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GREAT TRIGONOMETRICAL SURVEY OF INDIA 

Summary of thc scvcrnl operations of the present year. 

Tt+igoiloiirctricnI ; thc Bidrr Lougitudillal Scries, parnllcl 18". 

T t - i g o i ~ o ~ ~ r e t i ~ i c ( ~ l ;  tlic ASS;~DI Vallcy Triang~~lation, 

T I - i g o ~ l o ~ i i c t i . i c n l ;  the Worthcrn Scction of the Bangalor Mcridional 
Scries, rncridian 76". 

Tt,igotzometricrtI; the liangnlur Longitudinal Scries, parallel 13". 

G e o d e f i c  ; tllc Pendulmn Obscwations. 

Trigoizo~~retr.icrt1; tlic Uilispl~r lIrridiol~al Scrips, mcr id i a~~  82". 

L e v c l i l ~ g ;  Dctrrnli~lntioils of Altitudc by thc Spirit LCI-cl. 

T011ogrrlphicctl; tllc Survcg of Guzrit. 

B s t t . o ~ ~ o i i r i c n l ;  Lntitudc Obscr\-ations on the mrridlan of 'ibc. 

TI-igot~oitrcft.icn1; tlic Brah1n:ipotm Scrics, incridiau 00". 

T o l ~ o g i . n ~ ~ h i c r t l ;  tlic S~wvcy of *Kntty\\-nr. 

Tq~o,~i .np lr ic . r l  ; thc IIiinnlayan Si~rvcys in t l ~ c  districts of *Ku~naon 
xlld Britisli *Gurh~\lal. 

A s t i o r o i i r i c a l ;  Latitude Obscrmtions on tlic rncri~lim of isp. 1 (1.1,) 51-:, 

C o i r , ~ a f n t i u ~ i $  ; t,lre Examination, Finn1 Ecduetiou 311~1 I'ldrlication 1 (1 5) 1 57-:1 
of t l ~ c  Obscrvntionu. 

Cirt./o,qt.rrlilty; thc Prcparntion and Publication of various Ch ar  t s 1 (16) 1 GS-.,, 
and l ln l~s .  

G c o g r n l ~ h i c n l ;  Explorations of Trans-Himalayan Rcgions. 1 ( I  8) I I 1-11 



(1.) The operations of thc Grcat Trigonometricd Survey during 1871-72 
have been nluch the same as during the pre- 

O,~t.turu of F I I ~  Work. vious year, and have prodnccd the following 
out-turn ; viz., of Principal Triangles wit11 great theodolites 64 triangles, covcring 
an arca of 10,310 squmc miles ~vitll a total direct lcngt l~  of 39G milcs, and obser- 
vations for 3 az i~nn t l~s  of verification ; of secondary triangulation with smaller 
t l~~odol i t r s  an nrca of 13,530 sqnarc milcs on ~ r l l i c l ~  thc positions of a large number 
of points wrrc fixed and t l ~ c  heights of 783 Irere dctcrmined ; of Topographicd 
S~wvcying on thc scalc of two inches to thc milc 3,418 squarc miles, on the one 
inch to t l ~ c  milc scale 1,279 squarc milcs ; of boundary lincs and cllcck lincs 1,608 
milcs ; of main lincs of cloublc lcvcling 2&5 milrs, by mrans of which thc hcights of 
190 points of reference were finally drtcnuined ; by Astronomical Latitude obsc~~va- 
tions the Latitudes of 28 points 11 crc cletrrnmined ; of geograpl~ical explorations 
646 miles of Route Survey have bcen rrducetl, by which the geography of an  area 
of about 7,650 square milcs of terra irlcog~titw has bcen unravelled. 

rays kc., so as to Frcvent. anYAc~c~ay in tlie stmdjhdvancc of thc operations a t  the 
opening of thc next ficld scason. 

(2.) The observations have been made with 
the usual carc ; Olrsermtions. and thc preci- 

sion reached in former years has bcrn fully ma,in- 
tained as shonn in the table givcn in the margin, 
the average probable crror bcing only f 0.21 of a 
second. 

(3.) Besides thc finished work enumcratcd 

0ut.hun of Appmximots Work. 
above,tl~crel~as 
bern the nsua,l 

out-turn of approximate work for the ensuing srnson's 
operat,ions, including the selection ant1 b~~ i ld ing  of 
35. nen7 statioils in cxtcnsion over a total tlist;uncc of 

(4.) The amount of data supplicd to tho Topogmphical and Rrvcnue 

Dntn auppl~cd. I~rancllesof t l ~ c  Sarvcy and to thc o t l~ r r  drpalt- 
mentsof Government has incrcnsrdvcry much. 

(5 . )  Considerablc progress has l)r.cn ~nndr  in prrparin: t l ~ r  inntc~ri:~ls for t l ~ c  

241 miles, clearing of 11iU tops of forest, cutt,ing of 

Prollnl,lo 
B ~ . I . ~ ~ . ~  01,. ::r073 of 

serrcd dngles, l"ntlgles. 
Series, 

----- 

. ,  A - 
l'uhlicntiort o l  Obscrrotions be. 

I ... 
... 

IV ... 
vr .,. 

21mtl Volnu~c of ' t l~k " ii;:comlt of tl~c: Oprm- 
tions of t,l~c: G r t ~ a t T r i ~ o ~ ~ o ~ n c ~ t r i e : ~ l  S ~~~.\-c.v,"and 

for t l ~ r  pu1)lication of thc 01)s~-at.ions; ant1 Iritlt t ,l~c incrtln<ctl nlrnlls 1)lacc-tl l:;st year 
at the tlisposnl of t l ~ c  Computing OlIicc,, st,cbatly ~)i'ofi~'c~sw~,ill l)r nlndc: in this iml~ort- 
ant. work, n-l~ieli onec nc~coml)lisl~c~tl TI-ill plncc! t l~cstb very ~ - a l ~ ~ n l ) l t ~  rt~cortls I):,yontl all 
accidents and a t  tllc sanlc tilnc makc thcni rtwlily accc~ssible for a11 gcnt.rn1 pllrposcs. 

Arcrnp-s, . 1 f 0,2l . 018 

(G.) The incrcascd means pl:~rrtl at tllr disposal of t l ~ c  Drn~~ring Oficc has 

T r ~ n n g ~ ~ l n l ~ o n  Cllnrt~. not only ndmittcd of thr  p111,lication of ncxrly 
a11 ellart\ of t l ~ c  prrscbnt yrar that llavc 1)clt.n 

recrirrtl np to tlatr, l ) ~ ~ t l r a s  also cnn1)lcd this othce to p ~ ~ l ) l i \ l ~ l ) y  ~ ) l~o to -z i~~cogmpl~y  
a consiilc~r:\l)lc nun111t.r of tlit- Trinnjir~lation Clmarts of t l ~ r  mrlirr op(~ration~, of 
which up to this tinnc nothinq 11atll)rc.n ~)ul)lisl~cd, o\\,ing to tlirro Ijrinq no c-4al)lish- 
ment for prrpn~binq tl~chn~. 'l'l~crc is no11 a PI-ospcbct that thr  maw of thr\c> vnlnable 
corupilntionu of eontlt.nsct1 data will be fortl~coming, in a forin readily available, to  
all n ho may reqnirc to use them. 

61  

57 

33 

(7.) Tlle prcscrvation of the rccordq has as nsnal becn m r r f ~ ~ l l y  attcnded 

Rcmrde. 
to. Tl~osc, in t l ~ r  IIratl Q~~ar t c r s  Oflicr of thc 
G. T. Survry a t  Dr l~ ra  arcb a11 in prnpcr ordcr, 

and thr  Officcr in rhargr of thr  Snrvryor Grner:il's Office *Calcutta, reports that 
the duplicates there are also in thorough prcscrvation. 

33 .25 .3g 

18 

l0 
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(8.) Steady progress has bccn mndc mith thc ~ ~ t l ~ t d i o n  nnd proparation 
of t l ~ e  Lcvcl Cl~arts for Upper Intlin. A 

Cl~nrts or Lerrls. largo adclition has 1wrn made to tllc Tnblcs 
of rCrig11ts with tlescriptions of tile G. T. Survcy Bcnch-marks, and the publication 
of t l l r~n has bcen brought up to date. The dcrnand for thcsc tablcs continues to 
increase. 

(9.) Tlic main lcvcling opcrntions havc bccn continncd on the original 
plan, and arrangements Ilave bern mntlo to 

Lcrrlmg opunitlons extend t l ic~n througll the *Bombay Prrsi- 
drncy a~xtl llltimatclp through *AIntl~-aq. An indrx cl~nrt  showing thc proposed 
sl~ccts of Lerc.1 C11:~rtq in *Scaqal ant1 Nor t l l r r~~  India, has bcrn prcpnred and 
cil.culnti*d to all Dcpartmcnls autl Oficors likc>ly to rcquirc thcm. Thc co-operatinu 
of ,211 C O I I C ( \ ~ I ~ C ~  11:19 I w ( ~ l  nshrd for ; ant1 Offiorrs will, with the Indcx, be at  oncc 
nl)lc to s c ~  whc~tl~t~r tlicy cnn ill :~ny way contri l~~ltc matt>~ials for this work, to 
~ I l i c l l  tlie (;ovcrnmc~nt, of Intlin attaclic~s so m a c l ~  importnncr. Materials for a 
luun1)l.r of new sl~cc~ts l~nvc already l ~ r ~ r n  coll~ct~c~tl, mid will be gratlually made 
uso of as the strcngtl~ of t,hr Drn~viug Oficc is dcvclopcd; tllc mcans of doiug this 
liaviug I~ccn placed at  lily di<posal. 

(10.) Thc nlcasurcs prcscribctl 11y tllc Govcrnmrnt of India for the pro- 
trction of thcl l~rincipnl stntions of o h s r ~ ~ a t i o l l  

Prcscrrnlloa of Sl!ltlall9. 11:~vc l)rc,n c;~rcfully carric.d out. Dnring the 
ycnr 165 stations scnttc~*rtl ovrr 33 districts l~nvc I~crn  rcbpaircd and taken ovcr 
11.y tllc, lorn1 notl~oritics. 13rsitlcs tlla :~l)ovt,, al~nost all of tllosc prcviotlsly handccl 
ovrr hn\rc> brrn rrportctl on, mltl wl~crc nrcbc\ssary hare bcen rcpaircd, a duty which 
involvrs x grmt d(~11 of 1al)our ; as, aftw t l ~ c  rains, nlnny rcquira petty repairs in  
ordcr to prcvcnt c~xtrns i~c  tlnmngr. A11 the nlarks of thc present year have been 
l~antlcd over to the local officials, with tlle exccption of some in  Madras whic l~  
will bc haudcd oyer bcforc tllc end of this ycar. 

(11.) An nl~stmct of tllc opcrationq of tllc va~ions Survey Pa~ . t i~s  ant1 
Offic-cs is givrn hclonr. Further tl(4ailq will hc fo~uld in thc cstlmAs from the 
N;trrnti~.c ltrgorts of thc various Esc~c~~t ivc  Officers, i11c111ding nly usual rcport on 
tllr 'I'rans-1Iinz:llaynn cxplorntio~ls, which havc as bcforc been ca i~icd  out under 
rily personal direction. 

T. G. MONTGORIERIE, MAJOR, R.E., 
0 ffj. S q ~ d t .  Glva t  T ~ ~ i g o ~ z o n z e t ~ ~ i c a l  Survey of I ~ d i n .  

NO. I.-TRIGONO;\IETRICAL. 

TIIF BIDER LONGITUDINAL SERIES, ON PARALLEL 18'. 

(IS.) T l ~ c  opcrat,ions of t,l~is Scrirs nrc.rc couti~mrd by Air. Rossenrodc 
w l ~ o  took cl~nrgc of t l ~ c  pnrty on t,lic (ith 

I'rnsosnrr., N o ~ r n l l ~ r r  IS71 and marcllntl into the field 
\I7, r. llo.srntnldr, Krq., Iltq>y. Snprll. 3rd 01.ndr. 011 t11~' 20th Drcr~~lh(,r. Tho collnt , l~ tm- 11. 1 1 ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ .  liq , SIII .V~.) . (~I .  l e t  Gn~t l<\ .  
h l ~ .  E. 11. iVrix<rn, : i ~ \ t .  YLITTI,!UP 31x1 O I . , I ~ C .  vcl.srtl I~ring vcry unl~c,nlthy, the pnrt,y could 

not st:~rt rnr1ic.r ; p3cli-bl~llO~li~ n-err thc only 
nicnns av:~ilnl)lc for carring(,; nntl, ns tllc ro11nt1-y war: t l l rol~gllo~~t 1)otl1 l~illy and 
i~itl.ic-:~t(>, mnrcslting m ~ d  : ~ r r : ~ ~ ~ f i i n g  Sor suppLic~w\~as n n~attcr  of vory grcat tliflicult,y, 
l)rovisiol~s llnving to 1)t. I ~ r o ~ r g l ~ t  Sro~n glacnt. tlistnnccs : 1)ut fo\v villngcs occurring 
O I I  t . l ~ c s  lilt(> of tllc scrics, grcat delay ucccssariLy occu1-1.cd in marching from station 
t o  station. 



(18.) Tlhilst tlic n t m o s p l ~ c ~ ~  continued to br  clcnr g c n t  proavss was 
nzadc ; but t,Lc j~unglc feels commcncc~cl in thc iilidcllc of Fcbrunry, ns is usual in 
such countrirs, and from that timr forward thr  progress was slow, dcpcnding as i t  
did upon occasional slro\\,ers to mnkc tho ntinosphcm suff~cicntly clcar to enable 
the observer to see his signals on s ~ u ~ o ~ i n d i n g  stations. 

Wild animals were vrry numerous ; tho tigrrs merc cspccially t,roublesome, 
as i n  that  part of thc count,ry thry illfcst thc footpaths in order to scize unwary 
travellers. 

(1.4.) Mr. Rossmrodc o ~ c ~ r a r n c  tlicsc difficulties with Iris ilsnal cizergp, 
though Ilc himsclf and the, n,lrolo of the camp sulfcrccl fisom rcpcated atkacks of 
fever. Fortunatcly Mr. U~.vcrl(by \vns in camp when Mr. ICosscnrode \\.as first, 
attackcd with fvvcr, and \\-as able to rc1ic:vc him froin a portion of thc work whic l~  
would inevitably h a w  cam(. to a stand-still hacl I\&. Rosscnl~dc been alonc. 

Towards thc m d  of April Mr. Rossmroclc hacl finished the Bidcr Longi- 
tudinal Scrics, closing on K5p nntl D11:ir IIill Statiol~s and effecting a junction 
with the Coast Scrics, thus com~~l'ting. n very difficult piece of I\-ork ~ ~ ~ l i i c h ,  
owing to the cstrcluc ~rnlicnltlriness of tlic tmvt of country travcrscd by tllc 
Series, liad bcen morc t l ~ a n  usually t q i n g  to all engaged on it. 

