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GENERAL REPORT 

ON THE OPRILATIONS OP T H E  

T ~ E .  operations of the present year, taken in the order in which 

they are described in this Rcport, are as follow :- 

I P ~ o a  OP 
~- - 

IirpvrL. 1 A1~p<.n,lir. 

No. I.- Tvir~onomet?.ical. The Madras Coast Series . 3 .  

, 11.- T~*igolzoir~etricaL 'I'hc Seoondnrg Trimlgulations 
I 
i 

in tllc Assam Valley ... 4 1 >I--,, 

,, 111.- Trigonorrutrical. The Secondary Triangulations i 
... in Burmah . .  5 1 12-. 

,, 1V.-T~.igorzomeh.icul. The Eastern Frontier Series, 
... Moulmein ... 

j 
6 1 14-. 

,, \r.-Trigonor~~ett.iccrl. The Eastern Sind Serics, I 
Meridian 70Q ... ... I i 1 16-,, 

I I ,, V1.-Topop-nphica,l. The Survey of K n t t v ~ ~ a ~  ' 

, V I 1 . - T o ~ ~ o g r a p f ~ i c a l .  The Survey of Gnzerat I 
i l'i-:l 

' '  1 8 ; 2, -u 
... 

,, VII1.-Topographical. The Survey of Hunlaon and I 
j 

Garh~viil ... . . . '  10 %-:, 

,, 1X.-Spirit  Levc1lin.q. Operations in Guzcmt. ... : 1.1 ' : 3 . ~  --,, 
,, X.-I'idal I~ivcsligu,tions. Analysis of olrsc.rrntior~s 1 

a t  tidal st.wtio~~s in tllr 
Gulf of Cutch and a t  I 
Tuticoriu ... ' lz , 

,, XI.--Tidal I~~vc~t irJa, t ions .  Programme of Future 
. Operations.. ... 

1 ." 
! 

17 ' . . .  

,, XI1.-Geodetic. Electro-telegraphic detcrlninntions of 
Differencc of Longitude ... / 18 35-, 

,, XII1.-Geographical. Explorat,ions on Northern Trans- I 
Indus Fron t,icr . . .  ... 1 21 I ... 

,, X1V.-Bead Quarlcr.8 Oficea. Computing ; Print,ing ; 
Drawing ; :Pliot,oziuco- I I gr;~phic ; Corrcsl)ond- , , 

enc:e ; a11tl Stores .., 23 : b~- : ,  
- . - . . . . .  2--- - =A-..-____ ~ ~ l . : ; _ ~ - r ~ ~ ~ - ~ ~ - - - - ? ~ z ~ . ~ ~  _ _  - 1 .  I ... --= 



(2.) T l ~ c  operations cnrricd on during the peqr ~un~ler  ~ r ~ i c n r  have p r o d ~ ~ c w l  
the followinq o ~ ~ t - t u r n  of work. P r t ? ~ ~ i p o l  T ~ . i , ~ n j t t l ( ~ l i o ~ ~  : 67 trianqles have 
been measured, fixinq 53 new stations and coverin:r a n  nrt3n of 5,019 sqnare m~les,  
i n  three series or cllains, mhic~h, if united, nro111d extc.~~d 01-rr a direct clisti~nrc 
of 260 miles; astronoinicd azimuths of vcri lic~ltion ha\ (a becw ~nens~lred at two of 
the principal statious. Seco~zr1n1.y Trinn,q~rla:~on : a11 are:I of 5,400 square n~i lcs  
l ~ a s  heen closrlg c.o~-erc.cl wit11 points for the topopml)lnir:~l sw\-c,v ; nn a r m  of 3.100 
IIW bccn opcrated in ?NIT;  p(t~.su ~ l i t l i  tlie princip:~l t r ~ : ~ n g n l : ~ (  ion ; and in an nrcs 
o f  about 23,(i00 sq~~arc. ~uiles, 1 ~ i n q  mostly in po~,tion\ of t l~ t ,  n in~nlagas  n l~icll 
arc in:~ccessil,lc to Euro I )sns, a nmn1)c.r of poiuts ha\  (. I)cbc*n fixc~l which \\rill 1 '-. IIP val~tnhlr for peoqraphic~al rectific~ntious. Tol)o,qrlmph!/ : nlreas of 959 and 640 
squarr mile9 hnvc b w n  complt~ted, on tlie rcsl~eriire sc.11rs of half a n  inch and 
onc inch to the ndlo, iu tlie Briti\11 portions of the l~iql~(.r IIimalayns ; and an 
nrca of 3,704 square miles has heen co~nl)lcted, on the I o-inrh scnlc, in  111)rtions 
of the nombay Pre\itlc~~c-y, in tllc (-nurse of \vhic11 2,717 linrnr iniles of h o ~ u l r l a y  
: ~ u d  c l~eck  line? were snr\.t~getl. Gcorletic Oprration : tl1c3 amlditudes of thrcbe 
arcs of parallrl, b t ~ t ~ ~ - e e n  triqonortlrtrid rt;~tions in So11ther11 1ntli:l. \\(.re clctcr- 
nlined hy t, l~e elcct~n-ttbleqr:ipl~ic. mctl~od;  ant1 tl~cl difft~rencrs of lo~lqitutle 11t.- 
tween Bornhay, Litlrn, ant1 S n e ~  hare also heen tletcwnintd in tlir wine manner, 
Geogrnphicnl Ezplorntior~s : mnclt ~-nlual)le work l ~ n s  I~een (lone on the unsnr- 
veyrd portion of the Rivrr Intlus, ant1 in and around the Rohistan w\.l~ich con- 
tains the sources of t h r  Swat mltl thc Panjkoix r i ~ e r s .  

(3.) The principal tl , ianq~~lation lins I~cen e u e n ~ t ~ t l  in the nsual manner I\-ith 
- - - - -- - -- -- - - t h t ~  grcnt tllrotlolites-in\tr~l~ne~~ts ( P R O ~ A ~ ~ R  BRllOUY 01 ( . E o l l ~ T ~ l C $ l  Rll l lOUS 

onquav.,, ,vnLay 1 U Y  I\ hose n~imut11:il c-ircles have di :~-  
3erle.l derrrlbed ~n -- 

bs llall iuctc,rs of ?itlicr 36 or 26 inc11t.h. 
.,,,,,,, 1 ,, mc,,l,,, l c  / . ' ,,,,Rn,l,,,,c 

The ax rlaagr throretical prob:tI,le error 1 I 1 - -- 
of t l ~ e  mnglc\, as cieduc.ecl From thc  

I PI-idcnc-r of thc setcml mcnslircs of 
I I " 1 +0"17 1 la  I O r '  e:lcll anqI(~,-anl the n1cra;re gm- 

I v I t a !  ;:l! u i  rs ~netrical twor oC the trinnglcs-tl~r 
v -36 ,, , ,, a ~ n o ~ u n t  hg  \vI~ic-h the sun1 of thc 

I I ,--_ _- - __ 
tllrrr anqlcs of car11 t r i n ~ l ~ l c  t~xceetls 
or is iu d(,fet.t of 3(i0° + thc sl>l~cricanl 

A P H R ~ O K ~  , , o l o i  0 51 t~xccss-mcb \bo\rn in t h r  nnwqin, for 
. - - - cnc81~ of tllo tl~ret, scrier ill jvhic-11 

prinvipnl trinnqulnt iot~ n.ns car1 ietl on duritlq tllc~ 1)rcsc~nt year. 
( 4 )  Thc atlminiqtration of llle tlrpartmc-lit (Illring tllca ycbnr tlcvolrc~tl first 

nu Major 11. R .  Th~lillier, R.E., from t h r  at11 April to 31st Octohcr 1876, ant1 
afterwartls on .T. H .  N. Lierlnc>ssey, Esq., M.A., F.lt.S., kc. ,  from the latter date 
~ ~ n t i l  tllr, 13th .Tnnltary 1877, tl~rring my al)scncr in Europc on furlough. Tlic 
report for last yrar wm draun  up  l ~ y  Mr. 1Ienncssoy. 

(5.)  I now prorcrtl, as 1rs11n1, to report on, ant1 give an al)stmct of, tlie scvcral 
operations. Furtllclr details will be follnd in the cxtracts from tlle Narrative 
ltcports of thc Executive Officers, nhic~li are given in the Appen&x. 



No. 1.-TRIGONOMETRICATJ. 

TUE AIADKi\S COAST SER I E8. 

(6.) The charge of the M a d r . ~  Party was takvn over l)y Captain Carter, 
PEHSONNRL. 

R.E., on his return from furlough 

Is;iptsin T. T. Carter, RE., 1)epaty Xuprrintc~ideol. 3rd Grade. On 20th Eovrmher from 
N r .  G. E-?ICII.~, ~urv~yor.'4t11 C:r:tde. Ca.pta.i~~ Campbell, KE., who had 
,. C. I ) .  Pabttcr, Assistnot Survt.y~~r. 1 n t  Grnde. lleltl it as a tcmporarp measure 
., A. H.  Br).son. ,, ,, 3rd ,, during thc recess, on Major 

Liclltenant-Coloncl) Branfill's departure to ~ u 1 . c ) ~ ) ~  in May. 
(7.) Captain Carter lost no time in making his l)reparationb for taking the 

firlrl, ;lnrl Ile reaclled t l ~ e  scene of I~ i s  operations by 1st I)c.c*ember. D ~ u i n g  the 
l)rccecling season, nearly all t l ~ r  stations had been chosen ant1 built for two 
llexagons in atl~nnce of the final triangulation. Captain C;~rter's first care was 
to ro~l~plc te  tl~ese stations, choosing definitely those which remained doubtful, 
c-learing the rays nrherc nrccssary, and building the pillars and scaffoldings for 
the instrument and signallers. H e  then took up the final triangulation, and 
tlnrinq tthe season coml~letcrl theqr two hexagons, and a third which his assist- 
ants llad selected and 1)rcpared in the meantime. 'J'he season's work also 
i~~rlutlcd t l ~ r  sclcction and building of stations, and the clearanceof rays for 
:rnotl~cr hexaqon in advancc of those finally observed ; and one astronomical 
cletern~inntion of aeirnuth. 

(8.) Y'he country is wry  nnfn\~ooral)le for triangulation, being flat, wit11 
im~un~t\ral)le qrovcs of raloahle trees. The villages arr nunlrrolw, and each 
t.o~c,rs a great ql~antity of ground; locomotion, moreover, is by no means easy, 
owing to the want of roads. The faminr, m11icll was raging in Southern India 
t111ring the se:lson, made the question of supplies a di6cultp ; prictas bring ex- 
(s(~q<i~wIy high, and tltr in11al)itants sometimes un~villing to ~~rovirle food a t  an? 
price offcred. Dttring the bc$uning of the season, a water fandne also seemed 
inllnincut, and tllcre was n. good d(>al of cl~olera in the district. Co~~sidering 
thnt the country wa.9 new to hinl and the diaiculty he met with, the ant-turn of 
vork is very crrditnblc to Captain Cartcr, who was, as he reports, well sepndetl 
I)p his assistmits. 

(!I.) l'o o11ri:ttc the neerssity of hexrp exprnditure in huildiny towers a t  
the stations, Lic11ten;lnt-Colonc1 Branfill 11x1 int,rodncrtl in t l ~ r  previous season 
a systc~ill of raising thr 4ignals on lofty scaffoldings, :lnd the tht~odolite on a 
Iligl~ tripod-stand of mood. This system was followcd 1)y Captain Carter, the 
signal llcing gc.ner,zlly raised 45 feet, and on one occasion as liigll as 60 feet, 
froin the ground. wllilr tlic. tl~codolitc was generally raiscd ahout 24 fclet. The 
systc~n rcrlnirrs extra care on the part of the signallers in plumbing their s i p a l s  
over tllc station-marks, hut it has I)crn fonnd to work well ; and it certainly 
cffcc-ts a consic1rml)lr saving of expmsc, for it t~ni~l~les  the triangl~lation to br 
carlied on aithont thc c~oustructiou of subst:~nti:ll masonry pillars raised to a 
11eight of 20 to 30 feet ahovc thr gcncml Icvcl of the plains, as is otherwise 
ncct,ssary. The advantages Iroln an c~conornical point of view Ilave, however, 
l,crn allowed mthcr more nrright than is altogetller drsilxhlc. T11e principal sta- 
tions Ir:~vc bcrn rnisrd to a Ilcigllt o f  only one, or two fcvt a1)ore the gmuncl-leveI, 
wl~ic-11 is scnrccly s~tflicicnt to enal)ltx tl1c.m to 1)r rradily idmtified many year- 
hrllct', when tho prest'llt g~llcl'3ti0n 11%~ 1):l~st~d away, ns i t  is desirable that they 
.;houltl he. Instruction ]lave thrrcforc. IIet:n issued to Lic.utc11a11t-Colonel Branfill 
to raisr :tll stations sitl~ated on lcvcl :.round to a I~rigllt of ~ ~ o t  less tIlnn 10 feet, 
and tllrn to ercrt tlle tripod for tlrc tllcotlolitr, or tlte st-nl€olding for tile signals, 
on tllem. Thus the rc.cluisitt. c~onlniand of view will I)(, se t -~~rr t l  I,y temporary 
arran~c~mcnts witahout unduc sacrifice of promincncr and pcrlnnllencc in tile 
<trl~c-tl~rr of thc~ stations. 

(10.) 'I'llr natl~rcx of tllc c-orlntry pl-rrludrtl the possihilitJ of cxc~c~ll t ir lR 
in~lc-11 scc*ontlarj tri:tnq~rl:ttiou, In~ t  ~vhalvrcr 1,rnctit-nl)lcs \\.:~s acconll,lisllr~f. 
V:~pt:lin Cartw endtbnrol~rrtl to liucl :dl tile ns of tllc old triangulation by 



Colonel Lambton, which he knew to be in his neighbol~rhood, with a view to 
their incorporation in his own triangulation ; but in only one case was he succes8- 
ful. This points to the importance of carefully marking the principal st a t '  lone 
of this Survey a t  the outset; it is now evident that this was not sufficiently 
attended to originally. 

(11.) Lieutenant-Colonel Branfill returned from furlough, and relieved 
Captain Carter of the charge of the party, on tlie 1st June 1877. The reductions 
of the observations, and tlie construction of the prelimiuary sliart, have been com- 
pleted under his supervision. He has also prcpared a list of the commonplace 
names met with in the districts operated in, with their traditional root- 
meanings and local applications, which is very interesting; i t  wiU be found at 
page 6- of the Appendix. 

N o .  11.-TRIGONOMETRICAL. 

THE SECONDARY TRIANGULATION I N  THE ASSAM VALLEY. 

112.) These onerations have bcen carried on by Lieutenant Harman, R.E.. , , 
witl; his customary energy, and; 

P E ~ ~ O N N E L .  
Iieotcnnnt H. J. Hnrmnn, R . E . ,  Officiating Assistnot Super- 

on the whole, yi th good results, 
i~jtendent. 2nd Grade notwithstanding the many dim- 

Mr. O ' S u l l i v ~ l ~ .  Surveyor. 4th Grade. culties rnet with. 
., J .  F. McCnrthy. A s ~ i s t o n t  S ~ ~ r v r y o r ,  4111 Grade. (13.) I t  was mentioned in the 
general report for 1876-76 that two hill-peaks affording desirahle sites for 
survey stations were unfortunately in the Abar territory, and that the permission 
of the Abar chicfs to visit them had been wught in vain. During the past season 
arrangements mere sanctioned by the Government to permi( of ~ i eu tcnan t  
Harman's visiting these peaks n i th  an escort of 100 men of the 44th S. L. I. 
This measure was carried out successfully, and, althorigh confiner1 to the two 
hills in question-Dip and Nari by name-afforded vnlu:~l)lc results, enabling a 
large amount of line-cutting to be avoided wllicl~ would have been necessary 
had the triangulation been restricted to tlie plains. Topographical slietclies 
were also obtained of about 100 square milcs of plain country and 300 square 
miles'bf hills, hit,l~crto unsurveyed. 

(14.) Mucli heavy work was necessary in clearing tlic rays, nnrl, as in many 
cases the lines led through tea-estates, great care was rc:qnired to sparc valna- 
ble trees and avoid liability for compcnsntion. Licutcn:lnt Xnrman rcvnarlis t.ll:~t 
Mr. O'Sullivan, who did most of the clearing, dcsc~n.es credit for his ec,onollly 
in this respect; very lofty signalling scxfioltlings \vcro occnsionally cmployrd. 
The weather n-as frequently vcry unfavoural~lo for obsri.ving,.or intlt.ed for field- 
work of any kind, as there werc many days of inc~essnnt mlns, which not only 
flooded the nullahs and turned the forest-paths into st.rc,nn~s of mud and water, 
hut brought out myriads of lecchcs whicli ca11sf.d t,ltc greatest anlloyanae. 
Much cane-jungle was met wit11 a t  times, wllicli is tliilicult to break tllrough 
even n-it11 elepllants, and canses very slow travrlling in thc case of bare-legged 
natives. On onc occasion a large cargo-boat l~c~longing to the 11art.y was 
swamped in a storm on the rivcr Dihang, and, altl~ongh rccovc!rcd oncc, was 
swept away again, and sank filially. A case of rrcortls mhicll went dolvn wit11 
the boat was fortunately recovered by a Miri wit11 a spear. 

(16.) Lieutenant Harmari menlions meeting wit11 nln.gnificent spccimr~~s of 
rubber trees, which sonict,imes ca,ilscd great delay whcn it nlns ncc:esaary to fell 
them. One of these trees, which was on t l ~ c  top of a forcst-clad hill, was of 
much use, as it afforded the mtJans of obtaining a station a t  a height of 112 
feet above the ground, for the purpose of conuccti~rg TJieut,enant Ilnrn~nn's 
triangulation with that of Lieutcnaut Woodlliorl~e, 1C.E., wlio was carrying on 

topographical survey in thc neigl~l~ourl~ood. 
(16.) The work of the srason con~prised the final obscrvat.ionn of 1.9 t,ri- 

nnglcs, extending over a dist:lnce of 53 milcs, along the hanks of tllc n ra l~ l l~a -  
put* river to within a few mil* Sacliya; the sides being made ~~~~~t in ordcr 



( 6 )  

to rninil1iiae the rlificult,ics of line-cut.ting, thc area cox-errd r a g  only 2 bO srlllare 
nlilcs; 155 rnilcs of nelv rnys n-(:re ol~r~lc-tl, nntl 16 stalions bnilt. in this trial]@- 
lation. On the scco~ldary scrirs, " l)ilrri~ffnrh-.J:~i~,ur," 3 trianglrs coin- 
pletc~tl, wllicll cmhracc 75 sqilarc: nliles :mrl c~ntnilrrl 63 nrilcs of ray clcari11,a. The 
posit,ions of 110 l~t.aks on t,llc siu~~~o~intliug hill-~~:~~lgrs Ilnve been fixed I J ~  inter- 
sections, and thc 11cigllts of 92 of tllrsc 111~ll i~ \rchre dc~tc~rrrri~rerl. 

(1.7.) !rho hc-31th of tllc party mas gr:nc:r.allp good. Lientenant Earman 
l~lnsclf ,  horcvrr, sutf'crccl I'ro111 n sligllt, slulstrokc: at one time, and towards tht> 
end of tlre srnson he tl1oro1ig11I-y k ~ l ~ r l i e d  111) :ind became very ill. H e  
monld then l ~ a r c  11nd to tnkc leave, of al~scncr. on medical certificsatr,, but that 
I sum~noncd him to the Hcad Qnnl-ters at Illussoorce. Here he coml)let.ed a 
consideri\ble l)ort,ion oP the corup~~t,ations conl~ec:tc:d wit,h the mol-k of the previ- 
ous field-scason, and pl~elrnred various progra1luut.s for gcwgrnpllical esl~lorations 
ill conncc.t,ioll nit11 tlr r, 1-ork o E tht: next. season, w11ic:ll were sue-cessively sub- 
rnit,t,c:rl for t,hc consideralioiz of tile Ciovc~~lntent of Intlin and t.lle Chief Corn- 
n~issioncr of Assam. nofore fi~lal ordcl-s wcrc pnssocl, it  \vas necessary for him 
to go to Silrlla, to exl ) la i~~ ma.tters in person to fhc Forrign Departmcnt. The 
progranlnc san(:tionetl \\rill, I trust,, lcarl to a consitlrrn1)le increase of our lino111- 
ledge of tllc hitherto uncs1)lored rcgiolis bordering the Upper Assam Valley. 

N o  111.-TltIGONO3IETRICAL. 

THE SECOR'DARY TRIANGULATION I N  BUBMAH. 
(18.) Thc state of these operations a t  the com~nenccmcnt of the season was 

as f o l l o ~ ~  s. Three series of se- 
P c u s o x a ~ ~ .  cond:lry trinngulation h:ld bwn 

Mr. TV G Beve~ley, Oilici~t~n: Afislsta~t Suecrlntendellt, 1st p:lrtinlly carried out, and stations 
tit ,~<lr 

., J 1.01r SIII TCYOI .  2nd Grnde. had been rl~oseu for pnrt of a 
,, J \v a1 I ~ < I , ~ I I  S~lrre\or.  it11 nrldr .  fourth. Thesc~vere-(1) theseries 
,. I) .  J C ~ , I ~ I I , S ,  A*\lst . l~~t  S U I V C ~ O I ,  4th Grndc from JIymlong to Cn])e Negrais ; 

(2) the one from Prome to Thayetmyo mltl Tongl~il ; (8) tllr one from Rahpoon 
alo~ig tbc (boast, ~vest~vartls; and (4) :L cllai11 of trl:u~~~nlation nearly on the meri- 
dim1 of Tonghu, intended to nlect thc s~contl of thc nl~ove in the neigllbour- 
hood of Tonghu. 

(19.) 'rhcst. srcond:lry cliains or tri:ruyltbs all eninnate from the principal 
trLinql~l,ztio~l of the Enbtrru Fronticl, Scrics, ant1 wcrr ]~~-ojrcted wit11 thc following 
ohjcct~. No. 1 to fix the position of Ci11)c Ncgrxis null tlle Alguatla liqhthouse, 
while it monld cnablr tllc to1m of IIeuzarla, nut1 tl1c civil stntion of Bassc am ' uear 
whicll it pnsqcs, to 1)c lnitl do\v~i. It v-aq c:~rritvI for\vnl-d 36 ~ni l t~s  ill a direct 
linc drn.i~lq tlrc scn~nn, tl1ro~q11 a 7-CI y dilIict11t country, I cnv i~~g  about PO miles 
rcirmirthrg to 1)e done. No. 2 is to dctt~rminc t l ~ e  positions of tlir stations of 
l'rolnc., Thayctmyo, and Tonrhi~  ; bcGtles \vl~ich, it n ill, wllcn cornpleteil in con- 
jrulrtion with No. 4', fill-in a brnti of the frorlticr 1\-11irI1 the ~unin trianqnlation 
boultl not follow. E:n~*lp ill Blarcll it  hat1 1)ccn nenrly eoml,lctetl for s distaucc 
of al~oitt 4 L miles by ?Mr. T~ow ; \I hilt, of the folirtll. al)ollt 56 ~niles mere com- 
pletcd hjr bIr. RIitcl1rll, some of thc- stations ~ i s i t rd  1)y the lattrr having been 
lw(:vioualp chosen. Tllrre t l~en  renlainc~l a yap O F  oulp al)ont 20 miles between 
the t~vo,  11 llirll Mr. Brvrrlcg col>sidcred coi~ltl 1)r ron~l)lctcd by Mr. Low during 
the rost of the season, so hr rc~called blr. BTitcllcll for 11 ork clscxr.11cr~. Unfortu- 
nately Mr. Low jnst nt that timi. fell sick, and was o1,liqcd to take have of absence ; 
and, altl~ongli he rrtu~.nrtl lo duty afttlr a few m(~t~hh' absencc, he was unable 
to (lo nluch morc trimlguI:ltion, nntl ronscrloc~ntly thr qap still remains to  be 
filled up. The 3rd scrics is intcndrd to tleterlr~inc tlle 1)osition of the KI-ishna 
Shonl light; but, through >nrion.s causes, this was not cwricd out, wIlic11 ie per- 
1rap.s tllc less to be rrg~riht~trd as, (luring the monsoon ~ ~ i c c ~ r e i l h ~ g  the field-season, 
that liglkt w m  destroyrd, ant1 it is highly improlral~le that  the new one ~chich is 
inlrntletl to he built will be in exactly t l ~ c  same position. About 70 miles of 
this trian~qllntion relnaius to be done. 

(30.) The operations generally were carried on thro~lgh most difficult coun- 
tly, the hills met with being flat-topped, denecly wooded, and without any 

0 



cliarncteristic features to distingnish oue from nnothrr. Tlre diff ic~~lty of 
obtaining 1al)ourers was also very grmt, as tlre country is sparsely inhal)ited, 
and the Burmese coolics object strongly to bcing abseut from home for more 
than a day or two Each of the officers of thc party s~f le rcd  mnch i n  h m l t l ~ .  
The postal colnmlxnications r e r e  very irregular and uusa t i~fn~tory .  The out-1 LII-n 
of work was much affcctcvl by these causes, :n~d  lalls short of the  avel-agc ; hot 
the surveyors appear to have worked zealorlsly and well. I t  wol~ld perhaps 
havc been more judicious on the part of Mr. W. G .  Beverley, who was in  com- 
n~and ,  to have secured the colnpletion of Mcssrs. Low and Alitchcll's trihngula- 
tion lwfore removing the latter; but  he conld not have foreseen Mr. Low's ill- 
ness, which upset hib arrangements. 

(21.) On 18th May, Mr. W. G. Beverley obtairlcd furlollgll for eight 
months, and tllc charge of the party wm made over to Ah. II. Bcrerlcy, by 
whom the recess duties mere carried on, and the report for the year was submitted. 

No. 1V.-TRIGONOilIETRICAL. 

T H E  EASTERN FROWTIER SERIES,  MOULMEIN. 

(22.) On the retirement of Mr. Rossenrode, which took place on the 1st 
P R ~ ~ o N N E ~ . .  November 1876, as was duly 

Cnptnin .l Ili l l .  R E, Aswrtqnt S ~ ~ r ~ l n t e n d r n t ,  1st G r d e ,  noticed in the Inst rel)ort, the 
Mr H R c v e ~ l t g ,  > u r v r ~ o ~ .  1st ( ; ~ n d e  charge of the series mas tcmpora- 
,, J. C CI ~ n - r j ,  l l s s l s ta l~t  SUIVPJOI,  3rd Glade. .. J 0. H l l l ,  ,, rily entrusted to Mr. H. Beverley, 

pending tha arrival of Captain 
J. Hill, R.E., on his return from furlough, Captain Hill  did not rc:rch the 
party until the 16th March ; consequently all the arrangements for t h r  field- 
season, and nearly all the actual operations, were carried out by Air. H. Bcverlcy, 
and undrr his orders ; indeed, the programme of t h r  season was so nearly com- 
pleted wl1e11 Cnptain Hill  joined, that  he jndged it  best to allow Mr. Beverley to 
finis11 the principal triangulation. 

(23.) The oat-turn of t l ~ r  season co~upriscs t l ~ c  completion of a cornpornid 
figure round Yel)ndonnq 11. Y., \vliicl~ ~vaq partly oh\crvctl rlnring tllr JII-cccding 
season, and the rxcrution of one hesaqon and two q~rarlrilnt~rnls in  continr~ation 
to the  south, l~ringinq tlre trianynlntion clown to t l ~ c  pnrallrl of l b O  in Intitllde. 
' h e l v e  st:~tions n ere \isitt>d, nfl'ordinq 17 trim~glcs wlrich cover all nqqnxgnte :Ires 
of 2,032 sqnnre milrs, and carry tlic series forward ovcr a distaricc of ! )2  milrs. 
The ap~)roxi~nntr  series was carried 56 miles, 1cavine;a hesayon in arlvancc of the 
colnpletcd ~lriuripal trinnq~llation in  rcwlinc~qs for next \cn\on's ol,cni~rq ol)serv- 
ations. >Is  rrgards s~condary triangulation, the stntc of tlir at~nosphcre 
preventetl the tit-t~rnlinntion of " The Thrcr Pnyodn.; "--an import-rnt 1)orrnd:~rp- 
mark hetwecn Simn and Tcnnssrrin~-which is to bc reqrrttcbd. Tlw town 
of Yeh, and two othrru, being the only ones of any import:~nce which were met 
with, were. lnirl clon-n. 

('74.) T111, conntry is n difficult one to  trianqnlate, beinq forrst-clatl, nl~nost 
destitutr of rontlq, mrd very t l~inly populated. Many ~ni lcs  of l ) n t l ~ ~ r ; ~ y  hacl to 
be cut  by the men of t h t ~  estahlisl~mmt, and long detonrs wcrr s o r n r t i n ~ c ~ ~  ~lc~c~c.s- 

snry I~ctw eon qtntions ; for instancr, in one cnsc a direc-t dist:incc of 18 n ~ i l r s  
nerrssitatctl a c*irririlons mnrcll of 80 milrs. T l ~ e  sparscnc~ss of pop~tlntion ut~c.c3s- 
sitntrtl sprc,i:~l :ln~nrl:c~nents to set-ure instrnnlenf-mrricrs and Inhollrc~rs, ant1 
also to p101 itlr- tc~orl for tl~c. e\tnhlkhmc.nt. RIr. Hrvc~lcy appcys  to 11nvc. sho\+n 
good jutlcrn~>nt in a1 mnycmcnts, and energy in t l ~ e  cxeoution of lris \\ark ; 
and t h ~  rC\nlts do him 1nuc.h rredit. 

(2.5.) 'I'hc opcr:~tions of the field-senson were hro~iglit to a rlosc 11nd1.r 
Captain lii l l 's  tlirc,c.l~ons, on tht, 21.tl1 April, rnhf~n tile party left T a v o ~  ant1 pro- 
crrrled to Jloulinr~ir~ for rcbcBrss qnnrtrrs. The party we8 fortunate ill bci l~g 
nearly f r w  f'rorn sirl\ntiw tl~rougl~ont, the sm\on, altllougl~ cl~olcra a11d s~11:~ll- 
POX W C P ~  piSrjnl(mt in solnr o l  the sillngta visittrl. 

(36.) 'I'hi.; trinnynlntion has now reacl~rd the ~,aralIrl of Banqkok, the 
cnl)itnl of S~:lrn, and n e11ain of t ~ i a n ~ l i ~ s  of little nlort- 1l1:tn 100 n1ilc.r in lr~iigth 
will sufice to cuuncct that  important city with thc trinngulatiori o i  Intlia. '1'11c. 



distance from Tnvoy to Bangkok by sea, being over 2,000 miles, it is obvious 
that n direct trigonometric-:~l councction will be of great vnl~le to check and 
rectify the Marille Survcys which Ilsvc 1)een carried alouq the coaqt-1inc.s. 'l'he 
Governme~lt of Siam has thercforc beeu invitcd to allow of thc execution of the 
proposed chain of triangles. 

No. V.-THIGONOMlC'PHICAL. 

THE EASTERN SIND SERIES, MERIDAN 70°. 

(27.) It was statcd in the last report that Captain Rogers, having completed 
the Jodhpur Series on the meri- 

PIZ~ISOXNSL. diau of 7 3 ' ,  took 111) theEastern 
Cnptnin Y. W. Ro~crs ,  R.E., Officiating Dcpoty Superintcnd- 

ent, 3rd Grade. Sind Series, 2g of 1ongit.ude to 
Mr. W. C. Prici,, S U ~ T C \ , ~ C .  4th Grade. the west, and prepared n large 
., C. 1'. Torrclls. Aasis t , :~~~t  Survejur ,  3rd Grade. 
,, P. F. Prooty, ,, number of principal stations for , 4th ,, the final observations. I n  the 

se:ison now nncler review, these observations have been completed a t  28 stations, 
afording 32 triangles arranged in six figores, aiz., four lrexagons and two 
qnad~ilat,erals. The series has been carried formad over a distance of 125 miles 
on tlle prescribed meritlian, a,nd rnlbraces an area of 2,455 square miles. 
Sta.tions liave also been cl~oscn and prrpnrecl for a clistance of 98 milcs in 
axlvance of the find obsclvntions. The nntul*c of the comntry does not give 
mucll scope for secondary triaugolation ; but tllis part of the ~rorrk was not 
neglected, and the posit,ions of a nitu~ber of revcuue survey stations and 
bo~rntlary-pilla,rs were determined. Cnptnin lCogcrs worked energetica.lly and 
~ ( 4 1 ,  n,nd Ile reports that he nrns mcll seconded by his assistants. 

(28.) The country passed t,llrongh was generally a desert, of a worse descrip- 
tion t , h ~ n  tliat met with in forlucr seasons on the Jodlipur Series, which has 
been d(:scribed in for~ner rcports. It is composed for the most part of par:rllel 
ridges ol  ssntl, of consitlora1)lc l~ciglit, and 1vit.11 steep slopes covcrcd with low 
tlioru-juugle. 3i:nrc.hing tl~rougll srlcll count,ry, when t,l~e dirr~t~iou of the march 
ca,n he in no may aitrretl t,o snit tllc lio of t,l~e sandldlls, is most tedious work. 
C:~l)t;lin Rogcrs dcscrihcs the curious forln:~tions, known as " DmeHs," which 
ocensionally occrrr ill this tlesctrt. 'J'h(:?;c a,re t,rncts of lllany miles in extent, 
whcre the regular saindl~ills disappcnr, and give place to a va,rionsly-olonlden~sly-mo~~l~lerl 
sal-Face of continnnlly shifting sm~tl, utterly tlevoid of vegetation. These 
dracns are seldom crossed by tllc natircs, and wlien t,he snrvey-pnrt,y mas forced 
to cross one, carel111 prcpamtions had lo be made in t l ~ e  first instance, and the 
1)rogrcss mas very slow, five nlilcs proving to be a f a t ig~ ing  march. It is a 
rc~~l:lrli:~blc fact l;h:~t. occasion:rlly wells are fo~und in smdl  pat,chcs of hard soil 
in the midst of t,hesc wastes of sand, and t.hcLt the water in such wells # 
inrnria1)lg good, tl~ough cve~-ywlir~*e else it is scarcely drinkable. I n  fact, :to 
obtain potable wn.tcr in this rclgion is a constant cliflicnlty, one district of 
al)orlt 30 by 40 miles being reported as alt,ogctlrcr \vithout that necessary of 
lice. 

'FIIE SURVEY OF KL2T'l'Y\\7AR. 

(20.) Major Pullan has been carrying on this srlrvcy, lmt, with a smaller 
I P R ~ S O ~ N H L .  st:llY of :rssist:~nts t l r ~ n  IIA 11ad last. year. 

Major A .  P ~ ~ I I ~ ~ .  ~ . ~ . , ~ l ~ ~ i ~ t i ~ ~  ~~~~t~ sllprri,,. nl1ic.h 11:ls nc~crssarily redurcd liis out-tmun 
trndcnt.  :3vrl (+radr. of work :IS c-olnl):rrcti \villi the p r ~ ~ i o l l s  

.I. Mc(Jill, Rzq.. Ollicinting Afsislnnt Superintend- srnsolI, ,,,ill be by the follow- 
ent, 1st. Orade. 

Jlr. F. Hrll. Sorveyor, 3rd Grnda. ing ligllr(~s- 
., N. C. Orn)-nllc, St~r!~cyn~.,  4tl1 Or&. 
,, Mr.  A. F i r l < l i ~ ~ ~ . ~ s s i ~ ~ ~ n ~ ~  ~ u r v c ~ o r ,  Z t l d  ( ; ~ t r I p ,  Ptmson Rnaon 
., G .  T. H.111. .. 3rd ., Is;&.:,;. lK;,$.:, .. H. (!orkcr.v. .. 40)  .. - - 
,, .I. l<vnli~cg. .. 4'11 ., 1 : h n  . 0.256 1.71 t i  nqllnre mil-s. Vinnji I<:yonnl l~ (:ndl,,di, Ilrnd Stlb-Sur\.c?or, 

r~r13 l ' r ~ ~ o n o n ~ r . t r i c n l  .. I '1.111;.2 ,. ,, 
Ten otla~.r S u l ~ . S ~ ~ r v e ~ u ~ a .  T ~.ui-crjc: ... 1,ljUO i linear ,, 
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(30.) Thc oprrntions this  car were carried on in portions of thr ITallar and 
Sornth divisions of TTc1stc.m Kattynrar. Tlie principal towns which came within 
the :IW of countly surveyed arc-in sheet $6, Uhaynwacl:~r, Jodl~par, and Dhank ; 
in shert 47, Upletn, I)llor;xji, and Kuntiyana; in sllect 48, Balltwa and 
Wanthali; and in sllect 60, Virlimal and l ' :~t~n,  wl~ich last is rcmsrl<al)lc for the 
anricnt. and 11orlr1-kno~~n IIindu temple of Somnatl~, now said to be fast 
falling to picccs, and requiri~ing somc steps to 1)e taken to arrest the progrrss of 
decay. Tllc country is generally thickly populated; and it is well watercd by 
several r i~ers,  ol ml~icl~ t l ~ c  most noticcable are the Moz, thc Bliarlar, the 
Ubcn, the IIarna, ant1 the Ojat-the last s clecp stream, which, after p~~rsu ing  a 
tortllous course to the west, falls into the Bhnclar liver close to its mouth at 
Navi Baudar, on the shore of tlic Gulf of Cutch. 

(31.) During thc recess season of 1876, fair maps of four sheets wrre pre- 
pared, each in four sections, on the scale of two inches to a mile, for reduction and 
publication on the onc-inch scale. Reductions of eigl~teen sherts s1u.vtbycd in pre- 
vious seasons wcrc prepared, on the scale of onc quarttlr inch to the mile, for 
incorporation into the Atlas of India. The ont-turn of work of all kinds, both 
in the field and during tllc rccrss, is veiy credihble to Major Pullan, who was 
well secondcd as usual by Mr. McGill. 

(32.) Steps w i l l  I I ~  taken during the field season mliich is now progressing 
to e x t ~ n d  thc triangulation into Cutcl~ with the view of commencing thc topo- 
graphical survey of that Province. 

NO. 'VII. -TOPOGRAPYICAL. 

3 TIIE SURVEY O F  GUZERST. 

(33). Lieutenant-Colonel Haig, LE. ,  supervised the ficlrl operations of 
PERSONNEL. this survey 1;ntil al~ollt the 

Lirutrnnnt-Colonel C. T. Ilaig, R.E., Deputj Superintendent, nliddle A'rnrch, and t'llm pro- 
2nd ( i r l l d ~ .  ccerlcd to Europe on fnrlough, 

Captain T. 1'. Cnrt~r ,  R.E.. D c p ~ ~ l y  Sl~pcrinteadcnt, 3rd Glade. 
Lieut~want J .  E. Gibbu, R.E., V l h u i t ~ t i l ~ ~  Assistaat Superlo- of the 

tendent. 2nd C;r;tde. pr t , y  to his Assistant, Licutenmt 
. A.  a ,  Surveyor, 1 s t  Grade. 
,, A. C'hriatitl* ,, 4th ,, C:il~hs, Ii.E., 1)y whom the 
,, C. 11. BICA.  FW. , , ,, general ol~c~ations nTcrc! super- 
,, J. Elic.kit*, Assistant ,, 211d ,, viscd durirlg the rcnminder of the 

0. I). Curroo. ,, 
,, S . P . K c ~ n u n n ,  ,, 4ii1 ',', field-season and the cornulencc- 
,. C. Ntvrmon, .I ,, ,. mcnt of t,he rcccss. On the 

I) Sus-soavsroas. 13t,l1 June, Ca,pt:~in Carter, R.E., 
Mr. Fernn, t,ook over the ~ h a r g c  flsom 
., G ~ n , r ~ e .  

Gopnl Vkhnu. Lici~trnant Gibhs, and he has 
and retaincd i t  u p  to the present 

Eigbtrrn Xntire SnlbSumeyors and Apprcntiees. @ ti in^. 
(3.4~) T11n out - lu~n of tlrr work of all d~s~r ip t ions  has 11ccn vrry sat,isfac- 

tory. An RrM of 1,938 square, milts Ivan sllr~eycd topngmphica~ly on t,hc scalc 
of two incllrs to tlw nlilc, t,he Rlitish (listricts in minute dctail for pul)lic n t,' ]on 
on thc sanir sc-nlr,ltlir Katior States in lr:ss detail for pul~lication on t,llc one-inch 
scalp. This arcn falls in s l ~ r ~ t s  Nos. 15, 28, 20, and 30 of the survey (scc the 
Indcx clinrt, o~q~ositc pngr of t.he Appc~ndix), and is sub-divided between 
Hrit,isll ~ s t r i c t s  ancl Kativc, States in tllc follo~ving proportions :- ,:I 

Knirn Collectorate ... ... ... 3.l.Z square miles. 
BRITISII ... ... ... ... 204 ,, 

... ... ... 83 ,, 
Anlnrh ... ... ... 1,202 ,, 

NATIVE ... { 8ijc\>in ... ... ... 32 ,, 
Hewnkintn ... ... ... 125 ,, 

The area which was triangnlntrd and t,ra.versed in advance for future 
t o p o ~ p h p  consists of 2,200 square milcs, appertaining to sl irct~ Kos. 6, 7, 26 
and 27; and 280 square miles for the survey of tlic forcsts of the Dangs, 
sheet 52. 
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(35.1 TIle following maps were drawn and scnt in for publication, viz.- 
tllrco of the sections of shect 78 and as many of sheet 79, drawn for r~produc- 

ff b l l~e t~ -  tioll on the two-inch scale ; and the four sections of each of the followin, 
N ~ ~ .  30, 78, 79, 80, 81, and 82, drawn for rcxluction to the one-inch scale. I n  
ad(litjon to t]&, sections 10 and 12 of sheet 14, on the four-inch scale, were 
entirely re-drawn, as t11c maps first drawn wcrc: found to be unsuited for plloto- 
zineograpI~y ; and the proofs of 15 sections of t l ~ c  four-inch swvcy wcre examined 
and corrcacted aftcr photo-zincography. 

(3(i.) Two of Eckhold's onmimeters, manufactured hy Messrs. Elliott Bro- 
tllers, were employcd in running traverses though the Dang forests. Thcse 
instrun~mts are theodolites which are furnished wit11 an auxiliary appliance 
for cnahling the vertical angle subtendcd by any object to be measured wit11 
great accuracy, whereby, when tllc height of the object is known, its distance 
lnay bc readily determined. The usual object is a polc, tlle exact lengtll of 
\r hich llas been carcfully ascertained in the first instance. With tllc omni- 
111etc-r alld its subtensc polc, distances of scvcral hundred yards niay 1)e mea- 
bllrc~d olrer rugged and broken ground, where i t  ~r~ould  be very difficult or 
i l ~ ~ ~ l o ~ i b l e  to cm1)loy a chain, wit11 a degree of accuracy not lnatcrially less 
tllall t l~n t  nit11 wlich the same distances may be mcabwed orer slnootll ground 
wit11 t l ~ c  usual measuring-cl~ains. Bcsidcs wl~ich, onc and tlie snnlt: set of 
reatlings to the subtense polc ena1)les both thc altit udr, and tlie lloriaontal distance 
of tllc point on which the  ole is set up, to bc readily determined, wit11 a sufficient 
d(\greo of accuracy for most practical purposes, provided that t l ~ c  distance 
l>rtwcc,n tllc instrunicnt and the pole docs not materially escced a mile. As 
tl~eodolitcs, tl~esc instrul~lcnts wcrc fo~uld to bc very inferior to those of the 
snnlc, sizes wl~ich are ordinarily employed in the opclrations of this Survey ; 1)ut 
for tllc sl>ccial purposes for which t l~cy  werc required, they gavc hctter res~tlts 
tllan 11:ld 11ccn cxpectctl, and tlley arc certainly very useful instrunlcuts for 
cnr~tging a line of travcrse over a difficult conntry where chailing is inll)ossil>lc. 

(37.) An iutcrcsti~lg account of tltc chief towns and rircrs falling wit l~ia 
thr  arc8 of the year's o1)erations \rill be fo~uzd in Lieutcnailt Gibb's report, a t  
page %I-, of tllc Apl)cn(lix. And I may hcrc obscrvc that thc annual reports 
for 1x73-74 and 1874-76 contain v;llnable papers by that officer on t l ~ c  portions 
of t l ~ c  Daugs in whicl~ he hat1 bc~eii opcrnting. Tl~is year hc 11x1 collected 
rock specimens for the purpose of dctcrlui~ung the petrology of portions of 
tllc di\trict, and was prc,paring additional notes on the botany, to be atlclcd to in 
the following year and then publish(-d. 

(38.) But I g r i c ~ e  to state that, on rctnriing to resunla operations a t  tile 
c.o~n~ilc~nccrucnt of tlle field-season of 1877-76, Llrutcnant Gibbs was attackcd 
with c.l~ol(irn, when oncampet1 a t  a placc in the ilh~ncdabad district, far fro111 
nlctlirnl assistance of any kind ; being unconsciol~s of his critical condition, he 
wo~~l t l  not allow his srrvants to send for the nearest doctor, nor eve11 to illfornl his 
frir~ltl, J lr .  Lci\I(~ssuricr, who was encan11)cd a fcbw miles off, until i t  was too 
1:~to. 111. dicd on the nlorniug of the 21st Nore~alier 1877. Tllollgl~ tile 
younqc>\t, IIC was onc of tllc fluest mid most valuable of thc officers of tIlis 
Dcl):~rt nlcnt. Giftcd ~vitll rarc abilities, and \rrith the ca1)acity of turnillg those 
a1)ilittc.s to good advantage, full of ardour in t11c prosecution of his o\r 11 work, 
ant1 nlost I\ illing and anxious to assist others in e\ cry n ay, Ilis clcatl~ is as Inucll 
to bcl rr:.rettrtl in tllc interests of the l>ul)Lic sen-ice, mltl more pnrticularlp of 
tlriq Departmcllt whrr(' 11c W;LS SO lugllly apl)reciatcd, as it is mourned in tile 
circle of his family and friends. 

(:1!).) Of tile unturc of the cou1nti-y olreratctl in, Lieutenant-Colonel Haig 
states in liis rcport (not printed) that, "with t l ~ c  exception of tile soutllrm l)or- 
tion ol' s1icb(>t 30, the wliole of thc country undcr h : ~ l  survey tl1is season has 
bccn tllichly wooded autl much interscctcd nritll tortuous and precipitous ral ines 
ant1 \vntcbr-cboursrs. This Ilm nlatle the progress s l o ~ ~ ,  though all tllc E u l r ) l ) ~ T ~  
aqsistants I I :LV~  JV0lkcd well. " Of tho mapping, Caphin Carter sbtes tllnt 6' a 
conhitlcrnhlr poltion of the drawing of the maps for reproduction [to full scale] 
is done I)y i\Ir. 'I!. A. LeMcssurier, who is in charge of the pal-ty of the Guzrrnt 
ltc~vcnur Burvcy which is attached to tlus office, wit11 a view to our utilizi,lgtho 
d ~ * h i l  show11 on the village rnal)s by transferring the sanle to ourtwo-inch lnaps 
of British territory. The survcyor's duty in field-semoniu to tix by traverse 
tllc. tribcta or boundary-marks where thee villages meet, These points are 

a 



thcn plotted on our planr-tables, and the village boundaries .are transferred to 
tlic plane-table by proportional conlpasses adjusted to the tnbctas. This 1vorli 
is done by the Rrvc>nne Survey establishment on return to Head Quarters. 
ll'e arc fortunate in Ilavinq an olticer of Mr. LeMessurier's acquirements and 
dmwiug nl~ilities, n,llo is thus a great help in turniny out the fair maps on 
mlkli we sllom tllc dctails talien from the Revenue Survey." 

No. VII1.- TOPOGRAPHICAL. 

THE SURVEY OF KUMAON AND GARHWAL. 

(40.) After the ficld-operations of this survey dnring the season 1874-75 
had been completerl, only a small 

PEILSONNBL. a,l%a remaincd to be clone, lying 
IC. C. R.yall, Esq., Officiating Assistnot superintendent, 

2nd (;rule. a t  the ext.reme north-enst end 
Mr. .I. Peyton, Surveyor, 1st Grdc .  of the district. It mas tllought, 
,, JV. Todd. ,. 2nd ., 
,, T. Ki~~ony ,  Assistant Surveyor. 1st Gmde. 

best to leave the survey in 
,, ,I. POCIICIC, ,, ,, 3rd ,, abcynnce during the season of .. n. P. Wnrwick,,, ,, 4th ,, 1875-76, wit,h a view to applying 

L L I I ~  

Six xntive Surveyors. the 1~11ole strcngth of the p?.rty 
to the sni-vey of the Ychra D6n 

tlistrict, which was by these means completed in th:~t  season. The survey of 
Kuinaon and Garhw:il \\-as resumed this year under charge of Mr. E. C. Rpall 
rritl~ tlie st,aff dctailed in tlie margin, and I havc much satisfaction in being 
able to report tliat. tllc whole of tlic fielcl-work is now complotc. 

(-11.) The field-l)a~-ty consisted of Messrs. Rj7al1, Peyton, Pocock, and 
Warwioli, and two native sub-surveyors, Mr. Todd remaining a t  Head Qoni.tcrs, 
Dehx Dim, in charge of the mapping ofice, where he mas temporarily nssistcd 
Ily Mr. T. Kinncy. Mr. Ryall and pal.ty left Almorah for the scene of their 
work allout tllc midtllc of ilpril. 

(02.) The winter of 1876-77 is reported to have been exceptionally severe 
in thcse regions; and tho spring and early summer of 1877, up  to as late as 
June, were unusually cold and met. The start from Almorah, long delayed by 
heavy rain, mas evclltually made in h e  weather, which proved only a break in 
the wct, as the rain lwgan again on 17th April and lasted till 8th Jnne. Such 
wanthcr was ve1.y much ngainst the surveyors, the field of whose operations had 
an avcragc elevation of about 16,000 feet above sen-level, and occasiopnlly 
rose much higher; thus Mr. Ryall's highest point of obsei-vation mas 19,600, 
\vllilc Mr. Pocock executed onc plane-table section a t  an average elevation of 
19,000 feet. The snow-line was found to be much lower than usual, and the 
inhabitants of tllc lipper valleys, who move up to the hiplier pasturcs during 
racli summer, were tletained in their winter homes long beyond tlie ordinary 
tinlc. As the surveyors depend on these people for the greater p ~ r t  of their 
supplies, it Isas irnpossihle to proceed with t,l~c worlr until they could be 
persusdcd to mnvc, and some delay was experieilcetl on this account. Thns 
Mr. Ryall did not sl~ccecd in getting over the Untar Dhurra pass, which has an 
elevation of 17,350 feaot, 111lt,il t,he 3rd June. 

(L3.) On tht: 8th Mr. Ityall roached Hnndes, s district of Chincse Thil~et 
lyiirg north O F  ICuinnon nut1 Oarl~~v&l, He hoped that his a,rrivnl bcforc the 
IJawswere Fairly olwn would be unnoticed, and would enal,lc him to reach the 
b:lnlc of t,llc Snl l(>j riwr, wllicll Ilc l)lsoposcd to slwvcy nloug, back to his hnse in 
Britisl~ territory. l~c*t'orc thc joalo~~sy of Europrntl intrutlors c~itcrtaincd by the 
n:~tivt,s slio~~lrl int,erl'c~c \vit>l~ his n~ovcn~onts. He wns disappoilitetl in the hope 
of l~ i s  arrival I~riny unnoticed, as ho was mrt  a t  tllc vo1.y ho~mdary by two 
nntirc,s, wlto itnn~l:~li;~te~ly proc(wl(d to r ~ p o r t  tlir fact to tlit: oficbials of the 
district. Mr. lt!.nll, liowrvrr, v7ns fortunate in being n1,lo to give rcbnsons for cross- 
~ I I L .  I.llc I I O L ~ I I I ~ ~ I P Y  1% l l i e ~ l ~  \ve!r(? tle~ci~~ed sufficient, ~o Iic was pennittcd to go on with 
his work. 1Lftc.r doing nll hc coultl in I-Iuntlcs, he Iiastt!nexl lmck to form 
cvllu~cction 1)rtwcrn thr work there and the. 1,mc on t lle Unta Dl~nrm ritlgc!, :Is 

trfi.11 :IS to ol)srrvr t,hc tl~irtl angle nt some of the stations in the Rfilanl V : ~ l l t ~ ,  
\~~llic.l~, o\\itig to heavy ra'in and othcr causes, I~ad I~cen left unol,sei.ved in lt;7,h. 
11-llon IIC lint1 done this, hc finislietl the topo;rmplry this valley, tlic entrancc 



into which, through a stupendous gorge ahout 12 miles in length, overl lnn~ hy 
large m a w s  of granite precipices, is described as most formidaljle. Tllc road 
colisists for tlic most 11c~l-t of a series of narrow steps built along the faces of 
stec.1) hillsides or rugqed prrcipiccs ; and, in other parts where this is inl1Incti- 
cable, l~lanks leading from onc ledge to another we laid across. 

(44.) Mr. Pc.,yton was entrusted wit11 the survcy of the Byans Valley, which 
he completecl satisfactorily ; some notcs on his work and the topography of tilt: 
valley will be found eml)odicd in Mr. Ryall's report. At Garbia, the laryest 
village in the vallcy, Mr. Pcpton noticed that the Tartar physiopomy 1)y no 
mcans predominntetl, and, altllouqh the noses were generally somewhat I)road 
and thc cheek-hones lnrgc ant1 prominent, yet he saw some faces mluch any 
country would I)e acknowlrdgetl to he pretty and expressive. 

(46.) The total out-turn of work reflects much credit on Mr. Ryall ant1 his 
assistants, consitlcring the nature of the ground surveyed. An area of 870 
squaw miles \\.as triangulated for topography, and areas of 989 and of 640 squme 
milcs were slcctched topographically on the respective scales of half an inch and 
one inch to the milc. Bcsiclcs this, a larger number of peaks were fixed in an 
a im of ahout.13,000 square miles of territory beyond the Biitisli frontier, 
which will be of great value in rectifying and amplifying the existing sk~>tch 
maps of that region ; thc atlditional geog~aphical information thus acquircd I\ ill, 
I trust, form thc sul~ject of a future Tram-Hhnalayan exploration report from 
t l ~ c  I)CU of Mr. Ryall. 

(-16.) Mr. Ryall was supplied with four of the new portable mercurial 
baro~netcrs designed by Captain St. George. These barometers have arrnu:.e- 
nle~lts w11crel)y the tubcs can be readily filled with mercury w i t h o ~ ~ t  m y  
considcra1)lc admiuturc of air, so that a practically perfect vacuum )nay 1 ) ~  
obtaincd mllencvci~ desired ; thc tubes are intended to be emptied wlicnevcr thc 
instrulncilt has to bc transported about, and thus the risk of breakagr is vc-ry 
much less than for a baromctrr carried about, as usual, with its tube full of 
mercury. The instruments were filled and read a t  various heights, ranging 
from 11,000 to 19,000 feet, which had heel1 inclepentlcntly detcrmined 1)y the 
triangulation ; tllc difi'ercntial barometric determinations agrcecl fairly 114th tlic~ 
triqonometrical as a i -~~le ,  though there are some startling differences whicl~ havcb 
not get l~cen accounted for ; the absolute heights wcre far more frcq~lcntly in 
dcfect than in excess, which tends to sliow that littlc air can have got into tl~c- 
tubes during the process of filling thcm with mercury, mzd is so far satisfactory. 
Thr 1)rocess of filling is, however, a tcclious one, ancl difficult to accomplisl~ ~rl icn 
the fingers are cllillcd a t  very lug11 altitudes ; but the barometers arc stroll:. and 
portal)le, and, with motlcixte carc, thcy may be carried over the most ruqzed 
mountain re~ions without nzuch fear oE breakage. 

(47.) The operations of tllc pl-csent year have completed the topogmpl~ical 
sm.vcy of linmaon and Garhw61, which is a matter of much gratification. 

OPER,ATIOR'S I N  GUZERAT. 

