ~ g  clock-ditiere~~ce, relative rate, and tra~lsmission- 
lapse. The results are both satisfactory aud snggcstive. The extreme cItan,qe oE relative 
rate shown would amount if continl~ed to only 0".17 per diem; but being undou1)tedly only 
an exaggerated differential change d l ~ e  to a regnlarly repcatetl daily oscillation, i t  is probable 
that  0".08 per diem more correctly represents the riulge of accidental variation, at the 
times of comparison. Tllis gives n high cl~aracter to the clocks. Tlie transmissio~~-lapse, 

l'rnnsrnireit,n.l~bpae or rctnrdotiun oC dclirery or retartlirtion of the delivery of the signal is still 
presents ertr:tordi~~nry rc,sll~rca. more remarkable, hut less easy to understand. 
Wl~atever be its value, it consists of two distinct elements, viz :, the dclay on the line, 
and the delay nt the rna:.nct. Prom the nature of the con~paris~)n the latter is present in 
both circuits-the local clock circuit and the distant clock circuit-a11d if to a like extent, 
the  effect is eliminated in the comparison ; and the delay on the line is alone visible in these. 
But  such a co~~di t ion  w ~ ~ n l t l  be accidental : thcoreticnlly t l~ere  must I)c a retardation peculiar 
t o  each rclay, nnd its adjn?;tn~cr~t, and strcngtl~ ant1 d i r e c t i o ~ ~  of cnrrent passing tl~rough i t ;  
and i t  is the difference of t l~cse retnrdatio~~s-more correc:tly the excess of ' that  I~e longi~~g to 
the  line-relay an11 c ~ ~ r r c n t  ovcr t l ~ a t  hclonging to the local rcla!. and current-ahich will 
tend to  swell the total. Instcad of nn crcess t l~ere  may be a defect in which case the line 
retnrdation may be rrtluced in amount if not negatived. I t  is certain that the mng~~etic force 
is more effective with a c ~ ~ r l . r r ~ t  ill one direction than anotl~er. We have hcre then all the 
elements of diversity neces9:lry to prorl~~ce a varring total retardation and as a matter of fact 
we do find the followi~ig valucs, the distauce bcing 245 miles. 

C n a ~ x h ' r .  
Poaifise A'egalire 

.. Singals from E. . . . . . . U.028 0".003 
.. , 1 .  .. . . . , .022 ,011 

These depend on a sufficient number of illdependent determinations to leave no doubt wl~at- 
ever t l ~ n t  t l ~ e y  must be exl)lnined in somc such way as indicated. The mean of the four 
would I concci\e be free from every kind of error ant1 would prrsumahly be slightly in 

exccss, if any thing, of the true ret:trdation a1on.q 
Velnritr or trnnsmission neemn to he twice ns great 

u detcnnincd in other si~nilnr opcrntiolls. the line. I t s  val~le. ".019, gives avelocity of 13,600 
miles per second, wliicl~ is double the value generally 

assigned. 
(27.) I t  is hardly necessary to say that the worth whatever it may be, of the primary 

operations is not in the lrnst affected by a collateral i s s ~ ~ e  such as this. Hut it shows very U ~ I -  

mistakeably that there may lurk small couatant lapses of time in apparcnt instantnniety, which 
require very close looking after. 



(28.) I have tho~lght  i t  Iluneccssary i o  enter into many dctails of time place and acason, 
Comparative ~ ~ r t l ~ l r r ~ n r ~ ~ o ~ t l i r  prrrrnt avu f,.o,n a ill this report, bcca~rse from heginning to end, thouall 

geodetical point o l  view countcrbulllllcerl by praclicnl thc crnue was cl~angctl oslc~lsihly with a view to 01)- 
,,drantagrs ~u sn nrc or  cnpcrimrttt. tain local dctermin:itions of lo~~git~~dc-difference, the 
real object was and could be nothing morc than practice-with sach 111timatc fruit as successful or  

prosec~~tion might haply protluce. I n  this matter our  is whollp d r p c ~ ~ d e o t  on coiu- 
c ide~~ce  of a variety of coutlitions, autl gc~)ilesy m~rs t  stand aside it' t l~cse  are not c o n v c r ~ i e ~ ~ t .  
Tllus Bangalore a ~ ~ d  illnrlras \irt:re in crery way suitable-ant1 hfang:llore nras a conven ic~~t  extcn- 
sion of the arc a l t l~ongl~  whetl~cr in part or  au u whole, i t  is of vcry little conscquencc to geodesy 
whether the determination is good or batl. I t  is a short arc, across a p c ~ ~ i n s ~ ~ l a ,  i~icapal~le  of ex- 
tension, and unrel)resc~~tative (owing to medial tahle land) as a part of the normal figure and 
cannot be accepted as such n,itl~ont large reservation. But  the prcscucc of the Telegraph, the  
llailway, the Tria~~gulat ion,  and the absence of the ordinary waste of time and trooblc and 
money in marchiug and camping in strange countries, made i t  certaiuly an expcdieut selectiou 
for a trial campaign. 

Extract from the Narrative Report-dated 19th September 1873-of Captain W. M. CAMPBELL, 
R.E., Deputy Superintendent 3rd Grade, in charge Astronomical Party N o  2. 

I n  my narrative report for seasol1 1871-72, datctl 14th August 1872, I was nnal)le t o  
give any of the results of my worlc, vir.  the determination of La t~ tudcs  on thc RIangalorc 
M e r ~ d ~ o n a l  Series, bccausc t l ~ c  reduc t io~~s  at  that  time mcre not nenrlv romaletctl. . . 

(2.) I have alrcadg i ~ ~ f o r ~ u e d  you, t11:it as these rctluctions n'cre I)rongl~t near complction, 

"N-S dilTcrcnco" Zcnilli Sector No. 1. 
a startling tliffcrc~~ce was found b e t i r c e ~ ~  tlie results 
bv N. and S. Zeuith stars rcsnccti\~clv : the co-lati- 

tude given by thc fornicr, I~eing always in cs>css of that  derircvl from the Iattcr, o r  in otller 
words, the instrument measures all Z e ~ ~ i t l l  I ) is ta~~ces in excess of the truth. 

This fault will be spokcri of as the " N - S  difference." A similar diffcrcnce has been 
found in other instruments, notal~ly in one of the Astro~~omicnl  Circlcs lntcly iu  use, i n  which 
case i t  increased to  so serious n quantity that  the i~~s t r t iment  was laid aside. 

T l ~ e  sister Zcuith Sector, nscd Ily Captain IIerscl~el during three field seasons, shows 
hardly any trace of " N -  S difference," season 1tlGD-70 giviug, N - S =  -O".OI) aud season 
1871-72, +0".29. 

The difference given by Zenith Sector No.  1 has features which, so far as I know, 11ax.e 
not been found in o t l ~ e r  cases of the same kind. The Astronomical Circlc mcnsurcd Z r u i t l ~  
Distances in defect of the truth, the amount of error being subjcct to no  law that  could be 
traced. 

Zenith Scctor No. 1 measures Zenith Distances i n  excess of their t ruc v a l ~ ~ e ,  nnd the 
most superficial examination sl~ows that  the error is a ful~ctiou of the Zeuith Dista~rce, being 
nearly exactly in  direct proportion to  it. 

This lam has bccn t a l c c ~ ~  advantaze of. and a sct of corrcctions comi~ntctl for each station, u ,  

Attfm,,t to correct resll,,s for M N - 9  dilTcl,enrc!, the applicatiou of a l ~ i c h  I~riug the rcsults iuto as 
close accordauce as could be w~slied for. 

The method cmploycd was the follominp :- 
It mas assumed that  the error of each Zenith Distance measurctl, mas C. Sin Z. D., C 

being a coustant for each station, which mas computed by the s imul ta~~cous  solutio~i of a set of 
equations, one for cach star, of t l ~ c  form 

M + C .  Sin a-A=O. 
in which A is the obscrved co-latitadc by t l ~ c  star wl~osc Zenith Distancc=a, (N.Z.D. being+ 
and S.Z.D.-) and RI is the most probablc valuc of co-latitudc by all stars. 

(3.) The accompanying tablee give al)stmcts of t11c rcsults a t  all stations, shelving the 
effect of the application of t l~esc  computcd corrections, with otllcr partic~ll:trs. 



It will be observed, that  no  alteration in  the ~ o s i t i o n  or use of the instrument mnrarm -.--. -==:-." 
E P c t  of "N-5 diEcroncc!' to  affect ilie " N-S difference," and all comparison 

of the results seems to lead to  the conclusiou, that 
this difference will not nffect final results obtained fiom an eonal number of north nnd snnth 

~ ~ ~ - -  .,-- ".. 
stars, of nearly equal mean Zenith Distance. Still less might i t  be cxpected to affect the 
result of observations of pairs of north and south stars, bnt  unfortunately that system involves 
the  use of stnrs, whose places are not known with the degree of accuracy desirable, besides 
other disadvantages. 

(4.1 I u  table I1 the effects are shown. 1st  of the reversal of the instrument on its oier. and . * . ~ - - ,  -..- 
Erect of rororsing the ZeuilL FJeotor. 

2nd of tlle order of Face-observatiou followed, ant1 
these are separated into two sets vi= : t l~osc belonging 

to  the three stations a t  which the reversal of tlie Sectors with reference t o  the microscones I V ~ Q  
r - -  

carried out, (see para. 26 of my last year's report) nnd of theotliers, a t  which this change mas 
not  made. 

So  far as can be judged this reversal of Sectors appears to be uscful, but  the number of 
cases is so small that the rcsnlt may bc merely fortuitous. 

( 5 , )  I n  table 111. different values of the ~ e o e r a l  mcan co-latitudes are nrrived at ,  bv com- , r 

Adoption o l  find results. 

, , ~- 
binityg t l ~ c  means given l)y several pairs of sets of 
observ~tious. The mean of these values is what I 

should adopt as the final value, (unless indeed the proposedcorrection of the observed results is 
allowed, in wllicli case I should prefcr the value so obtaiued to any other) and i t  is taken out at 
the foot of the table and compared with the Geodetic Latitude for enclr station. 

This com~)arison sl~ows a relntive uortherlv attraction. with reference to the oriein of Geo- 

Appnmnt dcrintion o l  plnu~b.line. 

- .. 

detic~nti tut les ,  viz : Calcutta, at evcry stZion except 
illangalore. where the ol)posite obtains in a slieht . . 

degree. About Hunamali and Koramoraglida, the topography of til; country strongly pokts  
t o  the probability of attraction sncll as these results .how, hecailrc these stations arc near the 
verge of the Rlysore plateau, ml~ere there is a precipitous descent of fully 2,000 feet to thc low 
country of Kanara. The result at Jlangalorc, on  the contrary, is the reverse of what might have 
been looked for. 

(6.) A dissgreeable feature in  these results is the cliscrcpancy bctween the two values cf 
Diww sney betaeon two mots of obsersntions at the CO-latitude of Kundgorl, amountiug to 0".23, but 

~ u n d ~ u ~ ! .  this is capable of a certain amount of explanation. 
During the first set of observations at  this station the position of the instrument was the 

same througl~out, and is believed to  have been tllat known as " Xzim~~tl ial  Stud Nortll," and the 
Sectors \rere not reversed. N o a  at four other statious where the Sectors were not reversed, the 
mean differcncc between the results obtained wit11 Azimuthal Stud North, and South, was 0".13, 
h'orth being in excess of South, and if half of this quantity be co~~sidercd as a correction to the 
result in  either position, and applied to  the first value ol)taiued at  Kundgorl, thediscrepancy 
becomes O'I.23-0~07=0".16. Very little faith can be put in this mcau diti'erence of 0".13 as it is 
derived from only four valnes, so discordant crs to give a p. e. of t l~c i r  menu= k 0 . 1 7 ,  actually 
greater than the quantity itself, but i t  all'ords a plausible cxplat~ntion of the otl~ermise startling 
discrepancy under notice. For many reasons the secoud value of Kundgorl is much tc~ be pre- 
ferred to the first. 

(7.) The stars used throughout season 1871-72 mere selected \ ~ i t h  reference to both the 

Brleetion of stars. 
Greenwich seven-year Cat~logncs of 1860 and l8G4, 
and their places depend on a mean number of obser- 

vations of 26 and 19 in the-e catalogues respectively. The places adoptrd were the means of the 
two catalogl~e values, meigl~terl according to tlie number of observations helonging to each. Of 
96  s t a n  common to both catalogues and reduced by each to January 1, 1872, the mean ditierence 
olresulting N. P. D. was 0.1G-that from the catnlogue of 1860 being the greater. 
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(8.) D l ~ r i n g  the pnst Field Season, I have been associated r i t h  Captain Herschel in the 

Ficld Senson 1872-73. 
deter~niuation of diffcrcntial Astronomical Longi. 
tudcs by means of the JSlectric telegraph. Captain 

Herschel, who 11ad charge of the  coml~incd operations, has lately proceeded to  Europe on 
f1lrlough. Before his departure hc subrnittcd a report of our work, bnt a t  tha t  time the rcduc- 
tions \;ere not  far enough advanced to  e ~ ~ a l ) l c  him t o  give any Longitude results, aud his rellort 
mns less full iu many respects than i t  prol)al~ly ~vould have been 11:ld he I ~ a d  more time at his 
disposnl. I n  t h e  follo~ving rcmarlts I shall e ~ ~ d c a v o u r  to  ninlte the general narrative of our opera- 
tions more conipletc, and to  describc the instruments uscd, in such tlctail as may appear necessary. 
I hope also to  be able to  givc at  least some idca of  the results obtained. 

(9.) The  iustrume~rtal  equipmeut consists of two complete sets, each set comnrisinp : . . - - . u 

Description of Iustruments. a Transit Telescope, k C I I T O ~ I O & ' R ~ I I ,  with accornpnny. 
iug electrical apparatus, and an As t ro~~omica l  Clock. 

(10.) The  Transit Telescopes arc  bv Coolce and Son of Yorlc, sister instrnrnents known as . , 

Transit Instruments. No. 1 a ~ l d  No. 2, of nearly identical d~n~ensions.  The 
focal lengtlr is sligl~tly oscr 5 feet, and dinmeter of 

obiect elass 5 inches, the whole of wl~ieh is effcctive. T l ~ c r e  arc  t a o  wire t l i a ~ ) l ~ r a e n ~ s  oueof ~v l~ ich  " - . ~. 
carries a single vcrticnl ant1 a pail- of I~orizontnl wires, the latter allout 1' apart. 'l 'l~e other a sct of 
25 vcrticnl mires arranged in ~ T O I I I I S  of 5 each. The lattcr is morltcd I)y a micrometer screw, 
and the former may I)e callctl ti xed : ~ l t l ~ o n g l ~  a screw is providctl for arI.j~rsting its position as re- 
q ~ ~ i r e d .  (Each instrurncnt I ~ a s  two "Eye  Ends" precisely alilce, cscept that  the micrometer 
diaphragm of one has only the usual set  of 5 transit mires, beiug iuteuded for "Eye  and Ear" 
Obser\,ations.) 

The  25 vertical mires were conveniently named A, B, kc .  to  Y, the centre one being AI. 
Their mean distance apart is 3G'I .G = 2.4-1 equatorial secoods, and the groups are separated by 
double intervals. 

The micrometers ha re  double heads, one to  show rcvolntions and the other 

Micrometers ol'l'rnnsit Instroments. for tllGirions, the two being connected by a set of 
toot l~cd wl~eels. The value of a revolution mas 

found to  be so ncarlv identicnl in tlre two instruments, that a mean value has I~cen used for 
both, viz. : lR = 33":76, ~ v l ~ i c l ~  is nearly exactly equivalellt to  1 0 0  rc\.olntions pcr i r ~ c l ~  of screw. 
The  micrometer head is protected by a cap, \\.l~ich being scremetl on after setting to a parti- 
colar readiug, insures i t  against b c i ~ ~ g  accidentally distlirbed. l ' l ~ t ~ r c  is a s~nn l l  windo\v of 
talc through which the setting can be insl)ected. A screw is provitlctl for rapidly traversing 
the eye piccc during observations, so that t l ~ c  star may 1)c kept close to  the centre of the field. 
The  plate carrying the wire diaphragm is capable of acljnstrnent for verticality of s i res .  

The set of eye pieces comprise direct eye piecea of various powers, with prisms for 

Eye pieces of Tmnait Instmn~cnts. oblique use, ant1 a Bol~nenberger eye picce for use 
wit11 the  mercurv t rongl~.  T l ~ c  lattcr has been used 

througlloat for all observations, tha t  of NO. 1 instrument-is mdc~lsuperior  to  that of NO. 2, 
both in construction and maguifying power, the  former being about 160 and the latter not 
more than 80. 

T l ~ c r e  are  two setting circles attached t o  the tuhe of the telcscope, cacll7& incl~es in diame- 

Betting Circlrs. ter, gratlnated to 20 n ~ i ~ n ~ t e s  and re;itling to 1 minute 
by ~ e r n i e r s ,  ant1 each providcd with a coarse level. 

They are not fixed hn t  c;m he turned round ant1 clan~pctl in any position, w l ~ i c l ~  atlmits of 
atljustment for setting I)y declinations direct, or  by Z. D i s t a ~ ~ c c s  kc .  T l ~ e r c  is no means of 
clampiug the telescollc wl~cn  set. 

(1 I.) Two kinds of wire illurninntion are providctl :-Id. Thc ordinnry darlt mires in 

Wirc illumination. 
bright field-2lrd. Br ig l~ t  wires in a t l a ~ k  ficld, the 
a r ranren~en t  hein= ns follo\rs. I n  t l ~ c  c u l ~ e  of the 

axis (see para. 12) there is a liglrt plate revolving En arl axis nrr ight  anglcs to both telescope and 
transit ases, (cut out in the centrc so as not to interft:rp, wit11 rays from the ol?jcct glass) and calrallle 
of b e i ~ ~ g  moved tl1ro11g11 an arc O F  45' Ily a rot1 with a l~and le  ~ ~ r o j c c t i ~ ~ g  close to the eye piece. 

A lamp is 11lacctl opposite one end of t l ~ c  transit axis, ~ v l ~ i c l ~  is perforatetl. \Then the 
plate is inclined at  45' to  t l ~ c  transit nsia, t l ~ c  light from t l ~ c  lamp is reflected directly on to 
wirer bp a smhll I~l:~clc glass reflector, pluccd in t l ~ c  centre of the oprr~ing in t l ~ c  ])late ; i . ~ . ,  ap- 
proximntcly a t  the intersection of t I ~ c  tri111sit a ~ ~ d  telescope axes. IVl~en the plate is turned so 
tha t  its plane coincides wit11 the trnnkit asiu, tllc liKllt is i t ~ t r r c c ~ ~ t c d  hy a set of f i ~ n r  prisms nn(1 
reflcctctl rlo!v~~wa~ds, hetween the telescope tnhe nntl an innrr  tnlle provitlctl for t l ~ c  p~~rposc ,  the 
four 8cts of rays r o ~ ~ v e r g i ~ ~ g  sl igl~t ly,  no ar to strilte I I ~ O I I  fo11r 11ris1nr attac:l~l.d to t11c fr:u~;crnrry- 
i l ~ g  the wire diaphra=.nls, two OII cac l~  sitlc, an11 sligl~tly :tl)ovc tl~r: 11ln11c of thc \rrirca. The I:ltter 
prisms again reHc.ct thc* IiKl~t a t  ~ , i g l ~ t  ;~nglcs so tl~:tt the r:I!.a are  ow ~ ~ c : ~ r l y  in t l ~ c  plal~r: of tile 
wires, w l ~ i c l ~  t l ~ n s  b c c o l ~ ~ e  i l l r ~ m i ~ ~ : ~ t c t l  by tllp rays from t l ~ c  prisms on cac l~  side, the ficltl rcrnaill- 
ing dark. Mot11 kintls of illuminatiou are fairly satisfactory. 



The object glass is fixed in its cell, so as to  be pinched at  three points only, and the cell, 
instcad of I)eing sc~,cn.cd into the tclcscopc tnhc, has 

Object glass fittings. close contact n-ith it ouly a t  thrcc p o i ~ ~ t s  where it is 
attached by three screws, and these are equidistant, so that  tbc objcct glms nlay be put  011 in  
three ditierent positions. 

(12.) The frame of the telescopc consists of tllree principal pieces, ui;. : the aria, 
the ol!ject-half, a i d  eyc-half, whicl~ pack for travel 

Frame of Trollsit Telescope. sc~~nratelv.  
The shape of the axis is a central CIIIIE of 9; inchcs side, supported by conic frustra 94 

inches in diameter at jr~nction with c ~ ~ h c , a n d  Y+incI~cs 
Axis. axial I c ~ ~ g t l ~ ,  tapering to  3 inches diameter and ter- 

minated by enlarger1 cylindrical shoulders 33 inches dinn~eter  ant1 21 inches wide, j~~to which lastly 
the steel pivots arc fised, the asis having I l)elievc been shrunk on to them. The pivots are  
1.9 inches dianletcr perforated hy at1 o p e ~ ~ i u g  0.9 inch diameter, ant1 they project 1.9 inchcs 
from the axis sllo~~ltler. The total length of axis is t1111s 37.3 inches, and 33.5 incl~cs between 
shoalders. I t  \veigl~s about 65 Ibs. nntl thc tl~ickncss of t1:c metal is nhont 0.37 inch th roug l~o i~ t  
the cuhe and cones, which a c r e  cast ill one piccc, thc cube bcing strengtl~encd by ribs. The 
conical parts were t u r ~ ~ c d  b o t l ~  inside aud out to i ~ ~ s n r e  as perfect symmetry as pousible. 

Of the four faces of thc cuhc parallel to the axis, one pair are1)erforated by openings 
of 3$ inches diameter for colli~uation obscr\~atinns. 'I'l~cy c;ru be closed with caps and arc  
crossed I)y spoltcs 1~11icl1 s~r l~por t  the illnn~in:~ting plate. The other pair are cut out with open- 
ings of 6.8 inches diameter for tllc nttachment of tlie telescopc l~a l f  tuhcs, with an anuular space 
0.6 inch wide ontside, t ~ ~ r n e t l  down allo~lt 0.07 inch or 0.08 inch I~clon, the surface. 

(13.) The two llalves of the telcscopc are c:~ch attachcd to  thc asis by 12 powerful stcel 
bolts, wl~ich pass t l~rongh a flange a t  the base of the 

Telescope tubo. tubc, + inch thick and projectiug 0.7 inch, and scrcm 
into the metal of the cube which is 0.37 inch thicl~.  T l ~ e  tn l~es  arc fartllcr steadied hy circular 
flanges projecting allout 0.07 inch atltl fitting into the a n n n l ~ ~ s  o ~ ~ t s i d c  the opening in the cube. 
The two half tubes are quite plain except that nbout I k i ~ ~ c l ~ e s  from their bases, arms are east 

Objoct 11alE tube. 
upon them to support Icvcls, to  which I shall allude 
below. 'J'l~e objcct half is ahout 2 feet84 irrchcs 

long from axis t o  outer surface of object glass, and meigbs"(witl~ dew caps G incl~es iong but . . 
without levels) 32 tbs. 

The eve half tube is onlv 1 foot I08  inches long from axis to where i t  is cnt off for thc attach- 
ment o f t h e  " cye end" (of \rl~ich therc are two, vide 

Eye l~nll tube. 11ara. 9) by four I~rass  screws. The '* eye enrl" is 
composed of two conccntric tubcs to allow of the focussing atlju\t~ncnt, (\vhicl~ is performed by 
two opposing scre\vs acting on n stud) ~t IS 8 inches loug ~neasnred to t l ~ c  plane of the wires, 34 
inches diameter and mc~ghs G Ills. The weight of the cye lliilf altogcthcr (\vithout levels) is 40 %s. 
The total weieht of thc telcscoue is tI111s 85 + 32 +40= 137 fis. 

(148.) U ~ a c l r  tclescopc ;vas intended to I ~ a r e  a set of four hanging levcls, but  No. 2 was 

Byetern of Lcrele of Trsnsib Instromcnts. 
sent ont bcfore they were rcadp, and thc level bubbles 
~ r o r i d c d  with No. 1 are of vcrv infcrior quality. 

WIlen I~oriaontal coIIimators, and tilc mcrcury trough (or vcrtiial c o ~ ~ i m a t b r )  aI.c used 
together, levcls are not necessary, and thus i t  happens that these lcrcls have never been used 
during the 01)scrvations with eithcr instrument. No  detailetl tlescription ihercfore seems callcd 
for at  present, but as the system is qnite novel a few partict~lnrs will not bc out of place. ( lose 
above and I)clow the cube of the axis, b~qackets arc cast on the telcscopc tubc carrying four arms, 
to whicl~ again t l ~ e  levels nre snspcndcd on spindles, the arms h e i ~ ~ g  long enougl~ to  allow the  
levels to revolve freely on their spi~ldlcs ns the telcscopc is rotnted, always maintaining a position, 
if in adjustmei~t, a t  right angles to  the plane of revelation of tlie telescope. 