(16.) I n  aclclition to tlrc above Mr. Rosscnrodc 1v;ls aldc to obscl-vc a t  4 stn- 
tions of the Biliisp~u. Alcridional Swirs, tlrc soutllern section of mllicli \\-ill form tlrc 
scene of thc f ~ ~ t u r c  opcrntiolls of this party,starting from thc stations Munas and Uili. 

(1G.) I n  spitc of all the difflc~~ltics Mr. Rossrmodc madc vrry good progrrss, 
tlic principal triangrllation c o v c ~ . i n ~  nn ni-(.a of 3,O h l  sqrlnrc: milcs having m;rtlo a 
direct a d ~ a n c c  of 188 n1i1c.s. At tlrc snmr timr the, npl~roximatc srries n as cnrricxtl 
forrrarcl 115 milcs more, I?p nlcanq of n-llirh arrarngc~nrcmts I~al-c Lccn iiladc for 
effecting a junction with t l ~ c  nortlrrrn scction of tllc UilAspur Srrics. 

(17.) The srconclary triangr~lation covcrs an area of 2,100 squarc: nzilcs in 
acldit,ion to t,he principal work ; marc secondary work and grcntcr dc:tail in tlr:lt 
triangulated ~vould Iraw bccn cffcctcd hail i t  not 1)cen for thc sickness n l ~ i c l ~  
cripplcd cvcry one in camp. 

(18.) Fortunntc,lp during tllr c~sning.  scnson t l ~ c  n ork will he in the Bastnr 
and Jaipllr s h t ( ~ s  ~~11csrc- it i~ l)~licv(ld tlw collntry mill impro\-c as tllr 11:rrty :rtlv:l~lrc>s 
to the noi-tlr ; tlir coantl-y gcxnrrally rising to n cnnsidcl~ublo ailtitudo above thc soar, 
it is hopcd that tlrc party will su1fc.r less froill Y~C~<II(*SS. 

.. W- .I. O ' , ~ ~ ~ l l t r n ~ ~ ,  c l i l l q ~  I d  ( : ~ t , i c .  
,, C .  Br>n,n, ~li l lo  31.11 (11.i~dr. 

t111, I\-iltl tli11c.s on t l~t .  lo~v llills ac1,joining tlrc 
~a1lr.y ~ ~ - o ~ ~ l t l  l)c: host ilv, nntl tllcb (list 1.ic2t o1fic:c~ry 

lratl c-oi~scvlrlc~ntly 11cc.n tlirc~vl(~t1 to rrrct s t~( . l i : l t l (~~ to prcl\-cwt t l r c :  tri1)c.s liom ontc,r- 
I I ' I  I l y .  "Iris I ) c%i i~ ;  tllr sl:ltt. of nllilirs it wns cjuit,c irn~)ossil~lc~ t.hat, 
tht: trinnyr~lation volrltl 111% c-arric~tl oyc3r csvcu t lrc outcwnosl, portion of tllc hills, 
~~ i t l ro r l t  i1 T - I T ~  muc-11 stl-c~ngcbr gllartl I11;ln t . l r ( b  ('ivil :111t Irorit icbs ~oultl~11111)ly a t  sr1(:11 
a tirnc. ' 1 ' 1 1 ~  ollic-clr i l l  ( 'II:II '~I, \\.:IS ( Y J I I S ( Y ~ I I ( ' I I ~ ~ ~  rrl11(4;111lly ~ o ~ n ~ ~ f ~ l l e ~ l  t,o :rltc,r 
all his nn:lngc~lnc~nts ill or.tl(.r in c8ar.ry I l ~ c .  Y ( ~ r i ~ ~ s  tl~ror~glr t l r ~  11l:rilis. 'I'l~is in 
itscll' was tlic so~wcc of grcat dcla!:, I\ llic.11 TY;IS irri[c.l~ cl~l~:~r~cctl  11y t I 1 ~  very clifi- 



cult nature of thc country which, whwe not covrrctl ~ r i t l i  forest, is clotllcd wit11 
gigantic tropical grass ai~.lltlrc,cds, the lat,tcr so thick that in clearing a ray they had 
to be cut onc by onc as if ththry were small trees. 

(20.) Thc district officcrs did not givc any assistance, and consequently the 
palsty had to struggle against a dc>artli of local lal)our, t l~ough tlicvillagcs met wit11 
would havc bccn ablc to supply all tliat \\-as required witllout any inconvcniencc. 

(21.) After a caref~il rcconnoissancc of tlic gronnd, Mr. Bcvcrley came to 
thc conclusion t,llnt tllc only cl~ancc of progressing would hc. got by carrying thc 
Scric.s along tho grc-at rivcbr, o,l~crcl)y 11111ch I~ctnvy junglr c ~ ~ t t i n g  ~vo~r ld  bc a~oidc~d 
on tllc one I ~ a ~ i d ,  n hilst on the otllcr 11e mo~rld cscapch tlrc cxccssivc dcmancls for 
compensation n~l~icll  Tea planters nut1 otller prhato owncw would have cxactcd 
had he kept clcar of the river; prcl-iou~ espcricllce had proved that such owners 
liavc exaggcralcd ideas as to the value of their property. 

(22.) Tlic 11cn1-y ~lllolic fro111 tlic j~lnfilc fires was as tronl~lcson~c as in 
previous sonsons ; ant1 aftw tllc n~icldl(. of January none of the distant peaks were 
visible ovcn aficr a. s l~arp  sho\vcr of rain. 

(23.) V7itll n viclr to assist t11c party in orcrco~ning t l ~ c  rarious dificl~ltics 
that i t  had to enco~n~tc>r, I rostriclotl tlir Rr;il~miil)~~tm Scbrics o1)rmtions as uzuch as 
possible, trnn.:ii~n-iug 111.. llnrris of that Scrics tl:mlwrurily, a11cl dcvoting all sparc 
men, el(pliants and funds that wcrc a\ailal~lc in ordcr to carry on tlic morli of tllc 
Ass6m Triang~~lation. 

(24.) Though so muell delay(-(1 by linring to cllangc all thc arrangements 
of the Scrics, owing to tllc. impos\il)ility of makinq use of t l ~ c  hills, Mr. Ucvrrley 
was al)lcb to compl(~tc $20 squnro niilcs of principal triangulation 1)y a direct advancc 
of 40 milcs, tho secondaxy triaugidatiou covering an arca of 2,300 square milcs. 

( 2 . )  Onc import;rnt ad~-ai~t;lgc~ llns 1)ccn sccnrcd l ~ y  adhrring to the coursc 
of thr river, ns h h .  I h ~ v c ~ l ( ~ ~ -  11ns tl~(~rcsl~>- l ) c ~ ! ~ i  nl~lo lo fis four (4) of tlic Rc:vcnnc? 
Srlr\,cy Stations, ~\rlriclr \\-as ssntisE~cbt~rily acc~olr~plislictl 1)y means of cnrcxf~~l 
o1~sorvnt.ions to 11c~liolrol)c~s. Tlris \\.ill I I I I Y ' ~  t110 \v:rnts of tall(: S~rr~-(byor Gcncval w l ~ o  
\\-as misious to 11avc: sonic of t l ~ c  lbvvc~~l~~c  S u r v ~ y  points in dsslinl fisccl with a 
view to compiling tllc Kcvcllnc Sur\-cy worl~, \vlricli can bc no\v carried out. 

(26.) Thc limltli of tllc party was fair and i t  suffcrcd less from insects 
t l ~ a n  duriug tllc prc,vious scason. 

(27.) Armngcmmts hare 11rc.11 mada to s t r m g t l ~ m  t l ~ c  Ass:bm party still 
fiirt,l~rr, m ~ d  ns tho Scrics 11:ls now ronc-l~c~d t.lic: Sil)siigxr (listrid;, onc: of t,l~(? 
I ~ c ~ ~ l t l ~ i c ~ s t  in Uppcr hssii~n, it is 11opctl tlrnt tho t.ria,~ig~ilntion will progress rapidly 
d u r i ~ ~ g  tllc c~lsi~ing seasolis. 

KO. 111.-TRIGONOJIETRICAL. 

KOll'rIIl<llA' SE( 'TI0S 01 '  1'111': IIBNGALOlL h[ISI1IDION.\L SEKIES. 

(28.) Tliis p:~rty ~rndcr Lic~~t(~n;lnt  Eop(\rs took tlic f~(tld early in Korcml)cr, 
ant1 co~nl)ll~tc: arr:rngc~n~cilts I~nvi~lg  1 ) ( ~ 1 i  inatlc 

P s n ~ o n ~ r . ~ . .  in llrc, ~rovioris S C X S O J ~  1 1 ~  was aldc to carry 011 

1 . .  r .  I ,  R E . ,  n I S ~ I ,  1 !I(. ol)st>rv;r.tions wi tliont intcrlnission until 
:1r<1 c:rn<1,,. 

Blr.  It'. (I. 1'1.il.r. Assistun!. Stlrrrj-or 2nrl Grnrlc. a jtui~clio~l nxs c,ITcbctrtl witli Sir Andrelv 
,, ST. I{,,I,,I, tlitlo I I ,  l \ i : ~ ~ ~ g l ~ ' ~  Sorlt,lic\rn section of tlic Orcat Arc 
, . 1. I ,  ~ , I I O  ~ J I I ,  ~ :v , , , I , , .  
,, W. O I ~ I I I , , I I I ,  ~ I L I U  411, unlrl,.. w l~ ic l~  c s t c ~ d s  Nort,ll to Dctlim Dun. T l~ i s  

jr~nction \\-:IS c4ft~ctctl 1)y tlic 1st  of 19nrch. 
Licr~t~cnnnt R,ogrrs 1lrc:n look up n 11 inor Scbricbs 1)y rncyuls of wl~icll I IC  connc,c,ted 
JTaitl;l~-al):~tl mid Sil<nntlrnl)atl wilh tllc I'rincipal series. & sllccccdct[ in fixing 
b0l11 of lhcsc important, l)laccs. 



(30.) Tllr countisy trmcrscd 117 the Srrics is hilly and very rocky ; 20 miles ' north oi t l ~ c  Iii.;tnn n r:niqe of llills occnrs beyond which the country has arncan 
c~levntio~l of 1,SUO ft,c,t, ant1 ton :trtls 13itlt.r t l ~ c  ~\-holc country riscs again and forms 
a p1:1tc:111 11 ith an c1c.1 ntion of al~out 2,000 fret. Tlic grcntc~ part of tlic country 
is n itllnllt I-oatls, ailtl tllc vi1lngc.s apprar to 1 ) ~  in n statr of d(xcay owing, it is saicl, 
to thc fail~~rtx of' tllc. rains for some ytxars past, but more probal~ly to the con- 
(litions 111~11 m-l1ic11 tile land llas Iiitht~rto bccn held-a state of aifnirs which 
tllr iYix,i~~~'s Jlirii\tcbr 113s furtnuatclg alrratly b(,gun to impi-01-c and as thc new 
Jt:~itl:lml~:ltl Stntc I:nil\ray passcbs tl~roogli it, t11c.rc is no\\r soine llopc that this 
I~itlic~rto l ~ n t  litiltl Itnon 11 portion of thc pcninsuln will rapitlly advmicc in civiliza- 
tion. Coi~sitlt~rnl~lr tl(-l:~y was rnusc~d by thick jungle in some portions, and from 
tl~cs qrountl 1)t~iiiy qc~nc,ii~lly all a t  l~rarly tlir snilie elevation. I n  spite of this 
I , i c~ r~ tc~n :~~~ t  R o g i ~ s  n~ntl t~ w1-y qootl progrcqs, compl(~ti~ig thc Scrirs by a dirrct 
a t l ~  mlcc, of 66 11rilt.s with 1 6  priiic*il):ll stations, covcrii~g an area of 3,000 square 
~nil(,c. T l ~ c  sccoutlnr~ t r i rn~j i~~lnt io i~  corciSs n f~trtller nrca of 2,133 square milcs, 
a 1:1rqr : I I ~ I O L I ~ ~ ~  of \\-orli r\ Iiicll is the morc satisfactory as all thc points, both thosc 
visitcd and intcrsectccl, havc liatl tllcix llcights as well as their positioi~s clctcrmined. 

(30.) 111 addition to the abol-e Lic~ltenant Rogers was able to dctcrminc 
1 ) ~  nicans of Aneroid 1)nromc.tcrs thc hcigl~ts of a large number of p1act.s visitc~d by 
t l ~ v  party in m:~rching from station to station. Tliese 11c.iglits ]\-ere takcn 11y 
sinl~~ltauc~ous o l )~t~rr :~ t io~ls~vi t l i  t ~ \  o ilncroidq froin Bm~galor to Giltti, Li~uttsnant 
ILogera nlarc:~i~lg iu advmit~c I\ ith oilc ailcroitl and a11 assistant \\ it11 ailotlier aneroid 
m:~~.chi~iy  one stagr l)c~l~intl Iiirn, w11crc~l)y daily sum~~Haneol~s  diifcrenccs werc dr- 
tc~ririinctl lwtn-reu the 1.11tls of t~:~c!i stage, thc mieroid barometers bring compnrc~rl 
r\-t.ry c \ t~~i ing .  'l'liis is the only systcnl I)y nloxns of ~vliicll i t  is likcly that really 
rc1inl)lc ht,iglits can 11e 01)tnillcd frolt~ tlicae ino~tr~~~ncii ts .  

The hciqhts dctcrn~inc~d are p~il)lishctl ill tlie ~ ~ p p c n d i x ,  ant1 for111 a valuable 
atlditiou to the grogmphy of this portion of t l ~ c  country ~vhich has hitherto been 
bnt little lino11-n. 

(31.) Tlle assistants suffered f1*01n ill health ; smallpox broke out in one of 
t h r  dctarhctl camps, and I much rcgrct to rec:ol.d that tlle wife of one assistant fell 
n victim to it. 

NO. IV-TItIGONONETRTCST1. 