(,Ls.) Thcse operat,ious arc under the charge of Captain Baird, R.E., and 
during s ~ ~ ~ s o n  1678-76 two parties were cm- 

PERGOINEL. l~loyed, one directly under Captain Uaird 
Captain A. ?:lird, I<.E., ~ ~ i ~ . i : ~ t i , , ~  Lius ixt .  l~in~sclf, 311d tllc ot'l~cr under Mr. Itendell. At. 

out S I I ~ C ~ I I I ~ ~ I ~ ~ U I I ~ .  1 u t  Ur~lde .  
air. T. H. I<codr.ll, Aaaiatnut Survryo~., 

tho end of that field-season, Captain Baird 
1 ~ t  arllde. wont t,o En$a,nd on thrcae montlis' privilege 

X:lrsi~~g I);ISS, sll~~.s,lr,-,~s,~r, lc:tve, and was anft,cr\varcls detained thcrc on 
duty in connect,ion with t.he reduction of t,hr 

t,itlnl o1)urrvntions in the Gulf of Cutc:l~ mliich had bccn made in tlic previous ycar. 
I 1  1 l ~ c  I~\~c~l l ing  opcrat,ions now ~tndcr report wcrc consequently confiner1 to one 
1l:lrtp ~nulcr Mr. ltcntl(41, worliing on ixlstrnctions drawn up by Ca,ptain Baird 
I)clore ~)roc-rctling on lcnvc, 

(4).) Tl~cy com1)dsr. 3G6) milcs, carried out on t.heusualrigorons ~ys tem of 
this l)cbl):~rt,~~lclit, 1)y two observers working independently ancl* clieckjng each 



other station by shtion. Of this, 1831 miles was a part of the main line, 
between thc Gulf of Cutcll mld Bombay, commencing a little below Ahmetlabad 
and running south through Broach and Surat down to Damaun railway station, 
where it was closed for the season. Tllc remaininq l74$ miles are distributed in 
branch Lines connecting important places en rolrte, such as Cambay, and places 
dong the railmay of His Highncss the Guicowar to Dabhei, and along the branch 
line of the Bombay, Baroda, and Central India Railway from Anand to Pali. 

(50.) The heights of 306 permanent bench-marks were determined, several of 
which mere also points of the Railway and the Irrigation systems of levelling, 
which have thus been connected together and referred to the same datum as 
that of the Survey Department. 111c value of such checks is proved by several 
cases of discrepancy which were discovered by Captain Baird. The out-turn of 
work is satisfactory, both as respects quantity and quality, and is very creditable 
to Mr. Rendell. 

No. X.-TIDAL INVESTIGATIONS. 

ANALYSIS O F  OBSERVATIONS AT TIDAL STATIONS I N  THE GULP 
OF CUTCH AND AT TUTICORIN. 

(61.) In previous reports I have given the history of these operations, and 
descrihcd the several steps which have becn taken in order to obtain continuous 
registers of the momentarily varying changes in the sea-levcl, a t  the points on the 
coasts of the Gulf of Cutch, andat Tuticorin, wherc tidal statioris had bcen crected. 
The observations also included continuous registers of the barometric pressure, 
and of the velocity and direction of the mind, mllicll mcrc taknl by self-recording 
instluments a t  each station puvi pusstc with the tidal rclgistcrs. Whcn all the 
observations were completed, tllc or(linatc.s of tllc sevc~ml curves mere mensurcd, 
(taking full account of clock error mhcnevcr tllcrc was any) and thcn tal)ulnted 
for each hour of every day. Tllc numerical rrsults thus ol)tahicd scrve as thc 
data on which the analysis of thc obscrvatio~ls nras sul)sequently bascd. 

(62.) This analysis, I felt assured, would be bcst pcrformrtl with tllc assistance 
and co-operation of Mr. Rol~crts, of thc Nautical Almanac Office in London, by 
whom all tllc tidal observations taken for the Biitish Association had hrrn, and 
are still beinq, reduced and analyzed, under the sul~erintcndcnce of Sir William 
Thomson. I therefore obtained sanction for Captain Bnird to remain in lhg-  
land, and rcduce his ohscrvations wit11 Mr. Roljcrts' assistallcc. 'l'l~c resnlts will 
be prcsently stated. But first i t  is nrcessary to give a lwicf cl~itome of the 
method of investigation which has becn followt~l, ant1 I\ hich is dcsc-rib(vJ in tletail 
in the notes on tlle Harmonic Analysis of Tirlnl Obscrv:~tions, London, 1872, and 
in various numl~ers of the prorrcdings of the British Association. 

(53.) The rise and fall of thc lcvel of the occan, twice, or nearly so, in twenty- 
four hours, is well litlomn to he due to thc attractions of tllc sun and t l ~ c  moon. 
If the orbit of tlie earth and that of tho moon wcrc quite circulal- nut1 Iny in the 
plane of the equator, ant1 if the moon pcrformcd its revolution round tllc c\:trtll 
in the same time that thc slln appears to rcvolvc around the cartll, then thcra 
~ v o d d  l ~ e  two tides daily, differing from each othcr in form-should tllr smi and 
moon not be in conjunction-hat rr>curring alike from day to day. Tllr moon, 
I~omevcr, makes I~er  c-ircnit of the. earth in 48 minutes over tho tmcnty-four llours 
and thus the sun nlakcs thirty apparent circuits of the cartah wllilr t l ~ c  moo11 is only 
making twmty-niuc ; moreover, thc orl~its of the carth and of thc moon arc not 
circular, nor arc they situated in the planc of the equator. Thus thr po\itions 
of thc sun and moon, relatively to tlic carth, are momentarily vai-ying in dis- 
tancct, declination, and right ascension. Consequently, the lcvel of the ocran is 
sul)ject to momentary variations in the dynamical action of thc disturbing 
hodieq ; and these muse a variety of tides which recur pcriodimlly, some in 
short, othcn in long, periods. 

(hl.) I n  the present investigations, the short and thc long period tidcs havc 
hecn analyzed by different methods. The former-wllicl~ hcre ~ m b m c c  all 
tidrs rrcurring @ periods of or about a day in duration, and in any aliquot part 
of the quasi-diurnal period-have been treatcd in accordance with the synthcsiv 



of Laplace. Th11s a aulnl~er of fictitious stars are assumed to nlorc, rnrll uni- 
l'orlnly in the planc of t l ~ e  cartl!'~ equator, with m~gtrlar rc1oc.itic.s n 11ir*l1 arc. 
~1u;~11 in c.ompariso11 n it11 tllat of tlic earth's rotation, so that the period of cacl~  
is sometlling not lrcry tlifferclnt R-om 'LJ4 mean solar hours. Each star is N I I I ) J I O ~ C I ~  

to ~)~.oclncc a 1)rimary title in its qrtnsi-diurnal period, and also various h~~l)-tidt.\ 
\r 11ic.h run throng11 tlzcir pcriods rc~\pcc.tivc~ly twice, three times, or ol'tcnrr tlurin~: 
tllc primary period ; sollle of tile stars, I I ~ H  cvcr, do not produce a full-periotl lick, 
11ut only su11-tides in the sub-l~eriotls. 

(55  ) The portion of t l ~ r  hciqht of the sea-level nl~ovc or below its mmn 
I~cight (with rcfcrrncc to somc fixed clatum lint.), rn11ic.h is duc to thc romhinetl 
infl~~cnccs of tllc several tides producetl by any onc of tllc fictitious stars, is g i ~ e l ~  
I)y the follo~ring well-known expression of the law of periodicity :- 

h=R, cos(gzt-5,) +X, cos(2nt-E,) + R, cos(9nt-2 ,) + ... 
in wl~icll IL is the licight ahol-e mcan sca a t  dny momt3nt, t is the time espressrd 
in nlenn solar hours, commrncing a t  Oh nstrouomical reckoiling, and n is illc, 
rn~q~llar  velocity of tllc star in dcqrccs of arc pcr mcan solar ho~u., so that 
3GOC + r b  tlcuotea thc pcriocl of tllr star in hours of nlcan t in~e .  R, is tht. amplitudt., 
mld i, tlie epoch of thc full-period tidc; R, and E?, R, and E,, kc., are tllc- 
amplitutlcs and epochs of thc sub-titles, whose l~rriods arc one-half, one-tl~irtl, kc., 
th:~t  of the primary period. Tlie mnl)litude is t l ~ e  srmi-diameter of the circlts 
I\ I~osc circlnufcrencc intlicates the path of a tide. The epoch is the arc. wliicl~, 
w l ~ t ~ n  clivided 1)y tile mlgular velocity of thc tide, gives t l ~ e  hour angle l r  hen the 
11cight of the tidc i\ a maxiinurn ; this occurs, on thc day of starting, when 
v t = r ,  foi* n pri~uary tidc, ml~cn ? ~ t = c ~  (and again 12  quash-hours afterwards) 
for a tidc nrl~ose pc~riod is halt' that O F  the prin~ary, and so on. 

(56.) Tl~us, if we no\r 1n1t I,  for i l ~ c  hciqllt of tile sea-lcl-el nt any mommt, 
and A for the valuc of the heiglrt of tile mc.nn sea-lc\rcal n 11icli result5 f roll1 tile 
coml)iued influnee of the n l~o le  of the fietitioils stars, we hnre-- 

W=d+ : R ,  cos(nt-E,) +R,cos(2r~I-~-) + . . .) 

n-l~crc t l ~ c  syml~ol z stailds for thc summation of the wholc of the terms ~yitllin 
the brackets ~ r l~ ic~ l i  rcl:~te to all the fictitious stars. 

(57.) Therc are two principal stars, respectively caller1 S and i\l for brevity, 
thc first of wllich rel)rescnts the meml sun, or that point in the plnnr of the 
earth's equator mhosc hour-angle is cqual to mean solar time ; the sccolld repre- 
senta tllc lncan inoon, a poiut moving in the plauc of tile equator \kith arl 
:ulgnlar vc~locity ctlual to the nlmn angular velocity of the moon. Tllc othcr 
ficntitious stars rcsl)ccti~-ely furnish the corrections to S and N for declination and 
parallax, to h l  for lunar cvection alid mriation, andto S and AI for t l ~ e  compound 
actions w1uc.h 1)roduce what arc called Helmholtz Tides, c ! .  The 24th part 
of tile period of star S hciug an hour, that of any othcr of the fictitious stnm 
map be conrcnicutlg spokcn of, and is here called a qzrctui-hour. 

(88.) To find the argument (tlic mignlar ~c~locity 7 t  of the precrdinq 
fol.nlnlzj for racli fictitious star, various combiuatious hare to be made of tllp 
Folio\\ ing fwldamcntal an;.alar rclocitics, viz. :- 

y, the mrtli's I otntlcrn =ISo 0410fiqf pel. mean solar houy 
a, the  moon'q l . t \o l l~t~on round tllr cm tli = O ~S'JO~C;:, ,, 
p, the cni th 'q ~r\ollltlon ir~llncl thc \un .. = 0011O(iH(; ,, 
3, thc pioylcs\~on of the moon'\ pengee = 0 0046618 ,, 

The SPI-em1 fictitions stars \ V ~ O S C  titlcs have been nnalyzecl in these inyesti- 
gatious arc- 

S ,  \\lth nrgument 11 = y-q = 15" 
A1 7-0 = 11. &DO0521 

,, Y = 15 OSlCl(i8ti 
() y-2n = 1Y !IS.1035ti 
P 7-2rl = 14 !)5X!I,jl.k 
d y+a-6 = 15 585MJ:j 
(2 y-:3o+G = 1.3 :3!~HGtiOS 
P y-?a+7j = 18 !)H11U4.!! 
N ,, Y-to + 1 3 = 14 .'l!)HfiW 
L Y-la-4 3 = 1 4  764?:3!14 
Y y-:a-A& + q = 14 ?>t>2!)15 
A Y-!#+ $G-q = 16 7278127 
MS ,, y-jo-lrl = 14 711;02(;1 

and SAI ,, Y +  "-27 = 15.5070479 



(69.) The qrtnsi-hour anglrs of the several fictitious stars, other than 8, at 
m a n  noon of the day of st:tl'ting, were found by putting 

y = the Sl~lerenl tln~c, 
q = the Sun's nlmn lungit~~de = y, 
a = tbe Uoon'q mcm longitude, 

a-c = tbc Iloon'q mum nnorunlg, 

and taking the correspontling nuinerical values of each elen1c3nt for the hour 
and station from the Nautic.al Almanac and I-Ianscn's Lunar Tahles, and then 
sobstitutiug these values in the prccerling symbolic esprcssionu for the l l o u ~ l ~  
variations of the several stars. 

(60.) 1'11~ number of stars and the a w ~ d a r  velocity of each star having 
thus been decided on, n priori, from throretical consirlwxtions, the values of 
the constants R ant1 E for the tick~l constituents of each star have to 1)e deter- 
fined from the evidcnce dl'ordetl by the tabnlated values of the licigllt of tile 

I sen-level for every hotw of the dag during the entire period of obacrv:ttion, 
which should not he less than 3 1 clays. The d u e s  of thc constants have + been computed for the several tic es a t  the three stations of Okha, Nowxn:ir, and 
Hanstal, and arc given below. It will be remembered (sce Section X I  of nly 
Report for 1874-75) that Okha is situated a t  the entrance to the Gulf of Cutch, 
now anti^ midway up the Gulf, and lhns ta l  a t  its upper extremity ; also that 
continuous ol)servatious 01-er :L period of not less than 14 months were ol)tainerl 
nt the upper and lower stations, wherem a t  tho middle station, Nowanhr, there 
was a break of several months, in couscqnmce of an alteration of the foresliore 
during the rnonsoon of 1874 ; tllus the results for Nowanir arc far from being 
as exact and complete as those for the two other stations. 

. !I 1!,=1.22-2,i, t+= 1.1..:37 
T11c stat. s L',=U.IJl:3.', ar=llli.ji 

I( =U.OU;3I.,, r .= 20,/12 

I? = O.rj006, r,=21!1.81 i :  
Rl=0,1122, cl=120-R6 

IL=:I.63:36, E ,=:3,I.H.08 

I'eut.. O 

Wanting. 

R, - 1'H9:38, t,= 53.!33 

I:,=I!'UI::I, r1=359.5(; 

Want.ing. 

Ditto. 

nilto. 

Wnnting. RI=0.053J, r3= !I355 

11, = O.lOXi, t,=275.00 11,=@.88U3, tl=:3:j1.5:, 
Wan ting. $= 0.2760, r,;=f .1,8.!J.& 

Ditto. 11'~=0.0i'2G, rA=154.3ti 

, ~ 

The rtnr Q I fil = ().l;nc;, EI=:<24.6~ ' lZ1=(J.1697, cl=3:35,14 

l ' l r ~ ,  stnr 11 i C? = 0.1.r,11, r,=22-1.77 R,=0.356!1, t =221i.!1:i 
." I 

l ' b e * t ; ~ r N  . .  i 1:,=1).75;~1, r =:V24.!44 Rs= 1.2205, r2= 11.78 

TI,,. %la,. A 1 I ;  = I I 11 = 0,1466, ~ ~ = 2 5 1 . 1 0  

( ! = 1.51;0;, r,=l.l.~i.fO / B1=1.6857, rI=15G00 
The star K . . . I ti, - Il..P2lli, r,,= 2 ( 18, = 0.4iHI), el= 76'11 

Tlrr ~ t n r  v / R,=O.lS!PL, r,= 8.50 I fi =0'2975, rl= 5'43 1 R2=0.2HG4, r,,= 4H.24 

1:,=1-65~2, rI=174..6~r 

RP=.0.G767, HH.(;R 

Th,. ntllr SSI ... I R3=ObO'L{3, r2=2!~1.24 Wanting. 

7'11~ star J1S . R,=O.Ol;l!~, r =112.37 Ilitto. 



(61.) It mill be seen that  the principal tides arc first tltc yz6usi-semi-&nmd 
of 11, and tllcn the semi-diurnal of S and the yritrs~-diurnal of T<, wl~icll rangln 
Fro111 one-tllird to olre-fourth of t l ~ e  fornlc.r, S and JI l~ciug t l ~ c  pri~lcipal stal?i, 
tlleir sul)-tidcs, d o \ ~ n  to the three llol~rly tidc of S anel tllc3 c-orrespontling tidy of 
11, ha, e 1lcen coml)uted. For li the qtcnsi-diurnal and scnli-diurnal tirlcs \vcxrc, 
corrlputcd ; for tllc stars 0 to & only t l ~ c  prirna~y titles. For the stars L to 8JC 
thcrc are no l~rimaric,s, and the tides of longest 1)criotl arc the qttrrsi-scnli- 
diurllal ; for JIS the longest tide is tllc pzbasi-dcmi-se~ui-diurnc~l; these, I)cillg 
the principal 0nc.s for each star, I1a1 c 1)ec.n cou~putcd. 

((id.) Hcre it is necessary to 01)~cl-v~ that the nnml)rr of suh-tides ~vliich 
11x1-e to 1,e investi=ated in each instance, in ordcr to eraluatc the full influence 
of the star, is a matter which can only bc decided aftcr ronsiderd~le expclricncc 
of such ir~restig?tions has I)ecn qaincd by the rnla1~-sis of the titlcs a t  a great 
variety of stations. It n-as tllcrcforc lett to Mr. lIol)erts, wllose practical 
familiarity \\it11 the suhjcct prol)al~ly excectls that ol  any other indivichial, to 
prescril~c the niuinlwr of terms to 11e cornpilted for eacll star. 

(63.) On inserting tllc nnnleriral ~ a l u e s  of the constmlts R and E i n  the 
qeneral cxl)r(~ssion, and sul)stitntinq for ?ti! its ralncs in srlccession for every 
hour Ero~n tllc startin?-point, the ll~iqllt (in feet) of each tidc and sub-tide may 
be romputerl for every hour. The suln of thcse qives tllc portion of the liciql~t 
of thc sea-1cvc.l a t  that hour nrllich is duc to the influence of the short-pcriod 
tides. This ilsnnlly far ~xcrrels t h ~  portion nrllich is due to all other causes, ant1 
is thus frequcwtly tnlien to rel)re\e~lt t l ~ r  whole lleigllt. 

(64.) Slio~dtl it  be tlrhired to conll>ltte the hourly heigllts for any clay of any 
p a r ,  aitllout commc~ncing at the startinq-point of the observations, as may be 
nccessa1.y mllcn tidal predictions are rcquirrd, the 1-allies of r, 7, u, and u ~ u u s t  
he follnd, as in parayraph (>0), for lueau noon of the day which may 1)e atIol,i(yl 
as the new stnrtinq-poiut ; t l ~ c  qicnsi-honr-:mglcs of the sevc>ral fictitious starb, 
othcr than S, a t  tllat molnent must then 1)c Eountl, after which thoae for 
the snccecding hours may 1)e o1)tained I)y s~~ccc,ssivc additions of the rcs11ccti1.r 
hoiwly increnlents wllie11 are due to each star. 

(63.) Tlrr valut~s of tlw constants R aild E I ~ a ~ i n y  bccn drtcrmined for cat-11 
of thc three tiela1 st:ltious, the nrs t  step taken urns thc calculation of tlle Iic.igllt 
of the 5ca-lcrcl nt cacll ho1u., throughout the rntire prriod of registl-ntio~l at 
cacl~ station. The dilfcrcnccs bet\\-ccn tllc ohserved mld tllc com],l~tcd r : ~ l a ~ a  
wcbrc tlic~n takrn as the data for calcnlnti~l? the influence of v:u.iatious ill 
barohtct$c prcs\urc, and in the vrlocity and elircctio~l of thc IJ ind, on tlle sea- 
lcl el. Eqnirtio~ts \\-err formc3d in n l ~ i c l ~  thr  unkno\\ n quantities qere  3, tllr 
dfcr t  of a barontctric prcssurc of on(. inch, ant1 N and E, the ciTects of tlle Kortll 
:~ud thc East componrilts rc~spcctively of winds blowing a t  tllc ratc of 10 n1ileS 
an 11onr. 01' thc~sc equations there mere as lnany as the n~unbcr  of days of 
01)servation ; they mcrc solved by the nlethod of ininim~uu squarcs. Corrections 
werr then computed foY tllc daily variations of the atlnospl~cric inflllcnces on 
thc 5ra-lcvcl, mtd were applied to thc values of h ~ i y h t  r e su l t i~~g  from tile 
prcvious inrcstigntions of the short-pcriod titlcs. Finally, the differcnccs betmpcn 
tllc heiyhts thus clctrrmincd and those nctnally observcd wcrc takcn as the 
data for calculating tl~cl iufluence of mcll of the long-period tides. 

((i6.) The c~a lua t io~ l  of the ntmo\plirric influences gal-e tile following 
factors for c11anqrs of sm-lrvel duc ,to a b:~rolllctlic prcbsure of our inch, alld to 
north and mst \\inds tr:lvcllulg wit11 a velocity of 10 lllilps per ]lour :- 

A t  Okltn ~t nsnelsl 

Thcsc resulthq are not satisfactory ; thc height of tllc sea-level a t  Okl~a 
appcarsto incrcbaqc with an incrmsc ol  barotnctric pressure, whit-11 is scarcely 
possil~lc. It 1l:~pl)t'ns tllat at this station the changes of prcsslwe occ~urrcd, as a 
rulc, sin~ultnl~ro~lsly wit11 the cllnngcs ol mind ; and tllus i t  is iml)ossil)lc~ to 
dctcvmino the stynr:~tc, cfft-et, of cacll, .otl~cr\visc than hy some arhitmry metl~od 
of trcnt~ucnt. T11t. ol~sc-rvntions will tll'rcforc bc agniu ant~lyzcd, n-ith a vic~v 
to asec~vt:~ini~lq 1% llc~tl~c.r t11t.y may not I)e ntnde to yield morc consistcut rcxsults. 
Mcnn~vllilc, tllc valucb of tllc atnlospl~oric factors already obtained must Le 



Stnr O .,. R,=0.112, rl=314?j , 11s ... R4=0.018, ,,,2H'l.!)I, 

considel~cd to be only approxima,te, giving fairly ~ C C U M ~ C  rcs111ts when employed 
collectively but not individnally. 

(67.) Of tlte collstants for the long-period tides thc following valucs have 
heen computed for the stations of Okha and Hnnstal, after tllc elimii~ation of 
atmospheric infloences by cinploying tho pi.eliminary vn.lnes of tllc factors which 
are given in tlie prccecliug paragraph. At Nowanhr sufficient observations art, 
not forthcoming for the evaluation of citlier the atmospheric or the long-period 
tides. 

Long-period (isles, and their Coxsta7tls. 
(a-3) Lunar monthly elliptic tide, 

2 a Lunar fortnightly declinntional tide, 
2 (R-P)) 1,11ni-~oIar s j~ lodic  fortuigl~tlj  tidc, 

q Solar nnnllnl elliptic tidc, 
2 q Solar semi-annual declinntional tide, 

Okho. Hnostnl. 

Feet. Tide. Feet. 
n=0.058, a=311.38 (.-I;) R=0,107, a = 14.17 

,, 0.070, ,, 5 2 i 3  2 a ,, 0,142, ,, 45.71 
,, 0.136, ,, 243.19 ~ ( V - P )  ,, 0.IG3,,, 11.76 
, 0 1  3.11 rl ,, 0.024, ,, 195.32 
,, 0.121, ,, l M 7 5  2~ ,, 0.0110, ,, 156.38 

(66.) The present appears to be a good opport.unity for giving tlie tidal 
constituents zvlLic1i mere cal(bulated by &Ir. Roberts for the Port of Tuticorin, 
from observations taken thrre in the ycar 1671-72, by Captain Branfill, 
with a self-registering tide-gauge similar to those employed in the ~ u l f  of 
Cutch. 

S h o r t - p ~ ~ i o d  Ii(7es at I ' I L / ~ C O I . ~ I I ,  and their Co>tntrr,rts. 

Fcrst. 1:cct. o 

R, = O'UYg, r ,  = 108.78 Pt:~r P ... 11',=(J'Ul$4, E ="1,78 

IJc1.t. 0 

Lnnnr monthly ... ... ~=0.1!24 r=31:j.15 
I~unnr fol-tniglrlly ... ... ,, O'llG5 ,, 0!1.54 
Luui-solar fortnightly ... . , ( 1  ,, 307.85 
Solar nnnual ... ... ,, 0.:3119 ,, 313.35 
Solnr uemi-nnnoal ... ... ,, 0,OXO ,, R7.50 

.., 

H ~ r c  tl~c-rc. wrre no clnts for el-duntin8 the atmospheric titlcs separately, nnrl 
it is pro1)ablc tlint the magnituclc of t l l ~  am1)litudc of the solar ann_ual tide is in 
great mcasurc due to atmosplleric influences. 

R.,=0'429, e2= !I.j.A!I ,, J ... E1=O.O1l, r , = l R l . ; ~  

1; =fJ.(Ji3, =2!+2.(;5 I (' R1=0'274, al=132.8l) 
I 

R -c1.6n3, = z1.34 
3 .  5 

u -  6 [ E z = ~ . l u ,  a2=116.2; 

\ R8=0.00i, r8=2ti.'.75 ~9 (2 ... n,=0.03'2, a , = % ~ . &  



No. XI.-TIDAL INVESTIGATIONS. 

I PROGRAMUE O F  FUTURE OPERATIONS. 

of witcr a t  t,hc lomcst titlcs ; seco~zdly, on the presence of a port officer, who 
will excrcisc a gmcral snprrviaion orer t,he oprmtions, and correct the clocks of 
t,he S ~ V C T ~  self-1'cgistn:ring inst.rn~ncnts, m-henrre~ necessary, eitller by direct 
d~termiuat~ions of t,imc, or 1)s n,rmnging to get the true t,imcr from t,he nearest 
telepaphic office ; thirdly, OIL tho feasibility of mnliing nrra.ngements for the 
periodical ius1)rction of the instrliinents a t  int,crvctls of not less t.hxn six mnnt,hs 
R C I I C ~ R ~ ~ ~ ,  and morc frequently when no officcr is resident on the spot to super- 
intent1 t h ~  oprra,tions. 

(71.) So far an has yet hren ascertained, the ports which seem likely to 
a,nswor all thn rcq~~ired  condit,ions are Aden, Kurraohee, &m\,ay, Carwar, 
I<ryporc, Paurnhen, Matlrae, Vixagapatam, Akyab, Rangoon, and Port H l i r .  

7' TL following ports are believed to be unsuitable : Surat, &langdorc, Canna;- 



nore, Cochin, Jfuttrun, Negapatam, doconada, False Point, Diamond Hzrbour, 
Moulmein, and Mergui. 

(72.) At %den a self-registering tide-gtuge nras erected by the local officers 
about t,wo yews ago ; but the registers have bcen taken in such an unsakisfac- 
tory manner that the results are not of the slightest use. Captain Bairtl is now 
arranging for the establishment of a tidal station there, with proper ins t ru~ents ,  
srld t r ined  nlcn to take charge of them. At Kurrachee a t,ide-gauge, b h i d ~  
was.oripinally set up by Mr. Parkes, has been in work for sevcral yea,lu, 
furnished the data from which tide-tables for the port have been 
annudly by Mr. Parkes. I n  course of time the present 
which is very sn~all-should be replaced 11y oue 
Captain Baird, and an anemometer and a barometer 
should be set up beside the gztuge. Rut i t  is not 
working of the present arrangements a t  Kurracliee until other ports, a t  wkich 
nothing is now being done in the way of tidal obsc:rvations, are duly plovlded 

( for. At Bombay, Carwar, and Madras, instruments are now beiug setup by 
Captain Baird. 

A 
I .  

No. XI1.-GEODETIC. 

ESECTRO-TELNGRAPHIC DETEI~?vIINATIONS 
TUDE I N  SOUTHERN INDIA, AND BE'I'WJSES BOJIB.lY A N D  

(73.) Measurements of differential longitude, with the aid of 
PKUSONNRL. 

Crptuiu (now a ~ a j o r j  \v. 11. Cz~m~bel l ,  R.E., oficiatiug 
Dep11t.y S ~ ~ l r t ~ ~ i o t r n d e u t .  2nd (;~.adc. 

Captain Campbell :- 

, W. J. Heaviside, H.K.,  Urputy S~~pariuteudeut. 31.d 
Grad,,. 

Mr. C. J. i\leuville, Porve,vnr. 2nd Grade. Trigonometrical Survey ' wcrc 
., E. J .  C ~ ~ n n o r ,  Aasislallt  Surveyor, 1 s t  Grnde. n l t : ~ s ~ ~ e d  hy Major kIerschel and 
,, J. Bund, 

(1 )  M:dms-Bangilot.e 
(2  j Ballgalore-hIa~l~alore 

measured by Captains Ca111pl)c:ll and Heaviside :- 

They are fully desc,ribrd in my report for tllnt year. Operations were then sus- 
pended for two years, i111d w(1re resumed in 1875-76, when the 

(3) 1Iytleral~;ul (Bolarum)-Bombay 
(4) Hellary-Bombay 
(5)  Hydcral~ad-Bell:try 
(6) Madlw-lIydcrabad (Bolarllm) 
(7) Ibladras-Ucl1;rry 
( 8 )  Bang:~lorc-llellary 

(74.) I n  the pr~sent year the following arcs have beeu 
Cuptains Campbell and Heaviside :- 

(9) Vizagapntam-;Madras $ 
( 10) V~zl~g:~pata~n-Bell:~ry i 
(1 I )  Mar~p:~Io~~c-Bornl~ay 

'l'l~us differential determinations of longitude have bcrn c.omplctrd 
arcs between points in Southern India whicli had already been 

formed of the mngnitudcs of thc errors to which they arc liablr, than oultl btr 
ufforded hy t . 1 ~  theoretical probable errors of the observations. It was evident 
that the ol~scrvat,ions might be hurtltened with varioiis crrors-some ossihly 
c.onstant-in the determination of the local times, and also in thr transnt 1 ssion of 
the signals hc?twecn thc stations, and that no estimate ooultl 1)c formed ot', eit1rt.r 
thc,al)solutc~ or the relative magnitudt~s of tlrcse ctrrors, unless st,ctps werc &ken to 
verify the results by independcnt procclsscs of opt:mtion. Tho simplest ar1:mg:- 
ment appearetl to be to select tllrcc trigonomctricd st,'~tionu, as :I, U and C ,  : ~ t  



equal distances apart, on a telegraph line forming a circuit, and, after 
llaving measured the longitudinal arcs corresponding to A B and I( C, to mea- 
sure -4 C indepcndcntly as a check on the two first arcs. This is the principle 
which has been adopted as far as was practicable. The stations have been 
chosen on the tclegmph lines in such a manner as to throw a network of 
triangles over the face of tlie country. I n  a few cases the linrs of telepaph 
run in tolerable proxiruity to the sidcs of the triangles thus formed, and furnish 
an independent line for each side ; more fi-equcutly, however, n line runs tlirouqh 
a triangle, sending off branches to the stations right and left; and i t  occasionally 
llappens that the wirc is wanting on one side, and the electrical connection.is 
nlade hy linking-up thc wires on the two other sidrs. Here this is less of inde- 
pendency as regards the errors involved in the transmission of signals, but  the 
local times are still determined inclepcndcntly, as on a true circuit, and it now 
appears that this is the point which it is of most importance to secure. 

(76.) It had long been questioned whether tlie errors to which operations of 
this nature are liable were due in geater  measure to the astronomical or to the 
electrical parts of thc 01)servations ; but experience has now shown that when 
there is direct electrical communication between the stations, without tllr 
inkrvention of rclays, as Ilas always been the case in our operations, tlie agge -  
gate of the errors in the signalling between the stations is immaterial in com- 
parison with that of the errors in thc determination of the local time 13y astro- 
nomical observations. (Sec paragraphs 12 and 22 of Captain Campbell's report 
in the Appendix.) Thus it has beenascertained that thc two arcs first measured 
have suffered to some extcnt, and are not as valnable as tho4e subsequently 
measured, because of a defect in the construction of one of tllc two transit 
instruments which were ernployed in the time detcrininations, and not because 
of any sensible imperfection in tlic electric arranqenlents. ' This defect, which 
was known a t  the time, though its exact locus could not be iinmediatcly discovcred, 
was traced homc and rectified beforeany of the su1)scquent arcs were luensurrd. 
But even with astrollornical instruments which I~al-e no sensihlc dcfects, the 
several errors which arc lii~ble to obtain in thc detcrmiuatioll of tllc times, mow 
par:icularly those arising from the pc>rsonnl cqnntions of the ohservrrs, are found 
to materially outwcigh those wl~ich occur in tllc transmission and receipt of 
tlie siqnals on an uuintc~rrnpt~d line of tel(yrapl1. 

(77.) '#it11 l'c&%ril to the determination of personal cquntion, an  interesting 
circumstancbe was disc-overcd t l~ i s  gear, ciz., that in ol)sc~rving transits of shrs ,  
Capbin Can~pl~ell's ecluntion, rcllatively to t l~a t  of Captain Hmviside, varied 
ac~cording as t l ~ e  s t ~ r  anppc~arrd to cross t l ~ e  field of the telescope from right to 
lrft or froin l(+t to right. Tl~us  the original eq~mtion for all stars during the 
prcvious year had been 

q F 
C-I1 = + 064 2 .006 

which it became ntmssnry to replacr by two new equ a t '  ions, vzz.- ' 5 

C-H = + '102 +. 009 for b t ~ s  r~orth of the zellith. . S 

C-14 = + 011 + ,003 ,, south ,, ,, 
The previous reductions were corrcctcd accordingly, the of brin5irlg 
t l ~ e  results into still r1osc.r llar~nony than the origirlal values, ~r]licll are glvrn 
at page 1 6  of the report for last year. 

(78.) Thr following hb le  gives the telegraphic and the trigonometricd 
differences of longitude on cach of the arcs :- 

- -- - - . - 

- 

( I )  Mdm-Rxngnlorr . . 
( 1 )  Hangalore-hlnngnloro ... 
(:3) fIydernha(l (Iiol:~~,um)-Bornhay 
(4) llrllnry-Bornl~n~ 
( 5 )  Hy~lernbnd (Holnrum) -Rellnry 
( t i )  M:tdrns-I~tyrh.rnl~u~l (Bolwum) 
(7) ~ l n c ~ r r l s - n k ~ ~ n r ~  ... 
( 8 )  R l ~ r l K : l l ~ l n . - l ~ ~ ~ i ~ ~ l ' Y  . . . 
(!)) V~~,;I~:I~II~:I~I--.\~:I,~V~R .,. 

(10)  \ ' i e ~ ~ ~ u ~ : ~ ( r ~ n ~ - I < ~ ~ l I ; ~ r ~  ... 
(11) M a ~ ~ g a l ~ ~ r c ~ - I l o ~ n l ~ ~ ~ ~  .. , 

in. s. 
3 ~ 0 4  10 l!l,il 
56. i7  10 57.17 
M , H j  22 4.!I.:,.' 
2@!)(i 16 27.-kJ 
21.88 t; 22.1(! 
54'l;H 6 5 4 8 1  
l6.X I;$ l(;.:l.' 
;ji.:N; 1 :37.:31 

I !  1.1 !\.ti9 
26.39 "5 26.61 
7.37 8 7.55 

--- . . . - 
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during 'the actual worlc of signalling, but during tlie p r e l i m i n a ~  tenttbtiva 
measures ; thcsc involvcd an amount of i~~tc~~communicatiol  by cable which 
would have added very seriously to the cost of tlie operatio~ls, had it been 
charged for a t  thc usual rates. 

(83.) T l ~ c  values ol-' di8'crential longitutlc which were oljtained are- 
11. nl. s. 

DomLny - Adell = 1 5 1  l!P9X 
Adcn - Suez = O 4.0 42.66 

The value of Mad~*a.;-Uoml,a~ 1vhic11 11m hcm oLt,nined 11y Cnptnin Campbell, 
from a combination ol' t11; arcs alrcatly c~apitula,l~erl, is Oh. 2!)111. 43'64s. Tho 
longit~~de of the station a t  Suez rc*lntircly to t.l~e (;rccnn.icll Observatory is 
211. 10111. 13.21,s. as tletc~,~nincd undrr t l ~ e  tiirrction of Sir G. U. Airy, Astronomer 
Royal. Thus tlle 1ongitu:les now dct~crminrd lor India are- 

I,, 1". a. 

Tllc Stnlion at .4dcn = .?. 5!) 55.39) 
r 1 I l ~ c  Ol,ser\~atorJ at, Ilombny = 4. 61  I 5 St3 . ITost of Greenwich. 
Tllc Ol,ser\.alory a l  Ala~lr;is = 5 20 5'3 4'2 

- 

(84.) Thc longitutlcs oC a11 plarcs in India arc usually 
wich t l~rougl~  the hladms Ol)rervator~l, the po~it~ion of ~r ,h ic l~  
mincd at various tini(\s by a s t . r o ~ ~ o ~ ~ i i ~ : ~ l  ol)s(~r\,ntio~ls. The lnt,est determination 
of that nature is th .  20111. 67.:Ss. = HOo l/i: 1!)".5 cast of Grcnnwich, which has 
for many ycnrs 1)cen tl~c: ncceptc:rl valuc, ancl is givrn in t l ~ c  current Nautical 
Almsnacs ; this valuc is I l~us  sllo1v11 to be 2.12 seconds of time, or 31.8 second8 
of arc, in ddect  of wl~at  may now be considered to l)c most probably the true 
value. 

KO. SII1.-GEOGRAPIIICAIJ. 

HIMALAYAN EXl'LORATIONS. 

(85.) During tlie y c : ~ ~  1856, the BIullah, onc of our explorers, made a 
survey up the cours:: of thc Indus from the ~ ~ o i u t ,  nlllctrc it entcrs the plains 
above Att,ok, to thc point wl~crc it is joint>d lly the river of Gilghit. All other 
portions of the coursn of tllr Illdu~-fron~ t , l~e t,nl)lc-Inuds of Tl~ibet, where i t  takes 
its risc, c1ow11 to its j ~ ~ n c t i o ~ ~  with the ocean-lravc. long sin(-c bcen survt,;yed ; but 
up to the present time tllis portioil has rcma.ined uucxplored, and lias been 
shonrn on o11r maps by a dot bed line, the usual symbol for geographical vagueness 
and uncr~rtainty. Ucro t,lic grcnt river travrrsrs a distancc of some 220 miles, 
descending from a l~ci f i l~ t  of about 5,000 fert. to t.hat of 1,200 feet above the 
levcl oE tlie sca. I t s  way winds tortuo~~sly tliroug11 great mountain ranges, 
whose pcalis arc rnl-ely less than 16,000 fnrt in I~cigllt and culminate in tho 
Nangi l'arl~nt., the ~c l l - l i l l 0~11  motuntain ~vhose height, 26,G20 feet,, . is only 
cxcrctlccl by a very fr\v of the grnat penlis of t,llc IIimalnyas. Tbc river in 
many places is hcn~rncd ill so closc*ly hy thesc great, ranges tliat its valley is but 
a drol)-cl~t, narrour gol.g~, mid, as n rule, bliere is Inore of open space n~ldcultui~a- 
blc lalit1 in the lnt,crxl vnllcys, nestlin: I)c~t,rnee~l tltc ~~~~~u of the surrounling 
ranges, tl1.1n in the j)~-incil~nl vnllry itsclf. 

(H(i.) Tho l)ositio~ls and 1ic.iglrts ol' all the most co~nn~auding pcnks in this 
~-rgion hat1 1):~:n long tisnrl 1)y Cn1)tain Carter's ol)scrv;~.lions : ~ t  t1tigonometAca.1 
st:ttions OII I III, H~.i t i>l~ lpro~~ticr line ; 1)ut no E~iropcnn hns evcr >-ct penetrated 
into it .* \T(,l.y tlillic-1111, ol' arcr-ss fro111 all qnartc,rs, it  is i1111ahited 1)y a number 
ol' hill tril~c*s, (\:~(.II i~~tl(xl)c.ntl(a~~t and suspicio~~s of l,l\c othcr, n-110 are in s great 
nlc,:lsill.lb sc>l~al.;~t :u~tl 111.o tc.c.tci1 fro111 c.ae11 ot,l~c,r by natural barriers and 
Fnsl.ncss(~s. 11s :L \\.l~olr, t l ~ :  rc3gio11 11ns Ilc\ri,r 1)cc11 I)rouglit into subjection by 
any ol' tlrc. s ~ ~ ~ ~ r o l ~ ~ l t l i n g  I)o\vcSra IC:ICII c:~~unll~~uil .y clccts its own ruler, and 
has littlv i1111~1-c~oursc. \vitlr its ncigl~l)o~~r.s ; :~ntl wit11 t l ~ e  outer world i t  only 
conl1111111ic-:11c.s tlu.ol~(:.l~ t.11~: 11l(%.lil1111 ol' n Tcbw ii1tlivit111:lls who Ilavc the privilege 
of tm\rcsllin; o\cr 1 . l ~ ~  (:nulltry :IS trntl(~rs. 'Yllc l l ~ ~ l l n b  possesses tllis privilege, 

- -  -. .. ~ - -  ~ - 

31,) I , I . : I I  i I i n ( w ~ . i o ~  ~ v l ~ i c l h  WVPP ~ l l h ~ i l l ~ . . l  f v o ~ n  l l n l i v ,  in ' i>r~t~ l~ ' io  II 6)ro l,t~l~li@l~ed in  I)r. I)nrdiskan, on,, 
Ll~ry 11:trc 1) CII t . a n n ~ l > i ~ ~ v o l  ~ c ~ : I c I I I c . P ,  \v i t , lk  c ~ v ~ ~ ~ i t l v r . l l ~ l v  ~XI;I-IIU y u td v t q  1~1.rttblo SUPCM, b). Mr. l i e Y t u s ~ i n ,  in 

ullP ~tul~lisl i t ,d i t ,  f '.c C:c<,gl.oyltie:ll hlstglt~i~lc f u r  Attgu~t 1 ~ ~ 6 .  



and thus in tile douhle capacity of tr:ulrr and esl>lorcr, he t~.arcrsed along the 
Indus, and tllrough some of the lateral valleys, lav ing the others for esl)loro. - 
tion hereafter. 

(87.) Tllis n.ork done, hc procrcderl, in accordance n~itll his instructioiis, to 
Passin, marching tlirongll the Gilghjt Vallry, but not s u ~ ~ c p i n g  it, brcausc the 
labours of tlie lan~ented Hny~vard, ~vho was murdered at Yassin, alrcatlp furnish- 
ed us with a gootl niap of that rcgion. Prom Yassin he sun  ryrd the soutllern 
route to BInstuj through the Ghisnr and Sar Laspnr Vnlleys ; Illis has i'uruished 
an important rectification of a route which had 1iithc.rto been laid do\vn from 
conjecture only, and rerp erroneously ; for the road, instcad of proceeding in a, 
to1eral)ly straight direction from Ynssiu to Mastuj, as was s u l ~ p o ~ ( l ,  turi~s 
suddm]y f1*om south-n-est to north-north-east a t  Sar Laspur, n hir11 is situ- 
ated at some distance to the sontll of the direct line, in a  alley lying 
parallcl to the ralley of Chitrol. At Ilastuj thc Blullnli struck on to his 
survry of the route from Jelalabad, vib Dir'and Chitml, to Sarlladd-i-Walihan, in 
1873, and then proceeded along that route tonards the Bnrogliil Pass, as far as 

Gazan wit11 the Tarkhun rirrr, and then alonq the northrrn 
This road tnins up the Gaznn Valley, crosses the 
is conjrctured to be prol)al)ly not less than 

16,000 feet in 11ciqht,-and, after trarersing a d~,ep crrvassecl glac-icr for n distance 
of about cigl~t rniles, rcacllcs thc point ~rhere  the l'ui rirer issucs in grcxt volumc 
from tlie glacier; the road then Eollon-s tlie course of the river do~vn to its 
junction n it11 thc Warcl~agam river, a fcw milcs abovc Yassin. 

(68.) Returning to Sar Laspnr, the BIullah next surreycd'the route to the 
south-wcst, up tlle rallry leading to thc Tal Pass. This pass is situatcd on a 
plateau of the range which connrcts the mountains on the ~vcsterll 1)ounrlary 
of the valley of the Inrlus wit11 tl~ose on thc eastern 1)oundal.y of the valley of 
Chitml, and is generally known by thc ptloplc of tlic country as the 
Kohistan. The sourccs and most of the princ-ipal aflflncnts ol thc Swat, 
and the Pnnjkora ~ i r r r s  take their risc in this region, all the 111o5t comn~nnding 
peaks of whir11 were fixed 1)y Cnl)tain Carter's trianqulation; but of the gcncral 
lie of t l ~ c  vallcys relntivtlly to thr  l)clalis, nothing a t  all dc611iCc Ilas 1)rc.n known 
hithrrto. The BIullah has don(- much to elucidate, tllr gc~ogrnphy of this 
region. On crossin? thc Tal l)latcal~ hc tlesccndcd into t l ~ c  P;~njkorn VaUcp, 
nntl tmvc'rscd its cntirc Icnqtl~ donm to Dodl~ali, a t  the junction of the Dir 
river \r ith thr l'anjkorn, n here 11c again struck on 11is routc surrrg of 1 S73. 

(ti!).) I t  wo11ld h a ~ e  hecn x-rll if he could then have gonc down thc Panj- 
kora to its junction with the Swat rivcr, but circu~nstanccs prrvc~~trt l  him from 
doing so. Hc thcrcforc tmvelletl along the Havildar's routc of 1 N i S  as far as 
Mianhalai, and then surveyed the road to Nalvagai and on to l'asl~at in the 
rnlley of IClmnr ; and finnllp, returning to Nawagai, hc survryctl the road 
from thcrc down to t l ~ c  I3ritisli fort of AlIa7,ni. 

(80.) Tluls the cx1)lorations of thc Blullah have added much to ollr lcnow- 
ledgc of thr ~eoymphy of the interesting rcgions lying bcyontl our northern 
!Ik~ns-Indus Frontier. A good d(tal, Iio\vcrer, still rcmains to be tlonc, l)eforc 
our knomlt.tlge of t l~rse regions is as full arid complete as it should l)r, and 
every effort will I)e nlade to carry o l ~ t  furl,hcr explorations as soon ns l)os\ihle. 

(01.) The r~ccompa~~ying skrtch nlnp Ilns hren constructed to ilhlstmtc: the 
M1illr711's operations ; it also sho~rs the localities where more information is 
wantrd. I11 the north-cast cornrr thc rrsults of a recent rrcon~,:~iss:~ncc of 
portions of the Kararnl~ar and tho Kagar Vallrys l ~ y  Captain Bidrlulpll are givcn, 
but somewhat motlifid from his map of the country. 







No. S1V.-TIIE IiEAD QUARTERS. OFFICES. 

CALCULATING, PRINTING, DR.mINCr, AND PLIOTOZINCO- 
GRiiPHIC ; CORRESPONDENCE ; STORES. 

(03.) The simultmeous absence of Mcssrs Hcnnessey and Cole, and of my- I 
PIIRSONXBL. 

self, on furlough during tlle 

J .  B. N. Heonesscy, Esq., M.A., Dcpl~t,y Supor i~~te~~dent ,  1st 
greater part of thc year 1976, 

Gr,~dr. r r ~ l d ~ r c d  it npcessay for htajor 
Blnior H. R. Thuillier, R.E., Oficiatil~g Deputy Superit~tcud- Tlluil]icr, oflcbtina for me 

hilt, 1st C;I'(L~C. 
r.or ,J sprsc)leI, ILK, Del!,~ty S~~~pr in ten , lmt ,  l u d  0 m d e  as sll~"ril'trndent, to the 
w. 11. ~ " l e ,  E S ~ . ,  h1.A.. h s a ~ s l : ~ l ~ t  S~~~eriutendcnt ,  1st tirade. direction of thr  L)rami~ig and 

Comqn~tirg Oroneh. P~~otozincogra~l~hic Oflicrs, while 
1 1 ~ .  C. Wnorl, S~~rveyor,  3rd tiraile. hIajor Herschel dircctcrl the 
,, H. \V. IJr~cherr. Surveyor, Grade. 

~~b~~ (:nng:~ Po~sbntl. Computer. Calcnlatiug and Tgllogl~aphic 
,, C ; , I I ~  X ~ ~ N I I I  Olio~e.  ,. Offices. This a ~ ~ a n g e r n ~ n t  was 
,, linllx C'oomnr Cllx~terjee, Computer. col~tinucd during the iiltcr\-tll 

and 
Eleven olbvr Computers. from April to 0ctol)cr 195Ci-- 

Printing Branch. 1vl1e11 Mr. Henncsscy, liaving 
mr. 31. J .  o ' c o n n ~ ~ r ,  Printcr. rct~~imerl froin furlougl~, W ~ S  
Sixteen  compositor^ and Appre~~tices. al)pointed to oficiatc for me in 

Photo:tnoqgrnphic Branch. t,he 1llaCe of hi5 juuiol~, Major 
Mr. C: G. Ollenbaeh, Zincogrnpher. 
,, C .  L)?SOIB. I'llot~>gr:qtber. Thaillirr-np to t,lle 13th Janu- 

Two Apl,rcoticr Pllotograpllers, one Native Dmltsmnn, two ary 1977, m~hcll I ~Ct~I 'ned.  Afl'. 
Aprw~~Lice UraFt~men, nnd :I Nap-kerper. ~ ~ c u n e s s e y  then resumed the 

D ~ ~ I U ~ I I , ~  B~,ai trh.  genwal cllargr of t,hc four ofices 
l l r .  G .  W. E. Atlrinson, Sorvcyor. 3rd Grade. with assistmlcc from Major Hcr- Jefir 1<11:1n. 
Two utl\cr I~ral'ta~nct~, rour Assistant drafts me^^. also some schcl, until xl'. CO~C'S l'eturll On 

Apprcr,tices n11tI >lap-colorisla. the 27th March, whcn Xajor 
Currcspondotr-r anrl Storee. Herschel wa,s sct frec to resume 

Harry D I I I I : ~ ~ ,  Esq., Persolla1 Amist:~t~t .  
Mr. L. 11 Cli~rl<c. Sm.ve! or, 2nd Gudc.  his dnt,ics in connection with 
Bnbo? R;!i I<l.isl~nn IIulierjec. the reduction of t,hc pen(1ulnm 

: , I I ~  ol)sc~?-at,ion, Ily Captains U a s e ~ i  
Two other \\'ritcra. ant1 Hcaviside. 

(93.) h j o r  Eerschel's investigations of t l ~ c  influence of local nttmctions, 
and the ~arintions of continental and oceanic s r a ~ i t y ,  on thc swings of the 
pentlulun~s, had nccess:urily I)ccn laid aside dui.ing the entire period-up~~artls of a 
year-mlicn he was lioltling cha.rgc of the Coinl~nting Ofice, as his time was 
then vcrg fully occupictl ~vitll t.lie duties of t,liat office. The interruption was, 
howcvcr, found to I)e not ~vitllout aclrant,age, lcatli~lg to a. l~ctter arrmigcment 
and cIos~'r gmsp of tlie snbjcct, and more clearly dcfining the limit,s within 
which rcd~lct~ions might IN? pro6tnl)ly undcrtali~n, so t , l~at  the ~ a l u c o f  tlie 
results ]my  he a t  a11 spminc11surat.r with the 1al)orlr of tllc nnm~ricnl  calcnla- 
tions. It 1~1s thus been ascrrtaincd that mucli of tlic Ial)our which is nsually 
bestowcrl on reduct,ions of this nature is unnc,ccssnr,v, and that approsiinato 
form~il:c, the al)plicat'ion of mliicll involvcs far less of calculation, may Ilc cm- 
plo-jctl r i t h  sullicicnt accuracy for tho rcquircd purposes, seeing tliat, tllrre is 
very mnch of unccrtnint,y as to tlic troc values of sonic of tlie principal l'acts 
which rilt,cr into tlic inrcstigations. I n  his report on the proscc~ltion of thc re- 
cluctions (hpl~cndis, ])n:c 63-,), Major LIersclicl tlwells on tllc failure of any 
k n o \ n ~  c:ontlitions of t,hr earth's form or colistitatiou to expl~rin tlic variations of 
gavity \vlli~-11 arc c~idonced by the pcndultull; but he xrrii-cs a t  the co~~clnsion 
that,, thougli pendul~~m wsults arc sul~ject to  errors mhicli mc 11:trc no prosl~wt 
of eliminating, t,hcir numl~cr should be increased, both locally and gcb~lcralIy 
over tho wllole globc. 

(94.) Much ~ d u a b l c  work has I~ecn done drlriug thc year in tlic Coniput,ing 
Officc. Tllc final ~.eduction of the North-East Qr~ntlrilntcrnl-t.11at secbtiuu of tllc 
Great Trim~$llat~ion wllich includcs all thc principal chains of t,ri;lllgles 
to thc nortli of a, line running from Sironj in Cciltral India throuKl1 Calcutta 



to the Enstern Frontier, and to thc  east of the meridian of sironj-was commenced 
dul ing the  ~ I . P V ~ ~ I I S  year under Rlajor JTrrscht~l's supervision, and has been com. 
plete(i this year. Tile redllr.tion wa'i rtrcrtcd ill continnation of, and on the  same 
prlnciplrs as, tllose of the North-West and the. So11tlr-1S~u;t Qrladril.ltersls, which 
have been dcsrril)etl in previous reports in  sufficient drtail  to obviate the  neces- 
sitg for :lr,y furt1rc.r exposition ol tlre subject, in this plncc. Various other c d -  
culntioll'i alld rctlu-,tions have bern matlc, the  princil~al of wl~ ich  are  given in 
tllc extract from I f r .  IIennrssey's report in  tlre Al)l)euclis. 

(95.) Coi~sid~i:~,l~le progress has 1 ) ~ m   mad^ since my return fronl Enrope 
rnitlI tile 2ntl volu~nclof tlrc Account of thc Operations ot this Survey, the grcater 

of \\hicll iu now cornpletcd anrl has her11 pnsscd tlrrougli. t11r press. I t  
gives n llrit,E Iristory of the oper~tioiis, a full t1rscril)tion of thc  procerlure which 
11ns l ) ~ ( > n  followetl, and of tlic inrtr~unonts which Iiave bcen employed i n  thr 
mcasurcmcntq of the angles, alicl all tho matllmmnticnl Eonnulz \\~liich are used 
i n  tile rcilrlctions. I t  also gives full clctails of tllc sirn~llttu~c~ous rcdnction of 
tllc Nortll-West Q~rarlrilatcml ; these i t  has been found \cbry dificult to present 
in n coillpact form, divested of the gleater portion of the  nuincrical results 
wllicll weic o1)tainc.d duling t l ~ c  srlcccssivc stages of tllc calc~~lntions, and yet 
containi~rg every factor whicl~ fi rssrnti:illy necessary to elial)lc~ tlre resnlts to  hc 
readily :c*stcd and verified ; for thi' cnlrulations are evcecdingly numerous and 
intticntc., ant1 so~newliat difliclrlt to follow. 

(96.) The l)ra\viny Office, has bccn cl~icfly emplogctl i n  tllc preparation of 
charla of tlic triangulation in illnstrntion of the synoptical volu~llcs w11ich arc, 
publislrctl on tlrc completion of tllc. final rrdactions, and also in continuing thc 
charts of levc~ls wllirll givr the rrsults of all cxistiilg linrs and s ~ s t e l n s  of levels, 
by n lratcvcr d(.partn~ent csccutcd, combined togetlrrr mltl rctllic-ed to  a comlnon 
datlun. 11aj)s havc bccv~ constructed to  illnstiatr the explorations 01 tho 
Mullah, and tllc on Gilglrit by Captain Bitltlt~lph. And much good u~orlc 
has b ( ~ 5 1  done in ilic cxa~uinntion of maps and c-harts sent in  by the survey- 
partics lor p~~bIic:~tion. 

(!)7.) 'l'llc l'rinting and Photo-zincogmphic Officrs hnve l ~ e n l  very fully 
emploj rd, and, i n  fact ha\ (, found ~ I I ( > I I  diflieulty in gr ,~pl) l i r~g n it11 tlle xmoiint 
of \\oilc wlriclr t1rt.y lrnvc liad to de:rl wit,ll, a11d ~vlli(-li IJICI.C:ISCS nnm~ally. 
H t m  y arrrars had bccn nllowcd to act-umul:~te ton nrds thc end of tlir previous 
year, which was in some degrer onring to a want of attcmtion on t h r  part of 
the topogral)l~ical draftsmen to the htyle of d m n  mg rctqlrirctl lor maps wllit:l1 
l ~ z v c  to 11e rcproduccd by photo-x~ncogmplly : for a 111x1) In:ly I)r vrry I ) r ; ~ u t i f ~ ~ l l y  
e x e c ~ ~ t c d ,  nmd yet I)e unsuitctl for rel)rodurtio~l 11y t l ~ i s  c-lrcnl) :~utl r ~ ~ ~ ~ d i i i ~ u s  
proccs'i wllich iu so valuable when spcrdy pitblicaiion is \\mltc>d; b ~ r t  tlle a ~ ~ e a r s  
\vCr~ to SonlC rxtrnt  also due to a want of rizctlrotl ill tllc- worliing tile ofice. 
Thoy l~ave now 1let.n nearly all cleared off, ant1 a vrly s11ol.t intc3rv:rl n o ~ v  elapses 
bet\\ ern the rc~c11)t of a mall from cne of tlic f i ~ r v c y - p a r t i ~ . ~  anti its publics- 
tion after due examination. 

(W ) Mr. IIenucssey ~varmly acknowledges the vn1ual)lc and varic-d assist- 
nner u l ~ i c l ~  Ire has rccc~ivcd on all occasions fro111 hlr. JV. 11. Colr, 3f.A. ; lie 
:~l.w rtsl)olts w r y  favoura1)ly of Mr. Wood, Mr. l'c,yrhc~s, @nl1oo Gluljia Pcrsll:ld, 
nl~tl 1<:1l)no ('ally M ~ l i n n  in tllc Conll~utinji Otlicc., nntl of I f r .  I\tl\lnson in tllc 
I)l.a~\ill:. Ofice, alld ~atibkIC!tOlilg of f i t (  ~ 4 1  s O'('c llnol.. ()]I(~llllncll, m1d Dyson. 