The system has certainly advantages over the ~ i s u n l l ~ a n g i ~ ~ g  or  striding lcvcl :-]st. There 

Adrontngrs. arc folly lcrcls in plnce of one-211d. They can be read 
in all positions of the tclcscol~c-3rd. Tlley are  

affected in the same degree as the tclcscope hy axial flexure m ~ t l l ~ y  i rrcg~~lar i t ics  of pirot. 
On the otller hand they l~avc objectio~~nblc fcatr~res, tllc p r i ~ ~ r i l ~ n l  of R I I ~ C I I  are:- 

Dimdrantngca. 1st. Irrrgulnrities of figure of the spindle hearings, 
on which thc Icrcls I~ang,  will affect the levcls in the 

same wny as irrcg~~larilicn of pivot figure, hnt in a 111ucl1 grcatcr tlcgrcr, bccanue thcsc s p i ~ ~ d l e s  are 
only 104 iuchcs long, whercns the nxis is al~ovc 30inrhcs. 2nd. The ;itl , j~~st~nents are very nume- 
rous and tronl)lcso~ne, rind the ~>H'cct on the lercl rradil~gs of resid~lal crror in tllc atljustment of 
the arms, \raricn with the position of t l ~ c  inntrnnic~~t .  'l'l~csc arm n d j ~ i s t n ~ e ~ ~ t s  are of two ltir~ds and 
their effects vary as t l ~ r  nine and cosinc of the altitude respcctivcly. Considcrnble esl~cricnce of 
thc system ( I I I P I I ~ R ~ I C ~  with hcttrr lcvcl bubbles than wc now possess) is requircd, before an 
opinion of its value can be arrived at. 



(16.) The pivots rcst in nearly semi-cylindrical bcnrings of grinmetnl, of their  own length 

Pivot bcnringa. trlltl dianlctcr, but cut alvdty ill thc lower part so tllat 
thcrc is contact ollly on tn'o nrcs of about 60" each. 

The  undcr surface of t l~cse  bearings is spherical, f i t t i ~ ~ g  cx:tctly the upller surfitce of the beds on 
ml~iclr tlley rest, m ~ d  to  n l ~ i c l ~  tlle!r nre attached I)y a Ijolt, passing t l ~ r o u g l ~  a slottcd IIO~C, so tllat 
tile \rholc f o r n ~ s  a u~~iver . ral  joint, wl~ich inswcs thc eqnal b c a r i ~ ~ g  of the pivots t l ~ r o u g l ~ o ~ l t  ttlcir 
length. Again tach of t l~csc  beds rests on n lower or  for~~~d:rtion plate of iron, s l~ ic l r  lastly 
placed on the masonry picrs. One pivot bctl h:ls three footscre\\,s b\. which the lcvel of tllc tmll- 
s i t  axis is acljnstctl, a ~ ~ d  the o t l ~ c r  has a provision for t l ~ c  acl,jnstn~cnt of Aximutl~. 'I'l~c pi\.ots are 
protected from dust by well f i t t i ~ ~ g  caps. T l ~ e  ~reiglrt of cac l~  pivot bed wit11 foundation plate is 
about 40 lb. 

(16.) The  foregoing measurements and weights are those of No. 1 telescope and do not 
in constrlletion of xos, Tclcscopes. profess to I)c w r y  exact. The otllcr iostrutneut 0111~ 

tliWers sligl~tly in any of these ])articolars, but there 
is an importnnt diferenrc in their construction, No. 2 I)cir~g maclc of gun mctol throughout, while 
either the  axis alone or  the w11ole of No. 1 is of aluminiuru-brouzc, 

(17.) I have gone into great detail in  the (1escril)tion of t l~cse  instruments, because ofthe 

IJiWrence of performonre. peculiar d i t l ' c re~~cc~  in their be11;rvionr. T l ~ e  colli. 
mator rea t l i~~gs  of No. 1 are ren~nrlcably constant, 

and are not  affectcd by alteration i n  the uianner of t3ki11g tltc~u. 0 1 1  the o t l ~ c r  l~attd the 
Fnults of No. 2 collimator rc.:itlings of No. 2 alter to an e x t r : ~ o r t l i ~ ~ a r ~  

e x t e ~ ~ t  accortlin:: to the n~e t l~o t l  of observation, owing 
t o  which grave tlonl~ts are tllrown on  t l ~ c  value of any d c t c r n ~ i n a t i o ~ ~  of colli~nation, aud to an 
eqnal degree on all \ ~ o r I i  turner1 ollt wit11 the i n s t r ~ ~ m c n t .  Captain Ilcrscl~el, who used that 
tc lescol)~ c111ring the  ol)scrrations for ditfcrcnce of I iong i t~~da ,  i~~trot luced a strict system of 
rna~~ipulnt ion d u r i ~ ~ g  c*ollin~ation obser~~at ions,  admi~.:rl)ly c :~ lc~~la tcd  to iustire t l ~ c  most rsliable 
results a t  the time, \v l~ ic l~  will also furnis11 a n ~ o s t  \~:1111:1l)le g n i ~ l e  for the apl)lic:~tion of correc- 
tio11s to  the work done, in c:isc l'ntnrc i~~vestig:ltion slronltl ~ ) ~ o v i t l e  data  for that purpose. 

(19.) One  is naturally led to colnDarc the I )c l~nv io~~r  of 'Transit T c l c s c o ~ ) ~  No. 2. with . . , - - -  
t , l~a t  o t ' Z c ~ ~ i t l ~  Scctor No. I, I I : L \ ~ ~ I I ~ ~ I I  view the possi- 

Fm~lts of Trnnsit Tclescopo No. 2 and Zenith Sector 
No. 1 comporcd. bility of tracing their fnnlts to  s in~i l :v  sources, and 

I I~onc  that an i~~vcs t i c ra t io~~  o l ' b o t l ~  c:vried on ~ -- 

together, may be more lilcely t o  lead to  some cklclusion t l ~ a n  \ w i l d  bc t l ~ c  case with either 
treated alone. 

( 0 . )  I n  the "Rlontl~ly Notices of the Royal Ast~,ono~nic:~l  Socicty" (aide P c b r ~ ~ n r y  1873 

Bimilnr lalllt found in Trnnait nt Cnmbridge, 
page 21'3) 111c11tion is n ~ a d e  of an i~~s t rnmenta l  error 
fonnd in the new 'l'r:u~sit Circle of Cn~nl)ritIae Obser- - 

ratory,  exactly similar to one fe:!ture of onr ' I ' ra~~si t  'I'alcscopc KO. 2.  I t  w o ~ ~ l t l  be very interest- 
ing  to  Itno\\, i l ' t l~ i s  reherublance bct\recn the two i ~ ~ s t r n ~ ~ l c i ~ t s  ehtcl~ds b c ~ o u d  the piirticular poiut 
noticed. 

I s l~a l l  here quotc from n memo. of Captain IIcrscl~cl's on the s ~ ~ l ~ j c r t ,  some principal 

pnrtic,llars of bcl,nriour of Tclrrcol,r NO, 2. 
poi~l ts  of t l ~ c  C I I I I ~ ~ I I S ~ ~ I I S  t o  rnl~icl~ l ~ e  came aftnrnn 
e s t e ~ ~ s i v e  scries of ol)acrvations \\fit11 our telcscopc, 

and compare them nit11 t l ~ c  facts observed with regard to t l ~ c  Canrbritlge ius t r~uuc t~ t .  
Cn11t:lin IIerscl~cl S:I\ s :- 

" ~ o ~ i l i l l g  is ~ n o r ~  PICII~IJ. I & ~ ~ ~ ~  b j  crer-j series of expr~~irnrnts, incidrntnllr, t h n n  lllnt t l ~ n  snmr ohjrct mill girc a 
nrmarlca by CnpUln Ilcrscllrl. dillj~.rlll imntr~.*~(~lio~~ rcn~ding ttc.c(~rdit>g a9 1111. d i l ~ ~ , l i ( l n  of 1n.eviou8 

~ n o l i o ~ ,  (Il!rau~rl~ n o\ t s r Ic r  111 n rirrlr) is ono llli!lp or 11111 0th~1. . - ,  
?'he rending of n Ilol.izolltnl collirnntor is 1" prrntrr i f  t l ~ c  tclrarope ix I , I . ~ U ~ I ~ I  rlowtl ( i  r .  lhc'ohjcrt ~ l n e ~ )  l imn tllr Zellitll, 
thsn if it is rnised from Xndlr. Tl~e rnnlc d~ni,rcl~cc is Co~cr~d r c r ~  g(a111.1.nl1~ ~n t  tltc Nudir, if tlw tclracopc is lunlcd ro~lnd 
in dircrcnt \mps, tllr grrntrv rmdil\p hcilng d u ~  to n d~srrnt. tlll.011~11 I I I C  Sln.tll." 

" Prorickd 111111 I I I C  ~ e n c r n l  ru ln l ion  is ronlborrot,a t ho  rrodil~~. s t  rrw? l>oint. nrr conrtnnt, rxccpt. prrllnps nt stsrt- 
ing. If nc  cnll t l ~ c  rotntion l h r o u ~ l i  Kol.lll, Zcnilll, Yo11t11, Nndir "direct," u n d  t l ~ c  conlrnry "rcrersc" nlld I f  after OUe 

or two 'direct' rotntio~ls the rendings (of the North nlld s o ~ r ~ l ~  collirnnlor n l ~ d  the morcor j  t ro l~gh respeclivuly) arc 
N 9 N 

"tl~en nltcr 2 or 3 "revcrao" rotnliolts llle rcndines will ho 
i V +  1" B -  1" nr + I "  

I f  now t h o  rotntion, renrine to h r  mntinl~nue Irrrurnt.~ ncc i l ln t~s r ,~  I I ~ I . O I I ~ I I  l ~ n l f n  circlr, t lw  rlcmcnt of ronrlnnry di3nppcnr8, 
and n prqrrr.rrrr rl~nn:c i q  nutironbl,~ in rrndiltgr x ~ l ~ i ~ l )  W , , I I I ~  o ~ l ~ ~ ~ l ~ \ v ~ r r  hv ~ ~ r ~ ~ ~ ~ ~ ~ r I ~ t c r d ,  11n1il n I ~ n n i t  is I~CIII .IIPII  r ~ p r J i l l g  
a.hii.lb Ilhe8.e i. nt!~vlb c ~ n I l i ~ ~ ~ i ~ ~ ~ r ~ i d r ~ ~ ~ ~ - n ~  to I l l r  I ~ ~ I ~ , I I B ~ ~ ,  , , O , , C  :XI I D  tllr ~ip,. lllllr ~ s ~ ~ i l l ~ ~ t i ~ ~ l l  is llll.011g11111~ 
Zrnitll llle rcnrlinps invrrnsc, nnql il. 11~1.nto~l~ tlw Xn<lil. 1 1 1 ~ ~  1 l ~ ~ ~ ~ i ~ ~ i . 1 )  : 11ic I.:~IC o(. ~. l lnn;u  rlrprlldlng on wllnt  l h a  Illst 

condition wnr, hr inp  rupid i f  ~ l l r  1s.t rrns1in.r II~IT,,~~.! ln l l r l l  hlrn 1 1 , ~  l i l , , i l .  f J l l r  10 tn1  C I K I I ~ ~ C  11 l a t ~ t c l ~  grentcr i n  I I I c I u ~ I . c ~  
thun in Ihe upper ~ ~ s r ~ l l ~ ~ t i ~ ~ ~ ~ ,  bvine ("or 5" i n  1 1 ~  111111.r to  2'' or  a'' 11, ( I I C  I ~ ~ I ~ I v I . . ' '  

T o  this I luay add, that aftcr oue liincl of I I I ~ ~ ~ O I I  11:~s ~ I I I ~ I I . ~ : \ S C ~  its cffcct on t l ~ c  Telescope, 
t h ; ~ t  c.lli.c,t SIY-111s to ~ C I I I : I ~ I I  p ( ~ r n ~ ; t ~ ~ r n t  1111til n1oti011 0f 

Addilinnnl f e n l ~ ~ r r s .  ;luotIlcr. l i i l l t l  is g i \ , c ~ ~ .  '1'11(~ trlcscol~c sl1o\v3 110 sign of 
recovrril~g a 11or1na1 povitio~r if nllonctl to rc~nnill nt rest. ,\l*o t l~n t ,  iu ortlcr togivc: the ef tkt  of 
any partic:ular ~novcrnrnt, i t  tnnst I)c ci~rried to a cousidcr;tblc c s t c ~ t ,  a qrlndraut at least. Nolv 
quotiug Dom the mouthly uuticc~- 



( I  W l ~ c n  tho instrument is tumcd through tho sooth lloriron to the Nndir, the rentlin~ o l  the ohsrrrcrl Nndir point, is  
P ~ ~ ~ I F U I I L F J  UI to T r ~ n t i t  elrclc nt Cnrnbrldne. o h o ~ ~ t ,  1."5 in rxrrss of that whirh i.s ol,tninc,l rrltrn Illc inslrrtmrot is 

turned thro~~qh l l ~ c  north l~orizon to tlrr Kndir." I t  is nrlJv<I (pone 
220) thnt nfi,~r mnng rxpnrirnonts were tried to correct this error without c l l i~t -"  Prol;~rao~. Adntns T0nl.s Ilc:rt tl~rrr isOn 
defect at some point o l t l ~ e  tnhc ilsclf so H~nt it ~ i c l d s  to a cerlnln rxtcnt nnll does not rccorcr itself until its nyigl~t is 
brougl,t to sct in tho opposite direction. If this bo tho case, tho only cure of the cril will be to roplocc the fuult.~ tuba 
by a new one." 

(21.) The chronographs are called A and B, and are cxact1.y alikc. They were made by 
B4essrs. ICicl~ens and kIardy of Paris, thc latter taking 

 chronograph^. cl~arge of the Electric arrangements. 
T l ~ e  instruments may be said to consist of 3 parts :- 
1st. The clock work for driving and regulating. 
2nd. The revolving barrel carrying the paper on nhich the record is imprcsscd. 
3rd. Tlle carriage carrying the recordiug s tylcs. 
(22.) The regulator, so far as I know, is of quitc a novel construction. I t  consists 

of a pair of govcrnor balls col~nrctcrl, 11y a train of 
Tho regulator. tootl~ed wheels, wit11 a small fan revolving on a 

vertical spindle, a t  the rate  of about 30 revolutions per second, insitlc a fixed cylinder, i11 the 
circumference of which little windows are cat  for t l ~ c  pausage of air. An outer cy l i~~der ,  
with a corresponding set of windows, fits closcly orcr the fixed OIIC, and is co~~nccterl with the 
governor balls in  such x way that, as the latter risc owing to  an increase of speed, t l ~ c  outer 
wi!ldows come into coincidence with the inner and allov the air to pass, ~ h e r c b y  the rcsistauce 
offered to  the fan is increased and the rate of the mac l~ i r~e  checked. 

The two instruments present a curious diffcrc~lce ill thc action of this regulator. I n  B i t  

Curious di~crcuco in bchnviour. 
never rcsts for an instaut, the outer fin-cylinder I~ciug 
in a constant statc of oscillation : hut in A i t  urescrves -. 

one position pretty steadily for a ml~ile and then shifts to another. This difference has always 
existed and its cause could not IIC traced by the maker himself. As might be expected, the rate 
of B is found to  be more uniform than that of A. 

(23.) The b u r e l  is 113 iuches wide and 3 fcct 1.6 inches in circumfcrcncc, and weighs 
about 451bs. Each instrun~ent  11as three spare 

The bnrrel. barrels. The paper used is about 3 fcct 2f inches 
long and is put on  with common paste. 

(24.) The style carriage rests on a table parallel to  the axis of the l~arrcl ,  and is 

The stjle cnrrisgc, kc. 
made to  travel :11ong it by a scrcw which is geared 
with the barrel. Tllcre arc two stylcs carricd 11y arms 

which project over the barrel, SO that  the stylcs rest upon the paper, and trace x spiral 
thereon, progressing a t  the rate of slightly more than & inch per revolution. The barrel is 
intcndcd to  revolve once in 2 min i~ tes ;  l~cnce thc whole of i t  is traversed by the styles in  
about 3 hours, and a second of time corrcsponds to 0,313 inch linear space. T l~ere  is a third 
arm which can also be furnished with a style if requirctl, but it usually carries a small 
sharp-edged roller, which presses on the paper and traccs a line thcreon. The styles terrni- 
nate in rounded platinum points wl~icli should rest as lightly as possiblc on the paper. The arms 
are insulated from the metal of the carriage 11y a block of ebonite. The points of the styles 
cannot be brought nearer to  one another than about inch, they are therefore acljulsted 
to  follow one another a t  x convenient distance apart, tracing parallel lines just so far scpamted 
as to  prevent possible coincidence of the marks n~ade .  The record is made by electricity, the 
paper being prepared for the pnrpose, as will be explained. 

(25.) There are several provisions for ungearing the barrel, style rarriage, kc.  and for 
raising the styles off the paper. Thc details of these instruments are bcautifi~lly worked out, 
a degrec of care and atteution wliicli is uot ofteu mct with in  like matters, being give11 to the 
most insignificant parts. 

The behaviour of B may be considered perfect, that of A is not quite so satisfactory. 

(26.) The clocks are ordinary astronomical 8 day clocks by Frodsl~am, cxactlp alike, 

Tho Clocks. 
wit11 the nsnnl arrangement for breaking an clectric 
circuit evcry second, oi::, l>y a 60 toothcd ~ v l ~ e c l  

revolving once in a minute. One tooth is cut off so that one second signal is misserl, this is 
made to  agree with O' on the dial, and thus t l ~ c  commencement of each minute cat1 be traced. 
Table I V  will give some idea of the performance of these clocks. 

(29.) The method of obtaining the record by electricity is as follows :-One style is al- 

The motl~od of rccording by sloctricity. ways in connection with the clock, and tbe other is 
ecncrally a t  the disl,osal of t l ~ c  obscrvcr, hencc they 

will be apoken of as the "Clock Style" a n d  ( ' ~ b s e r v a t o r ~  styie." Eacll has an electrical appa- 
ratus composed as under. 



1st. A mctallic circuit pnsses tlirough tlic clock, a voltaic bnttcry of any sort, and tile 

Rrlny-cirroit. coils of a rclay, the armaturc of which is acted opon 
by a spring, so thnt i t  is drawn away from the " con- 

tact stud" ~vhencver the current is broken its range being limited by a '' back stop." This 
circuit is called the "relay c.ircuit." 

2nd. A Bunsen battery is placcd in a metallic circuit which passes tlirough the core of a 

Dunsen bnttety. Ruhmkorff, or induction coil, and is complete while 
the armature of the relay touches the ' contact stud.' 

The outer or small wire of the Ruhmkorff coil is carricd to the chronograph, one end 

R~ihmkoriT coil. being attached to thc foundation plate, and the othcr 
to  a style, so that tlic metallic circuit is only inter. 

ruptcd by the paper, which intcrvenes between tlic poirit of the style and the mctal of the barrcl. 
(30.) Thc'relay circuit' being broken by the clock, the  relay coils become demagnet- 

A s ipn l  by clock trnccd. izerl and tlie armature is drawn away from tlre 
'contact stud' by the spring, thereby brcaking the 

Runsen circuit and causina the demametizatiou of the corc of thc llnhmlcorff coil. The conse- 
quence of the last effect i< thnt the iiduced electricity in the outer wire of thc coil, whiclr is of 
coiisiderable tension, oaiiig to  tlre length and finelless of the wire, is discharged througl~ the 
paper, leaving thereon an indelible mark, always spoken of as a'dot' .  This process is gone 
through at  cach beat of the clock, aud second ' dots' are recorded on the paper only omitting 
the  first of each minute. 

(31.) An exactly similar arrangement is provided for the 'observatory style, ' the ' relay 

Simiinr m n g e m e n t  for obaerrer. circuit' in  this case being broken by the observer 
at  pleasure by means of a key or tappet which he 

holds in his hand. I t  should be notcd that all signals are made by break of circuit, a method 
undoubtedly superior as regards instantaniety to the opposite plan of signals by making circuit. 

(32.) There must of course be an intcrval of time between the gencration of the 

'%tnrdution." singal by the clock, or observer and the record 
thereof on the paper, and this 'retardation' of 

the  signal has been the subject of considerable discussion. The demagnetization of a coil on 
inturruption of current may be co~~sidered instantaneous, for successive changes of magneti- 
zation and demagnetization have been obtained at  the rate of 14,000 a second ( see "Electric 
Telegraph, Lardner and BrightJ' page 26). The act in  which appreciable ' retardation ' creeps in, 

Where it occwe. 
if a t  all, is in  the~vithdrawal of thcrelay armature 
from the ' contact stud ' by the spring, for until the 

separation is  complete the signal cannot pass. The tension of this spring should thercfore be 

l'rcmutions. as great as possible, compatible with certainty 
that the attraction of the coils when remagnetizecl 

will be sufficient to overcome it, failing which the armature will be held back and the circuit 
permanently interrupted. A spring which loses its tension very rapidly on being relaxed is 
tlie best adapted for the purpose, because the attraction on the armature varies inversely as 
the  square of its distance from the magnet. For the same reason the 'back stop' should also 
be  adjusted to  allow as small arrange as convenient. 

133.) The c h r o n o ~ r a ~ h  affords the means of measurine this ' rctardation ' as follows : 
, #  " * 

Menns of meosuring ' retardntion.' 

~ ~ 

I f  tlie ' relay circui? of one style is passed through 
tlie other stvle, so as to be complete while i t  (the 

latter) is in  contact with the metal of the barrel, then cy brcaking this contnct, a spark is pass- 
ed through the first style. The first style is placed on a strip of paper and the second on the 
bare barrel, close alongside, (thc metal being scrupulously clean) lines are drawn with thick 
ink across the paper aud metal parallcl to tlie axis of the barrel, and tlre chronograph is set iu  
motiou. The ink lines are quite sufficient to break the metallic contact arrd record 'dots' on 
the  paper, and the distances of these ' dots' from the lines causing tlicm being compared with 
the actual distance of the styles apart, afford an absolutc measure of thc 'retardation'. 

This experiment hns been tried sufficie~itly to slio\v, that wit11 good current force allow- 

Besdts of suclr meaaurcmont. ing df strong spring tenGon, the 'retardation ' is 
barely appreciable, but that i t  is easy to make i t  

very sensible by decreming the currcnt force, a d  n k c e ~ s i t a t i n ~  a weak spring. 
Provided that the c u r r e ~ ~ t s  used are at  all fit for w o r k i ~ ~ g  with, the effcct of 'rctardation' 

need cause no anxiety whatever; because, besides the minntencss of thc quantity, i t  must be 
nearly constant, and so long as i t  is constant its magnitude is of no importance. 

(34.) The paper is prepared by dipping, first in a solution of ferro-cyanide of potassium 

Prcpration of paper. 
and then in one of chloride of calcium, thc latter 
being intendcd to keep the paper propcrly damp, but 

i t  is always sadly dependent on the state of thc atmosphcrc. While working in this dry climate 
in  February I was driven to despair by the dilliculty of keeping my paper damp enougli, and 



afterrnards in Madras, I mas forced to  havc a lamp alaays burning below thc barrel, 
because the paper was too damp for use unless i t  fclt quite warm to the hand. 

We found clrloride of calcium a very difLcolt article to procure, and I bclicvc we 
bought up nearly cvery pound of it to be had in India, in Dccembcr last. 

(35.) W e  have always used Rlenotti battcries for the 'relay circuit,' as thc most con- 

~ ~ t t ~ ~ i c e  'rcloy circuit.' 
vcnicnt from their sirnl~licity and constancy, and 
hccause they are universally uscd hy the Tclcgraph 

nenartment in  this country. This part of the apparatus gives no trouhlc, as soon as ouc has 
--L 

Objection to Dunecn bnttcriee kc. gaineXvcry s ~ i & t  experience in.ac!jnstiug the rclays. 
I wish I could say as m~lcli of the Dunscu l~attrrics, 

which on the contrary arc very troublcsomc and rcqoirc c o ~ ~ s t a n t  care and attcrition. Wlrcrl 
all goes well, that is wl~erl the Burlsen bsttcrics are wor:ting properly, and thc paper is in exactly 
tile right state of dampness, the record is all that cau bc desircd, t l ~ c  clcctric spark leaving bean- 
tiful black 'dots' hut the slightest fault any whcre mars the record terribly, and iucrcascs in 
proportion the labour of reading i t  afterwards. 'l'he Uunscn battcries arc also ol~jcctional~le, 
because of the nature of their ingredients, viz :, Sulphuric and Nitric acids, which are very ex- 
peosive, not always easy to procure, and very troublesome to carry about. For all rcasons 
tile substitution of something else for this part of the apparatus, mould he a very great 
advantage. 

(37.) I shall now pass on to  the actual field operations. I n  Novcmbcr last we 

Prclirninary practice. 
began work wit11 the instruments close alongside of 
each other, and took a number of observations for 

practice. 
\Ire then took up positions at  the two ends of the Baw-line, to connect which a flying 

On Base.line. telegraph line had been erected, and went through 
further practice, exchanging stations in the middle. 

These observations when rcduced slrould afford valucs of the dilfcreucc of longitude of the two 
ends of the Base, and of our rel:rtive personal equatron, at  that time. 

At the beginning of March wc attacked the Madras-Mangalore Arc, Captain Iierschcl 

Madras and Mnngnlore. remaining here, a h ~ l e  I proceeded first to  Madras 
and aftermards to l\langalorc. 

(38.) The station at  Madras was about 65 feet due north of the mcridioual circle of the 

Btation at Madre. Madras Observatory, which Major Bran fill conncctcd 
with our ~ r i n c ~ u a l  triancnlation in 1863. 