(33.) The Madma Party under Major Brnnfll, t11o11gl1 still suffering from 
t,lie rlftwts of tlie previous unl~calthy season, 

PEISOYYTL. took tho ficltl carly in Novcmbcr. Tlie oper- 
nrninr n. R .  nmnfill, T)I.,,~. s,,,,~it. ?,,,I c ~ I . ~ , I ~ .  :~tiolls \\-t>r(> PIISII~YI 011 wit11 great energy and 
l . i v t t t .  .I 11. ~ ~ * . C ' I I I I : ~ : I I .  .\+.r. SIIIIIII.  l ~ t  t:r,ndc.. t,llO1lgll tll(,rC dL,la,V~, arising frolll the 
A l p .  ,I \I-. \ l i l ~ ~ l ~ t ~ l l ,  A \<I .  S ~ a r ~ c j o r  131 t ; v , t < l v .  
, . , .  ,lltr,, , I  I . .  ap l~ rox i r~ ia t~  se r i~s  rebql~iring alteration, t,hc 
,. ( % ,  I ) .  I ' ~ ~ I I , ~ ~ ,  clit1o 3rd '+l'"c"-. v c ~ y  di flic~llt natiwc of the country and 
, I .  \ l o r  ditlu ,1111 Ci~.sdu. the c:lrly sc.ttiug in of the haze, yet in 

sl)itt- of cvt-ry tllin;, vwy good progrc,ss \\-as inndc. Fift'tc.cn 11rincil)al stations 
\\-I.I.I> ol)sc~r\-t~tl fro111 :111tl tllc 81~1.it.q atlv:t~lc:cd ovcr a t1irrc:t distm~cc of morc 
tl1:111 100 nlilt~s. T l ~ c  1)l'iilc-il)d tr in~ij iulat io~~ covering ail arva of 3,239 square 
milt~s anel tht. secoiitlary irii~ng~il:~tion n f ~ l r t l ~ r r  arc,% of 2,053 sqnarc miles. Thn 
S14c.s n-a.i t111lq ~ : ~ ~ r i t , d  o\-ttr flit' Wrstt~ri1 Gli:its, a most tliflic~~lt rangc, being, as i t  
is, r11qcc1 ;1nc1 in parts so tlcnscly corrrcd lvitli forc,st and jmlglc. 

(32). The Titlnl opcwtions at Tuti~kudi (Tlltikorin) m-we complctrd in a 
rc,r!- sat i.l;~c-tor>- irrnliiic~r. -211 : ~ t  tt~inl)t was matlt: to t:tkc nrlotht~r set of Titlnl 
ol~\~~r\-ntit)n.; at JI:i~~q:ilrrr, 1)11t altl~trugli l\l:!jor Dmi1R11 drvotctl a grrat dral of 
I:~l)>r :r r i t l  tried cvtbry c~u~)c~t l ic~~~t ,  Iir. war un:~l)lt~ to ninkr any pcr~naricmt arrtlngc.- 
i11,-11i\ c ) \ \ ~ I I ~  to tllo natarc of tllc coast which is vcry cxposcd; during thc 



ensuing season s mom protected site d be searched for. 

(34.) The party sufFcred scvcyely from fercr mow espcciaUy towards the 
end of the season. 

(35.) Prom the comp~~tations of tlle prerions season's rrork, i t  appears 
that  tllc Anci~nudi I'cak in  thc Anshnallci Hange has an  altit~lde of 8,8:37 foct 
abovc thc Sea, nearly 200 feet higher ihan tho Dodabt~tta Pvak in tht. Nilgiri 
E l l s ,  whicl~ has liitlicrto been supposed to be the highest peak in Soutllcrn Intlia. 
I n  dcter~nining the llcigllts of tllc pcalrs in the Ailcilnallci llangc n very valllal,le 
addition has been alatlr to the gvogrnpl~p of Intlia, largc portions of th:~t part 
having hitllcrto bc.rn a11 bnt tc?.l.rc i/troytiifrr. A fi~rtller iniportnnt addition has 
moreover brrn luatlc in the sanzc quarter by means of n Sccontlary Scrips extend- 
ing about 120 n l i l ~ s  along t,lle Coast to the sontli of AIaizgal~u, thus bridging 
the gap left a t  this placc in Colonel Lambton's triang~dation. 

(3G.) So little being Iino~rn as to thc gciicral lcl-cls of tllc connkp, armnge- 
ments mere mxdc for taking a largc nnun1)rr of aut,roid obsrrcations a t  as mmzy 
places as possi1)le. Leaving Bangalur the party lllarchctl in two portions, for tllc 
sake of observing Barometric dilfc.reiiccs l)ct\rcrn each stagc lry nlcans of corrcxs- 
ponding silnultnl~rous observations with tn-o pairs of nuc,roids, tllt: result of llich 
proved highly satisfactory, the closing error bcillg only 7 fc'cct. B:uomctric 01)sc.r- 
vations mc,re also taken ~1:~iljr tlirongllont tllc srason, at 1 0  A.31. and 4 P.N., by tllc 
main party and by two of thc Assistants tvho n-ere worhing scpamtely : a systelu 
which is likely to lrnd to good rcsnlts, lnorc esprcially 11-lrcn any one of the 
obscrvcrs llappens to be a t  a point ~vllose llcigl~t has b ~ e n  trigonometrically deter- 
minrd, as in that case great reliance can be placed on the heights derived from 
the  obscrvations made by the other obscrvcrs. 

(37.) Tlic heiglits determined from the abovc will be published as soon as 
Major Branfill is able to computc them. 

NO. V.-GEODETIC. 

THE PENDULUJI OBYERPA TIONS. 

(38.) On thc dcatll of Captain Bnscvi, R,.E., tllc Pcndohin~ pnrt.y rrns put 

PE~SOSNEL. trmpor:lrily luntlcr tllc ellarge of Mr. J. U. N. 
II(.n~ic~ssc~p, rn l t lu l t~ l~o~~gl~ tl~coLsrrv a t '  .lolls 11-rrc 

J. R. N. TIrnnrssrr, TIsq.. Tl7. Fnpdt. 1st ('r~.nrlc. 
Cnl,loin W, J ,  Ilunviridr, I1,E,, o,18, l)y, Sul,db, 31.rl ii(-ct~ss~ril,v s~~sl)(~iltlt-d, :I great. deal of extra 

G ~ I ~ I I O .  work dc\-ol~cd on Mr. IIenncssc,y, as to nr- 
511.. d. \V. N~~rdoi~gnll, Asst. Surrcyor 2nd Orodc. ranging t11c nil'airs of tlic? party, sorting thc 
papers of Captain Bascvi, exmnining t,llc i i is tr~m~cnt~s nud carefully packing them 
so that they llligllt not suffer in any n'ay from dsml), kc.  

(39.) I t  n-as necessary bhat. crcry record, n-l~icll could tliro~v mly light on 
tlie~small(:st ilctnil of Captain 13nst:~-i's I-nlual)lr ol)cmtions, sl~ould bc prssc-rvctl, ]lot 
only as a grlitlc for his sllccessor bnt also that none? of 11is 11artl cbarnc,d results 
s11011ld 1 ~ :  lost t,o posterity: nly 1)esl. tllanl<s a1.c tlrlc to Air. l2cnncssry l)y wlloln 
this dificnlt task \\-as nlost, ~ l i i l f~~ l l \ -  and snt,isSactorily cnrric,tl out. TVl~cn tllis 
nos t  urgent nro~.li n-as accornl)lislic~tl t,llc Assistn~lt. ~r-itll t l ~ c  party under 311.. 
IIcnncssc~g's instructions, took up tllc reductioll of somc of the last p e n d u l m  
observ a t' lons. 

(40.) Snbscqurntly Captain IIcavisirlc Iras given tllc chn~*gc of tllc party 
mliicli hc joinrd on tllc 20th of April. Duriuq the rciccss llr llas bcc.11 tliligontlp 
occnpitbd in arrnnqing tllr j)apcw ~ u n l ~ r  scl):lratc h(~at l in~s ,  aud in makinq hi~nsc~lf 
aet111:~intetL 15 it11 tllc metlrotlq follo~\ c ~ l  1)y C:rptain U:l-c,.i i in ol)\rn ing and com- 
puting out the rcsults. Captain Ucavisidc has also practised as much as posbille 



i n  taking obsel*vations and has already attained sufficient k n o ~ l c d g e  of the work 
to enable lihu to coiilnlcbnrc a rrg~llar  set of l'endul~un~ 01)sc~rvations : in this lie 
has t h r o u g l ~ o ~ ~ t  hccn grc,ntly assisted l)y Mr. Hennt~sscp. Judging from the pro- 
gress that Captain 1Ica1-isitle llas mndc I feel cvrry confidcncc that ho will bo 
successful i n  t a h g  thc farther observations that are requircd to complete Captain 
Basevi's wol-li. 

NO. V1.-TRIGONOMETRICAL. 

BILASPUR IIERIDIONAL SERIES. 

(41.) This scrics was extended sonthmrds for a distance of 42 milcs by 
PXBSONNEL. nicans of onc pnltagon and tn-o qundrila- 

tcmls n-ith one set of Azimuth observ a t' ions 
IT. Krrlnn, Ecq . OiTg Drpy. 911pdt 2nd Grndc. 
Mr. L. 1-1 CI,U kg., SIITTPJOI. 3rd Qvndr tnlrrn a t  Pathnidi. But little secondary trian- 
,, 11 E T E ; ~ ~ * I , ~ I I  sl~rrrror  31~1 (+~ndc. gnlntio~l was done owing partly to t l ~ c  allnost 
,, U. Hcul), B s ~ ~ s t n n t  SIII.FI,)OI 4111 Grndr. total nl~sc~lcc of all permanrut buildings ; tllc 

inhabitants in this mild, j~iilgle country bcinq chiefly aborigines living in tlic rudest 
huts. Some signs of a morr civilized pcoplc nrcxre scen in thc shape of rnincd 
t e n ~ ~ l c s  kc.  supposrd to bc Bnddl~ist, most of them Ilidden in drnsc forest, and nonc 
of t1ic.m being sufficiently conspicuous to bc seen from the S~wvey Stations. The 
position of the Civil Station of Riipur 11~as fixed. 

(42.) The Approximate srrirs was advanced about 60 milcs, and a junction 
was effected with the soutlicm section. 

(43.) The party generally suffcred a good deal from malarious fcvcr. 

NO. VII-LEVELING OPERATIONS. 

DETERMINATIONS OF ALTITUDE BY THE SPIRIT LEYEL. 

(44.) The lcveling operations wcrc rcsumctl fi.om the last point laic1 don-n nb 

Pwsovmr. 
the end of tlic prwious scmon, viz. from Par- 
soni; 2nd thr  ~ n a i n  line,\\ as carried frorl~tl~c.ncc 

Cnl'inin T T Cnrter. R F: , nv Snpcll 2nd Grntlc. Z.i$ s;illil):Pallj (N:itlllllll.) to pllnli:lll nrith 
Yr. A. \V. Douurlly, Sur\c)ur 2ud Grurlc. 

brancli lint to tllc small Civil Station of 
Madahpur, and another bmnrh to I<otgnunnh and thcncc by two lincs to thc 
G .  T. S. marks of Dighi and l<iimna,"ur. 

(45.)  A numhcr of pcrninnrnt points wcrc rsta1)lisllecl nrar P~uniali ,  a t  tho 
rrqucst of tlie Collrctor, in ortlrr to sc-rl-c1 as chcdiq on 1)roposcrl l(-~-c>linq oprmtions 
that arc to br carric~l ollt I,y tlic mlillicipnl n11t11oritir.s. A chart sliowiug tJio 
points lixcd and a nlrmorantlani as to tl~cbir llcigl~ts nras givcw to tllr Collcctor. 
Prorn Pt~nl i :~h  tlir n ~ a i n  lint. nns  c*arricstl do\\n to Knriigolagl~:it, mill tl~cmrc 
across thc * G:uiqcs to tllc G. T. Snrvcly Bonc11-~nnrlc a t  t l ~ c  Pirpnnti llniln.ay 
Station, Axed in 186h l)y t l ~ r  main linc \ \ l ~ i c l ~  pn\st,a on to * C:~lcutta. The junctioli 
thus ell'cctcd slions a total dill'erencc of 0.7s of a foot. 

(I.G.) M t r r  rnmpl(.ting thc nbovr, tlic main linc n-as carried on from 
Purniah to tile G. T. S l l r~~cy  to~r r r s  a t  Son:ikllotln nntl Riimqnnj with 11,11i~li 
n connrction was ctTc.c.tod 1 , ~  tllc cnd of tlrc. fic.1~1 soason ; tlli.; is n. lriost in~portnnt, 
tlc.termination nq t l ~ r  t n o  towers mark the ends of onc of thc initial bases of 
the Trigollornctricd Stwvuy. 



(47.) Considerable delay was canscd by the want of isoads, in onc portion 
the linc 1i:~ving to b: csrrietl t,lirol~qI~ high grass. Tlicrc was :dso a diEculty as to  
the crossing of tlie Kosi rivcr and still lllore as to the Gangcxs, which  as so broad 
€hat special arrangcmcnts had to bc made beforc thc lcveling staves could bc 
read oif. 

(19.) The out-turn of ~vork  has altogether bcen vcry good, eml~racing as it 
clots 213 nlilrs of doul)le leveling, during which 7 triqol~oinctrical stations were 
conurctcd with and 16 bmcli-marks wcrc laid down with a w r y  much largcr pro- 
portion of marks on prr~nmlcnt points than usual. I lind specially directed Captain 
Carter to fix lnorc l)cncl~-iuarlis, and he llns vrry sat,isf'ilctorily carriccl out, nly 
instrnctions. llllc bencll-marks awl prrr liancnt points art! nl\,-aps most v a l ~ ~ a l ~ l c  
as points of rcferrnct~ and c l i t~ l i s  for local ~rorl<s sue11 as canals, drainage kc., and 
in tllc last scnson's 11-orli done by his protlccrssor tbrrc ~ v t ~ r c  solnc unncccssarily 
large galls n-itliout suy prrluanclit niark of tlie luaill line of levels. 

(49.) 311.. Dom~t~lly lieltl tcmpora~y c l ~ ~ r q t .  of tlic party until Captain 
Cartrr's rcltarn from f~~rlougll. T l ~ c  arra~zgemcnts ~ilnde by Jlr .  Donnelly Iverc very 
satiskctory and tlic ~vorli done by hirn has t~wned out very good. 

(50.) Tlle liealth of thc party 11-as on the whole good. 