I!)!).) Mr. 11. I)rrh:~n, my l'cisor~.il A+i\i;~nt,  haq ~,pn,l(\~.(yl nlllcll valll:lllle 
s(-tvi(l(\ ~ I I  i l l ( ,  g r~irral  si~prr! iqro11 01 t l ~ r  ( ' O ~ ~ ~ ~ ~ ~ ) O I ~ ( ~ ( ~ I ~ ~ - ~ ~  ( ) f & b ( , ;  an(1 &Ir. L. H. 
C:larhc Il:ls norhcd llcartily and well in thc lrc-rfol,lllancc of IGs varletl duties. 

J. T. WALICER, C'olo?tcl, R.E., 
S~q)eri~z/eadcrzt, Grcut l'rigo~aomet~~ical S u r c q .  



Abslract of llre Out-turn of work executed by the Great I',.igo~lomclrical Survey Parltcn ( L U ~ L I I ~  the 
S u r ~ x y  year 1876-77. 

DI~CIIPTIOP Oz DITA11.8. 

Number of principal Stations newly 
fixed ... 

Number of principal Triangles com. 
pleted .. 

Area of principal Triangulation, ... square miles 
Lengths of principnl Series, in miles. 
Average Tr iang~~la r  error, ill seconds 
Avcrnge probable error of Angles, in 

seconds * ... 
Astronoluical Azimuths of verification 

... obrerved 
Number of principal Stations selected 

in ndvnncc ... 
Lengths 01" principal Approximntc 

Series, in advance ... 
Nun~ber  of Pillars nnd Platforms con- ... structed for pr i~~cipal  Stations 
Number of ScaHblZs erected for prin- 

oipal Stations ... 
N u ~ n l e r  of Stations placed 

... undcr official protection 
Nun~ber of principal Stations protect- 

ed nnd closed ... 
N u ~ n l ~ e r  of Secondary Tr ian~ les  of 

abich a11 three angles have becn 
observed 

Number of Secondary Trinngles of 
wl~ ic l~  only two angles l~avo bccn 
observed 

Nun~ber of Seeondnr Stntions t l ~ r  

tion but not vinited 

positions of which i avc  becn fixed 
Na~ober  of Points fixed by intersee- 

... 
Nunher of Revenue Survey Stntions 

and Ijoundnry juuc t io~~  pillnrs fixed 
by ~ r i n n t ~ ~ l l d t i o n  

R ~ ~ ~ n b c r  of Statinns and Points t l ~ e  
Il~.i;l~ts of rrl~ich havo bccn de te r  
~niued 

L1-11gth of Secon~lnry Series, in miles. 
Awn of Secondary Triangulation, iu 

square ~uiles ... 
Aren c~nbrnced by Triang~~lat iou to 

I~ill-peoks, in nl~lnrc miles 
N~unbrr  of Pillnn. PlntTorrns, or 

l~oate l i ~ r  Seco~alary Stntiuns, con. 
straclod or rcpnirtd ... 

L~:ngth of B o ~ ~ u d n q  lincs a11r1 Check. 
lincs traverncd. in linear nlilcn 

Area Tcpograpl~irally surveved on 
wcale 1 inch = 1 mile, sqan& milcs 

Aren lopogrnphicnlly surveyed on 
scale 1 inch = 1 mile, nqunre mika 

Aren topogrnpbicnlly 611rvcyed on 
rrnle 2 inclles=l ~ni lc ,  sqa:tre miles 

Nunlllt-r of mill3s of rays clct~rcd ... .. ~ n ~ l ~ ~ n ~ s  
.. hill-tops clenrcd of forest 

and juafil~. 
Nllmber of milea levelled over .. pmu~anent B e ~ ~ c h  marks 

fir,-d ... 
.~sL~o~~#)lni(.nI Azilllutlla o(. vcrificatio~l 
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A P P E N D I X .  

EXTRACTS FllOJ9 THE NAIlllrlTIVE HEPOIiTS 

TIIE EXECUTIVE OFFICEICS I N  CI I i l l tGE 

THE SURVEY PARTIES AND OPERATIONS. 





I.-Extract from the Narrative Report, dated 15th A n p t  1877, of Captain T. T. Carter, 
E. E., late in charge Madras Party. 

On my arrival a t  Bombay, on return from fllrlougl~ to Europe, I ~roceeded to Bangalore, 
and on the 20th of Novsmhcr took over charge of tlre Madras Party from [:aptain IY. M. 
Campbell, h y a I  Eugineers, who had held ch:trge of the same during the absence on leave to 
Europe of Major (now Lieutenant-Colonel) Urallfill. 

The party, consisting of the officers and cstablishnlcnt as per margin, were de~patched 
Mr. A. H.  Rrgson, Asst. Yurvcgor. all nrrangements 

3nl gmde. could be made, and arrived a t  
Tal~jore on the 1st December. 

lat grade. 1.4 Uurkundazce. 
24 Carriers. 

During the field season 1875-76, the Madras Coast Series had been advanced by two 
hexagous observed, and by the selection of sites and con- 

state of the work at " pwt struct,ion of the masonry pillars for the stations of two more 
lemon. hexagons. 

The angles a t  the two stations of continuations had also been observed during the past 
season; consequently, the scaffoldings which form the plat- 

M811ikknmkottei. 
Okkhr. 

forms both for the ohservcr and sigoallers had been construct- 
ed for three stations of the new polygon. 'I'hese, however, 

required repair and looking to before they could be used ; the plat,forms for the remaining three 
stations of the figure had to be constructed and the rays between stations finally opened out, 
as they h d  only been partially cleared tho l~rcvious season ; this was the first work to  be done 
as regarded the Okkdr polygon; wit11 reference to the 3Pepnnkbd or second h e ~ a g o n  selected 

in advance, there nra.< still some uncertainty as to whether the 
Knrk6 Kurichi. two last st,ations would be visible from the central station. 

The following distlibution of officcrs mas made on first taking the field : Mr. Belcham 
was directed to proceed to the central station of the hexagon 

Distribution On last chosen, and a t  once satisfy himself that  mutual visibility 
taking the fleld conld be obtained between that station and the two stations in 
advance referred to above, and, if not, to select other sites; he was then to superintend 
the buildings of the scaffoldings a t  tmo stations and open out t,he ray between them. Mr. 
Belcham set to work with his usual zeal, and luckily i t  was found tha t  there was no difficulty in 
obtaining visibility between these stations; and by the end of the month he llnd completed this 
poltion of the work allottcd to him. 31r. Potter mas directed to build the scaffolding a t  one 
station and to clrnr the rays from i t  ; subseqoently, to repair the scaffoldtng a t  another (erected 
the previous season), aud to raise the pillar there from 2 to 8 feet.: as it. mas fouud that  the 
height of eye was not sufficient ; he began his work on the 10th of December. 

Mr. Bryson was dcpoted to carry out similar work which he commenced on the 16th of 
December. I procecdcd myself to Shemhlnvayal P. S., the first station from which observations 
had to he taltcn, and arrived there on the 18th of December, having visited Messm. Belcham 
and Potter on my way. 

As was natural to  expect, having taken the field with a party quite new to me, there waa 

Prevailing acnrcity of grnin and 
some delay a t  first starting ; moreover, owing to the famine 

rater. prevailing in Southern India, there was add3icolty in  procuring 
provisions; rice was selling a t  6 seers for a rupee, the people 

had migrated in Iargc numbers to Ceylon, and those that  mere left seemed little inclined to 
port with their grain ; moreover, there was a threatening of n water faminc, the tanks a t  this 
time (middle of December) bciug nearly dried up. However, by suitahle arrangements, the 
difficulty as to feeding the camp was got over, and all fear of a water famine w.?s over, when, on 
the 23rd of Dcccml~er, l~eavy rain fcll and continued to the 2 6 ~ h .  

Observations mert? begun a t  Shemblavaynl P. 9. on the 27th of December, and the station 
wa~l complctcd on tllc 30th. 

From Major Brnnfill's report of the previous season's work I was aware that Mr. Belcham 
had take-u a consicle~tble part in the " principal observations" 

(bnlmcnremn~t ond f i n d  obarrvatio~~s 
CRptsin rind hIr. HP,c,hn,n, of that year. 1 way also dcsirous of obtaining from Mr. Belcham 

a knowledge of Major B~anfill's mode of ~rocedure with 
rrfcrcnot? to the obscrvntory work, as well as an iiD8igbt into the characters i f  the different 
men of the cstabliel~mc~~t. I therefore dceidcd to a l l  him in to assist iu taking observations; 
t b r  result was very satisf:~ctory, and it cna1)lrd me to complete the observations a t  seven etations 
by the end of Jan~lniy. The pian I odopled wna to observe on one zero while Mr.  Belcbam 
recorded ; thr next zcro n-c chnngd places, Mr. Belcham observing while I recorded. There ww 
no native recorder attacl~ed to the party, and, had I not aclopt,cd thie plnn, I should have bwn 
obliged to recall Mr. Dryfion to record, and 3s he hes had no experiencein observing with a 3%' 
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theodolite, his services would only have been of use as a recorder, and the observations at 
thdse seven stationswould probably have takendouble the time. Mr. Bryson was as able as 

Mr. Belchanr to collstruct scaffoldirqs, and i t  was also desirable that he should have some 
in selecting and building stations. I think credit is due b Mr. Belcham that he ia 

*ble, when necessary, to take a share in the principal observations. 
On the completion of observations a t  Mepankhd, Mr. Belcham was deputed to continue 

the approximate work. Mr. Bryson was recalled as observa- 
Final obsewntions continued and tory recorder, and continued as such during the remainder of 

eompletell by Captain Carter. the field season ; he mas also employed in t ix~ng by " theodolite 
and chain traverse" any buildings of a permanent nature in tbe vicinity of the principal s h -  
tione : ohservations were completed at  eight more stations by the end of the field season ; a t  the 
station of PBtharankortei, an azimuth of verification was observed, the two stars selected 
being r Ursre Minoris (polar star) and B Ursre Minoris for eastern and western elougation re- 
spectively. 

Mr. Belcham, on beiog relieved from his duties in the ohscrvatory on the 1st February, 
proceeded to take up the approximate work and was em- 

Mr. Belcham. ployed on this duty till the close of the tiald season. Although 
he only completed the selection and building of three stations and the clearing of the 
rays to and from the same between the 5th of February and 14th of April, this slow 
progress appears to have been entirely due to the unfavourable nature of the grouud and the 
heavy cutting that had to be got through. The aspcct of the country had altered very consid- 
erably, consisting now of paddy fields hedged round with babul trees very diEcult to get 
through, and the ground much cut up with water-courses. 

Mr. Potter having completed the repairs a t  stations, as directed, proceeded to Mepankhd 
P. S., and in conjunrt~on with Mr. Bryson (who was directed 

Mr. Potter. to work under Mr. Potter's orders), 11ad completed the build- 
ings of the scaEoldings of, and the clearing of the rays between, the stations of the Mepankid 
(or second) polygon by the 11th of January. Mr. Potter tller~ proceeded to take in hand the 
next figore, assisted by hIr. Bryson. Mr. Brysou was recalled to act as observatory recorder on 
the 3rd of February, and the approximate work was contiuued by Messrs I?elcham and Potter. 
Mr. Potter's progress had been very good ; in a little over a month he had selected and built 
three stations with their scaffoldings and cleared the rays between the same, b a t  he now 

Paruttikdttfi. 
cxperienced the sanre dificulties on the eastern Haok as 
Mr. Belcham, who was working on the western flank, and Lis 

progress was consequently slower than a t  the commcnccment of the season ; he closed work on 
the same date as Mr. Belcham, ciz., the 14th of April. 

MI. Ergson. Mr. Bryson's work has been a l redy  mentioned. 

Messrs. Belcham, Potter and Bryson worked cheerfully and well, and I have every reason 
to be satisfied. 

Little or no secondary triangulation colild be done, the country lying low, without much 

Secondnry triangulation. 
difference in level, and in most places thickly covered with 
mango and palrnyra groves; points observed to form one 

station were seldom seen from another. A considerable number of masonry b~~ildings (chiefly 
temples) were fixed by n d1 theodolite and chain traverse" to serve as points from which the 
position of the ~ r i n c i ~ a l  stations could be found in case the pillar and mark-stoncs above ground 
should a t  any time have been removed; their position being known will also he useful in any 
future survey of the count~y, as they nre buildings likely to endure for a considerable time. 

As our triangulation was approaching that  of Colonel Lambton's executcd in the yenr 
Cnllncction with C o ~ o o e ~  Lambton's 1800, 1 endeavoured to tind out if any of his ~nnrks could 

work executed in the beginning of the be found on the different p:lgodas shewn on the chart of his 
preneot century. triangulation, which mere evidently used by him as statioils 
of observation. 'l%e pagoda of Ivlunargudi, Alangndi, Combaconum and Tanjore were 
examined for this purpose, as well as the ,qopopnroa or "g:tewayu leading into thc enclosure 
in which the pagoda stands; the general description g ~ v c n  of tl~cse stations is "on the 
pagoda," thollgh in all probability the instrument was placcd on some part of the goparam, 
which is r~sually a much loftier structure than the pngoda or temple. I regret to say that in 
no instance did I find a mark. An endeavour was also madc to find the tcrminal marks of the 
Vellum Baae Line in case it was thought desirable to connect i t  with our triangulation, bot 
without success, the only station of Colonel Laml)t,on'x triangulation, t,hc exact position of 
which can be identified as far as thc work has gone a t  prcsent, is that a t  13utlnlur, the mark- 
stone of which is protected and kept in repair I,y the civil authorit.iccl. The question of 
identification of thesc stations of CoIoncI LamI~to~~ 'a  triangulation I I)rougllt to thc notice of 
Colonel Branfill on his re-assuming cl~arge of t,he party. 

The whole of the stations a t  which final ohservations were complrted were protect,ed ancl 

k'rotcctioa of atationr. made over to the civil authoritips as directcd in Dcpnrtmentnl 
onlcrs No. 1 of Int iB.  C;c~ncl.ally, t l ~ c  I)rotc~,t,ing r n o ~ n ~ d  of 

mrth was turfed over; the stntion was further protccled by lraving a cactns hedgc lvlantrtl 
round it, which also served toshew the limite of the ground takeu up by Guvernmer~t. 111 



several cases this small plot of ground was bought, and I was in communication with 
reference to the purcllase of the same in every case, and a transfer of the land from the owner's 
name to that of Government on the land registers; there would always then be 8 permanent 
recod for reference in future years as to  the position of the station. 

The %&inch theodolite No. 2, by Troughton and Sirnms, worked well, though there was 
a tendency for the readings to diminish on the return to the 

Instrument. same point, and this whether the telescope was moved from 
right to left, or left to right; i t  was particularly percepl~ble when observiug the azimuth a t  
Pallicorankotei, where the referring mark was being constantly intersected. I attribute i t  to 
the expansion and contraction of the 171 feet stand which in this party bas taken the place of 
masonry pillars. I n  thebeginning of the season the stand was  protected from the prevailing 
wind from the north-cast; the extremes of temperature were not so great, and i t  was not till 
March that, I observed this peculit~ity. By protecting the stand on nll four sides, I found that ,  
though there was still a tent le~~cy for the readings to diminish, the decrements wcre much 
less. I must mention a curious feature in the case, viz., that though there was this tendency 
for the readings to lessen each time that  the telescope was pointed a t  the same object, the levels 
attached to the body of the instrument (one of them a particularly sensitive one) remained 
very constant. The triangular errors are large, and this I can only aocount for by the rays 
being grazing, and often passing over tanks and rice swamps; the signals were steady, and I 
had only on one occasion to stop work on this account, and this unsteadiness was due to the 
lamp-man neglecting to isolate his lamp from the part of t l ~ e  platEorm on which he sat : of 
course, there is a tendency for such high scaffoldings to oscillate, the guy ropes want consbnt  
tightening, and the plumbing looking to ; the scaffoldings (from which the signal was shqwn) 
averaged 45 feet in height, on one occasion oue had to be raised to 60 feet to overcome a rise 
in the ground, and this was done without much difficulty. Tlie deflection a t  this height waa 
very slight, evenin a h ~ g h  wind, verifymg the opinion of Captain Campbell expressed i n  
paragraph 3 in appendix to Major Branfill's report of last year. The scaffoldings were hilt 
of the palmyra palm-tree, which was generally procurable near the station; i t  is, however, 
heavy and cumbersome to move; the areca palm-tree, mhicl~ I believe mas used on the 
southern portion of the series as well as on the Ceylon connection series, mas not procurnble 
in the district, and tlie oficers employed on the construction of these scaffoldings had to make 
the best of what timber could be got  on the spot. 

The health of the party was very ~ o o d ;  two men were attacked by cholera on first - - 
H d t h  of the party. 

taking t h e  field, one of whom died; and h i s  was the only 
casualty. 

LIEUTENANT-COLONEL BRANFILL'S LIST OF PLACE-NAMES. 

Proper names of S t a t i o ~  a n d  Places given on the pre1iminar.y charts  of the Madraa  P a r t y ,  Grea t  
Bigononzetrical Survey of India,  for the season8 1875-76 a n d  1876-77, along the coast of ~ U a d u r a  and  
Tanjore, from Rdmwuaratn to Po in t  " Calimere" (Kallimddu). 

" Adrampntnm " ... ... short for Adi-vira-Rbma attannm, the (nenport) town of A d i . ~ r s  
See Indian Atlas 8heet No. 80 RQma, one of the ~ l n z ~ n n  princes of hlndurn, its founder. 

Kmnnakkamunei ... ... " Castor-oil p l an t  headland "-from dnta?takkam, thc castor-oil plant 
which grew there ; and rnu~~e i ,  a poiut or headland. 

Arant6ngi ... ... ... " Char-ity atation"-from aram, charity ; nnd Idrrgi, a support. 
Kvidciybr Kdvil ... ... name of a large temple (kduil) in the eout l~ of Tan'nrr, from Kvudayk  

one of the names of the liugnm, tho sacrei phallic symbol 01' 
Siva ; dvudaydr means " or-owrrer " (duu =,ox), nnd Siva is w m -  
monly vep~vsenbd a8 riding ou n bull. 

" Cnlimere " ... ... ... propcrl KnllimBdn, " E?rphorhia monnd," the north-sast h e e d l d  or 
See Indian Atlan Sheet No. 80. Pn7k.e Str l~i ts  (tho Argnrie g ~ ~ l f  ), bctwecn India and Ceylon. This 

point is nlno colled kddi = the point, the snme as the other 
or eouther~imost ertvomity of the gu l l  a t  the south extremih of 
RAm6s\.a1am. 

Chcvidan Kdttei ... ... " Doqf one'a fort " (chevi = ear)-chew'dan, a deaf man ; and kdMci 
a fort or fortified villngc. 

DEvipattnnam ... ... " Dcvi's.tom." Dtvi  = " the goddass" is a narne of Sivo's oonsort, 
PLwati, 

Elnnrithimangdnm -. ... from dlu, aeven; ndru,  n hundred; and man gal an^, delight, joy, 
matrimony. 

~ i s n d b n m h a  Pawntam ... - the little emi~icnce about a mile north of Rim0svnram temple, so 
n n m d  a h r  one o l  the Iender.~ of Rbm6'e nrmy when attacking 
Lauka (Ceylon), ae told in the Rbmeonn.  

G6puram ... ... ... the lofty tower or spire over the entrance gateway of n temple or 
town in Southern India-from A4pppp., a pninted roof, Rplre, 01. 

dume, wbicb, pcrl~ops, is from lh r  some root na cupbla, coyiug, cap, 
&c. : compirre Hind. kubla, adomc. 

Kid or  Kndu ... . a ai ldcr~~ces,  jungle; nu untilled or unirrigntcd field, fit for dry crops 
only ; lhe root k d  means n grove, wood, or garden; also a beau  
or boom; cf. S. kdlh,  wood timber. 

KakkrA K6ttei -. ... " Kaka-Rdman'r  fort." 



1, ,ytoMelsrr fortu-from kal, s stone ; i lk ,  the negative = without; 
and kdl td,  n fort. 

81 ,ylone.tank.jeld "- f m m  kal ,  n stone ; u'runi, a common villaget.nk, 
horse.pond; nod khdu, a jungle, a dry or  untilled field. 

p 0 Wilder,resa "-from kdn, n jungle, ; and nddu, a country, 
district. 

Karkon9s settlement"-from the proper name of a man, snd 
Eurichrhi, a small village or hamlet, strictly of mountainwra or 
foresters. 

properly kddiyat- kulom, and said to be from kbdiyar, robbers, 
becnuse this village h ~ ~ d  been repeatedly nttncked and spoiled. 

a field, ene l0s~~ro ;  a dry nnirrignted field, high ground, n grove; met 
witll repeatedly in South Taujore, but not noticed further south 
nenr the wnst. 

Oruin$eld"-fiom kollu, the horse-gram (vulg. kulli) of Sonthen 
India. 

from knlatn, a tank or reservoir ; and mungalam, prosperity. 
" Bell-,-inger's(vi1lage) "-from Snnnkrit mnni, a bell ; nod( . . . . .), 

a word meaninK to strike. This villnge is snit1 to  have been 
to an attendant of the Tiruvidini temple, whose duty i t  

was to perform the bell-ringing there ; a former name of tho 
pluee w a s  Mdrgandayarpuram. 

" Nanikkam'sfor1; " mdnikkanb, n ruby, from (Sau~kri t )  m n i ,  a gem. 

Derivation ancertain. 
? " Emnail 's lodge "-from mat-u, the marriage-feant, a ceremony ; 

thonrlrin, one who does not remnin, an absentee, t ruant ;  and 
vidu'tl~i, s lodging-plnce, a sepnrate apartment ; solitnriness, sepnrs- 
tion. 

'I Cemetery shore." The Hindu pilgrims who die s t  UmBsvaram 
are commonly buried a t  this spot, and tbeir hones lie scattered on 
tho surfae,  or but half-buried in the sandy waste nenr the 
sea-shore. Hindu burning or burying places are usually ou the 
bank (karei) of n river or tank. 

"Peacock's jield "-from mo,yil, a pencock (perhaps from one of the 
noises or calls he wmmonly maltes. I n  Cnnarese the correspond. 
iug nnnlo is nnvil or  narrl, but the Tsmil moyi*, and the Canareae 
nuviru, both menn hair, s tu f t  of hair, and may well r eh r  to the 
peacook's tuft or crest.) 

" Upper (=west) oille." Mi le  is very freqnently nned in c o n t d i s -  
tinctiou to kile which first menns under, below, and hence, eestern, 
ns the country of Southern India fulls as you KO eastward. Pa l tu  
is R common sl~Hix to plnce-names iu South Tnnjore, and seems 
allied topo l t i  a cattle.fold, a hn~nlet, also t o  pat tunam @atom) 
pat ,  and possibly to pctlei oudpddi ,  &c. 

s vnlgnr form of MQrpnneilrir~lu-" West p a l m  jungle"; me'r for mdld 
upper, i.e. western; nnd panei, the pulmyra. 

" Comerjie1d"-from mukku, a nook or corner ; and kollei, a field or 
enclosure. Another plnca near this, Kona kollni, has the same 
aignilicntion. 

NUBn is n title nmongst the Sh6nbrs (hddydrawers), and nddan nu 
epithet applied to the Cboln kings. 

P " For-hurat" " Durngx-foood"; na r i  menns s fox ; nariyan, s man M 
cunning ae n fox;  i t  also means n dwarf. 

" Noyendr'a temple"; nh.yandr=lord, rnnakr, a title applied to Sivafrom 
the same Snnskrit root ae nh ak,  n leader (naik), and N h a r ,  the 
Naira, or honoured Budrnr o!~olabar. 

" h n g  fortw-from nedu, long (not to be confonnded with no&, middle) 
and kl l fs i ,  a fort. 

" h n . q  island"-from ncdu, long, and ilvu, the Tamil form of Snnakrit 
drIpa, an  ialnnd. The Dutch Government in Cnplnn hnd n small 
horse-breediogestnblishment here, and called the ialand Dellt. 

Derivation uncertsin, but  atntcd to mean the village or  one family, or 
the "united village." 

h t b e i  is the Tnmil name of the datava,  r stnpefying plnnt; nod, 
nkdu, a diatrict, country. 

" Pol lo . romon ' s~e Id . "  Pallnns nrc a tribe or  low outmates in 
Soutlirrn Iudin ; nnd voyul, n ricr-fiold. Thin word aayal, a field, 
rice-firld, an open plnio or flat, i* one of the cou~monest sffiles to 
villago nnmeu iu Pouthcrn Indin. I n  Cnnareso i t  in hnyalu or 
bail.. but on mont of Lho older maps nnd oharls t,bc namo in din- 
qninrd under mnny orroneons forms, eucl~ ae hile, hyl, nail, mil. 
uoyal, &c. 

" i i remfield "-from pasumeiand pachchei, green ; and kollri, a field. 
&c. 

.. " Phlhnron'n fort." 

.. P n l l u  is n comrr.on nffix, nnd nu ocro~ionnl prefix, to t,he names 
of nmsll townn nnd villngen in 8. E. Tnnjorr ; i t  may menn n 
silk (Ilq). and prrl~npn a p a n t ,  or  n crown, or it rnny bn fmm the 
anlne root nn p~a l l ,~aam,  n town ; pat t i ,  a (mbtle) fold ; or pcllai. s 
tuwn or mulurb with shopa 

Kodikulam ... 
Kollei ... 

Kulamangalam 
Mauigandi . . . 

NLnikkamkdttei 

MLnJr ... 
Maruthaug6u Viduthi 

16panWd -. 
Mnkubn kollei 

N W W u  

NsriysnkMu 

Nayspbr Kdvil 

NeQuiL Kdttei 

N&rm TIVU 

Pwl. Kollei _ 



1'udnl;bltei ... 
" Poorlo~~collah " or - 
Indian Atlar No. 8U. 

P ~ ~ t h u  vidutl~i 
h i rn t l i r  . . .  
Ilctta vayd ... 

\'6nd&n vidathi 

Ve~:ni~ul-  ... 

Great-Telrgupedda ; compare IIinJ.; hara or bada great (in Cansrene 
dodda). 

" G? ent lotacs;" from peru, great, and tamorei the lotus. 
P "Rear  tvron;" pininner' meana nlter, farther ; compare Porakud i .  
? " D n r k  hosre," frotu ~ i r a g e ,  behind ; perhapa because t l~ i s  is 

behind, or a t  the back of, the seaport town oC Devipnttannm. 
" B a t t l e  du:rlliny ;" from por,  fight, battle, and kudi, a habitation, 

dwclling. 
or P u b l t ~ ~  lilttei, " ~ e r u  fort;" Rom pathi?/a, new. and 'ottei, a fort- 

This is t l ~ e  chief town of the 'l'oadimhn Rnjah's country, south O C  
!hichinnpoly. 

" Xero lodge;" f1.on1 pvthiya,  new, nud uiduthi, a tempornrg abode. 
' I  Elou3er uillnge;" f rompu ,  o flnwer, nnd u r ,  a vi l la~e.  

for In~ttavn~aI.=" Dunble$e/d :" r m d u  is the vulgarform of 
i randa,  two, and vet layara of it~utliynnu, double. 

R u d r a ,  n nnnw of Shiva,one of the d e m o ~ ~ s  or demi.~odn, and Chinla- 
moni, o mythical "em. the philosopher's s tow, one of the gems of 
S , v n ~ . ~ a  (henven),yieldilrS its ownbr all his desire. 

a d w e l l i ~ , ~  sacred to Shira, who prefers the eolour red, nnd sleeps on a 
bed of red lotus. Scnkedu or Chrtaqdd (=" ved-wold," "blood 
Jield ") is the simple form of the wnkd, from sent, red, beautifuf 
kodu, wild,~raess, and ktidi, a dwelling. 

?"  Red-rirr.$e/d,"for sr~r.~re/-r~o n2, or more probably for sempalavayol 
=" Ilour/?/ $eld," "$eld of !attle." 

from s i p m ,  an ncid fruit-tree; the lamarutla'. 
or Sir~~knmbeiyur  snid to be from r i m ,  little, camhi, quarrel, and Br, 

village, Petty-gica~rel-town, or " Sguobble-hum." 
commonly called by the nntives Tanjkbr ,  Tanjei, and Taujam= 

" Yb,'jon's to~cn"; but the proper name in  full in said to be 
Tnnjci-m&1i.naynnn1=Pri~1ee Ilhniatn's n'ty. Z'onjurn menns a 
ref"ge, and mdn (for mannan), al;rince, herb, a man in his prime, 
as in Toudaman, CItQrawhn. 

" Soulh a.vpect " or south division ; from ten, south, southern. 
? " S ~ r s a n t ' s  hamlet" nr " Devotee's abode;" from thondan, a servant, 

adherent: see Pattokuttei. 
a lwnl nnme ofone ofthe " Chellambr~am " (=Ch;tomLaram) temples. 

Tim menns h o l ~ ,  sacred, illustrious, and is the Tamil form of the 
Sanskrit &'i. 

" Holidny vill~rgr ; " from t i ru,  holy, nal ,  day, and ur, a village, 
tirr,,;dl, l~oli(l:~y. 

"Holy:flupei~;li~ld ;" from l i ru ,  holy, p v ,  a flower, andvaynl, arice-field. 
name of a place wit11 a con~idernble temple dedicated to a deitv repre- 

smled as 11avi11- the fnce of a sl~eep, ddu, and t l ~ e  body of an ele- 
phant, dttei; tllfinni;ll tit= means holy, and is the Tamil form of 
the Sanskrit Shr i  or Sri. 

The title of the Cliief or  Rbjn of Podukottei, n little to  the sooth of 
Trichinopolg. Tondan nlenus n servant, adherent, devotee; and 
9nQn ( l i  mnnnnrl n prince, a man iu his prime: eompnre (I/rdro. 
man=Prince of ChAra. T o ~ ~ d e i  or Tondnn~nndalnm is the nnme of 
the region or country of which KLnchipurnm (Conjeveram) wan 
the cbiel town. 

or Umnnkudi. said to be derived from lir, a town, annam, rice, and h d i '  
a dwcll i~~g.  

a headlnnd in Neduvnn Tivo (also called Dellt by the Dutch in Ceylon), 
from the little spiral shells ( r r i )  which abound there. 

" Raniyaa'sJFeld." Jrdniynn, n trnder=che/ti or sdth. 
Dregs, silt, mud from tnnk-beds; this word appears in the names of 

villages ill M,~dulr ,  perhaps from their hnviag been built on a 
ridge nf grnvel drift, on n spoil-bank, or on the gri t  heaps lelt in 
thc wa tc rw~y  of a flooded river or breached tank. 

n rice-field, an open field or plain ; a very common affix t o  village 
names on the S.-E. and E. consts of Southern India:  see lJallnthi- 
r q a l .  

" J~!l~ilan's,i~tn.qle or,field." Velldlaas are nn ngriuoltllrnl or 
trihe oC l'1111li1s. F'cllri~trnei meaus cuIti\.ation, or ~triotly$oo,j. 
rttting, i.e., irrigation. 

? " DcW?if's 1od.qr." T7~~driit. means not wanted, and is applied cello. 
quinllj to  11 ~ l ~ l l i y .  disay"reei~l~lc~ p n n  ; a r c c l \ ~ ~ ~ .  

11 I~anllrt., nnlncd nflrr  the local godcirsc Ti tr~~ir /nnmntt .  Allotllrr nnme 
for this p1:hce i- AIupptcr 11r ~ U t ~ p p ~ i q u ~ ,  ri C O ~ ~ I I ~ , ~  C O I I ~ ~ ~ ~ ~ ~ ~ ~ ,  froIu 
~ ~ r ~ t ~ r r r ~ ( ~ i . ~ r r f ~ t j ~ i ~ ~ u n c .  l'herc is a 'lornl trnditioo tllllt tile tilree 
princvs (arrntr three. mudi crowns), l'hndigan, Solnl,, and ~ h & ~ ~ ~ ,  
ollee nlct toyelher 11el.e. 

" Hnstel.'~ f ' i l l f lp;"  from r ~ d r r n  a l ~ ~ ~ n t r r  or forester, the nnllle by wbicll 
the i~horigin:,l mild tribes of h u t h c m  Illdis ore known, bhe 
Veddtrhs of C*sylon. 

" Tf'urthlrs~jeld ;" from t:rtti vainness, uselessness. 



Viduthi ... .., ... a lodging-plnce, tempornly abode ; this ffiz to  v i l l ~ q e  narncs seema to 
be specially coulmon in South Tanjure and Enat Pudul~ottei. 

Virapparnynl ... ... ,., " Virappa8s (j.ice)jeld." V i ~ ~ i p p a  i~ a conllnon proper name of 
in Suutbern ludin from T7ruil, a hero, mnrrior (coml~nlw Latin, 
&.). o ,~d anpun n fat l~cr  (compam IIebrem ab, ClraUee albd. 
nul1 '~iud.  2;). 

Vitrh r y a l  ... . . . ... "Fer t i l e  orf~~ui , ful j ie ld,"  from uittu, seed. 

P ~ m ~ i n r i a l  p2aee.names eornnlon'in Rdnrndd and  South Naduva,  n o t f u ~ m d  a t  a l l ,  o r  *erg scorce in ,South. 
E a r t  Tulgove (see l n d i a a  At la s  Sheet 30. 80 :- 
( a )  hudnl .. . ... 'minenee; commonly applied to n hamlet with asmnll tsuk in >ladurn. 
In) kammhv . . . ... or lii~nmay, nn irrig~rtion tank, or reservoir ol' water. 
(a) I~nrei - ... ... a bunk, shore, border. 

karisnl ... ... blnclineus, the black (cottoll) soil; k a ~ r l r d  kulanr=hlnclc (soil) tank. 
Narnvan ... ... @lurnl Jlnrsvar), nnme of tho chief tribe or  caste inhabiting the 

IGmnhd nnd Shivngangei zemindiries. 
(a) &lei . . . ... n water-course, stream. 

pottal ... ... barren, brnclcivh soil, an arid trnct. 
tal-~vei . . . ... a salt mnrsh or swamp. 

(a) Jruni  . . , ... a common villi~ge tank. 
provincial place-named newly met with in  South Tanjore :- 

koUei ... ... a held, enclosure ; a dry, unirrignted field; high ground. More common 
fnrther uolth. 

pntto . . . ... derivntiou unnscertained as yet. 
viduthi ... ... a lodginv-ylsce, tempurury abode. This word seems peculiar to tbr 

~ a t l u k o t t e i  tnluk, east of Pudukottei. 

The common South Indianplace-namee most frequently nret with i n  the estreme South Tanjore Counlvq 
under nolice a r e  :- 
(c) k6du . . . ... n jungle, wilderness. 
(c) k6ttei . . . ... n fort. fortilied village. 

kndi .." ... a dwelling, hnbitation. 
( r )  kurichohi . . . ... a slnnll v~llnge, prnperly a scttlemcnt of billmen or brcsters. 
(d) Pnttanem ,.. ... a to rn ,  or seaport town. I n  60 milea of this  coast there nrc 24 plnccs 

of this nnme (sce Indian Atlns Sheet No. 80). 
tam ... ... a street; a coulruon term for tho little hamlets in ench parishor 

villnge. 
6 r  ... ... a tomu or  village; probably the commonest affix over nll Southern 

India. 
(4 v ~ n l  ..- ... a rice-field, a pntch of ricc-cultivation, very common also especially in 

tho low c o ~ ~ n t r y .  
The following place-names, oo common in other p a r t s  of Soulhern India,  a r e  here "conspicuoiis by thei~. 

absence" :- 
BBdi or phdi, cheri, palli, patti and p r a m ,  the commonent Tn~uil  hamlet or village nnmcs. 

(a)  hru. Bri, goutn, kulnm, kuttei, and snmuudrom, nHixrs menuing river, Ilrltc, tonlc, or pond, &c. 
(6) mddn, pnlru~bu, ybrei, end knl, a mound, hillock, or rock, as wcll .~s gil,i, n~nlei, m d  knnru, n mouatain or 

hill ; nlso unttaru, phleiyam, puram, and valosei, common villnge names with various mesuings. 

General Note to accompany list of place-names for 1876.77. 

Tbe portion of country traversed by the Mndrns PnrLy oT the Grent Trigonometrical S ~ ~ r r r y  of Indim 
during the p n ~ t  aeaaon, ~ k i r t s  the cosst of South Taojore for Rome 60 n~ilps nloug tho North.wester~~ nhore ol' 
I'nlks Strnits (the Sillus Argarirus of Plnlemy), enteudingonly '20 ~niles  inln~al, and lies between t l ~ e  drllaa of the 
Veigei (Vtt.hi~vnti) nnd tho C a u v e ~  (KBv6ri) rivers. I t  is eronaed by a L\v un impnr ta~~ t  strvnms wl~ich tlrniu 
the ~ond i ;bnn  or Pnduk6Ltei Rajah's t e n i t o y )  under the Trichinopoly Ilistrict), bnt is devoid of nny Inrge 
~ t r e a ~ n s  or luken. 

Goill* 1101th-east-wards from Rhmnhd, the country chnnges : the flnt ,  snndy trncta of thc R O U ~ \ I - C O ~ ~ ~  ol' 
4ladul.n G e  left bebind, a ~ ~ d  so are the numerous tnnks and the long eollecti~~g chnnucls, which arc rpread over 
the i~nprrviuus blnck (cotton) soil, and the tmcts of rice-fields belom them. 

On cntpriag Sontb,Tanjore, though still l o r  and flat, thc slope of the country rrom the aca inlnnd incrensr~ 
to nenrly 10 fret per mile. Numeroll* ridge8 nnd depre~sions. R O I I I ~  of then1 60 feet in depth, run f ron~  \V. N. \V. 
to  E. 9. E. ; Ihr former well covered mith valuable trees, and the lntler \rith patchen oTcaltivntio~~ (vnyan. 

This change of rouut is sufficiently indicated by the chnrnctrr of tbe plnce-nnmcs. Tl~erc nrc ~ c ~ r y  few 
towns or 1nt.g~ villages, anTt,he, uillnge-lands are more lihe p:~risl)es will1 nutnernus ~n ln l l  hamlets, e l~~- l l  brnring 
ths some villnge name, but d~at~nguislled by n sufix indicntiug tile relartive l ~ u s i t i o ~ ~  of el~ch mithin tho pwirh 
licnits. 

The folltnving fncts mny be gsthered from an inspection of the map (Indian Atlas Shect No. 80) :- 
(a)  TIIC absence of rivers nod irrigntinn-works. 
( b )  I ' l t ~  nlvrence of hills, mounds and rockn. 
(c.) Tbnt the cor~ntrg hns been to a great extent jungle (kidu=wilderness), and occupied by rndr, unruly 

trih#, such an Kalhn, Pnllao, Valiynn, mud VQda11. 
Id) The rnnsidrrnblc number of plarps termed Aprnhhrnm, alangnlnm. I'nttnnan~, Pcttei. Snntei, nod ITnyal. 

~nclicnte the prenencr of a fair proplrtion oT luurc civilized folk, and Lcll of trade, ~ ~ r i c u l ~ u r e ,  k11d 
brnhmanieal1110uenc~. 

\Vbilst the repetahle kingdom n penr. to contribute liberally to tho onomntology oE the district, tile nnin~nl 
kingdolll is bnt  mcsntily reprmrhted ey tho pencock, for, criloe, and n fcw more. 

fi-ole rcgerding the acrct~lustion of tho ~~~~~~~a 0 a n d  E i n  /he o r lAo ,q~nph~  of Sorrth Inrlinn plnrcnamra. 

T l ~ r  IOIIX nnd short nouniln of tl~eae ronclr, o a ~ ~ d  r .  nm o f  a11t-11 frrqllenb nertlrrrnrc in Ille I)rh\~idinll 
( i .  r . .  P # I ! I I ~  111dianl lnnyllnges, thst  onlenr aomv Inrnns of d i s t i ~ l ~ ~ ~ i r l ~ i n g  tllr181 okrr I ~ ~ T I ~ I ~ N I .  n)istnkt.s to ,II,. 
~ n e : ~ ~ l i ~ : g  :#nil origin of llrc word in which lllay occnr   re ~~n;rvoitinblr. 1L is. O l e ~ ~ ~ ~ I o r ~ ,  lltr t ~ ~ ~ i w b r ~ n l  IIril(.tjCI. 
u~n'.nurt a ~ i t c r s  who llnve to rpproent  b r n v i d ~ d ~ ~  words ill LIW 1b111nn cllinuctcr, to ; ~ c c c l ~ t i ~ ; ~ t e  tItOJc ,ur \q. lr  
rLe11 I U I ~ S .  



A few specinieua are given below of words similorl~ *pelt, wbieh rcrluire accentnatio~~ to Jistia:.lli~h thr 
prouuncintion nlld mraui~~g :- ... ... mcl ... ... = soft. 

... ... m&1 ... ... = above. 
pen . . . .  ... ... ... = n fclilalc. 

... p611 ... ... ... - - a louse. 

... ~ e l i  ... ... ... = the air, the open. 
... vCli ... ... ,.. = n hedge. ... ... Y C ~ U  ... ... = empty, void. 
... ... v6ra ... ... = other. ... vetti ... ... .,. - - cutting. 

... ... v6tti ... ... = n (mnn's) cloth. 
... ... kodi ... ... = a flag, stonmer. 

Iddi ... ,.. ... ... = a point, end, score, be. 
... kodu ... ... ... - - give. 

kodu ... ... ... ... = a horn, peak. 
... kutlei ... ... ... = a kl~ob, knot nut. 
... kottei ... ... ... = a fcrt. 
... pornlilldi ... ... -- bnek.house. 

pijl.;~kudi ... ... ... = war-houue. 
tolti ... ... ... ... = a pail, tl'ough. 
tiitti ... ... ... ... s sweeper. 

In R list or South Indian namea drawn up with a p i p m  or  she\rins tlloir origin and root meaning, the 
accent~~ution of o and e mllen Ion$. (as n.ell us ofu, i and ?I, ,~hieh hnve been allowed to require a r c r~~ ton t io~~  by 
writera of the Nortll in dim^ l;ngunges) is really indirppllsxl,le, rind bns beco ndopted in tho fullowing list of 
plwc-names, but nut 11l,o11 the c11al.t ncvorr~pn~~~iu~,  fo*: want ol'tlle necessary nuthorit,y. 

I t  is l~oped that the strict rule for Nur+,ll Ir~dl;o~ ol+hography win b p  relaxed in this list of South Indiun 
place-nuulcs. 

B. R. BRANFILL, Lieid-Colo)lel, 

Deputy Sz~pevi~~lendent, Great Trigonomeir~iea~ Surz.n/, 
I n  charge iWadrus Party. 

1I.-Extract from the Narrative Report, dated 26th September 1877, of Lieutenant H. J. 
Harman,, R. E., Assistant Superintendent, 2nd Grade, in charge Assam Valley Trian- 
gulation. 

2. A t  the  close of the  field seasou, 1575-76, the  priucipal series mas complete up  to  the  
side " I)il~rugarl~-K1~alI<at:~," t he  preliminary work of two triangles had been done, the  
r ight  flaol; rays of t he  series were carricd up to near the  Revenue Survey Pillar a t  " Yol~a," 
ilnd three poet stations had Lcen built,. Of the  branch series t o  " Jaipur," onc final my had 
been ct~t., eight trial I.aya run ( d ~ i c h  deterluined t,Le positions of t he  six stations of the  Series 
i n  the pl:lins) and one post statlou built. 

3. Acron~l)a~ried 1)y Mr. J. F. 1IcCarthy and a small body of men, I left  Gauh i t i  011 t he  
1 Gth Ortober, rcarhing Dibrl~garL on the  23rd OctoLer. 

By 10th Novcmher wc had cleared three old rays near Dibrugarh, repaired three post, 
stations, obtained angles t o  the snowy peaks and hills visible from Dibrugar l ,  and c11t t\vo 
tinol rays of tile " J i~ ipu r  Series." One of these rays Lad to be c ~ t  open to  t he  sky t l~roughoot  
its Icngth ; on t h e  other one the  trces clnsed io  overhead: every cndeavor t n d e  to  avoid 
frll ing any trc,cs wllose tt.ullks dill not come within six fcet of t h e  centre line of t he  ray ; 
thus  vrrx few line t,rec.; tverc c u t  c lo\~n.  l ' l ~c  forest nrns i n  places iulerlaced with dense mrcwes 
of creepl,rs, and hen\-y storms of \\-iu~l sometimes carl~ed t l~esc  creepers t o  tlrop down ant1 shut  
up  the ray. 0 1 1  these two lines there fell about. four milcs of forest,, nlost of i t  belonging to  
ten estates; ns the  funbst was closc to ll i lwr~garh, compensation was demanded for t he  t i n ~ l e r  
13ut do!vn. 'rhc ut,isfactory scltlernent of these elailus took up a g rea t  deal of m y  timc. 
O u  the branch sclrics to Jaipur many milesof line passed throngh teacstatcs,  and I a m  gI:d 
to say that t,hc my-r11t.ting partics n-erc not interfered with in their work, Mr. OJSulli\-an 
tukiug sl~cci:~l care t o  do the Ic:tst ~)oesible tlamage. 

4.. ?'he ~'reliminary work a l r ~ a d y  done on the  Jaipnr Series, dctniled in paragrnpl~ 2 ,  
l ~ n d  lleen cxecl~ted hy hl r .  O'Snllivao. To carry 111) this triangulation to the  side, whcnce it 
nr.as t o  Le rxtendcd direct on to the  Nnga IIil ls al,ove Jaipnr,  required (.he constructioll of live 
p o d  sl:~tious, the linal c~arrying of .six ~.nys of \v11icl1 the  trial lines b:vl been rnn, tllp c ~ ~ t t i ~ l g  
of t,hrrr nctv lines, and the  ol)s.rving llic angles of the  tri:~ngnlatior~. To Mr. O'S11lliv:111 \\.:IS 

as*iglle~l tllis work. l I e  Ilrokc grollnd o ~ r  t l ~ e  10th  Novewl~er ,  and was eln],loj-cd oo  his 
scric* I I I ~ I I I I ~ I I I I I I ~  t 1 1 ~  ~vholv li(sld SCRFOII, c'xcrpt. for R week, w l ~ e n  11e obserued ; ~ t  I)il ,rt~gurl~ tl11. 
:~llg~oa 1 8 1  (11,. x a r i  11. $. an11 Dill;l 11. S. of tllr I,rincil,xl srri(?s. 

r .  Ill( ,  ~ - x t ~ n s i o n  of thv principal wric.s I I ~  to Polla Ira., c u t r u s t d  to hIr ,  I I cCar t I~y ,  wllo Icft 
Dil~rllg111,11 \\it11 his t lcl:~c.l~~ncnt on the: 10 th  Sovemhcr. 



5. 1 started from Dibrugarh for the Kl~alkata  St,ation of t,he ,principal series on 12th 
November, princip$ angles a t  three stalions, and angles t o  hill peaks a t  two stations ; 
tllen 1 Wpl~t to  Pobs, I had sent t he  mriter of the par ty  (Rsl)oo Zuhur-al-1slam) and 
a detachnlellt oE nlen, with ins t r~~ct ions  to make a road from the  Mekla Station t o  t he  Poba 
Stnt,ion and hegirl the liue.cutting of the  preliminary series between Polla a ~ ~ d  Sadiya. When 
I renclle(l Poba, I foulid that  cousiderahle progress 1l:ld been made. The  preliminary series 

frolu Yoba to  the line Di1)angmnk-Napsur by t,lle 1st Jalluary 1877. A 
trial line was also C I I ~  between Sadiya and the Dikrang martello tower, the  final ray being 
afterwards cut by the  Topographic:~l Survey Par ty  under Lieutenant Woodthorpe, R. B. 
Durillg Norember ;tnd Deceluber I ol~served from four stations to all t h e  hill peaks visible 
from t l~ose  s t a t i o~~s .  I had very bad luck in my  work to hill peaks, c o ~ ~ s i d e r i n ~  the time I 
lle\.oted to i t .  I made many fruitless journeys, and lost many d:tys i n  my  endeavors t o  get 
:lllgles to tile snowy r:lnges from stations favorably situated for the  intcrscctiou of t he  ~ e a k s ;  
 rot that  there n . : ~  any lack of splendid days for peaks during the season, but  I g o t  so few 
clinuccs when I was available for the work. 

6. One of the lines cleared by Mr. O'Snllivan passed through a heavy forest i n  which a 
giPntic: India-robber tree took a party of 20 men nearly two days to  fell, and then i t  took 
It)  lnen a wl~ole da,y to scttle down the  debris. B ig  trees are rare in the  ~ l a i u s  of Upper 
Assam-only one other was met with this season, i t  was on the  line Sadiya-Manabum H. S.; 
lucltily t l ~ e  tru~llc was a mere shell, for i t  measured 43 feet in g i r th  a t  4 feet above ground. 

7. I n  Jnn11a1-y I sent eight men with a n  elephant to make a foot-path of about 41 
miles along the bank of the  river between two stntiolls ; aftcr four days t l ~ e  men returned 
: I I I ~  reported the path c o t ;  also, that  n great deal of very heavy cane had becn met wit11 
tbrongh which thc  elephant could make but little way, and the path would speedily close 
I .  A week passed, and I had occasion to  send along this path a s i ~ n a l l i n g  party, 
and though the  me.1 started early, they did not ge t  to tlie stat,ion 44 miles d ~ s t a n t  till the 
fe~llowing morninq. Some days aEt,erwardn, two of them returned in a boat for provisions, and 
started hack by the foot-path in the foreuoon; but they again p a s t a  n ight  i n  t he  forest. This 
incident serves to show how seriously a cane j ~ m g l e  hinders our progress; the  natives with their 
bare legs are obliged to go  througl~ i t  very slomly, and deal with it. cautiously. 

8. A t  one station, with a party of 10 men I built a scaffolding of 75 feet in height i n  three 
days. This 1oft.y field observ:~tory is a very stiff and snbstantial struct,ure, A feet sqllare a t  top, 
and nllhough I ~ a ~ u l ~ o o s  and cane (of wl~icll i t  is constrr~cted) rot wit.11 surprising rapidity iu 
Assam, 1 hope that, i t  will need hut  little rcpair nes t  year to make i t  answer i t s  purpose. 

9. I n  the  narrative report for the year 1476-76, it is stated tha t  t h e  "Abar" tribes 
objeeted to the occopation of a couple of pe:~ks (Dipa and Nari) on the  outer ranges north of 
the  13rahmnp11tm river, one of which was int,ended to be a st:~tion of t l ~ e  principal series. 
Arrangements were ~natle for a force of 100 men of the 4.l.tll Sikh L igh t  Infalltry t o  escort t be  
Survey Party to the hills. Our  orders were to c o ~ ~ f i n e  the sll15vey work to those two 
not to make cscorsion for sketching purposes, and, ns Ear as  ~)ossihle, t o  avoid all villages. 

The 15th of January n-as the  date fixed for the  small expedition to  leave Dibrugarh; i t  
was e~timatetl  that  the troops wcluld he ahsent one month. 

W e  reached the top of the  " Dipa" hill on the 18th  J a n ~ ~ a r y .  I t  was cleared sllfficient,ly 
f i x  the  trigonomet,ricaI work, a pucks station n.as built, the angle rrquired was observed, a11 
possible sketching done, and nre left, for " Nari" hill on the  2 l s t  January. 

Dips hill is ~ ~ c a r l y  3,000 feet high ; we had to fiud our own way u p  it .  The  spur selected 
to ascend by t11rnt.d ont  to be a very narrow, serrated ridge, and very steep, and had i t  not heen 
fnr the dmse forest, I much doubt whether we could have got  up  the  hill by that  spur. 
The station was s l ~ ~ ~ u t  4 miles from our camp on the  1)iman river. T l ~ e  trees on the  hill top 
were Iestooncd with masses of great creepers, many of which yielded a good supply of water; 
nearly a pint oozed out of a yard's length of one of them. 

K1'1njor Clarke, B. S. C., Deputy Commissioner of North  Lakhimpur, ltindly arranged for 
some road cutting, which proved of great service to us. 

To ge t  to the Nari hill, we waded for 1 2  miles up the  Dipi river, thence c r ~ t  a road f of a 
111i1c 11)ng to the foot of the  hill, and s t r ~ ~ c k  a wild elephant t,rnck which let1 nearly to  the  top. 
l'hc station mas ahont 6 milen Rclm the camp on t l ~ c  Dipi river. l'lle Nari hill is nearly 3,001) 
feet Iligl~, and easy of ascent. The summit WIS clcarctl, and the  station bllilt i)y 30th 
.I i1uuary. 

S l ~ n r ~ l n n  Rni Chand T1:111nrl11r, Scrist:~tlnr of t l ~ c  Cq111rt :it D i l ~ n ~ ~ n r h ,  wllo rras drtsile(1 
to ncrnlnpal~y the party, p:crr ns most t-nergctic aid, and through him I gn t  thc  srrvices 
25 " i l l iri~' '  t o  11~111 I I I ~  tr, rI(8:1r t11e N t ~ r i  11iIl. 

I cncampctl ~ I I  tllcb hill top from t,hr! 30th Jan l~nrv  to the  6th F r h r ~ ~ n r ~ .  TIlc weatllrr 
was very milly. : I I I ~  W~ \vtXrc vi~itcd srlnle appalling t11111,drr-st.orm~ Wc hlir1l 011 tlvo tlay9 
the  volley tirilla IIF llln q111l:llls :ti riflf- pmcafirc on tllr r:lngru at. I ) i l ) r ~ ~ g a r ) ~ ,  dislnnt 25 milcs 
us tile (.ro\\. fli1.s. TIIC ol~rc~-vat , io~~s n.cre finishnl on the 12th  rebnlnry, allcl tlIt3,, tile troc,,ls 
rcturnrd to I)il ,rugarl~. 

AIajur ]:ol~(brlaon, B.S.V., my hrst. fhnnks arc, ,IIIP; hc pnvc me llc.lp, tllc 
LlrrallKenll'nts \v*'rc m-lst convcnirnl, : ~ n d  I I I Y  p r ~ ~ g r r r ; ~  gl,r:ltly f n ~ l ] i t ; ~ t d  ; the sligll(e$t 
I~icch of mu) I I : I ~ I I ~ P  I I L . C I I ~ ~ ~ ~ .  



colonel Nuthall, B. S. C., Commanding a t  Dibrngarh, was most kind in giving us every 
assistance; he  came on one occasion to " Dipi Muk" to  meet us. The jungle a t  the foot of the 
hills is tremendous., 

The hills are clothed wit.h magnificent timber, and we  am many fine rubber trees which 
had never beell tapped. The  formation of the outer ranges is of coarse-grained eandstone, soft 
and friable. The country between the outer and the  first high raoge is full of lorn hills 
heaped together in  the wildest confusion, showing hundreds of srnall ~necipices of various shades 
of red, white, anti brown. From the Dipi and Nari hills ouly a I'erv tiny patches of cultivation 
were visil,le. The " Aboors" did not pu t  ill an appearance, and, esceptiug a few well-known 
men, me saw very few of them. A sketch was m d e  of 100 squdre miles of plain country and 
300 square miles of hills, hithcrto unsurveyed. A pucks platform was built near the mouth of 
t,he Dipi river, and fixed I)y intersection from the Nari and Dipi hill stations. 

11. From the 9th  to  31st hIarch, rain fell on every day except two ; excepting those days, 
the tents of t,he party mere never dry. The greater part of the rain fell late in  the evenings, ~ e t  
we h d  not altogether twelve hoursof sunshine after the  9 th  March if we leave out  the  two dsys  
before men~ioned. Fortunately most of the  lines of the series being short, i t  mas found tha t  
by taking special precautions in setting the  signals, there were ofteu short periods during the  
day when the gleam from the silveriog of the heliotropes coultl easily be seen in the  telescope, 
despite t,he absence OF sunshine. Thus hy watching m y  0~port1111it;ies I managed to observe 

from 13 stations during the month. Mr. h.IcCartlly carricd two trial rays, two final 
rays, and built oue post station in &Tarch. H c  was not well dur ing this .ponth,  yet he 
worked very hard : one day a tree accidently dropped on to his head, aud I am sorry to say he 
was confined t o  his tent  for t.hree days in  consequeoce. 