6tnlion at Mnngolorc. ~ h c  ~ongitube station at  ~4angalorc was 63 fcct 
due south of the trigonoruetriral point. 

At Madras advantaze was taken of the ocrmanent mire conncctinz the Observatory - - 

Tclegnpl~ eonllcctions. with tl;e telegraph olfice, and at  sfangalore a tempo- 
rarv line of about 3 mile in  l e n ~ t l l  was errected 

between the telegraph office and our station.. 
- 

At Bangalore, Captain Herschel's station, the S.W. End of thc Base, was also conncctcd 
with the telegraph office. 

(39.1 Owinrr to the difficultv of obtaininr the use of the lincs excent for short periods, . . - . - -  - -  u 

Sptem of observation. we \\.ere obligcd to adopt the syste~n of colnl~aring 
clocks at  certain intcrvals. Captain I-icrscl~cl hat1 

obtained the concession of the line for four periods of 15 r n i ~ ~ ~ ~ t e s  cach, during each night, and 
Nightly progmmrno. he adopted thc following programme. At I I ~ I I ~ Y  8-30 

to 8-46 ; 10-30 to 10-45 ; 12-30 to 12-45 ; and 2-30 
to 2-45, Madras M.T., the line was claimed for clock com~~arisous. 

The intervals &re appropriatcd to obscrvation of trnnsits, collimation kc., thus : 
At Madras 8-50 to 9-10, Transits ; 9-10 to 9-55, Collimation and Lcscl ; 9-55 to 10-15, 

Transits ; the samc order Ijeing repeated bctwecn cach pair of Clock Comparisons. 
Exactly the samc division of time mas observcd at Ba~~galorc,  or~ly rctartlcd by the ditTer- 

ence of longitude, with a view to the same stars being observed at  both stations. 
Acting on this principle, any star is ns good as any ot l~cr  for mcrc dctcrnlination of 

diffcrcr~cc of longitndc, ant1 stars wcrc tl~c~.cforc 
Clioieo of stnrs. sclcctcd followi~ig caclr othcr as ral~idly as convcni- 

ent for obscrvation, care only being taltcn, to ol~scrvc cvery Nantic:ll Al~rra~rac Star availsblc for 
the determination of Clock mtes. We wcre tllns nblc to act 6 to 10 stars in each interval of 20 
minutes, giving in a full niglrt's work :11)0ut 45 or 50 stars obscrvcd at  both stations, aud tlrcrc- 
fore as many i ~ r d i v i d ~ ~ ~ . l  ~ncasures of diffcrence of longitude. 

The Transit telescopes wcrc not rcvcrsctl on thcir pivots througlront the 01)serrations a t  
Madras, Dangalorc and R1:~11gaIore, R I I ~  thc p o s i t i o ~ ~  

rosilion of Toleacopcs. of No. 1 at M d r w  aud fifougalorc \\'crc the samc. 



There are adrantrlges in preserving one position, but  on the whole 1 think reversal in the middle 
of observations a t  each station would be iudicious. 

(40.) Tlre method of comparing clocks, which me finally adopted, mas as simple 
possil)le. Observer at  E (East Station) took tllc initia- 

Clock comparisons. tive, and at  the agreed time gave the ordinary call 
signal to tlre t e l c g r ~ ~ l ~  office, continuing i t  until put in conncction with TV (Ves t  Station). E 
then placed his clock in circuit mith line wire aud battery, so as to  transmit second signals to 
W, ~ 1 1 0  received them on  his chronograpl~ paper through the ' observatory stplc,' alongsi[le of 
those made by his own clock. E continucd these until an agreed instant, or u~rt i l  sto1)ped by \V 
breaking his connection with carth, and iu either case he immediately prepared to reccive similar 
signals from W. Onc minutc was considered the minimum for a set of signals. and the intrr. 

- ,  - -..".a- 

change of two such sets composed one " complete comparison," from whicl~ a mean diference of 

cloclzs can be dedoced with the cffect of the  transmission delay of the signals eliminated. ~f 
n o  hitch occurred a 'complete comparison' only occupied from 3 to  6 minutes and left i n  --." 
minutes at  our disposal, h e  uscd h e n  to redeat t i e  process reversiug the direction of . . 
current. 

The first set  of simalsmere almavs transmitted with zinc to  earth at the transmitt;,,- .. -.-- ".., - station, a r ~ d  this mas called " forward current :" fo: 
Reversal of current direction. 

t l ~ e  second set, copper was put to cart11 by tile 
trmsmitter. and tlre current was called "backward." The idea was that a difference of tvnnc- - -  -.-..- 
mission velocity due to current d~rect ion might possibly be found, besides which in case of tile 
existence of cart11 c n r r e ~ ~ t s  (a very common case on t l ~ c  13angalore-AIadras'linc) they rn~gllt illter- 
fere more a i t h  signals given with one direction of curreut than with the contrary, and tllcrefore 
the systematic use of both gave the  best cl~ance of snccess. From two ' complete comparisol~s' 

Determination of trnnsmission drlny. 
the follo~ving can be deduced, vir-:, t ~ o  me-an clock 
differences, from each of which the effect of tramis- 

sion delay ( = r )  is eliminated, hence the rclative clock rate during the interval becomes know, 
and lastly, by applying this rate four values of can be found, aiz : 

r  from E to  W with 'forward current'  
TI I ,  W .to E ,, do. 
r2 ,, E to  W ,, 'backward current'  
7, ,, W t o E  ,, do. 

I f  r, T,, &c. can be accurately determined any signal may be utilised for determining clock 
difference, if only the current direction be known, otherwise no incomplcte comparison can be used 
without introducing an error equal to 7.. 

(41.) For two nights on each section me ol)tainerl the use of the linc wire for two I~ours at 
Bgatem of recording aimultolleously on both a time, with a view to trying thc system of simultaneous 

chronog~aphs. record of transits on both chronograpl~s, a system much 
superior to that depending on clock cornpa~.isons only. Hcttrccn nfadraa and Bangalore clouds 
preveuted our taking advantage of this concession, but  on the Bangalore-bIangalore section ve 
were more furtunate, and got a good many obser\~at~ons, though not nearly so many as could 
be desired, owing clriefly to  my Bunsen batteries at  Mangelore brealzing down at  a crit~cal 
time. 

On this system me began by a clock comparison as usual, then both of us observed transits, 
each recording simultaneously on both chronographs, and again comparcd clocks. Both before 
and after we each took transits for local clock rate. 

(4.4.) I returned to  Bangdore from Mangalore on the 10th May and me then undertook 
a set of observations to determine our relative per- 

Return to Bangalore. sonal eouation. 
The instruments mere put up alongside of each other, and on four nights me observed a 

Obsamations for " ~ e m n n l  Equation!' 
set of stars changing telescopes in  the middle of the 
set each nieht. and alternatinrr the order so as to " ,  - 

eliminate the efiect of change of stars' places. 
These observations were recorded mith a common clock on separate chronograph~. 
On a fifth night we took divided transits, changing places at the samc tclcscope in the 

middle of each, and changing the order for alternate stars. \Ye did this with both instraments. 

(45.) Owing to  the two atyles following one another on the barrcl, the events recolded 

" Stylo Eguntioo." 
by the lending style will appear to have t a k c ~ ~  place 
Inter, with rercrence to  the otl~er, than they really 

did. The correction reql~ired to  reduce the 'ol~servatory stylc' to the 'clock style' is 
called the " stylc equation" and is generally nearly exactly one second. 

Our original system of determining tlre 'style equation' was I)y putting the C~OC!+ in 

Original method of its dctcrminntion. 
connection wit11 110th styles, so that they rccor~lcd 
the same signals on the rcvolvitlg barrel. If constallt 

strenth of currents could be insured for each relay, tlre 'style equation' by this method would 



contain thc cffects of 'rctardation' of 11otl1 rclnpn, nntl tl~crcforc in apply in^ i t  to thr: ohsrrvn- 
tions t l~csc rffccts \vonld Ilc con1l11ctc:ly clirnin:itctl, 

Objcclions. bnt practically it is in~possiblc to mai11tni11 snc l~  roll- 
stancy of current, particnlarly when taking the 'stylc equation' in conjllnction with cloc~lc 
comparisons, for t l ~ e n  thc cloclc not only mnlccs the doul)lc sct of marlcs on tllc local barrel, but 
is also in conrlection 114th line, and marking on thc far barrcl. 

I n o n  think the system of applying the ahsolutc distance, mcasnred by passing s spark 

Mcthod preferred. 
tllrongh each stylc on thc barrcl at  rcst, is t l ~ c  Icnst 
lilccly to introduce error, the eKccts of ' rctardatio~i'  

being guarded apninst by the precautions noted i n  para. 32. 
(46.) With a vieatomaintainingconstancy of currcnt foreach rclav thro~lphout the opcra- . . 

Original orrangcnlcnt of bnttcrien. 

- 
tiou of comparing clocks and talcingtlle correspond- 
inz run for 'stvlc eountiorl'. \\,c becan worlr i~~c ~vitIl 

# .  n - - - -  
a somewhat complicated arrangement of battcrics, the rationale of rnl~ikll wouicl be troublcsomc 
to explain intelligibly on papcr. I t s  chief feature was, that the polvcr was divided into t\vo 
halves, one placcd a t  each station-that is to say, if 10 cclls were rcquircd to givc a working 
current on the line, me tlividetl them into 5 at each cnd, of course taking care that t l ~ c  opposite 
poles were put to earth. I t  took us a great dcal of trouble to bring t l~ i s  system into 

I t s  dificulticn. 
worliing order mhen we wcrc or:ly sep:~ratcd by t l ~ c  
short wire along tllc Uasc l i ~ ~ c ,  and when \vc trictl it 

again between Madras and Bangalore, over 200 miles apart, i t  mas, as might be expcctctl, m n c l ~  
more troublesome. I helieve the difficulty was duc to want of perfect insulation on t l ~ c  linc, 
allowing the current to  escapc to eart l~,  a coudition wl~ich must obtaiu in all land wires to 
greatcr or less dcgree. 

If the ir~sulation were perfect, the current force on tlle whole line from 5 cells at  cacll 

Cnuses of fniluro. end mould he exactly the same as from I0 cells nt 
one cnd, and if the line mcrc cut at any point (cou- 

tact with earth of course not Ijeing allowed) all current mould instantly cease. 
With a battery only a t  one cnd, breaking the circuit nt that end must of coursc cnt off 

all currcnt, But  wit11 two batteries acting in concert, when t l ~ c  current of onc is cnt off' that 
of the other mill not cease entirely, because the faults of the whole lille will rcmain open for its 
escape, and there will be residual current of greater or less force according to the positior~ a11t1 
resistance of the faults. This a a s  w l ~ s t  we fonnd, and the residual cnrrcr~t w:rs strong cno~lfih 
to prevent the brcak circuit signals from the far station being perceived. T l ~ c  systc~n ~vorl;ctl 
well at  times, hut invariably ei t l~cr  became very uncertaiu in its action or broke down alto,rrcthcr 
under the influence of dew, mhich mas remarkably heavy a t  Madras. Aftcr s truggl~ng to  

Abnndonment. maintain i t  for somc days, n e  thrcw it over by lntl- 
tual consent in favor of the simpler plan of a battery 

at  the sending station only, and from that time we had no further trollblc to speak of. 
(47.) I think I may say with confidence, that no difficulty will hc~~ccforth he cxpcri- 

Opinion oe to future similnr operntion. enccd in carrying out such operations, bctweci ta.0 
stntions conuectcd by a fairly mcll insulntcd wirc of 

nny modcratc lengtl~, say 500 or 600 miles, and I sce no reason to doubt the prnctical)ility of 
using much greatcr Icngths of sucl~ l i ~ ~ e  in favorable weathcr. During espcrirnental work 1)c- 
tween Madras and Bangalore, we obtained worki~lg currents on at  least one occasion wit11 only 
one hfenotti ccll in use. 

(48.) I shall now offer somc rcrnarlcs on t l ~ c  rcdnction of thc obscrvations. T l ~ c  first 
Tllc ~.oduction. thing to bc done is of coursc thc tra~lscription of 

the chronograph sl~ccts, and this is most Ial)orions 
and trying work, involving scveraldistinct o~crations. 1st. The sl~cet  is cxaminctl, and t l ~ c  

Trnnscription of chonogrnpll shech. transits markcd out so as to he easily follonfcd. 2nd. 
T l ~ c  'stylc eqnation' has to be npplicd, rvl~ich I 11avc 

always done as follows:--The bcst mcan value of the cquation that can bc got from thc rccordctl 

Applicntion of ' etjlo cquntion.' vnlucs, is tnlicn I I ~  a i t h  a pair of cornl~nsscs a1111 
priclrcd off on thc papcr scvrral timcs ovcr, for rc- 

fcrcnce and rccovcry in cilsc of nced. T l ~ e n  putting one point t ~ f  t l ~ c  compasses in the ccntrc of 
a transit ' dot ' with the othcr a prick is mntlc in thc line of the clock ~narks,  and tl~crcfore 
exactly in the position tllc 'dot' would havc hcltl Ilad the diffcrcncc of stylcs bccn norl- 
existent. 3rd. T l ~ c  position of thc priclcs so madc, is rcad off by n sm:rll glass scnlc on whicll 

Rooding o L  lines arc drawn dividing a seconrl spacc into 1 0  
cqual parts. T l~ is  I)cin,rr apl~lictl to ally sccontl con- 

taining n prick, 60 that the outcr lincs of t l ~ c  scalc iutcrscct t l ~ c  sccond 'dots' t l ~ c  ~~ri,.lc is 
rcad off to ;i3r, and by estinlation to :,,s. T11c lincs of the scalc converge, so that it c:ru LC 
rdaptcd to second spnccs of different l c ~ ~ g t h s .  



(49.) When the chronognph rntc is vcry bad, and irregular, i t  may Bc ncccssary to al,nlv 
the eqiiatiou in this way to avoid scnsil~lc eirors 
if the r:rtr is fairly stc.ntly, as it is in t l ~ c  vast maioritv .' ---.I 

of c:tscs, thc 11~1dication of thc Cquatioll to tllc NCmI of 0l)srrrations is all that  can be rc(,uircd. 
T l ~ e  process, has I~ i t l~cr to  n l ~ ~ a y s  beell gout tlnougll as it dors not take long, is more rigorous, 
alltl m:tkes the record easier to read, but its ndv;ii~t;~gc is ccrt:rinly oprll to q~lcstion, as t l ~ c  [nillute 
errors intcntlctl to bc aroitlcd arc of sl1c11 a kintl as to be certain to carlcel each other in tlic lollg 
ruli if alloved to enter, and moreover similar crrors may bc iutroduccd in the process of applyiug 
the eqi~ation. 

Tlle rate and ease of rcading off is very dependent on the clearness of the record sheet, 
and t l ~ c  rate of the chronograpl~. Under favorable conditions, I have pricked off and rend 
33 trnnsits, aggregating 635 wircs, in  2 hours, ~vliich givcs an average of 5.3 'dots' per 
minute. 

(50.) Every wire rend is reduced to the centre wire, for which purpose the wire intervals 
were computed for ercry star observed; the Equatol*ial 

Red~~ction of transits to ccntrc wiro. iutervals having been in the first placc determined by 
nnmerous transits of stars of small N.P.D. The case of missed wircs is so common, that this 
mcthod is vcry much simpler tllau tliat of reducing to the mean of wires. 

(51.) All Nautical Almanac stars observed are used to dctcrmine the clock rate and 
B t ~ s  obnorred Tor rate rind s z i ~ n ~ ~ l l ~ d  dorin- azimuthal deviation at  each station, each night, 

tion. and this I think has been the weakest part of our 
work, and the part most open to improvement in future similar opcrntions, first by the irrtrotluc. 
tion of distant referring marlts or better fixed collimators, and secoud, by more attention 
to  the stars used for the purpose. 

But  no possible error in these determinations can appreciably affect the resnlts of our past 
work, because absolute rate i~ only required for-tlle 

Absolute clock rote of little consequcnco on that nrc. reduction of one clock to  tlie other, for tlie interval 
due to  difference of longitude, or during about 11 minutes. 

The importance of this point increases in  direct proportion to length of the  arc of longitude 
under measurement. 

(52.) Both determinations of local clock rates are combined with the relative clock rate 

Combinntion of clock rntes. 
given by the clock comparisons, to  deduce on absoll~te 
rate for one clock. I n  doinz this the rclativc rate bv 

the  comparisons is considered as correct, being far more trustworthy thnn that given by a combini- 
tion of the two conlputed absolute rntes. The t n o  latter are then assigned weights, (sorne\vhat 
nrhitrarily) according to their agreement each day wit11 the mean of all days, on the groonds tllnt 
the  clock comparisons, ss well as the daily clock errors, show that the general clock rates were 
very steady. 

The following simple combination then gives the nbsolute rate adopted, say for the nest 

clock, = + ( - "), where r ~ ,  7 ) ~  are the computed absolute rntes, with wcigl~ts rn, n, 
n + m  

and R is the relative rate by clock comparisons. 
This is the course which has been followed in the reduction of the Bangalore-Mnngnloro 

observations, but it may reqi~ire modification on other occasions. 
(53.) The relative clock rate is found to vary slowly during each night's work, and its 

Rclntivo clock rnto vnrice. 
value tllrn is different from the value during 24 hours. 
These differences for stations Bangalore and Mango- 

lore nre shown in tahlc IV. 
I t  would beintcresting to comparc thcsc changcs of rate with readings of the Baromctcr 

nnd Tllermomcter taken durlng the observations, nnd i t  is a pity that i t  never occurred to us to 
use those instruments. 

(54.) I shall now proceed to  give as much information as possible as to  the results ob- 
Re~ulle. tained. 

The results of our observations for relative personal equation arc given in tab lev  and give 8 

Pormnnl equntion. 
mean value of O"036, Captain Hcrscl~el's time of ob- 
se rva t io~~ being so much later t l ~ a n  mine. Anotller 

value of equation will I hope he arrived at  when the observations 011 thc Rase line are reduced, and 
i t  \\ill certainly be more satisractory to have a value hot11 beforc and after the principal opera- 
tions, but we had both done so much prclimiuary practice before commencing the final work, that 
we must have entered on the latter wit11 strongly acquircd habits of observation, and no after 
chnnee in our equation necd I think bc apprcl~cndcd. - (55.) f h c  resultiug values of di'kerence of Longitude bctwecn Bangalore-Mangalore arc 

DiBmoec lollgiludo Bnngolore.Mnngolore. 
given in tahlc V I  and these may be considercd as 
nearly final, thouall possiblv open to slight correc- . - 

tions, which may be arrived at  by treatment of thc results th~msclvcs. 



(56.) Let us examine horn such a discrepancy can nrisc, first supposing it to hc ccrtnin 

Discordnnce of results ernmined. 
that there mas no mistakc ill t l ~ c  itlcntity of thc star 
obscrvcrl at  each station. The clocl; compnrisonr 

shorn the relative rate to progress sostcadily, that i t  must bc considered as heyond suspicio~t, 

n l e y  cannot nl.ise From ell.oneous clock rote. 
that is to say, thcsc discordances car111ot be rcasouably 
rcfcrrcd to irregularitics in cither clock. 

The mean p.e. of a transit, as given hy 10 cases choscn at  r a ~ ~ d o m ,  is _+ "006.9 ant1 

Nor Gom obserrntio~~ errors of tronrils. 
+ '.007 for Telcscopcs Nos. 1 and 2 res~~ccti \~clp,  
therefore the combination of the two mill or~ly ac- 

count for a probable difference of '.010, and an estrcme dilfcrencc of sap 8.025. There only re- 

Or errors of Azi~nutll. 
main t l ~ e  ins t rumc~~ta l  corrections to IJC considered, 
viz : thc corrcctio~ls for hzimnthnl deviation, collima- 

tion. aud dislevelment for each instrument. Of thesc, the first most be al~solverl. I~ecansc anv -.--, 
discrepancy arising from it, could not fail to be traced at  once, by comparing the results df 

Thcrc remnin only errors of collimntion nnd lercl. 
North and Sout l~  ircnith stars, and if such were tmccd 
i t  n.ould be casv ant1 legitimate to correct it. W e  

must therefore turn to the collimation and level eorrcctio& and here me find ourselves face to  

Unecrtninty a to these errors of Telescope NO. 2. 
face with the fact noted in p a n  17, viz : that from 
the collimation and level readings of Telescope No. 2, 

no certainty can be placed on any value assigned to these corrections, aud an equal uncertainty 
must attend all observations taken with that ins t rume~~t .  

(57.) The errors t l ~ u s  caused may he of two kinds-1st. they may be very uncertain, 

Resulting errors may be of two kiods. 
aud therefore tend to cancel each other ; or 2nd. they 
may be regular, thus introducing a constant error 

in the results. I f  the first, their existence need ca<se no ansiety as reg6ds the resrdt of a 
considerable series of observations; if the second, we may hope by a course of observations 
adapted to the purpose to arrive at conclusions, whicl~ will cnable 11s to correct the results now 
obtained. 

So far as can be judged by comparing the resulting differences of longitude, given by 
the same star on different nights, these errors appear 

Most probably irregular. to  be of the first kind. This is corroboratcd hv 
the observations for personal equation, when thc rcsults of both instruments are combined, anh 

Tljia is corrobornkd by obsorrntions for personul treated SO as to give a value of personal equation, 
cquotlon. and also of the difference of longitude hctween the  
two positious. 

The value of the equation so obtained mas very good (see table V), but  the deduced 
valuesof differelice of longitude on different nights were, -(Y.025, - Q.004, + O"072 - (Y.102; 
mean= -@.015. The actual diR'ercncc of position was 50 feet = +(Y.033, which gives an error 
of - (Y.018 to the mean deduced value, but this rcsult evidently cannot be trusted as an 
indication of any constant error, because the deduced value, - 0" 015, has a probability of 
error = + (Y.036, actually more than douhle its own magnitude. 

I have referred these discrepancies to Telescope No. 2 only, because the collimation 
readings of the other sho~v no signs of similar faults, 

Tclcacopo No. probably 'Ot from i t  would, however, be unsafe to conclude that that 
much defccts. instrument is perfectly free from them, and indced i t  
is nearly certain that every instrumcnt must be similarly affected in some degree, if the cause 
be as suspected irregularity of flesure. 

(58.) From all the clock comparisons taken between Banglore and Manglore, values of 

Detotminntion of trnnsrniaeion rclocily of n aignnl. 
the transmission time of a signal, viz : r r,  1; r, (see 
vara. 40) have been dcdnced (bv Captain Herschel 

before leaving) and are given in his report. * T I I ~  reiolts arc very interestiniand possess featurcs 
which seem to  call for remark and in some respects for csplanation if possible. The only tleter- 
mination of this velocity by other observers to a l~ ic l i  1 l~avc acccss, are those givcn in thc Mouth- 

by other obscrvors. 
ly Notices of the ltoyal Astronomical Society as 
follo~vs: (See February 1872 p. 179 and February 

1873 p. 233). 
1st. By special experiments in Amcrica bctween Cambridge and San Francisco-Mean 

American. 
transmission time tl~rough 7,200 miles of wire, iuclu- 
ding 13 relays= OJ.827, whe~tcc velocity =8,706 

miles per second. 
2nd. During tbc Electro-longitude operations in Switzerland already nlludcd to (para. 55) 

Bwiaa. the velocities of 7,300, 7,810 and 0,000 miles pcr 
second mere arrivcd at. 



3rd. Your own approximote obscrvntions with hlajor St. John R.E. brtwccn London nntl 
Tchcran gave thc vclocity through 3,870 miles with 

London nnd Tchcrmi. 5 rclays at more than 7,740 miles pcr second. 
Of these the Americnn detcrminntion appears to  bc the most volunble because resulting 

h c r i r n n  value profcrrcd. 
from special experiments, and i t  secrns reasonabli 
to  nssume that it was obtained undcr varions colldi. 

tious of current direction, in which case i t  should be comparablc xvith our mean vduc  of 15,312 

And ronipnrcd will1 ours. 
miles per sccond, affording a ditiercnce of no less 
than G,6OG miles per s c c o ~ ~ d  to be accounted for. 

AS mentioned abovc, the Americnn signals ~ n s s c d  tllrougl~ 1 3  rclays, and were nccesanrilv 

Attcmptrd oxplnnntion of discrepnncy. 
rctarded by each. Our rcsults on the contrary a& 
only atfectctl bv diffwcnce o f  re la~l  ~elardat ion.  bc- 

cause they are obtained from the comparison of two signils dfl w l ~ i c l ~  each passes througl; one 
rclay, and one through t l ~ c  line wire in addition. 

(59.) The discrcuancv bctween our values with onnosite current direction is verv meat- . , . . . . 
DxcrcDcs of ourrcsultsduo to direction of ' forward' currcnt givillg a velocity of 9,hk miles 

per second and ' backward ' 36,000 miles. Somc 

PnrWy cxplnincd. part of this may perhaps be duc to  relay action, as 
I shall try to  explain. 

When the direction of the line current was reversed that  of thelocal clock relay was lcft 
ns before (which was rather an oversiahtl ant1 conscouentlv in takine n com~nrison ' fortvard.' 
both sets of sigllals (distant and local) Gssed through (he rcliy coils in &e samhirection, wherck 
with 'backward' current the directions through the two relays were opposite, and i t  is posil)lc 
that  this diffcrencc may atfcct the relay retardation, and as stated above relative relny retar- 
dation enters into cvery comparison. I f  this efl'ect docs exist to an nppreciahle degree, i t  will 
not  be difficult to detect it by experiments which I propose to try as so011 as convenient. 