(51.) lfajor n n i g  R.E., took over charge of this party on the 2,3rd Srptcm- 
I ~ r r  mld started for tllc fic,ld on the 23rd of 

P~nsosscr, .  Octobrr ; opc)rations commencing nrar Surat 
as soon as arr:~ngc~nients ~vcrc complctcd. 

nlttjor C. T. ILtin, n . R . ,  OF;. ns. S~~pr l t .  l r t  Grnde. 
~hi,tain A .  1'1111!111. S.C. ,, ,, 3rd ,, 
111.. A .  I I ~ S O I I Z I I ,  S I I I ~ Y ~ ~ O ~ .  31.~1 G I Y ~ C .  (32.) Tlic topogmpliicn~l opcrntiolls 
,, Clmristic>, Asst. S U ~ ~ ~ ~ ~ Y ~ ~ P  1st (:YWIC. 
,, c, nIr,,jFec, Asst. ,,I. Gmrle. T C ~ C  dilig(xlltly ~)nsllc,tl on ; and the arcn 
, . I rolllor, ,, ,, :ivd ,, m:llqlrd, I?;:., 1382 square miles, slio~\-s a 
,, J. Il ickio ,, ,, 3w1 ,, 
, G . C I I S I ,  ,, ,, 31.11 ,, mn,rlicd inc1-c~lsc on that of the prel-ious 

st,ason. Every entlcavour was madc t,o c~xecntc 
a. largc area, of triangnlat,ion for the ensuing scason as ~vcll as to supply cstra 
poiuts for use during the current smson. I n  all 103(i squnrc: milrs were t r i a n ~ u -  
1;~trtl illc:ltrcling the Ninor sclrirs along tlic ltiver Mahi. Tllc RInlli triai~gulntlon 
llntl ~wt:\-ioosly progrc~sscd very slo\vly o~\-ing to tllo drnsr forest mld j1111glr on 
11otl1 1):111ks, \vl~icl~ inatlc it vc~.y difie~llt to gt,t long sitlcs ; I ~ u t  by adopting sluallcr 
sitlcs, :lnd 111nlii11g ns iuuol~ 1lsti as pc)ssil)lc of tlic opc?n spncc of tllc river itself', t l ~ c  
w o ~ k  was I) l-ou~j~t ,  to n satisliicto~y roncl~tsion 1)y t l ~ c  c~iitl of June. A n11n111cr 
of stnlions of t,ltc: Siu.:~t cilg survey ~verc fixd 1)y th(! trimlgulat.ion; and M:?jor 
Hnig conscql~c~nll~- n~~ticil)atc,s t,llnt IIC ~vill be able to prcpnrc a vcry accuratc luap 
of Shrat witlioot 1n11cll c s t r : ~  labour. 

( 5 . )  Nnny portionsol' tllr ro~liltrg l~ r ing  tlliclily ~vooded, I rlircctcd that 
n 1nrqc.r nlllo~lnt, of tl.n\c~~,\iny a l ~ o ~ ~ l t l  I)(- cnrric.tl out in s t t r l~  places, tllc main 
t~-n\tbrq(>q to \tart fro111 :tntl c - l o \ c s  on tl.iyono~nt~tricnl \tatio~is. Tllc iircessity for 
:ttlol)linq n~orc  trnrc~i~\i~ig n as c.1-itltwt, l )c~cn~~st~  n c-on~l~lc~tc~ nc.t~vork of triangulution 
~voltltl I)? w r y  expcnsi~ t,, nntl cxrtw if t~sccutcd c-oultl ilt,vrl. supl)lp so 1nau-j points 
as n 1111n1l)c~r of mnin nrltl minor lincb~ of tr:~vcrscs 11 Ilk-11 ill tllt\ir progress \\.ol~lcl 
l)t-~itlcxq tlt~ttwniuc ntnilcrous to1)ographicnl features wliich could not bc got from 
a trinngulstion. 

(lit.) Major IIaig reports fa~,ornl>ly of his Assistants nrlio have now all 
had a, good sharc ofcxlicricnce, and with strict attention to cach particular oopra- 



tion I hnvc no (1o11ht but that  a frill amoi~ut  of first-class mork mill bc turned out 
luring rnsning scxarons. Tho trniilirlg of tllc lzativc Sub-Suwveyors has also received 
lue attcntioll ant1 scvcral of them hnvc alrenrly completed a fair share of mork. 

(66.)  Major l laig has shown grcat tact in dealing with the Baroda Darbhr, 
and by conciliation ]ins prcvcntcd aU obstrnction in tllc progrcss of the Survey 
which is a, matter of congrattulation, as a t  onc time the opposition of the Native 
officials secmecl likcly to seriously retard thc opcmtions. 

(56.) Ntogcthcr, considcrinp that tllc party is a new one, vely good pro- 
gress has bccn made, nnci I fccl surc, if i t  is possible, the gc.ncr:ll out-turn will 1112 
spin incrcasctl during the ensuing field s c ~ ~ o n ,  t,llough the party has to work in 
s very diflicult flat country, i n  parts densely wooderl. 

(57.) Tlie licalth of the partly lrns bccn fairly good, only 2 or 3 members 
suffering from fever kc., and as Major IIaig is well acqunintcd witll thc climatc of 
the country I hope thc health of the party will be as good in future scasons. 

LATITUDE OBSERVATIONS ON THE hIERIDIAN O F  75". 

(58.) This party resnmccl operations to the sonth of Kern H. S. in Id. 18' 
Clpbn,n w, JI, Cnmpbrll, R, E, Olli6.. ny S,ll,~lt, 11'. TIIP party s tar t (~I  on tllc 9th of Novrirl- 

2nd Ctrndr b ( ~  l ~ t  ul)wr\ 3tio11s xvrre not comnlcncccl till 
Mr. A I-I. Errson, bast Suncjor 4111 Oiudc. abor~t 20th Dccc~1rl1)c.r ; fro111 tllc lnttrr date to 

the 17th of May 7 stations had bcm srlcctc~rl and obs r i~cd  frorn, inclucling a scconcl 
set of obsc~rvationr nt one of them, the party duriug this period having tmvellcd 450 
miles by land and 100 by sen. 

(59.) The selection of the stations was satisfactorily maclc, ancl on the 
whole they are liltely to be as frce from clist~wbancc of the plumb h e  as is possiblc 
in such a countiy. 

(60.) T l ~ e  obser~~ations m-crc talcen v-itli the new Zenith Sector which l ~ a s  
worked vrrp satisfactorily; t11o11:h tlrrrc is, as in its sister instr~u~nc>nt, a trndcncy 
to instability sho~va l)y g1-at111al cl~nugr of tl~c. zero of l ( ~ c * l s  :r~ltl ~ilicroscopr~s and 
level of tmmirit axis, n tc1ndt.nc.y wllicl~ it i <  lropc~tl nlrmls nil1 bo dt,viscd to 
corrrct : for nlthougll it  is not lili~blv to alL,'t tlro ol)sc.rv:~tions, as tlrc tilnc occupied 
in taking a t1uiil)le ol)scrvntion is but 6 iniuutcs, yct i t  would be as ~vell  to perfect 
the instriuncnt in this r~spcct .  

(Gl.) The capability n-11ic.11 this instnunrnt has of clranging the zcro on 
its limb in n grc,at luc-nrarc r c~~nov~~t l  tllr ~u.crssity for taliing rsact  pairs of north 
and sot~tll Stars, as n fresh w t  of q-rnd~rntio~ls is 1 1 ~ 1  for ev(~-y  ol)s(~rvatio~~ \v l l ( \ t l~~r  
of tllr snmc Star or not. I nc.cortli~l:ply s:rnctio~lc.tl Cnpt:~ill U : I I I I ~ ) ~ ) I ~ ~ ~ ' R  dispc~~siilg 
~ v i t h  St:lrs in pnirs, tl~ouglr Ilc was tlir,~c.tc~tl to  1 1 . ; ~  :uil t>clrlnl I ~ I I I I I ~ , ~ , ~  of Stars north 
and soutll of tllc Z r ~ ~ i t l ~  ant1 to crltlvnvour to  n~:~intain an rclunlity I)rtwcxc~l t l ~ c  
mcml zc~lith distnrlco nortll a ~ l d  s o l ~ t l ~ ,  11laLi11y it his first object to IISC Stars 
dcpcnding 011 tlrc grcatcst n~rmbcr of ol)sisr\-ntiou~. 

(62.) IIitlrrrto t l ~ c  1nl)nr of rcrcrsing t l ~ c  Z(-nit11 Sr,ctors l~oclily, has pro- 
rentcd t,lrc ol).;ervcrs from tryill; tlw rsl)rrinlrnt ar it i~rvolvctl taking t l ~ c  
in s t r t~n~rn t  c~~til.vly to pic-cos ; blrt. C n l ) t : ~ i ~ ~  Ll(~rsclli.1 1:'. N., tl~,\-isc~tl t11c nlcB;Lns of 
revolvi~lg it, all stantli~rq, a.; 111~ic.ril)c.tl i ~ i  his r1>1)01't, : I I I I ~  1i)lrntl t l ~ : ~ t .  it Irntl sutrll 
a, (11:cidt:d ctti.t:t 011 tho r l , s~~l ts  tlrnt it. \\-as cv i t l~~ l l t l  cssc.nti:~l :111tl (.:irl~taiu Caull)bcll 
accorllingly ac1ol)tcd the plau as soon as it \\as colllluiuicntcd to him. 





nlnnneis, 39 by pillars, &c. T h e  conacqumcc of neglecting this essent,ial prelimi- 
nary, is endless tro~tbl(, ai~tl  rsprnsc : alitl, in tllr S ~ r r r y  rcported on, i t  was neces- 
sary in prcvious seasons to s(*ntl in maps tlisfgurcd by nnde~uarcatcd boundaries. 

(70.) T l ~ c  nccrssity for new maps of liattyn-nr hns bccn fully proved, and 
in fact becolnc rren more ol)\,iour tllnu it was w11c11 tllc work first conimenced. On 
compnrinq tlir old iunps wit11 thc nilw corrcctcd oncs, tliifercnces of 1 mile in 6 and 
even of 1 milc in 1t.s~ (lihf:Ill~t'~ n ere f011nd to rsist ; the lincs of II-atrrshed and 
drainngr mcrc also fo1111c1 to be entirely incorrect, thc old maps being positively 
nuslcntling. For iusta~ice an csa~l i iua t io~~ of o~u .  ncm original maps induced tlie 
t l ~ c  A g ~ u t  of thv Bombay, D:irotln a i d  O. I. Ilail\~yay to lay out for detail survey 
an entkt.ly diff(lrr11t lioc fro111 n.11at 11r oriyillally intciided when he had the old 
maps olily to j11dgo from. Colonc~l aL~ld('~.qo~~, thc l'oliticnl Agent of Kattymar, is 
very nrgcnt to get thc nlnps of tllc ron~ltry round Eijlrot. I t  is gratifying to 
lcarn from thrsc and many othcr iustances that tho Surveys of Kattywar and 
Guzrht arc fully appreciated. 

(71.) Thc out- tun of t,he ficld scason lins been 2,03G square miles on the 
scnlc of 2 incllrs to the mile ; 1,010 square milrs of co11ntr-y haye also been trian- 
gulntcd preparatory to being surveperl topograpl~ically cluing tllc ensuing season ; 
tmverscs amolmting to 779 miles n-crc carried along t:illuka boundaries with 
thcodolite and chain, a11d 156 lnilcs more were cvccutcd for the purpose of testing 
the accumcy of the detail s~wvcy. 

(72.) The srason was n healthy one in K a t t p m  and there was conse- 
quently comparativcly little sickness in thc ficld. 

(73.) Captain Trotter was fort~inata enough to shoot four of the lions that 
halint the country : judgin:. fi-om the d~,t:~ilq givc~n in tllc Appenclis they appear 
to be forlnidablc animals, though not ncnrlg so troul~lcsomc to men as tigers are. 

(7-1.) The nintcrial collected for final maps will enal~lc the party to 
preparc a further instalmcnt of them on tllr scale of 4 miles to thc inch, for 
incorporation in the sheets of the Atlas of' India. 

The averagc number of plane tablc points fixed in each square mile is a 
little over ten (10). 

(75.) I n  the nren triangnlnted for next season a point has been fixed in 
cvcry 2 f  sqlrnrc miles, and a llcbi;;.lit in rvibry 8$ squarr nlilrs, mhicl~ is ample to 
scvure all dcqi~,al)lc accuracy in thc detail and at  the same t h c  to illustrate the 
t1iHkrcllct.s of' lcircl. 

NO. XI1.-TOPOGR=1PIIICAL. 

HIMALdTliN SURVEYS JN IillfiIAON AYD GURRWAL. 

(76.) During thc rcccss this party n-ns chicfly rmployed on tlic fair maps 
of the IZosi T'nllry Snrvcg, n-11ic.11 comprise 8 

P~nsos .vs~ .  lnrq, sl~adi~d s1ic~c:ts rind tllo snmc nulnbcr of 
i t  J .  I R E .  , n 1 .  , , l , , t ,  3 1  , I  skeleton sheets ~rritllout sl~ading. .. IT. 31. ( ' lb:trnltt~rr.  R.R.. A d a t .  S I I ~ I I I ~ .  2nd  I~I.II,Ic. 
Mr. E. L1. I < y ~ d l ,  S o r v e ~ o r  11.1 C:nt#lc. 
, I .  1 dillo 21111 Ct~.:b<Ic. (77 . )  A srcond cadition of tho Guido 
,, \v. TOM, dilto 3rd Grade T~~,~ . I I , I I~ I , )_  lIa11 for AIasi~ri ant1 Land:lur was a,lso pre- 
, 1 ,  I dllln 
,, I,. Fnoooli, Asrt. S u r r e p r  i:: :;::;::!::: p a r d  coiltaining rill the clinngcs that have 
, H T I  # I I I ~ O  I I , .  tnlic>n placr: in t,llr Sanntm.iu~n since the 
, 1 I ,  diltu 
,, E. F. Liirltncld, ~IiLlo 4th Urudr. ' l r l  01-iginal maps ncsrt! prctpal~orl. A table of 

tlistmlcc~s, an int1i.x to it11 tlle 11ousc~s kc., and 
a nunlber of ncw heights n-cre added to  thc map, ml i ing  this ncw edition very 
complete. 



('78.) The &,awing of the Eosi V d l q  &laps r a s  necc~sarily laborious, and 
sevcral of tllc S~~rveyors Ilacl to be krpt in later than usoal, and the party was in 
consequmce not ablc to finish so large an area as it would havc done if s complete 
season had bcen available. 

(9 . )  Thc field work bcgnn with an extension of the triangulation of the 
MAna and Niti valleys that drain into the Alaknancla branch of tlie *Ganges, 
c most difficlilt piece of work, as aU the stations of observation were nccessarily 
ahove t,hc linlit of forrst, and sonw n-c,rc 17,000 fect above thc sea. The triangu- 
lation in the B1;ina rnlley was rs t rnd(~d from thc BadrinAth Teinple to the village 
of Ghastoli, ant1 the triangulation of thc Witi valley was ca r r id  u p  to the Kiti 
Pass on the great IIii~inlayan natcrshcd. 