The filling of the nullahs; the rain, absence of sunqlline, and appearance of m y r i d s  of 
leecl~es, seriously impeded progress and caused t l ~ e  line-cutters to  suffer severely. T h e  work 
on thc delta of land between the Dibang and Bral1m3potm rivers was most difficult, t he  lines 
in the forest about the Dibang-muk station rarely progressed as n111ch as 400 yards a da,v ; 
so dense is the jungle and so numerous are deep nullahs choked with the heaviest growth. The  
Dibang-muli station stands in the depth of the  forest ; around the station a considerable area 
had to  be cleared to admit  the sun to  the  station so as to ;~llorr of signals being shewn during 
the greater part of the day : on to this station, converge 5 lines. A visit to  this place would 
enable oue to  form a good idea of the enormous amount of 1aLor rerluired on parts of the  
prel imi~~ary series. The station is prettily situated, and the platform is high enougl~ t o  give 
glimpses of the river through the gaps, and of the  suowg ranges peeping over the  trees; 
sometimes the lines are tilled with very bmutif~l l  suulight effects. 

12. On the 1st  of April I crossed the Brah~nnputra  in a 11eavy gale of mind, a great  
storm mged over the Dihang river, and thc phenomenon of a 11.ater-spout was \vitnessed. On 
the afternoon of the  2nd April the obsenrinq overtook the work of the preliminary srrie,, 
and I had made my arrangements to  g o  to Sadiya, when a kl~alnssie came in to report that  
a t  noon of the precedingday our. SO-mau~~d  boat was lasbetl a long~ide the bank at a. spot 
a1)out 3b miles below my camp (Dibang-muk), ~ I I C I I  :I great mind c:~rried off the heavy rooling 
of the boat and theu the mavos swamped and sunk the boat iu deep water. O n  board was 
a tin-box containing the duplicate set of computations of the rccess scasorl 1S76, together with 
other papers. Taking with me a few men, I started down-strcam hy boat a t  midnight of the 
2nd;  tho night was rainy and pitch darli, and we had scvc.r;~l escapcs from snags, so me stopped 
on reaching the rapids below Poba stockadc and waited for the damn of day. On  the evenlog 
of the 3rd the suukrn boat was dr:~gged out of the  deep water, but  in t l ~ e  uigbt the rivcr rose, 
ran like a sl~ricc, and the boat broke loose and filled nit11 sand. Our  eiforts to  move it on the 
4th were ineKectunl, so I left the  spot on t,he St11 and reached Sadiya on the  6tl1, haviug lost 
four splendid days on my trip. Three weeks afterwards, a " Miri"  xot  a p  the tin-box with a 
spear, and 1 was glad to find t,hnt the c o ~ ~ l e n t s  had suffered no material injury. 

13. Lieutenant 14'oodthorpe, R.E., in charge oE the Topogrnphical Survey Par ty  ~vorl;ing 
il l  the Singfu country nort11.cast of Sadiya, had selcctetl a trigonomctric;11 stntion on the  M~II:L. 
bum hill 111ci~ht~ a l~oo t  000 feet, 18 miles east of S a d i y ~ )  which i t  was necaesrary t,o i n ~ o r p ~ r : ~ t e  
with the princi1)al triangulation. I found thc statio~i a t  112 fect  h hove the top of the  11111 iu  
t'he branches of :I gigautir India-rubber trec. The station is 4 n~i lcs  east of the T ~ ~ n ~ p a n i ,  
a river full of fine mpids which can only 11r shot in small canoes. The  morning I visited 
Mdnaburn wa* miny, the leeches were most formidaLlc and indescribably numerous, esprcially 
whcre the path had bcen cut tl~rouglr bamboo forest. One man was lanle for a week froUl 
the leech bites of that  morning. 

On our return from the hill the sun was shining fiercely, and not a leech could be seen. 
The natives smear over t,hcir legs a misturc of tobacco juice and lime wl~iclr gives protection 
against the leecl~es, hot in t,hc wet jungle the  stuff quiclily gets mashed oE. 

I met Lieutenant Woodtborpe, It.E., on t l ~ e  Tengapani river, to  arrange with him the 
conncct,ion of oar respective tri:~n,oulations. I go t  Lack to Sndiye on the 20th April, coru- 
plct,ed tllp allgles at, 3 stittiot~u, ant1 opened out the  rnys to tht? M ( n ~ l ) ~ m  hill station by the  
29th April. Olllp one angle was n~r:isoved to' tlle MBnal~um hill statioll on nccollnt of the 
forl,llnate Ilrclllat,llre rc t l~rn of' my signaller from that  place; but  I,icutenant woMlthorpe got & 

fpw ~ l ~ f i ~ r v : ~ t , i ( l n ~  a t  MBnal)nn~ to my two stutions i n  the plains: t,hus a prt.limiuary value for 
Mnnabu~n bill station bar beclr obtained, 
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~ t ,  ~ l ~ ~ t i  Sndiya station on the 29th April I go t  a t o t ~ ~ l l  of the slln and w:ts seized 
illnePs, al,d consequently getting to the Di l rang-m~~k and Napsur statiolls and ol)serving 

the remaining angles a t  those places, Rave llle some trolll'le. 
14, ~ , i ~ ~ t ~ ~ ~ ~ t  Woodtllolpe, H.E., was journeyin.' to nrillrl lxarh after t he  close of his 

field Fenson's work wllell be heard that  I was ill. H e  came to N:~psor st;rtion 8tj;Lycd with 
me till lie h:ld seell me t~lrona~l my re lna i~~ ing  work on the princil~al series ; arid ]lad i t  not been 
for his kindness in with Ine, I (loubt if I C O I I I ~  have coml>leted it. 

15. I t  m u  unfort~lnate that  so few angle3 of the J :~ipur  Se~tics mere measured ns the work 
proTessed, i t  resllltecl in our l>~.ing nnable to finally mcasnre 311 the angles of tile series by 
the close of the field sewon. Mr.  O'Sullivan placed signallers on " Hililta" station, who were 
threatened by tile " NVasu and tnrned off the hill, so I al~l)lietl for and was give11 a police 
force to prevent forther annoyance. I-Iaviog recoveretl s(~me\vhat from my sick~beqs, I left 
DibrllgaTh for JaiPur, :~c~ompanied by Mr. McOr t , l~y ,  on the 7th May, crlt t.he line 'ri~nolikhat 
t o  Hilika, Deohal hill on which Mr. iLI~:C;~rt,hy erected a 50 fect barnl)oo scaffold, 
completed the observations at 1Iilil;a hill s t ~ ~ t i o n ,  Timolikhat statiou,and :dl the  angles but one 
a t  t h e  Hamonikorn, stat.ion, by tlle 14th May. 

May masa very wet month, the  country go t  deeply flooded ; i t  once took us 7 honrs t o  wade 
along 54 miles of I>atb. Followina me on t.hat occasion, were :3 e l e l ~ l ~ a ~ l t s  very l i g l ~ t l , ~  I : I~CI I ,  one 
of rnhicIl fell into a hole and ~vould have drowned but  for the prl~mpt'itude 01' a khal:~syic! who 
g o t  down and cu t  the girt,h rnl>ewvitl~ his " dno " O n  the night of 16th May I ber:~mc vcry 
ill and r s l , i d l y ~ o t  extremely weak. I t  rained almost iocexsal~tly frorn the  c v e ~ ~ i n g  of the 
16th to the 20th M a y ;  on thc latter day the  <round on which my camp stood was swil~nped, 
and I was carried to the Madarlil~nt station. There I met Mr. McCarthy, who ha(l been hard 
a t  work, carrying a line throng11 the f lo~~ded jungles. After making an  effort t o  obse~ve angles 
nt the  31adarkh:~t station, I rn:~tlc over the  work of observing to Mr. VcCarthy, mhogot 
measures of the angles a t  Marlarkhat station on the  21st hI:~y. H e  closed work ant1 
marched into Dibrugarh on 2:Jrd May. After the 8 th  &fay, Mr.  0'Sulliv:in g o t  :~ngles a t  
2 stations and observed a set of vertical angles a t  the  hladarkhat station ; he marul~ed into 
Dibrugarh on tbe  22ntl May. 

Tbe weather from the  10th  to  the  '25th May mas simply drcadfol, t he  large amount of 
rain falling fairly stopped our work. 

16. The whole party left for Gaubi t i  by steamer on the  26111 May.  After  settling the 
affairs of the  party, I took leave on medical certificate on the 10 th  June. Messrs. O'Sullivan 
:tnd McCarthy weut into recess quarters a t  Shillong. 

111.-Extract from the Narrative Report, dated 20th September 1877, of H. Beverly, Eaq., 
Surveyor, 1st grade, Officiating in charge of the Burma Party. 

2. The party cont,inned in rcccss quarters till the  cnd of October cngnged in thc com- 
l ~ ~ t a t i o n s  of the  previous srasou. hlr.  W .  Bevcrl~!y, in charge of the  ])arty, rcturnccl from 
~wivilegc leave on t l ~ e  28th October, nlld aft,er taking over chargc he procccdrd on the 7th 
Sovember to Ilangoon, to resnme ficld svorli, lcaving Mrssrs. MitcI11-ll an11 Collins to follow 
him by the  next stearncr. I-lo remained in Rangoon from tllc St,b t o  the 17th  November, 
organizing the  field cstahlisl~nlents a l ~ d  completing the  c l~a r t s  and c o n ~ ~ u t a t i o u ~  of tile late 
recess. 

3. During srason 1876-76 the  field work of the  party was as  follows :- 
Fir.vi -A cbain of ~econdary trianglcu (designatcbd " i\Iywaong and Cape Negrnis Trian- 

gulation"), rmanatinz from the  1Sastern Frontier Series, \ vu  carried south, by blr. W.  13evcrlev, 
through t , l~c Henzad6 district, and terminatrd for t he  tieanon on the  side (;naar-~,l.kllo, i n  tile 
Bassein tlistrict. A ficcond rhnin (designat,ed "Promr, T l ~ a ~ e t ~ n y o ,  and 'Iongh6 l 'r iallgllln~ion"),  
aleo r m a ~ ~ a t i n g  from the ab(nvc seric?~, nntlrr Mr.  J .  Lorn, was carried Ilortll towardn tllc frIll,tier, 
and trrininatcd for the Fcaeon on the side ?rlinrikidollg-FvI~~ml, l~adon~,  i n  1llc l ' l lnyvtnlyo (liStrict. 

A 111ird cl~nin (designated the .' R:lngoon and Coast, 'I'rinngtllationw), l.nlanatir,g from 
of thc ].:astern Flontier Series in t he  S h o n y ~ l ~ c c n  ant1 Amherst districts, Ivas comn,,,nl.r,l tile 
previous srmon, and the  work was lir~:~lly I~rougllt I I ~  last gpar t o  t,hc side h1rng616n to Lekhcil;. 

4. During the  field scanon lY5 l i -77  t he  proglammc was a s  fol lo~rs  :- 
Mr.  W. Devcrlcy to continue the c11:lin of trianglcs towards Cape Nrgrais, rind also lo 

determine the poait.lons of tire towns of IIcnzada ant1 Ilassein. Mr.  LoW to  r o n t i ~ ~ ~ l c  the 
l'romr, ' I ' l ~aye tm~o  and Tong116 Triangulation in an  eastcrly clircction as  close to tile front,ier 
as  pnrctir;lble. 

Mr. J .  W. Mitrbcll was orderc,il to take 1111 a (.11ai11 of trinngles from illc Ri~lc k[yiyil)cngl<y6- 
Th6y':khli of t h e  Enstern Frontier Series (wl1ir.11 m:ls : ~ p p r o s i n ~ a t ~ l ~  ]:Lid otlt Inst liclil scaron) 
in a 11nrlhcrl~ directiou, througl~ 'I'onghli till the f r o ~ ~ t i e r  was rc:rc.lled, :11111 tllell to IIrOerCd 
westward and ronnwt  with Mr. LIIIV'S tri:~ngulat,ion. a i r .  D. J .  ~ ~ ~ l l i ~ ~  to a,ntinlle tl,,. 
k?naoon and Cowt l'riangr~lnt.il,n townrds the Krirtn:t Sl~oal ligllt-holl.qe. D l l t  an tllis work 
could not I)c rcsumed till the count,~.y was dry, ahhut the  I)c.ginning of J:lnllary, Ire w w  ortlcrrtl 
to determine the lwit,ion of t,hc sm:~ll town of XIinji to tllc sl,lltll-east ~ ~ , . a n a o n g ,  to 
q.oml)lrtc the ~rinngtllation to  llctern~ine Hcnza<l:i, thereby relieving M ~ .  ~ ~ ; . ~ ~ l ~ ~ ,  coultl 
takc t111 thc cxtcnsion of thc firat chain of tri:tngIcs. 



5. Mr.  Bevcrlcy mas engagtd on the I-1enz:lda Dranch Seriea, where he took ol~~ervat,ion. a t  
five .tations ancl a t  oue hill st:~tion of t l ~ e  main tri:tng111:1tion, thcrehy r l e t e rn~ i t~ i r~g  thc  rnrritmionu 
of se\rer:ll l ~ ~ ~ i l t l i u g s  in 1~enxn~l:i .  T l ~ i s  ~vorl; or(wpierl him r ~ m r l y  to the  end of I ) r cc~n l~e r .  He 
next took I I I I  tllr c,xtcnsion tnwa~.ds C! : I~I~  Ncgroir;. Mr.  I3c\,(~rlcg carried t,his t r i a ~ ~ ~ ~ ~ l n t i o n  36 
nlilrs i l l  :I direct line Lringing domn tl1c2 t ~ . i a ~ ~ g ~ ~ I : ~ l i o n  to the civil station of Ilassrin, and lil;ewisc 
delerlrlininR t l ~ c  !lositions of sorne in~portaot  points in th:lt stat,ion. I I e  bad III I I IPII : I~  difli(811lties 
to rontrr~d with (luring the  ficld se:tson. '1 he eonrrc of t he  Cape N ~ g r a i s  ' I ' r i a~~g~~la t ion  is 
se.cctc(l n.it,l~ one flank on the low I~ills on the Arraean Ynm:~s, and tho ol her flank in the  plainc;, 
tr, avoi(l cr~l~anced cxl~cnse and delay b:~d the  t r i ;~ngo ln t io~~  lleen whr~ll,y in the   l la ins or on the  
unillh:lllit~.(l Ilills. III t.he 111:rius :~~ lvnn tage  is t :~keo of isolated pqotlas nn one of t he  Illatforms 
or ralnl,s of which thc  stnt,ioo is scle(-tecl, t l~erehy raising t,hc s ta t i i~n 20 to 30 feet shove the  
snrroullding co~~n t , ry .  The hills in t.l~e n;~ssein district :Ire ~~ninh;~bi te( l ,  ant1 are never visited by 

any tllc inl~:~hitants O F  the  plaius to the  cast. l 'hey arr also of almost equal elevation, flat- 
toplled and covl~rtrd with a tlensc forest,; l~ rnce  the  dificulty in lir~ding the p a r l i c ~ ~ l a r  hill 
4clectcd in a l:uge block: to wl~ich is a~ldecl the  ~ ~ n w i l l i ~ ~ ~ n c s s  of the  villagers to leeve their 
homes be :Imay a t  night. 'rlie d i l l i c~~ l ty  is to  ret,ain them for more t l ~ a n  a day or two. 
~h~ hillP gc~~rrall ,y recluire extensive clearing before they cau he us1-d for t.rigonornet;.ical pur- 
poses. In t , l~e l > l : ~ i ~ ~ s  also gre :~t  difficult,y is exl~cricnccd in cnrrgin: lines thro11g11 swamps. 
brr. ~ ~ v c r l c y  lost moch valuable time owing to  tllesc swamps and the low foresl-clad I~ills. 
M,., ~ ( ~ ~ e r l e g  close(1 work on t,he 2 l s t  April and retnrned lo recvss quarters a t  Mo~tlmcin on the 
.tnd hlay. O n  the  18th  idem, having obtained furlough, he made over charge of the  par ty  
t o  rile. 

6 .  Rlr. J. Low, Surveyor, 2nd rrade, rcjoiued from four months' private leave a t  Rangoon 
the forenoon of t,hc 20th Novrml~rr ,  having received in s t r~~c t ions  to  extend his last season's 

triangrl\:~tion from Thayrtn\yo along the  frontier towards Tong116 ; he  left  l hngoon  by steamer 
a t  ' rhayeto~yo on the 2!)th November. 

7. )lr. Low extended the  secondary triangulation 41. miles by six stations, forming two 
figures, terminating t,he series for the season on the  l'egu-Yotna monnt:tins. Much of his t ime 
was Ilp in marc l i i~~g ,  and he had to  visit his stat,ions t\vice or three times-once to select the  

nllcl a second time to  ol~serve t , l~e  a l~glcs  from it .  l n  a wild country like Burma, 
flat-topl)ed hills of almost rqual clevat.ion, covered with dense forest, far  removed from 

tile nearest villages ancl nothing to dist,inguish one hill fro111 anotller, it. is very dilfieolt, to 
pl:~l,io~ls. '1'11~ Surveyor finds it i ~ n ~ ~ o s s i l ~ l n  to send ally one of his establishmel~t on 

tllis task rncrrly Ily pointing ont t.l~c, hill to him ; he h :~s  to visit thc hill himself, select sncl clear 

i t ,  rrst,ur~i t,o t:tke ol,ser\,ations to it,. Mr. Lo\rr has :llso det,ermined a few l~ealrs on the  
A ~ ~ : ~ ~ ~ ~ ~  :~nd  Yep11 Yomas ant1 n few other points, t,hc heights of wl~ich be has also determilled. 
I tllillk Mr.  h t v ' s  out-turn of \vork is satisfactory. 

8 .  Owing to the unl~cal thy nature of (,he country Mr .  Lonr nrorked in, his llealtll has 
snfferctl ; he had t,o leave nu me~lical rert,ific~atc for six weeks during 1l1e field s(,:~sor~, :lnd since 
llis reillrn to recess he  bas suffered r e p ~ ~ ~ t c ( l l y .  I-Ic II:IS I~et>n nnder the  Civil Surgeon's tre;rt- 
nleut for somc time, and is a t  the present m o m e ~ ~ t  Ear from mell. 

9. Mr.  J. TV. Rlitchell, Snrveyor, 4,th gr:~de, left lIoultiiein for R.:~ngo~rn on the  9tl1 No- 
venlbrr. On l l ~ r  I 3111 he start,cd for 7 ' o n ~ h J  to take up tllc t~'iangulat,ion to ' I ' o t ~ ~ h J  from a. sitle 
of t l lu nast,crn Front,irr Serirs, st~rnr of the stat~ions of \vllic8h llnd the  l ~ r e v i o ~ ~ s  s,-:~son \Ieen 
l)arl'd Ily I l in~. Mr. Mitchell cxt,ontled the  t,rinngulat,ion to t he  Burtnesc frontier, a d ishnce of 
56 miles, and det,erminedthc po*it,ions of t,bree poillts ill the  station of T n r ~ ~ h u .  13v the nliddlp 
of ,f&ynar.y there was n Ilrcak of only 50 miltxs i n  t,hv tri;i~rgnlntion between tile work 
Messrs. Lo\\, and Mitchell, w l ~ i c l ~  311.. Heverley considcrcd moultl rcquirc! one Sllrveyor to corn- 
pletc ( I~l r ing the remainder of t he  fitdd sen so^^ wit11 fasorirl)le \\,eather. Hc, t.I~crcTo~.e, reqllcstc(l 
MI.. Lo\\' t t )  form the  connect,ion null Mr.  hlitcllell t o  return and join b i ~ u ,  t o  :1ssist in t.he 
Cape Ncprais ' r r i a ~ ~ ~ ~ ~ l a t i o n  and to delerminc poil~t,s iu  the stnliot~ O F  Base in .  [illfortunately, 
Mr .  Lorn was just tl1c.n t:~lten ill, as  ~~r tv ions ly  stated. 0 1 1  his return from sick I(.avc, Mr. Low 
mas o ~ ~ l y  a11le to con~plr le  111~. :lrl:rlrs Ilc 11:al left  lllllilli~lled. IIcnce there rc.lnnins t,llc bre:lk of 
50 ~ni lcr  I~et,wrcu Mr .  LOW'S : n ~ d  XIr. Rfitr:l~t?ll's trinnxlcs, wl~ich,  i t  is Irol,ed, \vill cllml)lete(~ 
nrxt, tirltl senson. hlr. hlitclicll mr:rn\vl~ilr lef t  Tongllti fur Birrsein, ant1 arrivcd a t  Itnllgnon on 
t l ~ e  16tl1 Marl-11. 'l'hcre he mnitcd n f(bw 11ays to entertain some mvn, alld arrivcn(l ~ { ~ ~ ~ ~ i , ~  
on tho 2B11tl March. Mr.  hlilcl~cll  ol~scrvccl I~o lh  Ilorizontal :~ntl vertical atlylrs ;tt tIvo st,alionh- 
in thv town of llafiseiti, and live in Ihe Calle Negrais Trinn:rl~l:~tion. Mr.  hlitchrll s tnks  thn t  
l ~ i s  sl:ttinns ~ I I  the  T o t ~ g l ~ l i  T~.ial~:.nlstion \yere all in ~ ~ n i n l ~ : ~ l ) i ( e d  I~ills, and 11e t*xpcriellcntd 
clillicr~ltg in visitjinx t l ~ c ~ n .  N r .  3Iitc-l1cll c lo s~d  work on t l ~ c  22nd May ant1 : ~ ~ . r i ~ e t l  ~ t : l r l ~ o n l l  
~ I I I  thc 2.ltl1 May. A t  K:~ngoon IIP  was at,O~c.ked n,iI.ll caholc~.:~, wl~ic-h n7cakrnetl hiln collsidrrallly, 
t l ~ e r e l ~ ~  l~revcnl ing his rrlurn 10 recesq a t  h1onl111cin till t l ~ c  13th  Jooe. I l l  Mollllnein, too, 
Mr. h l i t ( ~ l ~ ~ - l l  11.1s snffercd from illnc~ss. 1Ie was attm:ked mill1 r1yscntc1.g solnc ti lne 
tIio11g11 r~ndcr  the  Civil Su~.gc(ln's treatment, he h i ~ s  not yet  quite recovered fronl it. l l i s  
l,rogrvsq, I I I I ~ I I ~ ,  Ins  II(VII s~~tisl ' i~elory. 

10. h l r .  (:allins lefl. M o n l m r i ~ ~  OII the  91.11 Novernl~er, and up  to t he  1 7 1 ) ~  itlcm he n.wu 
cngagecl in rnrrcnt cflirv dutit>s will1 Mr.  tccbvl*rley, n , l~om 11e n c c o ~ n ~ ~ ~ i ~ ~ d  to  Henzada, 
MI.. Collins' mrnp was srnt  I J ~  Ian11 to hlinji, wl~ich sm:lll ~ ~ I \ V I I  Ile W:IS r , .q~lestctl  to  tletelmine 
t l ~ v  posit.it~n of. I\leanwllile Ile as6i*tcstl iVlr. Llcvcrl~!y : ~ t  I~ rc l~z :~d i  till t . l~e 26th Novernlrer. lje 
lelt. 11s s len~ner  I ~ I I  the 2Ttl1 N o v r ~ n l ~ c r  for l l i t ~ j i ,  n,ll?re he urrirctl thr  same dily, on corn- 
ploling ol~scrvalions :I( hlitrjl, 11e relnrnrtl ~ownr(ls Ilcnaacl6, 11:tving been i l la t .n lc te~ to ubservl. 
a t  t l ~ e  two slntions to tl(.Irrniinc th r  p s i t i on  id tllc great p : ~ ~ o t l ; ~  "f H e l l z d ; l .  





being from 3 days Lhe least to 10 dnyn the largest n~tmher of stages; this could not be helped in a c o ~ ~ n t r g  
wllici, is allnost entirely uninl~abited, aud circuitoas routes bad to he hken .  I was lbrtunatc this sethaon in not 
h i n S  delayed rnnch more than a for t~~i*. l~t  frorn hazy \vesther, which in former seasons ge~~cra l ly  drterred oper- 
ations ror a considcrabl,~ Icn911 of t710e. A party of 16 mcn under the tiodal. ossistrd with such cooli~s nn 

be procllrrd from the villages, wns cmploycd t h r o a g h o ~ ~ t  the seasort to  I I I P C C ~ C  the main calnp. :elea~.ing the 
p+h and lnnliil~g i t  tbr the large tleodolitc and for elcpbants, a t u k  ~ c c o ~ n ~ l i ? i h e d  with the l e a ~ t  pos- 
srble delay to the camp." 

4. T h e  f o r e g o i n g  s t a t e m e n t  refers  pr incipal ly t o  Mr. Beverley's o w n  opera t ions .  Hi.: 

remnrlts u p o n  t h e  ins t ruc t ions  h e  g a v e  to Messrs .  C l a n c e y  a n d  E-Iughcs, a n d  t h c  m a n n e r  i n  
which  11is i t ls t ruct ions were  ca r r i ed  o u t ,  a r c  as fol lows :- 

(o). "nlr .  Clnncey was deputcd to cxtend the approximate triangulation; ho left by the steamer of the 
N r .  J .  C. Claucey. 7th Novcmbcr. iu~d  arrived a t  Tavoy on the 8th. 

( b ) .  " A t  tlre close of Inst ficld season, tho approximate t r ia~~gulat ion hnd been hro~rght  down to the 
&lybndOunS f igur~ ,  of which one station hncl still to be selected and onc other built: two moro stations i o  ad- 
valleo Ild been visited, nnd nne oE theni. Tounpliiln, built. Mr. Clancey rvas requested, beforr wmmencing 
work, to visit TounRhlin and,nnother hill near Tavoy, and thus proceed ul~wanls to  t l ~ o  base of his operation#, 
by lncans he ~vould ob ta~n  a very good knovvledgc oE the couu t~y .  Hc  mas xlvo requested, if possible, to 
lieep 011 to the niniu laud and avoid ~ i s i t i n g  the islands, n.lrich mould, I eonsidcred, bc a source of considerable 
dcl81y and expellac. 

(C). , 'By tbhe 27th January Alr. Clancey had laid out a satisfactory trianpalation, en~nprising (1) the earn- 
letion of the 3Irindoong fign1,e by the sel~ct ion nf one new stntion ; (>) the cornpletion of a qu:~d~.ilatcrnl mbich 

heen partial y scleeted last ycar; and (9) II I~exngon round Tonngshdn H. S. of the previon~v sen-on's work. 
'rwo of t l ~ e  ~ t n t i o l ~ s  oE this lust figure were on islands, knomn na the Noscos, avenging nbout 40 miles liom the 
opposite mnil~laud stations. 

( d ) .  "Mr.  Clnncey's reasons for making use of the islands were, that  Ile fo~ lnd  i t  impossible to continue the 
trinl~rr~llation on t,l~e mainland, aillee 11e could 11ot get s~litable sites on the fra1ntit.r range, and tho countrv to the 
cast \;.M ~ ~ ~ ~ i n l ~ a b i t e d ,  and rrnder thcse circomslances I think he a a s  justified in carrying the triaugulation partly 
011 the ruainland, and partly OII the isI:~nds. 

(c). "Mr. Hughes left BIoulmcin by boat on the 22nd November for Amherst, and thence hy land to Yeh, 

Mr. J.  0. liughcn. Irom \vl~icl~ place he was requested to cut a road [or t l ~ a  24-iuch tlleodolite 
and the clcphnats to  Sedomlg H. S., n rond which Mr. nossenrode had 

found it impossible to cut the prerioas ycnr, t l ~ r o ~ ~ g h  the duifadars he repentcdlg sent wit11 thnt ol?ject liiling 
time on neconnt of the difficulty in gclting the villagers to ~ ~ . o r k .  From Yell to  Scdoung, :L llistance of 

llearlV 30 milts, t l ~ e  eoun tv  is uoinhnbitrd, with the esception of a Tent huts about hnlf-may. :md coolies could 
not Gc proc~~red.  Mr. Hughes completed this task 11y t l ~ c  uiid,lle of Dccrmber, not, howevrr, without my having 
to sclld to Itis assistance all the IIIOII de t~~e l~e l l  l'r~111 the main ~ ~ m p  for ge~lrral rund-cutting. 

(f). " l ' l~e sccondwy work ~rpon wl~iclr hlr. Hughes was afterward e~nploycd mas the lletcrmination oE the  
Imsit,ioll of rhayiltounzil (the Threc Pagodas), the uwll-known boul~dary betwecn diam nnd Tenasscrim ; also the 
clr t r rminnti ,~~~ o'f the position of the town of Yell, and uther points; ivbiclr work, I erprctcd. svould employ I~inl  
to tile middl.: or Februarr, wl~cn 11e was to ,join the ninin camp n!,oot the Lime of Captain Ilill's nrriral. I left 
i t  optiol~al with him to determine tho positiou of P h a y l t o o ~ ~ z u  e ~ t b c r  by a ser ie~,  or directly from the principnl 
s t n t i ~ ~ ~ r ; ,  if \-i-iblr. Xr .  Hug l~es  adopted the latter plan, and completed the oeccss:rry obscrvstioos nt one of the 
two p r in~ i~ ,n l  rtotions chosen for t l ~ c p ~ ~ r p o s e .  U~~fortunntely, when 11e nrrivrd : ~ t  t l ~ e  second, bad wcatl~er Irad set 
in, and lollg nidcs c o ~ ~ l d  no longer be obecrved. He  re~nnir~ed on thc spot ns long as Iris prorisio~~slastctl,nnd then 
finding t l ~ u  l~aze did not clear, left the plnce and joincd my camp OII the 2nd RIarcl~. 311.. Hughes n-as next 
dclncl~cd to determine the poaitioa of 0nbe11gl;nen villsxe and tnTo p a g o d ~ ~ s  in tho Myindouag tigure, ivbich 
Ile nccomplisbed oud joined the maill ennip on the lid1 March." 

5. A f t e r  Mr. H u g h e s  l lad jo incd  t h e  m a i n  c a m p ,  m a b o v e  s t a t e d  by Mr. Bever l ey ,  I 
de tached  h im- ( I ) ,  t o  select  a n d  b u i l d  s s e c o n d a r y  s t a t i o n  i n  a g o o d  posi t ion i n  the t o w n  o f  
T a v o y  ; (2), to he lp  Mr. Claucey  by c l c a r i u g  t w o  h i l l  t o p s  w h i c h  M r .  C l s u c e y  h a d  fixed u p o n  
a s  s ~ t e s  f o r  p r inc ipa l  s t a t i o n s ;  (3),  t o  p lace  a secondary  s t a t i o n  u p o n  the well-linon.11 p c a k  a n d  
I s n d - m a r k  N w i l a b o  (OX'S H u m ] ) ) .  He selected a n d  b u i l t  t h c  s t a t i o n  i n  T a v o g ,  a n d  n iade  
s o m c  p rogress  wit11 t h e  c l ea r ing  of the hill tol ls ,  w h e n  it b e c a m e  necessary,  i n  consequcnce  of 
the conclusion of the pr inc ipa l  obse rva t ions  a n d  the a r r i v a l  of t h e  m a i n  c a m p  a t  T a r o y ,  t o  ca l l  
in hot11 h i m  md M r .  C lanccy .  T h e y  r e x h e d  'Tavoy o n  t h e  t P n d  Apri?, a n d  t h e  w h o l e  p a r t y  
( excep t ing  t h e  e l e p l ~ a n t  e s t ab l i sh lnen t  a n d  s o m e  other m e n  1 t h o u g h l  necessa ry  t o  l e s v e  b e h i n d )  
s t a r t e d  f o r  M o u l m e i n  o n  the 2 J t l t  Apr i l .  

6. D u r i n g  t h e  rccess  t h e  p a r t y  h a s  b e e n  chief ly employed  i n  r o m p u t i n g  o u t  tlre w o r k  
d o n e  d n r i n g  the field season.  A col ls iderablc a m o u n t  o f  t i m e  I I ~ R  a l so  been  t a k e n  u p  in 
classifying a n d  r e d u c i n g  t o  o r d e r  t,lle r ecords  of t h e  p a r t y .  T h e  t , r ans fe r  o f  t,he 
s t a t ions  i n  t h e  A m h e r s t  d i s t r i c t  t o  local official protect ion,  w l ~ i c h  w a s  stopped by t,llc l a t e  08- 
c ~ a . t i n g  D e p u t y  Commiss toner  of t h e  d i s t r i c t ,  h a s  b e e n  proccedcd w i t h ,  a11t1, o ~ v i n g  t o  t h e  
wi l l ing  c o - o p ~ r a t i o n  of t l ~ c  p r e s e n t  Deput .y (!ommissioner, h a s  been  a l n i o s t  c o ~ n ~ l a t c d ,  o n l y  
o n c  s t a t ion  n o w  r e m a i n i n g  t o  b e  t m r ~ s f c r r e d .  T h e  pe r fo rmances  of t h e  2.lt-incl1 theodoli te  
11aving b e e n  compla ined  of b y  Mr. Tlcverlcy (v ide  p a r a g r a p h  (d) ((1) I examined it, alld finding 
t h e  Y s  n o t  q u i t e  pa ra l l e l  t o  e a c l ~  ot,her-s d e f e c t  I h a d  n o t  t h e  m e a n s  of r emedy ing- I  s e n t  i t  
o n  t h e  1Ot.h J u l y  t o  t h e  M a t h e m a t i c a l  I n s t r u m e n t  D e p a r t m e n t ,  Calcutt,s, for repnir. 
Beverley w a s  q u i t e  r i g h t  ill b r i n g i n g  t o  not,ice the irre,oularit,y in t h e  work ing  o f  tile tlleodolite, 
I ~ u t .  I bel ieve IIC w a s  mis t ixke t~  i n  t h i n k i n g  it mnu a n e w  d e f e c t ;  f o r  Mr. Clnncey, 
hIr, Rosscurodc 's  recorder, i n f o r m s  m e  t h a t  M r .  Rossenrode  used  to s l ~ f f e r  incnuvl .nicl l~c frolll 
i r r cgn l :~ r i t i ca  of r e a d i n g  s imi la r  t o  t h o s c  dcscribcd by M r .  ]3ercrley, alrd I [illcl tll;lt, j l ldgr( l  lIy 
t i l e  ave rage  tI 'itIllglll~r e r r o r  mld  prol)nl~le  e r r o r  of a n g l e r ,  t h e  qllnlity ,,f >Ir. ]jcvc.rlryfs o])aerv- 
a t ions  a l ~ l ~ r ~ ~ r s  t o  h e  m n c h  011 n ]):lr w i t h  h I r .  R o s ~ c n r o d e ' s  nvc ragcs  for  tllc ~ ) F ~ , . P O ~ I ~ ~  three 
n ~ - m o n s :  s o  t.hnt l h e  i ~ ~ s t r o m e n t  \voultl n o t  acvm t o  l lavc rcccnl,ly Ilnrlcrjionc! :,nr spllsil)lr 
~ltL't'ati011. 011 t h e  1 s t  Srlll?llllnsl., l f r .  D. J .  (!ol l io ,  Assis tal l t  Snrvcgur, l t l l  gmdc,>,,irle(l my  
p a r t y  fro111 tl~c! Burma pa~ty,  Mr. I-Iuqhcs I ) e i ~ ~ g  : ~ t  t11e s;rrnc t i m e  t r ; t~ le fe r re , l  to t h e  lat ter  
p a r t y  i n  h i s  l~ lncc .  to 



7. During the field season observations werestaken a t  twelve principal stations, all of which 
\vwe duly closed except the  initial oues of next  season, and a t  s i s  secondilry stations. ~h~ 
avcrnpe cost of the  season's operations, as  calculated by the  departmental method, is Rs. 11-13 . v 

per square mile triangolntcd. - 
8. llllc se\rcral oper:~tio~ls of t he  par ty  have not  been unifornlly successful drrring t,llr 

p s t  scasoll. The principal series lras beeu well conducted by Mr.  Beverley. I-Iis preliminary 
nrr:l~~gemeuts for taking the  tield were good, and proved quite ~ ~ ~ c e s s f u l .  The  q1lantity of 

principal tri:sngnlation completed only falls short by 558 sr1n:ire miles of Mr .  R~ssenrode '~  
yearly average sillre the  resumption of operations in 1373, ant1 its qu;ility, as already stated in 
I)ar:~grnl~l~ (i, accords very well wit11 that  of Mr.  Rosseurode's mark during t h e  s:~me period. 
TIlc ares of the  secondary and millor triangulation is the largest wl~ich b:ls Ixen obtained sillce 
(lie r e s ~ ~ n ~ ~ > t i o n  of opcratio~ls, and although the  area of the  principal triangulation docs fall 

ot' t l ~ e  average of thc preceding seasons, t ha t  fact is accoun(etl for and justified by the 
shortelliug of the  time snital~le for observations as the series proceeds soathwards. No  useflll 
~ I U ~ I I O S C  c c n l s  to be sr~bserved by t,ryiug tocont i~ruc principal obscrvations in  Southern Burmnh 
I)cyoncl thc  early part of April, by which time the  last breali in the  hot weather hazc may 
csl,ccted to havc talien place. Work was, therefore, closcd a t  the  tinle already meutioned, and 
1 {onsidel thc  out-tnrn ;cry cretlitahle t o  Mr. Beverley, esl~ecially as, owing t.o t he  great lc11~1h 
of tllu difficulties ar~cl circnitousncss of tbc  routes, be was o l~ ly  a l~ l c  to spend -1-4 days in u t n : ~ l  
ohserving out of a tield se:lson of 156 days' dur:~tion. It is to be rcgrctted tha t  311.. I-Iughes 
fsilcd to determine the position of the well-known "Thrce Pagodas " nrl~ich are sitnated ou the 
road from Aloulmein to  Bangkok a t  the  exact spot where i t  crosses our frontier. Althougl~ 
tbe  pagotlas are now in ruins, as  a bonndary marl; they are very important, and their posi- 
tion ought to be tixed a t  the  lirst availuLle opportal~ity. 

V--Extract from the Yarrative Report, dated 21st September 1877, of Captain M. W. 
Rogers, RE.,  Offg. Deputy Superintendent, 3rd grade, in charge Jodhpore Seriee 

The party t,ook the  field in Octobcr 1876 : thc first det:~chment undcr Mcssrs. Price and 
Torrelrg left  on tfe 16 th  October, ant1 marcl~ing direct t o  the  series, commenced work on selec. 
t i o u a l d  I~uiltling. 'l'he main ~ m r t y  left Al)oo 011 the 29rtl October, and marched to 
Cllncl~ra, in Thnr and PArkar, and thence to llojl1r6 H. S. of tllc Karhchi Series, one 6tati011 
of tile init,i:tl side of the ntbw Series, "'l'he Easbcrn Sil~tl" priucil)al ol)se~-vations wcrc corn- 
I1lcnced {llere on tbe  20th Novcn1l)er : from t,hnt date tlw ol~serv:~tions \vc.re carried dn continn- 
o ~ ~ ~ l y  (h roug l~  t l ~ c  Thnr arid LJRr1<:lr llistrict of Pintl, t l ~ c  1Chairpur State, a11cl illto J~ysululerc, 
and were closctl a t  Dhannl~o I-I. S. on the 18th ;\l:lrcl~. 

'I'hc weather mas, on the n~hole, very favoral)lc for ol)scrvations until 3larcl1, when, as usual 
in the desert, high ~ v ~ n d s  nnd dust-storms con~n~enced ant1 made ol~scrviug tlillicult and tedious. 
,, [he  following is a gener:~l s ta te~nentof  t,he season's morlc : 96 nt~glcs Isere obscrv~,d : ~ t  28 I)rinci- 
pal stations, forming 1, I~esngons, 2 cluadrilaterals and a portion of nnot l~er  hexagon, lising iG 
11cw p r i ~ ~ c i ~ ~ a l  sl:~tions, c n ~ l ~ n c i n g  :III : I~C:L of 2,4,5> srlr~are mil(.s, ant1 extendiuq the  sc~rics 125 
lnileg along the  nlcridia~l. An  azimuth w:~s ol)scr\,etl at, Mali;r 11. S.  to two c i r c ~ ~ m ~ ~ t ~ l a r  stars. 
The apl~rosim:~tc Scrivs was estcndcd north '33 n~ilcs.  T l ~ c  position :~ntl hcight of tllc! town of 
Un~nrltot n9erc lixccl, and 28 Kt:vcnoc S~trvcy st:rtin~~s were itlcntilietl :lntl lixed in I i e i ~ h t  and 
1x~>iti1111. J l r .  Price was in charge of the  aplroximatc series : Ile sclcctetlJ1 ant1 built 1 0  lwi~~ci- 
1':11 : I I I I ~  5 seco~irI:~rv st:~t.i~llls. co~nl~le l  ing the sclr>c.tiol~ of the I ' : :~stcr~~ Sind Serics. I l c ,  :ls usonl, 
n - ~ r k c ~ l  well and stcatlily, and w c l ~ n ~ l ~ l i s l ~ e d  a good nn~onn t  of morL, ~ ~ o t , w i t l ~ s t a n d i ~ ~ ~  the draw 
IJ:I( I;.; of :III r~nfnvolxl~ e coln~try. J l r .  'I'orrcns took up the  bnilditlg on the ~ ~ r i ~ l c i p n l  ecrics and 
c i ~ ~ n ~ ~ l e t e , ~  19 staiinllA I I ~  t11ca closl,  I ti pr ic ip~l  st;~ti{~lls, and, in :1aai,i011, 11, i(lc~~t,iiietl and 
n~arl;ed a I :~rxc 11nn11)el. of I t c v ~ n u e  Survcy stations, and did a co~lsidcrablc : ~ m o ~ m t  of sccoo- 
tl;~ry tris~~:nl:~tion tu lix them. 

'I'Ilr I~lli~dillg n~~cr :~t ions  O E  ~ I I C S C  desert series, i u v o l v i l ~ ~  in most cases t l ~ c  armngcn~cnts  fur 
lu:~lting bricks, rind in :ill cases a larae a n ~ o u ~ ~ t  of t r o ~ ~ l ) l c  i11d nrr:~llgcment for the t l :~~~sl ,or t  
of I~riclis, stones and lime to the varivus sites fl.on~ I O I I ~  rlistnnccs, arc of all n n r ~ s ~ ~ a l l ~  : I ~ ~ I I O I I S  

I I : I I I I ~ ~  ; and L \v:~s l11uc11 pleased with Mr. 'I'orrcns' c s e r t i o ~ ~ s  :untl g c ~ ~ e r n l  work, \vllicll 11111~ 
~ , n ~ i ~ l c  Ili~n to his llromotion rvht~nevrr tllc stale of tllc T ) ~ ~ ~ : i r t ~ n e ~ ~ t ,  ~ , ~ r r n i t s .  Mr. l'rnnty ac- 
<.(t~nr~:~ni(.d rnc as rccortler during tlle mholc of the ol)scrv:~tious, a11d :lEtcr t l~c i r  cor11~~1~ti011, I IC  
I:l~~5ctl P ~ Y C I I  station.; of thc prinvill:~l scricn: I IC  h:~s \\~orlcctl vcry \well, :ln(l is in all rcsl~ccts a 
K , ~ , ~ t l  ;unll nset'ul assistant. 'L'he health of the  ])arty t l u r i ~ ~ ~  the  ~vllolc seesol1 wns very Koo(l. 

, s  111e c ~ ~ u n t r y  t h n ) n g l ~  wbich t,he srries parsctl tllis sencon is, if I~ossil~lc,  :L rnore tlcs(~lnlc 
~r ; l r t  of d ~ * r r t  th:111 any n ~ c t  with on tllc Jotlhprvre Series. To~\rard: tllc so11t11, ill the distrivts of 

. . .II .~ntl  lJirli:lr, the c o u ~ ~ t r y  is a s~~cce.ssion of Ilnrrclw sa~~t l -hi l l s ,  s~~mc(.ilnes of c~~~nsitlcmblc 
livi:l~t, rr1111li11r fro111 t;o~th-\\ .~sL to 110rth-enst ill l)erfrclly pal.:~ll~sl 1i11cu : t . l ~ c ~  arc  I I ~ ~ I I ~ ~ , : I I I I I  111~ 
r i ~ l : ~ ~  cl~~stsr l * ~ ~ e t l ~ r r ,  tllan in H a j p n t a ~ ~ : ~ ,  nod t.l~k*ir sitlrr :~rtr 1n11cl1 Inclrc nl~rn~,t , ,  n ~ l d  :ires c l ~ n ~ ~ ~ ~ e l -  
10.11 111to rnvil~es 11p the action of r a i ~ ~ ,  alltl nrernver1.11 w i t l ~  low t1111r11 j ~ ~ ~ ~ ~ l e .  'rllis I I ~ : l l i t ~ ~  tr:~vcl- 
1 i t 1 ~  very tiriug :1r111 tcrliu~ns, :IS it1 n l a r t ~ h i ~ ~ ~ ,  t l ~ r  viIl:~ge tr:lclis 1 1 ~ ~ 1  to  f c l ~ ~ O I T c n l ~ ,  :111(1 1011; 
I I  m a .  T h i ~  ro~nl~incd wit11 the heavv s;lnd :II I I I  tllc roni.inonl 111, : I I I ~  ~ I O I Y I I  l~ill .  C ~ I I F C ~  

I:rw :ll~~lllt  50 nli1c-i :IIUII:: LIIC wcslcrn aigIc vf tile scrirs the  country m:16 inrc~~(I:alctl, nllrl 
. I  v;l3t eXlXIl1W of \v.ltcr strctchcd as car ns the eye colllcl rcacll. tllr.6!, of Umnrliut, bvhe~ 

in rnnl.cl~in~ 



\visited, was surronndetl on two sides by matcr, which came up t o  t he  I)ase of the  for t .  In  thc  
,north of 'I'hnr and l'brliar, and in  Khairpur, aud the  western portion of Jeysnlmerc, a new pl~cno- 
plenou is mct with. This is the  "Draens" or exl)anses of s l ~ i f t i ~ l g  sands, nlany miles in ex- ?';" and scattered liere and there amongst t he  desert sand-hills, which arc cotnpar:~tivcly 
f e ~ l ~ l e ,  inasmuch as  thcy are I~ound together and covered with coarse grass a ~ l d  stuntcfl  
ehruhs. Thcsc " DmensJ' hnvc no vcgetation, sud  tbcir surface is continu:~lly changing, anrl 
Ale sand in them is i n  one ~ l a c c  scooped o l ~ t  into funnel-shaped hollows, and in :~not,l~er 
t h r o n r ~ ~  up into Ire:~ntifully-ror111(1ed hills. They wcre scldorn c!rossccl, Lut whcn neccssitv 
comlwlled n. march ovcr one of them, the  road hat1 to  be inspected ant1 prepar~ul 1)cEorehautl ; 
+nd lire milcs nns  a fatiguing marell. Curiously e n o ~ ~ g l ~ ,  in spots i n  these " l)meus," t,herc arc 
wells of water on small pieccs of hard ground, which seen1 to IIC spored Ly the  r ~ v c r \ r l ~ e l n ~ i ~ ~ g  
sand, :lnd in these n.clls t l ~ c  matcr is invariably good. 'I IIC " Drat-us" are very nrilncBrous, from 
about 2G North L:~titude, and extend ~ ~ o r t h w a r d s  some i 5  miles. 'I'hcy impoverish tllc :rlrc~ndy 
sterile country, and I a m  iuclined to thinl; t ha t  t he  acme of desolat,ion is rc~achcd in Easteru 
Khnirpur anrl Tl'estcrn Jeysalme~.e. 'There are no crops, : ~ n d  the live ucarly entirely on 
milk in various forms, aided by a little " hajri" and " n ~ o t "  imported from Sintl i n  e x c h a n p  
for sheep. Thc inhal)it:lots sxy tha t  thc  "Dracns" travel gradoally north\rards, I)ut vcly slowly. 
'I'he summit,s of these I' Dmeus" ricc to s considelable height, ill many cases oyertoppiug the  
sand-hills; and i t  bcca~nc a matter OF considers1)le difficulty h) arrange the series, so as  to avoid 
the  s ta t io~ls  fslling on thcm. Notwithstandiug all the  care given to this, two s t a t i o ~ ~ s  had t o  
be placed 011 them; every attention was given to 1)oilding these statious nit11 all precautions for 
stability, bu t  1 a m  doubtful if they will remaill for long. Thevillngcs are of t l ~ e  same dcscrip- 
tion as those met with in t l ~ c  other portions of the  dcsert ; the  m:~ jo r~ ty  of the  I~onws  3re 
merely wigwams of I)rushwood, a house nritl~ mud ~valls being a r a r i t ~ ,  and I~rick and fitonc 
almost unlinon~n. With  the  exception of Umarl;ot there mas I I ~  place in  the series worthy of 
the name of a, torin. The v i l l~ges  are nearly, w i t l ~ o ~ i t  exception, built on the summits  of 
saud-hills, and very often a t  some distance from their wells, which are, of course, in t he  l~ollows 
betwccn the hills. The reason for this cnsto~n seems to  he, t ha t  i n  the  colcl c\.eatbcr t he  tops 
of the sand-hills are considerably warnmer thau t , l~e valleys, whcre thc  cold is son~etimes very 
great. Thc  party cxpericnced considerable trouble from the  di Wcnlty of procuriug drinking 
~vatcr ,  especially on the  exstern side of the  series, near j u ~ ~ c t i o n  of t he  four Sta tes  of Riarwnr, 
Jeyaulmere, Khairpr~r  and Thar and Pirliar, \vl~erc there is a tract of coontry  bout 80 miles 
I)rontl by 10 long without any c1rinl;ahle watcr, and i t   as with mnch difficulty t ha t  tnc  neces- 
sary supply for t he  camp could Le obtained. 

Most t~seful assistnnce was rendcred to myself a11d assistants in T l ~ a r  and PArkar, Khair- 
pur nod Jeysr~lmcre, where cvery th ing possible \\.as done by  the  local aotl~orities to help m y  work, 
and I I I ~  Iwst t11a11ks are due to Captain Cm\rford, the Sul)erintcndcnt of Thar  and Pdrltar, 
H i s  H i g h ~ ~ r s s  Ali R111md of Khairpur, and the  Jcysolmcre 1)urhar. The total cost of t he  part,y 
for 1Si(i-77, mas Its. 37,764-10-11, or lls.  15-6-1 per squave rnilc for t he  1)rincipal triang-111:~- 

'tion, or Rs. 14-8-10 for the  nrhole lriangulntioo. 1)uring the recess scnson, the  comput:~tions 
of thc scnson \vcrc brought up t o  date, a~l t l  :111 the  ~ n e n ~ h c r s  of the  Par ty  wcrc exercised daily 
in p1a11 tlrawing, and had some ins t roc t io~~s  in t hc  usc of t l ~ c  plane-table. 

VI.-Extract from the Narrative Report, dated 30th August 1877, of Major A. Pullan, S.C., 
Officiating Deputy Superintendent, 3rd Grade, in charge of the Kattywar Party. 

The out-tun1 of nrorl; for season 18iti-77 was an  arexof 1,7 1G sqnare iniles t o p ~ g m ~ ~ h i c n l l y  

Out-tarn of \Vnrk. su~~vcyctl,  alltl .',:6!2 s q ~ ~ a w  miles of triaugol:~tio~i prcl~ared ~ I I  

advar~ce, \rhilc r 52 l n~cnr  milcs of t r ave~sc  were execute11 ill 
nrcatc thc  bouudnrics of thc  valGos States, and to  chcck the  I , ~ I C - t a b l e  survey 

The total expenditure for thc snrvey dnring the past financial year wns Re. 70,032, and the  

I%sl~c1111it11re. o111-turn of wcwk fillally ron~l)lctrtl was 1,716 scll1:u.e 1nilr.s. 
'I 'l~us, tlctlnct,ing Rs. :;,tiUll cost of I~o l~nd :~ ry  snrvcy cs la l~l is l~-  

tncnt, we shew :XI arcrage cxpcndi t .~~rc  for finished work c~f Hs. YS-7 prr  s(ln:~rc mile. 
I\ 11ortir111 of l hc  country nntler survey \\.as vcry n~oudcd ant1 hilly, a1111 covebet1 \v i t l~  

intricntc KLY~IICS,  and thc  Snrvcy~lrs conltl progress bn t  sln\vly ; ad(l~,tl to t l ~ i ~ ,  I \\.;IS clcprivccl r>f 
Lhc sc.rvi(,rs of Alcsrrs J. Yryton and I\'. Ol~lh:~rn,  both gooil ~ ~ l n n ~ ? - t a l ~ l c ,  Snrvcyor*, who \vrrIJ 
t m ~ ~ s I ' t ~ r ~ ~ c ( l  t o  ol.her surrcye, 2nd 11:1d lo rcl11:lrc thcrn I)! Mr.  Ke :~ t ing  \vl~o, (11o11gI1 n l)rou~ising 
young S~~rrc ,yor ,  I1:ltl t,o 11c t a ~ ~ a l ~ t .  p ln~~e- t a l ) l i l~g  nS i ~ l i f i o .  One of 111y Lest. n:itive ~ ~ l a ~ ~ ~ ~ - t : ~ h l e r i ,  
Nilliil~~L Vital, nr:ls also lait1 up Ileforc he 11:1d coml)lctc~l one l~ln~~c-t,al)lc,  ant1 t a l ; i~~g  his t l i s c l ~ n r ~ c  
from thl: I)epnrtrncnt ~)rorcc,dc(l to 1'oon:t. RIr. G I V ~ I I I I P ,  I I I ~  I)edt, PI:IIIc-~:LIJIc~., W:IJ cn~ployt.(I, a t  
my I ~ r ~ a ~ l - ~ ~ ~ ~ a r l ~ c r ~  from 4th I)cre~nlrcr Lr )  25th  ,Jamiary, tlr:ln.ing the  fair m:~p oE Sllcct JS, 
\ \ . l~icl~ I I~nd not Lecn a l ~ l c  to (lo Innre t.l~:ln comlncnce in rccrss qnartchrs a t  POOII:L ; thus  the  
s~n : l l l~ r  r l ~ ~ t - l n r ~ r  of nrnrk, as c-o1111):1retl with ccnbon lh70-76, is, I think, fairly a c c o ~ ~ ~ ~ t c d  fur, a ~ ~ t l  
the a r n o l ~ ~ ~ t  crcc~~~t .c( l  this scasoll \\.ill 1101 I)c c o ~ ~ s i ~ l c ~ r c ~ l  ns i~~sulfiricnt, .  

'I'llc l':~rty stnrtctl for the  lir.l(l 0 1 1  1I1c 25th  Octohcr, t hc  I~ rnvy  Iragg:~gc :ant1 horses with 

I)t . l~~trlurr for the nelcl. t h r  s n l ~ o r ~ l i ~ ~ n t c  n:~tive cstablish~ncnt 11ror-urdctl, as  in fo r~~~cnr  
ywrs, 1.0 Gogo Iry " IJn(in~nr" I~nais,  nut1 :~rr i r~c!  tl111re I ~ I  till: 

5t,l1 Norv~nllcr af tcr  n r:~t,hrr rough p:ws:lge. Iiy t,hc 15th  of this month tllc v;rric,us S ~ ~ r v t > ~ o r ~  
trcrc 011 1I1eir road to (heir lr~ork, I n~ysclf ~woccccling, r:ii Jvtpur,  t o  l'ata~r\\.:~o, a t  t11c foot o l  



tile osham hill, while EIr, Gwynne proceeded with the  main camp to U1Jleta and set to work 
a t  the drnmin,o of f n b  SIleet 38, rnhile he also employed his moniiuqs in  inst'lncting'Mr. Keatin 

the use of tbe  plane-table. 
I commenced the  survey of Osbnm hill on the 5th  Decen~ber, and \\'\.as employed on tha  

alrd tile surrey of the  Bhadar river, and in t he  i u s t r ~ ~ z t i o ~  
Nnjor N. Pullnn. and daily s ~ ~ ~ j e r v i s i o ~ l  of two new plane-inblel.~, Mr.  Kentin 

and Naysu Dinksl, the 24th December. The remainder of t he  field scason I was employ 
. . 

in exrmllllllg the plane-t:~ble Surveyors, I~esides m:l l i i~~g a twelve d:~).s' march about the  (Sir £01 
to examine tile l~a tn rc  the ground on \vliich Mr. Bell was eml)loyed, a ~ t l  t he  charmtcr of 
triangolation. 01) tile 10th of April I reached Virewal, where I remained employed ' 

of p]:~ne-tsble borders ant1 misccllancons ofice work until the last plane-table ha 
examined by me. I then startcvl for Bonibay en route to my  rccess quarters a t  Poolla, 
statiou I reached on the l4.tl1 h l ;~y.  

Ur. McGill executed the  triangulatio~l of Sheets 54 ,53  and 56 iu  his usual good style, ;rnd 
completing his work on the  15 th  March he proceecled to 

Meoil'. E ~ * ~  A6sistn1't Supcr- Vira\val, where Ile occupied himself i n  bringing up  nogle books; 
irtendent. l>reparing abstract of augles, and a r r a l l g i ~ ~ g  t1ian0,le sheets 
for comp~ltation until  11th April, nrhcn he lcft  for Poona to assume chargcof t~l,"~l'idal and 
Leveling Party during the nbsence of Captain A. Mr. Baird, R.E. H e  was accon~panied by 
Mr. Fielding and Hewl Sub-sarveyor V. It. Gadboli, togethey with a small ofice c~tablishrnent. 
On errivnl a t  Poona, Mr.  hIcGill opened offire, :md, in addition to  his own special work, he super- 
intended t,he prepamtion and projection of f:~ir Slicet 50 of Kettywar. Mr. McGill's capci ty  
for work and his uutiring industry arc well kno\vn, and i t  is only necessary for me t o  say that, 
he worked this year as  he has always doue. 