Cousidernble discrepancies, however, in  such results as those under investigation, will 

Uncertainties of such determinotion. not be wondered at  when the rninutencss of the 
auantities. [ornine to the short leneth of wirc used) 

thc comparntivelp large errors which may be in'troduuced in the of dealing wit]; 
them, (rending off the chrouograph shcets for instance) combined with the small number of 
illdividual observations, are kept in mind. 

But all these considerations combined, seem to me to  be insufficient to  explain awny 
the difference of velocity, nccording to current direction, at  which we have nrrived. 

164.) The eencral mrnuaements with the l'elerranh De~~ar t rnent  were of course made bv . , ., 
Pcrsond acknowledgements. Captain ~ l r s b e l ,  b i t  both at  Madras and ~angalor;, 

particularlv the former, many details wcrc left to 
my care and I beg here to record my for the attentiou nndcourtisy shown to me on all 
occasio~ls by the officersof that department with whom I was brought in contact, particularly 
J. Burkc Esq. Officiating Superintendent, Madras Division a r ~ d  W. Y. Johnston Esq. Assistant 
Superintcndent, in charge Head Office. My best thanks are also due to Mr. Pogson, Govcrnmcnt 
Astronorncr of blndras, who took a pleasure in facilitating my operations in every possible way. 

&Zy Assistant, Mr. Bond, soperintcnded all building operations,, prcceding me to Madras 
and &fal~gnlorc for that purpose, and also executed a considerable quant~ ty  of computations (for 
wire intervals kc.) in the field. I have cvery rensou to  be satisfied with himJ and his promotion 
to  a higllcr gradc on 1st July last was mcll deserved. 

Sincc Captain Herschel's dcparturc his Assistaut, Mr. Bclcham, has bceu at  my disposal, 
and I have found him an excellcut computer. 

Lieutenant Harmnn R.E., who nrrived here,fromHead Quarters at Dchra, on 20th Augllat, 
has at  your desire given me his aid in office, and I owe him thauks for the zealous manner in 
which he has attacked the work. 

(65.) I n  conclusion I would express my regret, that  Captain Herschel should have been 

Canclnsion. obliged to leavc in an unfinished state, thc opcrations 
of which he has had chief charge from the beginning, 

and I feel bound to  guard against the possibility of any of the credit, which is due to him, being 
transfcrrcd to  me by thc accitlcnt of his dcparturc at  s11cl1 a tirnc, leaving the completion of the 
work, and to a grcat cntcnt the rcportiug on it, i r ~  my hands. Thc condr~rt of thc opcrations was 
his throughout, and wl~atevcr credit may be considerctl due to the results bclongs properly to 
him. For my own part, I am vcry sorry that  his departure should have brought to a C ~ O S C  our 
nssociation in these operations after so short a campaigu. 



T a b l e  IV. 

Longitude operaliona. Arc Bangalore-Man,galore. Abstract of relative Clock rates deduced frona 

Clock comparisons. 

The p~iblisl~cd notices of the BQetcorological Ohscrvatory a t  Sangalorc gave the following 
means for wcck, from 27th April to 3rd May. Thcrrnomctcr daily mcnns. Dry 8 1 O . 2 ,  Wct 61O.7, 
Max. 96O.7, Min, 7 0 O . 8  Harometer null 'lumirlity botll strady throughout. 

No sr~ch dntn arc available rcgnrd i~~g  Rfar~galorc, but the daily range of ternpcratr~rc there 
must have bccn much smaller than tllc abovc, a r~d  was probably ir~clurlcrl bctmccn 87" and 78'. A t  
Bangalore a 11arsl1 dry west wind prcvailctl, generally lulling during t l ~ c  lattcr part of thc nigl~t. 
At Mangalore a frcali sea breeze blcm all day, dying away at night. 

The clocks a t  both stations mcrc about cqually protcctcd. 

Date 

April 26th 

II 27th 

81 38th 

II 29th 

I 30th 

Map lot 

,I 

2nd 

3rd 

Clock 
dilFcrrnro 

by co~npnrisons 

m 8 

1zz5 ' z15  

12 26'523 

12 38.065 

12 39'386 

I2 40'712 

I2 53.097 

'2 54'475 

13 8.068 

13 9'352 

13 10.616 

13 11'885 

13 22.967 

13 24.308 

13 25'654 

13 37.688 

13 38'974 

13 40'7.47 

13 54.469 

13 55'706 

14 9.5- 

l f e o i  hour 
of 

eompnrison 

h 
14.835 

16'798 

10.837 

12.841 

14'854 

IO'gO9 

12'997 

12'977 

14'97a 

17'015 

10.985 

12.988 

15.024 

11.065 

13'091 

15'113 

14.663 

16.570 

nrr lurcd  
rclntirc clock 
rnto pcr hour 

8 

{ .666 

j ,659 

] ,659 

] ,660 

! '641 

{ ,634 

] ,621 

] ,669 

.66r 

{ .635 

{ ,630 

] '649 

14 10.635 16,541 

F o r  cnch 

Menn clock 
dillircnco 

II) 8 

12 25.869 

12 39'388 

12 53'786 

13 9.980 

13 24'310 

neducrd  
daily relntire 
rate per hour 

8 

1 I .643 

1 '623 

, 
} .621 

{ 
I 
i '623 

i 

night 

Meno 
hour 

h 

15'817 

12.844 

11'953 

13.984 

12'999 

Bcmnrks 

f 
1 

9 )I 
s 
? 
2 
0 .- 
3 
,n 
-(n N 

O 

5 

2 
$ 
.d 
a 

7 z z 
.I 

13 38,970 

13 55'088 

14 10,068 

t 
13'090 

.3 

,608 a 
A 

15'617 .2 

15.679 



T a b l e  V .  
Results of observations at Bangalore May 1873, for determination of relaliue personal Eguatioa 

of Captains Herechel and Canzpbell. 

No. Mean value Combn. 
Method d determination obsrned E x W  

Bums ... 2h I 
- 

6336.1 ' Adopted value of Equation, or (H-C) = 4- ~ ~ c b ~  = + .036 (4.0024) wl~icll means, . 
tllnt thc time of an observed transit by Captain Camphell must be corrected by + .036 to make 
it comparable with the same observation by Cnptniu Herschel. 

T a b l e  V I .  
Longitude opmlions.  Arc Bangalore- Mangalore. Abstract of Results. 



Extract from the Narrative Report-dated 9th October 1873-of Lieutenant A. W. BAIRD, R.E., 
Assistant Superintendent 1st Grade, in charge Bombay Tidal and Leveling Party. 

The Bombay Leveling Party mas formed in October 1869, an11 I was appointed in charge 

History of the Party. of i t  D.0 .  NO. 5.3 of 18G9 datctl 27th Scptcml)rr 
1869, to be employed in corinccting together all11 

rc t l~~c ing  to the common datum of mean sea level, the various lines of levels \"l~ich llatl beell 
excc~lted in the Presidency in the course of Irrigation, Itailvvay, or o t l~er  l'ol~lic ~vorks, an11 i t  
mas contemplated t o  commence operations to  dctcrmine mllcthcr any c l ~ a l ~ g e  of t l ~ e  rcIative 
level of land and sea in  the l tuun of Cutch was going on. 

Certaiu changes rendered it necessary for you to  order the services of tlie Party to  
placed under the late Colonel Nasmytli, It.E., for employment in the Guzcrat Party, g,i& n . 0 .  
dated 1st November 1869. I n  consequence of t h e  retluction of expenditure in the Sllrvcy 
Department, ordered by the Government of India, tlie operations of the Bomhay Leveling Party 
were ordered to be suspended, and the party to be brokeu up, by D.O. dated 31st hIarch 1870. 

By Ictter from the  Officiating Superintendent G.  T. Surscy No, ,dZ dated 16th Allgust 
1872, 1 was ordered to  coiisider myself in charge of the Tidal and Spirit Leveling operations, 
in the Bombay Presidency, and as a preliminary arrangement to ol)tain copics of all tlie corres- 
pondence, in  connection with the snl?ject, from Rfajor IIaig, R.E., and Captain Trotter, I1.E. 

A few Khalisis ant1 olle Native Sub-Surveyor wereentertained in Octobc~' 1872, for t11c 
nuclew of the Party, \vl~ich was tllcn formed as tlie Bombay Tidal and Leveling Party. T l ~ e  
services of the Native Establislimeut of No. 4 Extra Party, ~verc  placcd a t  my disposal for em- 
ployment with the Bombay Tidal and Leveling Party on the completiou of the Pcndulr~m 
operations in T%oml)ay. This took effert on  the 1st April 1873. The Native Establishment of 
No. 3 Extra  Party was also transferred to the Doml)ay Presidency, to be cmployetl in  the 
opcratioris, by D. 0. dated 4th Arignst 1873. Mr. 1" Hcll, Surveyor 3rd Grade was transferred 
to  the Party, by Depar tme~~ta l  Ortler dated 11th August 1873. 

I n  November 1872 vou ordered me to ~ r o c e e d  on  a reconnoisauce of t l ~ c  Gulf of Cutell. - 

for' the selection of sites for t l ~ c  Titl;rl ~bscrsatorics;  
Reronnoisance Of Of to tl'rre and sent me ccrtain instructions for guidauce on thc 

Tldnl Stnt~ons. 
subicct : "One beirie reauircd as far into t l ~ c  It111111 

~ ~~- 

as possible, to  which the tide has free access kc." 'cAnotl~cr  ~ e a r ' ~ c j . t  Island and a third as 
nearly as possible equidistant from the two former." The stations mere t o  be all on tlie soutll 
side of the Gnlf if practicable ; if not, tlie north side of the Gulf to bc examined. Pailiug to  
find any of these sites, the sonth coast of Kattymar mas to be csami~ied. 

I n  compliance wit11 your verbal ortlers given prior to the letter above mentioned, I lcft 
l3oml)ay on tlic 13th November 1872, to  carry out the rcconnoisaiice, and proccctlcd uid ltnjliotc 
to  Jaoria Buntler close to the head of the Gnlf of c11tc11 ; and then I reccivcd y o ~ u  Ictter \\sit11 
instructions ahove referred to. I I~ired a small country boat witliout del:ly, a ~ ~ t l  cornruc~iccd tlic 
examination of the foresliorcs ok the Gulf. I irlformcd you of some of the 11itGc1iltics I had to 
contend with in procuring a boat kc. but I con~pletcd tlic duty sooner than I anticipatcd, a1111 
returned to Bo~nbay at  once, to  follo~v up your fi~rtllcr instrnctions. Tlic report of my recou- 
noisnncc of the ~ G l f ,  brought to  your notice tlie various places I visited, and examined, and 
tl~ove I finally sclcctcd. 

Tile rcsults may be briefly stated as follows :-FIunstr~l allout 18 miles from Jaoria at  tlic 

Rcsults of Rcwn~~oisnnce. 
head of the (;r~lf, Nowanar on tllc Cutc,l~ coast allout 
15 luilcs f ron~  Moontlra, and Oliha point, oppositt: 

tlic island of Beyt, wcrc considered the only points suital~le. I iu i~s tn l  poillt hatl 72 Sect of wntcr 
at  low water, witlliil 100 fect of tlic shore, Nowannr 19 fcct antl Oklin point 23 fect. I I~ ins tu l  
is al~out  16 milcs from tlic nearest village whcrc tlrinliing \r:~ter can Ile prorurerl, No\variar is '3 
or 10 niiles from tlrinlti~l: water, and Olthn point has Ueyt w i t l ~ i ~ ~  1 milr, I I I I ~  a boat wonltl 
bc rcquired for colnmr~nication with it. Tl'itl~ the exception of Nowanar I ~ c i r ~ g  on thc C ~ ~ t c l i  
coast, the actnal positions of tlic sclected sites almost cs:~ctly coincirlcd with thosc rcclr~ircd, and 
you were plcascd to co~lvey your approval of thc way t l ~ c  r c c o n ~ ~ o i s n ~ ~ c e  had I~cc:~i csccatcd. 

llsving sclcctetl tlic sites for the Tidal obsrrvato~.ics 1 proccctlcd to Hornbay, to  carry on 
tlic nltcr:ltions to tlic oltl rnacl~incs, in order to at i -  

Rptclrn to nolrlhnr to lllnkc ~~rcilorn~iolls fur lllc lime tllc scaler mllccls for t l i~c l . c l l t  mllges of tllc trinl of Iar tnu~~r~~ls  kc. 
tillcs kc. ,  to procure piper;, cylindrrs, observatorirs, 

Rrr. and malic all the arrn~lgemcritn, for talting up every t l ~ i n g  requisite for carrying on the 
l'itlal o1ncrv:rtinns on t l ~ c  (;ulf. 

I arrivrd in 1l111ub:ty o ~ i  the 9th Janr~ary  1873, and aftcr a few days I arlangerl with 
Major Ifrrcwcther, lL.IC., to lje nllowc(l to carry out my work at the Ilnrbour-dcfcnrc worlisho~~s. 
T l~ i s  wan thr most ronrcnicnt plncc for thc purporc, :LY I \\as cuabled to hnvc every thing douc 
ou the spot without dclliy, uud uudcr my owu sopcri~~tcllileucc. 



T l ~ e  first thing t o  he dccidcd on, wm t o  nrrnngc! Iiow thc observatories were to  he fixpa - - - . . . . - - 
Gpncrnl site of the obsrrrntorirs rcttlcd. 

wlrcthcr on.'drp land close to high water, and havini 
n pipe conncctioii ~vitli  the sca, or actoally in tile sea 

on  Piles. I submittcd various proposals af t rr  1r:rving made enqniries rcgardiug cast and 
wronglit iron piles kc., for r o n r  consitleration ; finally you decided ou adopting thc positions for 
the  Tide Guagcs in  thc viciuity of tlre higlr watcr lirle. 

A water tight iron cylinder for the float to  worh up and d o m  in, with apipe of suficient 
Ctencrnl dctnilsof tllc nrmngcmcots to ba lollorred. diameter-viz; 2 inches-to connect with deep sea, has 

to  be sunk to  a rleptli of 3 or  4 feet below tlie level of 
the  sea, a t  Low Spring Tidcs ; and the only feasible wny of carrying this out-considering the na- 
ture  of t l ~ c  ground-securer1 to be by sinking a brick well of small d~ameter ,  to rcceive the cvlinder: 
arrangements have beeu made accordingly. Tlie cylinder liasing been placed i n  a twd. 
incL wrought iron gas pipe will be connectcd wit11 tlie bottom of the cylinder by a small bend, 
this pipe will then be broaght np  vertically to  a Ileight corresponding with 1 or 2 feet below the 
lowest high water. The bauk will be cut  away as qnickly as possible to  this depth, and the pipe 
tnken s trnigl~t  out, until i t  renchcs the slopiRg surface of the shore, and this i t  is hoped, will be 
clone hy working as many men m possible, in  clearing away tlie sand when the  tide is very Ion. 
The rigid iron pipe is then to be carried d o m  along the slope to  reach low water springs. Here 
a brass connecting arrangement will be fitted, to which a flexible gut ta  percha pipe of 2 inches 
diameter with a rose nt the end, will be attached, and carried out about 120 feet to  the deep water. 
T l ~ e  extreme end of this pipe wit11 the rose will bc supported 3 feet above the ground under water, 
b y  a small buoy fixed to an anchor by a chain ; and this buoy again will have a chain attatcl~ed to  
it, thus connecting the whole t o  a mark buoy 011 the surface of the water, which will rise and 
fall, with the tide. I t  is hoped by this means to  secure the pipc from being filled up with silt, 
and choking. Tliesize of the pipe, and the riumbcr of holes of the rose, and their sizc, have 
been calculntetl, (and a sufficient margill lcft in  casc of small quantities of silt getting deposited) 
so that  the rise and fall of the water in the cvlinder mav corres~)ond with that of the sea. 'l'mn - - 
of " Bull's Dredgers" have bccn bought to  ;sc iu s i ~ i l ~ i n g  the bells, aud the woodcn framework 
and bricks havc also been purchascd for tliis purposc. 

The  cylinders for the  project have bccn made up in sections of 4 feet 2 inches in  length, 

Oenarsl description of thc nppwntus &c. 
with an interval diameter of 22 inches. A sheet of 
wrongl~t  iron bcing bent to  the size required, and 

riretted to  form a cylinder, a cast iron flanee was fitted on to each end. and the faces of these - - - - - . . - 
carefully tnrned. *he size of the c y l i n d e r ~ ~ v a s  decidcd on so as to utilize the iron sheets most 
economically, nnd when finished 4 men co111d carry one of these sections. Tlie bottom section 
will l~nvc n flat iron platc careftilly screwed to  one end, to  represent the bottom of the well. The 
11olcs for thc bolts and nuts have been carefully fitted and when jo in~d ,  the whole cylindcr will 
form a water tight well. The two-inch gas pipe was bought in  Bombay and had thimbles for 
connertiug the lengths togctlier, but  i t  has since heen found, that cven with the greatest care, 
tlierc is a chance of leakage which would be a cause of grcat anxiety and tro,uble ; so, small cast 
iron flanges have been made up to  screw on to each end, and tliis will rcnder the connection water 
tight, and tlie pipes will be more easily fixed togctlicr. A stop-cock hns been carefully fitted or1 to  
the top bcnd for cnch Observatory, for exhausting the air in  the first instance. The brass con- 
necting arrangement here described, has been procured for each place, to  connect the rigid and 
flexiblc pipes. 

The iron pipe is fixed by a flange a t  A ; a t  B the long flexihlc pipe is scrcwed on, and at  
C a brass disc is also screwed on. When  the flexible pipc has to be 
examincd for clcanil~g, the disc will heunscre~red a t  C, (under water 
of course) a short lcngth of spare flexible piping with a rose at  its end, 
fitted on, and taken out  t o  deep wnter temporarily. The pipc a t  B 
taken oft, a ~ r d  cleaned, thc disc bcirrg scrc~ved on nt B temporarily ; 
then wlrcn fiuisl~ed, tlrc long pipc is rcplaced a t  B, ant1 tlie disc at  C. 6% 
I n  this way i t  is hoped there will he no stoppage i n  the work. The C 
flexible pipe is 2 inclres diameter with copper insi~lc, just thc same as 
s~~c t io r i  pil)c. T l~csc  pil~cs are in Icngths of 60 or GO fcct, the smallcr oncs for temporary IISC only 
20 fect : they havc cou~llings and ulllons for connecting with cacll otlrcr. The rose at  tlrc entl is 
s copper cylinder about 28 inches rliamctcr, with 150 holes of of an inch bored in thcm, and 
have scrcwR for fitting on to tlic end of the flcxil)lc pipe. 

The buoys nre wl~nt is tcrmctl Nrin Bnoys,and hnvc bccn procurcd on indent from thc Dock-- 
yard. Thc smaller ones have an arrangement nttacllcd to  them for holding up the rose at  t l ~ c  end 
of thc pipe, ant1 will bc scctlretl to an anchor so as to be always 3 fect from thc I~ottom. Thc nppcr 
end, as I have prcvionsly mcrrtioued, will bc attacl~cd to a chain fixed to thc npper bnr~y, wl~ich 
will float or1 tI1i: ~ I I ~ [ : I C C  a~l i l  ~rrnrli t l ~ e  pohition, all11 also bc llrc nlcana of IiI'ti~lg III) thc pipe for 
cle;uni~rg. ' l ' l ~ i u  i~ a ro11~11 skctcl~ of thc l l l a ~ ~  to  l)c ailoptcd, as far as rvc can, :r11r1 i t  is I~clievc~l 
tliat wit11 vrry u~u:ill niotlifiratio~~a, \r-l~icli m:~y he ncct,ayary, ant1 cell I I C  dctcrmirrctl V I I  tilo spot, 
that  tlrc armngcrncnt is thc most cll'cclivc, :III(I siml~lc, for t l ~ c  yllrposc. A clcani~rg rod, in 
lengths of about 12 fect, with a brush at thc cud has also bccn n ~ a d c  up. 



The obscrvatorics thernsclves arc 12 fcct by 9 fret and about 12 feet high in thc pentre, the 
roof sloping from the ridge to thc sidcs wl~icll are about 8 fcet high. They have becn made 
as portable as possible, and are clinker-l~uilt, but ~t was found in 13omhay that a tarl)a111111 was 
necessary to kcep out t l ~ c  rain mhicl~ is very hcavy here during the monsoons. 1111 the other mate- 
rial for the cor~struction of the observator~es on the sites selected has been procuretl, and with the 
exception of the sheds for the meu in charge to live in, vcry little has to bc bought on thc spot. 

Fif tr  Bench-marlc stoncs hnvc also bcen 1 G. T. I 
made up, dud cut in this manner, ready to be laid 
down. 

The dcscription of the observatories in worlting order will more propcrly hc reportcd on 
when they have been finished and fixctl, but what I have said brings to your uoticc mhat l ~ a s  
already bcen done. The sixc of thc obscrvatorics has becn found to be most convenient ; when 
all thc instruments arc fittcd up, perl~aps an additional 6 inches in width \vould be an advantage. 

Thc self-rcgistcriug tide gauge No. 7, w l ~ i c l ~  had all the latest improvcments-such as 

&rival of tlie mael~incs. 
friction rollers, improved pencil holder, s~vivcl for the 
float kc.-and one sclf-registering Aneroid Barome- 

ter, were rcceivcd from England in Novcmber 1872, when you were in Bombay. The remaining 
five Aneroid Baromctcrs, and six self-registering Anemometers togetl~cr with some dilt'erential 
scalcs, and other OlFice requirements, were reccived about the cnd of May 1873. Tide Gauges 
Nos. 2 and 3 had 11cen lying in the Superintending Engineer's stores in Bombay for some time. 
No. 1 was received from Major Branfill, Madras Party, and also Nos. 5 and 6 from Calcutta, so 
that with the exccption of No.,4,all the Tide Gauges, I belicve, are now in my charge. 

Wl~i le  the cyli~~dcrs,  ptp~ug, aud Observatories for the Tidal Stations were 11ein~ made - -  - 
Altorations of tho Instruments &c. 

up, the alterations to the self-registering ~ i d c - 6 a u ~ e a  
wcre commenced. Friction rollers were made up here 

for Nos. 2 and 3, and those that came out from England were fitted on to Nos. 1, 4 and 5. The 
pencils for all have also been made similar to No. 7,;s also swivcls for the floats, and generally they 
havc all bcen overhauled. I tricd various plans for fixing the diagram on the barrel, and finally 
adopted clips secured to the barrel with screws, and having a small moveable platc to bc jammed by 
two pinching screws, one of which i~ rivctted to the plate ant1 the other free. This has been found to  
answer admirably, and it has bcen fitted to all the Tide Ganges. Zero lines for height, and 1 2  
o'clock lines have also been carefully marked on the barrels, so that by rubbing with a hard pcncil 
on the paper diagram, they are transferred to it. I regret to say that the barrels of all the instro- 
ments are not quite circular in cross s e c t i o ~ ~  nor arc they quite straigl~t longitudinally. This is the 
fault of the maker who probably found tlle sheet brass too thin to turn on a l a t h .  Also one of the 
barrels which came from Calcutta has been seriously indented, and the pencil was bent and 
rendered useless : the latter has beeu repaired, but the barrel must be lcft as it is. Scales of 
wheels for working the various tides to most advantage, to suit the 5 feet barrel, as sent out by 
Mr. Adie, have been fitted to all the macl~ines, and in order to do this, various parts of the instru- 
ments had to bc made entirely new. 

The self-registering Aneroids hare also had some slight alterations made. These instru- 
ments were received from England so rnsty in some parts, that it was imperative that I should 
hand them ovcr to an cspericr~ced matchmaker at  once. The clock I~ands, pointers of the 
aneroids, and the small hoolcs at  the end of the gold threads, had to be cleaned and oiled, and 
when possible, covered \\,it11 a coat of protecting lacquer. Also t v o  of the gold threads were 
imperfect, onc bcing I~roltcn altogether. The action of the escapement of the clocks in some of 
those last rcceivctl, 11avc givcn a grcat dcal of tronble. The rcpairs o l  t l~esc i n s t r ~ ~ m e r ~ t s  have 
been cxecutcd vcry xvcll : a longer arm of iron being put 011 to makc up thc tlcficicncy of the 
leugth of the brolccn gold thrcatl. I t  is to be regrcttetl homcrcr that  out of the 6 instrnmcnts, 
2 are by no menus \~or l t i~ tg  l)ropcrl?, a11c1 may have to be scut back to E ~ ~ g l a n d  for repnir. Zero 
lines for hcigl~t  have l~ccn rn:~rltcrl on t l ~ c  barrels. 

The ~incmomctcrs c:itnc ont safely from England with the exception of onc which has 
bcen repaired I~crc, but all the clocks I ~ a d  the main springs in such a rusty state, that it was 
apparent new sl~rings woultl have to Ile got nt once, and accordiugly arrangcmcnts were made 
for getting ont good springs without dcla!., and they are cnpcctcd 11y next Overland Mail, so it is 
to 1)c hoped thc altcr;itio~~s mill hc finisl~ctl beforc \re lcavc for the Gulf of Cntch. After worlcing 
t l~csc instrunlcl~ts as will bc afterwal.dj mcntioued, somc alterations were nccessnry to kcep out the 
raiu meter from the working genr; this has been done by fining on smnll coppcr covers like 
cantlle cx t i~~guis l~crs  round t l ~ c  outcr sl~af'tn, also by fixing a picce of tn11e to the bottom of the 
sluall box on t l ~ c  top, to yrevcnt watcr gettiug dowu the vclocity shaft, and au escape hole drillcd 
in the box. 