(80.) Tllrer stationqmcrc cstnljlisllcd closeto theNiti Pass fromwhich a good 
view of tlic Tmns-lIi~uala\-nn range, gc.ncmlly knon-n as the KailAs snoll-y range, 
was obtained. l n  this mngc 8 lofty 1)enl;s wrrc satisfactorily fixed and their heights 
Ivere also dr.tenniner1; out: of tllc\c pr;~l,s is tlte sacred KallAs Parbat .cvliich has 
various appellations such as Gang-ri, Garinghoclte, kc. Tliis cclchratrd peak 
had bcen Sormcrly fiscd l)y Licntc-nmit (now Gcnc~ral) R. Stmchry, R.E. from 
similar points near the Kiti 1':1s-, and tllc prrscnt operations by which i t  has been 
directly connected with the triai~gnlntioil of India, prove that  his results were 
nearly correct; t l ~ c  hcigl~t no\\- c,stal)l~.;l~ed bcing 22,028 feet, just 28 fcet in excess 
of Gmrrnl Stmclley's, and tltc position given 115' him requiring no material alter- 
ation. The cletcrminat~on of these 8 Trans-Himalayan praks will be excessively 
uscfitl in testing aud conlpiliilg tlie work of my esplorrrs, who have a t  various 
times passed ncar thcm and have tnkrn nmnerous bcarings to the most conspicu- 
ous, in soinc cases from points very far to tlic north and east, hryond the K a i b  
range where I was natiually anxious to have some chcck upon thew longitudes. 

(81.) I havc prr~ioas ly  dwelt on the cli5culties which surveying in  the 
uppm vitllcys of thc Hiinnlnyas invol~-es ; tlicy were as forntidahle as usual in the  
pwsent instancr, and the socccss of thc, Surveyors in ororcoming them was not 
a littlr due to thc cortlinl nssist:l~~cc rc~ndcrcd to t l le~n hg Captain Garstin who 
has the Ciril charge of this \-cry 11-ild aud clcvatcd tract of British Territory. 

(82.) The field 11-ork of thr season coti~prisccl tllr trinugulation of the country 
east of Nnini-Tal, includiny the ltills, as well as thc: &lt portion a t  their foot 
known as tllc Uhihnr, up to tltc Nep:ll F r o i ~ t i c ~  011 t11c Snrdnh river. The Topo- 
graphical nork covcrs a luln~hrr of molmtainons districtq north and east of 
Ali~~orall up to thc Xcl)al Frontier, mld also a pnrt of tlie Bhkbar to tlic south 
of Naini-Tnl. A small portion of very intricate, hilly g r o ~ ~ u t l  opposite IIardwar was 
triangulated and sketcltcd. This tract had not hitl~erto hcm sa r~cycd  as it was 
originally beyond the bonndary of Gurhwal, with ~vhicll i t  has subsrqncntly bcen 
incorporatrtl. A imp  of it was rrqnircd in ordcr to prevent there bcing s pp 
bct~trccn thc survcy of the hills and that of thc plains. 

(83.) Tllc trirn~g~llntion covers an nrca of 1,962 sq11ai.e nlilcs with a trioo- 
nomctricnl point f x 1 ~ 1  in (,\-(-~-y four ( t) sqllnrc ltlilcs, and onc hcight in every%* 
squarc ulil(%s, a v('ry 1il)chrnl proportioi~ for the scnlc of SLUI-cy. 

(SG.) 'L'lt(~ topoql.npl~ical s~rl.rcyinq ewsrs an area of 1,218 squarc miles 
inelrtding n very 1:lrjir amolrut of intric.:ite, forr$t-cl:id niomitxins with only one- 
t c ~ t t l ~  pnrt nct11nl1-y tultlcr cl~ltir-,ltiol~. I n  addition to this 93 squarc miles of 
Ncpnl I\-vrc skctclird from stations in Kumaon. 

( S B . )  Tllr topoqmpl~iral n -~ r l i  rvns csamincd and tcstetl in various parts 
and n-ns l'o1111d to be acciu.atc>ly dclincatc~rl and iu many cases the rendering is 
most :ut ist ic. 

(SG.)  Four largc sliccts of t,hc fair maps havc hccn prepared during the 



recess and mill be pulilislled by the end of the year. n e y  aye capital specimens 
of drawing both as regards tlie hill shading and general execution ; the stylc of the 
work has undonbtcclly been much improver1 by tho experience gained on the large 
scale surveys of ltiLnikhet and of tlic Kosi Valley. 

(57.) The party has altogether made veiy good progress and Lieutenant 
Hill has fully provided for the ensuing scnson, there being, with previous years 
triangulation, ample points for all the topographical work that  can be talien up 
next season. 

(88.) Thc healtali of the partry was good awing  the ficld season, but  after 
its re t~i rn  to quarters Lientcnant H. M. Chambers, R.E., dicd a t  M a s h i  ; hc  was 
3, most promising young officer and his untimcly death was much rcgretted by dl 
who kncw him. 

NO. XII1.-ASTRONOMICAL. 

LATITUDE OBSERVATIONS ON TIIE MERIDIAN OF 76". 

(68.) Captain Herschcl after tlie recess was employed in taking obser- 
vat,ions coniiectetl with the Solar Eclipsc of 

P ~ n s o s a r ~ .  11-12 Dcceo~bcr 1871, and his Lat,itude ol~scr- 
cRPt. J. BcIPPIIPI,R.$..o~T~. n?,,~. SII!,~~~. lst Gmde. rations were resumed as soon as lie could get 
I&. a. Y ~ I C I N I U I ,  Asst. S u r r r j o r  1st Grade. aw3.y from the work connected with the 

eclipse observations. T11ol1 gh tlclayed l ~ y  this 
e x t , ~ ~  dut,y Captain I-I~rscllrl n-as aldc, by rstrrmo cconoiny of the time availal~le, 
and by staying out late in intense heat,, to complrtr! all the observations that were 
required up to Elicl~pnr, his n~ost  nortllt,rly stat,iou bring in :Late 20" 44'. This 
involl-ed a direct adrance of 550 miles, n~liich was largely cxceedt:d by wanderings 
in the Haidambad tcrritorics 11-11erc roads are ilnknown, the country traversed 
being in most places uii~~ttcrahly st,ony and unsuited for wlieelcrl carts of miy de- 
scription. I n  spite of the great dist:~ncrs to bc trn~~-~rsetl  and the small time 
av:~ilnl)le, Lntitutlc 01)st:rrntions w r e  taken a t  18 stations, forming four groups as 
drtailed in Appendix. Tl~esc groiips are a t  intcrrals in latitnde of f ro~n  about 
lo to 2", but in several instnncrs ol~sc~rvatioiis at, intenn~diate points are availal~le 
from Colonel Lnn~hton's ~ ro rk ,  solnr of n-l~icll Captain IIcrscl~cl has rcduced and 
has rcasoil t,o bclicve t l~nt ,  apart. from constant c r r~ r s ,  t h ~ y  arc good moi~gl l  to bc 
inclutlcd. TIIR Latitude o1)srr~ntions for t l ~ c  8r(: frorn Capc *Cornorin in Iat. 
8" 13' to ILaliiinpnr lat. 31." 7' mag be co11sitlrl.ctl co~upl(-tc, as all that is now 
necc,ssary is bo gvt thr giwtlctic raluc~s of t l~t ,  statious of tllc h s t  two goups  which 
will be complctccl early in the nest  ficld scnson. 

(90.) Thc principal stations a t  3 of tllc ncnr qroups, were also stations of 
the Iatc Captain Basrvi for his I'cntlul~mi observations for t l ~ c  dctcrlnination of 
thc local forcc of gravity. 

(91 .) As stated in Ci~ptain IIcrscl~cl's rcport for last pmr, he 11ad reaqon to 
tllink that n prculinr wolwccb of rn.or cxiqtrd in the lcvclq of the Zcnitll Srctor; 
bvinq una1,lr to  accor~nt for it, h r  dcrisrd a mrtllotl for rc.vrrsing tllr instrument 
bodily. Tliis n as inqrniou\ly ttT(~rtre1 1)p iiitrotl~ici~lg a snlall rl~chtnl button untlcr 
tllr r.csntre of the instruinrnt aftvr prixiriy the laltrr np on onr sirlr n i th  a lcvcr. 
011 lowc>ring tilt. in\trrnnrnt on tllr 11~1tton a condition of unstablc cqailibrium 
waa obtained in n l ~ i c l ~  this hrnvy in\trulncnt coldd he t~wncd round, so to speak 
with a finger, with perfect ~ a f t ~ t y ,  the feet just gazing th' stone slab onmhicl~ tlio 
instrurncnt  stand^-n n~c.tliod wt~icli pro\-cd vrry satisfi~ctory ant1 mas as before 
stated snbsrqucutly put into practice 1)s Captain Campl)~ll with the otbcr sister 
Zenith Sector. At h t  Captain IIerschcl thought that tfiu rcvcrsd mould c h i n a t o  



a constant CITOY, n~hich mas apparcnt in the first casc, But subsequent expcriencc 
she\\ s that the effect is barely tmceablc, and thcre now sccms to be little doubt 
but that tlie errors detectcrl arcx dnc to t l ~ c  position of t l ~ c  bubblcs in thc lcvcls. Theso 
errors on tlic wliolc are insufflcicnt to justify any alteration of previous results; 
but tlie system of reversal will be continued, and in ordcr to nutxdize the i1~cg.u- 
larity in tlic levels, their rcadings will bc p~u.posely and frequently altered during 
the course of tlic \\-ork, and a re-adjustment of levcl -will be madc, say every hour, 
as a part of thc routine. 

(92.) Tlie results as far as computed, give farther evidencc as to the great 
uncertainty of local attrnction. Bth\  c ~ ~ n  the lIon6r group in lat. 14" 64' and the 
DarGr group in lat. 16" 12', bcing a clilf(~rcncc of only lo 18' in latitude and 35' 
in longltudc, i.e., 08 milcs, the climigc in tlic local d~sttubnncc is no less than 8 
seconds ; and, as tlie crisors of nlrnsurcwlcnt cannot ~)ossil)ly account for more than 
a srnall fraction of this amount, there sscms no (1oal)t but tllat tlie attraction is 
disturbed in a vcry irrc3gular way. Tllr IIonilr and Darilr groups appcarcd to bc 
both as frcc from apparrnt a1)normnl calrscs for irregularity of attraction as they 
wcll could bt., ant1 ycit tlrc climigc in tli\t~lrbxncc s l~on s the largest d~flection 
tlrat has hitherto been obscrvcd in India, nliich may not be dircctly attributed to  
mountain masses. 

(03.) The amount of worli done has bccn very largc and is highly credi- 
table to Captain IIcrsclrt~l. As a rule from 30 to 3.5 stars mere observed each 
night;  and, bcaring in mind that a t  cvcry stntion and iudecd cvcrg night almost 
tlie n~eridional clirc,ction llatl to bc songl~t ont by transits, and atljustments had to 
bc rc,peatctl, before tlic, rc>gnlnr 11 orli nns c~onnncncetl, i t  is rnsy to understand horn 
harassing the 11.orlc ]nilst llnvc bccn \\-it11 t l ~ r  t e n ~ p c m t n ~ e  a t  from 98" to 105'. 
Not\vitllstantling the llnrcl work and th11 exposwe towards the cud of the ficld 
season tlic health of tlie party \\-as on tlic 11 hole vcry good. 

(94.) Captain IIerschcl's dctailcd report contains various other particulars 
that will bc intcrcsting to all who study questions into n~hicli tlie variations 
of dcnsity in the cr~is t  of tlie cart11 cntcr. 

NO. XIV 
TlIE COAIPUTI 0FI;ICE. 

(95.) I n  tlic computing office, l t r .  IIc~miesscy 11ns continued t,lic calcula- 
P F R ~ U S R E T ~ .  tions of'tllc Sironj-Chncli Quadrilateral so as 

J. n. N. lTcnnrs~rg. R ~ ~ ~ .  ~ ) ~ p ? .  S ~ ~ ) d t  1st alndr. tat) C O I ~ I P ~ ( > ~ C  t l ~ c  t,rinilgulation; this involwd 
W. kt. Cole, Jirq., 31. A., As.1. Sllpdt. 1st Qrl~Ic. a ]:ll'fiL' nlllo~illt Of ~ ~ ~ ~ ~ ~ ) ~ t ~ t , i ~ ~ ,  cllisfly in -- 

~ n , n p n / r , r g  nrnrrrh. c-onncction ~vitli tllc. c~uxiliary principal 
Mr.  C. wood, fiorv(.g~r 31x1 GI.CI~IC. s t n h n s ,  no l ~ s s  tllnn 269 trianglvs cnt,cring, 
,, 11. \V. I'c!rltc,~.a, ~ \ s s l .  S t ~ r r c ~ o r  1st Grntlc. 

B~I, , ,  alllle:, I~ , ,~S I I : ,C I ,  (in groups of 2 ant1 up~vnrds), into 110 figures 
,, C I I I I ~  A I , , I I I I I ~  OIIOIP. n-c,rc made consistent by tlle lnetliotl of 
,, XIIIIJ Cuo~trur :and 9 ol l~cr  I I U ~ ~ T C  COIII~IN~OTC.,  lenst.sq~~arc~s. So that the ml~olc mass of this 

rri,dii,ty q f i ~ . ~ .  cst~cnsirc TI-ork, ~vl~icl i  forms tlic 1)asis of the 
Mr. 31. .J. O'Cont~or. (;('otlt>sy :ind (;c-ogrnl)l~;r. of nortl~clrn Indi:~, 
11.7s now 1)rm r c ~ l ~ l c t ~ l  I)$ tllc most nc.c.nmtc, of niotl~brn ~)~-oct~sscs. Bcsitlcs the 
abovc spc~:inl \\-orL a. \-cry lningc. nmorlnt. of ortlinnr~ computations nrcrc 1)crfornicd 
as dctailccl in para. 3 of Mr. IIcn~lrssc~y's ltc,l)ort. 

(96.) A general plan for rc~tlr~ci~lg tlicl secontlnry triangulation has been 
prcparctl in accortlnncn with wl~:lt 11ns I)ccn tlonc for tllc principal work in the 
Sironj-Chac!l~ Q~intlrilntc~rnl ; cnrc Ilns l)csc~ii t:l1i011 to t~lal)o~~ntc a sclicll~c \\-hiell 
avoids rcvlluitln~lt cnlc~ilntions \ \- l~il(~ scxrlviu~ t l ~ .  full utility of tlic? sccontl:iry 
work, nrl~iol~ is I)ctcoming morc: rnlt~al)lt~ r\-cXl*y scar for ncb\v large sc.alc surITc;:s 
req~~ircd for rail\\.n\-s, rontls, cm~als 'kt*. Esprrinlcnts 11arc~ l)(-e11 madc with tllc new 
plau and it promiscs to do what is required with a nliniuu111 ~ L U U ~ I U ~  of labo~u'. 