Xi-. F. Bell was entrusted by me with thc t r i a t ~ p l a t i o n  of Sheets 39 and 49 ; the  area 

Mr. F. ReU, Survrjor. 3rd grode. 
triangulated by him mas 952 squarc miles, a portion of the 
gronnd being very thickly wooded and sparsely inhabited. 

AS far as I can judge a t  present from the computations, t he  work seems of qood quality, m d  
Mr. Bell may be fairly said to have done a creditable season's work. 

Nr. Gfuyxse was employed a t  my main camp from the  4,th December to  25th  January 
in d ran inx  fair map of Shcet 38 of Kattywar. A t  the end of 

Mr. N. C. (Iwy~loe. Suwcyor, 3rd 
@e. January I I C  proceeded to take np a  lane-taljle in t l ~ e  Ale& 

Iiills, n very laborions and d i l l i c~~ l t  piece of work, wl~icb he 
executcd most sliilfully, and wl~icli I foun~l  on examination to be most accnr:ltc in detail. 
Mr. Gwynne'n out-turu of field work was I 2 9  sqllilre miles. Mr. Gwyune worked, as he always 
does, hard and well. 

d l r .  f f e M i ~ , g  executed 173 square miles of topography in a very artistic and a t  the  game 
time cavct'nl n1allnc.r. I can only endorse again thc  f:rvorablc. Mr. W. A. Fielding. Arslstont Sur- 

veyor, 2nd gmde. report I have al~vnys had the  ldeasure of making on Mr. 
Pic.ldir~g. 

A/r. Elull '~ out-turn of work was 204 6quarc miles of topogrnphy, well s r ~ r v e ~ e d  and 
air. 0. ~ ~ 1 1 ,  Aruirtnnt ~alvegor, neatly drawn. Mr.  H:dl steadily improves, aud is a very 

3rd grnde. useful and n41inx acsistant. 
U r .  Codcry  shews a goat1 out-turn of 24G srluare miles correctly and neatly done. 

I regret that,, under existing circomstances, i t  is useles~ 
Mr. H. Corkery, ,\psistnl~t Su~ryor, 

4th gmtle. to h r i ~ ~ g  f ~ r ~ v a r i l  Mr. Corkery's strong claims for promotion 
to thc  ues t  grade. 

jy,. I\'erl/i,rg j o i ~ ~ c d  me in October, and nfter learning the  use of a plane-table, he 
exccute~l, under c a ~ ~ f u l  sopcrvision, l B 9  sqnare ~ni les  of correct 

)fr. J Kentin:, Aap!atnrlt Sarvr)nr. 
4th &r. 

and ne:~tly-drawn worlt. Mr.  Keat ing promism to malte n 
good plane-table Surveyor, and his season's work is lliahlv cre- .< " 

ditahle to him. 
dlr. G,rd6oli wns employed a t  my main camp tlllrina the  maior part of t,he sparon ~ I I  . - " -. . -. . - 

)Ir. Y. R. G:,dl~n,li, llcu~l S11b.sur. I~rojccting I)oi~~tR on pl ine- ta~~les ,  and v a r i o ~ ~ s  misccIInneo~~s 
va2v,,F tluties. H e  cxerl~ted 50 square miles of plane-tal)linrr correct- . . , .. . . 

ly,!,ut Iris dran.ing \vas feel~le and w&litlg in &pression. 
Mr .  CJadl,oli is more in his element In nu olfice than wlien eml)loyed on out-door work, 

Tllc r c m a i n i ~ ~ g  h plnne-tal)le S~ l rve~(bm all did good work, more especially Narsu Dinknr, 
who r~sctl n pl;ine-tal~lc for the lirst t ime very s~~crcsefully. 

The season ondcr review mnsavcry licaltl~y ollc, one or two cases of ~ P V I - I .  hcing all thcsick- 

1:~twrnI l~cnltlt. II(-SS the p:~rt,y \vas trn11hlc11 t\.itl~. T l ~ c r c  \rras, 1 ] ,c~~i lq-~,  ;I 
s l ix l~t  outl)~.rnIi of (4l111lrl.n a t  some. (tf t l ~ r  towns 011 thr 

scaLoaux1 ncar Yirawal ; I~nt., as fnr as  the S11rvc.y was con~~erncd, t h r  g r ~ ~ c r a l  11~altl1 \\,as cxrcllct~t. 

To the ~ n ~ ~ t l l - w c s t  of S l ~ r c t  46 Iics an intrir:ile net-worlc oF IOIV ra lqcs  I;l~nwn ns Ihe Alc,rh 

Sntllrnl fcntun-. hill*. Tlwy covrr all alrn:l of 60 sclll:u,e nlilrs, anil al,e s eq -  
sl~:wwlv inhalitrd. 'rlir f r ~  1-illngcs tlial t l~vrc  arc, IIW. I~lnrcrl 

in slrnny ~ w q i t i n ~ ~ r ,  and arc s ~ ~ r m o l ~ n t r t l  I I ~  ~ l r~l icr  torvc~r.;. r i ~ n ~ i ~ ~ ~ l r * r s  of  111c will1 t i ~ l l ~ s  tvht-11 t11v 
village ~ v a t ~ l ~ n ~ c n ,  mntchlorl; in I ~ a n ~ l ,  s c a n n ~ d  liillsirlc o ~ ~ r l  vnll~,v 1vit11 a n s i ~ , ~ ~ s  c!-r, rr-ntly k* 
mnrk an cnemy'zi ap!)roacl~ and give a timely alarul. I ' : ~~ r l l i e~~s  nbol~nrl in t l ~ c  narroyv g o r p  



of this range, brlt they are gradually becoming thinned aa cultivation and civilization advance. 
I n  a narrow valley not far from DhBnk, and 011 one of the eastern spnrs of these hills, are some 
very curious caves, now closed by order oE the Superintelldent of the Gondal State. Mr. 
Fielding endesvourcd to enter and explorc them, but  found them thoror~gl~ly I)locked up. 
These caves were a few years ago a private resort of the bands oE wanderil~g " Hharwattiau" or 
outla~vs, who infcsted the hilly country of Kattywar. These ruffians arc even now occasionally 
trooblesome in this part of the country, as, not t'llrther back than January Imt, a l~ody  of them 
at txl icd the small yillagc of Virdi, in  thc Alccl~ hills, and killed aud \montled several of the  
people. Another pecnliar fe:~ture in the country ul~dcr  review is the isolated Insalt hill of 
Oshn~n, which rises nhmptly from the plaiu to an ;~lt,itude of 1,032 feet above the sea. The hill 
is snrmountcd by a fort, oncc u very strong place, the ruined walls of which stretch round the 
I~ill ,  testifying to the strength oE the defcnces In days gonc by. Two good springs of water 
cnist on the hill, one near a temple called AIatri-l;i-Dcvi being especially p l c a s ; ~ ~ ~ t  to  the taste. 
Large blocks oE obsidian, singulnrly like coal, are scattered a b o ~ ~ t  and crop o p  along the basalt 
and trap, and there are mauy external evidenccs that  the hill is dccidcdly volcanic. 

Towns of importnnce. 
The principal towns which came within the arca of couutry 

surveyed this season are- 
I n  Sheet 44- 
Bh Jloton,/nr--Pop~~latinn 5,563 ; nndcr the jurisdiction of the  Gouda1 State. The  town is 

situated in a fertile, well-cultivated countrj?, the population being chiefly Mussulrnar~s, who IIO 
a ~hr iv ing  trade in cotton. 

Jodhpur-Population 4,001 ; a town under the J a m  of Nawanagar ; of some importance.. 
DhcinL-Population 2,8944; a town under the Gondal DurLar, formerly much more populo~~a 
now, and showing all the signs of a once important place llow falling into decay. 
I n  Sheet 47- 
Ul~le la -Pop~~la t io~~  6,500 ; one of t,lle largest towns under thc  Gondal Dllrbar, the  people 

Mussulmans, Kunbis and ILolis, the trade of thc  place Gcing in cot,ton. 
Dhoroji-Population 15,562; under the Gundal Durbar ; a very large cott,on emporium. 

'rhe Superintendent. of Police, Gondal State, resides here ; and,there are also large cotton mills 
under European superintendence. Dhoraji is l ~ e x t  to Jamuagar and Junagarh, the  most populous 
town in Kattywar. 

Ks~r/;yn'na-A town on t.he Bl~adnr river, aud belonging to the Xawob of Jonagarh ; in a 
q.onsiderJ~le place with a populatiol~ of 9,914. The surrounding couutly is very wel lcul t ivaM, 
,.otton as ~isual l~rcpouderat in~.  

Ba'~,tron-W'ith a popnlatiou of 8,832 ; is a large place, the residenceof a Bahi Sahib, a con- 
nection of the Najvab of Jan:~garh.  The little Statc of Uantwa is shared bctwccn three brotlrere, 
among n.hom the Bantwa Chief takes precedence. 

W'anthnlt-IVith a populalion of 6,056; is a handsome town on the Ubcn River. I t  is 
surronnded I I ~  some of the most highly-c~lltivated gmund in Katlywar. The t o w t ~  be loup  t o  
the Junagarh Nanab. 

I n  Sheet 50- 
Pn'tna-h fine, old, walled town on the ~onthcrn seaha rd  of Kattywar, n,il.l~ a popnlat,ion 

of 6,850 ; is remarkable for i t s  ancient. aud world-known IIindn Tcrnplc of Snninath. The 
t,cmple is now a veoeral~lc ruin fast falling to picccs, and i t  would be creditable to the Junagarll 
Durbar if some steps were taken t,o arrest the progress of its dccay. The  sand is fast silting 
I I ~  round the \)lack time-stained \valls of the old city; in  some places buts few fcet of masonry 
are seeu st.ruggling out of the cvcr-increasing sand heaps. A sand-bar blocks the shallow 
mouth of the H a ~ n a  river, and I never saw a place more Ihorougl~ly " a meuiory of tile paqtM 
than Pitan. 

Tirn7anl-Five miles west of Pfitan, will1 a popolation of 10,735, promiscs to be a place of 
iml)ortance. There is a rood lighkliouse on the pier, and iC thc Uurbar carry out to  con>- 
 letio ion their long-planncd, I)llt filowly-cxecl~tcd, break-water, the  port of Virawnl will afford a 
welcome shelbr to the various crafts wliicl~ ply along this roclry and dnnprous  coast. 

These two towns are closely connected one xvith Llic otller, and are comn~only apokcl~ a s  
liratcal-Prilatz. 

The rivcrs which arc noticeal)le in this ncasotl's worlt nrc t l ~ r  ilIu:, the Ahn,/nr, tile ?j[,!jrrl, 

Rivers. t,hc 17,cu, ant1 t,hr i f ~ ~ ~ n n .  7'11~ Noz nut1 the Uhatla~., tilo 
most conei~lor:~l)le strc:~nis io  K:cttyw:.ar, have hwn alre:lcly 

noticcd in former reporls. The C),jat, n ~Ievp ~ t r c a m  with :I v~rlritlcr:~l)le au~ t ,~ ln t  of water i n  
many plnncg, ifi joincd by t l ~ c  Ullcn ne:u W:ll~tllali, and, d t c r  p l ~ r n ~ ~ i n g  a tortuous c-ottrse t o  tile 
wrst, fnlls into the BI~arlar river close to its month a t  Navi U~ultlstr, on the s1101.e of thc  (;,,lf 
4,1' C11tch. 

The Iinrna tnlic:s its risc in t , l~e  I~cnrt of thc forest,-elad hills of t.11~ Gir, its rocky 
11ict11rescluc Il:lnlis, I -ov r rd  !\.it11 a denw g n ~ w l h  of " Kar:r~ida" bus11 and Jawbal," are tilc 
F:~voritc 11:111ntg I J  t l ~ c  lion and thc pant,hcr, nntl thc bcautiEul dream after willding its way 
t l ~ r o ~ ~ g h  n \vild woodr*d country emerges for a few miles into the plain near P a t n ,  and falle 
iuta the rea about a mile south of that  aucicnt town. 

I 
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~11.-Extract from the Narrative Report, dated 7th September 1877, of Lieutenant J. E. 
Qibbs, R. E., Officiating Assistant Superintendent, 2nd grade, in charge of the Gnzerat 
Party. 

1,ieet. Col. C. T. Hnig., R. E.. in chnrgn (until 16th March). 2. The personnel of 
~ i e u t .  J .  E. Gibba, H. E., (in chnrgc fntm l ' i tb  March until 14th .Tune inclusive). tlie Par ty  has been as 

M ~ ,  A. D'so117.n. 
A. U. I,. Christir. :: C. El. nlch Pee.+ 

,. J. Hirltic. 
,, U. I). C ~ ~ r s o n .  
,, S. F. Nor~nnn. 
,, C. A. Nor~unn. 

Sub-Sursqyors. 

31". H. G. Ferns.* 
,, A .  Grorgc.. 

Oop6l Visl~nu. 
Utjlbri~hna UJb&ji.* 

4. Taking Sheet 15 first into consideration, we find i n  i t  two towns enjoying municipal 
Sheet 15. self-government. 

5. The more important onc is thc city of Surat, in Lat.  21" 11' N., and Long. 74" 62' E., 
Surnt. 

having an aggregate pop~~lat ion of 1(17,14,9 according to the 
censos of 1872. Probably the earliest notice of the place is the  

mention of i k  invasion by Persians in A. D. 560. Muhammad Toglak Shall, Emperor of Delhi, 
backed the city in 1S50, and in 3512 i t  was discovered and sacked by the Port,uguese. The 
castle mas ercctcd about 1542 by Sul t in  Muhammad Shall, K ing  of Guzcrat, as a protection 
agaiust pirates and farangl~is.  I n  1573, after a brave defence, the city was surrendered to 
Akbar, the great Moghsl Emperor. After this Surat  became the chief seaport of the  Empire, 
the storehoose of the  riches of India, and the rendezvous of traders f n ~ m  all nations. The 
first English ship to  arrivc a t  Surat was the Ilector, Captain Hnwkins, in Augnst 1608, beaiing 
lettcrs from the Company and from King James I to the Great Moghal, Jali6ngir, requesting 
the interco~irse of trade. I n  spite of obstructiveness on the part of the jealous Portuguese, a 
treaty was drawn u p  on thc 21st October 1612 between Captain. Best and Shaikh Safi, Governor 
of Ahmedabad, nrliich authorized the establishment of an English factory, and the appointment 
of an Ambnssador a t  the Moghal Court. This treaty mas finally confirmed Ijy an Imperial 
farmin dated 25t,h Jnnuarp 1613. The Portugr~ese struggled long to suppress the English 
trade, hut wcre woratcd in  all the important engagements. l u  1615 the Dutch obtained s 
farm611 for establisl~ing a factory. l'he Frcnch and Swedes also started factories, but the  
history of their trade is not brilliant. I n  1G50 the English factors were imprisoned and had 
to pay heavily for their release. I n  1656 the rival companies in England coalesced, and in 1658 
all their factories in India and in Persia were placed under t,he control of the  President nnd 
Couucil of Surat. I n  1G62 Sir George Oxentlen became President, nnd under him in 1670 the 
 company'^ servants gallantly s:~red tlie factory and castle from the at,tacli of Sivaji, the great 
Mahratta Chief, who captured and plundered the city; he  had p11111iIercd the  native town once 
before in 1064,. The defence of the castle was the firet cngagemcnt between 1Suropean and Indian 
troops. I n  consequence of their generons defence of the  property of obhers, Aurangzeb gave 
the English further privileges. I n  1685 Sir John Child, the President, nvns otdered to remove 
liis seat to Bombay, where 11c was soon d t e r  appointed Governor General over all the Company's 
settlements east of the C:~pe of Good Hope. l'he English factoly now p:~ssed through many 
vicissitudes of fortr~ne, but, on the whole, prospered. III 174,s Moynn-ud-din scized the castle 
: ~ n d  assumcd the title of Na \v i I~  of Surat. On the 4th oF hlarch 1550 the English took the 
castle from the Nawib, and a clual (iovernment ensued during the reigns of 3 Nawibs, these 
conducting the civil administrnt.ion, while the E ~ ~ g l i s h  held the military and naval commands. 
This arrangement proving vcry bad, tlie Company obt,eined, by treaty on the 15th May 1800, 
from the N:iwc(b Nazar-nd-din, whom Mr. I ) u n c a ~ ~ ,  the Govrrnor of Bombay, had just placed 
1111 the " gadi," t l ~ c  ent.ire government of t,he city and dependencies of Snrat.  I n  1802, by the 
trcaty of Hassci~i, the Pcsliwn sr~rrc~itlcrcd 11;s intrrcsls in tht. city and zillali, and by the treaty 
of  Sirji Anj:~ngaon, Sindin surlr~ndcrcd all liis claims. I n  183.2 the last of the  direct line of 
Nnwnhs of the crcalion of 1800 died. 

Surat  lies on t , l~e  left bunk of lhc  Tnpti, about 1 3  n1i1c.s Born its mouth, and on the  chord 
of a long Ilend. The or~ter  wall of t , l~e  rit.y is al)or~r. 51 n~ilc-s long, and an irregular semicircle 
in shallc, wit11 12 gates, and some 4,0 lonscr-l,:~~tions at u11cqu:11 intervals. There used to be an 
inncr wall al,o~lt 21 miles long. The c.ast,le consits OF 4 mnssi\.e round masonry towers, con- 
nccted by curtains, and a ravelin that  \\,as atldrtl by tllc English on the river face. The soil 
I ~ e i l ~ g  a t.rc.ncl~crous clay of grcat drpth, :dl 111iiltli11gs s~~ffinr, Illc walls cracking ant1 losing their 
~wq)cn(lic~~Iarity, nnd the modern public boildings show t11:1(. art I I : ~  not soccceded ill ovurcoruiug 
the natural tlifficull.y. 

The priucip$ objects of intrred arc t l ~ c  Engl is l~ and Dutch burial-gro~inds outaide the 
walls to the nort.11, The old factors sceni to II:I\T vied  villi each other in having magnificent 
ton~bu erected over their remains; but  now many b :~v~ ,  fallrn, a i d  many are alrnost past repair. 

Sumt  is the chief town oE a Collectoratc, and possesses :I civil and a military station ; the 
latter contains now only one Native Infantry reginlent, n~hercas years ago there were a large 
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force of troops and a naval commodore stationed a t  Surst. The city has been subjected to 
aevrral catastrophes. I n  1810, 1822, 1835 and 1837 there were great floods causing wide. 

destruction, and in the last three named ycars there werc also extensive fires. Fires of 
smaller extent have been frequent. To obviate disasters from floods, Captain Fulljames in 
1838 designed and carried out a cut along the chord of the great curve in the river, an(], 
passing to t,he south of the city, this succceded for a time in drawing off the superfluous 
watcr, but later floods have proved too much for it. Newer muliicipd morlts hare  bccn Inore 
successful in preventing the iunndatio~i of the city. The chief wuut in Surat is good \mttcr; 
almost all the wells are brackish, and among them are many that  some years ago were snect. 
A large project is in hand which, if carried out, will bring a plentiful supl)ly of llure water for 
drinlcing and irrigation from al~ove some rnpids near KamlSpur about 35 lniles ehove S I IN~.  
The 'I'apti has sl~oalcd very mml~ch since \\,hen merchantmen of 500 to  000 tons anchored under 
the walls of tlie castle, and the uovigaiiou of the river was siml)le. Now therc are a bar 
and many mud banlts off the  month of the river, and the maritime trade of tbe city has 
departed, fishing boats and ferries alone being left. ,I l h e  present industries a t  Surat are cot.ton-ginning and spinning; the manufacture of 
cotton ~ n r i s  ; silk weaving and embroidery wit11 chiua silk; brocade or " kinlil~lb," paper. 
making, lacquered work, " BombayJ' inlaia box-work, and distilling spirituous liquor from the 
sap of the Palmyra and date palms. 

6. The other municipal town in Sheet 15 is RAnder, on the r ight  bank of the  Tapt,i, and 

RQnder. connected with S w a t  by the I I ~ W  " Hope" bridge. Its 
population was 10,2SO in 1872. It is one of the oldest 

cities in southern Gozerat, and after A. D. 1225 became a strong!lold of Arab merchants cslled 
Niyatis,  who expelled I he Jiiin rulers of the town. I t  was once the home of many fishermen ; 
now i t  is of rising importance, containing mills for ginning and  inningco cotton, and is tLe11onle 
of a great number of Bohoras and other native merchants. 

7. At  Dumas on the coast, betwcen the estr~arics of the Tapti and the Mindhil:~, is a small 

Dumas. 
collect,ion of bungalows forming a seaside retreat for the 
European inhabit~ants of Surat. 

8. Into Sheet 15 comes part of the Sachin State. This estate of seventeen villages was secnred 

Sacbin. 
to Sidi Abdul ICarim, better known as B i lu  Mia, by a trc2t.y 
between tlie Peshwa and Sir Charles Malet, then Resident at 

Poona, on the 6th  June 1791. Rblo Mia agreed to  abide by the terms, which werc that he 
should resign all his hereditary claims to the territory, forts and dependencies of Janjira, and 
in stead receive the Sachin estate, and abstain from hostile acts against either the Peshwa or the 
.British Government. H e  afterwards ohtained the title of NawBb of Sacliin from the Emperor of 
Delhi. The Naw4bs are by descent Habshis, or Abyssinians. I n  1835 all t he  estate, exccpt 
two villages, was taken under the  management of the British, a t  the request of the NanrBb, with 
n view to  the liquidation of his deljts. The ad~ninistration of justice is in the  hands of the 
British Government, and the present Nanvbb being a minor, the Collcctor of Surat,  as Political 
Agent, is in c l~ i~ rge  of the whole estate. 

9. The 'l'apti, or, as it  should be, TLpi, river forms the southern boundary of the great 

?.llect 15. 
cotton-grnming districts of Guzerat. It is fipanned by a fine 
girdcr bridge of tllc B. B. and C. I. Railway a t  Amroli, and 

~ a i n  by the " Hope" girder bridge a t  S o r ~ t .  I n  Sheet 15 are also tlic estuary and part of the 
MindhBln river. 'l'he country is very flat, and has many arms of salt land, called " khdri," 
nverflowed a t  11;gIi spring tides, running in frotn the rivcn between the cultivated areas. 
The latter hear 1:lrac clumps of the P:ilrnym palm (Bnrossns ,jlal,ell$~mis) : u ~ d  the wild date 
~ n l m  ( P h n i . ~  .~yk~-enlrin,) which yield enorlnous cl~~antilics of TLri liquor. 

10. I n  the  northern portion under survey this year stand thc city of Baroda, the tow11 of 
Sbertr 29, 29 nnd 3 ~ .  Dablioi, and others of minor importance. 

11. The city of Baroda, in Latitude 22" 18' N., ant1 L o n ~ i t u d e  75" 15'  E., is the  capital of 
Bnrods. the territories of the GBeltwbl., aud lies on thc Icft hank of 

tlic Visliwamintri river, a tributary of the  Dh&lbar. 
Bnrnda, once an ancient etronghold of thc JAinas, was suhseqaently wrestccl from t l icn~ by 

'lie Mufilim Tart,ar (lynmty of HindusthLn. I t  was callnl C11:~ndanavati (city of ssndalmootl) 
hy Chandan, a Kdiput King, one of its conquerors. ACtcrwards i t  was narncd Varavati (abode 
of warriors.) prirstly i ~ ~ f l ~ ~ c n c c  clinngcrl this to Bnrp:~tta (Icaf of [.he b:rr). IIcncc naroda, 
or as the natives write Baroclra. Tho 3Iul1a1nmotlan usllle For Lhc ciLy used to  bc DanlatRb6d. 

Rnroda hns l~elonpcd to tlir fnlnily of the GQckn,&rs sillre 1732, wlicn i t  was talicn from 
Abhi Sing11, the Mnqs111min gorcrrlor of (;~tzcr:~t,, 11y MiliQtliji C;Sel<i~Ar, aflcr t h r  ~nurdc r  a t  
Dikor of his hrnt111:r P~Ia,ii, the " S~~na-KhAs~-l<I~:iil ," srconrl in command r~ud~!r 1)hal)hrc. 1.11~ 
Peshwa'~ Senipati. Darnhji, the rlrlcst surviving son of l'il:rji, thcn canw forw:~rd, an11 11c.forr 
long hecamc tlie most. l~owcrful ChicF in (:nz~rnt,, but. 11avi11g 1)lol.tcd in csoncert wiCh 'l'hrx Bii,  
Uhl6ji BAji ICan (the l'crrltwa) trenrhi~ro~lsly ~mtil-cd him to 111s camp an11 made him prisoner, 
;roll only relcasecl him in 1753 on the following tcmis :-c~qnal partition of dist,rict,s then held 
I,y the CJGekwBr, and of all future conq~~es t s  ; 15 I:ikl~n indemnity for past contril1111,ions cluc; 
u~ilitnry assistance whcn necefisary ; an nnnuirl 1,rihrltc of 54 Iakhs ; a11d certain other rnioor 
conditions. From this time dates the Peshwa's pcr~nancnt supremacy in Guzerat. 



During the  latter par t  of the  18 th  century i t  was the  pcj;icy of t he  B r i t i ~ h  to  support t he  
Barod;r Government as  a counterpoise to t l ~ e  Pcs1in.n. O n  the  Mt11 J a n ~ ~ a r y  1 7 8 0  a t ~ r a t , y  of 
offensive aud defensive allimce w:ia signed by Fa16 Singh Gickw5r and General Goddard, on 
k r m s  approved by the  Supreme Govcr~~mcn t .  A t  the  heginning of this c c ~ ~ t u r y  the  f i~~anccs  
of the I3a1~otla Governmeut wcrc in an  almost hopclcsn state oE confusion and embarrasrrment, 

Major Alesander Wxlker, \\rho had becn appoil~ted Resident, made strenuous efforts t o  
remedy t l ~ c  evil. 111 1805 orders wcrc given for t,he reduction of the  military force ill Baroda ; 
but thc  Arab mcrcenarics rcvc~llcd, con l i~~cd  Anand ltao Giekwir ,  and releascd KanIiBji, the  
rivi~l claimant oE the  t l~rone.  S c ~ i o ~ ~ s  dis~ur l~nnces  in Guzrrrat 1)eing expected, Major Walkcr 
called For a European rcgilncnt from Boml)av in aid oE tlic locul subsidiary force, a ~ i d  Colonel 
Woodingto11 invcstcd the city of Barod:~, which mas s~~rrendercd after an  energetic defence for 
tell days, and the  Arabs, aftcr receiving all that  was duc. to them, were forced to quit  t he  
country. I n  return for the  assistance from the  British, a new trcaty was conclodcd on tbc 2 l s t  
Al)ril lSO5, consolidating previous sIil1111:~tions and a d d i ~ ~ g  others, among which were the  
increase of thc  snbsidiary force from 2,UOU mcn to 3,0110, Ilesidcsa company of artillery; and t l ~ e  
cession of certain districts t o  the  British as  wcll a s  tlie Gickwir 's share of the  " chauth" of 
Surat.  

The murdcr at Pandharpur on t l ~ c  14.th Jn ly  1815 of Gangldhar  Shbstri, the agentof  the  
Ohelcnrir, by 'l'riml~aliji, t he  u n s c r i ~ p ~ i l o ~ ~ s  n~inistcr of Bbji Rao ( the  Peshwa), was one of t he  
first of a series of vicio~is and i l ~ t r i g u i t ~ a  acts t h s t  Icd to  the dis~olution of the  kingdom and 
dynasty oE lli j i  Rao. I n  Novcmbcr IS17 a treaty was coucludcd, in which, among other 
conditions, the  Pesl~r \~a re~~ounccd all rights nortli of the Narbada, and relinquished all fu ture  
demands on tlie Gieliwir.  I n  return for the  bcnefits thus obtained for them by the  British 
Government, tlie Haroda Darbiir assiznetl more territory to  the British as  payment for an 
augmcnt,ation of the subsidiary force ill Guzerat. 

I n  1820 the  Giekwi r  agrced for the future t o  refrain from interfering with his tributary 
Chiefs in Guzel.at,, except through the n ~ c d i ~ ~ m  of the  British Governrne~.t. 

'I'he subsequent history is of too rccent date to be given in a report of this kind. I need 
only mention t11:1t Baroda has been brouqht. l)rclmi~~cntly in to  nolice I:~tcly by tile Conlmission 
t l ~ a t  sa t  in 1875 t o  enquire in to  the  attempted murder oE Colonel Phoyre, the Political ltesi- 
dent, and in consequencc of the  in~est igat ious  of nhich, hdall~ar Rno Gdeliwir was deposed 
and sent i n  arrest t o  Alndras. 

The present Gbel;wa'r, S5pnji Ran, b c i l l ~  a minor, the  administration of the  S ta t e  lies in 
t be  hands of the  Diwin, Sir T. A l i d l ~ ~ v s  Hao. 

Barodarontains a citadel, about 070 by 820 yards, surrounded by a wall havina four gates  
and some 50 bastions, and divided into four sqrrilre scctiolis by two cross streets. To the  sout,h. 
and east arc other divisions of t he  city, which are surrounded by a similar bastioned wall. I n  
the  western portion of the city is the  old Kothi or Residency. . The enclosure, which is 
surroimded by a wall, is t he  site of thc  Jail and the  new public: olficcs. 'I'he Gick\vir's usual 
residence is tlie Moti lla'g, and the Di\vali's the Rlastu Bdg, in t he  suburbs to  tlie S. W. of 
the town. 'l 't~e old palace is close to  the north of the cloclc tower in t he  centre oE the  citadel, 
and is now used for public olTces. AIall~nr Rao C;icl;n-Qr built close to this n m:rgnificent palace, 
the  Na7.:1r ] j ig ,  mhicl~ is of a pnrc white color, and much ornamentcd wit11 carvings. 111 the 
interior, which is used for Darl)6rs, thcrc arc frcscoes exccotcd by a ICuropean artist. hlalliar 
Hao had the  tower built to such a height ;is to rxcecd tha t  of t he  pnl;~cc a t  !dnlinrpurn, built 
l ~ y  Khande Rao GQekxvbr. Al)out i r t l  of n mile north of t he  Aloti B i g  palace is a celebrated 
well called the Nbu LBl;l~i Bnori, and jnst t.o thc  mest of the  1)alace is the I\Ibl~irkja's scl~ool, a 
fine ncw builtling, ml~erc  the young Ghelirrrir studies, in company with sons of the  nobility of 
the S h t e ,  nuder his tutor, Mr. ]Elliot of the  Bombay Civil Service. 

'I'here nre some fine tanks  a t  Ilaroda, especially thc  S a r  Sn'gar i n  t,hc centre of tlic t o m .  
There is a Hindo bridge ovcr the  V i s l ~ m a m i ~ ~ t r i ,  nnrl across o s n ~ ; ~ l l  tributary just beyond there 
are two bridges, one that  was built by Coloncl Waddi~igton of t , l~e Bomlrny ICnginccrs, of very 
e l e g a ~ ~ t  design, ant1 th? sccond of nativc c-onstrucl.ion, built bccausc the  G6ckwir  was afraid to 
cross the  other on an e l cp l i a~~ t ,  Corfe:rr I rs t t .11~ thin-1ool;ing crown of the arch should give wny. 
Below the britlge over the  Visl~wamint,ri is a Iiol~d, which lteeps in a Ixrgc supply of tvater 
t h roug l~or~ t  t he  hot wcat l~rr .  Therc is a capital rood leacl i~~g from thc  city to the  cantonment 
nnd Ilesidency. 'I'l~is road is raisrtl on an  eml,nnlime~~t, and yet  rornm~iuication is sometirues 
intcrroptcd by floods. The Rcsitlrnry is a fiuc, tl1o11g11 vely old, house, nrld stands in large 
g r o ~ ~ n d s .  Ol~positc is the Rewa K6nta Political Agent's house and oflice, standing in a capital 
garden. T l ~ c  m n t o ~ ~ m c n t  now c o r ~ l a i ~ ~ s  u Ii;rll battery of artillery, n sc ludrou of cavalry, a 
d e t c l ~ m r n t  of a Eulvpcnu and Lwo N:rtivc Infantry regiments. The bun,onlows of the  ollicers 
are in two rows sepnrntcd I)y n I~rond strip of turf, along which the  fine isolnlctl hill ,,f 
Plwignrh may he st3cn in the distance. Iu a ccntral position sL111ds a column erected to t,lle 
memoly O F  hlr.  Williams, once lLcsi(1mt ut Baroda, but  i t  bcars no inscril)tio~i. Thcr: is a n  
English c l~urch tha t  was consccratcd by Bishop Heber, o l t o ~ n a n  Catholic c I I ~ ~ c I ,  and B public 
garden. 

12. nabhoi, s i t u a t d  in 1,atitndc 22' 8' N., end L ~ n g i t u d e  79" 28' E., is nn ancient tortress, 

Unbhoi the walls of which L r m  an  irregular four-sidel tigllre, 
approaching t o  a square. The N., E., S.  and W. tvalln are res- 

pectively 1,025, 900, 1,100, and 1,025 yartls long, and have a round  tower nt each annle. ~h~ 
remaim of ite fortiticatione, double gates and templee indicate great  magniticence. Tile stou& 

N 



used are chiefly huge blockE of a very d ~ ~ r a b l c  sandstone. o f  t h e  Pks, by  f a r  t he  finest is the 
~~t~~~ or H i l a  Gilte (Gate of Diamouds). It is covered with handsome ca rv ings rep resen t i~~~  
groul,s of warriors, animals, birds and serpents. 'l'here is :r q u : ~ i ~ ~ t  legend abollt a. mall having 
beell bllilt u p  alive in ti le s~asonry a t  the King's orders, bu t  his l)rotcctress, t he  Hini, used to 
have lliln fed by a large qu:tntity of gh i  being poured down an  opeuing, tvllich is shown to 
this d:~y. 

Witllin tile walls is a large tank, lined with h e m  stonc, and having steps all around. 

'I.llc I P ~ ~ ~ ~  about  tile building of the  cily is interesting, and may Le found in Forbes' 
,' Oricllt:ll Memoirs," \Io1. 11. 11, is said to  have been buill by biddlnra'ja J:~yasiuha in about 
A. D .  11t0 .  

~ ~ l , h ~ i  \j7ns for a long time inhabited by EIindus only, no Mussulmiln being permitted to 
reside \ \ r i t l ~ i ~ ~  ille walls, or to \\,ash in the  tanli. A young Muhammadan named S : i~ad  Bib, on 
apilgrilnage his rnothcr M i m a  Duklui, in ignorance of thc  prohibition, vc1rt1:red to 
ha t l~e  in the tanl;, aucl the  Brahmans I)~.evailed on the  Raja  t o  mutilate him, and he died. 
M i m a  Dul;l~ri a t  oncc retnrncd l~ome ant1 sued to  her sovereign For redress. H c  sent a large 
nrmy llllder Ilia Vizier, wl>icll tool; Ditbhoi after a l o i ~ g  sicgc. The Vizier had all the fortifiea- 
tions destroyed except the  wester^^ face ant1 thc four douljlc gstcs. When  A13ma Dulibri died 
she wl s  revered as  a saint, ; ~ n d  \\.as b ~ ~ r i c d  ill a grorc  near the Hi ra  Ga te ;  by her tomb is s 
stone of ordeal, aud the p r o d  oE innocence lies in being able to wriggle through the  perfora- 
t ion in the  stone. 

After this Dabhoi was for many ycnrs almost deserted. When  the  MussulmSns finally 
conquwd  d(;uzer:~t, Dab1101 becanre Illore populo~~s,  and was held by them for tnro centurics, 
The Alalrrattns t11e11 o b t : ~ i ~ ~ e d  possession of it, and partly ~.ebuilt the  malls. During the 
campaign of 1775 i t  sobmiltcd to  Ragl~ol)a Peshwa, who levied a contribution of three Iilihn, 
which the i1111abitants were scarcely able to pay. I n  January 1780, General Goddartl tool< the 
town, on his way to  attaclc fi:itc Si11gl1 C;iiclixvir, who howc;cr gave in and col~cludcd a treaty 
with the English (see para. 1 I). Mr .  James Forbes, au t l~e r  of " Oricn tsl  Mernoirs," was 
left  as (:ollcctor of Dabhoi till the  24th April 178.3, when the  p a g n n a  of Dabhoi was with 
others handed back to t he  AIahrsttas according to treaty. 

Dabhoi is now the  chief town of one of the  Tal~llias of Barodii territory, and has within 
the last three yesrs gained in impork~uce by the  Sta te  Rsilw:iy joining it with M i i r i r n  station 
of the Bombay, Haroda aud Central India line. It is proposed to connect i t  also eithcr by tram 
or railway with Baruda. 

16. I n  Sheets 28 and 20 are several small cststes, under t he  P i n d u  ATewLs, Remi  Kbntn, 

Rewd K i n k  the most important, being those belonging to t he  Thakurs of 
BhBdar\\.a, Sihora and CI~Bliar. 

1 7 .  I n  the portion of Ksirs  undcr survey arc several villages held undcr a tenure thnt hns 

Udhnd Tenuro. no t  yet been described in these reports, v i z .  Udhad (a  Guze- 
rati  word srgnifying " in  a lump"). The origin of this tenure 

dates back as  far as the  days oE Akbar, a11d i t  then m e a ~ l t  t ha t  n village having bcen care- 
flllly ~ncasurcd and an average struck of the  mloc of the  produce the  1a11d w o ~ l d  bear, one- 
third of llhis amount was takcn as  a fixed rental, to be paid without r c f c re~~ce  to t he  extent 
or naturu of cullivation, ; ~ n d  without any r ight  on the  part of the  G o v e r ~ ~ ~ n c n t  t o  interfere 
in thc internal m:lnagcment,, and the whole village community was made joint.ly 
for the  1):lyn)ent. The o l ~ ~ ~ r c s s i o n  cxerciscd subsequently by the RInhraltas partially broke 
down this system, which received moditications, leading to  thc  present sub-division of " Narwa' 
and "Bl~i lgwir  " tenures. 

I n  " Narwadiri" villages (almost confined to Kaira) the  lands have never been assessed a t  
rates per bcegah ; the assessment mas fixed in  a lump by the  Collector, and has in most villages 
remained uoaltcrcd for many years. 

I n  " Bhigwilri" villages the  lands merc asscsscd a t  rates per beegall, a t  the same time as 
other rillnges of the  district, and their total beegotee assessment forms the  lump asseSsn~ent 
of the village. 

18. With the  exception of some patchcs of open countrv in  the  eastern half of Sheet 29, 
Deaeription of 28, 28Dnrl 30, 3 stlil1 of open counlry c\tcndlng along the soothern portion 

of Shcet 28 from near the  l l n i  river, to almost as  far as 
Hdo l  in the Psnch M6hiIs, and the southc,rn ~,ortlon of Shect 30, t he  c o o ~ t r y  in those Shceta 
is tlllckly \voodcd. I n  some pal ts t l ~ e  It,rctst is verv dense, the  manrro bcinr  bv f . ~ r  the  com- - ,  - -  moncst trcc., but mixed with i l l ~  (arn:~rincd (csllecGl~~y ncnr village gites), the  ~ n a h l r r a  (Bassis 
Iatif<~liaj, h i rn i  or myan (Mimosol~ intlica), bazoal (Pcronia elt.ph:~ntum, p i l w a  (S:rlvndors 
pm~ica ' ,  ?,pal  (Picus religiosa), bar or wad (Ficus indica,) n i ~ n  or l im (hlela azadirachta,) and 
others less common. 

The country is nlso very hedge-ljounrl in parts, c~pccially to the  west and sonth of Baroda, 
the  hedge colltaining cactos, n1il1;-ln~sh, nzn i  (Clcrodentlron pl~lon~oidcs) si / ( ip/ lul  (Anonn) 
~ u a m o s a ) ,  j e l i~naf l  ((Car1:tba indica), ltari (Capparis apl~yllu),  and other s11ruLu of thecaper 
tnbe. C ~ ( ~ B C  to Barotln t l~e re  are some l~eclgcs of aloes, very difficult to cu t  th~.ough. 
The subtlrbs of Baroda nre celebrated for t he  magnificent specimens of tamarind and uim 
treca 10 f t~und  there. Here, too, may bc seen some very large baobabs, gnrok-amii  (Adan- 
wnia  d i z i t a t ~ ) ,  w l ~ i ~ I ~  11ns been a t  all the  s n c i c ~ ~ t  seats of Mossolm6n power. On 
r p p m a c l i w  HA101 and Kblol in the Ymch MPbils many bmb, or paJmyra palms, are met with. 



Thee are few undulations of surface, except some low llills in  sheet 28, and along tha 
liauks of the Mahi river. '1 he streams have cut dteply into the soft moil. 

The Mewisi Rewi  K i n t a  States (Men-is, afastness) consist of very wild and intricate 
country, full of decp nalas and jungle-covercd ravines, affurding great facililies to  robbers or 
O U ~ ~ R I Y S .  

The soils are clliefly as follows :-to tlie right of the  M a l ~ i  river &ths i s  of a light and 
sandy nature, and thc rest approaching to s blaclc loam. South cf the  Mahi  are yellonrieh 
sauds, loanis and clays, till south oE Barode (,here is blacliish loam, very good for  rice, co11tai11- 
ing a large q11:intit.y of wliitc sand ; thcn about 6 miles to the south is a slight rise in tho 
country, after wl~icli ronles black cott1111 soil varied by loams. I n  the  small portion of the 
Panch hlih6ls undcr survey tlie soil was chiefly a dark loam. 

19. The principal river in the  northern area under survey is the Mahi, which traverses 
l$ivcrs. Sheets28 i ~ n d  29, and forms the eastern boundary of t h e  

I<;tirs Collectorate ; the 1,:lnlis of this river are reticulated by 
deep ravines, eslwci:~lly a t  the  junctions with the R'lal~i and its tributaries, the Alesri, tlle 
Karad arid the Mini rircrs. T11e Rlal~i has cut it,s way down deeply into the  xlluvial strata, 
its steep baulis being iu places over 100 fcet h igl~.  l ' l ~ e  banks contain beds of kankar, 
~vhich is Imrnt for lime. 'I'he bed is clayey or sandy in most parts, but  in  the  upper half of 
Sheet 2 s  tlic t1 .q  crops out all along the bed. I n  Slleet 30 is t , l~e Dhidhar river, with i ts  
tributaries tbe \ ' i s l ~ m a r n ~ ~ ~ t r ~  (on wl~ich is s i t ~ ~ a t e d  Bzrotlaj aud the Deo ; the Vishwamintri 
again in S1lc1:t 29 has a tiibutary the filota Suria. There is also a small tributary of 
t,lie Dhldliar, ?:iz., tlie Rangai, wliich again llas a tributmy, the R i s  ; the  latter is a peculiar 
feature, as although a t  its junction with tlie Rangai i t  is only a streamlet with h n k s  
about 10 feet deep, i t  is almost of the same size wl~crc  i t  enters Sheet 30, 1 6  miles 
to the east, and its course is lincd with trees in an otherwise fairly open tract of cou~ntry. 

22. I was a t  first employed in triangnlatirlg and traversing Sheets 26 and 27 with the  
a s s i r t a~~ce  of four native Sub-surveyow. I made a net- 

Lieutenant Cibbs. work of triangles basetl on the principal stations Ghorarao 
11. S., Jhcria H. S.  aiid Wardhhri H. S., extending i t  until tlie 

country became too densely woodetl to admit of triangulation without very expensive 
ray-cutting, but I 11:~vc sueceedrd in securing several bases for continuation along the margins 
ol lily sl~eets. I also executed five main traverses. I worked with one of I~lliott's 7-inch 
onlnimetcrs, to test it, \,ut found i t  to  be a very inlerior tl~codolite, the ~ radun t ions  being in- 
accurr~te a i ~ d  coarsely done, so that  in order to ensure gootl results I had t o  repeat oftener 
than woultl hnve bee11 necess:try with an ordiuarily good iustrument. 

while triangulating I collected rock-specimens for tllc purpose of determining the  petro- 
logy of the tlistrict,, which is vcry interesting in the variety of rocks present, and in the thin 
layer of 1)eccan trap that  rcaclies Slleet, 2 6 ;  but  the results, 4ogctht.r with my notes on the 
botany of the district, call be improved by fur ther  observatio~i by the topographers next  field 
Peason, so that  it  is best to leservc them for next year's report. 
' I rejoned I~rad-quarters on tlie 2nd March, and rcmaincd with Colonel Ha ig  till he gave 
over charge st Surat.  l I : ~ v i ~ ~ g  then re-visited t,he dlewing office :it Uaroda, I started on a 
tour of inspection of pl:~ne-tables, visiting cacli of the  topograpl~ers in succession. 

23. Mr. D'Soom had charge of tlie topography of S l~ee t  15, where he executed the  

Mr. D'Souro. 
grc:iter part of the northern portion, and besides examined 
the  work in t l ~ e  rest of the  sheet. Under him was Bhau 

Govind, wl~o  tnrned out over 200 square miles of topogri~phy i n  very good style. 
9 

24. Mr. CIirist,ie was employed first in t,lie of Sheets 6 and 7. As there were 

Mr. Cl~rislic. 
a principal scries running down the eastern half of the  sheets, 
anc~t l~cr  along the soo11ier11 margin of Sheet 7, and u minor 

serics nlong thc wcstcrn edge of both sheets, Mr. Christie Ilnd only to ohaerve 2 triangles, and 
the rest of ihc  work mas all done by main and branch traverses based on the trigonometrical 
st,ations. 'I'llis mcLI~od mns VCI-y atlvantageous ; ns for trinngulat,ion so much lay-cutling would 
havdbeen ncccssary that  tlie work would not have been finisl~ed in the  season. 

Mr. Christie was called away on the 14.th of P e b r u ~ r y  to  go to  the  Dings.  There he 
executtd some mino; t~iangnlat ion and 3 omnimcter traverses in the  rirer beds, working a t  
first with hlr.  ('. Norman till the lattcr was tlioroughly grounded in the  method of working. 
As nsnal, Mr. Christie has proved I~imself to be a very useful assistant. 

26. Mr. McA .Fee was a t  head-quartrrs n i l h  Colonel Hnig until my nrrival,nnd was employed 

Mr. NcA.Vcc. in  supcrintending thc drawing office in  Colonel Haig's ab- 
sence, supplying lists of data to plane-tablers, and many other 

duties. m' l~en I arrived he was se r~ t  to  sopcnntend the tmversers in Sheets 6, 7, 26 and 27, 
and besides to complete u litt,lc triangulation required i n  the north-east corner of Sheet 26. H e  
i s  P conscientious and accurate worker. 

26. Mr. IIickie had charge of the topography of Sheet 29, and was assisted by Balwant 

Mr. Hickio. G o v i ~ ~ d  and Sdyana Faibu. The western half of the  sheet, 
being very lhickly wooded and much intersected with k n e e ,  

the work progressed very slowly, and i t  was necessary t o  call upon Mr.  S. Norman and 
Oovind Gopil to  assiet in  i t s  completion. Mr. Hickie w o x h  nccnrately, his outturn wnd large, 



and he ensured the  general accuracy of the  whole sheet by consta~itly changillg plane-tnl)les with 
his natives. 

27. Mr. Cusson had charge of the topography of Sheet 28, having under him Gopi] 

Mr. Cusson. Vislrnu and two o t l~e r  native Surveyors. M r .  ('usson's ollt. 
turn is good, r~nd Gopril Vis1111u n'orkcd as  l~sual  very well, 

28. Mr.  S. Norman had charge of t.he topograpl~y of She* 30, except t he  area dorlc Ilv 

Yr. S Normnn. 
his brother Under hini wcre 5 11a1ive Sluvcyors. Mr.  Norma" 
hay become a very good plane-taller and turns ou t  a large 

area, every year. 
29. Mr. C. Norman WIS employed as a ~lanc- tabler  in S l ~ e e t  30 with hl111;and I)ill~:, 

Mr. C. Normnn. 
under him, until 11e had to  go  to the  D i n g s  with Mr .  Ohristire. 
l'l~erc he ~urveycd independenl.ly 5 omnimcter t,mvel.scs, anti 

observed r o u ~ ~ d s  of angles nt two trigonometric;~l statiol~s. A t  tire same tinlc; he  plane-tabled 
the  banks of the rivers. 

30. It is very satisfactory to f i ~ ~ d  t l ~ t  the omnimcter trarcrsrs in which the  dist:lnccs nrc 

Omnimeter traverses. 
(letermined by the  dilt'ercntinl subtcnse readings 01lt;lined on a 
scale by observing to the upper and lower ends of a vertical 

ataff, give far more accurate results than wcre expected, in spite of the coarseness of the g r a d ~ ~ a .  
tions and the inferlor make of the  inst,rome~its. T l ~ c  labour of chaining over the iugg:,rretl 
ravines would h;tve b e c ~ ~  im:nensr ; other routes besides the rocky river beds would have neccs- 
sitated the cutting of t,Le t11ic.k untlcrgrowth, and t l ~ e  results are fully as  accr~r;tte, nntl probablv 
more so than chaining coultl Imvc given in suclr a country. Other nclvar~tagcs of the rnetllnl 
are that  stations may be s ~ ~ l e c ~ ~ ~ ~ d  on prominent points, the tl.tiverse crossing from bank t o  hank 
wherever convenient, :t11t1 also tha t  thc snmt: obivrvat,ions that  give I ~ o r i z o ~ ~ t a l  dist;l~lces will 
also yield the  relative hcigl~ts  of tllc stations, t l ~ u s  aH; ) rd i~~a  a line of Irv(!ls. i\t,tached to t h i ~  
report is a copy of a table I have prepared for the  distances eqnivalcnt to Lhe differe~~ces read 
in the  scale. 

31. I may IE well now mention tlrat Mr. Christie and iMr. Norn~an  rc l~or t  t ha t  they Ilad a 

The purtalrlc still. great deal of sickness amolip t,huir n l t :~~ ,  nud one of 
klr. Christie's'lcl~al;~sis (lied of ~ ~ I I ~ ~ c - F P v P ~ .  They themselvPs 

however, enjoyed capital hra l t l~ ,  and they both believe t11:lt i t  \\.:is mainly tlue t o  their havinc 
invariably distilled all the m:~ter they used for drinlting or cool~ing. .\n instance in favour of 
this is th:rt one of their servants, having been friglltc'netl into lrsinp tlislill(:d water by a bal 
attack of fever at (be outset, ofterwnrds remained in goud hc:ilI,h in spite of his bad beginning. 
'Phis all Lcars out (,he belief in the efficacy of a 1)ort:tble still in ~ ~ n l ~ c n l t h y  j1111~lcs t l ~ a t  I have 
cxpressed in two p rev io~~s  rcports. 

39. Mr.  t'erns, the  Head Sub-survryor, ha.5 provc-tl IiimsclE vrry I I S P ~ I I ~ .  Urhell 1 W W ,  
Mr. Ferns. olrliged to be abscnt fro111 the drawing ofice fcr  the  p~~rpnsc  

of in~pect ing plsnc-tablem, he l ic l~t  t l ~ c  ollice in v e y  gautl 
order, and superintended the draftsmen and printers well. Fle also n ~ a d e  all t l ~ e  arrangenlu~rts 
for moving t l ~ c  ollice from Daroda to Dumas in the middle of .4yr1l. H e  is himself a 
draftsman. 
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Ihtract j i d  the Narrative Repolwt, dated November 28th, 1877, of E. C. Ryall, Eq, in 

'I charge Kumaon and Garhwal Party. 

. ,  he winter of 1876-77 proved to he the  severestknomn for many yea.13 past amongst these 
'bins; the spring \Tas wet and rold, and felt  quite n int rv .  When I left  yonr I~ei~d-quartet's, 
Dellra D611, I ~ m s  in hopes that  the  met nreatherwonltl not, last long; i t  continued, I~owever, 
wit11 fen. intermissions till the  8th  June, the  most noticeable break-up to t ha t  t ime being from 
the  9th April up to the  17th. After the  8 th  June, there occnrred bnt  few falls of snow on 
tile higher mo~~ntainn,  the hcar.icst heing between the  2nd and 4th  of July, when the  passes 
leading into Thibet became almost impracticable. 

6. IIonntains which in ordinary years had their snow linc a t  t he  end of April a t  an ele- 
vation of 12,000 feet abore sea level, were mantled with snow down to 9,001) feet, and 
vallrys, n ~ l ~ i c h  a t  t,hat t ime of year used to be clrnr of snow 1111 to  1;!,000 feet, mere literally 
cl~ol;ed w i t l ~  snow down to  6,000 feet,, this accum~~lat ion iu the  valleys being caused by snow 
drifts and avalanches from the mountain sides. 

7. Conscqr~ent on the  prolonged wet weather, the  iol~al)itants of the  upper valleys found 
i t  impossil)le to make for their summer homes till very late in the  season ; the usual t ime for 
their migration nortl~wards being about the  end of April. So, when the Survey P a ~ t i e s  were 
marcl~ing for thcir ground, they met these pcople, from whom alone they col~ldexpect assistance, 
camped ahout the  lower vallcys. ?'his state oE things made matters loolc very inanspicious. I 
had great fears lest the  monsoons should come d o r n ~ ~  u p n  us before the  people coold be induced 
to  move I I ~  

8. lfy assistunts had rather difficult people t o  deal wit11 in  the  Blloteas of Dharma and 
Byans. They made frequent efforts t o  induce these people to move, and only succeeded after 
considerable delay just in time. My  case, however, was seemingly worse. O n  my line of 
march I met the  inhabitants of the  llpper Jowar or Milam Valley loitering about the  banks 
of the Sarjn and Ramgaoga. These people possess an  advantage over those of t he  other Bho t  
Pergnnnahs of Kumaon and Garhmnl, for they own intermediate homes in Afuushib~i, a district 
lying at. the foot of the Jfilam Valley. Here numerous villages belong to them, and exten- 
sivc fields are cultiva.ted for them by Hindn tillers, permanent residents of t,he place. l'hese 
villages t,eing on au average not over6,000 feet, t he  iuclemeucy of the  wc:~ther roold not have 
kept them uway. The cause I ascertained to he the  raging a t  Munshihri of a n  epidemic, 
1 , ~ ~ a I l ~  known as " mal~amari " or " gola," mhich had carried off many oE t h e  Hindn iohabi- 
tnnts of these localities ; but a t  t , l~e  time I go t  there, 20th April, the  disease l ~ a d  greatly 
al,ated. Nevertheless, the villages were eutirely deserted by their Bl~otca  iuhabitants. 

9. As I had allotted to myself n large share of the  topographical work, as well as  the  ex- 
tension np to the  front,ier of Tliibet of a series of t,riangles, I could not  afford to lose much 
time, and it, became clear to rile that  1 mnst pus11 throllgh in spite of t he  ill-conditioned state 
of the valleys and passes on ahentl. I accordingly s ~ ~ m m o n e d  the  influential men amongst the  
U1lotcas, mllom I met along the  Sarjn an11 Knmganga, an11 t l ~ e y  readily obeyed Iny call. l 'hey 
I r o m i ~ e d  t,o take their pcnple 11p to the  Milam if I woold show t l ~ e m  the  ntay ; bu t  under any 
circumstances they s:~id thcv cnn\t\ not make a move for n t  lcnst another trventy days. Meall- 
\vllile 1 undertook to clear thc  \V\IY. 

10. I n  anticipation of meet,ing wit11 some road-clltting difirlllly, I 'cngaged a t  Almornll 
professional road-cnt,tcrs; these \Irere, however, far too snlall a n ~ l ~ n b c r  for the  heavy work 

before t,\lem, so I engagrd sixteen other men from amongst the I - I i n d r ~ ~  of M u ~ ~ s h i i r i .  the  
2:jr,1 thcsc men I ) e ~ n n  thcir worlc, and by the  29th L l ~ t ~ ~  had mndc suliicient progress to enable 

to mo1.e on. AEter collecting snl)plies for esl:~l~li*hmcnt and coolies, I commenced my 
iollrl lPy noltllwards, ant1 on the 6th May my drt:lchment saccecded in getting in to  &lilam 
;rillajic, c a t c l ~ i ~ ~ g  up  thc  roacl-cnttcrs \vithin n few miles of th:lt pl:lce. There are ill all twelve 

ill the  Milan, Ynllcy, w ~ d  I folllld most, of the  bouses in them In,rried ill snow. ~l~~ 
iollrnc,y lip was h:~rassing, :~ggrav:c(ed by falls of mill, sleet and snow. Except iu tllose i,arts of tllr valley which were o p n ,  and consrql~eutly more exposell lo the  iduel lce  of tils 
sun, I fourlll i t  difficult to get  a spot for 1)it'chillg the  camp on w i t h t ) ~ ~ t  cIr:~ring off the snow, 
~t nrilam itself, nfter my arrival there, it snowed for aboot eight days with but  some occasional 
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h~ealts lasting for n few hours each day. I had a mistaken impression a t  the that once 
over the Unt.:l Dl~nrra Pass, the greater of my suow difficulties would he a: n end, and 
I directed that t,he rond-cuttiug esti~hlishrnent should press forward and m?ke e1'n-h to clem 
that  Pass. They failed twice, the recent falls of snow Areatly crippling thew moemeuts; a t  
the third attempt they succeeded in getting over. They were at' t111s work for tare than a 
fort,nigbt. I n  the meanwhile I carried oil tho topography of t'he Milam Volley us nr 3s that 
mas 

11. On hearing of the opening of the Unta  Dhurm Pnss, 17,350 fcet above sea ltvel, I 
armnged to get  across; and on the 30th May I resumed my Inarch ul,nards. Tho11~11 0111~ 
about 13 miles away, I did not succeed iu crossing the Puss till the fourth day. Now *re 

r left before me two more Passes, not quite so formidable os the first, but very trying ootwkh- 
standing. 