Thcsc arc thc main alterations to all the machines. 



Tllc ncst thing to  I)c noted is thc mrnngcmcnt folloacd in nornhay to tcst thc workine 

~t was necrssary to adopt sonic plan, for the vate; 
Ilcing prcvcntcd from Icaving thc connrrting p ~ p c  1~1th t l ~ c  cyl~udcr. This was done by naus- 
illz tllc 2 inch pipe to cnd in a small tank, as low down as possil~lc. As the friction at  the vcrtiral 
bends moult1 1); the main cause of ally rctartl:lt~on to t l ~ c  flow of ntatcr, the piping was given 
several vcrtical bcnds in ortlcr that t l ~ c  test s l ~ o ~ ~ l d  Ilc much more scvcre than t l ~ e  actual con- 
ditions of the ohscrvntions at  thc titlal  tati ion on the anlf of Cl1tc11. Tllrce cvlinders wrrp - " 
crcctctl sidc hy sitlc, i. e .  n11o11t 9 feet apart, thcir ol~scrvatorics being close together. The small 
2 inch pipe in connection with cach eudcd in a tank to rcprcscnt low water mark. Tlre basin 
ill \rhich the gauges wcrc erected was ~~nfor t~rna te ly  one 'in which a great deal of thin mud 
settled. The 2 inch piping entcrctl cach cylintler about 9 i11c11es from the bottom ; i t  was 300 
fcet long in 2 illstanccs and somc thing short at' that in the othcr. 

The connection having bccn made, it mas appnrcnt after a few days that a quantity of 
air must have collected at  the upper vertical bends 

nificldties miso in tho connecting of thc pil~es, as tile water (lid not rise and fall pro- pipc. 
pcrly in t l ~ c  cylinder, stop-cocks mere inserted at  

thc  highest vertical bend in each systcm, nut1 t l~esc ml~en opcncd under water allowed the air 
t o  escnpc, and at  first i t  scemed as if all l ~ a d  bcen cxtmctctl and the arrrangcment working 
prol~crly. On t l ~ c  20th M:\y Nos. 2 and 3 cylinders werc ~sorlting properly, the water inside 
being measured from t l ~ c  top of the cylintler very carefi~lly with a measuring rod, and compared 
with the reading of a temporary tide gauge which had a fixed relative height to  the cylinder. 

Prom 1st to the 25th June, both Nos. 2 and 3 cylinders worked well, but in placing tire 
pipe for No. I down in the tank, a bad connection had been made, and there mas a leak 
evidently in  the pipc : this drew the water out of the small tank at  the first low tide, and so 
spoiled the working of all three cylinders. The piping for No. 1 was carefully relaid, but it 
was some time before i t  was consideretl satisfactory. No. 2 cylinder after the 25th June did 
not require to  have the stop-coclc opened ulitil the end of the experiments. I n  Nos. 1 and 
3 air seemed to  collect in small quantities, and i t  was very difficult to cshaust it, so much so, 
that  I tried all sorts of plans before succeeding. The dificulty mas that at  high water the sca 
covered the stop-cock. 

Now at  the future tidal stations thc sca will not hnvc acccss to thc stop-cock, and so if 
i t  is opcned at  high watcr thc prcssllre of thc sen. watcr (which is higl~cr t l ~ a n  the stop-cock 
of coursc) will drivc out thc air, :~ud  thcrc will bc no sullcl.incun~l~cnt column of watcr to 
kccp i t  in. 

To gct over this dificulty in Bomllay I hat1 a small tlthc about 3 fcet long screwed into 
the  stop-cock of No. 1, so that ou O ~ C I I ~ I I ;  the S ~ ~ I I - C O C I C  whcn thc sea mas ~vcll ovcr it thc 
water (lit1 not act above t l ~ c  orifice to kr rp  t l ~ c  air in, and i t  rushcd out at oucc, and the ~vatcr 
ir~sidc thc cyliudcr quickly assumed thc same lcvcl as that of thc sca outsidc. 

Having set np thc tide gaugcs on trestles anrl arrangcd thcir floats kc., I t l ~ c n  had an 

Anemomctcr srt, up. 
ai~cmomctcr put on a shclf in cach ohservatory; 
t:~kirlg carc to placc thc whole of the working gcar 

for outsidc, well clear of thc ridgc. In  pntt i t~g up thcsc i u r t t ~ ~ ~ m e n t s  grcat carc has to bc takcn. 
The long pipc in nl~iclr thc sc\.cr:~l rods and pipcs work, must be allowed to aasumc its ow11 
position witl~out hcin;: furccd in any way, othcrnisc thc crown-wllccls at t l ~ c  hottom may bc 
t h r o l v ~ ~  complctcly out of gear. illso, thc cups n ~ u e t  be fttctl on properly not npsidc down 
otl~ernise t l ~ c  spiral \rill turu thc wrong way aud tear thc paper 011 the barrcl and perhaps 
scriot~slp i n j ~ ~ r c  thc instrument. 

After scveral days irith various results from thc 3 instrument, almost side hy sitlc, i t  was 

Flooring undcrnentl~ nncmomctcr. 
tl~ongllt atlvisa!)le to put a flat flooring ahout five 
feet sc111arc out\itle, immcdiately above thc ridgc 

piece, to  prevcnt cddirs underneath tllc cups nntl faus. No do~th t  this hat1 some hcr~cficial cffcct, 
but  unfortucntely in t l ~ c  trial of t l ~ c  instrun~(!t~ts, a mnch more serions cause of crror was fout~d 
out, so that i t  was iml~r,ssiIjlc to sn!., I~ow far thc arrangcmcnt acted to keep away any back 
draught of air, which it was c~~l)l)oscd wonltl occur from thc shapcof the roofs. 

A sclf-rcgistcriug a ~ ~ c r o i d  baromctcr was also sct up ill each ohservatory. A rnin gnugc 
was also set up or~tsitle. 

The levcls of thc bcd-platcs and tops of thc cylilldcrs mere approximately connected for 
coml~n.~~isona with the tcml)orary tide gauge, and 

hcrln of 11t.d.plntrn or ( 1 1 ~  ti& Fnllger rollllrct making BIIOWXIICC for the swt!ll (causing the float of 
cd ; m~nl~~riron of 1110 hcigl~t of rvalcr L I I B ~  30 inch 
h e  on dingrnm. thc tr~u[)orary title gauge to 11e ~~nrttcntly) thc watcr 

i~~s i r lc  a11t1 o~~ts i i l c  11ci11g f o ~ ~ n t l  to corrcqpontl ~ I I  Ic\.cl, 
n cornpariron of thc position of the pcncil on t l ~ c  dingram, to thc dcl~th of thc watcr in cnch 
cplindcr l'rom b ~ d - ~ ~ l n t c  was rnitdc. 



During the timc thc machincs hat1 bcen pnt r ~ p  a ~ ~ d  mcrc I~cing trictl, Icnpagcrl some nativcs 
for thc aorlc in thc observatories, and taught thcm 

Sub-Burvcyors work in Ihc obscrvu- what was to hc tlone, and I)y the timc the instromentn 
torics. mcrc pnt OII trial they wcre fairly wcll acquainted 
with thcir duties ; they were all young and iueapcricnccd conscquet~tly they havc con~e  on small 
pay, but I havc every Itope of tllcir doing thcir work satisfactorily, and meanwl~ilc I have called 
tllcm Apprentice Sub-Surveyors. I havc also had daily rcport forms printctl for transmission 
to me ; 3 sets of tl~ese, fillet1 up for t l ~ c  mont11 t l ~ c  instrumcuts wcre beiug tricd, accompauy this 
report just as they aerc  sent me by the Sub-Surveyors. 

Thc results of the trials of the tidc gmlges may be considcrerl vcry satisfactory; there 

Gencrul results. were some intcrrul~tions, in the co~~t inu i ty  of t11c 
work; but these I think are most unlikcly to Ilappen 

at  the Gulf of Cutell, and with ordinary carc thc Snb-Surveyors 011gt1t not to have any breaks in 
their work. As regards the rats eating the diagrams, I havc tricd poisoning them hut with no  
great effect : i t  is believed that blue stone mixctl with the paste \rill ltcep them off: ants also may 
get at  the clocks and this will alivays bc asourcc of anxiety, and thesc (or the rats climbing up 
thcpendulum) may stop the cloclc; still chalk lines drawn round the fcet of the trcstles map 
prevent t l ~ e  ants passing up, ant1 I have also bcen advised to put some mood ash all round the feet 
on the floor. The diagrams, of which ase t  are submitted, speak for themselves, and yo11 mill 
observe that the jagged lines only occur nt t11c head of the curvcs, just when the swcll has time 
to  act, viz. at  the turn of the tidc, when t l~ere  is no rise or fall to speak of, for some time, and so 
the pumping action has tinlc to make itself felt. 

Regarding t l ~ c  aneroid barometers I do not consider them satisfactory instruments. Two 
are useless, but of the remaining four, I am in hopes of getting three safely up to Cotch, a n d  if 
so they will give good results. 13ot I thought it advisable to rccommcnd to yon that one mcrcu- 
rial barometer, should be placed in tach ol~servatory, so that yeadingy might be talten at  dili'erent 
times during the day ; tlresc ~vould fulfil the doul)lc p ~ ~ r p o s c  of being a cl~cclc on the Aucroids, and 
also in case of the failure of the lattcr thcre would be a set of independent barometric read- 
ings ; this propositin11 you have sauctionetl. 

With regard to the wvorlcing of the aucmomctcr, the results of the trial have given me a vcty 
gooddeal of cxpcricncc, and I l~avc I~ccn rnal~lctl to lnalces~rcli alterations, and atltlitior~s to thcsc 
instruments ~ r ~ l ~ i c l ~  I think will fulfil tlrc ~>url]ose for wl~ich they arc intcndcd ; and it is most liltcly 
now that 5 of the 6 instruments will give very correct rcsults, and no annoyauce with proper carc 
iu  thc future operations. 

The rain gauges arc simple hottlcs in a tin case with a tube attachctl to  thc top (which 
is moveable) going into the bottlc : also a glass nlca.iurc : they arc 11y Casclla : and thcrc is oE 
coursc no trouble nrith t11cn1. Ouc thing 1 may m c ~ ~ t i o n ,  that t l ~ c  r :~ i r~  is vcry local hcrc, often 
half an inch in  a day morc at  t l ~ c  aorlcsl~ops wit11 one of t l ~ c  same gnugcs than at  the obscrva- 
torics ~vas  registcrcd, thc d i s t a ~ ~ c e  I~ctwrcen those placcs bciug about t of a milc. 

There is still one t l~ ing  to bc ascertained al~ont  t l ~ c  self-rcgistcring tide gauges, and that 
is whether the stop-cock ~ u u s t  bc ol~cr~ctl or not after the air 11:~s bccn t l~orougl~ly esl~:rustcd, 
which can be doue in a couplc of high tidcs. Thc rcsolts of the working of No. 2 obscrra- 
tory wo111tl secm to  settlc the 11oi11t : for, t l ~ c  stop-cock t l~crc  mas not opcncd for nc:lrly 3 months, 
and yet the action of thc watcr in t l ~ c  r y l i ~ ~ d c r  was pcrfcct during that tirnc. Rut in Nos. 1 
aud 3 observatories air collcctcd at t l ~ c  top I~cods. I fccl w r y  conftlcnt that a leak, pcrl~aps 
very small, occurrcd in the connecting pipcs tl~crc. T l ~ c  gas pipcs wcrc scrcn,cd togctl~cr 11y 
thimbles and wcre very difhcult to  lay, aud I tl1i111t I P C ~ C  the cause of t l ~ c  Icakagc. I hasc, 
since t l ~ c  pipes wcre taltcn up, got small cast iron flangrs fiscd or1 to t l~cse gas pipcs, and I 
am IIOIV almost silrc of an air-tight conuectio~~ : ant1 thc pipes will bc much morc casily laitl. 
By opening the stop-cocks for a sccond or twso at  high w:ctcr, thcrc will bc no chancc of air 
collecting and i t  docs not intcrlbrc wit11 thc nrorlti~~g oi' the instrumcnts. 

Ou t l ~ c  wl~olc t l~cn  I t l~ ink  the tcsting of the instru~uents SIION, that IIOR wc may ex- 
pcct vcry good results if tlicy arc carefully loolccd :dter, aud no unforcsccn uccidcut causes 
auy interruption. 

The bench-mark outside the gate of thc IInrbour Defcncc Workshops, marked in Mahratta 
(270), and close to t l ~ c  post office pillar, was con- 

nonr'1-mnrk8 in 'ol'ncrtion Ton'n "' dn'ulll llcctctl by lcscling witll the bcd-plntes of tllc tirlc conncctod w ~ t h  Lhc bed-plnles bg lcrolu~g. 
c.nuzcs in No. 1 and No. 3 obscrvatories. a11t1 " " 

also with another bcnch-mnrlt on t l ~ c  14th step at thc cud of the Harbour D ~ ~ C U C C  

Bunrler. 
Prom this i t  was an easy maltcr lo lay rlonn on tllr diagrams of thc tidc gaugcs 

the mcau levcl of thc sca to 1rl11cl1 t l ~ c  llc~ghts I U  thc Uv11~0ay T~ilr: Tublca arc 
referred. 



1 attach the statement marked A* of the heights ns shown by the diagram (I]eing the 

Diaerepnncy of Dingram and tho ~~~b~~ a id,, actual heights of the ~vater  as they occurred) com- 
Trtbles. pared with those given in the Tables. The high 

 NO^ printrd. waters have only been compared, as of course I V ~  

had no Ion water shown on the sheets, with thc exception of 2 at  the greatest nenps. The 
tank line represented our low water line. 

You will observe that the times of the high waters agree very well, but the heights are 
very much out in some cases. 

Greatest discrepancy in time is . . . . . . . .  42 minutes 
Lenst I) J I  PI . . . . . .  . . 1 I, . . . . .  Average ,, II , ,  . . . .  1 4  
Greatest ,, ,, height is . . . . . . . .  0.88 foo;) 

. . . . . . . .  Least II IJ II  0.00 ,. 
Average ,, I)  I ,  . . . . . .  . . 0.26 ,, 

Statement markcd Be shows the discrepancies of the records of the Aneroid barometers 
niacropnnciss of the Aneroid8 inter en. as read from each at  1 0  A. N. and 4 P. nr. daily. 

Not printed. Before commencing recording the readings for the 
trial month, I gnvc the value of each indcx error to the Sub-Surveyor in  charge, and the figures 
i n  red in  the daily reports (a set of which arc hcrcmith sent) show the corrccted values. The 
index error was obtained by comparison with the mercurial barolneter sent from Calcutta 
which had previously bcen comparcd with the standard barometer there. 

The greatest discrepancy between any two of the instruments was. 0.179 inches . . . . . .  The least was . . . . . . . .  0.023 ,, 
The average . . . . . . . .  . . . . .  0,061 ,, 

Disrrepnnciea of Anemometers. Statement C* shows the discrepancies of the 
 NO^ printed. Anemometers. YOU will observe that the greatest 

discrepancies for each day are noted in a column for the purpose. . . . .  The greatest discrepancy of any day was . . 140 miles 
. . . . . . . . . .  The least . . . .  l o , ,  

The nverage of the daily discrepancies was . . . . . .  541 1, 

The directions recorded by each instrumeut are almost identical. 

The uartv may now be said to be almost completelv formcd and consists of one Officer . . .  
Porsonnol of the Pnrty. 

in charge,-1 suEveyor, 2 Native Sub-surveyors and 
5 Appre~itice Sub-Surveyors, 1 Writer, 1 Recorder, 

1 H o s ~ i t a l  Assistant (not vet ioinedl. 1 Mechanic and about 45 KhalBsis and Peons. Mr. Bell 
joincd'the party l a d y  from K~ussod~ie  and during the short timc he has been with mc he has 
shown himself most useful in  every may, and I have no doubt   ill give me valuable assistance 
i n  carrying on the operation. 

Narsing Das Sub-Surveyor has also lately joined; the high character he has rcceived 
from the officer under whom he has lately bee11 serving, and the may in which he has worked 
since he joined me are sufficient grounds for consideriug him as likely toperform the dutics 
entrusted to him in a satisfactory manner. 

I have lately had some trouble with a Sub-surveyor who resigned a few days ago. You 
have been plcased to accept his resignation, and I have engaged an observer from the temporary 
establishment of the Colaba Ohservatory on the  same pay. H e  seems very intelligent and I 
hnve no doubt will soon pick up the duties in the Tidal Observatory. 

The Apprentice Snb-Surveyors have givcn me every satisfaction and I think they have 
now a fair knonlcdge of their duties in the Titlal Obscrvatorics but notice of their services 
can only be taken in the next Annual Iteport. 

It may not be out of place to  state that I had considerable trouble in carrying on the 
work in Bombay. The machincs having to be 

Trorlble of generaup earqing On work in altered, air lodging in the bends of the co~lnccting 
Dombay. pipe, the stol)l~agc of the clocks an11 the very bad 
state of some of the machines when received from England also the darnnge done by tllc mon- 
soon to onc of the Auc~nometcrs, breakage of the goltl thrcatls in the hnrometers, rats cating 
dingrams of the tide gallges, and ants gctting into the clocks of the barometer, were all sources 
of cousidcrable nnxiety to me. 

The printed forms from Englnnd for the reductions of the Tidal Obaervationa by 
harmonic aunlysis have only latcly I~cen rcceivcd; 

Innbilit? lo wmmencc Of Tuti. but even had t l~cy  reached me early in tllc reccm, 
rorin Obeorvntionn. I a l ~ o ~ ~ l d  have I~cen unablc to have c o m m c ~ ~ c c ~ l  the 
reduction of the ohservations taken at  Tut icor i~~  in 1871-72 wllicl~ you scnt mc some timc ago. 
I 11d my time fully employed in looking after the work here, and I had no assistant u~rt i l  q~litc 
lately, for tlie Apprentice Sub-surveyors werc newly takcn on, and 11ad to work ~ L I  the tidal 
obdervatories. 



Mv acltnowledzements are due to  Maior Merewether R.E. t l ~ e  E x e c ~ ~ t i v e  Encineer of t l ~ e  - u 

Harbour Defcnce for t11c assistance 11e l ~ a s  rendcrcd 
Asristnnco receircd ~ ~ r b o ~ ~  Defence w o r k -  me from time to  time herc, a ~ ~ d  I)lacinrr a t  mv dis- 1 -. s11opr. 

posal the use of part of tlli ~ r r n ; ~ e r ,  and genErally 
in  giving me the use of workshops in  maltiug up the equipment for the Titl;rl Observatories. 

Mr. Morris, the Mechanical assistunt of the Harho l~r  Defences, has I)CCII most obliging in 
every way, and has helped me i n  the constrt~ctioti of almost all the diff'crent stores for our use, 
in the alterations of the machines, autl in f ic t  throughout in many of the tlifficultieu I hntl to  
contend with. During the time me had the trouble wit11 the air getting into thc co~~ncct irrg 
pipes, he took the most lively interest in l~elping me to ovcrcorne this obstacle and e ~ ~ a l ~ l e d  mc to 
get men to  go into the water and raise the pipes a t  any time mhen required, aud this had often to 
be done loug before or after the usual ~vorking hotus, to  suit the tides. 

Extract from the Narrative Report-dated 1st May 1873-of J. B. N. HENNESSEY, ESQ., 
Deputy Superintendent 1st Grade, G. T. Survey, in charge Computing Office. 

Calculating Branch. 

(3.) The numerous and not unimportant duties imposed by current demands are not 

port of work snmmnrized. 
susceptible of being presented in the form of a sum- 
mary;  an idea of their nature and extent can there- 

fore be formed only from the statements mhicl~ are 11ercaCter given ; but apart from these, i t  
111ay be generally stated, that  amongst the leading ol),jects ke l~ t  in view during the past year, 
tllc completion of Volumes 111 and I V  of the Principal Triangulation and the reduction of 
the secondary operations, N. W. Quadrilateral, which are to appear in the Abstract volnmes 
of the Great Trigonometrical Survey of Iudia, arc to  be rcckonetl. Volr~mes 111 ant1 I V  are 
almost completely out  of I ~ a u d ;  so mncll so, that they may he said to await the services of t l ~ e  
bookbinder, pending completion of the Reduction Chart (to illnstl.ate these volumcs) ~ v h i c l ~  is 
in course of being engraved a t  the Surveyor General's Ofice, Calcutta. And mitlt regard to  
t l ~ e  Secondary Triangulation, i t  may perhaps be remembered, that in my last rcport, mention 
mas made of a suitable process which 1 had devised for fitting in the Sec,ontlary Triangulation 
by a dispersion of angular errors where this procetlure mas consitlcred 11csiral)le : tlrc Secontlnrp 
Series of the Great Arc aud Great Iudus, and a fen  on the l ta l~l in aud KarLchi, Lave bceu fittcd 
in by this process. 

Ordinary calculations detoilcd. 
(4.) T11e details of the ordinary calcula- 

tions are as follow :- 

Exatnination and Correction. 

Angle Books . . . . . . . . . .  . . . .  1:Bols: 
Principal Triangnlation. Azimuths by Circumpolar Stars . . 40 Stations. 
Secondary Triangolotion. Log. Sines . . . . . . . .  280 Triaugles. 

Do. Log. Sides . . . . . . . .  2,553 ,, (in duplicate) 
Do. Latitudes, Longitudes and Azimuths 

(single deductions) . . . .  162 Points. 

Coinl~utalions in Duplicate. 
. . . .  Principal Triangulation. Spherical Excess . . 21 Triangles. 

Do. Wcights . . . . . . . .  33 Angles. 
Do. Azimuth by Circumpolar Stars . . 1 Station. 
DO. Do. Lcvcl and Collimatiou Correc- 

tions . . . . . .  1 2  ,, 
. . . . . . . .  Secondary Triangulation. Traverse 32 Sets. 

Do. Adjustcd by Angular corrections . . 1,245 Triangles. 
Do. Log. Sincs . . . . . . . .  6,253 ,, 

. . . . . . . .  Do. Log. Sidcs 4,,410 ,, 
. . . . . .  DO. Feet nnd miles 5,836 ,, 

Do. Latitudes, Longitudes and Azin~ut l~s  
(single deductions) . . . .  3,939 Points. 

Erplorotions. Co-ordinates of ltoute-Survey K l ~ n l m  t o  Bolthara. 
DO. Do. 141 otlrrr points. 
Do. Latitudes by Circum-mcridian observatious . . 51 Points. 
Do. Longitudes dcduced from traverse . . . . 20 ,, . . . . . . . .  Do. Hciglits by Harometer 82 ,, 
Do. do. Thermometer..  . . . . . .  108 ,, 



(5 . )  The work performed in connection with the Typograpl~ic and Pllotozincograpllic 
presses, 1 notice, ns in my last report, nutler two heads. 

For the vo/uincs on tlbe operations of the G.  T. Szt~ucy, Pjc. Compiled or olhenuise prepared. 
Principal Obscrved Angles . . . . . . . . . . . .  10 pages. 
Azirnutl~s olmrred to Circnmpolar Stars . . . . . . . .  25 ,, 
l'rincipal Trinugles. Great Indus Scries . . . . . . . .  10 8, 

Do. Kar6chi , . . . . . . . .  12 ,, 
. . . . . . . .  Do. GurhQarh ,, 6 11 

Do. Itshlin ,, . . . . . . . .  6 ,I 
Principal Latitudes, Longitudes, Azimuths and Heights. Grcat 

Indns Scries . . . . . . . . . . . . . .  28 ,, 
Secondary Triangles. Great Indns Series . . . . . .  23 ,, 
Spirit-Levelletl Heights. Tuticorin to Cape Comorin base-line . . 5 11 

Do. Section IX, Season 1871-72 .. 19 ,, 
Total . . 144 pnges. - 

besides the above, 25 plates of figures for Volumes I11 and IV were roughly plotted for the gnid- 
ance of the d r a ~ i n g  branch. 

Numerical Clr arts. Compilation of data furprojection. 
Budhon Series . . . . . .  Latitudes, Longitudes, Azimuths and I-Ieights. 
Am6a ,, . . . . . .  110. 
nnngir ,, . . . . . .  Do. (in part) 
N. W. Himalaya Serics. Sheet No. 3 Do. 
Dombay Triangulntion. Sheet 
No. 9. I Do. 

Reduction Cl~nrt  of the N. W. Quadrilateral. 

Numerical Clrarls. Compilation of rIda for prcss. 
Budhou Scries . . . . . . . .  Sheets Nos. 1 to 4. 
Amlia do. . . . . . . . . . .  Do. Nos. 1 and 2. 

. . . . . . . .  Pomhay Triangulation DO. NO. 9. 
Sutlej Spries . . . . . . . .  . . 110. Nos. 1 to 4. 
Gurl~Agnrh Series . . . . . . . .  Do. Seasons 1860-61-G2. 
Dcscription of Bench-Marks, kc., for Lcvel Chart Do. No. 3. 

the nmouut of compilation involved in above is estimated at 300 pages. 