(07.) A 1ai.go amount of tlir computed results h a w  been compilcd for the 
PFCS, sufficient to cover abol~t. 6r!0 qn:~rto pages. I n  addition a groat quantity 
of data has bt~cn co~npilrd and c~saminctl for tlrc numerical cllarts, of which no 
less tllnu 30 large sllovts were prc,l)arctl, involving niontlrs of laborious work which 
requires the cncrcisc of the grcatebt vigilance in order to prevent errors. 

(96.) Tlre mmsnres for t,he protection of stations have brcn steadily per- 
severed \ritli, a rrf~trencc to J l r .  LIcimesscy's report shows what a large m o u n t  
of worli this inl-olvcs. 

(99.) Bcsitl(.s tlre ahove reqnlar work of thc office, various other important 
duties lrarr hcen disc1 :11,gctl by JLr. IIcilnesscy, anlongst wlrich may bo men- 
tioned t l ~ e  preparatiou 1:)r t l ~ v  11rc.s~ of 1,1-1.3 png(.q of printcld matter, mostly 
quarto sizr, inclotliliq 5 L7 pag,.s for tlre new volil~ncs of the "ilccnri~lt of the Great 
l'rigouomctrical Silrvey "; also t l ~ c  supply of special data to 23 officers. 

(100.) 31r. IIennrsscy also s~~pcrinteuded the Photo-zincographic and 
Dramling branches, the oprmt,io~~s of \~llicli nrr d(~tailc~r1 helo~v. 

1 have elscwllere rcfcrrcd to the valuable services of Mr. IIenncssey 
with the I'cnd~dum Party. 

(101.) Mr. Hennessey mas selected to assist in thc observations of the 
Total Eclipse of tlie snn \vlricli occurred on 

Totnl Pc l ip~c  of the Sun, 11-12th D c c e ~ ~ ~ b e r  1871. tlie 11- 12th D-cernher 1871. Th(:ri: I I C  ren- 
dcred very efficient aid and waq more esprcially socccssf~~l in pliotogmapl~ing the 
eclipsc, secru-ing no less than G rxcellent pllotogra~)hs dlwing totality. These pho- 
togr;lphs have inct with dcsc~rvrcl comlnentlatiou from competent aothoritics in 
England, and it is not too nl~lch to say tllnt they are on tllc ~vllolc snp~r ior  to 
any that have hitlit.rt,o b.c.11 prorloc~11 in any pnrt of the world. Tllis \\.as due 
to Mr. IIennc~ssc.g's skilful : ~ r r i ~ n g t ~ ~ n c ~ ~ t s  and to tllc. j~~tlgmc>nt 11c. c~scrcisc~d in nry- 
in= his proyralnmc on iindinq ~vllnt a pcc~~ l i a r  state of at~nosphrre 1 ~ :  I I : L ~  to deal 
with, mist of a varyiug denbity having urlfortuuatcly prevailed during the whole 
cclipse. 

(102.) Mr. IIennesseg givcs variolls intrrrstinq extracts fi.om his own report 
as to the cclipse and also some from Colonel Tennant's report :ls to t l ~ e  observations 
generally. 

(10'1.) d l t o q - t h ~ r  J t r .  TIrnnrsscy has b-rn vrry fnlly rinployctl and vcry 
great credit is dot: to him for the effieicncy to wllicl~ thr  v:~rio~ls 11rnncl~c.s uudc.r 
his ortlcrs have attaincd on.i~ig to his skilful mid unnrearied supervision in all 
matters. 

(104.) Mr. IIrnnesscy has l ~ r e n  nl)lg scconrlrrl l,y 311.. T. 11. C o l ~ ,  M.A. 
who is now colnpcter~t to assist in all ~n~ttc.rs ,  and a l ~ o  to ori(~inntc: valuable pro- 
jects for the prosecution of t he work, ~vl~crcby lris assistanco has bccume doubly 
valuable. 

NO. XV. 

CARTOGRrIPIIT, PIIOTO-ZINCOQRAPIIY B e ,  

(106.) Tllc Drawing Officc 

Drarring Oflrr. 

Mr. G. W. X. Alkineon. S~trrrror  4111 Grndc. 
G Nntrre Droltsm~.~ otld 23 ~~;~renticcs. 

- 
Pholo.rinrgrnphir O f l a .  

Mr. C. 0 Ollcnbocb. 
,, C. JIjwo. 

has, 39  h r fo r~ ,  1)rcn clrirflg occlipirtl with thc 
prclliminnry c l ~ a r t ~  of triangl~lation and the 
charts of levels, tllc followirlg c11:lrts lraving 
bern prtlparctl for pl~oto-ziucoqra~~l~y, viz., 23 
preliminary cl~nrts of triangulation, of ~vliich 
t l ~ r  majority have alrradg I,cscn pithlial~ed, 
brsidc~svarioasotl~ertriangulationcllartsmliich 
have been prepared in manuscript only for 



the use of gore~.nmcnt oficials ; 4 sherts of ellarts of Icvcls h a r e  been complctcd 
and lnnny nlorc? are in  coursc of l)rispar:~tion. A n  intl(bx to t l ~ c  11.vc.l sl~ecsts has 
also br rn  prtblisl~cd, so tha t  officials nlar  a t  once be  able t80 see mhctllcr tllc matr-rials 
in t l ~ r i r  officrs can i n  any \lay awist t l ~ c  co~n~) l (%t ion  of the-SIB 111ost IISI*SII~ cllarts. 
Numerous ]naps ant1 rc~tluctions I~nvc  bcvn prcp:vr.rl for incorporation with the  levol 
shccts and various ot l~crs  for tllc use of tlre lrrigntion l)cl)artrucnt. 

( )  A innp of the country ronntl Dol~l i  wns cnnipilod with various plans 
of t,lle cit,y and fortifieut,ions on n 1argc.r sc::lle 

~ f ~ ~ ) ~  fol. tho uao of the Camp of Exercise. for the use of t l ~ c  C r n ~ ~ p  of Excbrcisc: tl~lring 
1gyl-72. E ~ p c r i m ~ n t s  ~ c : ~ e  luntlc as to the rnost c o ~ l v o ~ ~ i c ~ n t  form for i s s ~ ~ i n g  
suc l~  lllaps for nsc with troops in t l ~ c  1ii.ld ; some copic:s l17crc 1)riiltcd on ~vntcr-proof 
india rul~l)cb~- clotl~, on nrllitc c!otl~, mltl on s~:vrml liinds of paper, print,inji I ) l . i~~g  
npPlicyl on b:)tl~ sit11.s: Tllc~sc wcbrcb 1111t IIII in various f o r n ~ s  n ~ t d  t l ~ c  coucll~sior~ 
nrrivc(l at, \v:ls t11nt. a roll wit11 n coul)lcb of csl:~stics attncl~c>d was the most. l~a,ntl>-, as  it  
could be cnrrictl in t,hc 11olstc.r. T l ~ c  ~vl~itc, clot,l~ proniisrs to 13:: the  1110:it sorvicr- 
nblc for altl~oi~fill  t l ~ c  maps on 111tlia ri~l,l)c*r calllo o l ~ t  l~cn~~tifr l l ly  ant1 n.c>rch all 
bllt  indrst,l*~~ctil)lc, t11t.y I\-crc: too Ilonry for gc~nc~rnl nsc, and i t  is probable t h a t  
tll(%y llligl~t ljc; unl)l(.asnnt to 11:1nrllo during grot~t I~cnt ,  As to pnpc>r, some on 
ordinary thicli and t l ~ i n  dm\ring 11,nl)c~r will al\vays I>(* rcqnirc-tl for oficc: us(,, \vitl1 
an arlny, h ~ t t  the maps on bnt~li-l~nst p:lper wcro for11111 to 1)r vc3r,v cloar ant1 to 
stmld a Iargi: anlnlmt of rongh l~andl i i~g ,  t,llougll of s n o l ~  ilicc l i ~ l r t  mntcrial, mid 
01, tlic: \vholr t,l~is is prol)nl)l!. tl~c: nlost sc~r~-icc~al) l~~ l)al>rr that  l ~ n s  11itl11,rto I)ecn t,ric.d : 
soma li~rthor ex1)r~inlents are boinx mnrlr a~ i t l  I l101)e that  a n  intligc~noos mat,c~rial 
1 1  I o 1 1  s ~ i t a l l .  T l ~ c  rt,sul(s of tho er l )c*ri~~l: ,~l t  will I)(. pu1)lished llcxrc-al't,c,r. 
Tllcpriut,ing on I)otll sidcs of the clot11 01. 1)nl)t.r nnsn,rrr?d vcrp rrc!ll c:vc3n \vit,l~ tlic 
thinilc:st,, vix., t h r  bnuli-post, tho maps 111,ing as c l (~ar  as col~ltl bc wisllrd. Experi- 
ments n-err, llowo\-c~~., nladc by pri~lt, ina the s~tbordinatcx map a t  t , l~e  back i n  11111e or ,  
brown, aud I t,l~ink soiile snlall a(1v:ultay was t l~erebg gained on the  thinner 
matrrinl. Wllen tllc pnrt:ll)ility of t,lle niaps is so clesir:ll~le as during a. campaign 
tllc advantage of using both sitlrs of the material is o1)violls and I t l ~ i n k  s l~ould  
bc atlopt,(~rl i n  faturc. I t  iuay 1 ) ~  note11 her(: that  oloth m:lps arc p c ~ l ~ n p s  bctt,rr 
adqpt,t~tl for use on I~orstrbaclr, Irl:my I~orscs ol!jl>cting to 111~: n ~ s t l i n g  of paper. Pro- 
bnl~ly n few copic3s on \vulrlb-p~.trof clot,l~ 1vo11lt1 I)(: fi~untl usefi~l for an c,spctlit,ion 
dnring the rnins I\.~I(>II c>\.cbry ot,l~i,r m:~tc.rial is a p t  to 111: dalnagctl by the da.n~p. 
This ulap \\.as tlrnlr-il ant1 1)rintr~tl in  littlt- nioro t , l~nn six \~-cclis, and 1 11( ed I1:11-(11y 
point o11t 11o\v a t l r a n t : l p ~ o ~ ~ s  it is lo :ll)lc t,o p r i ~ ~ l  a ulnl) so clr~iclily; a siinilnr 
nlnp (Illring t,ll(: Jtutilly \\.ollltl 11:iv1. l)(vbli or in~lllt-nsr a(lvalltngc but  tllis ofice 
had not t11:~n gol t l ~ c  ~nc:uns of tloing r n ~ ~ t l ~ i i l g  of the kind. 

(107.) Tllrcc s l~ects  of the Amps of R>o~ltrs  in  northern Illdin \yere com- 

Routo AInps. plrt(>d and the  4.111 \\-as conimrncccl ; this 
coinl~ilnt~ion llns involvcd n w r y  grt,at nniount 

of closr cxn.~ninnt,ioii nnrl cnrrflll sc~l~~ct ion so as to inclrttl~t ovcbry t, l~ing u s r f ~ ~ l  t l~a t ,  
t,lrc? so;~lc: 1ro111tl ar l~ai t  of n-itlro~~t orc~rcro~~-ding. T l ~ c  IlinlIs inclrltl(\ lrrp i'orn~c-1. 
lCns111nir R o ~ r t ( ~  RI:lp, n.it,l~ cnnsi~lm~rnl)le cstc,nsions nnd atlditions on b,)t,ll sirles of 
tllc fro~il.ic~r. '1'11~ ntl(litio~ls in * J i r ~ ~ n n o n  m ~ d  *G~n.l~\rnl  a1.c morc numrrrus t l ~ a n  
in any ot,l~cr part. D('tails as to t11~ i-or~t,~\s in tllc 1\-1>str~r11 1Iilunla)-ns ha\-(! 1)ccll 
printctl t,o :rccolnl)nny t.llc>sc Ronlc, Jlnlw, t , l~rso tlrtnils girc  t , l~c  tlist:~ncrs, 11c.i~I1ts 
kc., for t,l~c- 11sc. of t~-nrc~l l(~rs  w l ~ o  arc, conslmitly a p 1 ) l j . i ~ ~  to this oficc, fi,r -slicl~ 
information, nntl it. is liol)tbtl tll:lt ~ v i t h  Ihc polyinc~t,ricnl tables attached to t ,hcll~ 
tllry will supply all t,h:lt is rcquirc~l. 

(108.) A commenccmcllt 11as l ~ r c n  mndr n i t h  n serirs of Trans-Pronticlr 
Tmns.Fron11rr All~ps. h I n p ~  based on the opc,rntions of the  Great 

T~.igonornrtric:~l S11rvc.y and on tllc csplorn- 
tions m d c  1)y Britisll nnd Asiatic rx1)lorctrs from tho sidr of India, morc csp~cial ly  
on those rermtly matlo in  c o ~ ~ ~ ~ c c t i o n  wit11 t l ~ i s  survey hy Asiatic explorers. 
T11t.s~ maps it is llopctl will p row ~ ~ ~ ( ' f u l  in stndyi11g q ~ ~ r ~ t i o n s  connectt~d 11 it11 any  
part of onr chxtc,naivr fronticr or wit11 any of the forcxign tcrritorics lying beyond it. 
One sheet is now r c d y  for thc  press m d  3 otkcrs are in coursc of prepmation. 



(109.) A fcm other original maps and compilations of gcneral intercst have 
h e n  prepred and publishcd, and the Drawing Office llas been busily occupied; 
the amount of work turnrd out, undcr Mr. Atkinson wlio has supervised it, is 
very satisfactory. The qualit,y of tlic work has bccn steadily improving and I 
am hopeful that  with more experience 3fr. Atkinson will fully maintain the re- 
putation of thc office. 

(110.) By the photo-zincogmpliic proccss 16443 copics of clial-bs, maps and 
d i a p m s  have been printed of ~ ~ l i i c h  4703 liavc brcn colourcd by hand, for issue 
to government officials and for sale to tllc public, and 13G55 copics of forms for cal- 
culation and ofice work have been printed by zincography for the use of this 
department. Tliough thc total number of prints of all sorts is about the same 
as last year a far larger amount of the claboratc kinds of work-maps and charts- 
has been perfomcd, both thcsc sorts of works arc photo-zincographcd. 

(111.) Mr. Duhan resumed chargc of his office as pcrsond assistant in 
September 71, and has discharged his va- 

Mr. H. Dul~nn,  Suneyor 1st Qrndo. 
Pernonnl A~sistant. 

rious clutics entirely to my satisfaction. 

NO. XVI GEOGRAPIIICAL. 

TRANS-HIMALATAN AND TRANS-FRONTIER EXPLORATIONS. 