Thibet, hy two Hunios. 
13. To go on with instruments, I mas bound to give some plausible reason; so I expliained 

to the two Hnnins, who mere about to return a t  once to D:ibn, that my object mas to 6 :uwey 
the limits of British territory, which I found impossible to do from the so11 'thern 
faces. Before their departure I made them quite hnppy with gifts of rice, a h ,  &c.; oi ne of 
them turned hack carrying my message to the Dabs Jongpan, as thc Ruler of these pjlts'is' 
called, and the other followed me the next day accross tbe Pass. TWO days after this, I reached 
and olJserved a t  my first station, Chilamknrkur hill-station. On  my return from this station 
I was met by ten or twelve other Ilunias, despntched to my camp by the Jongpan. They 
brougllt me a message conveying a mild reproof nt my entering into the district, I ~ a t  d d e d  
that i c ~  I bad come, I was a t  liberty to go on with what, I was doing, on the condition, to 
Which I readily agreed, that I shor~ld uot cross the Satlej. These men stayed with my camp 

days, helping in pitching my tent and bringing in ~upl)lies of fuel. In time others 
from clistant grazing grounds 1)rooght in sheep, milk and butter for sale. My escort of a 
dozen then gradudly dwindled down to four ; these win left me on the 2nd July, when I 
re-crosscd the Balchdhorra Rws into British territory. 

14. I ww in all abont twenty-four dnysin Hundes, during which time I succeeded in ob. 
servillg a t  sixteeu stations, from which I took angles to about 45 distant pcaks, whose distances 
averqe n1)011t 60 miles; about thirty other peaks were also observed to a t  an average distance 
of abollt 30 miles. 11bo1it half the number of points have vertical angles ol)served to them, 

15. Aft,cr doing all I could in Hundes, I hastened back to f o ~ m  a connection hetween 
the Work there and the base on the Unta D11nrl.a ridge. As I had succeeded in laying down 
poilltg wllich circumscribe n very large aren of country, roughly estimated a t  about 13,000 
square miles, I thought i t  would be as well to double the series runnidg up the Uuta 
g o r e ,  tile sides there being necessarily very short, and some of the angles rather acute. I, 
ncconlingIy, on my return towards Milam, undertook this work, and by the 25th July accom- 
plished it. 

16. I n  1974, while triangulating up the Milam Valley, I was unahle,owing to heavy rains 
otller causes, to observe the third angles a t  some of my stations. These were six in 

nulnl)er ; including these, the t,otal 11um1~er of points visited during the season is 27; the 
average height of them is about 17,800 feet,, the highest being alittlc short of 19,600 feet. 

18. When I returned from my triangulation, I finished the topography of tbeMilam 
I topozraphically surveyed the eastern range of the nortl~ern valleys, making a t  the same 
time a reconnnissnoce of shout 70 square miles in Hundes. The interior details of the 
llortl~ern V ~ ~ ~ C V R  were filled in by my native Sub-surveyors. The area of topognphica1 
done by me is 610 6qUaI'C mil@, which includes 120 square miles of reconnaissance in ~ ~ ~ ~ d ~ ~ ,  

19. The length of the series w r i e d  up by me is about 62 miles, nnd the triallgolatetl, 
exclusive of that  embnced by distant points, is about 560 square miles. 

20. On the 4th August I left t,he Milam vnlley for Alrnornh, where I a r r ivd  on the 15t~,, 
short,ly after which Rlesrs. Peyton and Warwick joined me. 

11~. p ~ c o c k  came in about the end of August, and the native Surveyors about tile 20th 
Scpte~nber. 

21. I shall now proceed to report on the m r k  of my Assi~tanta. I have in some of the 
forcg,,;llg l~ rngrnr~he  t ~ l l c h ~ d  up011 :I few (Jifirl~ltics ml1ir11 were common to mcml,er of 
the k l r t y ,  NO r l~cy need not be recapitul:~td bcrc. 

22. Mr. P e ~ t o n  Ilei11,o my most expericnrr*l hand, 1 directed him to take t,llc, slln,cy , 
the Hynnn valley whir11 h d  not in it a snlficicnt. nnmhcr of triaontrmt~tric~:l\~~~fixt, ,~ I , ( , in t s  
makc it wfe to give it up to a less cxperic~nuutl S~~rvryor .  bIormvPr, 1 s,,,,plic,,j llinl ,silll a 

might lay dlwn yome pointy in t,he n~ , r th -cn~t  tile I ~ ~ : , ~ ~ ~  ~ h t r ~ ~ l r l  1w find it rlcCe*ary to SO. He mas further instrnc.tetI to oI)t:lill, if  ,),,ssi,,le, rclme 
on the frontier, with viegv to laying down some trans-frontier I,oi,,ts f,.,,,,, tllml, 

while carving on a of tn:~nglcs up the BJ.a~ls valley, sllccec,,ed i l l  l iLYil l r r  
points in i t ;  hut he founll i t  implwsil,lc to oI~tain 

On ,lie ;llicr)h countr).. The triaugulation cxeculed I)y hirn uvcr an area 





hlnoketr, or plaids of bright coloars. The\, nlao mnke hncy scnrh for tho anirt and otllcr small nrticlcs of the 
kind ; "nd ~u~irsinnslly net ns coolies nLn the1.e is n lnck or mcn. A t  hrbln tllc T1u.te.r ~ ) l ~ y * i ~ ~ ~ ~ ~ o t n y  is hr 
no tncnll8 prcdo~tlio~a~~t, nod n l ~ h o a ~ l ~  (he I lbSCl  lire gesc.~nlly an!ne!vl~~~t bro;~d n ~ ~ d  tllr clu*elc bonra I : L I . ~ ~  
I".olni~lellt, Tct 1 s n a  some fries ill R I ~ Y  col~r~try !vo!~ld h I I C I I I I I ) \ V I ~ ~ P F ~  h pl et,tg nnd rxprcsslve. I 
Ibmnd lllc Illell ~ I K R Y O  lnitlrful to tlreil e~~~ngcmrnts, nnd rnnlry of tlloln ill ll~elr ~lttcndnncc on UIY CBIIIP se i t  
tl~rongl~ g r e ~ t  llal.dsllil,s nod i~~conveni~~~ces. r o ~ ~ ~ l ~ i ~ l g  it on Ligl~ nrountaiu tops witllout allelter of any kind, 
exnosed to slect and snow. and oltan to n cold culti~~g wind." -~ r ~ 

2.s. M ~ .  pocock, who succeeded so wcll on a. former o c c ~ i o n  in accomplishing the  survey 
the M~~~~ very lofty regioo towarcis the north-west of Britisl1 G a r h \ v a l , - ~ ~  

dcpnted me to take up the  northern portion of the Dharma Valley, which app~ared  to me 
from all  accounts to  be equally lofty and far more craggy. H e  was not able to  begin work till 
t,he first meek in June; the  enormous qoant,itics of snow he had to go over cousider&lp 
retarded his progress, hu t  by the  15th August he contrived to finish his work. H e  was only 

in topogmpl~y on the scale of half an inch to n mile, and his out-t,urn is 
294 square miles. As tlte Byans I'nlley lies cont ipous to the Dharme, the difficulties met 
with by hlr.  Pocock, ar is i l~g from inclemency of weather were similar to  those encountered 
h.y hlr. Peyton ; perhaps more aggrav;ltcd, owing to the greater altitude Ile had to work in. 
TIle highest plane-table station of hlr.Pocock is about I9,UUO feet, average about 16,600 feet. 

25. To Mr. Wanvick I allotted the  southern portion of the Dharma Tralley. I I e  also 
cxpericr~ced the vicissitudes of weather complained of by Mr. Pcyton, but  a s  11e was not 
employed in vcry lofty ground, he felt them to a lesscr degree. Mr. Warwick, as I Lave 
stated, fell ill o t  the very out-set: he was more than 20 dnys ill, but recovered sufficiently a t  
t,he end of that  time to  march off to his ground. EIe suffered more or less t l t~ .ou~hou t  the 
Reason, b ~ ~ t  mannged with perseverance to ge t  through his share of the work, which atnounts to 
163 squnre miles of topography on the half-inch scale. 

27, The ent,rance into the Milam Valley is through n stupendous gorge, overhung by 
large masses of grnnite precipices; this gorpe is about 12 miles in length, and the road 
through i t  is for the most part a mere series of narrow steps built along the  faces of steep 
hill sides or nlgged precipices, and wl~ere this is impractic-able, leading from one ledge 
of precipice to  another are laid across. After the lirst 12 miles the count~*y becomes more 
open. The mountains here are composed of three different kintls of rock; the  lowest forma~iou 
is grnnite, of which all the  most lofty peaks are composed ; the second is a hard slate ; and 
tile third and highest is a hard crystallized limestone. The mo~untains are not very precipitous 
Itear the sides of this portion of the valley. The open par t  of the Milam Valley is about 
14 miles, 11p t o  the village of Milam. Here the valley splits up into t\vo; the one to  the west 
is occupied by an extensive glacier running down to within two nrilcs of the  village ; the  other 
might be called a narrow gorge extending up to  the  very watershed line ou the Unta  Dhurra. 
The formations in these two valleys are the same as those found in the open parts of the  valley 
lalow. A t  the foot of the Uuta  Dhurra range lies a glacier about 4 n~iles in length, auld owing 
to this glacier the npproach to  the pass is extremely difficult. The Uuta  Dhorra pass is the 
most difficult of all the passes in Kumaon and G1~rhwal. 

28. l 'he two northern valleys, owing to the absence of a general name for them, might be 
cnlled the Girthi and Kisngur valleys. The drainage of these valleys f:rlls into t,he Dhauli river 
in the Nit i  valley. The Girthi valley is hounded on the north 11y sheer cliffs of limestone 
r i s i n ~  to ovcr 19,000 feet ;  on the south it  is belted by peaks and ranges averaging over 
21,000 feet. The highest parts are composed, to all appearances, of granite, and tho lower of 
limestone in a semi-crystallised state. The Kiangur valley is entirely composetl of this limestone; 
its sor~thern slopes nie precipitous, but the northern slopes, t h o ~ ~ g l ~  loftv, are for the most part 
nndulating, and present a view for l j  miles of pleasing softness when compared with the 
rucpedness of the southern ridges. These slopes are richly covercd with vcrtlure rip to 
15,000 feet, and a t  their bases a description of furze is found to grow lururiantly, the roots 
of which make rnpitel fuel. A t  the time of my passage tbmugh, the enlire valley was covered 
wit11 snow ; and i t  war only on my rctorn from Ilundes iu July that  I was greeted with all the 
bloom of spring, though i t  waa past midsummer. 

30. Before concluding this, I would beg to  bring prominently to your notice the services 
renderetl IIY Dhnnnu, Jangpani of the village of Bnrphu in the Milam V:llley, and o E  h p t i  
in Munsl~iari.  On  previous occ~qions Dhanno 11s rendered very Foo~l service as head m a n a p r  
of thc mmp, in procl~ring sl~pplies and rendering himself generally usefnl. This year i t  ww 
chiefly due to I ~ i m  tllat I was able without much troul~le to make the  eXtenfiive prcparatiooe 
which were necessary for conducting supplies, first over five marches in the Milam Valley, 
then over cleven marches of sterile and barren country. 

He  is a man possessingextensive influence and b e t .  
32. During tbc condrlct of the field operations in Kumaon and Garhwnl, Mr. W. Todd 

wnn left in c.l~arge of the mapping department of my office. Of the  Dchra D i n  Slrrvey on the 
male of four incshco to the mile, the following maps have been completed, ,,iz., Nos. XXIII,  
XXX,  X X x I I I ,  XXXIV, and X L  ; of the remaining sheets of the same survey, N ~ ~ .  XXIV, 
XXXI,  X X X I I ,  X X X V I I I  and- X X X I X  require typing of utlmcn to comlllete theln for 
pllotozincoarallhy. The d n w i n g  office helped in outlining sheets XXIV and XXXII, and in 
both outlining and shading sheet XL. 

33. The orlllining of the four sheets of the Jaunsar BAwar Survey, on the scale of two 
inches to the mile, has been done, with the exception of those portions by the ~~~~t 
Department,. 

34. The twp ah& of the large scale mnp of Dehra and its suburbs (twelve inches to ths 
mile) havo bcen outlined. 



35. The redr~ction of the  Dehra D6u  mspe from the scale of Col~r inches to s mile to t h a t  
of olle inch t,o a nlile is i n  progress. 

36. Pnri pnaalr wi th  t he  s~lpcrvision exercised 11y Mr. Todd in the  mapping work, h e  wne 
for  about  a 111011th in  d r n w i ~ ~ g  up  n narrative crf t be  JLullsh's crploratious. 

Mr. Kinncy joined t he  office s l ~ o u t  t he  middle of 3 1 % ~ ~  nnd rendered Mr .  Todd g r ea t  
&stance by  tskillrr up  t h e  sl~;uling of six and a half she~:ts of t he  large scale, Uchrs D i n  
Survey. Tlic progress m x l c  i l l  t h e  drawiog \vork is vcry crcditablc t o  3Lessrs. Tdrl and  Kioney.  

KUMAON AND GARHWAL SURVEY, 
Tabular Statement of out-turn of work, season 1877. 

Details of Tupogrrrphy, Scale, 1 i]rch=l mile. 

Osssnsaa's Nause. 

E. C .  Ryall, Eeq. ... 

Mr. J. Peyton, ... 

TOTALS ,.. 

N r a .  

---- 

E. C. Rynll, Esq. 

E. C. RYALL, 
Aaat. S~vdt., G .  T. 8arr .q  ?f Indin, 

in charge, Kut~tuon and Garhlool Party,  

nermna. 

Exclu~ivc of 13,003 square miles 
e~nllaced by iat~raected diatant, 
snowy peaks in Tl~ibet. 
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Extract from the Narrative &port, dated 23rd Angust 18771 of Captain A. W. B h d ,  
R.E., in charge Tidal and Leveling Operations- 

&. In June 1876, I avLvsilcd myself of three months' privilege Icave and went t o  England. 
Prior t o  my departure, I was informet1 tha t  i t  was most, 

Only one dctncl~mont of tbe pnrty to Probab~C I sbollld ha\.e to remain there to finish off the cnrry on levelillg. reductiolls of the tidal ohscrvations in  co-operation with 
Mr.  Roberts of t h e  Nnr~tical Almanac Office. I had to settle, tllerefore, t he  n~orlc for the 
next field scason before I left. I11 the formcr season two detachmcnls of t he  par1.y were a t  
work, carrying on different lincs of levels sin~ultaneously; i t  was of conrse only necessary for 
me to a r l a ~ ~ g e  for oue detachment to be a t  work, should 1 not return in time t o  take the  field. 

3. Major (now Lieutenant-Colonel) I-Iaig took charge of the pnrty on tlly departure. I 
drew up a mernor:~ud~~rn for Iris information, giving all the details of the  lincs of Icvels, and 
the  b r a d  lincs which slrould be executetl so as to aounpct irrigatioh, railway, and other 
levels. \Vilh this memorandum for his guidance, Mr. Rendell (~110  had charge of the 
dctacl~n~cnt!  had no t,rouble in carrying out thc  work req~~ired.  

G.  Mr.  Rendell reports :- 
" llly Grat duty ~ u s  to'mnlre enquiries and senrch for the Irrigation hench.rnnrkn ro~rnrl nbo~rt S6nmd. I 

s p a t  a week i n  osrlrss scarcl~, nltliooxh 1 h : ~ d  a mnp by nne sliewing 
nimcallJ in  'ceoB"laing IrriKntion Depnrt  their posilion. This was due to the fact that the mnjority of t h o  Irrigk mcnt beoell-marks. tion bencl~.marlis ore situated on t h e  ro~jts of trees, whivh I wns not aware 

of nt the t,in~e; I Ic,oked for something more subsln~~tiul: huurrer, on comln~~nicnting ~ i t h  BIajor Haig, Ile sent 
I I I ~  n complete l i r t  oftl~c bc~.cl~-lnnrl~s 1 required, with n full description of enrh, nnd nhicli contained the names 
of  the vill:~pe oHici;tls to whose enre they were handed orcr. With this beloro mr, I fo1111d no difficulty in 
eonnrctin 3 numbcr oFlr~.iuation bench.mnrks eatendin= oror Sl~ccts 80,81, 8, and 9 of the Guzsrat Surrey." 

'7. After complet,iug this, Mr.  Rcndell marchetl t o  ~1cl1madal~ad, where he arrivcd on the 
2Qrd December. I-Ie then connected J injhar  H. S, with !,he 

Wnrk rornlnencrd On line Mehmada1)ad bmrh-mark by a branch line about 6 miles b n n c h  to Ybli, kc. 
lon,rr, and afterwards commeuced work on the  main line of levels 

which mas being carried along the  railway line. By thc 2ntl January he renched Xnand Rail. 
way Stalion, and then drove a branch line along the milw:~y from Anand to l'hli, n (1ist:rnce of 32 
miles, and connectcd P61i and Poeda stations of the Great Trigonometrical Survey tri:~ngulation. 

8. The work on the main line mas rccommcorcd on the 24th Jannary, and by  the  11th  
February the main line had been carried as  far as  W b d .  nrnneh line to Comnbny. From this a. II~RIICII lillc was taken to  Caml~ay,  and a Great 

'I'rigonometriral Survey bench-mark was embctlded near the  town, and the Trigonometrical 
Station ((:emhay Ihctory) was also connected. This branch line was 33 miles i n  length, and 
nlong i t  211 puclta points or bel~ch-marks were connected. 

9. The main line was then continued as  far as Baroda, where a bench-mark ma8 laid 

Pucl-n p i n t s  cnnnrcted ot Fnrodn. down a t  the 1;:rilmay Station, and anothcr in t he  Cantonment, 
and several pucks poiuts nrerc also connected in Ihroda,  sucll 

3.s the  steps of the ddk hungalom, the pavcment a t  the bottom of tlic clocl; tower, &c., and 
3150 the top of t,hp clocl; tower, being R Grc:ct. Trigonometrical Station. The I~eiylrta of the 
pointa fixed a t  13aroda supplied to thc Executive Engincer for Irrigation a t  Barods, t o  
enaLle hinr to refer all his levels in future to mean level of sea. 

11). The main line was thcn continued, and on thc 23rd Februnrv had reacbed Meacim.  - ,  
nd1el.e a b r a d  line w;is carricd to  ~ i i l ~ u r  FI. S. ,  a distance of 

I'lle to 
and Sidprlr 30 milcs, 234 of which extended over ihc .  narrow p u g e  H Y. 

Railway of Ilia Ilizhncss the Guicwar, which eoes to  D s b l ~ o ~ e .  
Ijeoch-markrr ond purka points nrcrc ron;rccted nr r;ltfe. 

0 

11. J~J. the 9th March the main lilw I~nrl been carricd as  far  as  Broach. Of the worl; on 
the  main line beyond this, Mr. Heuclell reports :- 

"Owing to u good portio:~ of Ll~e NrrbuJcln hridgr (nearly liaIQ havin; bren waahed away during the revious 
I,rrclli,,cnvrr nFrboclda, Railn3, m011rnon. I nnlicipntell p rn t  dillicelty in cnrryina my  line 01' levera v:rosn 

htirler helnp por l~ol ly  dealro)cd. the river, wliich nt t h i n  point in  ne:~rly one mile Ilko,~d. I f o ~ ~ n d  that n 
te~nl'orarv n!r~~rturc had lrcen rrccted orcr \vhit.h t t . t i~~s  passed at a very 

w~, lw rate nf spr*cd. this utr~lrt~~re llring cnnnrrtrd with the portiun of the bridpc tli:tt rnnlninr*d ~ l n ~ ~ d i n ~ ,  by s 
divrrpion llovinr a drcline of som~thing like 1 i l l  12. One or two p ~ ~ r h a  points on the nr~rtl, nnd s o ~ ~ l , l ~  hnnkn e l  
thc rivcr wcrr 11lro lixerl, nnd their hcirllts not~fin~d to l l~r  Rnilasy Enginerr in cliarge ol' ~ l ~ c  hl.idKe, atno a n n  
derirottr of obl:~inina nc~.urote doln to ~ tn r t  from, in connv#,iion n.itl~ t.l~e netv br~dgc wllicll i n  nboilt 10 be 
rnnstr~~ctcrl 

Surnt was reached hy the  end of March, and several bcncll-n1arl;s in t l ~ e  vicinity of t l ~ e  
town mere cnnnectod. 

12. I n  continuing the main line, ucvernl of the  Irrigation Depsr tmrnt  lcvcls in ~ ~ ~ ~ ~ e ~ t i o n  

of tile Tapti pm. wiLh the  Tapti project \yere connected between Anklcswnr 
jwt ea~nnwl~d. and Sachin. 

13. From n point about 3 miles sout,Ir o l  l l n l ~ a r  a hranc-11 line was r1111 lo  Pnrnrm 11. 5.. 

Mnin line clond. a principal station of the  Nort,hern Conran series, s ~ l d  by 48tl1 
April t l ~ c  maill line mas closet1 for t he  season n t  1)nmann Ilail- 

a n y  Station; a h n ~ n c h  line wan carried from t h i ~  to  the town of D a m n ~ ~ n ,  a distance of 6 
miles, where a Qreat Tri,onnometrical 811rvr:y bench-mark nrna laid down. 

14. The opcrat,ions mere carrirrl on ll~rou,rrho~tt I)y two intl~-l)c.ndent Icvelcr~ accolvling to 

nrmrrnl mreutioo of tile lerelinp, tlrr riaill rulcs ill force ill this Dcpnrtmcl~t .  hl r. lteudcll 
mrfirts :- 

" l a  no rnw nns Il l?  dircrcpnncy hrlwrm thr I r v v  inrlr~~mrnts allowcd to ~accrrl of a foot; nnd, inderd.  
inat.- srr rare al~ere n diKcrc~~ce of .W!5 ol' 11 Coot wos allowed to p~iss wilhuul repeeling the obsrrration~." 



The difference betwren the  closing resnlts of the  two levels was 0.090 foot, and the  
greatest diffe~encc a t  ally end of any scction doriug the season wns 0.128 of a foot, nhich was 
at 14.4 n~ i l r s  frorn s t a r t i n ~ .  

15. A compnrison of the staves with the portable standard bar mas maclc four t i ~ n c s  tlarirtg 

cuml,nriaion of the stn\.cn. the season, vtz . ,  a t  Sinand, Bleagam, Surat, and Duniaun. 

16. The hciglits of the rails opposite the hooking ofices of 35 Railway Stations were 

~ ~ i g l l t  ot Ilnilwng Stutions eonncct- ascertained, and the average crror of the heights :IS given by 

,-<I. the Hnil\s:~y al~thoritics is + 5.1 feet. 1'he greatest error was 
a t  Palej, wr., $ 8.0 feet,, and the lcast. a t  Broach + 2 5 feet. 

At Broach the error of the Rail~vay height is 2 . 6  feet, and st Anklesw:rr i t  is 6.2  feet., and the 
distance is only 64 n1ilcs; this Wo111d give an crror of 0.67 foot per mile. Similarly, bctmceu 
Uulsar aud Dungri, also a dislallce of 5 1  ~niles, there \vould be an crror oE 0.67 foot per mile, 
b u ~  errors of this magnitude :we of course exccptioo:~l. 

outturn of work doring firlrl scnaon. 17. 'l'he folloming statement sh6ws the amount of leveling 
execo ted by the party. 

Do~lld~ leveli~~g. main line ... ... ... 1A3t miles. 
ditto, brauch line ' ... ... . I ,, 

TOTAL ... 358) .. 
-- - 

Singlr levelin: lnop line ... ... ... 1Gt .. 
I i ~ ~ ~ u b c r  of Gr n t  TI-ijionornrtrirnl Stations connected ... IG 
h'u~nll~,r nE (;rr:~t Trigon~,~uetricnl Survey bench-marks 

c.mllrdd(d and co~~n~cclcd ... ... 31 
Xnil~rtry I~cigllls connret,~d ... ... ... 39 
Nu111l8rr of lrrigntiul~ hrigl~ts ... ... ... 40 
Nulubcr uf o~llrr puclia points duly inscribed and con- 

nrrtcd ... ... ... ... 180 

19. As the lcvels snpplicd to  the Officcr in charge, Gozerat Party, by the  E x e c ~ ~ t i v e  

1,oop line. 8611nnd to Allmcdnl#nd. Engineer, Ahmed:111nd, for incorporation in  the  Gnzerat maps, 
wonld not stand any single correction, that  is, the  correction 

aplilied to one set of lcvels wonld not snit anot,her set which had one station in  common, 1 
sent up a leveler and a few nlcn to run a loop line from Sinand to Ahmedallad, and pick up 
the poitats as given in the list of levels in question. This loop linc emanated from a point a t  
SQnaiid, connected with the Graat 'l'rigonometrical Survey bench-mark there, by double leveling 
and closcd on a point a t  Ahnwtl:~bad, also connected by double leveling with thc  Great l'rigo- 
11orne1.ricsl Survvy 11cncli-rnarli at Ahmedabad. 'I'he closing error of the single line was 0.044. 

21. The out-turn of leveling Eor the fieason I consider excellent, and Jlr.  Helidell dcserves 
much credit for t,his. I take this o p p o r t ~ n i t , ~  of bringing 

Mr. Rendcll's scrviccs. Mr. Rendell's services promincntly t,o notice. H e  has been 
four years in his present grade in the-l)epartment. I n  August 1875 I also rcq)ortcd favoral~ly 
on liinl, with a view to llis llring promoted ; I I I I ~  the vacancy in the next I~iglier gmde a t  that  
time was , I  belicvc, a l ~ ~ o r b c d  011 :lccount of rccluctions in the Survey Department. 

23. Sincc coming into rccras qi~arlers,  the dul~licatc Sheets 11:lve a11 hrcn completed a.nd 
L l . ?~ \g l~ t  up. ' I  IIC dewription oE I~mch-marlis and all pucka 

Work ill the ofice d ~ ~ r i ~ i g  recrss. ~ ~ o ~ n t s  cc~nnrctt-d have bcen made out in duplicate, with 
sk~?tches of tho points, whcrc ncresy:iry, to accornliany the level sbects. T l ~ e  nbstrnct of 
heights, and c ~ m ~ ~ ~ t n t i n n  of unit c~irrections, also ta1)le of coml~nrison of Grcnt Trigonometrical 
l ~ e ~ ~ l l t s  detcrmincd trigonn~nclricnlly and by qiirit-leveling, hare  bcen c~~niplcted.  Similar 
tnlllcs for Ilniln:~y I~c.ights and ch:irts, aliewing the routes of levcling in detail, are all nearly 
completed; n i ~ d  the ftnrns for l l ~ e  prr~ervation of t,hc stations h:we been tilled np and handed 
over to the different a u ~ l ~ o r i ( i ~ s ,  :1n(I r(~c~cil~ts ob ta ind  for the safe custody of the statious. In 
fact the whole aforli in co~~ncct iou \\-it11 the leveling operxt.ions will in a few weeks Lave been 
rompletcd and dcsl)atcl~c-d to the! head quartcr olIice. 

Extract from the Narrative Report, dated 17th October 1877, of Captain W. J. 
Heaviside, R, E., in charge No. 1 extra party. 

( I ) .  The field srnson of 1876-77 was comn>cnccd by this party more than usually la te ;  
in the first plaec I)cc,a~~sc t l ~ e  first e:;ition for ~Lscrvalions nrus \'izognpatam, mhich is exposccl 
to thc f1111 force of tllc ~ i n r ~ l ~ - r a s t  monsoon aud n.l~r~ut clear i ~ i g l ~ t s  for o b ~ ~ ~ ~ . v i n g  were not to 
be r ~ ~ r c c t n d  unlil J :~nua l .~  ; ill t h r  rrrond plarc on-i~>g to  1.11~ I~cnvy natnre of the  romlmtations 
of t l ~ c a  l rrcvior~~ si,n..<)n's vo!.li, \, liicll i t  w:is cousidcrc~l most dcsinilrlc to clear off bcforc 
I ( ~ ~ v i n g  rcccss q n a ~  trl.s. >!o~.cc~. cr, I Ilnol 11cc.n war~,ctl that I might 11:lve to take up  1:ltitude 
i~l)srrvstions, to\v:u-I!$ tltc 1.1occ thc li:slil .scntion, wit11 onr of thv zcl:l(h ficctl)r~, nud as th~st!  
i r l s t r ~ ~ n ~ r r ~ t f i  \vr>rc nr?r  to ~ I I ( ~ :  :; hil. Iny cnllcng~~e C:~l>t;~iu Ca~npb(~l l  n-:IS n-rll ac.iln:liu(rtl n . i l l~  
Irotl~ of ~IIPIII ,  1 :rv.!iI~,d i n > - ~ ~ , l f  01' 1111. O ~ , J I I I ~ ( I I ~ ~ ~ ~ J  of his prcsc~~ce to II:IVC sonle pr:~ctice with 
t l ~ c n ~  lwfi~r(. Inkill!; t , l~ f*  (icll. i h~ t l i  i r l - t ~ l ~ ~ l i c u t ~  n r ~ ~ r c  pnt up wit11 Captnin C:~rilpbell's 
ns~ir;lnuc~* :ln~l i l ~ r ~ r  ~ , v , . ~ i l i : n y i t ; t . r ;  .11/11tciI C I I I L  by him, :~ftcr ~vlii(.Ii 1 h ~ ~ d  O I I ~  of then1 cal.ricd out 
t,o 111c souili-\r~pst, r t :~ l io~ .  or t!lr I!:,t~g:ilore h:~.sc liuc atltl tooli obscrv:ctions lhcre olr two 
t,r 1hrc:o ~ ~ ~ g l l l r ,  snl , ;~  I I I I : . ~ . L I ~  I.I-IIIC~II: the oI~scrv:~Li~~ns according to the foruis prc\iously used 
by Major Ilcrsclcl. \\'lien Al:~jor Ilri:c.l~cl aud C l ~ p t a i ~  C a n ~ ~ b e U  ntcre e~nplo~-el! in latitudc 
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15). Regular work was commenced on the arc Mangolore-noml,ay on the night  of the  
22nd. On the .'3rd, I heard that  sanction had been oljtained for the determin:lt,ion of t,he 
din'erence oE lonaitudr I~ct\vecn Bombay and Socz. 'I'hc observing season was now far ad- 
vaucetl, and to complete the connection of Boml~ay with Suez this season, i t  was eswntial that  
t l ~ c  o1)scrvations in Honlbay shoultl he untlertaken before t,he gathcriog of the monsoon cloods, 
to effect nd~ich it  appeared necessary for me to s t ~ t  for Homl)ay by t, l~e next stcemclr. As the 
stean11.r was not likely to arrive unt,il the 31st there would, under ordinary circumstn~~ces, have 
been a n ~ ~ l l c  time tu complet,e the usual six nights' observations; bnt we mere unEortnnnte in  
this rrspcct,. I mas unable to  work oo the ZYrd, owing to an inflamed eye. O n  the 27111 the 
telegra1111 line was in t e r r~~p ted ,  and aljout noon on the  88t11, I heard that  the steamer would 
I I ~  in bvforc her t i n ~ e  carly next morning, and I had a hard  day'^ work to ge t  evervt,I~ing 
down ant1 1)aclic~d up in time to start 11y her. The Arc ilIangalore-Bombay is therefore 
depeodent on only fonr nights' work, which however is probably snfficient, to give a good result. 

6) .  l'he 1)arty left hInngalore by sen on the 29th, and lauded in Bombay on the morning 
of the 2nd. of Al~ri l .  A fortnight was spent t l~e re  with Captain Campbell in cousnlting and 
arranging a system for cal~le con~munication ; in the cleterminatio~~ of personal equatiou, and in 
various l)relimi~~aric.s connected with the novel work we werc about to  undertake. 

The Iongit~~cle station :ldopted a t  Bombay and used for the previous work on land lines 
was in t.he grounds of the Col;tba Ol)servotory, about there miles distant from the ctble office. 
Ou lantl lines me I I ; ~  becn able to  work directly from station to stat,ion, but  now tha t  the 
signals had to be t r a~~smi t t ed  either to or from the cable ofice, this distance I~ecame a great 
disadvant~~ge;  i t  entailed the presence of a11 assistant at. the cable office for the greater part 
of the night to look after thc signals and prevented verbal com~nunicetions in  case difficult,ies 
arose, as n7as liltely to  11apl)en ~ v i t h  a new system on its trial. But there were so many 
ol)jections to chauging the station, that  we had to do our best as i t  was, and the dis.ldval~tages, 
when the wosk once got  into swing, mere less than had been anticipated. 

Captain Campbell was ready a t  Aden on the 24*.h of April, aud on t h a t  night  we had 
some 1)reliminary practice, commeocing regular work on the Arc Bombay-Aden on the  25th. 

(7.)  By  t l ~ c  lirst system adopted for thc  interchange of signals, thc clock a t  Colaba was 
~)l:~crtl in c c ~ n ~ ~ c s i n n  with a rclay a t  the  cable ofice, which i t  worked by the usual break of 
contact a t  eac.11 second. D l ~ r i n g  the times that  fiignals were being exc11;mged between Boml~ay 
and  ide en, the relay was placed in connexiou wit,h the electrified iuk of the  Thomson syphon 
recorder, so that ,  I)y a simple arrangement, whenever the relay broke cootact, the electricity 
passed from the i111c to earth, thus arresting the flow of ink through the syphon recorder and 
marlting each second oE the cloclt amongst the cable signals ou the Tape. It was found 
l~owever, after two nights trial t ha t  this system did not give sat,isfactory results, and on the  
27t,h C:~pt:lin Camp1)ell tclegmphed the details of a uew system which proved a $rent success. 
This system, whicl~ I Ilclicve to be original, and for mhicl~ Captain Campbell deserves much 
credit, consists in 11lacir1r a relay in  the circuit of the cable battery between the  s igndl ing key 
and the l):lttcry, so that  whenever the liey is pressed the current passes out throng11 t l ~ c  cable 
as nsnal, merely n,eakcned by the  additional l cng t l~  of the  rel;~y coils, a11d a t  the same time 
\vorl;s the rclay. A t  Bombay this relay W;IS in co~~nectioll  with one of the pen armatr~rcs of the  
cl~ronngr:~ph a t  Col:~l)a, so that  me11 signal sent from Bombay to  Aden was recorded on the 
chronogr:~]il~ a t  Col:~ba alongside the clock signals. 'l'\vo days were spent in 1)erfecting Bhis 
system, after mhicl~ our work proceeded very smoothly, so far as the comparisons tverc con- 
cerned, altl~ongh retarded so~nemhat I)y cloudy nights nt  Aden, where they were least anticipa- 
ted. The Arc I3ombay - Adcn was co~ul>lcted ou the 9th  of May. 

(Y.) 'I'hc party left I$oml)ay by steamer on the 1.l.tI1 of May and :~rrived a t  Aden on the  
21st. Thc Tclcgral~l~ Ollice a t  Adcn nrns, a t  this timc, in course of remcr\,al from the house 
near thc 1andi11g l)lnce, to the IICW block of building in Telegraph Bay, wl~ence the cable 
signalling is c o ~ ~ d ~ ~ c ~ e d .  hlr.  Stacey, the Superintendent of the  l'elegmph Con~pany, kindly 
placed : ~ t  my disposal a row of thatched roo~ns which bici s t , d  had recent'ly var:~tetl and which 
enabled me ant1 my ass~st,ants to  live on the spot close to thc  longitude station and to  the cable office. 

The work at Adcn proceeded smoothly and the arc Adeu-Suez w:ls cr~mpletcd on 
tile 30th of Xiny, and is the only Arc of the seasou where a. succession of ti ve clear nights were 
exl)erie~~ced sinntltaueously a t  bot11 statious. 

(9.).  During the  timc I was observing st Aden, Mr. Connor cnrricd a triangulation across 
the Pen~nsnla  to connrct thc longitnde station wit11 the hlarshag light-horse and with 
Lord Lindens's station for the ol)ser\~ation of the  Tmnsit of VCIIIIS. The triangl~lation started 
from n base line :~borct + of a mile long, n~easurcd twice over wit11 a metallic, tape which 11:~d 
I~een comp:~rt.d wit11 a standard bar a t  Dehra. It was not originally intended to  marl< ally 
bnt a few of t l ~ c  most iml)ortant stations of this triangnlatioo; but n.11e11 Mr. Connor was 
s e l ~ c t , i ~ ~ g  t , l~e  st:tl.ions, 11e li)und the hill tops to  bc in suc l~  a loosc crumbling state ns to  require 
~)lat,forms to 11e construclcd fol. the Theotlolite, I L I I ~ ,  as a mason was required for this purpose, 
m:~rk-st~o~ies wit11 Lhc usrlal r~rclib and dot were pl:lced a t  ;dl the sbt ions ,  except Lord Lindsay's. 
r 1 Illis stat,ion 11:1d previoasly%een marked by a c:vron:~de su~rlc to grountl level, but a nlark-stone 
was in conme of preparnbion, ant1 the Assist:~nl liesidcut i~~fornlctl  me i t  would soon be placed 
011 a pill:~r to I)c I)r~ilt over the st:~tion, ~v11icl1 i t  so hapyens is just outside thc  building in 
1v11icl1 thcs ~~ent~r1111rns nrcre s\vung I)y me in 1873. 

(10.) Tllc i ~ ~ l c r v : ~ l  of a we~!l< whir11 c1:lpsed Ijetn,ren the rompletion of the  longitude 
obscrv:ltions : ~ r ~ t l  tlrc. :~rri\ . :~l of thc next, s tm~rler  mns spent in overlooking this t.riaugulation, 
in taking rolne la t i t~~rlu  ol)servations, rc:~diny off c l ~ r o ~ ~ o g r a ~ ~ l ~  sheets ant1 packing up. On  
t11c 7th of JIIIIC t l ~ ~  11:1rlg eml):~rked for Homl~:~y on ho;~rd the  ~ l r o r u ,  in which Cuptaiu Camp- 
bell's llarty h:td left Suez, and Lhc colllblllcd p:~rtics arlived ~ I I  B o u ~ b i ~ y  uudcr u ~ y  charge 



on Illc 1411r; tho instrunlcnts and camp equil)ment mcrc srnt  thellce gocllls' train to l'ool~:~, 
wllere oftirr was opcllc(~ :111d tile recess s c s o n  cornmcnc(~d on the 22lltl of June. 

(11.) TIle I)oxt!F c o l l ~ a . i ~ ~ i ~ ~ g  t l ~ c  i ~ ~ s t r u m e ~ ~ t a l  equipme~~t ,  have expericnretl some rather rollah 
~ ~ s a ~ e  tllis season. Bot,h a t  Vizag:lpatam and Adcn evcryt ,h i~~g h : ~ d  to bc carried about iy 
nlost unruly coolies, and a t  e:~ch I~lacc, up and down a stecp Inll  bere re I I IC  coolies could not 
].be well r ~ o ~ ~ t r ~ l l o t l  ; tile cquiplnrnt has twice pnclsctl in cargo-bo:~ls tbroogl~ heavy su r f ;  t ~ e I \ - ~  
times i t  has been slang ei t l~er  lo bc shippcd or ~ ~ n s h i p ~ c t l  ; a ~ ~ d  althoogh the boardship mcbthod 
of slinging is not so hazardous as i t  l o ~ k s  a t  fiwt sight, yet i t  is not devoid of considerable 
danger to i n s tmnle~~ t s ,  as  was r ~ r ~ ~ e d  a t  Adeu by a c~)llimator box s l i p l ) i r ~ ~  out  of t he  a l i ~ l ~ s  
and rolling off the  cnrgo-boat into the sen; the box, hcing e well-m:~de X r ~ ~ l i s l r  ol~e, 
fortnrr:~tcl~ floated just long enougll to enable i t  to I)e securetl, n ' i t l~ont resorting to the 

Som:~li for its recovery, and the  collin~ator inside the  box sustained no damnge 
beyond the  wetting, which however wns so tlrorougl~ as to hare partly corrodctl sornr of the 
smaller screws. Othcr\vise, although the boxes have uuffered in ththir six n~orrtl~s'  travels, the 
i~~s t r r lmcr~ t s  have rcmnincd in good order, the breakage of a glass cover of a huogillg level 
being the only injury detected. 

(12.) iW. L: J.  A'crtcille joined the party on the 7t,h of Novernbrr 1876 in place 01 
Mr .  H. E. '1'. Keelan n.110 had been transferred to Lhe AIysore S ~ ~ r v c y .  After being i~~st , ruct rd  
in t he  fonns of comput:~tions UI use in the p:~rty, and being furnished with pl:~ns and rncmo- 
randa, he left  Bangalore on the  17th  of l>ecembcr for Mang:ilore where he coiistructed the 
longitude station, and where i t  mas intended he s11011ld rer~rain until the  arrival of thia 
part,y. B a t  in the  itrferim his services mere required by Captain Campbell :it. RI:~dras, and 
so i t  nrose tha t  he joinetl and remained with Captain Car~r~bc l l  I'or the rcst of tlre ticld season. 

13. Ur. B. 1'. Connor joined the  party in Bombay early in April. As  IIC had not 
previously been employed in astronomical work, he required a good deal of coaching; but he 
mast,ered (lie work of recording and the pre1imin:~ry computations rapidly, and soon bccome 
a useful assistant. 

(14.) JIT IT. Bomi!.-Mr. Bond mas with this party durinq the  whole field season. H e  left 
Bangalore op the 14th  of December for Vizagapatam, and n.it11 good judgrncr~t hc there secured, 
at  a low rcut, a house in the  grounds of wCic11 he built the transit ant1 collim:~tor pillars in 
an excelle~rt situation, about 100 yards from the  t,rigonomctrical hill station of hlel)peu, the 
c1oc.k 11ill:rr b e i l l  erected in a room of the  house where the clock was well 1.1rotcctcd from 
currents of air or sutl(1en changes of temperature. I I e  executed t l ~ c  triangul:~tior~ ncceswry 
to  conncct the  l r ~ ~ ~ g i t u t l c  station with the  co:lst series, protected a ~ i d  tr:msEerretl t o  t he  1oc:tl 
otfici:~ls tit-o s t a l i o ~ ~ s ,  acted as  my  iecorder, and during the  clol~dy \veatIrer we experienced 
a t  \ ' iza~al~nta .m he n ~ : ~ d e  great advances in t he  comput;~t,ions. A t  Boml~ag he ~eceivcd some 
instr~lction in taliir~g transits, so that, if the weat11r.r there provcd a? c l o ~ ~ d y  a3 nrasanticip:~ted, 
he might ta1.e a fcw stars during some portion of the n igh t ;  IJU t the  tine \venther cxpcricnced 
rerrdercd this unnrrcss;lry a11d his duties 1:1y a t  the  cal~lc olticc whcre, a t  slnterl times, Ire sent 
sign:~ls z i rn~~l taneon~ly to Captain Campllcll a t  Adell and to  m e a t  Col:~l~n. A t  Aden he 
was similarly en~!~lt)ycd, hut  as thc longitude stat,ion was close to the cable oflice there, he 
w:rs ablc t o  act 11s my recwdcr in the iutcrvaln betwccn the comparisons. Xlr. Borld hm 
perfurn~cd his doties both in the ficld and during the recess in a very ~at is ractory  m:lnncr. 
H e  has displayed good jodgmeot, skill, and tact  wllcn he had to  act i~~depcndc:l~tly, as for 
i ~ ~ e t ~ l r ~ c e  a t  Viaagal~atarn, w l~c rc  he chose the position of the longitude s t a t i ~ ) ~ ~ .  :cntl : ~ t  Bombay 
where Ile lrarl control of the  cable signalling during Lhe time of t l ~ e  comparisorrs and he has 
workctl well a t  the computations. 

(15.) The native est:~blishmcnt consists, m t h  one exception, of EIindoos from the North- 
western  Provinre~; and their custom of rcfuhing to cat coolied food 011 bos rc l s l~ i~  and snLsisting 
only on dry and prclred grain wit11 a little goor, unfits them for long sea voyagcs, and on the  
way from AIadras t o  Viz:~gapatam a duffadar had but  recently recovercd from diarrhrmadied 
in a few ho~rrs  from an acule return of the  disease brought, on by this u n \ v l ~ o l r s o ~ n ~  diet. 
, I  l h i s  was the  only casualty drlrirrg the  se:rson, and the l~eal th  of the  men has otherwise bcen 
very good; the m a  voy:~acs were cheerfully ~lndertalicn by them, and 11" objcctior~s ivcre raised 
even to the  Ionx sea voyage over the Kali pani to Aden and back. I had expected diHic:~~lti&s 
at Adcn with the ~ ~ a t i v u s  a l ~ o r ~ t  the  condcuscd water; but  when they found thn t  i t  nfas drllr~k 
by ot,l~er llindoos aud tha t  the  canal water was exceedingly bri~ckish, they used i t  &er a 
bw grumbles. 

(16.) 1 have to acknomledge much assistance, in the course of t he  senson's work, from 
the  several Telegraph oflicials with whom I came in contact. I am more particularly in- 
debted to Mr. P'lindtrll, t l ~ e  Superintendent of the  G ~ n j a m  Divi~ion, who, when Ilis ofice a t  
Viz:~gapntam was short of signallers, and 1 was much troul)lcd I)y inducetl c ~ ~ r r c u t s ,  came 
up to  lho Ol~servatory at. night and spent sonle honre in signalling for me n,itll llis ow4 
hands. I n  Uon~bay, hlr.  U. Smit.11, the Superintentlent of the  Eastcm Tc lcC~n l , l~  Ctlmpnny, 
and his nasistauto gavc 113 evrry rPncil~ty for carrying on the n-orl;, in t.llc first infitanw 
cxplnir~ing thc  cable s i g ~ a l l i n g  i n s t r ~ ~ m c n t s  ml~ich mere quite llcn to mc, and sllbsequcntly, 
when difliculties arosc, they \yere alnfaye ready to  afford pc r so~~a l  :cs:<ir;tnncc, nhicll mu64 
f recl~~?nt ly  h ~ v e  bccn rc~r~lcrcvl with great inrnnvcnicnce to t l~c~nsr lvcs .  I have also to thank 
&1:1jor Gnmbicr, R. E., lllc S~ll)erir~lcl~tIcnt of h l i l i t a~y  TVorks at Adrn, "rid 31r. F. Cllnn:bcrt;, 
who, in tlrc absence I I ~  his hrother on furlor~gll, is in c l l a r p  of tIlc colaba Ollscrvatory, 
for man! little services ren(1crctl to lue in conncclioll with the work. 
' 

(11.) 111 cor~clusion, 1 may rprn:~rk that 1 have ~ ~ ~ u - p o s c l ~  avoided p)inF: illlo details 
regarding lhc  s ~ s t c m s  an11 n~cthutls followcd iu our opc~.atious, as Calrtain Canlpbcll has, in his 
TOport, cute~r?d fully illto thesc nlutterr. 



Extract from the Narrative Report, dated 19th October 1877, of Captain (now Major) 
W. M. Campbell, R.E., Ofeciating Deputy Superintendent, 2nd grade. 

1, During the p w t  field season Captain IIeaviside and myself have continucd the  

Emplnymunt. detcrrnination of differential longit.udes by mealrs of the  
electric telegraph. 

2. A t  the date of my last report we were zpproaching the completion of the  reductions of 

Operntions of 1875.70. 
such obscrvntinns made iu  seaeon 1675-i6, and I was enabled 
to submit the r e s ~ ~ l t s  in a po~tscript.  Shortly afterwards 

however changes were found advisable in the met l~od of reduction, which caused considerable 
re.compotat,ion, and altered the results, tlrougl~ ouly by small (111ant:tics. 1 now append the 
final results of 1S75-76, and will revert to the  cause of the altcratiou in a latar par t  of this 
report (paragraph 41). 

3. Dy cousiderable exertion the redactions merc completed by the end of tlre year, when 

Pmsre,nme for 187(3.57. wc separated for onr cold w:rson's observations, tlie programme 
proposed for which n7as as follo~vs :-The r n e n s ~ ~ ~ ~ c ~ n e n t s  of arcs 

Viwayntam-Madras, Vizagapatam-Bellary, ant1 Mingalore-Bombay. Besides tl~ese, the  

Unlnbn y.-s ucz bIcnsuremcnt, measurement l~ctwcen Uombny, Aden, and SIICZ by cable w w  
coniemplated, if thc necessary sanction could Le ol)t:iinrd. This 

~nensurcment was urgently advocated by the  Astronomer Royal, Sir Qeorre Airy, in  order tm 
con~pletc the connection between Greenn~icl~ and JIaclras, tlre Enropean section of n.hicli, between 
Greenwich and Sucz, had already been executcd on the occasion of thl: Transit of Venus in  1874. 

4. As the preliminary operation of thc seasnn, me determined our personal equation in  

Yovcmenta. Decc~nber before lcaving Bangdore. For the lirst measurcmcnt, 
Vizaga1)atam-hI:tdras, Captain Heavisitle \vent to Vizngapah.m 

and 1 to Madras. I afterwards moved to Rellary while he rem:tincd a t  I ' izappatam, for the  
meas~~rcmcnt  Vizagapntam-Hcllary, on conlpletion of \rhiclr we movcd su~i~ultaneously to 
Bombay and i\langalore, rcspectively,for the measr~rcment ol: t ha t  arc. 

5. The senson proved particnlarly onfavoural~lc for observation om in^ to clouds, which 

RogrcqB ilnl,dcd weothcr, ' ca~~sed"so muell delay, that  we d ~ t l  uot hegiu observ:ltious betwcen 
Bombav and Manrralorc u n t ~ l  22nd March. Uu to  this dnte the  

question of carrying on the  ol)cratloni by cable t i  Adcn nud Suez was st111 l~ntlec~ded, but  on 

nombny-Sucz mensurement snne- 
231d March I heard from Colonel Walkcr I)y telegraph, that  

*. - , the sanction of C;ove~nment I~ad  becn o11taint.d. The season 
LIVllCU. 

was so far advanced that  no time mas to be lost, and xvc there- 
fore curt,ailed our ordinaiy programme of mcasureme~rt l~etmccn Blanqnlorc and Bombay by 
two days, in order that  C:qit:liu EIcovisidc might not losc the first \vcelily steamer to  Bombay, 
where Ire arrived on 1st r\pril. 

6. On  211rl April I despatched Mr. Neuville to Arlen hy P. PE 0 .  Steamer, to make all the 

Propnrntiona for csblr work. prep~ra t io~ l s  there. I had al)ondance of cmployme~lt in Zlombay 
in connect,ion with the details of working by cal~lc, both before 

and after Captain Hcaviside arrived from Mangnlorc, and wc fiually scttlctl on a method of 
worlting which ~)romisrd t,o be excccdingly siml)le and elRcacio~rs. 1 shall rcvcrt in the proper 
place to this snbjcct. We  also ol~served 011 four nights for person:rl equation, after which I 
paclted up my iustruments and to Aden I)y the P. & 0. Steamer of the lGtll April. 

7. Arriving a t  Aden on 23rd, I fonnd the prcc.pamtions in  a fairly forward stat,e, and 

Cnptnin C,,ml,brl, nt A,lcn, 
no timc was lost in gct,ting ready for ol)servations. The ob- 
servatory was a o n v e ~ r ~ e ~ ~ t l y  situatcd about 150yards from, and 

some 60 fcet above, tlre ncm cable office, wl~icll hat1 lately between coml~letcd. W e  began 
observations through tlre cnl~le on 25th April, and worl;cd (under great diHic11l1ies a t  Aden) 
on that  night and t,he next on the system mliicll wc I I : I ~  fixed upon in Bombay. On the latter 
date I cnmc to t l ~ c  roncl~rsion that  a change of nietlrod was absol~rtcly neccssary and hi t  on a 
happy altern:~tive plau (clcscribctl in par:~gmplr 26 ~ e q . ) ,  nrlrich we introduced ou the 2Yth, nfter 
which mc had no difliculty wilh the cable nrork. 

Thc weatl~er had cause1 us much auaicty, as t l ~ c  season was very lat,c for s tar  observations 
at. 1~oml1:ry ; Ilut Fortun:~tcly Caphi11 EIc:lviside eujoycd fine 

Clouds n t  Acler. clear night* t l~cre ,  \ ~ h i l e  :it ~lc l rn ,  where ivc had reckoned 
pretty conlidcntIy on calcnr skies, I was I~ r r~~~l ) l c t l  \\fit11 f rc t luc~ut~clo~~ds lying IOIV on tlrc Irorizon, 
no as scriously to  intelferc with azi~nutll  delelminations, which are accordi~~gly a weak poiut of 
thc ohsc!rvntirtns. 

8. W e  closed observations on 9th hfay, and I left Adcn for Suez by P. & 0. Steamer on 
the 14tli. Alr. Neuvillc Ir:id nreccdcd me I)v the mail 

Cnl>tnin cnmllbrll l'mrrrds sum, of :;Oth April, and on reaching S I ~ ~ Z  on 20th hl:~y, I found 
and C l ~ l ~ t s i n  He~~viahlc to Aden. thc ut,alion huilding ready to rcccivc the instrunrcnts, which 
were il11mcdi:~tcly 11ot 11p. Captain Heavisitle being also rently a t  Aden on 25th we beran 
ol~scrvat io~~u ou '1l;at day, and' cohtinued nightly G t h o u t  interruption or difficulty until  36th, 



when, having obtainrd six nights of good observations, we considered the  measu'rement complete 
and closed work for the sciuon. 

9. I fortunately succeeded in despntching Mr. Ncuville with the men and instruments per 
Retnrn of to 

P. & 0. Steamer of 1st June, which picked up Captain Heavi- 
side's part,y a t  Aden on the  7th. I l sv ing  bee11 granted 
threc 'months' privilege leave on completion of the  field 

&phi' Cnmpbc'l trikes privilege I took advantage of i t  on 4 th  June. Captain leavo. 
Hcnviside proceeded direct to Poona for recess qnaltcls, where 

I joined him on the  expiration of my leave on 30th August, since which date I have beeu 
steadilv emoloved on the reductions. 'I'hese are now in a forward state, and I hope to be able to " I d  

give some results as a postscript to this report. 
10. With regard to the fhree measurements by land wires whic.h We completed, 1 may 

rcmnrk that,  although the distances werc greater than we had 
Mmswementa made b j  land wircs. formerly attempted, we fonnd no difficulty whatever on that 

account. This applies particularly to the measurement Llangalore-Bombay, betwcen which 
places the course of the wire is so circr~itous that  its length aggregates about 1,000 miles, and 
moreover the section near Mangalore is not so well insulated as is generally the  case. We  
were led to  expect great dilficolty in exchanging signals direct between these two places, with- 
out intermediate relays, but wit11 batteries of :,bout 90 cells all anxiety on this  head proved 

Circuits complctcd. 
groundless. The t,hree measurements obtained complete two 
more circnits, riz., V~zaga~atam-Madms-Uellary, and 

Madras-RIangalore-Bombay, the observations of 1872-73 between Marlms-Mangalore being 
involved in the latter. 

11. I n  t l~cse  measurements we followed the methods employed during the  preceding 
Method of working. season, with but slight modifications and additions. The use 

of the tclegral)h wire was always obtained for the whole period 
of observations nightly, and the  transits were obscrved a t  both stations with onc clock, each 
being used alternately. Clock comparisons werc only taken as a precaution, and havc not been 
read off or used in the reductions except nrherc occasiondly necessary. 

Some cntra precautions dictated hy expcriencc were observed in the comm~~ta to r  arrange- 

l'recnntions introduced. 
mcnts, with a view to eliminating as much as possiblc the 
effects of interference of currents, which i t  is impossible 

altogether to avoid. 
The fact is that  our magnetic recorders are not a t  all what they should be, because when 

Fnnlts of nppnrntos. I got  them made up in 1875, .I was obliged to  use the 
materials available, viz., the electro-magnets belonging to thc 

original form of the apparatns. Tl~ese were originally intended for use in connection with long 
lines as well as short local circoits, and they are not a t  a11 adapted for the latter, which is 
now the only way in which they arc employed ; the importance of this fact  has grown upon 

Fortin1 correction. us with experience. ISy a change in the conncctions of the 
pair of coils forming. each magnet, which I introduced in 

Hornbay in April, the total resistance was divided by four, and reduced t,herel~y to  an average 
of 170 units for all. 'I'his was found a great irnpro-mment, but i t  might be carried much 
farther, coils of about 30 units resistance Lcing probably those best adapted for our purpose. 