Numerical Charla. Compared. 
An16n Series . . . . . . . . . . . . . .  2 sheets. 
I3udhon do. . . . . . . . . . . . . . .  4 , ,  

. . . . . . . . . .  Gora do. . . . .  1 1, 

. . . . . . . .  S11tlej do. . . . .  . . 4 , ,  

. . . .  Ral~lin (lo. . . . . . .  . . . .  9 - ,, 
. . . . . .  Ci11r11isarh do. . . . .  . . .. 1 ,I 

N. U'. Himalaya Scrics . . . . . . . . . . . .  3 1, 

Uornl)ay Triangulation . . . . . . . .  . . .. 1 9 1  
. . . .  Assam \'allev (1871-72) . . . .  . . 1 ,, 

13itlt.r nncl llillllsplir (lo. . . . . . . . . . . . .  1 ,, 
l la~~galore N. Scctioo do. . . . . . . . . . . . .  1 ,, 
I{ilk*pur ,, rlo. .. . . . .  . . . . . .  1 ,, 

. . . . . . . .  Ilcductiou Chart N. \V. Qunclrilateral 1 ,, - 
Total . . 23 sheets. - 

Examined. 

Spirit-Lcvelled Heights hy the Rcvcnue Surrey Dcpnrtment, for incorporation into Lcvcl 
1Lo11tc Map of thc \\-cstrrn Himalayas. [Sl~cets. 
111dcx to Xlnin I , i~~es  of Lcvcls G. T. S~~rvcv.  
111dcs to l'rcli~ni~iary Charts N. \ V .  Quadrilateral. 

J ) ~ t t o  N. 13. do. 
I n  otltlition to the foregoing, I l iO  papcs of proofs were rcnd and compared twice, and 

1029 pages of proofs m r c  examined by nsinglc reader and passed for the prcss. 



(G.) The ?&inch tl~codolitc in  use on t l ~ e  Rr5l1maputra Series mas clcancd m d  ac1,justcd ; 

Ins lnnor~~tnl  Worlr. and Captain T. 'l'. Carter, lt.15., was instructctl in the 
departmental method of observing azimuths to Cir- 

cnmpolar Stars. Captain Cl~apman of the YLrlcand Expedition mas taught (by Mr.  Cole) t l ~ c  nse 
of the snbteusc tl~eodolite, and the compntation of Time, kc., from obscrvations talcen with this 
instrument. Capt:~in H. Trotter, Ib.E., received instruction in the observation autl computatior~ 
of Lunar Zenith-tlistanccs for finding longitude; besidcs the discussion of various profcssional 
sul~jects, prelimiuary to his departure with the YArkand Expedition. A tcn-foot iron cud-bar 
was cor~structcd for t l ~ c  Esecutive Engineer RAnikl~ct division, and t l ~ c  lcngt l~ compared with 
the G. T. Surrey Standartl Bar A. Thc index crrors of 18  boiling point thermometers w r c  
determined for thc use of t l ~ e  explorers, whose surveying instruments wcrc generally ezamiucd ant1 
put in order. Observations for Time were takcn on 1 3  days and the results computcrl. Aleteorolo- 
gical obserrntions were made in Dchra observatory on cvery day of the year without exception ; 
the daily rcsults Irere reduccd ant1 comn~unicated as usual, month by month, to the Reporter on 
Mctcorology, N. \if. Provinces, and a table of the monthly means is appended to  this report. 

(7.) Couscqucut on the appointmeut of Captain W. J. Heaviside, It. E., t o  t l ~ e  cl~argc 
of the Pendulum party, 11e was i ~ ~ s t r u c t c d  in thc rlic 
of the transit instrument and the methods of makinr  " 

and compnting obscrvations with thc pendulums of the Itoyal Society, processes wl~ich Captain 
Hcavisitlc's skill and aptitude soon cnabled him to  master. H e  mas also assisted in conncction 
~vi th t l~ ree  centigrade thermometers, and in preparing working tables of corrcctions for these 
thcrmomcters aud taljles of difl'crcnces of cxpansion bctwccn the Itussian pendulums and their 
scale; bcsidcs s o c l ~  o t l~er  questions as arose from time to time, on  ml~ich my co-operation mas 
clesircd. T l ~ e  scrvices of a check computer nrcrc placed a t  his disposal for some 3 meelts to  
assist in the reduction of his obscrvations, besides that 18  sets of the latter were reduced in the 
Computing Ofice undcr directions from the Superirrtendent. 

(8.1 ltcnlies to  280 letters. iu conr~cctior~ wit11 the ~ro tec t ion  of Stations. wcre drafted bv * ,  . 
Protection of Stotio~ls. 

Mr. C. Wood i n d e r  the ~uperiuten&nt's direction; 
and 32 sul~plen~cntary and dnl~licate lists, including 

118 stations werc issucd to  district officers. Thesc listsin the firit instan6c are partially of a tell- 
tatirc naturc ; for, o\ving to modern alterations in the boundaries of districts, &c., i t  is only aftcr 
duerefcrcncc and correspondence that i t  can bc scttled in  ~vhich of two con t ig~~ous  districts a 
given station is situatctl. Speaking in this scuse, 20 districts have been settled during the past 
year, malting about 238 tlistricts in  all, n'hich have been placed on this satisfactory footing ; thc  
corresponding check lists, including some 1,900 principal stations, have been disposed of to date. 

(9.) Some of t l ~ e  miscella~~cous duties discl~arged are as follows. 
Prepared:-tl~rce copies of \'ocabulary of Intlian ilamcs aud words for office use; four 

MieceUoncoos. Auxiliary tables for dcpartmcntal use; Duplicate 
of pentlulnm observations a t  Dehra nnd KaliAna; 

Polyrnctrical tables for Mn,jor nlontgomerie's routc map;  and tables of Latitndc, Longitude 
and I-Icight of points on the N. IV. Frontier for Colonel TtTallicr's Map of Turkestnn, 2nd 
cdition. Scrvicc I~oolis, 120 in n ~ ~ m b c r ,  were fillcd it1 a t  n cost of no littlc time and patience. 
T l ~ c  Cost book of t l ~ e  (;. 1'. Survey was I)rongl~t 1111 for t l ~ e  year 1872-73, and it, togcther wit11 
the Dudget coml~arison tal~lc, is now licpt to date, n1011t11ly. T l ~ c  rccortls of the B o ~ u l ~ a y  
l ~ l a n d  survey werc gcncrally csamincd wit11 a vicw to  ascertaining tlleir eligibility for iucor- 
poration ~vit11 othcr matc~.ials. Compiled and passcd t l ~ r o n g l ~  t l ~ e  prcss Introduction to Great 
Arc Scrics for P o l ~ ~ m e  IV. Sullplied data to  34 Executive Officers, i~~volv ing  a cor~sidcral~lc 
a m o ~ ~ n t  of compilation and calculation. Accounts kept nnd monies disb~~rscrl  to explorers, for 
a fc~v  wccks; t rn~~slntct l  t l~c i r  letters, kc.,  kc. To thcse map be nrldcd the investigation and 
detection or a mistakc iu thc mctl~od of determining the percentage of error in ccrtaiu traverses. 

Typoyraphic Branch. 

(10) The work pcrformed by the Printing OlBce since 1865-GG is co~~c isc ly  stntcd 
hereafter. 

a c o m o s c ,  
Uu. l~rintctl, 

18GS-GG 

377 
03,329 

1872-73 18GG-67 l8G7-68 1868-G9 1869-70 18iO-71 i l l  ~ - 
1871-72 

756 I 641 I m i  I 693 I 8 9  
93,411 126,696 155,025 106,231 231,828 

1,143 14?0 
211.1.1~8 l2i3.157 



Typographic Brnnclr.- (Continued.) 
the total pngcs composed last year may be subdivided under the following Ileads . 

Observations nnd Calculations for the volumes of the Great Trigonomctrical 
Survey in hand . . 787 pages . 

Spirit-Levelled Heights .. 33 I] 

Data for Charts. Descriptions of Bench.marks. Rontes. Professional Orders 
and Memoranda . . 4\63 .. 

Report to Government 1871-72 .. 117 I# - 
Total . . 1. 420 pages . - 

Drawing Brasck . 
(11.) The work exccuted in the Drawing Ofice is exliibited in the table which follows 

this report . 
Photo=incograpl~ic Branch . 

(12.) Tlie work performed by the Pllotozincographic branch is given in the following 
tnbles. uudcr the heads Maps. Numerical Charts. Diagrams and Forms . 

Maps . 

Subject Wllrn 

Prints of maps pnblished in former years . . 
Index to Ksshmir Triangulation Charts . . . . 
Spirit Levelling operations. No . 11 . . . . 
Routes in Northern India. No . 1 . . . . . . 

Do . do . No . 3 .. . . 
Do . do . No . 4 .. . - . . . . 

Do . do . No . 2 . . . . 
Index to  Northern Portions of Bombav Trianmlation .. 

Do . Main Liucs of Levels. G . T . Survey - . . 
Spirit Levelling operations. No . 10. 2nd edition . . 
Index to Rlain Lines of Levels. G . T . S . (reduccd scale) 
Routes in North-Western llimalnyaa (reduced scale) 
Index to Kattyrar Survey . . . . . . 

Do . Kumnon and Gurhval Survey . . . . 
Do . Guzerat Survey . . . . . . 

Tmns-Frontier Map. No . 7 skeleton . . . . 
Kumaon and Gurhwal. sheet No . 2 skeleton . . 

Do . do . No . 2 contoured . . 
Do . do . No . 18 . . . . 
Do . do . No . 23 contonred . . 
no . do . NO . 32 do . . . 

Dingri Maidan . . . . . . . . . . 
Trans-Pronticr Map. No . 4 . . . . . . 
Kamaon and Gurhaal. sheet No . 17 skeleton . . 
Spirit Levelliug operntions. No . 8 . . . . 
Kattywar. ~ l ~ c e t  No . 25 . . . . . . . . 
Turkestnu Map. sheet No . 1 (2nd cdition) . . 

Numerical Cliarts . 
Kashmir Triangulation. No . 5 . . . . . . . . 

Do . do . No . 7 . . . . . . . .  
Rangalore Meridional Serics. S . section, Season 1870-71 . . 
Rah6n Seriea. Season 1856-57 . . . . . . . .  

Do . do . 1852-53 . . . . . . . . 
Rider Longitudinal Series. Scason 1870-71 . . . . . .  
Kashmir Triangulation. No . 1 . . . . . . . . 

Do . do . No . 8 . . . . . . . .  
Do . do . No . G .. . . . . . . 

. . 
June 1872 
July 11 .. 1) .. 1, 

August .. 
11 11 

I1 Jl 

.> .. 
September .. .. >I 

October .. 
9. 19 

November .. 
,I 

December .. 
January 1873 

.. I.  

February .. 
11 .. 

~ ' i r c h  :: 
IJ .. 

April .. 
Total . . I 
.. 

i 

June 1872 
I, > I  .. .. 

July .. 
3. .. 
I. 11 

.4 ugust .. 
7 1  11 

11 11 



PLolorincographic Branch.-(Continued.) 

Numerical Charts.-(Continued.) 

Bubject Whrn 
publiel~cd 

- 
No. of 
pnrts 

- 

Kashmir Triangalation, No. 10 . . . . .. ,. 
Do. do. No. 9 . . . . . . . . 

Sotlcj Scrics, No. 1 . . . . . . . . . . . .  
Knsl~mir 'l'riaugolation, No. 2 . . . . . . . . 
Assan1 Valley Triangulation, Season 1871-72 . . . . . .  
Sutlcj Scrics, No. 2 . . . . . . . . . . 
Kasl~mir Triangulation, No. 4. . . . . . . . . .  

Do. do. No. 3 . . . . . . . . 
Rnl~bn Series, Season 1856-57 (2nd edition) . . . . . .  
Sl~tlcj Series, No. 3 . . . . . . . . . . 
I::~l~bu Scries, Season 1855-56 . . . . . . . .  
Sutlcj Ser~es, No. 4 . . . . . . . . . . 
IhlBqpur Series, N. section, Season 1871-72 . . . . . .  
Aiortl~ern Portions of Bombay Triangulation, No. 9 . . . . 
N. W. Himalaya Series, No. 3 . . . . . . . .  
Bider Longl. aud Bilkspur Meridl. Series, Season 1871-72 . . 
Crurl~igarl~ Series, Season 1860-61 . . . . . . . .  
1Judhon Serics, No. 2 . . . . . . . . . . 

Do. do. No. 4 . . . . . . . . . .  
N. TV. Himalaya Series, No. 1 . . . . . . . . 

Do. do. No. 2 . . . . . . . .  
Budl~on Series, No. 1 . . . . . . . . . . 

Do. do. No. 3 . . . . . . . . . .  
Gora Series, No. 2 . . . . . . . . . . 
Ballgalore Meridional Series, N. Section, Season 1871-72 . . 

Septer. 1872 
,, ,, 

Octobcr ,, 
I, 11 

9, ,, 
November ,, 

>I 1, 

I1 11 

December ,, 

January 1873 ; jl 
,, I ,  

February ,, 
8 ,  IJ 

I1 11 

11 11 

I, I, 

, I  I, 

Riarcli ,, 

~ $ 1  :: 
11 I ,  

1 Total . . 1 37 2 , 2 0 6  

Diagrams. 

Subject 

I 

Diapoms of Dench-Marks and Plates of Figures to illustrate 
Vols. I11 and lIr, 1 

When published 

May 1872 
Juue II  

July 11 

tlugust ,, 
September ,, 
Octobcr ,, 
November ,, 
Dcceruber 
January l l 7 3  
17ebruary ,, 
Marc11 9 ,  

April 11 

KO. of ropice 
printed 

I Total, . . 12,Oii  

l'rofessional and Office Forms, . . . . . . . . 1872-73 i 12,s 1.9 



PholorincograpAic BI-anch.-(Continr~etl.) 
5,639 Maps and 3,254 Charts were issued during the  year. The forms mere expended, na usual, 
as fast ns they could be priutcd. Col~trnsting the work performed since 1870-71, we llave 

r 

Year 1 Y a p s  I Charts I Diagrams I Forms 

A n  Abstract of the  work executed since 1866-67 stands as folloms. 

Subject 
Number of Prints  

1866-67 1867-68 1869-69 1869-70 1870-71 1871-72 1872-73 I I I I I I  
IP/7.as j e . s s s / 1 3 . 3 1 ) ( 2 0 . ~ ~ 1 ~  >laps,Charts and Diagrams, 7,118 

Forms, . . . . 1 5,152 1 10,531 / 10,800 1 13.5il 1 10,482 1 13,656 1 12,549 
thus in  1866-67 the total of the prints was 12,270; in 1872-73 this total mas 33,720; in other 
words the work has i~ear ly  trcblcd in 6 years; in  fact, the value of the process cnrlliot be 
ranked too high. 

(13.) I conclude my report for the year 1872-73 by noticing the conduct of the assist- 
ants  placed under my earc. 

klr. W. H. Cole. M.A., continues to  be the excellent assistant I hnve almavs found him: 
his naturnl abilities ore IIOW all t l ~ e  more valual~le tha t  his experience is growil~gwmatrlrctl, and 
there con~binerl wit11 his patience and good temper enable nle to  leave mauy a subject to his 
entire col~trol .  

In all the detnils of my duties, I cor~ld wish for no  more efficient assistant than Mr. 

Cnlcolnting brnncl~. 
Chal.les Wood:  he cor~tiuacs active, r i l l i l ~ g  and 
quick ill detcctina rnistnltes. RIr. H .  W. Pevchers 

ir fast l~ccoming n very useful hand, and I 'l~avc good renso; to 11e sntisficd wit11 his cdldrlct. 
1ial)oo C;IIII~.? Pershntl r n a i ~ ~ t n i l ~ s  the excrl lc~i t  o p i ~ ~ i o n  I have frcqnc~itly expres~ctl of him; 
i n  atltlitior~, his p a t i c ~ ~ c c  an11 cnre in poing through t l ~ c  tedious proccsu of training ilcm computers 
arc  ro~~~rnent l ;~l , le .  Unhoo Cnlly X l o l ~ u ~ ~  Ohose has, I nm glad to say, pnitl more n t t c ~ ~ t i o n  to 
practical matters, by w l ~ i c l ~  his gr l~ernl  attnin~ncnts, ~v l~ i t : l~  arc gooil, ~ ~ r o n ~ i s e  to bc enl~nncetl. 
ll;1110o Iinlly Coomnr Chatter,jee c o l ~ t i ~ ~ ~ ~ r s  to I)e accnrate, painstakC~~g and t r~ i s tnor t l~y .  Nothing 
could exccctl I3nboo (;ol~al ( ! I I I I I I I ~ C ~ ' . S  cnrc, ant1 tvcre i t  o111y ~ ~ o s r i l ~ l c  to i~~r luce  him to "pu t  on 
a littlr more str:un," hi* v a l ~ ~ e  tvo~~lt l  lie i~~crcasct l  ; hc tnltc* care of t l ~ c  rccortls to my sntisfac- 
tion, bc*i(leq tliscl~nrging the duties of a con~pnter .  l jnl~oo Tamporlo c o ~ ~ t i ~ ~ ~ ~ c s  stcndyand 
11uef111. O f  tllr ne\v halltlu, JIiznji Lnl ninkrs l~irunelf generally usct '~~l ,  a most tlesirnl)le trait, 
w l ~ i c l ~  Shorrl~ec l3l1oosl11111 Shornc sculns i n c l i ~ ~ c t l  to follow. 'I'he other new hantls arcs~~Hicicntly 
promisin:. to  ar ln~i t  of  t l ~ c  I I O ~ I C  that I may be aide to  11otice them IIY llnrnc ncxt year. 

BIr. Ollenl,ach coutiuucs I~nrdtvorkir~g, pn ins tnk i~~g  n ~ ~ t l  nrnt fil~geretl : he tvorlts with 
~ ~ ~ ~ r l i ~ n i ~ ~ i s l ~ c t l  i ~ ~ t c r e s t ,  an11 I 11ol)e to IIC nlllc to ntltl, 
that  his metl~odicnl uroccdurc is eaual to  his zcal. 

Mr .  Dyeon is the snmc cl~crrful ,  ready hand as ever. 
Mr.  O'Conoor is zcalor~s nnd generally efficient as I have always hecn a l ~ l c  to  rcport of 

Printing brunch. 
him : he moi~ltl atlrl to  my p a c e  of mi1111 cor~ltl he 
hut induce hia compositors and pressmcu not to  

t r ans l~ ln r~ t  I~lanrlerr into proofs, alicre nrcnrncy prcvnilcd I~rfore. 
Mr. Atkinson has now discharged his new tluticr as Cl~icf  Draftsman for more than a year, 

D m r i n ~  hrsnrh. 
a t ~ d  promises to  prove cqllnl in accllrnc?, mcthotl and 
rnnriapcmr~~t  to  thc rrq~iircmrnts  of his place. I 

t rust  in due c o ~ ~ r s c  to  hc ahle to  report, that 11)- t l il~t of carcfl~l s t ~ ~ i l n ~ ~ t l  reflrction, Mr. r\tl;i~~son 
n~nil~tni l is  his knnwlrtlpcof gengml~hicnl sul j rcts  up to  dntc, as well nu ninllngcs ant1 i~nl~rovcrr 
t l ~ r  pron~ising n~ictuntrr  ~ ~ r ~ t l c r  his cl~nrge. Shaikh S~~irloorlet~rl Iloosnin rol~t i l~l les  to Ilc ollr of 
the. neatest of draftsmen, I~esitles that his knosvletlgc of c v c ~ ~ t a  ant1 rccor(ls i l l  therlrnnir~g oltice 
mnlirv him ger~crallv I I * C ~ I I ~ :  the other draftsmen hnve given me antinfnction, and of the 
assistaut draltsmcn Shamld  aud Poorno Chullder promise to bccome excelleut hands. 
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Annual Return of amount of Work executed in the Drawing Branch of the Omce 
of Superintendent G. T. Survey, from 1st May 1872 to 30th April 1873. 

Number of 
sl~cets or 
dincrnms. Scnlo I I 

- 

Con~pilalion 

... Map ol  Turkentnn in 4 sl~rcts. ? I I ~  rdi t~on ... ... ... Bheet No. 4 Nortl~ern T r ~ ~ ~ ~ s . B r i t i s l ~  l~ronlior ... ... 

... Do. No. 7 dilto dills ditto ... ... 
Do. No. 4 Ynp of R o ~ ~ t c s  in Nortl~rrn India ... ... 

... Map of tllc Dingri alnidnn nnd Uppcr Arun River ,.. 
... Sheet No. 6 of Spirit-Lcvellrd lIeigl~ts ... ... 

... Do. No. 0 ditto clilto ... ... ... ... Do. No. 1 0  ditto ditto (2nd edition) ,.. ... 

... Do. No. 23 ditto dill0 ... ... ... 

... Do. No. 26 ditto ditto ... ... 
Section IY of Spirit Levrlli~lg Opcrntiona 1871-72, to illustrnte 

... Ruob of l l e i ~ l ~ l s  ... 
Inder  Mop to Mnin Lorcl Linos of the Q. T. &;mcy 

1.. ... 
I n d e r  Charb 

... Knsl~mir Trinngulntion ... ... ... ... 
... Northern Bo~nbjby Trinnp~lntion ... ... ... 

Prelinri~lnry X t ~ ~ ~ ~ r r i c ~ t l  Cl~nrts of tllc N. W. Qundrilnterd ... ... Finnl Nnnwricnl Chn~.ts of tho N. W. Q~~ndrilotcrol ... 
Preliminnry Nurne~.icnl Chnrts of the N. E. Qundrilaternl ... ... F i n d  Numericnl Cl~nrts of h e  N. E. Qundrilntcral ... 

Preliminary Numerical Churls 

Kasllmir Trinnplntion, Sl~eet No. 7(projeeted by B1r.W. Q. Beverley ... N. W. Uimnln).~ Srrirs, Scoson 1851-52, (in 2 sheets) ... 
... Bndhon blrrirlionul Srvics, Nos. 1 to 4 ... ... 

H~IIGII ditto ditto, Senson 3855-56. nnd 1856-57 (rerlrnnn) 
Ourlllgnrh ditto dill0 ditto 1860-61 (redmsn), nnd 1661-62 
Bilbspur dilto ditto ditto 1871-72 Norlllcru Section 

... Asm~n \-nllrj Trinngulation, Se~uon 1871-7E ... ... 
Rnngir hlrridionnl Srrirs, Nos. 1 to 3 ... ... .., 
Bidcr Lt,~~g~tudirlnl nlld Hilirpur JIcridionnl Series, Scnson 1871-72 

nn nlorc blrridioz~nl Yrries, Yrnson 1871-72, Nortl~ern Section 
... zmfL ditto ditto. Nos. 1 m d  2 ... ... . . . . . .  Northern Bon~bny Trinng~Jntion, Sllcct No. 9 ... 

Qom hleridionnl Series, Nos. 1 mud 2  ... ... .,. 
Finnl h'um~ical  Charts 

... Qrent Are Series (Prinripd Trinn:dntion), Nos. 1 to 6 ... 

. . . . . .  HarbLi Longitu&~lnl Serics (ditto) Nos. 1 to 6 

Plater. 

For Pho to -z i~~cogrn~h~ .  
ditto. 
ditto. 
ditto. ( ditto. Reduction to 4 

e d e  
ditto. 

1 inch 
= 

Miles. 

32 
IG 
16 
16 

8 

1 2  
2 
2  
2 

1 2  

20 

40 

32 
16 
32 
32 
3% 
32 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

z j  
: 

4 
1 
1 
1 

1 

1 
1 
1 

1 

1 

1 
1 
1 
1 
1 
1 

1 
2 
4 
2 
2  
1 
1 

1 
1 
2  
1 
2 

ditto. 
ditto. 
ditto. 
ditto. 

ditto. 

ditto, ditto. 

a sp- 

a 

6 
6 

dilto. 
ditto. ditto. 
ditto. 
ditto. 
ditto. 
ditto. 

ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
dltt0. 
ditto. 

ditto. 
ditto. 

Of Figures to illt~drntc Vol~~rncs 111 nnd I V  of tho opemiions 
of tile Orcut Trigono~ncLricnl Survey of ludis  

Biscella~~eous. I l l  I 
Colord 8,443 ropics of mnps, and pcrronued numerous olher 

misccllnl~eous duties. 









I n  the year 1862 I mas called on to compile a map of " Asia between the 
parallels of 20" and 60"" to accompany the Report on the Trade and Resources of 
the Countries on the Nortll Westcrn Boundary of British India, which mas pub- 
lished by the Punjab Government. While thus occupied I realized how very 
slight and inaccurate mas the knowledge then possessed in India of the regions 
lying betmecn the Russian and the British Frontiers. I went to Euglnnd in 1804 
and found that neither in the Iudia Office nor in the archives of the Royal Geo- 
graphical Society mas any better information forthcoming. It appeared that  our 
kllowlcdge of the Gcograplly of these regions was almost solely derived from the 
maps which had been compiled in 1711 by the French Jesuits in the service of 
the Emperor of Cliina, aud for which the only data had becn " divers very exact 
journals," "itinerary distances," and the "latitudes and longitudes given in the  
tables of Nassir Addin, Olug Bcig, and other Eastern Astronomers, quoted by 
Abi ' l  Feda."* These maps had no pretensions to accuracy and they contained 
very little detail; aild thc Messrs. Sclllagintweit had recently come to the couclu- 
sion, from their own observations, that the positions of ICashgar and Ywkand on 
the Jcsuit's maps mere erroneous by 2' in longitude. 