(112.) Explorations have becn continued in  various directions on our 
western, nortlicrn and north-eastcrn frontiers. On the wholc grcat progrcss 
has bccn mndc and onc continuous line of explorations beyond thc frontier has 
bccn carried right round India. The rontc tmvc~rscd, starting from Sindli, goes 
to Klicliit in Bclilcliistlin and tlicncc by ICandaliAr to 1CAl)ul. Prom Khbul 
i t  crosses the Hindu Kush mountains to BadukshAn and thence up tlic head waters 
of tlie Oxus and across the great PSmir Stcppc to K6qhgar and Yhrkand in  
Eastern TnrkcstQn. From Ytirkand the explorations follow the route to tlie 
KBralcoranl pass, and thcncc the connection is continued by tlic regular operations 
of this survey to the Pangong lake, and south to the Indus, mlicrc that  river 
first cntcrs LaclBk near Domchok. From Dcnlclrok the line of thc cxplorations 
is carried up the Indus and its large branch the Gartung-clin to Gartok and thence 
across thc Railas rangc to tlie MBnsarowar lake. Prom the 31iinsarowar the 
linc is continued across t l i ~  *IIin~alayas, tllcn down tlic courso of the grcat 
NAri-Cliu or Sang-po rirer (tilt. BnihmAputra) to Slliqntxc ant1 tlicnce to Lllilsa 
the cnpitnl of Great 'l'i1)c.t. Tllis linen itll its l)mncl~rs is nl)o~lt 5000 iiiilrs in lrngth 
and is connectctl wit11 Britibl~ India. l)y nulnc,rous c r o ~ s  linc.5, tlir details of wliicll 
liavc f ro~n tiinc to timv 1)cbrn pu1)lislictl in tlic reports of tlir Grcat Trigonomrtri- 
cal Survey. I t  niust l)c rc~run~,kc*tl that tlicsr ro11tc.s ncrc all a t  great elevations 
above the. sm, nloi-c tlian 11:1ll' 1)ring at ovcr 72,000 fcct, a. fact n.liich 11as of conrsc 
addcd vcry much to the difficulties of exploration. 

(113.) Very p e a t  proqrcss lins brcn madr wit11 a srcond linr, inside tlie 
abovc linr, in surli places as it is rrqt~irc,d, tllr results of wliicl~ will l ~ r  p~iblisl~rd 
hefore long, though it is not convcilicnt to do more than r c f c ~  to i t  nntil thc work 
is compl(,tcd. 

(114.) A commrnccmrnt lins 1)ecn made \\-it11 a t l~ird lino of cxplorations 
rstrrior to tllc first line rc~fc~rrc~tl to, and nt n vc3ry c:onsitleral~lc: tlistancc 1)c~yontl i t ;  
sonic: progress 113s alrc~atlp I~clc~n mad(, 11-itl1 it, thc first link being t,llat from 
Y:irkniitl to Kllotnn, dc:tc~r~niric*d 1)y Mr. .Tolinson's c~xplornt,ion, and tl~enco aclross 
tlic loCty Linjixitl1;ing 11lntc*n~1 to t11c 1':lnjioug 1:tkc.. From t l ~ c  I'aiigong our 
explorers llnvc c-xtc~~ltl(~l tllc: line l)y a tmvcrsr to ltudok, t,llc cnpi tnl of tlic: Cllincsc 
dist~ic-ts of I'angong 6c. ,  and tl~c,ncc, orvr tlic: vcll*y cxlc:~-atrd plnt,cnt~?r north of tho 
grw1 Ung-Gangri  peaks, to tl~~'l'holi-Ji'dilnng gold ficld,passing tlrrougha succcssio~l 



of gold a,nd borax fields. Prom Thok-JAlang thc  linc has 1)rm c.xt,cndrd S O ~ ~ ~ ~ I - P O S ~  

througl~ 3l;ijin to t l ~ c  Shcllif~rk lakc, north-(bast of tllc: Crc~at Iiailis Par lx~t  ovcl' 
thc  nlost c,lc\-atc~d 1)latc:aux i n  thc \\,orltl ; the explorc~rs harinq 1)(~,11 for ~ n o n t l ~ s  a t  
over 15,000 fcct al)ovc? t,hc sc,a. T l ~ i s  portion of tl~c: o ~ ~ t c r  line is conncctc.tl wit11 

fiI;ills:lronar I:~li(.. Far t l~cr  (~xtcnsions II ;L\- (~  1)(:('11 11lfld0 to t l ~ v  west ant1 north 
of Lh!l.sa, m ~ d  I t n ~ s t  e \ - ~ n t , ~ ~ i ~ l l y  t11a.t n j~luct ion will I)(: c~1T1tctc~tl l~c~tn-cc~n illis and 
thc portio~l near Sl~(:llif~lli and t l ~ ~ l s  opc.11 out a 1:1rg1. port io~l  of the g ~ ~ ) j i r a l ) l ~ p  of 
Cclltral Til,ct. On tl~c: w ~ s t  so~llc c*stonsion II:IS alrcb:ltl)- ~ ) I ~ ( ~ I L  ~iiatlc wit11 thig 
outer line l)rpond the OSIIS m ~ t l  1 am I~opcful t l ~ : ~ t  niorr will hc- fortl~comi~~;.. I n  
tllis report dctnils a.rc, givrn \\-it , l~ rospcct to one of t l ~ c  conn~,c.ting 1inc.s I)~.t\vr~c.n 
t l ~ e  i~n lor  ant1 midtllc linc: of explorntions, niz., bct\vcr~n Diir.jili11g and Shigi~tzcb in 
Greiit 'l'ib(,t on t,llc one side, iu~t l  I)c:t\\-c~b~~ Sl~igatzo m ~ t l  Kep:~l  on t l ~ c  otl~c.r. T l ~ c ~ s r  
lines of cxp lora t io~~ o1)c.n out t l ~ c  gc~)gr:11)11y of n r c ~ p  1:ugc tract of c o ~ u ~ t r y  as to  
rt-11icl1 \\,c prrvio~tsly had 1)11t, t,l~c: \-ag~~c,st c o ~ i j ( ~ c t ~ ~ r ; ~ l  i~ltlications. The ro111t~s ]nay 
be dcscri1)c~tl as going right r o ~ ~ n d  tl~c. g~ncbnt J l o ~ ~ n t ,  I<vcbrc~st, 1)1v1ctt1-nting on tl~c: north, 
t o  tho Sang-po or B r i i l ~ ~ n i i l ) ~ ~ t r n  l<.i\.c,r and 1.11c.ncc so~~t . l~- \v(>st  over t l ~ v  \v(bIl- 
known Tingri m;titliin, tl1c1 nlost c~xt,c!~lsi\-c plntcxu 011 ~ I I P  so11t11 of the *lIiulalap, 
watcrsl~c~d t l ~ a t  is tl~xinc~d by streams \ \ - l~ ic l~  flow clkctct illto India. 

(115.) From Tingri t l ~ c  linr pnsscs to  thc n-cst of J Iount  Evcrcst, and again 
connccts with tllc work brougl~ t  np fro111 India. 

(116.) The grcntrr part of t,l~is ~vorlc n-as donr l);r onc clsplorrr ; on n rrfcr- 
ante to tllr I11n.p it ,  \\-ill be src511 that, his rout(: for SOIII(, distance c:orrc~spontls a t  points 
n-it,ll D o ( : ~ o ~  (Sir lV111.) 1[001i(bl"~ r o ~ ~ t , ( :  \\.('st of ~ ; i ~ j i l i ~ i g ,  ~ I I c !  new grn1111(1 coln- 
mrricing from I ~ i s  most, nort,ll-\vc,strrly 1)oints near th(> l \ T a l l a ~ l c l ~ r u ~  and ICanglacl~cm 
pnsscbs, c~nbracc .~  n portion of t l ~ e  grant, enstcrn l)~-ancll of t l ~ c  Art111 r i w r ,  tlicn 
pnsscs a ln~nrg.: l:~.lio of which \rc lint1 p r w i o ~ ~ s l y  I~cartl t l i o ~ g h  its position has never, 
:is f:rr as I kno~\ , ,  c ~ c n  b~.c,u intlicat,c:tl on any  map. The position of n n u n ~ b c . ~  of 
pc?lks, north of t l~osc 1~11ic11 arc visil)l(> from t h e  side of India., have b r m  dctrr- 
nllnc3tl. T l ~ e  country 11as of course 1)cni crossed previously 1)y t l ~ c  Ghurkas, 
Ni\vars mld otlrclr n:~tivc>s of tl~c, atljacrnt c~ou~~tricxs, 1)11t as far :IS I l ino~v has ncl'er 
brc~n c:Jron svcn I)$ an 13nrol)c~111. Amongst, otl~ctr ~) lacc~s this ronte has fixctl t l ~ e  
position of t.lic cc~l(,l)ratc~tl S:~liyn ~non:~st,c~ry sc~contl only to  that  of Tilsl~i L i ~ ~ n b o .  
T l ~ c  r o ~ i t c  tmvcrsc~tl is 81.L n1ilt.s i n  11'11gtIl of \ \ - I I~c* I I  550 lnilrs mag 1 ) ~  said t o  he 
ovrr rntircly nc\v f i r o ~ ~ i ~ t l  ant1 t l ~ c  rc,m:~intlvr, thougl~  closc to a linc n - l ~ i c l ~  a t  least 
one E11ropm11 11:rs gonr along, has nc,rcxr bccn r(tg111:1rly s~lrl-cqcd brfo~.cl. This 
cxplorat,io~l wit11 its I)c,arings k c . ,  ol)c,ns o ~ ~ t  tl~cs gc1ogrnl)hy of nc.arly 30,000 
squarc milrs of \vl~nt 11:1s 11itl1c.14o I)c,c~i all I)nt t(~~.r-ct i ~ r c o ~ ~ ~ i l r ~ ,  i t  lnorc cspccinllp 
rlucitlntos t , l~c  geog~.:\l)liy of tl~c\l)asin of 111(1 Arnn or S r l u ~  Kosi rircr,  t,hc lnrgclst, 
f(>cdcr of th(> grc,:~t liosi rivcbr, \\-hie11 tlrains the: \vliol(: of f i s t e r n  Ne1)a.l. Tllc 
co~wscs of its upper fecdcrs have been l~ i t , l~er to  a puzzle to grographers. 

(117.) Tlic rolltcs givi. a n  inilcpcndcnt tletc~rminat~ioii of t h c  l o n g i t ~ ~ d c  of 
Shigntzc i111d I ) I ~ o ~ ~  that  t l ~ c  vnlr~c: 11-11ic-li I atlopt,crl for t , l~a t  to\vn, 1)asctl on Tl~rncxr's 
R>oi~tc: S~~r\rc,p, ~ v : ~ s  n I - I T ~  c l o s ~  nl)l~roxi~nntion. This point was fully tlisc~~ssrtl  ill 
my 'J'rnns-Ili~~rnl:~ya~i rc'port, for 1808-(i7 on t , l~c  Cl1i14' I'n~~tlit's c~xl)lorntio~l f'ionl t l ~ r  
346nsnro1var Ialic: to I~l~risn. a t  pa:(! S ,  nu1  i t  is gmtif'yi~ig to  find tha t  niy rcliallcc 
on Turner's ~ v o r k  was not 1nisp1:lccd. 

(118.) Thr  rsplorrr took lntit~ltlr o1)scrvntions at  11 points upon ~1.11ich t l ~ r  
work d~%l)cnds, ant1 hc tl(~tc~rn1inc~tl t l ~ c  l ~ ( ~ i q l ~ t  of 31 placcls. IIis work l ~ a s  stood all 
tllc usllal t(,sts of c0111~arison snli~f:lctorily, xncl it  incl~ldes a consiclcra1)lc nlml- 
11cr of pmks &c., on 110th sitl(,s of his rout(.: I think it will prove a valuable addi- 
tion to thc trans-frontier geography of India. 

D E H R . ~  DUN, T. G. ~ lONTCO1\IERIE,  ~ I A J O R  R.E., 
Nuurrrrber' 1872' ' OJ'g. S lq~dl .  Great Trigorionrelr.icol Surrey of iud ia .  





APPENDIX. 

EXTRACTS P R O l l  T U E  NARRATII'E R E P O n T S  

OF TnE 

EXECUTIVE OFFICERS IN CHARGE 

OF THE 

SURVEY PARTIES AND OPERATIONS. 



Bulau for pronouncing Indiau proper name, ; a has a variable sound as in woman, nual, pnltry : d ns in tartnn ; 
i u in clique; Ias in =vine; u as in bull; 6 a s i n r m l ;  o s s i n n o t e ;  e as a insay; auasou in cloud; ai as i in 
d o  ; g 1s in gong ; b h d  w bbid ; borv as bLLa Exceptions to speUing by rule arc indicated thua rCdcutta, rCdicut, &c 





(8.) About thc middle of February the jungle mas fired in all directions and smoke spread 
gradually. The haze set in about thc same time and the atmosphere became daily more unfa. 
vornble for observntious, until the whole country was enveloped in haze and smoke, and nothing 
could be seen. Our lumiuous day aud night signals could not penetrate this thick atmosphere. 

(9.) From the 23rd February to  the 24th March, I mas detained at  Munaa Hill Station 
for thc observations which mere completed iu a month during occasional breaks of favorable 
wcathcr. At the above station not a single angle to lamps mas observed. A t  the next station, 
Bhli, I was agaiu dctained for n c ~ r l y  a ~nouth  : a fcn showers of rain accompanied by storms, 
two of which nerc very severe, enabled me to complete my observations and released me from 
this station. 

(10.) The above two stations furnished the base for the Southern Section of the  Billspur 
nleridional Series ; and on completing them the junction with the Coast Series mas accomplished. 

(11.) I, procee(lccl to Tulsi Hill Station, the centre of the first pentagon of the Bilispur 
Meridional Serres Southern Section. Occasional showers of rain enabled me to  progress rapidly 
with the final observations whiclr terminated at Bbrdwir Hill Station on the 4th May 1872. Tllere 
was sickt~ess duri~rg thc whole ficld season, but at  BbrdwSs 1 0  and 1 2  men were daily prostrated 
with fever ; I tlercfore closcd work and returned to recess quarters. Rly second attack of fever 
occurred hcrc and I rcturned to Wklter by diik and was seriously indisposed on the journey; 
since my arrival I hare had frequent returns of fever. 

(12.) Thcre was very great sickness in camp this field season, not a single man in the 
whole party cscapcd from fevcr. My first attack occurred at  Kdlingltonda Hill Station, my 
third Station in January, ~ r l ~ i l e  observing au Azimuth there. I persevered with the obser- 
vations not~vithstandit~g my daily houts of fevcr. Fortunately Mr. Bevedey mas in camp aud 
assisted me both in t l ~ c  observatory aud office, and I am greatly indebted to him, for had he not 
been present, the star could not have been observed by me single-handed owing to  the bad state 
of health I mas in at the time. 