12. With regard to  the source of thc discrepancies which sometimes orcur in  our results, 
some qllcstion has been raised as to the comp:lrative responsi- 

Sol1rce foluld in bility of the astronomical and the electlical p:~rts of the repolta- 
( I ) - -~stmnomicn~.  ohsarvations. I am afraid t,hat the clrief blame must hr 
( 8 ) - ~ ~ e e t ~ i e n l .  awarded to  the former. Thc electrical part may be divided 

into two portions, r iz . ,  as affccted by (1) t,he arrangements 
inside our ohservatorie~, and (2) the line connecting the two stations. T l ~ c  previo~ls remarks 
show tha t  I do not consitler t,lre first of t l~ese  as above suspicion, and t l ~ t  this part of our 
qu ipmen t  is open to im~~lnvrmrnts ,  but 1 should rank t l ~ e  errors likely to  arisc 011 t,lris account. 
as quite secondary in imporhnce to the astronomirsl errors. As to  the second, the electrical 
behaviour of the  line b ~ t m r e n  the observatories, I do not for a moment believe that  any 
appreciable error he laid to its chargc, provided Lhcre is direct communicatiorl wit,hout 
relays, as h m  xlmoys been t,lir cam in our operations. 111 t l ~ i s  opinion I think 1 should be 
anpporred 11y that  of all electricians. 

13. On receiving the order for observing bet,n,een Romlmv and Suez. I a t  once hcmn 

P r r l i m i n q  oxperirnnlb for aorking 
the preparations and experimcnts, whirh were 

b~ mble. rendered necessary by the fact of cable work being quite novel 
to 11R. 

As regards the method of carrying out the observations, the use of the cable wnultl compc.1 

Mrll~nl , I €  ohser\nng. us to al)nndon the fiyfitcm of uslng the same clock for transit8 
a1 hoth s la t~ons,  for lwo rcasons- 

(1). It ~ e c m s  impossil)le to t ~ x n s m i t  the beats of a clock through the cahlc, ant1 record 
them on tbc distant chronoRmph ; nnd (2), cven if t h i ~  could he done, the use of tho cable 
rould not be oht~ined for sulliciently long periotls, t ~ r  thc night  ie thc b ~ ~ s i c s t  part of the 
24 horn on t l~erecablc~.  \Ire werc thc~efore obliqed to  havc recoune to the  metbod of comporing 



clocks a t  lixed times, and observing transits with. each clock lo call^ before and after each e t  
OF comparisons. 

14,. hfy  great object was to  contrive a method of recording mechanically a t  both stations, 

of eo,npring tllrougll signals sent alternately from each, so as to obtnin a compari- 
cahlo co~~sidercd. Son of cloclis free f r ~ ~ m  ally l~e~,sonal equation. So far as 

I am anrare this had never bcen a ~ c o m ~ l i s l ~ e d ,  a 
pel.sonal eql~ation hnvin: always entered in the observation and record of the reflecting galva- 
nometer, wit11 wl1ic11 I believe a11 longitude observations by lneaus of eleet,~ic cables have 
hitherto bcc11 alrricd out. 1 l ~ o l ~ e d  to effcct my object by means of the Thornson Syphon 
Recorder, which was fortunately in use on the Bo~nl,ay-Suez Cable. Tnis is a bcn~~t i fu l  
instrument recently invented l ~ y  Sir William Thornson, a few descriptive remarks on which 
will not here LC out of place. 

15. A very fine syphon of glass is suspended in the most dclicate manner, so ns to he 

The syphon recorder. affccted by the currents passing throogh the cable, which 
jcrk i t  ill opposite directions according as they are positive 

or negative. The upper end of the syphon dips into a rcserroir of ink (aniline blue), nnd the 
lower elld is very ncarly in contact wit,h the paper tape on which the record is to  be produced, 
but the calibre of ths  s ~ p h o n  is so very iihe that  tlle iuk must  be forced throrigh it, which i s  
done in thc f o l l o ~ v i ~ ~ g  way :- 

A t  the top of the instrument there is a m i d ~  wheel $)out 6 inches diameter : ~ n d  nearly the same 
Tl~e  " monse-mill." nsidth, technically called the " mouse-mill," wl1ic11 is driven 

by an electro-magnct below it. The motion of thc "mouse- 
mill " serves two ends-(1) i t  dra~vs the paper tapc past the syphon, a t  a rate which can be 
regulated a t  y l~~asurc  wit,11, as we found, great uniformity : (2) i t  induces a powerful current of 
statical electricity, wl~ich is conducted by a 1 ~ l . a ~ ~  rod terminating in a point, towards a disc: 

Eleetrifieution of ink. of brass, the distsl~ee of which from t l ~ e  point of the rod can 
be varied. This disc is in connection with the ink reservoir, 

and thus the iulr becomes electrified to a degrcc \v11icl1 is regulated by the distance betn~ecn 
the point of the rod and thc disc. The ins~~lat ion of the mouse-mill and the ink reservoir must 
he very perfect, as the static electricity, which is oE high tensiou, will leak away througll the  
sliglltcst opening The paper tapc affords the nearest cond~~c to r  for the  escape of the  electri- 
city in the inlt to car t l~ ,  and this suffices to lorce the ink through the syphon and across the 
minute interval bctwcen i t  and the tape. 

When no current is passing through the cable the  syphon remains a t  rest, and traccs a 
straight linc along the centrc of the tape, which is called the 

Signnls produced. " Zero linc." Positive and ~ ~ c ~ a l i v e  curreuts jerk thesyphon 
aside in  opposite directions, so as to mark s i g ~ ~ a l s  ou opposite sides of the  Zero line. W h e ~ l  
working the cable or! the  'simplexJ method, all signals transmitted and received are recorded 
on the tape, the former being very sharply defined as compared with the la t ter ;  but wben 
arranged for ' duplex' working, the  signals t,ransmittetl are not locally recorded. 

16. Our  observntory a t  Bonlhay (Colaba) was about three miles from the Telegraph Oflice, 
and as all connections between land wires and cable are 

Necessity Of "Om Cmblc strongly objected to, on account of the risk of damage to the offico. 
latt,cr by lightning, it. was necessary that  the signals for com- 

parison of c1ocl;s through the cable should be made in  the Telegraph Ofice. 
17.  The first idea was that  a t  each station the  signals transmitted t11rough the cnble 

shonld bc rccorded on the locnl chronograph, as well as OII the 
A of colnP1u'ing clock@ do- local and distant tapes-single signals being sent from each ncribrd. 

end nltcrnately, 'l'bis nfould afford a record of a series of 
reccived signals B, R,  each occurring bctwccn two transmitted signals A, A, so tha t  by measur- 
ing the i~itcrvals on the tape, and assuming uniformity of its motion, the former, B, B, may be 
interpoluted in terms of the letter, A, A (see fig. 2, p1:tt.c facing plge !. Now the signals A, A,  
B, B, being also recorded on t l ~ c  local chronographs their exact local t ~ m e s  are known, and tbun 
the clifFerel~ce bctntccn the clocks is arrivcd a t  by t 1 1 ~  ol~servations a t  each station, only afccted 
by retardation of signals, which enters \\.it.h diRcrcut signs a t  the two ends, and may therefore 
be considered as cancelled when a mean of I~o lh  results is taken. 

The only objection I saw to  this method, besides the fact of the reductions being laborious, 
was bcing obliged to  t r w t  the rnte OF t he  tape;  but  expe- 

Olljwtions nnd di8caltiea. riencc 112s since proved tha t  each series of signals ( A ,  A, 
R ,  1%) can he trancmitted a t  intervals of less tban three seconds, a n d  t h a t  for S U C ~  intervnls 
the rate of the  tape is qrlitc s~ l f f i c i cn t l~  good. \\'bile considering the  bcst method of arrang- 
ing for the record "11 tllc chronograph of the  signals transmilted through the cnble, whicl~ 
prescnted somc dillicultieg, another systvm occurred to  me which promised many superior 
advantages. 

I n .  It hue bcen nlrcadv rrmnrkcd t h a t  ereat  attention is reauisite to  keep the  ink reser- - -  

A more promising mEthod drscri.rd, voir per-fc~tly insulated, f n i ~ i n ' ~  which the ~ O W  of ink is a t  
once nrrrstcd. With reference to  this i t  was pointed out to 

me as nn interesting' fnct, t h a t  a tr~uclr of the finger, or even of a pencil, on the  re~ervoir  
vufficd to stop the  iuk, and i t  immediately struck me ths t  r e  might so C O M ~ C ~  ollr dock with 



the reservoir as to  put  the  ink to earth a t  each second, thereby marking the  s e c o ~ ~ d s  on the 
tape by breaks in the ink line. 

This was eccornplished with some little trouble in the following way :-A polarised 

P o t  in ereoution. 
relay maa placed on the table beside the  syphon recorder, and 
the signals from the clock passed through i t ,  so as to 

work the  armature a t  each beat. A fine wire was pssed  from the  ink reservoir to the 
armature, so that  a t  each beat councrtion with earth was obtained. This Failed, because the 
insulation of the relily mas not s~~fficiently good, and the mere contact with the table gave 
sufficient leakage to stop the  ink altogether, independently of the position of the armature. A 
small contrivance fitted to the relay, however, effected our object, and we had the satisfaction 
of procuriug a beautiful record of seconds on the tape by means of little breaks in the  ink line. 

The record of a comparison of clocks then took this form. Hand signals by key mere 

Exch,lnge rind record of Rignnls. 
transmitted from each station in' n l te~nate  series (instead of 
in series of alternate signals as above), and recorded on both 

cnble tapes, while on each tope the scconds were marked b y  the local clock, dnd thus the locd 
anti distant times of each signal could be compared with great facility. 

10. l'he ndvautages of this system over the former mere that-(1) The rate of the tape 

Adrnntngos of second metllod, 
~ n . 9  o111y relied on for intervals OF one second ; (.2) the re- 
sults of comparison could be deduced with very much less 

labor; (3) a comparison could I J ~  carried on without in any way interfering with the 
work in the olservatory, because the connectiou of the clock with the relay, &r., was under 
the control of the signaller in the Telegraph Office, who only required to  note certain times on 
the tape by a clock or watch (which had been compared with tha t  of tlre observatory), in  order 
tha t  the observatory clock's record on the tape might be properly identified as regards minutes. 
The beginning of each min~cte nus, of course, marked on the cable tape, jnst as on t l ~ c  chrono- 
graph sl~eets, by the omissio~~ of one signal. These were all great advantages, and the last not 
the least so, as i t  permitted the  observation of transits without interruption, antl relieved the 

~~~~~i~~~ o f c l o e ~ s  no,ned- observer of all anxiety on account of the  clock comparisons. 
(1) by longitucle s ig~~nls ,  'Ihc first of these methods may be known as comparison of 
(2) by ink.nrrest a ig~~nls .  clocks by " longitude signals," and the second l ~ y  " iuk-arrest 

signals," and if my desc~iption has been followed, i t  will be evident that  nothing in  the shape 
of a personal equation of observation enters into either, thouah i t  is possible tha t  personal 
peculiarities of using the  signalling key may produce minute vwiations in the  retardation of 
the signals. 

20. The success of continued expe~iments with the " ink-arrest" method a t  Romhny was 

" Ink.arrcst3' method odopted. 
most sntisfactory to  both of as, and we agreed to  atiopt it  
for the  observations. It need I~ardlv he oointcd out that  this 

d .  

arrangement involves no  connection between the land line and tho cable, and therefore intro- 
duces no danger to the latter. 

21. I t  is well known that  the retnrdation of a signal through a cable is very much greater 

Retardntion of signnls. than that  of a signal trnnsmittcd by a land wire, antl in the 
case of long. cables it  becomes a v e ~ y  connidcrafile auantitv. 

The lengths of the cables used by us are, helmeen Bombay and Adcn 2,"l72, and betwekn  den 
and Suez 1,864 n~ilcs. In such ol~servations as nnrs, one mnst be content with assuming gen- 
erally tbat  the retartlation nffects signals equally in  both dire~t~ions, in which case i ts  effect is 
perfectly eliminated by the rnetbod of working. Unpleasant sospicio~~s, howcver, will occur thnt 
this may not be thc case, and that  the retardation may be nEet,ted Ly t l ~ e  directin11 of the 
signal relatively to the miynetic poles, or the rotatory motion of the  earth, or by the direction 
of existing earth cnrrenta, or al~ove all Ly the nature of the currcnt used, wbetbcr by zinc or 
copper to  mrth a t  s e n d i ~ ~ g  station. 

22. W l ~ e ~ i  Major Ilerscl~el and I I~cgan electro-longitude operations in  India i u  1872-78, 
Original prcenntion ngoinst Forin- wc acted on thesc suspicions, and introduced regular change8 

tion. of current during observations, wil,h a view to  cancel the 
effect of such variations, and cvcn if possil)lc to  measure some of 

them. Later however I came to the conclusion that  the retartlation on  land lines beinn so 
u 

very minute a qunntily, and its varintions the re f~~rc  presn~nnbly 
Premutions abandoned on lnnd 

~ i ~ , . ~  much more minntr, i t  mas vain to  hope t o  tlctcct these vain-  . . . . . . . 
titrns hy m e a s  of observatious affected by much more serious 

causes of r r ron.  I f  our reports for scwon 1872-73 Le referred to, it  will be seen tba t  different 
values OF rct;~rdation nccoriliug to direction and natnrc of current were nssignctl, but I addcd what 
aplmrcd a probal~le renson why tho apparent differmccs should I)c fictitious, and dnc to our 
aplparaluu, and furtlrcr experience hap only confirmed me in that  opinion. Accordingly, as 
these changes of current, involving reversal of batteries, were troublesome, and complicated the 
work, Captuin Heaviaide and I al~au(1unt.d them altogether for land-wire measurcmc~~t~r .  

23. I n  cable work however the qucstion is verv different: here the rctnrtlatioo itself is so 
retnrdation a a(yiOOLI qnPn- ~ I I L : I I  il~rreascd that  we can no longer afford to n rg lcc t  itR 

titv. 110~il)lc ~ r re~n la r i t i e s ,  but  must take advantnpc of cvcry 
precaution p&mieing to eliminate tt~tsir effccte, \&lc we moy 

hope with more w o n  even to detcct and eva1u:ltc some of the vwiations. R.Iorcover, the 



existing arrangements in cable offices facilitate chnnges of current, bccnuse instead of the  

precaution ogninat vnrintioll, dots and dashes of the Rlorse alphabet, jerks of the syphon to 
one side or other of the zero linc arc snbstit,uted, and these are 

produced by a double key the connections of which reverse the Ijattery. I t  was tl~erefore 

Detnils of a comparison. arranged that  each comparison of clocks should consist oE 
four sets of 16 signals In each direction, t,hus- 

Bignolo rrom E. S~gnale horn W. 
lnt set of signals, wit11 currents. + - + 
2nd ,, - ,  
3rd ,, + - 
4th ,, - + 

we agreed to malie three such comparisons nightly. This was afterwards reduced to two. 
24.. When I bemn observations a t  Aden I found i t  1)cst to do the cable sipnallinp myself. - 

Dumbng- Aden compn~~isolls. 
for altho11g11 Mr.  Ne~lvillc was available a t  -first, ;here" w& 
the  prospect of his leaving for Suez in  the middle of the work. 

This ha.naened to be practicable, because, as before noted, the observatory was within about 
150 varcis'of the cable office. and thc only obiection mas thc loss of the third-advantare claimed - - -  " " 
abovi (paragraph 10) for this system of comparison, eiz., the non-interruption ;f t,ransit 
obsel~vations. 

W e  had no mcans of testing the ink-arrest system completely until we actually attempted 

nifficulties. 
to carry i t  out ourselves bcttveen Bombay and Aden, when I 
saw immedi:~tely that  i t  would be very diffic~llt to work with. 

I t  has been already noted that  great care is required to maintain the insulation of the  ink ; 
this was especially the caseat Aden where the atmosphere wa8 

\Vmk pint of the "ink-arrest" 
method. extremely damp, and I found that  while the electric 

tension nras sufficiently great to m a i ~ ~ l a i ? ~  the  flow of ink, i t  
often failcd to stnrd i t  again after interrupt,ion. The rcsult was that  great delay was experienced 
in get t ing the comparisons, intcrferiug so seriously n~ i th  my work in the  observatory that, for 
t,llat reason alone, I found i t  would be advisable to nlake a change if possible. Besides this, 
however, 1 wus ashamed of the amount of time during which Ire occupied the cable, and feared 
an intimation tha t  the  intcl-fcrence wit11 traffic was too great to I)e permitted. T\'e had two 
nights of more or less unsucccssr~~l struggling to  obtain the comparisons a t  Aden, during which 

i t  generally took nearly 4.5 minutes to  obtain any passable 
Tllnt mrtlind condemned and a 

rllonge r.ons~clcrad. results, and I theu began to despair of attainiug anything 
like success with the  iuk-arrest process, while I did not sce 

my w:y clearly to any satisfactory substitute. 
25. I n  describing the metl~od of comparison 11y longitude signals as being the  first wllicl~ 

nifficulty of armnpement. mas considered a t  Bombay, I mcutioned that tbere was a cliffi- 
culty in armllging for thc simnlt,meous transmision of the  

signals t l~ roagh  thc  cable, and to the local chlanograyl~, and this was now the only thing that 
lrrevcnted m y  proposing the adoption of that  systetu instead of the ink-arrest metl~od. 

As I was walking home on the second night, much disheartened and very tired ( thr  
work in t , l~e  Aden cliniate hcing most harassiugj, the  way t o  

Dificult~ orcrcomc. overcome this d i f i c ~ ~ l t y  occurred t,o me, and next morning, 
having t e s t d  it successfolly, I telegraphed to Capt,ain Heavisiclu to adopt it. Fortunately the  
necessary alterations mere very simple, and no ditliculty rvas met with in carrying i t  out. 

26. The new nrraa~gcment was as follows :-One of our orclinary polnrisedrciays was intro- 
duced illto tlic calrle circuit betmeen t,he signalliug key and 

Drtoiln of new nrmngemcnt' cable (at R) ,  so that  every signal transmitted I)y the cable 
passed throllah the coils and nwrked the armature of t.11~ rclny. A t  fimt I thought that  i t  
worlld be necessary to  revcrsc t11c connections of the relay so as to g+.t, the s:Lmcarniature act,ion 
wit11 both (+ ) currents, bnt  i t  was out from Ronlbny that,  hy placing the relay 
bet\vccn the cal>le battery and earth (at R,), the  reversal of currentspnssed into the cable did not 
affert their passage tliroogh the relay. This is shown in dingram No. 1,  late facing page ) 
where both posit,ions of thc relay arc givcn, the iirst I)cing in dotted lines. The signelling 
key (K)  is double, the members bei l~g so rntlnected \\,it11 the  battery that  t l ~ e  use of oue puts 
zinc to earth and ropper to cahle, giving + current, whilc the other docs the revene, and 
gives - current. I n  the secondary circr~it. of the rclny, i .  e., t,he circuit made and brolten 
alternately hy the armat,nre actiot~, one of the chronoprnph pen roils (C) was included, so that  
t l ~ e  actiol~ of t l ~ c  armature madc a signal on the local c h r o ~ ~ o g r n ~ ~ h ,  and thus every signal 

transmit,ted by the cable was also recorded on the ehrono- 
Put  i n  rrrrntiltn. 

g n p h .  It took very little time to arrange this at. both stations, 
and it  prosed qnite snccessful, removing elltirely any difficulty in making the compurisons, 
wl~icll wc-re now carried out as follows :- 

Each colnparison consists of f o r ~ ~  s e t  of dgnals,  known as A, B, C, D exchnnges, each of 
which should contain 32 individual signala, sent altern:ltelv 

1)clnila of a coa~pnriron. from each stntion. Cl~anges  of current are introduced systc- 
maticallv :- 

i l l ~ ~ ,  Eor A rxrhnnge, current from E + ,from M'+ 
n ,, ,, ,, I( -, ,, ur- 
C ,, ,, j ,  IC +, s, n'- 
n ,, ,, ,, r3-, ,, w +  

Tbc wkolc. o p e r ~ ~ t i o ~ l  oulz occ~~pies  about. eight ~ u i n u t ~ s  Prom first to last. 
9 



$7. me relay closed alongside of the syphon recorder, and could be cut out 
the cable ckcnit iltogether by the  tra~isposition of a 

Ordinlvg cable work not interfered from p to Q.. This was al\rnys done wheu the 
with. used for tullting pnrposes, but i t s  omission in no 
wag interfered with the cable work, so that  there was 110 risk of the relay r e t ; ~ d i n g  the ordinary 
work of the ot6ce. I n  this cnse, 21s before, no connection wns iutmdoced between the c:ll)le 
:tnd laud wires, and i t  will also be noted that  thc could no longer in any way interfere 
with the action of the syphon recorder. 

28. The eonnections of the cnl)le for receiving nnd sending signals ~*quirc a l tcra t i~~n,  
lr.~lic~l is dolrc by a switch alongside of the  sigusllil~g key. 

Dewription of thc signalling nlld of P~~ eolnpal~solls, tllcrefore, this switch had to be moved tho record pdaccd. receivillg sijillal, and :~ga.in aEter sending the 

~.eturn, and this mas the only part of the ~~roccss  whicl~ gave us any tronble a t  first. It also 
interferes with the record, because, on putting the switch over after transmitting .I signal thrre 
always occurs what is known as " ki(.k " f n ~ m  the cot~dcnsers, a , l ~ i c l ~  arc placed bet\vc'cn the 
key and earth, causing a violent. distnrl~anre of the syl111o11. An  exact copy of the record is 
attached (see cliagrmn No. 2, plate fxcing p;tyc ), on which tlle transmitted signals are 
marked A, A, and those recc~vccl l3 ,  H, the  t1nrnnrl;cd digressions bciag the  effects oE the 
"kick." The kick c:~n only be traced a t  the distant cud by a sligllt disl~lacement of the 
zero line. 

29. It would he a great advantage to avoid tllr nsc of the switch, both in order to get 
rid of the bick and for t l ~ c  c~onre~~iencc of the sign:~ller; and 

impmvements possible d l l ~ l e x  i t  is possil~lc to do so I J ~  atlopting n modiRt*ation of the nrmlgemelbt. ' dul)ler ' system of worliing, in nthich the switch is not used. 
I have already mentioned that  mhcn working dul,lex the  tmnirnittcd s ignds arc not lac-:~lly 
recorded, hut this is only absolutely t,rue when the cll~ctric hi~lanc-e (the secret of the dnl~lcx 
system) is perfect; and when that  I>$noce is thro\vn out, thc transmitted sign:~ls arc recorded 
in a degree depending on the amonnt of the tlifitorl~anc*e. This cx:~c.tly suited nor porpnse, 
becaoee we could disturb the balance just sl~llicicntly to ol~laiu  wcll-rnarkcd locd signals. 

W e  tripd this in the morniug ( \ r l ~ r n  me cot~ltl gruclxlly 
Tried witb success, but found im- 

preticnble. obtain t l ~ c  I I S ~  ol tluc cal~le f ~ ~ r  l)rulmcl~!d experi~r~cnts) with 
c~xcellcnt res~llts,  and i1.c : ~ ~ l r e r l  to introtlnrc i t  for t , l~ r  rom- 

parisons the  eame night. W e  found, however, that  i t  was not, pm~.tic.ablc for a cont,inoancc, 
because the cehle bcing aln~ost  always n.orltctl on tlrc simple\: system altt:rations mere reilnired if 
we worked by duplex, which were not 1111tler our own cllntrol, and causcd dclay nnd tron!rlc in 
the office. y e  had therefore to contmlt ouruelvel; 5viLh thc I C ~ S  pcrfcct record of comparison 
obtainable with the simplex arrange~ncut. 

30. I may remark here that  our exlwriments in Bombay iorlndcd niany of wl~ich no 
notice ~ : I P  been titlu:~~, I I ~ ~ . ; I I I Q I ~  i t  n7as fouucl t,liat the  ohjccts 

lntorfcrence with mhJe Office ar- aimed a t  wc3reiml~l;~r,ticnl~lr Tor the nl)ove rewon, i .  e., bccnuse rangemenb to bc nvoidcd. 
OF iuterfttrcncc with the 11sua1 arrangenicnts of the cable 

offices, which i t  is necessary to avoid as much :is possiLlc. 
31. All the comparisons between Domhay and Aden were signnllrd by $11.. nand a t  

Executiol~ of cornpnrimn. Boml~ay, and IJ,V rnc :~ t  Xtlen. At  Sacz, \\.herv thc obscrvatory 
was a mile from the cnLlc ofice, Mr .  Ncuville did the 

~ignal l ing with Mr. Bond a t  Adcu. 
YB. I n  the redoctiun of these compnri~ons the interpolation of i l ~ e  receiverl, between tmns- 

of compnriaons. mittal,  signals secbmcd likely a t  l i r ~ t  to prove very Inl~orioos, 
hut as thc work \rent 011, the rcgularit,y oE sign:~lling bccnme 

for rmding, 
SO great, that I fo~t~l , l  i t  (111itc Fc:~ril~le tu usc a glass scale of 
c~~nverg ing  lines, s11t.l1 n* nre 11av1- always i~scd fur rcnding the 

c*hronographic records. With such a sc;~lc the i ~ ~ t c r , ~ t > l a ~ . i o ~ ~  I)ccr,mt-s very simple, t l ~ c  interval 
of n after A being r e d  off at onre in (lccirnnl II:I-1' of the tape intcrvnl A A, and converted 
into seconds by ~uultiplying by the known (cI i rnl l i~~ra~lI~ic)  time i ~ ~ t c r v d  A A. IVhiIe in 
Engjand I w:s  able to hare  a set of these scalcs ~nadt:, and they lrnvc ,)roved of the greatest 
service. 

33. Wi th  regard to reading off the tape rcrorrls of rompnriaons, the  qne.stiou ariscs as to 

Q~lestiol~ as to tho p r t  of the cnble t l ~ e  part of 1.ac.h r ~ g ~ ~ : i l  \vl~ich sl~oulcl Ilc ~ ~ s e d ,  and the choice 
rixilsl to he u s d .  lie.; hutween Lwo, r;.-., thc first tlcpartnrc of the rvphon from 

the zero lint, wl~i(.h wc havc dc~ iq r~ :~ tcd  tht. " init,ial distar- 
bance," and itn maximum divergenc~t,, which \re call the " vrvst." The rct;~rdntion of the  Inttcr 
is of course much greater than t h : ~ t  of t l ~ r  former, I,ot this aflords no n rg~~mcni ,  in Fi~vor of 
eitl~er, so long as the coustanry of both retarc1atit-h is considvred ecln:~lly C @ l c r i ~ ~ n 7 i -  

the variutions of the grcutcr quantity mnat Ijc more scrio~ls t l ~ : ~ n  t,I~ose of the s111aller. 
There scorns nloreuver g w d  rcnson for s u s p e ~ t i r ~ ~  more irrcaolari[.y in tb r  rrtard;~tion of the 
"crests," iu this niost, s ~ ~ r e l y  be more tlcpentl~~ot on t l ~ e  manner ill w l~ iv l~  the kry i~ nscll, the 
f0rc.e with which cont:~ct is madc, and the intcrv:ll of tilne dLlrillg wwbll i t  is maintaiucsd, as 
also on the state oE the hattcries and condensers. 

For the above rensona I would prefer n n i ~ ~ g  thc ltinitial dirtotbanccJ1 of the rcccivrd signals, 
but u l~ fo r tuna tc l~  these are not nearly so rrcll dclioed as tho crests, and a mucll greater ulloer- 



taintg of reading enters. W e  have therefore made a practice of reading off hoth, w l ~ i c l ~  will 
afford two complete sets of conlparison res111ts wit11 diffcrent fcatnres, as to mhicl~ 1 (*an i,nly 
S I ~  a t  present, t ha t  t he  retardation by the crcsts will be ahout dolthle t ha t  by the othrr  set, 
wbile I expect t he  probable errors of crest rebults to he co11sicieri11)ly the sn~nller. l'he exact 
method of combining the  two remains to by decided. 

96. The Eo~egoing remarks apply only to the s i g ~ ~ a l s  receivcd thronah tlle calllc (R, T%, on - - 

t he  tape record. Of the  trauslnilt~,d signals (4, 11,) the 1ir.t 
indicntion of local indira.tion is alw:lys nsed, not only as more reli:~l~lu in itaelf, adopted. 

bn t  because i t  rnrrt~sp(111ds m o ~ t  110:1rl\, t o  the twin s i p ~ a l  on 
the local chronograph. As  a large pcrson:rl equatio~; may prol)~d~ly "ultsin in r,.:tdiuk t l~e~c .  
tape records, i t s  effect has been guanled naainst by my rtbading the  .irhnl(. titbt. 

35. There i s  a featwe iu  the  retardation of signnls involved in the clt,cli cornp:~risous as  
me carrietl t l i en~  or&, \vIiic.l~ calls for r~*eognit,ion, iltl1011~11 it, 

Cornhination oE land cab'c can 11ave t ~ a d  110 apl~reeial~le cffect on our worli vf laht hc:linn. rutnrdstion. w r II \ 7-- . ? I R  
The s i t ~ ~ n t i o n  Y M 

ie sketched in t he  diapram, shonrinz the cal~lc? Bf hr, with retardation R. Ivinn 111.1 ween thc t m i ~  - - . . '. 
laud wires connecting the cable oflice and the observatory at cavl~ cn~l,  tln. r e r : r~~ t l ;~ t i~~ns  of \~ l l i ch  
arH called 1. 1.1. NU" a signal made a t  M is recordcd on the cl~rnungr:~pli : ~ t  la:, :~nd  on the  t.~pt. 
: ~ t  N,  after ~ntervals  r and R respectively, so t h : ~ t  (K being :~l\\.ays grclater ~ ~ : I I I  v or I.,), th18 
rec40rd a t  N is R-1. Inter than that  a t  L':. Agoin the record a t  3I is 1:ltt.r ~ I I : I I I  ihnt.' ;it \I' 1)y 
It-r,. Thus i t  appears t ha t  me cannot use this method on the theor! of c~qual rr!:rrcIntio~~ in 
bot,h directions, nuless we are justified in assllming r=r, .  As the dirtanres Iletrnec~~ the ol f i~e  
aud our observatory mere only about 3 miles a t  Bolnb:iy, 150 J . : U ~ S  a t  .idco, n11c1 1 uiilc : ~ t  
Suez, this assumption is si~fe. 

37. Some notice of the  points cl~osen for onr s t :~t inus  durinx the se:iwn will bc giveu 11ere. 

. Stntion aitea, n ~ ~ d  ~ O I V  fixed. 
Those a t  Nadras, 11c-lla1y, I : ~ I I I ~ J ; I , v ,  nnd N R I I ~ : I I I I ~ C  \ve:l.e t l ~ r  old 
points fornlcrly use11 as 1u11~:itutle st:~tions, tllc n~e l l~o t l  oC iis!n: 

which, by connection with stations of the  Trigo~~ometric:II S u r i - e ~ ,  113s bccu alreaely dc~scl~l)c<l. 
A t  Vizagapatam a couveuicnt site \tr;ls cl~ostw, anrl C ~ I I I U ~ V ~ I ~ ~  wit11 thv 'rrigorl~~mctric:::l 

Ade11. 
Sorvey I)y minor t r i anp l :~ l ion  with a 1::-inch t l ~ e * ~ ~ ~ l o l i t t ~ .  A t  
Adeu C:tl)tain Ilcavihielc. ol~wrvrrl the l:~titntle O F  thc . ; t : ~ t i o ~ ~  

with a 10-inch theodolite, and conneeled the  st:~tinn by a slrl:~ll surrey, f o r w l ~ i c l ~  :I Inse I i l~c  n-as 
measured, with several poiuts of iml)ortance on t h r  isl:~nd, i~lrloding the  old l l c ~ ~ d ~ ~ l ~ ~ ~ ~ ~  s t~i l inn,  

and Lord Liudmy's s(:ltion fnr his c l~rono~nelr icd dcterminn- 
IJord Lindsn~'8 lo1'fiitude tions of longi(utlz [or Llle 'l'r;msit of I'enrls. I t  ivai a n  olbject conowted. 

ab Suez to a , l o ~ ~ t  the. s:tme noint as that  wed Cor the  ol.151:rva- 

Transit Rt 
tion of t l l e r ~ r J ~ s i t  of  lrcnu;$, w l~cn  thc ~~ l~sc rvn to ry  was pined 
on the mc~nnel of earth sonic 4.0 f re t  high, rllr whi1.11 the I~mld-  

i uz  k ~ ~ o \ v n  as t he  Khedive's Chalet stands. We, had I I ~  11rerisc dala l'or ~ I I P  tlivcl,vcr,- of this 
station, bu t  I am glad to  sny that, Mr.  Ncuville hit on the r s w t  s l~ot ,  whil-11 1 liscrl 
mrasurcment as  being 01 feet 9 incl~es from the s o ~ ~ t h - c a s t  corner of the Chalet, : l id fcct 
3 inches from a flag-staff on the I ~ I ~ I I I \ ~ .  I :Ifter\\<u.ds fonrrd tha t  l l r .  1111ntcr. \v110 \\.:I% in 
com~na.nd of t he  Transit of l ' e n ~ ~ s  party, gn re  t,l~c.+c S:IIIIC n ~ ~ : ~ s u r e n ~ r n t s  for his st:~tion :I- 
91 feet 8 inches and 48 feet G inches. It was this point w l ~ i c l ~  I t d  already been C I I I I I I ~ I . ~ ~ ~ ~  
l o ~ ~ g i t u d i n a l l ~  with (2reeuwich. 

38. There mas a.uother station used a t  Suez Ly Lord Lindsay's R a n s i t  of \ ? c n ~ ~ .  party, for 
t he  purpose OF a detc~rmin:~tion of ~lilf,trential 11111git11elc with 

I'ord l'illdwy'n loll~itude nt Adell, where t l ~ c  s t : ~ t ~ o n  adn l~ t t~d  has 11cc11 alreatly :~llnded to. Sllcl mnncetrd. 
T l ~ e  st. Suez \Val; rlosc in the  c:~l~lc otiit-e, :111cl \\.:IS tun- 

nectcd with onr station by means of a traserse carriccl uut \\-it,l~ t,l~endr~lite nud t :~pe.  
39. Oor station a t  Suez had one objectinn, arising f r o n ~  t11c f:lct of tllt, ~ I O ~ I I I ~  hi7vinq 

I ~ I u ~  foundntion nt Suez. 
nriginally harn artilicainl, t1111ngl1 T I~c.lir\:c of son~c~n . l~ :~ t  ancbie~~t 
date, in conscqnencc of wlrivh ihc fou1111ntion of (Ire 11icrs 

was faolty. This shomcd ikelF dist"~ctly ill t l ~ c  Icvcl l in~,  n,hich provcrl i h : ~ t  setllc~nrnt.  was 
a o i ~ l g  011 from d ; ~ y  to clay t . l ~ r o u g h o ~ ~ t  the o l ~ s e r v n t i ~ ~ ~ ~ s ,  a ~ l d  I am sorry to $:IT that  t h r  
azimuth observatio~~n show the same, which affords reason t.o fcnr that  our results may have 
~ ~ ~ m o w b n t  soffel.ed from t l ~ i s  cause. 

40. H:~vincr now given n narrative of the season's morli, nnd e n e l c n ~ o i ~ ~ e ~ l  to rsr~la in  " " 

Nnrmtivc of tho ncnaon en~npIctmI. whatever of novelty has (mtercd in to  tllr: opel:ltions; OII 

account of thcir cs(c*nsion 11y sub-marine c f~ l~ lc s ,  1 s11:tIl t11rr1 
to a few point8 of iuterest in the  observations pcncr:~lly. 

41. A t  t he  beginning of t l ~ i s  report, I :~llutlcd to a c h a n g  in the  n~orlc of rcelr~c,in~ t h r  
Iledoctions of 1876.70. obsc~rvstions uf 18:s-76, w11ic.h mas rttndcred ~ ~ r u , t ~ s m r ~ .  !.y 

t he  discovcry of an  interesting feature i n  our pcl.so~lal e1lr1:~- 
tion of utnr transits. 

Whet1 our reilnctions ware npprmcI~in,n compIct,ion laet year I received n l x ~ n ~ p l ~ I c ~ t ,  rrnrn 
the United States Hydrographic Office, on u1r1-tro-longitucle ol~er ;~t ious  and pc r ro~~n l  c t l ~ ~ a ~ i t m ,  

alnrbins for nlcnaurin~ pcnonnl i n  which reference w:ra made to n rnarhin~* for n i c a r ~ ~ r i ~ ~ g  
q~~tttion. pc r so~~a l  cqnatiuna. This directcd rny atlctntion to a me t l~ (>d  

for measuring nlsolutc yersoual cq11atic~n Ity meaus of the 



c~rollogral)h, which I had mysclf devised some years previously, bu t  'for varioos reasone 
Ilnd never carriec\ oat  practically; and certainly i t  could not have been relied llpon t o  give 

for cornparison with the equatious obtaiui~ig in  star observations, because of the 
differrnce of the conditions. This coutrivauce (somewhat modified on account of the alter%- 

tions since made in our appamt~ls) Captain Heaviside and I 
niffercnce in rqllntion ncconling l l l .~cded to use, with the following interesting result, dircutiuu of lnotim O F  object observed. f:i;., that  \ve fount1 our relative equations to vary according 

as me obser\red a11 object t.ravelling from right t o  left, or from left 10 right. 
Notv, as me take all our transits in a, sitt.ing posture by means of an oblique e ~ e - ~ i e c e ,  

it follows that  stars north and so11t11 of the zenith cross the wires from right to left, and left 
t o  right rcsperfivelp, and t.l~crefore, according to the discovery just m d e ,  the observations of 
S I I U ~  stars should he combined with different personal equations. 

4,8. A re-discussion of all divided transits, taken for relative equation throughont 
the season, was then gone through with the  stars divided 

Netv reduction pemonnl eqontion into two groups north and south of the  zenith, and the 
for the suasoll 18i5-76. result strikingly confirmed that  indicated by the absolute 

S. S. 

ecl~~ations. The original equat,iou for all stars having beeu C - H = + 0064 .0057, 
\re now found- 

s. s. 
B y  north zeuith stars C - I3 = + 0.102 zk ,0087. 
And by south zenith $tars C - H = + 0.041 rl: .0034. 
The portion of the reductions combining the star observations by both of ns was then 

re-compiited with the two new equations instead of the old 
lie-ro~nyobtion, with improvement in 

reslllts. one, aud i t  is very satisfactory to note that  a marked improve- 
ment in the gcncral accordance of the final results was 

o l ~ t ~ i n e d .  111 cal.rying this out so~nc  difficulties arose from the fact, that  when a s tar  is very 
cl*,se to. the zeuith it  may be equally convelliently observed either as a north or  south star, 
whence in Inally cmcs it  was doubtful how an observation sl~ould be trestcd. 

43. We  have fully recognized this feature of personal cqnation during last season's work now 
i~uder  rednct~on, carefully noting a t  the  time on which aspect 

Prrrnutions introducrd ia sensou a star was o~)servecl, 
l l i i6 .7 i .  N'e also, when possible, adopted 

a mean zenith for the two ends of an arc,--say in declination 
1595'for&Iadras andI'izagnpatam, ill latitude 13",and 17" YO' respectively-so that,  the soulbern 
ol~server treating all stars so11t11 of this mean zenith as south stars, wl~ile he  a t  the north 
.;t:ition treated :dl these north of i t  as north stars, all transits were taken with the same 
:lsoect a t  both stations. Besides this. each observer made a nractice of t a k i n ~  several stars u 

close to 111s own zcnith on both aspects, i. e., he observed 
nhselrel'q n"sol"tc cqllntinn them over the lirst ten wires as north stars, and then turning 

nt tlortll outl south slnrs, ~ I I U H I I  RJ the 
s -S  equation. rorlnd took the last ten wires as for a south star, or vice vcrsC, 

m ~ d  in this may e:wh has obtained a good value of his absolute 
~,rluation between north and south stsrs for each station. This me call the  '' N-S" equat~on. 

44. The results for our combinetl observations for relative penonal equation by divided 
Hrlotivc pemonnl ~ ~ t l n t i u n s  bg north t,rsnsits (as before) whiclr were carried out on 15th, 18th 

:~nd south ~tnm knoa l l  CN-HI nud 19th December, and on 4.tl1, 5tl1, 7th, and 9th April, 
XIKI  c -H . nfitll bolh inst.mments, are also carcfully grouped for stars 

8 .  of nort,l~ or south aspect, giving a relative equation for 
v:~ch. These we call " C,-H,", " CI-Ha" respectively. As we cannot make choice of one 
, ~ f  these :IS of more value than the other, the method in  which me propose treating the whole 
r ~ ~ b j e c t  is t h ~ s .  

All thc  results of each observer mill he treated as obtained from north stars, Ly apply- 

A yplirntion. ing his absolute N-S equation to  his south stars, and 
t,hese will he cornbincd by means of the  relative equation 

(.',,-1-1, ohtained from north stars. Again, all individoal results mill be reduced to  south 
stars and combined by the south star equation Ce-HB, and finally a mean of t,he two results 
will he tnkeu. 

I t  may be as well to  note that  t11ifi N-S eqnation ie attributed wholly to  t.he fact of the 
stars rros~iiiji thc field in opposite tlirertions. Diffcrcnce in the rate of motion has very likely 
:I secondary effect., but  on that. point I can produce no evidence. 

46. Our pcrsonal equation determination of t h i ~  season is not ~ u i t e  so satisfactory a9 

Unccrtaintj of persons1 eqostion. that for 1876-76, as in the firnt pla& we h d  not so many 
opportunities of carrying i t  ont, and in the  second the 

reanlts ob tn ind  are not so accnrdant. After all, however, the whole thing cannot rank much 
:~ l~ove  a rough apprnximatiou when mrrierl over such long periods, wit,h so many changes of 
~,ondition affecting the ohnewera. For instance, i t  is easy to  suppose tha t  a week of sen- 
sicknees will seriously &ect an obaervcr'fi personal eqoation. This must always rcmain the weak 
11"int of observations for differences or Lollgitudc. 

.kt;. Hesides the personal cq11:ition of transits, there is thr probable cquat,ion in reading 

PrmonnI nlllntion nf rcndinp rrrords. off the chronogr:lplr shccts to be gllartletl sgninst. L w t  
year this wnu done I)p taking mre that the same person 

~ l~on l t l  rend thc recortls a t  both stat,inns of 3nv r~articnlar piece of work. h ~ ~ t  that  coultl not be . . 
arrang~~rl this seasun, Irera~~se each oLscr\cr was able to' transcriLe a largr part of llis own 



records in  the  field. This equation has therefore been detcrmiued by compnring tmnscri1)ta of 
9. 

tile same record by both observers. It amounts to  about 0.01. 

27. The determiuation of the nzimoth:~l deviations of thc transit instruments has giver1 

Azill~utll obrer\-ntiolls. 
more troohle tlmn usual during last seasou's observations, 
on accouut of the prcvalcnce of clouds. 

To supplement star observations, Captain Heaviside introduced a t  Vizagapntam a distant 
~.eferring I:~mp, a l~ou t  4 miles from the Observatory, and I 

1)irhnt rcErrritag Inulp n t  Virngn- 
]"hill. 

~tl.Ollgly recomnle~~d the use of sllch a lamp whenever practic- 
alllc, nrhiclr however is uot often the case. 

A t  Aden, where I had great tlifficulty iu ol)taining observations of either circumpolw or 

Xot l~rneticoble at Adell. compsrativc azimuth stars (see last report, Art. SA), I pnt 
in  practice a contrivance which had occurred to me for using 

referring lamp a t  a compsrstively slrort distance. About 500 yards was the  utmost availa1)I: 
Aden, and a t  this distance a mark viewed through a powerful telescope hna so much parallax 

2s to  be quite unlit fur observation. 
48. I had a t i n  cap made wit11 a small opeuing of about f iuch diameter, and when 

this mas affixed in  front of the 01)ject glass, a very good 
ColltriTnllcc fur 'lsillg n n e n r  refer. image of the refcrriug lamp became visible on the pla~~r:  ring Iuo~p. of the wires, and therefore without parallax. 

The explanation of this is as follows. I f  a s~nal l  portion only of a lens of long focus be 
the convergetlce of rays is so slight, that  there is a cousiderable range on either side of the 

true focus, wit,llin which a fairly distinct image will bc formed on a screen. I o  the present 
c.:lse the screen is imaginary, but i t s  position is defined by the focus of the  eye-piece, which is, 
t ~ f '  course, :~djusted to be coilleident with the  plane of the mires. 

The relative of the  referring lamp and telescope being constant, the positio~i 
of the i1nag-e of the former, seen on the  wires of the latter, will vary according to  the position 
of tile sm:rll ol)e~ling in the tiu cap with reference to the object glass, as is shewu in diagram 
No. 3, (platc facing page.) 

Here 0 0 is the plane of the object glass and F F that  of the mires, i. c., of solar 
focus; and f is the  focus of the near referring lamp. A B C D aud a I> c d are, respectively, 
tral~sverse scctio~ls of the object glnss in the pl:lne 0 0, end of the cone of rays, of wl~icll the 
ol~jcct glass is the I~asc and f the apes, iu  the plme F k'. 

Now, if t , l~e  rcferring lamp be ol~served through the small opening placed a t  A, B, C, 
01. D (the telescope remaining fixed), i ts image will IIC seen a t  a, I), c, or d resl~ectively ; and t l ~ c  
closer tile rcferriog lainp is to  the telescol~e, the greater will be the distances of a, IJ, c, or d 
:1part. 

49. Thc collimator I~cing directly in the line betmecn the telescope and referriug I : L I ~ ~ I ,  
AIutllod of ul~svr\,i~~g it. in order to  observe tllc latter (without moving the collimatur 

or seeing tllroogh it),  i t  tvas ncccssary to  place the  sm:tll 
ol~uliing opposite the extreme edge of the ol)ject glass, as a t  D, and thus  t11c rcferring laml, 
w s  ol~serrcd as a l  d, although really l~laced on the prolongation of the asis of collimatiou R f.  

This is a matter of no consequence, so long as the t in  cap is always put OII iu exactly 
tlle same position, becansc the rcfcrring lamp readings arc otlly treated differcnti:tlly frolit 
~ ~ i g l ~ t  to  night. Tl~ns,  if au absolute value of dcvi:~tion is ol~taiued from star o l~sc rva t io~~s  011 

: I I I ~  one ~ ~ i g h t , ,  a l ~ d  co~nparcd \\,it11 a reading of the refcrriug lamp on that  night,, then Ily com- 
paring the I~. t ter  with referring lamp readings on zrny ot l~cr  ~ ~ i g h t ,  a value of deviii~iou call I J ~  
(lcdu(.cil. If i t  is reqnircd to coml~inc readings of the referriug lamp take11 wit,ll telcscol)r 
I. P. x. \\,it11 another set taken I. Y. IY., care must IJC taken when rcversiug the telescope to 
ol~taio  the follo~viug observations : (1) a rcading of the referring lamp wit11 the o p e ~ ~ i l ~ g  iu 
~ t s  old position ; (ij a reading of t l ~ c  collilnator wit,ll the whole object glass before reversal : 
itgain, after revcrs:~l, (3) a reading of the collimator with whole object glass; ant1 (1) a r e a d i ~ l ~  
t b f  the referring lomp wit11 the opening in its new position. 

Thc 11-adings of tlre eollimat,nr (Z) and (3) show any cllange of azilnut11 whicl~ may II:lVe 

c~(.curretl in t,hc process of reversal, aud this, cornllincd \vith the di t fcrc~~ce betwee~i the  re:ulillYs 
( I )  and (I . ) ,  gives the quantity, whiclr mast be applied to a set of readings taken after revt.r.<:tl, 
111 o r d ~ r  to melie them coml)arallle with those taken before. The difference of the  colIinl:lteii 
~,c>:~tling..of t,he telescope micrometer in the two positions 1. 1'. E., I. 1'. W., must not be lost siglrt 
, t i '  in cnrrying out this prnccss. It lnny be added, that  the ol~scrv:~tiou of azimllth 
Ilciny in view, A, C (or top and l ~ o t t o ~ u )  are the \\.orst parts of the o l~ je r t  glass to use, \\rllile 
H ,  1) (at the sidcs) :Ire t,he Ilest, Ilccnosc crn)rs of l~o~i t , ion (of l l ~ c  t in  cnp) In these parts yive 
rcspectiv~4y m:~xima ;end n ~ i u i ~ ~ t : ~  I ~ t ~ r i ~ o t ~ t a I  tlislll:~ccnlents in the image obsmvcd. 

Sntnrr  of ~ t n r a  ~rbrcrvrd. 50. On the land lines rneesulrtl, we made osc, ns Lefore, of 

~ . , , ~ ~ ~ i ~ , , , ~ ~  *tars o,,l? f u r  ~ , ~ , , i , , ~ ~  InngitllJc stars o ~ ~ l y ,  i. e. ,  stars selected w i t l ~ o ~ ~ t  any ex:lct 
arc*. 1;nowlctl;;~c of their r i g l ~ t  ascensions and olservtul a t .  l,otll 

z t a t i c~~~s .  



For the Aden-Bombny measurement this system was not wholly convenient on acco~lnt 
of the great difference in longitude, because i t  is, of course, advisable that the clock comparisotls 
should be taken as nearly ns may be a t  the mean time of star observations, which is impossil,ln 
when the western observer has to wait two hours for the set of stars taken by his colleague at 

the east station. We, therefore, adopted a combination OF 

Combination of clock nndlonfitedo longitude stars and clock stars, according t o  which eaclt 
stnrs for lombny-Aden. observer determined his o m  clock error by well-known stars, 
while a slnall gronp of longitude stars was also taken by both. Between Aden and Suez tllr 

difference of time is only 49 minutes, but here, on the other 
'lock ouly for Adon-suez' hand, there is nearly 20' difference of latitude, so that  tile 

same set of stars would have a very northerly avernge position a t  Aden and the reverse at 
Sue=, which is objectionable on account of deviation errors. For this reason i t  was considered 
bent to confine ourselves to clock stars. 

51. Betwetn Bombay and Aden we only used the new cable for clock comparisons, 
because a fault which at  that time existed in the older cable 

Whl& csble used. made i t  difficult to work through, and unsuitable for our par- 
nose. Between Aden and Suez we used the two cables nearly equally. 
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56. 1 have, as usual, to acknowledge the  greatest courtesy in meeting ollr wants from all 

the officers of tbe Telegraph Delwrtn~ent col~ccrned. I n  tile 
Offieem of the India11 T e l e ~ p h  matter of electro-longitutle work, t l ~ c  Great Trigo~~omctric:ll 

Deportment. Survey owes much gratitude to the men~bers OF the sister 
department, from their late lamented chief, Colonel Robinson, R. E., dowumards, for heally 
co-operation and assistance. 

57. When we began the cable operations, the Directors of the Eastern Telegraph Company 
were good enough to allow us the free use of the lines for ollr 

Officinls the Emtern T c l e m p h  observations, and also gave instructions tha t  we should be 
Company. allowcd every facility, provided the traffic were not i ~ n ~ e d ~ l .  
These instructions were most liberally interpreted, and the amount of work which we were 
allowed to do with the cables often surprised me. !he  fact of the duplication of the cable 
having just been completed between Suez and Bomtay was, of course, a great advantage to 11s 
in this respect. W e  met with the greatest attention in all the offices, viz., at. Bombay, Aden 
and Suez; everything mas done to assist us, and much interest seemed to be taken in our 
progress. To Messrs. Smith, Stncey and Tuck, Superintendents a t  Bombay, Aden and Suez, 
respectively, our thanks are particularly due, most especially to the first-namcd, in whose office 
the preliminary experiments mere carried out, and the delays a t  first starting experienced. 

58. I am also very grateful to Dr. Muirhcd,  who was in Bombay when wc first entered 

Dr. Yuirhend. on the work, in which he took a lively interest, and was 
always ready with advice or assistance in making experiments. 

Dr. Muirhend was not officially connected with the cable, but being the inventor of the artifi- 
cial cable-a set of condensers ranged on shelves in the office, so constructed as to give an 

imitation of the real cable as regards resistance, leakage, &c., by which the balance is 
obtained for duplex working-he came to Bombay to  see i t  brought into use with the new 
Bombay-Suez cable, the laying of which was only completed last March. 

59. The British Consul a t  Suez, Mr. West, ~ 
~ was very obliging, and assisted us in mnny 

H. B, M. Consul Suez, ways, particularly in getting us permission to use the site we 
desired, and to huild upon i t ;  in procuring workmen, and also 

i n  passing our instruments through the Custom-house without delay. 

60. When in England on privilege leave I took the opportunity of visiting Greenwich, 
in order to describe what we had done to Sir George Airy, 

visit Sir George Airy nt Green- 
wich. 

I took with me specimens of the chronog~;lphic and cable tape 
records, and explained our system of comparing clocks. Sir 

c ; ~ ~ ~ ~  showed the greatest interest in the matter, and was good enough to express great ndmirs- 
tion of our records. 

61. I then ventured to express my opinion of the desirability of extending these opcr- 

~ , , r ~ t i o n  of Australnsian lonpitudcs. 
ations, by which India is now connected with Greenwich, to 
the Auatrnlian colonies, a question into which the Astrollomer 

~~~~l entered, and a t  his request I afterwards furniwhed sketcl~ cstimates of theexpellse 
which would be incur14 if such operations mere a t  any time carried out. 

I eventunlly pointed out that, bp the system which we had :rdopt,ed, extended as described 
in 86 oE this report, but somewhat modified and complicated because the syphon 



rc.cortler would not bc availal)le, i t  might  be hoped to  connect Madras and Adelaide with only 
astronomical station between, as shewn in  the diagram- 

=- =-- 0-0 . - - . . - - - .  . 0 - - 0  . . . . . . . . . . . . -- ,  
Cnble %bout 2,400 m. about 480. about 1,100. about 2,000 milee. 

Direct signalling would probably be practicable throngh the cable9 joined up between Madrm 
Ilatavia, so tha t  the  measurement might  be made in one opelation with astronomical 

stations a t  the two ends. Then the  section Batavia to  Adelaide might be measured with only 
pigu$lers a t  t he  ends of the  intermediate cable (as described in par:y.aph 35). 

It is t,rue that, the  land wire oE abont 2,000 miles across Australia might be a formidable 
section to  work through, though, considering the dryness of the  climate, I have but  little doubt 
that  it  monltl be practicable. This point, however, does not affect the question, as i t  may be 
taken for granted that  no Astronomer will ever visit the  centre of Australia (in our time 
a t  least), in order to provide au intermediate station of observation on the te leg~aph line, and 
if the distancc should prove too great for direct signalling, the  work will he done, if ever, by 
mealls of introdrlcitlg relays. This could be carried out just as well OIL the system now under 
(liscllssiou as with an ast~ronomical station a t  Port Darwin, only one mould advocate the pre- 
caution of in t rod~~c ing ,  hetween Banjiwanji and Batavia, as many relays as might  be used in  
crossing Australia, in order to obt,ain nearly equal retardations on these two land lines. 

Extract from Supplementary Narrative Report, dated 16th January 1878, of Captain 
(now Major) W. M. Campbell, R.E. 

Since writ,iug my Xarrative Report, the  reductions of last. season's work have been com- 
pleted and tbe  results arrived at,  which I have now the of submitting, and I shall 
tnlte the of making a few additional remarks which have suggested themselves 
durillg the progress of the computations. 

regards clock comparisons and the  transcript of two sets of signals, viz. ,  those 
afforded by the  "initial disturbance" of the sypl~on, ant1 

Clock comparison by coble. by the " crests " of the waves, t l ~ e  results have I~orne out the 
c.xpectntions expressed in the  body of my report. The crests give results with smaller proba- 
\,Ie errors, bn t  their valne of retardation, while about twice as great as that  by initials, is 
alp0 not nearly so c01lStalit. 

A feature has been found which was not thought of a t  the beginning of the  work, ti;., 
n constant difference Letween t,he two ends of the cahle, in the  

\\'sve or sgpl~on tilnc. interval of time between initial and maximum (or crest) 
disturbance. 

This we have called the 'I wave or syplion time," the alternative designation heing em- 
ployed because of the doubt existing as to the exact nature of the interval, which seems to  
arise from n combination of two causes- 

(I).-A cable requires time t o  take up i ts  maximum charge, which may be palled t11e 
"wave time;" and this time is dependent not only on the  

Cnuses. state of the  cable, b a t  on tliat of the  batteries and condens- 
ers, and on the mode of using the  key. 