(2.) This state of things bcing most uusatisfactory, I obtained the per- 
mission of tlie Secretary of Static. for Iudia to procecd to St. Petcrsb~~rg,  to ascer- 
tain whether any more accnmte and valuablc information might be obtaincd 
from Russian sources. The lEussian Government mas kliown to have recently 
obtained, by the treaty of Yekin, a grant of land in Knshgnr, in Eastcrn Turkcs- 
tan, for tllc crrection of a factory; t l ~ c  Russian frontier liad been recently carricd 
south-wards into TVcstern Turkcstan, and thus embraced a portion of what to 
E~lglislimcn IT- still a tersra ii,cogr,itn ; and there mas much reason to believe tha t  
Russian Oficers had alrcatly acq~~ired  a large amount of informat.ion regarding 
tlic regions to tlic south of thcir fronticr liuc?, and that thcy would not bc unwil- 
ling to in~pnrt  this inforlllation to a British Oficer. 

(3.) At St. Pctcrsl~urg, I rcccived cvery assistance from Lord Napicr, 
tlic Britisl~ Ambassatlor, by n~liom I wns introduced to Gcncral BIiliutine thu 
IIi11ist~r of War, IN, Golovi~lnc tllc Minister of Public Instruction, and Ad- 
miral Liit,kc tlic I'rcsidc~lt of t,lic the Russia~i Gcograpl~ical Socicty. I readily 
01)tainctl access to the Arcl~ivcs of thc Gcoarapliicnl Socicty, wliich mere replcto 
wit11 vnloa1)lc pul)licnt,ions and maps, inally of 1v11icIi llad not yct found their way 
to England. To o1)tain free acccss to t l ~ c  Topograplrical Dcpnrtment of thc F\'ar 
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Office mas anticipated to bc a mow difficult matter, for in a n  parts of tllc world 
thc time honorcd custom still prcvailcd of treating tlic d o c u ~ n c n t ~  in such offices 
as secret ancl confidential, and not to bc shown to foreigners ; but General >xiliutinc 
a t  oncc authorized my admission to the Topograpllical Office, and I have eve1.y 
reason to bclicve that  I n-as sl lo~rn all the maps it containccl of the regions in which 
I nras interested. I n  onc respect I was disappointed; I found that the Russians had 
not carried thcir explorations to any thing like the distance beyond thch frontier, 
that  thc British had donc in India;  though thcy were thcn holding the north-west 
portion of Rokan, around Tashkcncl, they had very little knowledge of the centrd 
and e a t e r n  portions of that  important Khanat; the treaty by which thcy had 
obtaincd a grant of land for a factory in ICasllgar mas still a dead letter, only one 
Russian Officer having visited Kashgal*, and hc went there in disguisc and was un- 
able to take any observations for fixing it's position ; and i t  appearcd that  such 
linowlcdge of Tmkestan as nras possessed by the Russians was derived, for the 
most part, from the same sources as our's,-namely from the maps of the French 
Jesuits, which wcrc a ccntury and a half old. But therewere expectations that 
this state of ignorancc 11-ould not last long; the Russian Government had ap- 
pointed as Political Agent to tlic Native States in T~urkestan an accomplished 
astronomer, 11. Charles Struvc, who was cxpectccl to determine the correct posi- 
tions of all places of importance near tllc boundary line, and t l ~ u s  i t  was hoped 
that  very valuablc data for thc rcctiiication of tlie existing maps would be soon 
forthcoming. 

(4.) I obtained the following maps ; 
I. Southern and Eastern Siberia incl~tding parts of Mongolia and Cliinese 

Tartary, recently publisllcd by tllc Kussian Gcographical Socicty. 
2. Central Asia brtween the parallels of 20" and GO0 and meridians 40" to 90" 

East of Greenwhich, 1)y the Topogral)hic:~l Dcpartment of the War officc ; 1863. 
3. T\Testern Siberia, and the countries l~etmccn the parallels 42Oto 62", and 

meridians 62" to 85", by the Topogrnpllical Drpartment of the War OfEcc ; 18448. 
4. A n ~ a n n s c r i ~ ~ t  map of tlro l i l~ana t  of Kokan, bascd on information 

rcccntly supplied by the Russian Cons~d a t  C;rll(!ja. 
5. A catalogue of tllc lntitudcs, longit~iclrs and hciglits of all positions of 

importance in Asiatic, Enwin, Prrsia, Clrincsc, Tibrt and Tartary nlliich llarl been 
determined up to 18G3 l)y triangulation or Astronomical obscrvatioas. 

6. Various publications of thc Russian Gcographical Socicty. 

(5.) Rcturninq to England I scclircd the assistance of Mr. Rohert Michell 
i n  making translations of the various Riissian docummts I had rrccivccl and in 
transliterating tllr namrs on tlic maps ; and for solnc years aftcrmards, up  to thc 
time when Mr. 1Iichell ol~tnincd an appointnlcnt in thc India officr, I was regu- 
larly supplicd 1)y lrini \\.it11 tranulntions of Itussian publications furnishing new 
infortnation on the Grogmplry of Ccntml Asia. 

(G.) I n  18(ili my nlnp of Central Asia n7as pnblisl~cd ; in it's conlpilation 
the \\llole of the regions to tlic nortli of 1.0" JT-rrc t:~licn from tllc Russian sources 
indicntcd in tlrc precrcxding paragraph ; 311 to tlre so11t11 of 38" from British 
sourcrs ; for some portions of tllc intc~rmc~tliatc bclt of two d~grces  in latitudc it 
lyas still ncBccskary to rlcpci~tl on the maps of tllc Prenoh J c s ~ ~ i t s  wliicl~ have ahmdy 
bccn rnrntionc>d, tllonqll atlditional details werr fi~rnislicd by rrccllt itinrrnrics. 
Tlic po5ition of Ilclli, in Iil~otc.n, 11nvinq 1)t.rn latrly tl(tcrrniurt1 1)y Mr. Jollnson, 
in collncctioli \\ it11 the npc~:ttion\ of t l ~ r  T~.igonnnlctric.nl S u i ~ c y  of Inilia, fr~rnishcd 

point to  the details in the Jesuit's maps co~d(1 bc rcfcrrcd wilh accluac?, 



so that therc was i1eason to 11011~ that the coi5rcct positions of the chief t o m s  in 
Eastcrn Turkcstaii had bccn fairly approximated to. 

(7.) Very shortly after thc publication of this map, I rcceivcd from M. 
Otto Struve, Dircctor of the Pou lko~a  Ol)servatorp, a list of ncarly fifty positions 
near the southcrn borders of the Russian territories, wliich liad becn reccntly 
dcterlllined by his brother Charlcs, ~vhom I lravc already mentioned as having bccn 
deputed for this purpose by thc ltussian Govcrnmcnt.* Thc results shewed that  
the existing maps required a considerable amount of rectification, and strange to say 
to a much grealer extent in latitude thrill in longitndc. Tlnls thc tonn of Chemkcnd, 
which had been hitherto supposed to be in latitude 42'43' ant1 longitude 69'40' from 
Grcenn~ich, m s  fount1 to be in lnt. 4.2'18' and long. Gga3G' ; Tasllkcnd required to be 
placed upwards of t,llirty miles further south and about tm-cnty to thc east, and 
generally a very considel.ablc amount of southing was rcquircd for all the chief 
towns between A~~l i ca t a  and Bolcl~ara. 

(8.) I tlicn comme~iced the compilation of the map of " Tiu.kcstan, with 
the adjoining portions of tlre llnssian and tllc British territories." I t  was con- 
structed in four slicets n~hich were pul~lislicd consccnti~-cly during the years 1867 
and 1868. For tlie southern portions of this nzap, rvliich indicate tlre re,' "r~ons 
imlnediately adjaccnt to tllc British Frontirr, tlicrc wcrc tllcn no other materials 
available than tl~osc \r l~ich had bccn usc~I in the n ~ n p  of Central Asia, but I had 
obtaincd scveral Russian maps, in addition to the astronomical points, for the 
correction and amplification of the gcograplip of the regions contiguous to the 
Russian Frontier. Of t l~esc the most accumtc and rnluablc was Adniiral 
Butalioif's nlap of the Sir-Daria (Jasnrtrs), and Scrcrtsoff's Geological map 
of the country lying bctwecn the Sir-Daria and tlic Itivcr Chui. I also obtained 
copies of the skctcll map of Kortl~crn Bolc1in1.a with tllc conterminous portion 
of Turltestan, 11-llicll was prcl~nrcd for Saturinoff"s Journal of Struve's mission 
to Boklrara in 1865, the Cl~ar t  of Routes in Iiolcnn from Tnshkcncl to Kan~angau 
and Margilan pnblisllcd by thc Russian Gcogmpliical Socicty in 1867, and a map 
of Turkcstan publisl~ed a t  St. l'ctcrsburg by A. Ilyin. 

(9.) Geograpliical scirnce, orlien i t  is not advanced by sound and sys- 
tematic surveys but is clcpcndcnt on infornlation acquired from thc itineraries of 
travellers and from cross qnestioning the inlinbitants of a tcv1.a i?zcog~titcc, has to 
make it's way 11y xig-zags of approach, often owr-shooting thc inark to which i t  
is dircctcd, somctirncs pcrlraps going \\rroug altogctlier, but yet aln-ays encleavor- 
ing to reach it's goal by sncccssivc approximations. This is prc-eminently tlie case 
as rrgards t l ~ c  gcogrnplip of tlir portions of Ccntrnl Asia n Iiicll rcspcctivc~ly lic 
beyond tlic boandnric~s of the ltussian and the British trrritorics, and nlorc so as 
regards thc forn1c.r thnn the latter, for accurate m ~ d  cbontiu~ious survrys on a 
trigonometricnl basis hnl-c nonr hccu cnrricd up to tlrc Britisll frontier, tlirough- 
out it's cntirc lrnqtli, ~ ~ ? l r r r c , ~ s  011 tl~(bir sidc tl1(1 R i ~ ~ \ i n n s  liare not yet Irad timo 
to rxccutc sucli s~uvcys, nud Illrir maps arc ~nostly conlpilrtl from rccounoisanccs 
and itincr:~ric\s, of raryiug orders of mcrit, n-11icl1 arc put togctlicr on thc basis 
of n fcw points wl~osc positions lravc been dctcrmincd astronomically. It is 
cvidcnt tlrrrcrorc that until all such (lain 11al-c been supcrccdctl by thc results 
of n ~migorous mld systematic slirvcy, Ccntrnl Asian gcogrnphy can only bc 
considcrccl as a preliminary approxinlaiion, I\ hich is liable to be largely corrcctcd 
in future. 
--- 
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(10.) Sir Roderick Murchison, in his acldrcss to the Royal Geographical 
Socicty at tllc anniversary meeting in 34ay 1860, said of tllc map of llurkestnn 
thnt " this work of Colonel Walker's does not enter into great tol,ographical 
rlctail, b ~ t  it is invaluable as a co~nbined view of the sound results obtained up 
to the latest date, and marks a step in our chartogmpliy of that region such as 
11as not becn made for nearly tllirty ycars." But such has been the progress of 
grogrnpliical csploration, on thc part of the British as well as the Russians, since 
tlic l)~~blication of that inap that it is now found to need nurncrous col~ections 
and additions, and to bc altogether insu5cient for present requirements. It 
lxoreover contains a grave error in an attempted rectification of the course of 
thc Zarnfshan river ; in the preceding map of Ccntral Asia that river n7as shornn 
as rising in the hills south of thc Rhanat of Roltan at a distance of about 44" to 
the east, of Samarcand, and trending wcstnrards, between two parallel ranges of 
mountains, until it reached thc viciaity of Samarcand ; but in Sat~~rinoff's map (see 
para. 8) the sonrcc of the river is placed in the Lake Islrnnder at  a distance of 
barely o degree to the east of Samarcnnd, and the two ranges to tlie south of 
IColian give place to a single range ; the propriety of this rendering was supported 
by arecent determination of the position of the town of Kokan, placing it more 
than a degree to the south of the position which had been previously accepted. 
These supposed rectifications mcre introduced into the T~wkcstan map, but they 
have now been found to be erroneous; the river Zara,fshan mas afterwards 
explored to it's source by M. Fedchenko, and the original rendering of the river 
is now known to be much more accurate than that by wl~ich it was for o time 
supplanted. 

(11.) To correct this error, and to utilize the results of recent surveys and 
a new edition of the map of Turkestan has been prepared. I t  has 

been extended west-wards to embrace the C~qpian sea, which was not shown in 
first edition. I n  it's compilation the following rccent maps and documents 

have been used in order to correct and add to the details in the first edition. 
From Bj.itislz nnd dsirctic Sozbrces. 

I. Trans IIimalnyan Explorations urdrr thc snperintcndence of liajor 
hfontRomerie ; .I;;;., the P~lndit's Explorations of the Upper Basins of thc Indus, 
Slltlej Bmhmapntra rirers, 1865-67 ; the 3Iii-za's Ronte from Batlalcsl~an 
across the Panlir steppe to ICnsl~gar, 18G8-GO ; and the Havildar's route from the 
Fanjab to Bnrlakshan, tlirougll Swat, Dir, and Cllitral, 1870. 

2. Tn-o \kcleton maps (11-itliont hills) by llajor liontgomeric, callcd 
Trans Frouticlr JIapq, co~npilcd from Route Sui-vrys and Astronomical 0l)scrva- 

tions nlnclc l)y Briti<h mld Asiatic explorers from thc side of Indin"; 1872-73. 
3. Captain Cartrr's chart of trigonometrically fixrd points west of tllc, 

I ~ ~ ~ ~ ~ ~ c ,  l)ctwccn tlle British Fronticr and thc 1%-atcr-shcd of tllc E n d u  Husll; 
1669-70. 

4. IIar, of tlrn Siqtnn boundary by ltnjor Lovctt ; 1872. 
5. ltvport of Gcnrml Sir Ercdcric Goldsmid on the Sistan boundary; 

13572. 
6 .  Rmtc from 13am to Sistan and tl~cnce to lIeshcc1 by Ccneral Sir P. 

C;old\initl, 3572. 
7. Itonte from Sl~iraz to Bnm, ?rInjor Lovctt ; 1973. 
8. 1:outc. fronl T1.11crnn to 13usllirr, l)p l[:;jor St. John; 1872. 
9 .  JIap of ,llrglianistnn compiled in thc Quarter Xaster Cicncral's OIECC, 

Si~nla, 1571. 



10. Colonel Johnstone's Slcetch Map of the North TVcstcrn Frontier, from 
Fort Abazai to Fort Mackcson, 1869-70. 

11. Tlic communications of Mcssrs. IInyward and Sham to tlie Royal 
Geographical Society, published in the Society's volumcs for 1870 and 1871. 

12. Map of Central Ash,  by John Arrowsmith, 1872. 
13. Map of Eastern Twkestan, to illustrate Mr. Forsyth's Journcys, 

1871. 
14. Travels in Central Asia by Mir Izzat-Ullah, in the years 1812-13, 

published 1872. 
15. Journey from Peshawar to Kashgar kc .  by Faiz Buksh, 1870. 
16. Route from Kolian to Peshawnr, vid Karategin, by Shzada  Sultan 

Muhamad of Kokan. 
17. Map of Independent Territory west of Indus and south of Oxus, corn- 

piled by a Moulvie in  the scrvice of Captain Orrrmaney, Deputy Commissioner of 
IIazara. 

10. Reports of the meetings of the Royal Geographical Society, published 
in " Ocean Highways, the Geographical Record" by Clemcnts Markham, C.B., 
1872-73. 

19. Colonel Yule's Introduction to the second edition of Wood's Osus, 
1872. 

20. Map of Central Ash, compiled a t  Topographical Department of War 
office, and corrccted to March 1873. 

A.ont Rzrssinn SOZL~CCS. 
21. Additional astronomical detcrrninations of position, by 19. C. Struve. 
22. Map of the Khanat of ICokan, by &I. C. Struve, scale 20 versts=l 

inch ; 1871. 
23. Map of Turkcstan by Captain Liusilin and Colonel Narbut, of tho 

Russian Topographical Department ; 1871. 
24-  Map to illustrate Baron Osten Sackcn's Route from Vernoe to neigh- 

bourhood of Kashgar ; 1868. 
25. Topographical sketch of the Zarafsllnn valley by M. Fedchenko ; in 

the Journal of thc Royal Geographical society for 1870. 
26. The principality of Raratclgin, by General Abralnof, Chief ,of tho 

Zarafslian district ; in the Journal of thc Royal Gcograpliicnl Socirty for 1S71. 
27. M. Fcdchcnko's accounts of his cxp~dition up tlie Znrafsl~an vnllt-y 

in 1870, and his travels through the IChanat of Kolian in 1871, as translated in 
" Ocean IIigl~nrays" from tlic procccdillgs of tlie Imperial Russian Gcograpllic~al 
6ociety for Octobcr 1872, and published in the proceedings of the Berlin Gcograpl~i- 
cal Society. 

28. Chart of Central Asia, by thc Russian Topographical Department ; 
1863 ; new edition corrccted up to cnd of 1872. 

(12.) I vcry mucli rrgrct that I am nnablc to add to tlic al~ove list 
11. Fedchrnko's nclv map of Kokan, wliicli I have made sevcral efForts to obtain 
but hitherto witliout succcss. It shonld 1,e very vnlunblr, for AI. Fcdchcnho Ilas 
8uccccdctl in pcnctral iu~ into Knratc~gin, nnd reaching the ncigl~borliood of tlic cclc- 
bratcd Tirak pass bct~vccn Kokan and Knshgnr, nud lie has thlis had grcnt opportuni- 
ties of corrccting crroncous gcograpliy ; IIC is stntcd to bclicve that he lins cleared 
up '' many points nrlricli arc yct problcmntical," alld also to bc of opinion that" t1ic.r~ 
remains now but vrry lit,tlc to dctrrnminc on onc of t11c grcat geogrnpliicnl mys- 
teries of tlic 1~0r1d.l' I am informcd t l~n l  11c is prcporing an elaborntc ncco~unt of 



his explorations and solutions of geographical mysteries, and that the publication 
of his map mill be postponcd until his boolt is ready. 

(13.) It is drsirnblc that I sllould here point out the geograpllical alteram 
tions and additions ~vliich hnvc been n~ade  in the constructio~~ of tile second edition 
of tllc ]nap of Twkcstan now in  publication, giving my reasons for them wherever 
necessary. 

1. The map has been enlarged so as to cmbrace the region betmccn thc 
meridians of 4G0 and 68" East of Grccnmich, to which much intcrcst attaches a t  
the present t h e .  

2. T l ~ c  error in the course of the Zarafshnn River, noticed in para. 10, 
has bcen rectified. 

3. Tllc route from l3ndalishan to  Koltan, c i i  Rolab and Harategin, is 
statcd by M. Fetlcl~cnlio to llnre been originally traced innccurately, because of the 
errors in the position in ICoIiau. I t  is llom nlade to cross the great range of 
mountnius to t l ~ c  ~011th of liol\an nrnrly n degree to t,hz east of the position for- 
lnerly acceptrd, a t  the Karntrgiu pnss of RI .  Strum's map. 3Iuch additional 
infor~uation regarding this rontc and the valley of the Se~rlillab river has been obtain- 
ed from thc Itinerary of Sl~nzada Sultnn 3Iahamail of Kokan, ~vliose route from 
Kokan to Lungnr Eslran goes t l ~ r o l ~ g l ~  sevcml plnccs on Abdol i\Injid's route ; from 
Lungnr Eshan to Al~igurm the Sl~azarln's routc kcrps near thc rirer S u r k l ~ d ,  
passing t h r o ~ i g l ~  srrernl pl:~crs lloticetl in Gcncml Abramof's account of Iiaratcgin, 
while Abdcll Xajid appears to I ~ a r e  tnlicn a more direct route to Rolab, liccping 
away ffi.t)m t?;e river mld crossing sercml spurs of tllc Dnrwaa hills. From Abigurm 
the  Shazada proceeded ci6 Ilnlja~rnn, ~v l~ ic l l  is 1)clic~~etl to be near the Surkhab 
River, to IColab, n-l~cre llis routc joins tllat of Abdul Mejid. 

4. I n  the clclincation of the I i l~nnnt of Kokan RI .  Strum's map has been 
exactly follon-ed up to the mcriclian of tllc liarategin pass, 72" 20' ; but from that 
point cast\\-ards, I liare t l~orlgl~t  i t  dcsira1)lc~ to malie some considerable deviations. 
It. Strurc p1:lccs the Tiralr p:r<s* vrry 1n11eh closer to Iinsllgar, t l~nn  is reconcileablc 
m-ith tllr infomlntion +I-en in t l ~ c  itincrariesof JInhanlad ilmin, and BIir Izzat-ullah; 
11c malics the distnncc from Knshgar equal to 2.7 tcnths of the distance bctmeen 
Kasllgnr and Iiohan. 31-llil~ tl1c.j- aylsce PCI-y closely in mnliinq i t  44.4 tenths of that 
distance, the tlilfc~rrucc I)clinq c~rluivnlc,nt to al~ont 14 of n dcgrcc in longitude. M. 
Struvc's gcogmpll\- of this rcgion is prol)nhly based on nntivc information w11ich is 
no llcttcr t11;111 that farni<lletl l)y thc itincmrics of BIuhan~nd Amin and Iaaat-ullah ; 
1 llave adoptc[l a mrnn l,\t~\-een his mlne ant1 tllcir's, and assumcd the Tirnk pass 
to be a t  3.l; tcnths of the distance from Jinsl l~nr t l ~ a t  liashgar is from Kokan. I 
tllns place t l ~ c  pass ill lonq. 54" 15', instcad of 74" 53' as by $I. Struvc, 11ut our 
]a t i t l ld~s  a1.c tile snlnr, r iz. ,  33" 4r.". Tl~c. position adopted for t l ~ c  first edition of 
my n ~ q  of Tc~rkcstnn ~ m s  30' 18' 1,y 76" $9', nearly half a degrec to the soutl~ and 
a clrgrc~c and a llnlf to the wrst of tllc position now adopted. I trust that tho 
Illlccrtaintp n111)nt tllc. pocition of this pass-vhirll is an obli~atory point of the 
llipllcct in~~ortnnce-11ns brrn cl[~a~-rd 11p 11y the labors of 31. Pedcl~cnko. He is 
reportt.d to 11:r\-c said, in n prc~liminnry account of his tmvels, that thc pnss should 
bc sllifled 80 ~ e r s t s  (53 n~ilvs) to t l ~ e  west and 30 rcrsts (20 miles) to the north 
a c  or t l l c  positioll llitll(.rto ~ i v r n  on thr  malls" ; l ~ n t  as it is not stated on .z~;Aat nlitps, 
tilt. infornlntiorl is indrfinitc; it tcwtls I~o~vc~-e r  to confirm the propriety of my 
c\c.yi:ltinn fronl ?([. Slr~~rc.. I n  t l ~ c  lien- edition of the Rlrsqinn Cl~nrt of Ccntrnl 
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Asia (28 of para. 12) the pass is placed in lot. 40" 8' by long. 73' 30'. The geo- 
gmpliical zigzags of approacll to tlris pass I\-ould stem to have gonc vcry ~vidc of 
the mark liitl~crto. 

5. I have placed tllc t o m  of ICa\l~qal. in lat. 39" 20', long. 'iG" 12', and 
tllat of Yarliand in lnt. 38" 20', long. 77' 30, the posilions deternlinetl by Major 
Montgonzcric from t l ~ e  route sllrveys of his nalive explorers, and upheld by him 
in his recent Trans Fronticr skclcton maps. 

6. The original delineation of the district of Tasl~kurgan has of course 
been puperccded by t11c Nirza's survey of tllc route from Bndakshan across the 
Pamir Steppe to ICasllgar. A comparison of tlie IIirza's route with tllosc of 
Muhamad Ainin and the map constrncted hy Captain Lnmsdcn from Nuhamad 
Amin's itineraries, sho~vs tlrnt thcrc is n~ucll  pro11al)ility that the S~issogh Kul of 
Abdul Mnjid's itinerary is in reality TI-ood's Sirilinl or Laltc Victoria, though it 
has hitllcrto been placcd about 15 iliilcs to the nortli-west of that lake ;* Xuhamad 
Amin gives a lalre-mci.c~ly called Ab-i-Pamir lialhn-in a similar position rela- 
tively to anotlier lake w l ~ i c l ~  he calls Siriliul and wllich nras thrrcforc supposed to he 
Wood's Iake. Bot it is now quite clcnr t11at this Sirilcul is identical milh the BIkzs's 
Barkut Yassin Lakc, ~ v h i c l ~  lies about 4'0 inilcs to tlie soutli-cast of Wood's Shiliul; 
as the word Siriliul literally nlcaas a lalie on a summit, and there arc many lakes 
so situated in this region, the llnnlc is not suficicnt to cnsure identification. The 
mcrging of the Sassogh KLII into TI-ood's 1;ilcc 1 1 s  a very iml~oi-l-ant bcaring on 
the geogral~liy of tlie Pamir Stcl)pr ; it  tllro\vs tlie starting poillt of our best 
itineraries across this region to t l ~ e  Tirali pass considcrably to the cast, and as the 
position of thc pass has bccn carried still furtller to tllc cast, I have found it 
necessary to morc Lalie lCar:~lcnl about 14" in tlie sanle direction. 