(el.-According to  the adjustment of the  syphon, the snme cnment from the cable will 
~ ~ r t ~ d n c e  a gre:~ter or less disturbance, and the  iutt.rv;ll between init,ial and crest effects on t,his 
;~ccount is called "syphon time." This interval will depend on the state of the batteries 
of the electro-magnet, of the  syphon-recorder, and on the suspension of the syphon itself. 

I t  need hardly be remarked thnt the different v n l ~ ~ e s  of this interval a t  the  two stations 

Effeft8. 
is an important matt,er. If i t  arises ml~olly from wave time, 
thc  initials of signnls are probably least, if at. all, affected, 

imd wonld therefore give the best results. I f ,  on t,lie ot,her hand, i t  were doe to the  .syphon 
time ollly, i t  might be considered that  the syphon maliing the greater excursions would s tar t  
hooner, and contim~e the movcnient Inter, i .r. ,  that  the initial niovement of the  one would 11e 
llearly as inuc11 before thnt  of the othcr, as the crest would be Inter; and in this case the mean 
of the two woultl probably give a result nearly cleared of the effects of the  difference. 

I nm not nrenared to advance a dccided oninion on the best trcctment. I believe thl~t.  . . 
Trcntlnmla of rraolta. 

the wave time is L I I ~  more probable 6oorc.c of the  differrnce, 
and that,  therefore, the initial rcsnlts are t o  be prcfcrrd .  I 

I ~ c ~ l c l  t h ~ s  opinion from the h e ~ n n i n n .  hut the  idcn of svnhon t i n ~ e  did not occnr till later. and . . <.. " .  
i t  I IOW rct:ms to me that. it is pl.ol~nl~ly to a ccrtr~in e r t e i ~ t  resl~onsille, partic~rlnrly as a alight 
i~~b l )c r t i c~ i~  of the record RIIOWS a lnarlit~d rel:~t,ion Letween thc tlifference in the l~e igh t s  of t,he 
\\.:~\~t.s, : I I I ~  t l ~ c  clifft~rence of tllc w;we or s j ~ ~ l r o n  time, nt  the two stations. Ou the other 



hand, there is the fact, that  when t.he cable a m  cl~anged in the mensurement Aden-Sucz, the 
sign of t,he wave time difference was reversed, alt11on~h the same recorders were used as before. 

The difference of clocks 110s been taken out in t,wo ways-(1) by u s i ~ ~ g  the initial sigllals 
only, and (2) by takiug a mean betwcet~ the initinl and crest resalts. 

TLIC diffcrel~ce of longitude has, however, been deduced only from the "initial disturb- 
:111ces." This is somewllat arbitrary, alld i t  would be satisfactory to obtain au opiuion as to  
the hest tl.eatmcnt, by an electriciar~ w l ~ o  should have access to  the results of all battery and 
cable tests, taken while our work was in progress. 

Surh an opinion, so far as I have been ahlc to get  it, oiz., from Mr. Smith, Superintend- 
cnt  of the Eastern Telegraph Company in Bombay, who, however, mas not so thorougl~ly ac- 
~ ~ u a i n t e d  with the facts as desirable, is in favor of the course adopted. 

I n  the present case i t  is after all more a mat.ter of curiosity than importance, t he  q ~ ~ a u t i -  
ties beiug small, and their signs such that  they nearly caucel in the whole measurement 
1lomb:cy-Suez. 

I should certainly not recommend both initials and crests being read i n  future, but  initials 
only while a fen. crests might also be read in  order t o  com- 

KrcO1uruclldntioll for @lic'allce 13meJ the mave times. Improvements in signalling mould foture. lwobably make the initials as good as the crests for reading, 
and the saving in time mould be great, rw the  transcription of these tapes is very laborior~s. 

Rc.mLts obtained. 
Of the three land measurements executed, two, viz., Vizagapatam-Madras, m ~ d  TrizaXa- 

patam-Bcllary, combined with Madras-Bellary, measured ill 
l~prtl~ts of the scnson's work 1873-76, complete a circuit,' the closing error of which is 

(1~.(14~lf0".018. This is disappointing, inasm11c11 as i t  is considerably grcster than any silnilsr 
t-rror of the work doue in 1875-76, but I cannot consider it  surprisingly large. Unf:~vooral~le 
\\rmther may have something to  say to it, cloudiness beiug certainly likely to  iutcl$erc wit11 

tile ~Lservations obtiuned. Yor a plausible explanation, however, me need not loolc farther 
than the  nncertainties found to exist in our persoual equation, as the difference between its 
\.slues by the  determinations preceding and following these measurements amounted to O'.O5J 
:rud 1.1°~0.1~5 for C N - H ~  and Cg -Hs respectively. 

I t  is true that  the equation affected both these arcs with the same sign, but thc question 
is rmc of constancy, and the uncertainty seems quite sufficieut to  account for discrepancies of 
I I ~ . ( I ~  or Oa.0:3. Indeed, i t  may be assumed that any agreement within 0'.03 is more 
,,r lcss fortuitous. 

The arc Ifangalore-Bomllay, combiued with Madms-Bombay, measured in  1875-76, aud 
3la1lras-&Inrlgnlort. of 1872-73, affords another circnit, the closing error of which alr~ounts 
1 0  I I U  less thnu 0'.355, the mcasurcmeut of 1S72-73 being in  defect. 

,, 1h1s , is contrary to my expcctations, as I hoped to  find a close agreement, proving that. 
t l ~ c  cll'rct of the faults of No. 2 lelescolle dluiog 1872-79 had beeu nearly c l im~~la tcd  in the. 
\ \ . l ~ ~ l c  measurement. I cat1 only regret now that  I was rash enough to  malre any predictioll 
regartling the results oljtained from t h l t  telescope in the  condition i t  mas in a t  tllc timc. 

'l'hc lon~ i tude  of the  Alaclras Obscrvntorv, wllich results from coml,inillrr our measure- - 
Final longitude of Nndms. 

meuts ljetwein Madras and Suez, with the lolyqitndc of Suez 
supplied Ly Sir G.  Airy, is 5h. 20nb. 5ga. 416, Leing 2,.11B in 

r \wss  of the  value hitherto adopted, :IS give11 ill the Nautical Almnnac. 
The effect of the seaoot~'~ operations is therefore to remove India, theoreticaUy,about 2,000 

feet farther from Eng1:uld ! 
Tables of our results, with explanations, arc appcniletl 

'Fohlre uf mslts. to  this report. 
In these arc included the  elvmcnts of certain points fixed by triangulatiotl a t  Aden, the 

I ~ : I ~ ; I  of origin being uar lougituilc detcrlninatiou of this year, and tlle Iatitudr obsrrveil I,y 
('lll.'tain Heaviside. 

The I~osition (by ollr traverse) ot the point a t  Suez used for determil~atious of longitude, 
ill cuntrectiu~i with Lord Lindsay's tmnsit of Venus Expedition of 1Y74., is also given. 

The uncertainties of pewonnl equation must, I fear, always remain the great bar to 011- 
. t a i r~ i~ rg  iu l ~ ~ n g i t u d e  ol~srrvat io~~s,  a degree of :tccuracy wl~ ic~ l~  

I'r.r.<,~yal equ.titw t lw limit t t ,  ~ C C I I .  

"'I!, 
will calnlpare C:~vonrahly with that  arrivetl a t  in the  Lest deter- 
minations of Intitutle, Ilut there is room for improvemel~t, 

~r~r t l  1 hope the uext swies of observntiol~s entered u11o11 will liud na better n m e d  agaiust this 
c711r \vorst enenry. 

'I'herc! has :~lways Ilecn a nreak point ill the diffi,re~~rc of power osed wit11 the t\vo tele- 

I,, lrr,,,i,luti ,,,, olwll ilnl,roreu,rl,t, scnlws, o\vitlg to) that  of one (!ye-picre being about doul>le that  
of the  other. IYc h:~r,e done what we could t o  vl,uiate this 

1'y d l ~ t ~ ~ r r n i u i l ~ g  ]~ersunal e q n a t i o ~ ~  ccl~l:dly wit11 1~11th inslrurnents, b ~ ~ t  this c o ~ ~ l d ,  of coorac, o111y 

~ I I ~ ~ I I F I I I U ~ ~ C U I  lnstr~rmc~~t I)elr~rt. Ilc 11111ked on as n rong11 rcn~etly. A new eyc-l)icrc hna rlrlw 
uwnt ~ J L . ~ I I  made in th r  31:1tl1rnmatic:11 I n s t ~ ~ r m e n t  l)cl~:utrnent, C:ll- 

c~lttn, (tf the  enlllc 1lowthr :IS the hcst of the oriKi~ral 11:1ir, : I I I I I  
this ?;hunld l ~ r i l ~ g  thin c ~ n ~ ~ l n ~ s t a n c e s  of ~n'rtionnl cq~~nt ion,  as dr~crlninctl, ll111cll I I I O ~ ~  in ni,cord 



with those exsting during actual observations, and i t  may he hoped will effect a correspol~ding 
improvement in results. 

Another minor point has been attended to hy thc addition of a few ordinary spectacl~ 
lenses, sliding looscly in a cap to hc put on the eye-pica., so as to allow of the same focus of 
the eye-piece heing used for two diffcrrnt sighted ohsrrvcrs when tnking divided transits, one 
observi~~g with the spectacle lens and the other without. The foc~ls of the eye-piece cannot 
be changed while t n l a n ~  surli obselvations,nnd we have hitherto only hecn able to  work lo 

that way because tbc observers happened to have nearly the same eye-bight. 

The great desideratum, howcver, is some contrivance for measuring absolute per~onal 
equation satisfactorily. 

I have desi=ned a simple instrumcut for this purpose, which I hope will answer the chief 
objects in view, 1:iz., to afford a close imitation of a real star transit, and to be easily brought 
into use during any available intel.val of a few minutes' duration. A detailed description cannot, 
be given here; s~~ff ice i t  to say, that 3.11 imitation star will automaticelly record on the chrono- 
graph its .trausit across a series of wires, while the observer records the same events in the 
usual way. 

This instrument is now being constructed in the Mathematical Instrument Drpartmcnt. 
Calcutta, aud I propose calliug i t  st1 " idiometer," fur which name I am iudebted to Majqer 
Herschel, R.E. 

dlatract of Final R e ~ s l l s  of 1876-76. 

... A L Bolarom-Bombq ... ... ... & : 4 b 4 9 * . 6 5 9  

... ,, Bellary-Bombny .. ... ... 16:26,959f.0114 ---- 
Deduced .. B O I = U ~ - ~ C ~ ~ Y  . . { observed 

---- 
... Difference ... 0007*.0176 

... Deduced ... ... 6:21.871*~0156 ,, Bolarum-Bellary . { ... Obscmed ... 6:21.883*.0121 
-- 

Difference . . .  ... 0.012f ,0198 

1)iffcronce bctwecn (1) and (2) 
Mean of (1) and (2) ... 



E V l a a a t i m  of  term8 used in acconqnnying statements. 

CN-Cs : HN-Hs , respectively, indicate Captain CampLell's and Captain Heaviside's 
absolnte equations betweeu the observations of stars of north and south aspect, 
(see report, para. 43). 

CN--I-IN: Cs -Hs , are similarly the relat,ive equations for combining the observations 
by both officers of north aud south aspect stars @ma. 44). 

AL is generally, "difference of lou,~itude." 
ALh : ALs , are v ~ l n e s  of A L  deduced from observations of all stars ; where observat,ion 

of stars of south aspect are reduced to north aspect, by the equations C N - C ~  
IIN-1-1 s, for ALA,  itnd vice vcrsd for ALs (see report, para. 44). 

C,-H,, is the transcribing equation (para. 46). 
p is the retardation of signals bctmeen stations on land lines. 

For cnlde measurements, executed subsequent to April 9th, 1877, the last determined values am 
rcdoptud, v i i .  I- 

Cs - Hn = + 0.030, Cs - a s  - - 0'026. 

Dkdrtctiott o f g r t a l  vnltrea qf Captains Campbell a ~ t d  Heavisde's relative persotml 
eqantioirs, CN-HN, $ CS.-Hs. 

Thc values of ench obser\-er's N-S equation are as below :- 
I 

for arc Vizagapntnm-Jlsdme Hs - Hy = + 0 015, CN -- Cs = + 6.077. 
-ncllnry ,, + 0.033, ,, + 0.055. 

,, Mangnlore -Bonibny ,, +0.0!(;, ,, + 0.046. 
, Uornbny -Aden + O.CJUC,, ,, + 0474. 
,, Atlcn -Suez + 0 022, ,, + U,0;8. 

BY STARS OF NOETU AGPECT. BY STAWS OF SOUTH ASPECT. 

Mem value 

Cs--rs 
--- 

6 

+C-057 

'069 

'071 

h c n n  Vnlue 
Date. 1 Telrolx .  1 Cfl -H,, 1 (11) 

I 1%;. I 
i ! 
/ April 4th ... 

I 

+ @ i f 5  -0.O28 23 
I i I ... ... ' Ditto .OO.L 222 

.. 7th ... ,..I N o . 1  
! 
' , I ... ... 1)ittu - ,027 -4 G" 1 ,od8 

' I  
303 

~ - - - -... - - 

Ge~lrl.nl i\le:tn =-il-2_1'' = + A 3 5  
d 11' 

Weight 

( 9 0 )  

- 

38 

66 

64 

4 6 4 4  

%H8 

'876 

12.726 

9 

$0'064 

Weight 

($4 

48 

38 

28 

(n)X(.w) 

4'712 

7,000 

9.~00 

,- 

9 

+0.?1 

.I25 

,1511 

.- -- 

I I 

1876. 

I F i l l , -  
G r n c r ~ ~ l  JIenn = + 0030 s 

\' lo  -(YO26 
- .- -- 

Fin(11 ' ~ v t l ~ t < , n  ~ i r l o ~ ~ t o ~ l ,  

For lhrlrl mcnsnremcnts. carried out bctween December 1876 and April 1877, mcnne of the 
al,ore are ndopted, I.;z. :- 

B 

Cx - HN = + 0.083, Cs - LIB = + 0.010. 

( a ) x ( w )  

2736 

2.622 

1'988 

L)rrr~nbrr l51b - 
!, 18th ... 
,, 1 8 ~ 1 ~  ... 

So. 1 

Ditto. 

x 0 . 2  





Difference . . . 0.041 * 0.018 

A L Mangalore-Bombay . . . . . . 8 : m7.319*@b13 
,, Madras-Bombay, observed 1875-76 .. . 29 :43~534&0~010 --- 

Difference . . . 0.%4+0.021 

Reaiclts of Stnaona 1875-76 and 1876-77, combined to  nford j inalval~~e of A L  Mutlras- Bombay. 

The diagram shows the measured 
nma available for the deduction, and 
the quantities are as below. 

A Measured in 1875-76 = 16m:26~~59'*@011q 
m a  I 

C = 22:4R.849*.006 
D= 6:21.883*.012 

A =(C-D) deduced ,, - - 16:26.966*0.013 
B Measured - - 13:16,563* 0.011 

E= 6:54692*.011 
D= 6:21@33*.012 

B =(E+D)  deduced ,, - - 13: 16575f 0016 
F=25:26.389*.008 
G=12: 9.785f ,012 

B =(F-G) deduced 1876-7 = 13: 16604f0.014 

m " I 

A L Madras-Bellnry, Menn A = 16:26,962-+@009 

AL Bellary-Bombay ,,, B = 13:16.578* 0,008 
--- 

m a I 

A L  Madras-Bombay, A + B = 29:43.540*0.012 
- - - -- - - - 

The meesnrement D enters twice in the above deduction, which therefore in not quite rigorous. 



Bcatdting value of the longibde of ofa/lralraa. 

,, ,,Aden ,, ,, Suez ... ... 
,, ,, Bombay .., ,, Aden ... ... 

... . . . .  . , . .  Yadl.ns Dombay ... I 0 :29 : ~ 3 . ~ a  > G .  T- Surrey, 
1 1876-76-77. 

Longitude ol Molrnttnm, East of Greenwich - - '*' 

, ., Sues, . . . .  Moknttarn ... .., ... 

Longitude of Meclrns east of Greenwich ... ... -. I 6 : 20 : 6 0 4 6  

h, m, r .  

: : 6'320 Supplied bp Jir 
0 :  6  8917 I " Airy' . 

h, n. r .  
The longitude oE Madrns ns give11 in the Nautical Almanac = 6 : 20 : 67.3. 

Aden 2r.ia~rgulatio~. 

Elmenls of I L  Pointr .  

Longitude atntion ... ... ... ..! 
... Lord Li~~dsny'a station* ... 

Intersealed Po in l r .  

... Sham Sllam flngetnff ... ... .., 

... ... Renidcncy . . .  ... 
Pnluting Pier . . . . .  ... ... ... 

... Light-stlip (outcr) ... ... .- .., 

... ... ... Light-house (Xnrshog) ... 
... ... Renny's flngntnff ... ... . , . 

- 

Latitude. 

Tbc outer rsll of tho mom in which thapcudulums ware awmgby CnpWn Haovi-ide in 1 6 %  Is 88 Toet diaL.nut from lhls a b t i u n .  
In 4 dlreouou 270 1u' acet or south. 

Lo~lglrude. 

T h e  pillera uscrl for thc  longitude observations in connection wi th  Lord Lindqay's T m n ~ i t  of 
8 .  

Venus eapedition oE 18i4. were found by traverse to be 0 0 2 5  west and  23" south of our longitude 

stat.ion. Whonco their- 

A. i l l ,  s. 
Longitudc=2 : 10 : 13.212, and lntitude (approximate) 2g0 5 i '  5G." 

1. 

Thn trnnsit indrnmrnt.  of Lhc Colnl,n O1~~crv.ztory w w  found by mensurrrnent to be 0.134 to  

t l ~ c  wvrt of our  l u r ~ ~ i t ~ ~ c l c  a l n l i o ~ ~ .  l!'l~t-ur~c- 

h .  tn. 8 

l~ongi tudc  of Colnbn Obsui.vntorq. trnnsil ins tn lmcnt=4:  51 : 15.742 e a s t  oC Greenwich. 



,$rean re,?r'lls re,qclrdiding l i e  retardation ?f signals / i r ~ 4 f i  the cflblcr. -- .- - - - ~ - / R W A l t ~ A T 1 O N  ArClII/DlNO TO 1'URlIEXT 
AT EACH (EAST IDIt \YE!JI') 

bT.4Tl1 ,N. 

The quantltles tnholt&ltQ nrc holres 01 I h r  rlotlhlc wlnnlnblons 
la  and fro deduced frolo tbs clock e .ulyurt*ulbs. E \ E. W. I F.. I +  + I  - - I +  - " I - " .. 

Old cnblc, 16R5 mil- .. ... . . . 

New cnble, 1683 miles ... ... ...{ 

Initial 

Crest ... 

I . 0.3661 I t  Z i i  0-2% ! 0517 , 1':; 1 0499  1 0'516 Crrst ... , 

Old cublo ... ... 1 0.230 1 0266 

I N. 01 vn!aea 01 ench 
n i e . ~ ~ ~ . ~  ' r,im,t. brtnrcn r h igh  tho "g". 

E.-W. ! d~S'~reecca vary. -- 
! + I -  

Extract fiom the Narrative Report, dated 16th January 1878, of J. B. N. Henneseey, Eeq., 
M.A., in charge Computing Office. 

On Mr. Cole's departure on furlough, 21st March 1876, the Calculating and Printing 
branches of the Computing Office were p l~~ced  under Major' Herechel, and the Drawing ant1 
Photozi~~cogmphing branches under Captain Thoillier. This arrangement contin~ied in effect 
until the return from furlough of Colonel Walker. Shortly after, I was directed to resume 
charge of the Office in all its four brnnchcs : Captain 'l'huillier then reverted to othcr duties; 
but  Major Hel.schel continued to render aid in the supervision of the Calculating and Priut,ing 
branches until the redaction oE the North-East Quadrilateral waR completed. 

6. The following cost.-table of work done in the Calculating branch is similar to the one 

Calculstinp branch. 
exhihitetl last year ; i t  differs from its predcccnsor in that, the 
number of classe. of work has been reduced, by suitable 

grouping of the former clas.es, from 15 to 1 O  :- 
Cnsl- tabb ill Rflpeea. 

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

1.rrrras. 

- 
1. Rcrnrclr. 1.ihntry In 1 sh i Ion 214 ! 132 
2. Cooqrok~tians ::: I 439 , I 5 0  1 4 4  2 4  
3. Acrnnnls, rrturns, corre- ; 

qunldcnco 1 2 
I 1 2 0  1 0 

209 I l o t  
I I 3 

842 1 265 
li? 1 51 

2% 1 419 
290 4119 
li3 27 

JL 1 71 
370 I60 
2;5 1 2 12 
I _  

2,137 12.127 
I .. - - 

4. Rulnpl ... 6A 6H 
6. Yrtas ropy ... .Xi& 1 323 109 
8. Pnw proofa 3 4 8 1  2lia 168 
7. C'l~srta ... ... 159 ( 129 33 
8. Stntionr ... . 1 178 1 58 ! Li 
9. l .~nv~.  Holidny . .  1.1; 5.58 6-0 

10. hfatc.ornlogy.Miaeel1nnw~11, 140 / 58 ! i t  I _ _  . 1 ; -  

1 ' 7 
170 1 J:IH 
3;s .m!l 

10 115 
12, 1 61 
323 H!J 
12.1. 1 188 

I 
Torrre ... 12.127 '2,127 ,2,12i 2,127 12.127 

i 1 , 1 \  - .. . - . - - -. . .. - .- - . .. . - . -. -. -- -. - . -- - -. -- 

8:) 
426 

30,i 
30 

hR2 

9 
41 
.4; 

210 _ _  
2,127 ,?,12i 12,127 1 1-w 

I:,:i . .. I I . -. - --- . .--- - .- .. 

66 
259 

1 
63 

318 

" 
18 

]:YA 

115 
52.. 

312 
~n 

32:) 
.,(is 

( I  
(10 
3:) 

I 
_ 

;$ 1 1; 

2% I I3 
419 16 
u;7l 17 

2k 
,;!I N 

, 21: 1 13 
?1;9 225 51) -- 



DIAQRAM TO ILLUBTRATZ REPORT ON LONGITUDE OPERATIONB. 

by Major W.Y.  Campbell, R.E., 
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7. Thc following particulars nre duc to  the claases named in the foregoing :- 

rnlculntirlg hmnch. I'nrticaInrs of ( I ) .  Record.~, Jibmy.-The crowded state of the rooms 
wor t .  avnila1)lc con~pclled thc  atloption of contrivances for a f f o r d i ~ ~ g  
8.11 prnctical~le relief. Evcry year I)ril~gs a scnsil~le :~cce~sion to our field recortla, as each (,.re- 
clltive oflircr n1:tkcs his a ~ ~ n n a l  dcpnsit; to tllis, all11 the  considerahle quantit,y of priutrtl 
matter, an~ootr t i~rg ,  in the  11 111out,hs 11n1lcr rcbview, t o  no less thnn Y,35,000 prints, and some 
idea will he fornrcd of tbc  space recluired for stclwing nma,y thc  docu~nents, EO that  they a!~ell I,e 

.safe ant1 a(~.essiblc. Tlic simultnncous rctluction of the North-West ant1 Po11t.h-East Qundri- 
1:tlerals affortlcd a n  oppor t~~n i ty  for packing away their original records ; this 118s hecn done in 
c4onvenient racks, after snital~le paging, indesing, kc .  ; ant1 i t  is farther intended to roughly 
bind t l ~ c r e  papers in course of t.ime. 

8. C/nrcae 2.-Comp~~tations- 
N. E. Q.--Red~~ction t:~krn I I ~  nt rliminntinn from 38th cquntion, nnd  concl~tded. 
S. F:. Q.-Rrdt~ction <rTPo~l th  PQrrsnh~ll and Bout11 hlaldnclna Scrips hrqm nnd concluded. 
N. \V. Q.-l<rrl~~ctic~n of .Tnrll~l~ur Srricv carried :IS far M comput 8tio11 of co-eficie~bts of the rrrorB Y. Z. 
S. W. Q -Data collected ( in  part) for i~~vcatigntion oE finnl weigl~ts. 

Principal Triasgrrlalioa in getreral (in dttplicnte). 

... Mrrigllts, comp~~ted ... ... ... ... 7 
... ... Spl~erical escrfisrs. rolnpnte~l . . 42 

Reduction of nil~ll~le figures, computed or corrected . . ... ... 6 
,, of eoml~onnd ... , . . ... 5 

... Triangles, colnln~trd or corrected ... ... ... 1.464 
arbitrary correetionr applied in - ... ., ... 1110 

Latitudes, longitudes nnd nzimuths, cornpiited (rinclc deductions) ... ]ti4 
... ... (2nd deductions) 624 

... ... rorrrctrd .. 71 
.. ... cornpoted (3rd deductions). h l  

... Hri;htr, corrrctrd 2nd adjusted ... ... 53 
... ... Azin~utl~s (nelronomicnl), col~~putr(I ... . . 3 

... ... ... pnrlly computed 32 

... Non-circuit nsimutl~s, c~r~nputcd or exnnlincd ... ... 1.91% 

. . .  ... Auxiliary figures, conlputed . . .  ... 64 

Sccosrla,r trinngu1al;os in general (in di~plicate). 

... ... Tmverscs, computd ... . , . ... 1 
... l'ri:~l~:.les. (,oml~~~ted nnd srljusted ... ,.. ... 126 

I.:~tit\~ilca, longitt~dcs IIII( \  nzi~nutbs, computed or corrected ... ... 179 
... Hciglits, correctrd ... , . .  ... ... 109 

! I .  CIosr 3.-Accounts, returns, corrcspondrncc, as usnal. 
10. Cl,,ss 4.-Snpply. Da ta  i n  manuscript has hern s ~ ~ p ~ l i e d  t o  21 officers; and about 

OR0 de~patc.hcs of maps, charts, forms, and books have been made. 
1 I .  L'lrrss 6.-Press copy. ' 

N. I\:. Q.-Re-transcribed, revised nnd comparetl degree list,s 29 to  40 of North-West  
IIimalaya series ; and prcpared a general alphabetical list of names of all tho stations and points 
fixed 0x1 this series. 

S. 15. &.-Azirnnthal ohscrvations completed. Some re-transcription and a good deal of 
re.comp:~risnu Eonnd necessary in  t.hc matter s r t  I I ~  for tllc synoptical volumes. Differences of 
l ~ c i ~ l r t  and height above mean sca-levcl revised for thc  East Coast Series. 

N. E. (2.-Orthography of principal s t a t i o ~ ~ s  examined and revised ; alphnbeticnl and 
~ ~ n m r r i c a l  lists prepared for the  Assam, Eas t  ('nlcuttn. Hrhmapu t rn  and Eastern Frontier 
Scrics. r ) r s r i l~ t ions  prcparrd for thc Uudhon, Rangir,  KsrRra, Enst Cnlcutta, Brahmnputrw 
: , I I ~  ISnrrtcro k'ronticr Sericr. Rciduction of figures, principal triangles, and synopses of 
latitudes, longitudcn and nzimot,hs prcpnrcd for t he  entire qnadrihternl;  and differences OF 
l ~ c i g l ~ t  about, half-re:~tly. Abstract of angles prcpi~red for the  Budhon, Ranglr,  Assam and 
k r n h m a p ~ ~ t r ; ~  Series ; and the  t a l~ l c  oF " snms of sqnnrcs" prcpared for tho Assam, Eas t  Calcutta, 
H r a h n ~ n l ~ ~ ~ t l . : ~  :~nd  Enstern Frontier Series. 

S. W. (2.-All~h:~bctiral and numerical lists prcpared, nnd descriptions of stations partly 
prrpar(~<l for all thc  serica of this clnaclrilateral; also abstract of ang1t.s prcpared for t he  Bombay 
Longi tucl i~~:~l  Scrics. 

Soirther~c l'rigo~~.--Abstract of angles prepared for the South Koukan, Mungdore, and  
31:1clr:1~ hl(,ridion:~l and Longit:uilinnl Series (needs comparison to a largo extent). 

. l l inrrl /nnmas.-Cc~~t~ri~l I'rovinrcp, Hydcml~nd and Rombay, authorized l i s b  of spelliugs of  
11ro111~r ~ ~ : ~ ~ ~ ~ ~ w ~ ~ - n r r n n g c : c t l  alpl~nbcticnlly for offive use. Copy of spirit levelled heights, No. 2 
S ~ I I ~ I I ( ~ I ~ I L  l ~ ~ c l i n ,  cxnn~ined prior to sclltling to pn2ss. Jntrodnction to  volume of the  Gre:lt 
Arc Scrics, S e o t i o ~ ~  1'4' to  2X, nud tlppcndis No. 7 to  Volume I1 of the  Accoont of the Opecl- 
tiuns, kt,., ~~repnrcul. 

12. C/,~.va 6.-Pn.88 proofv. Thcsc nrc not soh~crptihlc of explanatory remarks. An  
c.stiln:~te of t h r  lal~cnir il~volvcd is supplied by the  f;wt that  17 per cent. of t,he entire 
1)nv-cr OF the Calculating bmncll was necess:~rily absorlcd by this subject. 



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

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

Chart sbewillg nll tlre p~+ncipal stations in Hydernhnd ... ,.. 
Chnrt t o  illustrate Spirit Lerelled Heights, KO. 2 Soutl~ern Indin ... 
N. W. Himalaya Series, Degree Sheets Nos. 22 to 40 ... ... 
Rednot.ioo Cbnrt, S. E. Qandrilateral ... ... ... 
Grcnt Arc Series. Section 18 'to W ,  No. 2 ... ... ... ... ... ... ( Bil!~spur Series, No. 1 ,.. 

1 
1 
1 
1 in part. 
1 
1 
1 in part. 
...... 
1 
1 
2 

11 
1 
1 
1 

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

14. CZnss 8.-Stations. Ten doplicate lists added, making a total of 323 settled districts 
for 3,010 princik)al statious, and lenvi~t,o about 20 districts yet to be settled. Four 

new lists accountiug for 14 stations, and 42 duplicate or supplerncntary lists descriptive of 
292 stations supplied (several in duplicate) to district officials. 

TYPOGRAPHIC BRANCH. 
16. The work annually pelformed or proportionally deduced may be briefly stated thus 

where the unit of a is ils heretofore taken s t  a certain standard size to make the total 
ntirtlbers comparable. -- _ _ -- - 

I I I 

Pages mmpoaed ... ( 1,420 1 1,222 1 *1,319 1 1 , 1 7 9  1 L1.635 

,, printed ... 1 273,157 1 388,420 1 *372,647 1 *3443,000 1 '495,573 

-- -- 
I 1 1 - I I 

The total pages cornposed during the eleven months under review may be sub-div~ded thns- 
... For rulomes of the Great Trigonornetrieal Survey ... ,., 1$)98 

,, Chnlb, memos., Be. ... ... ... ... ... 200 
,, An~rr~nl  Iteport ... ... ... ... ... 88 
,, Panlplllet of spirit-levelled heighte ... ... ... 21 - 

Tot$ ... 1.~4117 - 
The large increase in the out-turnof printed pages is partly due to fortuitous circumstances. 

PHOTOGRAPHIC BRANCH. 
17. Tile following are details of the work executed by thie Branch. 

Maps. 
.- 

I 

-- 

. . . .  Prints oE maps published in former years ... ... a6 
Goallmrn Bored JIny "' 1 Fur Forest Department ... October 1876 ... 1 

f l'ala~nau . . . . . . .  ,, ... 1 
RsniliIret Mop, Skrldoa,  redared ... ... ... 9, ,, -. 1 
~ ~ l ~ e m t  Snrre~. ,  Bhert No. 14, Sectin11 16 ... ... ,, -. 1 
Debra DGu and Siai l ik  Survey. Sheet No. X F I  For Forent DR November ,, - 1 

,, ., I ?  . . . .  XVII 1 partmeut ... { ,, ,, - 1 
l,,dex to Dellra DBn and Sinhlik Sunfey ... ... ,, ,, -. 1 

Jaausar R ~ ~ r v r g  ... ... ... .. . . .  ... 9, 1 1 
spirit Levr!ling Ol~r r~~ t ions .  No. 4'2 ... ... . . . , .  ... I 1 
~ ~ i k h e t  Xlalr. Contoured, mdwred ... ... ... ,, , . . . j  1 ... index to Guzrrat S~rrvcy ... ... ... D e c a ~ ~ ~ b e r  ,, 1 

,, to  Trinugulntiun hp tlre Great Trigonornetrical Survey of 
Irldia. For OHicinting Supriotendent's Admioistrntion 
lleporl, 1876-7f3 ... ... . ... ... ,, 

,, to  nlain lines of Icvrls (reduced scnle) ... . . . . .  
Roote >Inp. For C;~ptuiu Birldnlpl~ ... -. m e .  *, ... liyraga~.h Forot  Mnp. For Forr*t Itr nrtment -. I ,  , ... 1 
Xuw:,un and Gnrhwkl, Short No. 2i), ~Lelr tut l  ... ... ,, . . . . .  1 
DChra U i ~ n a n d  Siwilik S I I ~ ~ C J ,  Sheet No. XYII I  , ... 1 

... , 1 
I, I, I, . . . .  1 

- 
~ . .- ... - . .  - ... 
' Arer:tuaa l.jr n Laeltr-muuth. 



Emaz01. I Wbea published. 

... BpLit Lcveliog Operations, No. 19 - ... January 1877 .. ... ... I* I )  25 . . . S o  .. ... ... ! , I, 41 ... 9 ,  ... Index to Kattywnr Survey ... - ... B, 

Hydelabad Territory. Skeleton Map, ellowing S~~b.divisions end 
Great Tri*onometricaI Survey Principnl Stations ... . . . . .  

Index to ~ r h t l ~ l l l n t i o n ,  S. W. Qundrilateral ... February .. 
Dehre D i n  and Si~vQlik Survey, Sheet No. XLI. F; Foreet De. 

partment ... ... ... ... 
Kumaun end Garhwbl, Sheet No. 21, Contoured ... 
Guzeret Survey, Sheet No. 81, Seeti011 7 ... ... 

9,  ,* 8 ,  8 ,  !?, $ 8  !! ... ... 
1% 10 ... ... . . . . . .  .. ... 

~ a l i ~ w a r  Survey. Sheet No. 36 ... . . . . .  
Dehre M n  arid SinUik Survey, Sheet No. XXXV.'" For Forest 

... Department ... ... ... .,. April 
Guzernt Sorvey, Sheet No. 81, Section 16 . . . . . . .  
Kattywer Survey. Shrct No. 45 ... . . .  . . 8 ,  

... Dehra U6n nod Siwhlik Survey. Sbret No. XXV . . . . .  
Kumsun and G~I.L\vII. Slieet No. 10, Skeleton . . . . .  
Mnssoorie and Lnndour Survey, SheetNo. 13, ~ b d e t o L 2 n d  Edition ,, 

,, ,, ,, Contoured ,, 
Kattywar Ssrvry. Sheet No. 10a ... ... ... M& 

... Kumaun and Garl~wnl. Sl~eet No. 11. Skeleton . . . . .  ... . . . . .  ,, 8 ,  2 4  ,, 

... . . . . .  ,, 9, 30, 8 .  

. . . . .  ,, ,, 7. #? 

Gozerat Snrvey, Sheet No. 81, Section 8 ... ... . . . . .  
Kattywar Survey. Sheet Nn. 37 ... ... ... June 
Guzerat Survey, Sheet No. 82. Section 2 ... ... . . . . .  

.. .  82, 5... . . . . . . .  8. 

... . . . . .  ,, ,, ,, 81, 8 ,  16 -. 

... . . . . . .  81, .* 1 4  .a. - ,I 
... Spirit Leveling Opcrntionn, No. 39 ... . . . . .  

Guzerat Survey, Sheet No. 81. Section 13 ... -. July 
... ,, ,, ,. ,, 82, ,, 4 . . . . .  
... . . .  ,, ,. ,, 1% ,. 1 4  

fipirit Lvelinq Opemtions, KO. 26 ... ... . . . . .  
Guzerat Survey, Sheet No. 80. Section 16 ... ... August .. 

... , , ,, ,, ,, 82, ., 1 . . , g o  

... . . . . .  ,, ,. ,, 82, ,, 3 

... . . . . .  9, ,, ,, 14 ,, 2 
Kattynnr Survey, Sheet No. 38 ... ... ...I .. 

. . . . .  Route Mnp, illustratinp the Mullnh's explorntions in 1876 
... Dehra DGn nntl Siwhlik Survey, Sheet No. XXX . . . . .  

Spirit Leveling Operations, No. 13 ... ... ... September .. 
. . . . .  hlussoorie and Lill~dour, Sl~eet No. 19, Slreleton, 2nd Edition 
. . . . .  , ,, 19, Contoured ., . . . . .  ,, ,, 1 4 , .  3 ,  

. . . . .  ,, 15, 9, 

... ~ e h A  D6n and Si~vhlilr Survey. Sl~eet No. X X I I  . . . . .  
Gazerat Survey,Sbeet No. 14,Sectiou 4 ... ... ... 

... . .  , , I d ,  .. 6 . . .  ... . . . .  , , I 4  3. 7 - . .  ... Kattywar Survey, Slieet No. 60 ... 
Totals 

No. 01 No. 01 eo i o  1 p a r .  I printei, 

-- - 

Besides the foregoiug, I08 Llue-prints were issued, and 189 sets of silver prints (59 
subjects) were prepared for the use of the  engravers aud for Executive Officers. 

Charts. 
- 

BOBJIET. 

-- 
North-West Hinlnlaya Scries, Degree Sheet No. 7, final ... 

... ,, ,, ,, 14-15, ,, ... ,, ,, ,, 6-13, ,, 
,I ,, ,, ,, ., 12, ,, ... 

... 

-- 

mllrn pahlished, 

..... - ... - 

October 1876 .. 
... ,, , 
... Novcn~ber , 
... ,, , ... ,, ,, ,, ,, ., 13, ,, , neee~vbcr , ... I ,  9 ,  9. , , 1 -  , . . . . .  ... ... .. ,. ,, ,. 8-9. ., IJnnuary l i j 7  ... ,, ,. ,, ,, ,, 18. ,, ... ( ,, ,, ... ,, ,, ,, 16-17, ,, 0.. ' ,, ,, . ... ... 9, I #  ,, ,, 10, ,, I Fcbrunry , ... $ 9  9 ,  ,, 20, ,, .-. I 0 ,, ... . 9, 3. ,, 21, 8 ,  ,, 

~ o d b i i r  Series, ieason 18i6.70, Numericel ... 1 1  :: ,, ... 
I 

NO. parta. 01 

- 
1 
1 
1 
1 

No. priuud. or C O P ~ ~ S  

....... 

390 
376 
4% 
362 

1 
1 
1 
1 
1 
1 
1 
1 
1 

366 
37 1 
377 
426 
431 
376 
367 
374 

67 



... North-West H i ~ n u l a ~ a  Series, Degree Sheet No. 22-23. Final March . . . . . .  . . . . . , .  ., ., 2 . . . . . .  25, . . . . . , .  
. . . , , ,  . . . . . , .  , ,I 26-27, 

Yndms Const nud Ceylon Conuectio~~ Series, Season 1875-76, 
... . . . . .  Numcricnl .. ... 

JeysulmcrdnudBalmcr Serics (Secondary), Season 1876-76,Numer- 
... ... ical ... ... - ,, ... North-West Himalaya Series, De,~roe Sheet No. 37, Final April ... ,, ,, ,, ,, 31-35, ,, Yay .. ... ,, ,, 36-38. ,, ,, 

... ,, ,. ., 30-34. ,, ,. .. ,, ,, 39-4Q, ,, ... Jline ... , 8 ,  8 3 - 3 3  , ,, . . . . .  3 ,  ,, ,, 28-29. 3, 

... Eostern Frontier Serics. Season 1876-76, Nun~ericnl ,. 
Tbayctm~n and Prome Trin~~gulation (Secondar~), Season 1875.76, ... ... Numerical ... ... ... ,, 
Yegu, Knngoon, and Coast Triangulation (Secondary), Seas011 

1875-76, Nun~erical ... ... ... ... August 
Assnm Valley Triungulation, 1875.76, Numerical ... ... v o  

Blue-print. and Silver-prints ... I rc?:tpd. / 20+ / 1 297 

Por~na ... ... ... ... 12,649 1 28,136 24,219' 18,314 21,384 

i 
---- 

T p U s  . .  I 30 I 9.225 
........ -.... . 

P - ~  
- -- - - - .- -- - -- 

Diogratnn. 

I I I I ~- ... . ........ ..... -- I - - .- - - 

T h e  increase i n  t l ~ e  1111rn1)er 01' p r i n t s  of C h a r t s  iu  1876-77 is d u e  cliicflv t o  t h e  copiea 
required for i l l l 1 ~ t r 3 l i 1 1 ~  IIUI.  synnptical  v o l u l n e ~ ;  t h e  incrense of m a p s  i n  1875-i6-77 nriucs 
from n corresponding increase i u  tbe n u m b e r  o f  o r ig ina l s  presented for p l ~ n t ~ ~ z i t ~ c o g r a p l ~ y .  
- - - - .. 

A V C I ~ C B  for D twelve month. 

B o p f i ~ , f ~ a  
- 

4'83 
466 
300 
413 
255 

1.928 
91 -- 

3,966 -- 
21.3RJ 
- 

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

Swa,ma~. When publishrd. 

- .- -. -. -- . - 

[ Octobrr 1876 ... 
... 

Pdggons and other k n r e s  to illustrnto ficnnrl reductions for Vols. ol. 
Great Trigonometrical Survey, Bench Yurlis, &c. ... ... 

... ,, 
1 

PlaPasinnal and Office Furn~n -. ... ... ... 

August ,, ... 
Total ... 

1876-77 ' ... 

C o n t r a s t i n g  t h c  k o r k  per forn~ed  since 1872-73, we Ilnve- 
-- 

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

.. - - A  

Ymm. 

. - . - .- - -- 

1872-73 ... ... ... 
1873-74 ... ... ... 

! I 
187475 ... ... ... 3,7011 24,219. 

1875.76 ... ... - 14,026 126 

18'76-77 ... ... 
- -.- -- . . - - -. .- - - - - .- ~ - 

A n  a l ~ s t r a c t  o f  t h e  wol.lc execu ted  r l u ~ i n x  t l ie  p a s t  f i re years  s b n d s  tl111s,- 
- -- - - - -- -- - - .- - ................. .- ........... 

Nvuarn or Pmntl. 

SWWICT. .- - -. . 

I 
187079. 1873.7,L l l i C i 6 .  i .  1BE-77. 

- . ' I . Mops, Charta, nud Diagrams ... . .. /= . 14,791 1 13,766* 1 25,425 I 26,629 

M r .  

6.910 

Dinpnr. 
- 

12,055 

Frm. 

..... -- 

12.649 

DIne.p"nu / S i l w  p n r  1 orn. 
--- 

Xot Not 'K 
28,125 

reclion~d. 
1 9,207 1 53 

reckoned. ' ... 2.027 3,667 



Drawing Bral~cl. 

( 1 8 ) .  T l i c  pr incipnl  worlc pe r fo rmed  in t h i s  b r a n c h  d u r i n g  the 12  m o n t h s  e n d e d  30th Sep  
t emLer  1877 is de ta i l ed  in t h e  f o l l o w i u g  t a b l e  :- 

l a p  to illustrntc explorations mnde in connection 
with t l ~ u  ol?rr:rtiona of tlrr Great 'I'rigonornetri- 
cnl Servry ol' India in 18i6 by "The Mullah," 

N u r u n s  o r  
BiTK8.T. on us*. 

alrua. . q o r ~ ~  
Lla~conprlor o r  Woar.  

. -. . - . -.- - 
1 loch 

with hill * h n l i ~ ~ g .  
Mop to illortrj~te Captnin Diddlllph's ronte from 

Uunii vib Giluit towards tho Knrambnr Pass und 

R r r ~ n t a  

to 11llnzn. with Ilill *hading. 
Churt to i l l~~atrate  the Electnl-Telegraphic determi- 

nntinns ol' differeu~,crr of Longitude. 
Indcx to m ; i i ~ ~  lil~e* 0 1 '  Ivvcla by tho Great Trigono- 

mctric;~l S~rrre!-. 2nd Edition, with corrcclio~~sand 
nddit io~~s to l8iG 

Mnp o l  TI~I IS-Sor th -Wrs tc rn  Frontier Rrsion .. 
Rough Chart of the Soulh-Went Q~mdrilaternl Tli- 

al~nul.~lion. 
~ h n 1 2  i l l r ~ s t ~ ~ t i n n t b e  " Reduction of theSootl~-West 

.J~jm~lrncrr  nnll Bnl~ner Minor Srries. Sen.qo11 1875.76 
Scror~dnry T~ . i~~~lg~~ln t ioo-Pegu ,  liangoon, and Consl. 

Senson 1R75-7G. 
Second~~ry Triongulntion-TI~nyetmjo vid Prorne nnd 

M y n n a u ~ ~ p  tc~rvnrds Baasoin and Cape Nrgroir, 
S~HROII  1875.76. 

. - 

Q,~ndri lnter~~l ."  
6ke.b >lap o;;he Hydrnbnd R ~ d Y r y ,  shewin. 1 

sub-dir~sions and pnsitions of principul stations I 
of the Great l'rigonon~etricnl Survry. 

Chnrt Nn 1, ilh~atrating Spirit Lcvclinp Operotion6 1 
of the Crrat  Tri,vonou~etricnl Survey in 18i3-74. 

Chart No 2, i l l~~a t r :~ t inp  Spirit Levcling Opr~.ationn 1 
of the Great T~. i~t ,nn~ortr icnl  Survey in 1874.75. 

Shcet KO. I:< of Spirit Leveled Heights : ...I 1 
Do. ., 19 do. do. ... 1 
Do. ,. 26 do. do. ... ::: I 1 
DO. ,, 39 do. do. ... ...I 1 
Do. ., 63 do. do. ... 
Do. .. 6!) do. do . . .  " ... ! .'. . 

Eznmiued and reported on 65 fair originnl mnps of 
K o n ~ o s n  nnd O a r l ~ w ~ l .  Kattywa~., Guzernt, and 
Dchm DIIGII nnd Si1v6lilce Survejn .. ... 

Ernmined 118 proofs of Maps nnd Cl~nrtn ... 
Colored 0,313 Mnpa ... ... ... 

Do. .. 2 Debra D61i nod Si\rb:iks ... 
Do. ., 24 do. do. survey ... 
Do ., 32 do. do. (lo. ... 
Do. .. 4U do. do, do. ... 

FINAL CUABTS. 

For Pl~otozinc : 

. . 
1 
1 
1 

Ditto. 

Grent Arc Series, Section 18' to 24' (Secondary Tri- 2 
nngulntion.) 

Riltkpar Mrridionnl Series. ... ... 2 
Cnlrnttn I A o ~ ~ n i t ~ ~ d i n a l  Brrles . . . .. . 
Jul,bulporc Mcridional Series . . . ... . , . 
Bider I,o~tgitudinal Series ... ... . . .  

Ditto 

Ditto. 
Ditto. 

Ditto. 

Ditto. 

Ditlo 

Ditto 

Ditto. 
Ditto. 
Ditto. 
Ditlo. 
I)itt~b. 
Ultto. 
1)ilto. 
])itto. 
Ditto. 
llitlo. 

Ditto 

Ditto 
Ditto 
Ditto 
Ditto 

Reduction to # a d e .  

Red~~ction t o  t scale. 

Reduction tn t w l e .  

ditto + s d o .  

Rrduc t io~~  ta scale. 

(litto. 
dit.tn. 
ditto. 
ditto. 

(19) .  Tn nd~l i l io l l  t o  t h e  forego in^: d a t i ~ s ,  dock nfns t a k e n  i n  nll t h e  f o u r  b r a n c l ~ e s ,  w 

'I'uki~y Stock 
u s ~ ~ a l  s l ~ o r t l v  a f t e r  1st J n n u a r y ,  of a l l  records,  boo!cs a d  
stores L e l o ~ r g i n g  to t h e  office. 

h l c ~ u ~ ~ r d t ~ ~ ~ c u l  rrrultq 
(20). Tnl) les  of monthly m e t e o r o l o g i r ~ l  r e su l t s  are h6n. 

\vit,h q p e l ~ d e d  as o s ~ i a l .  
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Extract from the Narrative Report, dated 29th November 1877, of Major J. Herschell, 
R. E., on the prosecution of the reduction of Pendulum observations to Sea-level. 

TJIE proscention of thc reduction of Captain Bnsevi's and Captain Heaviside's penJulum ob- 
servations lor varying attraction in diffcrenL latitudes and nt different heights has bcen alluded 
to in art,iclcs 88, 89 of thc report for 1974-75 as occupying my attention. The enquiry wns laid 
nsitle to cnal~lc me to attcud to the business of the computing office during the following year, 
and I was unablc to resume i t  until the be,oiuning of 1977, w11c11 I was relieved of that charge. 

I t  i~ not vcry cnsy to resume the t,hrend of a subject of such intricacy. The interruptio~l 
11ne not, l~owevcr, becn altogether without dvautnge.  I have found i t  bcst to rc-write the wholo 
oE what 1 hat1 1)rc~1ared in the first instance, in order to l e d  up more systematicdly from the 
compar~rtivc sccority of the earlicr stages to the extreme uncertainty which chmcterizcs, and, 
so far aa I cnn foresce, most always charncterize, the latter. 

TIIC invcetigations have h c o  brooght to n close, but the result cnn hardly be enid to le 
mnlisfactory, tbe upshot beiug, in very few words, that  t,he force oE grnvity (including in 
that term the nttraction of thc whole matter of the earth, wheresoever sitnated), ns evidenced by 
the pendulum, remains not wholly explicable by any knu?un conditions of the earth's form or 
constitution. Neither do the observed anomalies point with any certainty to an inference liaving 
n Ligh degree of likelihood. 

It is truc that any one anomslous result may be readily explained by supposing aparticnlar 
incrensc or dccrexsc of dcnsil.y, oE a partioular v o l ~ ~ m c  of matter, in a particular direction, a t  a 
particular distencc, aud dcpth. 11 fortiuri, several such inllncnces Lcing s~~pposecl will supply 

X 



(1 La [SEARON lAl(i.77. 

1111 nccllflll disI,nrl~in,n actions. The n n g c  of hypothesis t,hus extended is scarcely limited by 
tile cull(lition that many ~ ~ ~ i o t ~ a l o l ~ s  rcsnlts have Lo IJe simnltaaeoosly so explained. Practically, 
indeed, i t  may be said to 1)c not limited a t  all ; for uot only are the data mliose lineaplained 
devictions are sensil~ly larger th:rn inay l ~ c  attrihutetl to errors of observation, few in number, 
bu t  nearly all of tl~osc nre )nost enaily cxpl:~inrd by approximate a ~ ~ d  indepe~~deut  disturbing 
force. There is not, in my opinion, any ii~dicat,ion of a COa7110% exp~anation snfficicntly pla11s- 
ible to warr:wlt exteosive invcst,igat,iou for tlic plirpose of a more precise evaluation of the data, 
e.g., for detcrrniuiq the effect of the Itnown distribution of land and sen. 

It would be a mistake to rcad this as an evasion of a great difficnlty. The difficulty is 
great, but i t  has beeti faced. The theory of the srtbjcct has heeu sufficie~itly mastered to enable 

of the possible effects to be made for the remote and precise calc~ilat,ions for the 
proximate ~Iist~ribution. These failed, ns I~asbcccn said, to explain the observations. There re- 
mained the still more difficult qucstiou of the effect to be assigned on the supposition that the 
sc,z-levd, as we know i t  and refcr lo it, is very different from the level wliich the sea would have 
if i t  \"ere not drawn away from its primitive rest by the masses of tlie existing continents. 
Were the att,rnction of these surface masses to cease, or wers at nqaliaed by ~or res~~onr l in~  Iiglrt- 
,re88 s~bj~tcent  strota, the sea wonld retire and its level would fall, perliaps two or three 
t,hous:~nd feet." Were the continents, thus apparently raised by the same amount, "cast 
illto the sea, " iu such a manner as to eqoalize its depth over the whole earth, the level would be 
again altered. All t,liese changes, invented to rcinstate the earth, so to speak, i n  a condition of 
more pelfeet regularity of figure, wonld involve nltcrations of attractive effect : vice vers(Z the 
cljange from the hypothetical primitive condition to that which now exists has i~ivolved dis- 
tl~rb.znccs of the previous state of attl.action, which, i t  is presumable, are present in the forcc of 
gravity as we find it. 

'I'l~is part of the subject can only be treatcd by mathematics of a higher ordcr than inade- 
qllatc familiarity enables us to  safely employ. Partly on this account, and partly from the very 
obvious consideration that  widespreading causes of this character have too gradunlly varying 
effects to a c c o ~ ~ n t  for the al~rnpt  anomalies of a locd group, it has not been thought dvisnl~le  
to pass from investigation to calculation. Lines have, however, been traced, which i t  is hoped 
may be of service should the enquiry have hereafter to aclvance. 

There are threc stations of the Indiau group wliich me of exceptional importance, viz., Dchrn, 
Muesoorie, and &lor& The first two form a pnir, about 10 miles apart and differing 4,600 feet 
in elevation, upon the skirts of the Himalayas; thc third is in the middle of the Himalayan 
range, a t  an elevnt,ion of 15,4,00. But for these thrce, the Indian g o n p  mould have taken its 
place among other pmdtilum stations, and wonld have lent itself sutliciently to the various cx- 
platiations which liavo becn framed to account for the anomalic;3 which appear so generally in 
this class of work. These, on the contrary, tlcfy those explanations. Accepting tlie vibration- 
nnmbcr as practically the tnic measure of gravity a t  a spot, there is no way of accounting for 
the discrepancy of 34 vil)rat,ions perdicm bcttvccn thc abovc n:imc!d piir, after d l  known corrcc- 
tions linve been applied, except by c;upl)osing a qnitc local variation of density, sncli as rno~~ltl 
suffice to cover the discrepancies a t  most of tlie other stations. I f  we must accept this as a fact, 
what i~eed to  reduce wit.11 extreme precision? 

The caFe is quite onalogons to what was long ago shown regarding latitudes, and only nceds 
verificatioii ns regards azimuths. 

The a s e  of ;\IurB differs ill this, that. tbrre is no nearer ccvnparison than with t,hc nomhers 
a t  the former pair. There would seem to be some 20 vi1)rations here unsusrept~ible of prcscnt 
~x~~la t i a t ion ,  iE we accept that o f h d  by tlic contested hypothesis of Sub-Himalayan tenuity. 

I am not prcpnrcd to  accept or rcject that Iiypothcsis, still less to discuss i t  here. It 
must be approached, if a t  :ill, from the gcologicnl side; and as the earth is held by some to 
he svlitl internally, and 11y others fltid, there are probd~ly argarncnt,~ against i t  as well as for 
it.. It is, I~otvever, rcmarlinl~le that thc column of results obtained hy separating the Ireight- 
cnrrcetion (by Yorlnfi's rule) illto its two proper components, ant1 ndoptiug the first only, v l . ,  
tl~:~t f ~ ~ r  mere elevation, is fnorc accoril(i?rl throngbout than that which follows it, wlicro the 
corrcvlion for suhjaccnt mass is also applicd. The hypothesis of Sub-Himalayml ten+ would 
forbid this last application, and dcrives, therefore, solnc s u ~ ~ p o r t  from t11c fact. 

Nevertheless, I an1 constrained to say that  i t  is impossible a t  present to adopt, that or nny 
other hypotliem~, except as an inference ; and that the I,mnd conclusion to wliicli I am Icd is 
this-l~e~~dulum resr~lts arc su1)ject to crrorfi which ~ v c  have no prospect of eliminating, and 
therefore their accnr~rcy b' ohacrrnlion slionld be reg111:~ted with rrR:rrd to t,lie r,,ngnikide of thoae 
errors, and the i r~ ipqao~cy  of ki)culily itlcreasd, Lot,l~ locally and-widely :-lorally, in order to 
exlend oor l inowle~lg~~ of the mcasulr: of this nat,uml crroror nncertai~i t ,~ ; widely, in view of the 
fnct that, at  preseut, mensllres of gravity arc t.he only kinrl of mensure OF n geodetic ch:~racter 
whiol~ can be extentl~d with ally approach to generality over the whole glol~c. 

The form of thie ~ c n t r n c o  exprcaws i n t c s l i n n ~ ~ l l g  tho  ol>inion tihicl~, ill  rolnmnlt wi th  ,"any gPa,dcsists. 1 f ~ c l  
I ~ I I I I ~  b rstnin na tho .rnfe nlla,, nnti l  t l ~ r  n l t a . r~~ : t t i vc  il;tIicisr(I ill  1 h  t ex t  ,, gobud rlniln to llllperscllc it. Wbnt 
fuUowa werwnrilg iguures that alturualivr!; but dura U U L  tle~ly it. 
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