7. The region lying bct\vren t l ~ c  eastern cdgc of tlic Pnmir Steppc, the 
valley of the Surltl1:~b llivcr and t l ~ c  Eircr  I'anjn of l\-nlil~nn-the soutl~crn branch 
of the Oxns-covers an  arcn of abont 40,000 square milcs wlrich is still a Trr.1-a 
Incog~ziln to Englisl~mcn. It is prol)ably a higllly cle~atccl plateau, ~ r l ~ i c h  culmi- 
nates in the Bam-i-Di~niali, tlie l~igl~lan(l  of tlie I'anlir on 11-1licli Wood's Iake is 
situated. To the south-west i t  is boundrd by n prolongation of t l ~ c  spur from the 
Itindu ICus11 range nortll.rvard~ passing l)ct \r~~en Isl~ltnslin~ and t l ~ c  upper sources 
of the Kokcha rivcr, wllicll must talcc t l ~ c  form or n hiqllly clevatrd scarp on it's wes- 
tern facc, wl~ich tonrers ovcr tlrc 1-al1ry of thr  IColicha, ~vliilr it's castern face has a 
comparatively slight co~nmantl over t hr clmatc.tl l~lntraus of TVakllan ant1 Shagnan. 
It is not iml~robablc that this scnlp is l)rolongcdnoi~tIl\\-ardsaud then north-eastwards 
into Karatcgin, and that it's crest is tllc ~valcrsl~cd brt\vrcn thc T r l . ~ - n  111coqlzila and 
thevalley of tlic Surlclral) Rivc,r. ,T l~e  1v11olc of tlle tlrainagc of this region appears 
to join tlre Paiija llivcr on t l ~ c  rnqt sitlc of this range, the unitcd strcauls forlning 
the Oxus, nrhich, after 1)ursting tl~rougll it's monntain bnrricrs, and dcsccnding from 
a probable clcvation of 7,000 fcet to onc of 700, cntcrs an alluvial plain as a noble 
stream having a brcncltll, opposiilc Sarcl~asmal~, of up~vnrds of a milc in winter and 
some six lllilcs in summer during the nzc,lting of the snon-5. Tlre Sliazatla Sultan 
Muhamad is my notliority for tllc l~rcadtll of the Oxus nt this point, and t l ~ o u g l ~  he 
may havc cxaggcrntrd it, yet tllc fact that ilcitlicr his itinerary nor that of Abd~ll 
Majid lncntions tile paqqagc of any river on tllcroutcq l)ct\\~ccn Luugur Esllalland 
the OXIIS, slroms tlrnt, the esistc~icr of Iargc rivers flov ing n~cst\vartls tllrough the 
Tcrra l i~coqi i i tn  into tllc Surkhal) is hiql~ly iniprobnl)lc, and strenqtllens thc pro- 
--- -- - -- 

YO,~"~ J I o ~ ~ l g o ~ u e r ~ e  I l i t d  lurs ~ u l o l ~ ~ r d  ~ I l l s  r lcn ,  a 1 ~ 1  1s sltpported 111 lt-tlluugll sill s u m ~  hcs~ta~iun-by ~ u l o n c l  
Yule. 



bability of these rivers joining the OXUS above the point of it's entry into the low. 
lands. 

8, A recent writcr in the Times-see the Mail of 9th April, 1873-in 
reviewing Colonel Yule's edition of Wood's Oxus, draws attention to " the curious 
forgeries produced by dearth of information concerning Central Asia." IIe says of 
these forgeries that " thcy have been adopted in Colonel Walkcr's map, and trans- 
ferred from it to others, even that of the Topographical Department; thus the 
course of the Oxus in it's nortliern bend, and the districts of Shagnan, Roshan, 
and even Wakhan, are tortured out of shape and place." This mould be very 
sad and pitiful if it were only true. But as a matter of fact Shagnan and Roshan 
do not appear in either of tlie maps which I have published hitherto, though they 
will be found in the new edition of T~urkestan. On the other hand Wakhan has 
always been shown witliout liaving undergone a process of tortoring, for it was 
placed exactly as Wood-the only Englishman who has ever been there-placed it, 
and Wood's rendering is accepted and follo\ved by Colonel Yule. Sliagnan and 
Roshan fall within the Terra I~~~ogucitcl, as will be at once cvident from an exami- 
nation of thc attcmpts to give tllcxu shapes and places which hare been made by 
tlie geographers who me believed to have known or to know most about them. 
For example, Shagnan-which in deference to Colonel Yule will hereaftcr bo 
spelt Shighnan-is shown in Wood's map as the portion of the valley of the Panja 
river belozo Wakhan, having thc direction S. S. E., to N. N. W., with a length 
of about 60 miles. I n  Colonel Yule's it lies in great part in a lateral valley, 
called the Shak-dara, about 30 miles to tlie north of and ncarly pnrallcl to, tlle 
course of the Panja River through Wakhan; it has the direction N. E. to S. W., 
with a length of 110 miles and an average breadth of 30 miles ; beyond it (north- 
wards) a third parallel \-alley is sho~\-n, which Colonel Yule tlli~llis may be tho 
Pallis Comkekdc~~un~. Colonel Yule and Lieutenant Wood agree in locating 
Shighnan wholly between the 37th and 38th parallels of latitude ; but accord- 
ing to M. Fedchenko (see Ocealz Zighzcctys for December 1872, prtge 289) the 
Shigl~nan tc~~i tor ics  must reach to a distmzce of at least a dcgrec f~u~ther  
north, for he says that tllc valley of tllc RIuli-sn separates tllcm from the Alai 
plateau; hc belie\-es that tllcy " lic to tlie cast of L)arnaz, extending probably 
two degrees along thc meridian ", or in other 11-orcls that tllry embracc an area 
which is far greater than has hitherto bcen imagined by the best Englisli antho- 
rities on the sul~jcct. The matter is one of no small irnportancc, if Coloncl 
Yule is correct in his statement that Sliighnan ackno~\~lcdgcs the supremacy of 
Badakshan. 

9. I n  the first edition of tllc map of Turkcstan thc District of Darwaz is 
placed wholly to the north or on tlic right bank of the Oxus, and it is retained 
there in the second edition, bccause I have failed to discover any satisfactory 
authority for extending it to embrace a portion of tlic region on thc left bank of 
the Oxus ; the fact liowcver that this has bccn done in Coloncl Ynle's n.lap and 
Lieutenant Wood's also is, I must admit, a strong argumcnt against the validity of 
my own conclusions, and the nccumcy of my information. 

10. Colonel Yule ol~scrvcs in his Essay that I have "more t l~an once ex- 
pressed an opinion that thcrc is no well-defined rangr whcrc tlio IIindu Knsh is 

on our maps", and hc adds that llc tliinks thrsc vortls are far too 
strong. They appear to 11c quoted from tlrr printrd report of a cliscussion at 
the meeting of the lloyal Geograpl~ical Soci(%ty on tllc 24th April 1871; I 
cannot find tlicm anpnhcre else. Thc mords talicn by thcmscl~es may ~vcll 



be considered to be too strong, but Coloncl Yule lins ovcrloolred the circunl- 
stancc that  tlicy were spolceu witli reference to Mr. Shaw's discoveiy of p1acc.s 
iu thc ICarakoran~ range whcrc tllere is a break of continuity in the mngc, and the 
liuc of watcrshed is allnost lost, and can only bc tmced with dificulty, on the high 
table lands into which the ranye disnppcars for a whilc to rcappcar further on 
bzyond them. Spcnkiug of thc IIindu Kusli mng2 I expressed my bclicf that a coun- 
terpart to the break of continuity in the ICarakoram ~vould be mct with therc, ant1 I 
think thcre can be very little doubt of this. At n subsequent mccting of thc Itoynl 
Geographical Society, on the 13th May 1872, I snit1 of the portion of the Hindu Eiusl~ 
rang2 which lies to the north of the vallcy of C l ~ i t ~ a l  tllat, as our geographical knoll-- 
lcdgc improvcd, " we should probably find tliat thc systcm of mountain chains, as rc- 

prescntcd in our maps, mould rcquirc great alteration, tliat the dark range no\\. 
representing thc n7atcrshed nrould bc foiuld much lower t l ~ a n  is now supposetl, 
and that the higher ranges mcrc to tlic soutll of it." Colonel Yule nlust I tl~inlc 

agroc wit11 mc, for in liis rccently published map the matershcd has, for the first time, 
hrcn greatly subordinated, and nearly disappears altogether, in the vicinity of the 
passes leading out of tlic upper Cl~itral ralley into thc Sarliad Wakl~bn and Pamir, 
whcrc hitherto i t  has invariably been shown as a grcat range towcring over all others. 
The depression of the main line of watcrshccl as compared nrith tlic great moun- 
tain ranges is a well known feature in Himalayan geography, the countcrpwt of 
which doubtless obtains in the Hindu ICusli range also. Aucl I find that JIajor 
AIontgomerie has reccntly arrived a t  the conclusion that tlic watershed line l)ct\veen 
the Hindu Iiush and the Karakoram rangcs lies consiclerably bchii~d (to the 
north of) the linc of high peaks which he fixed trigonon~etrically scvcral ymrs 
ago, and ~vhich have cvcr since bcen acceptcd as the actr~al linc of n-ntcrsl~etl, - 
mherem they arc now ascertained to belong to OK-shooting higlier ranges. 

11. Numrrous additions and rectifications of tlic gcogmpliy of t l ~ e  coui~trics 
brtwccn the watcrsl~etl of the Hindu I<usli and the British Frontier line have I)c.cn 
madc on the basis of Captain Carter's triangulation, by which upnrards of a luun- 
clrcd hill praks have becn ncwly fixed in this intcrcsting rcgion. Tlic IIaviltlar's 
expedition through Snnt, Dir and Chitml to 13adakshan llas not only fu~~nisllctl 
veiy valoablo dctnils in itself, but has been otlrrrwisc serviceable in enabliny Xajor 
&Jontgomcric to ut,ilise the results of an cxplorntion through the Swat v;llley to 
the sourccs of tho Swat river and thence westwards into thc Pan,jjkorn valley, 
wliicli urns madc somc years ago by onc of his explorers, who \\,as unfortunately 
n~urdercd in Swat, ; liis papciBs mcrc recovered, bnt they wcrc wanting in somc 
particulars which were necessary for t.heir verification, and this ~nissing link llas 
bwn furnislied by 1 . 1 1 ~  Ilavildar's survry, rnllic:l~ fixcd tlic closing point, of' t l ~ c  
prcvious survry. 

12. The geography of Kamristm~ is still depcndcnt on tlic valuable rougll 
\ketch wlricl~ was compilrd by Lieutcnaut (now Major Gcncml) Peter Lumsden 
in 1858, fro111 intbrmnl ion snpplicd to him 1,y Kafirs ; this sketch was publislicd in 
Major lI .  B. 1,utnsden'r ac.co~~nt of tllc 3Tission to ICnndal~ar, and it's general 
accuracy ha\ bceu corro1)ornted By Cnptnin Cartrr's rccrnt oprrations, which have 
lixrd n Iarqca nunil)r~* of hill praks in ICaffiristan ant1 proved tliat t l ~ c  disposition of 
1 mountain ~ ~ a n q e s  ir very closrly in accnrtlance wit11 what is s1ion.n in Lieutenant 

13. C'~)lo~lc~l .Tol~nstonr I~ns asccrtainrd that t11e1-c is a vcrp rrrnm.kal)le 
bend in the cbo~u.uc\ ol' tI1r I(:I~)II~ 1.ivc.r tllrougl~ the rmiKr of hills wliicl~ separates the 



valleys of Jellalabad and Peshawur, and his delineation thereof, in his map of the 
Nortli Western Frontier from Fort Abazai to Fort Mackeson, is corroborated by 
Captain Carter's opcmtious. On the authority of thc ma,p of Afghanistan 
which was constructed by Colonel Garden, late Quarter-Agaster-General of the 
Army, from the route surveys of the officers of his Dcpartment, the river is shown 
on all modern maps as having a nearly straight course through those hills ; Colonel 
Garden's surveyors however worked through the Khyber pass, from Jamrnd to 
the vicinity of Lalpura, and did not traverse the course of the river, so they could 
only shew it approximately, whereas Colonel Johnstone has succeeded in survey- 
ing it's course westwards beyond the Peshawur valley up to tho bend in question. 
On the other hand beyond the bend his map is based on native information, and 
i t  brings Lalpnra several miles to the east of the position which is given by 
Colonel Gardcn, nlost probably from actual survey. Colonel Johnstone's rendering 
of Lalpura is followed in the map of dfghanistan compiled in the Quarter- 
Master-General's officc at Simla in 1871, but I think on insufficient grounds ; I 
have therefore retained Lalpura in the position assigned to it by Colonel Garden. 
As regards the grcat bend in tlie Kabul river, I may observe that it is not a new 
discovery but the re-discovery of a fact which was well known to Lieut. Wood, 
who states at  the end of his book that, on leaving Afghanistan, he and Dr. Lord 
eml)arkcd on thc Kabul river at Jellalabad " on rafts of inflated skins, and dropped 
down nit11 the stream to Pcshau-ur ;" so remarkable a feature could not hive 
escaped thc attention of so accurate a geographcr, and accordingly it mill be found 
duly portrayed in the map accompanying his book.* 

~ - 

14. A route survey, the details of which have not yet bcen published, has 
been carried by Major Montgomelie's Havildar from Kabul to Bokhara; it 
slightly alters the positions of Balk11 and Karshi, which may now be considered 
t,o br: known very approximately, and it adds new details which, though somewhat 
nleagre, are not without interest. Unfortunately the I-Iavildar did not pass suffi- 
ciently near Shahr-i-Snbz to be able to determine whether M. Khanikoff is 
correct in placing Yakobak somc 30 miles to the east of that town, or M. 
Fedchenko in rcmoving it to about half that distance to the south. 31. 
Fedchenko's rendering, being the latest, has been adopted. 

15. Thc valuable surveys of Major's Lovett and St. John in Persia, and 
along a considerable portion of the line of boundary between Persia and Afghanis- - 
tan, have bcen carefully incorporated into the new map, and the details of the 
countries on either sidc of the lines of survey have bcen re-adjusted so as to 
llnrlllouize as closely as possible with the rectifications now f~lruished. 

16. The surveys of thc Pundits near the sources of thc Indus and tlie 
Sutlrj Rivers have been incorporated into the new map, and also a route from 
Rudok to Keria and IZliotan, passing to the east of the Knen-lun range, over thc 
Aksai Chin or White Desert ; and a fern corrections and additions have been m'ade- 
on the authority of Messrs. Forsyth, Sham and Hayward,-to Mr. Johnson's delinea- 
t.ion of the rc,gions to the north of the Kamkoram Ringe and the Changchenmo 
rallcy, wllich had bcen previously adoptcd. 

-- . I t  ii lrlnlrll to hr rrerl,ttrfl that l l ~ i r  ntnp n-nr ronstn~rtrd on 90 arnnll n wale: this wnr r r i r l m l l ~  rlono to rtlnhir IL 
t., ,-nbhnlre tills rnt~rss o l  II~I. l n < l u ~  11.0tn Altol.k 10 Knrncl~i ; I,ot nt tllr prt*cnt t i l l~e tllc rltiol illt.c.rt.st of the hncnk rind 
,,,nl, I.r,,,,.rp ill ~l,,. rrl(i,,lls I1,)r~Il $11 the pllrllllcrl o l  31Y, lund i l  llte uriplllnl aurrega nrv d i l l  forth~~oming their pq~blirnt~un 
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ti,,. linh,ll ltirrr sl,lll,l ~,n,b.blp nnt Imrc hvrln t n o d ~ .  As 1 ~ ~ 3 N l d  l lw ~)n* i~ ion of l,nl!>~tr~h, 1 1mrc I~vor,I ~ P ~ U B I  CIulo~nel 
~ ~ , l ~ t ~ ~ ~ ~ t t ~ r ,  e t n c . ~  11,~ nh,,rt. an- in I ~ p e ,  tlrl~t Le h u  d~rcurered ou error iu tho couetructivn o l  his u ~ n p  whlch acco~tutr Cdr 
hl, dtmyreeueul a ~ l h  Cvluuol O a r d r , ~  



(14.) As regards boundaries, thcy are the bite noire of a geographer, more 
particularly when thcy are shifting and uncertain ; but they increase the interest 
with which a map is regarded, and as approximations are bctter than nothing a t  all, 
some of thc principal bounc1al.y linc,s are sho~vn approximately in tlie new map. 

I. For the Russian Boundary 1 have adopted the line given in tlle latest 
of the Russian maps already cited, on wliich i t  is shown; the last map of all 
however does not indicate any portion of it to the west of a meridian line passing 
nearly midway between Bokhara and Samarcand. 

2. The northelm boundary of Persia has been carried along the entire 
course of the Atrek river from the point where the river enters the Caspian Sea to 
the point where it's principal source is supposed to originate ; thence i t  is drawn 
eastwards for about one hundred miles and then diverted to the south-east, in 
a nearly straight line, to the point where the Heri-rud crosses the parallel of 36" ; 
here i t  is made to meet the northern boundary of Afghanistan. The boundary 
between Pcrsia and Afghanistan is thence drawn as following the course of the 
1Ieri-rud river south-wards to a little above Shahesk (lat. 34" 40') wliere i t  leaves 
the river and is carried due south to the parallel of 33", and then is bent slightly 
west-wards to cross the road between Lasll-Jowain and Birjand a t  the wells of 
Chall-i-Sagak ; tlleuce it is carried south-east and south-wards to the Sistan Dis- 
trict, through which it follows the line demarcated by General Sir F. Goldsmid, 
~rl i ich is generally south-east down to the fort of Nadali-lat. 31°, long. 62"-and 
south-west onwards to a point, in 1st. 30" long. G1iO, where it is supposed to meet 
the boundary of Beluchistan. Thence the boundary line between Persia and 
Beluchistan is carried in a south-easterly direction towards a liypothetieal point 
in the valley of the Jfashkid river, in lat 271" long G3fn, ~vhich is beyond the 
limits of the map. 

3. The northcrn boundary of Afghanistan is drawn as trending E.N.E. 
in a nearly straight line, from thc point wherc the IIcri-rud River crosses tlie 
parallel of 36", to ICho,ja Salch on the Rivrr Oxus. I t  is carried tlience up tlie 
course of the Oxus and it's principal source-the Panja ltiver-to Wood's Lakr 
Victoria, in conformity xvith the line of boundary which has been approved of by 
the British and the Russian Governments. 

4. A very considerable portion of Eastern Turkestan, wliieh in tlie first 
edition of the map was shown as Chinese Territory, is now subject to tlie Atalik 
Gliazi, whose territorial acquisitions appear to be daily increasing; this is more 
particularly the ease eastwards towards China, whcre they have extended beyontl 
the limits of thc map ; cven ~vcst\rards there has been some extension, aceordin? 
to M. Fedchenko, 1vho says that " a  largc portion of the Kokan Khanats must bc 
cut off and madc over to tile territories of Yak6b Beg". I have not attempted to 
assign any boundaries to the countries under the sway of this acquisitive potcntatc.. 

5. The northcrn bountlary of the territories of tlieMaharajall of Kashmir 
Ins-on the authority of Alr. lbrsyth-been brou,oht back a considcrablc distanro 
from tlie line indicated in the first edition of the map. I t  is now carried along 
the northcrn cclgc of the Chang-chcnmo vallcy and over the ridges of the Kara- 
koram and Mu\tagll rangcq, up to a point on the mrridian of 7b0, nrliencc it is 
turned soutli-nrcut to meet the merirliau of 74", and is then carried-as formprly- 
nlony the ridgc of tlic rangc on the. soutlirrn side of the Gilgit Valley down to tlie 
Rivrr Tnrlaq. Thr ltiylily clrvatt~tl but uninliahitecl region of table lands between 
tlir ICnmko~.am and. tlie ICucn-lun rnngrq, was heli~ved-on infornlntion derivt~d 
from Mr. Johnson-to appcrtaiu to thc Maharajah of' Kashmir, at the timc when 



tlle first edition of the mnp was pnllislled; i t  wo~lld l r o ~ c r e r  appear to be n sort 
of no-man's-land at  tlie present timc. Yassin and the valleys of the upper 
sources of the river of Gilgit are at  present subject, if at  all, to Chitrd rather 
than to Kashmir. 

(16.) I cannot close these remarks without expressing my obligations to 
M. Otto Struve, the Director of tlie Imperial Observatory at Poulkova, for favor- 
ing me with the results of his brother's astronomical determinations from time 
to timc, immcdiatcly aftcr they were deduced ; to the Baron Osten Sacken-late 
Secretary to thc Imperial Geographical Society of Russia-to whom I am indebt- 
ed for many valuable communications; and to Captain Liitlce, the present Secre- 
tary, who promptly ~esponded to my application for geographical information, by 
sending me one of the fcnr pliotograplled copies which had been made of M. C. 
Strnve's valuable map of Kokan. To Mr. Clements Marltham, C.B., of the India 
Ofice, and to Colonel Thuillier C.S.I. Surveyor General of India, I am indebted 
for early copies of a11 maps giving new information of the geography of Central 
Asia, which have been published in England or communicated to the India office. 
I n  the compilation of my first maps I was largely indebted to the late Mr. Wil- 
liam Scott, who for many years was Chief Draftsman in the office of the Trigo- 
nometrical Surroy a t  Dehra D6n ; the compilation of the present map has been, 
in a great measure, my own work, but in executing i t  I have been much assisted 
by my present Cliief Draftsman, Mr. George Atkinson. 

J. T. WALICER, COLOXEL, R.E., 
De11ra Dprn, 

4 th  Jirlie 1873. S ~ t p d f .  Grent T ~ - i g o ~ r o ~ ~ ~ e / r i c a l  S ~ I ~ Z P Y  of TlldZ'~. 

Postscrip!, December llIR, 1873.-Since the preceding notcs mcisc pnb- 
lished, I have received a letter from Mr. Forsyth in which he dcmurs to bcing named 
as my authority for the alteration in the northern boundary of the tcrritories of the 
Maharajah of Kashmir which brings it a consicleraMe distance within the line in- 
dicated on tllc first edition of my map of Turkestan. Further corrcspondcncc has 
elicitcd t l ~ c  fact that Mr. Forsyth was not aware that 1 had simply followed tho 
dclincation adoptrd in his own map of Eastern Turkestan (see clause 13 of art. 11) 
wl~icli mas compilcd in 1871 under his superintendence-in the Surveyor Gencral's 
Office at  Calcutta-to illustrate the report of his first journcy to Yarkand ; there 
the new boundary liuc is slio~rn, but on thc authority-as it now appcars-of a 
map constructed by the latc Mr. Hayward, which RIr. Forgyth liad furnisllcd to 
bcuscd in the compilation of his own map, unfortunatcly mitl~out stating that hc 
ol~jectcd to the alteration. Under the cjrcumstances it is to bc regretted that any 
altcration was made, and that 3lr .  Porsyth sllo~lld llavc bcen brought forward as 
the authority for a line of boundary to wliicll hc objccts most strcnously, in OI'PO- 
sition to thc views held by Ur. nayward and othcr persons. 

J. 1. W. 



Note on the alterations and adclitions in  the Rep* in t s  of Sheets No. 1 und 3 of the 
212cl edition of t l ~ c  Map of Turlcestan, wlhich were publisl~ed in the Oflce of the 
Great 2'gsigonontetrical Survey of India in November 1873. 

It hm been thought desirable to incorporate into Sheets No. 1 and 3 of the 
Turkcstan map (2nd edition) thc information which mas appcndcd to thcm in a 
separate " Addcnd~um" whcn thcy were published-in April last-and which mas 
not received in this office until aftcr they had bccn passed through thc press. 

(2.) Thc opportunity llas becn takcn to make some alterations in thc 
delincation of the boundaries of l'ersia in accordance with information rcccivcd 
since tho issue of the map. I t  must be understood hotvcvcr that any delincation 
of this and of other boundary lines which havc not bccn determined and survcycd 
can only be considered as an approximation, to servc as a pis alley until conclu- 
sivc rcsults arc obtained from actual survcy. 

(3.) Thc hills in the basin of the Atrclr Rivcr and its amucnts have been 
takcn from the latest cdition of the London War O5ce map of Khiva; further 
details of tllc Sir-daria District have also been addcd from recent lllaps of the 
Russian Topographical Department. 

(4.) Major Lovet, lt.E., who mas employed on the Sistan Boundary Com- 
mission, has furnished a list of a fen. errata in thc routes from Shiraz to lJam and 
from Nasirabad to Birjand. I n  making thc rcquiste corrections a serious error 
nTas discovcrcd in thc positions of 13irjand and 1Cliin and a11 places on the road 
betmccn tllcm ; tlic data by which they had becn laid down-on sheet No. 3-mere 
the latitudcs and longitudes which are giveu in IIajor Evan Smith's Tabular 
Itinerary of the march of thc Sistan mission from Bunjar to Mashad; but the 
longitudes therc given of Birjand, Khin and all intermediate placcs are found to bo 
lialf a dqrce  too great or too much to thc east, by comparisou with thc details 
of the distances and bearings which are givcn in the itinerary, and with Major 
Lovett's map of the route. Thesc errors havc been corrected in the Rc-print. 

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

DEIIRA DOON, Supdt. Great Trigonometrical Survey of Indiu. 

6th Ju~zuuly 1874. 
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