(13.) Sickness rcduced the strength of my native cstablishmcnt consideral)ly, and so 
crippled me that I had to carry the stand ancl telescope of the great Theodolite and most of the 
Government prol~crtp on coolies. Somc of the sick men were useless during the whole field 
season and were scnt home when I returned to recess quarters. Those men who returned with 
me comparatircly wcll have, since coming in, had frequent relapscs of fever, and most of them 
hn\,c eulargcd splcens and arc still in hospital under treatment. Thcre were no casualties in 
the field, but since returuiug to W a t e r  5 deaths have occurred, 4 from fever and 1 from 
dysentery. 

(14.) The operations have entered the Bastar ancl Jaipur states, and I believe the 
country --ill improve :IS we proc~ed nortlrward~, ant1 therc mill not be so much sicltness during 
the ensuing scason in the morc opcn country tllrongh which the operations will be carried on. 

(16.) Wild animals are very numerous in the tract trinngi~latcd la$t season, and tigers 
are most dcstr~rctivc : vill:~gcs have hcen dcsertctl ant1 some of thc passes Irnve been closcd owing 
to  their dcpreilatio~~s. 1Yl;ilc engngcd in obserr.ations at Karlr.'lllliding Hill Statiou, I ordercd 
a good portion of my camp to procccd to thc first stage en roate to Phncha Hill Station and to 
await my arrival tlrcrc. T l~rsc  men mcrc kept at bay for hour3 by a tigcr wl~ich I mas iuformcd 
took ~ O P * C S ~ ~ O I I  of' the road that hnd heen cut for the great l'l~eodolitc. T l ~ c  camp moved on 
in  rr body wlrcn 11e I~ad rctrcatcd into the jungles after thc mcrr had yelled and shouted for 
hours. Often thc vill:~gers rautioncd us not to  procced by paths which were in posvcssion of 
these man-ca t i~~g tigers, which, waiting their opportunity, carried OH' numbers of people as they, 
unauspicious of tlaugcr, travelled on the path. 

(16.) Thc inlral~itnnts nrc fern and thc hamlets w r y  distant from onc another. Very 
few largc villagtss were met with. Frequently a singlc largo Irot was seen; its occnpa~lts 
con~istcd of fat l~rrr ,  ~ 1 r i 9 ,  ar~rl grandsons with tllcir wirca and children. A spring of water or a 
rtrc.nn>. a smnll cl(.arr~l ~ ~ a t r h  of , R ~ O U I I ~ ~  (i)r cultivation of grain, with a few limc, orange, jack 
a~rtl nr:rrl;o trcrs wcrc sr~ttieier~t to s:~tinfy t11c \\.ants of thc f:~rnily. The inhahitants are steeped . . 
In rgnornllrc* a1111 vi~.r : rnrn, women nt~d cl~illlrc!n drink totlily from the sago palm, or distil spirits 
from tllc ~ I I I I I : I  Ho11.crs jrl~ivl~ tl~r: alur~ tlry and rctain for food. They d r i ~ ~ k  to excess, are 
very IIOOP a ~ ~ i l  n ~ n r  :L r:~: '1. incl~es wide a t ~ d  t%-o frct long to  I~idc their naked~~ess.  Among 
some of ~ I I P  l~i l l  t r i lw~ I I I I ~ I C  f i y ~ r r ~  are tllc rule and not the cxception. The authorities have 
tried to civilize t l ~ c n ~  11). (lihtrib~~ting cloth among thcm but thcy will not clothe thcmselves. 

( 1 .  Owir~g to the party 1)cing short-handcd, bp thc absence of Mr.  Bcll on furlough 
and the rril~pl(!tl state of my t~ative c ~ t a l ~ l i ~ l t m c n t  during the cntire firltl season from sickness, 
very little secouday work bas been duuc : what 11as bccu accomplished has becn executcd by me 



the grcnt Thcorlolitc. A great dcal more could have bccn done had I men to  renew the 
hill marlts of t l ~ c  Topographical Survey whlch were consumed by fire aud had the wcnther been 
favorable. Many of t l ~ c  poles of thc Topograpl~ical Survey, indicating their stations, were 
ol)scrved from1 onc s ta t~on  only, the meathcr becoming il~lfavorablc thcy could not be seen 
from Mullas and Bili 11111 Statlous nhcu the jungle was fired and the haze set in. 

(18.) I rras not unmindful of thc importance and value of Sccondary work in connection 
ollr principal opcrations. I traiuecl Mr. IVriron for the work and tletacl~ed him on the 

21,th Pebrllary to lay dowrl Jaipur, but waut of esperieuce a ~ r d  bad mcatllcr prevented his com- 
pleting the Secondary work I assigned to him. 

(19.) Mr. Hcnry Beverley, Surveyor 1st Grade, mas detached on the 17th January after 
the Azimutll ol)scrvations at  Kklingkorlda IIill Station to extend the Approximate opcrations. 
H~ revisited B;irdwLr and SaikLrpan Hill Stations which 11e l ~ a d  fixed the previous season, a ~ ~ d  
continued his operatious and connected with the stations of the Northcru Section Bi lbpur  
Mcridiona! Series Malcma and Hamnai. The fruits of his lal~ors are I6 stations selcctcd, the 
llills clearad of jangle and constructcd. His zeal ant1 energy have been most con- 
spic~~ous,  for ~lotwithstanrling thc great siclcness among his men Ile pushcd on ~ru t i l  he complet- 
ctl l ~ i s  p o r t i o ~ ~  of t l ~ c  work and cft'ectcd a satisfactory connection with Mr. Clarke who carri(:tl 
or1 the tipprosirnatc Scrics of thc Northern Section. Mr. Hcvcrley was dclayctl by bat1 wcather, 
and as the season was far advanced and t l ~ c  men of his establishment were prostrated wit11 
fever 11c coultl not ~lnrlertakc Secondary work. IIc joincd mc at  Tulsi Ilill Station ant1 remained 
in camp assisting rue at  two morc stations Pothdongri and Saikkrpan; he was again dctached 
to alter a componntl figurc iuto two singlc oncs. As the whole of the Approximate work has 
1)ccn completed, Mr. Bevcrlcy caul the lrext season, be employed uuinterruptetlly on Secondary 
operations. 

(20.) Mr. E. P. Wrison, Assistant Surveyor 2nd Grade, was employed in recording 
observations a~rd  in currcnt ofice dutics until the '3rd I+bruary. H e  was detacl~ed on the 24.tl1 
of the same mont l~  to lay do~vn t l ~ c  tow11 of Jaipur by a series of Minor l ' r i a ~ ~ g n l a t i o ~ ~ ,  a ~ ~ d  
after that to lay down tllc town of 13astar. Olving to the hazy \vcatller during t l ~ c  latter part 
of l?cbnlary, thc ml~olc of March ant1 thc first mcelc in April, he was anablc to do ally \vork aa 
I I ~  was aiming to conncct Jaipur wit11 large triangles. This is the first timc Mr. Wrixon l ~ a a  
bccn dctacl~etl on Sccondary Tri:t~lglllatio~l, I trust his want of experience combi~rctl wit11 the 
unf;rvornblc ~veatl~cr which sct in inl~nctli:ltcly after he was rletached will plcatl for him for the 
small out-turn of ~\rork. XIr. \Vrisorl twice suft'ercd from fever in tlre field and llis detachmcllt 
suft'crcd gre:ltly fro111 rcpeatcd attacks of fever, 

(21.) In  conrlnsion I hxvc to rcfcr to the Hospital Assistants \vhomcre wit11 me during the 
last field season. 'L'llc first-class IIo*pit:il Assistant \vl~o accompanied me from 1VRltcr \bras :III 
esl)crienccd, attentive Inan ant1 fully compcte~~t  to talcc charge of a large cir~nl~.  l i e  was how- 
ever old and infirm and was very soon disablctl from repeated attacks of f(:vcr. A second-class 
1lospit:rl Assistaut succcerlcd 111m ; this men 11:ld becu eml)lo!.ctl uutlcr C o l o ~ ~ c l  Saston, Deputy 
Supcri~rtcnde~~t'~opograplricaI Survry, ill charge No. 3 I'arty. Ire  was ac:q~~aintctl with tlre 
country and Ilc co111d trot hclp j o i n i ~ ~ g  wheu postcd to thc I%idcr Longitudinal Serics, bnt he 
was so intinlidatctl t,hnt shortly aftcr joining 11c compl:linetl of illuess. I l e  travelled in a dlili 
and was of vcry littlo nrc t l r ~ r i ~ ~ g  t l ~ c  rernainllcr of tlrc sc:lso~~. 1Ic was alnays ronlplainiug of 
his own illncss and L I I C  S ~ C ~ I I C S S  in camp, and was continnally urging me to close work aftcr 
the 1st April. On thc plcir of ill health he mas inattentive rind cnrclcss. I l e  went to hospital 
shortly after my arrival at TT'kltcr, a ~ ~ d  has obtained leave on Afedicitl ccrtificirte for 7 I I I ~ B I I ~ ~ I S .  

Tlrc tl~ird-class IIospital Assistaut doing duty at  prcsc~lt with me promises \\,cll. 

(22.) l ' l~c follo\ring is t l ~ c  out-turn of ~vork esccnted during the ficld scasou :- 
Print'ipal s t a t i ~ n ~ r  newly fixed . . . . . . . . 13 
No. of l'rincipitl 'I'ri;~nglcs completed . . . . . . 18 
~ i r ~ ~ r  of Pri~~c,ilr:~l 'I'I.~:LII~II:S ill S I ~ I I : I ~ C  milcs cornplctcd . . 30 1.L 
L r n g t l ~  of I ' r i~~t , i l )~I  Series i l l  nrilcs . . . . . . 1 28 
Azin~r~th  of vcrilir:rtio~~ . . . . . . . . 1 
No. of Srcontlary Stiltinns n,llosc positions and heights l~nvc 1)cc11 lised 7 
KO. of Srro~~tlnry '15.iauglrs of \vl~irlt all t l~rcc  angle.; I~avc I I C ~ I I  ol)scrvctl 1 
hrca  of Sccontl:lry Triangles exterior of Pri~lcipal Triirngulatio~~, s1111arc 

milen . . . . . . . . . . 2109 
No. of points tiscd by intersection bnt not visitctl . . . . 22 
N o  of I'riuripal Stations sclected in advance incl~~tl ing Rialewa R I I ~  

Hamnni of Northcrn Scction, Bilkspur Rleridioual Scries . . 18 
Lcngth of Approsimntc Series in miles . . . . . . 115 
No. of I'latfor~ns co~~structcd for Principal Stations . . 1 -1. 
hro. of n~ilrp of pntl~wny matle . . . . . . . . 99 
A'o. of hill tops rlcaretl or I'orrst and jungle . . . . 15 
h'o. of St:~tiouu prolcctcd a~rd closed . . . . . . none 



The area of the Principal and Secondary Triangles completed during the field scnson 
1871-i2 is 6150 squarc miles, at a cost of Rupecs 34,768-12-8, which gives a rate of Rupees 
6-12-6 per squnre mile. 

Extract from the Narrative Report-dated 12th July 1872-of W. G. BEVERLEY, 
ESQ., Assistant Superintendent 2nd Grade, in charge of the Eastern Frontier 

Series (Assam Valley Triangulation). 

(2.) The party marched from Gomhatty on the 17th Deccmber vi$ Naugong, and pro- 
cccded on to Kaukochan Hill Station where I arrived on the 2nd Jnnuary. 

(4.) At tlie ciosc of last season there mcrc only two stations sclcctcd and built in 
advance, nr~d nlthougl~ Mr. O'Sullivan had laid out the Khclib6ishon pcntago~~,  he was doubtful 
whetl~cr tlie stntions of Chcniilbliisl~on H. S. and Sapannjung H. S. as tl1c11 selected, mere mu- 
tuolly visible, as 11c hnd not bcen able to determine that poiut finally thc previous season from 
thc vcry u~fnvorablc weather at  its closc. The rejection of one of these points and t l ~ c  conver- 
sion of the figure into a series of simple triangles seemed also probal~lc. I therefore maitcd a t  
Karlkochan H. S. until Mr. O'Sullivan had decided on the position of the for\vartl station Chc- 
nihbliisl~on H. S. wl~icll he did 11y tlie 9th. The principal observations at  this station being 
completed I marcl~etl on to Khclibriishon 13. S ,  and having taken all the observations thcrc, 1 
proceeded to Cl~cngl~cl~isl~on 11. S. nhcre 1 arrivcd on t l ~ e  24tl1 January. I was detained I~cre 
forlr days waiting for t l ~ c  signal at Sapannjung H. S. On thc evening of thc 27th I received 
a lettcr from Rlr. O 'SI I I I~V~II  informing me that he 11ad at last bccu compcllcd to rejcct that 
point and I closcd at this station : I I I ~  left on tlie 28th Jauuary. 

( 5 . )  1 hat1 clcsircd Mr. O 'S~~l l i ran  to reject Sapanajung 11. S ,  in casc he shoi~ld not 
bc ahle to see it from Cl1enikb6ishon H. S. as the best part of thc field season had already gonc 
and much time I~ad already heen lost. The station of Chcniibliishon I-I. S. is situated on the 
outc~most  of a series of parallel ridges of uniform height and dcnscly moodctl, the site selcctcd 
was t l ~ c  only o ~ i c  a l ~ i c l ~  cor~ld co~nrnaud a vicm of t l ~ c  plains to the N o r t l ~  and East and also he 
viuiblc from the back stations, hcnce i t  was not considcred advisable to rclnovc it, as i t  ~voultl 
not only have creatctl delay, but involved rc-observing the anglcs at t\i70 statious, h ~ ~ t  abovc all 
madc it difficult to carry the series into the plains which it had now become 1iecessal.y to do. 

(6.) Mr. O'Sallivan 11ad rcportcd on his return to rcccss quarters nt the close of the 
field scmon of 1870-71, that 11c 11ad received rcliable information that the L o t l ~ a  NAgCs across 
t l ~ c  nllunsiri Itivcr ~vould prcvcnt the entry of any Survey parties into thcir district. As this 
i ~ ~ f o r r n a t i o ~ ~  11:1d not I~cr:n all~~rlcd to in the General ltcport, nor in t l ~ c  illstructions for next 
ncason's work, t l ~ e  rncthod of proccdnrc for carrying tlic t r iangulat io~~ into thc plains and other 
co~~sidcrationa irivolvcd, wcrc not rliecusscd by me at Head Uuartcrs with yoursclf. I was 
informed hy the Commissio~icr of Assam wllcn I requested his opinion as to c ~ ~ t c r i n g  the Lotha 
NAgn hills, that no Survey opcmtions could for the present, Ile carried on in the tract in qucs- 
tion, as the tribcs acre  I~ostile. 

(7.) I was in hopes homcvcr that it might l~nve I~ecn possihlc to  carry on a series, 
wit11 nltcrnatc stations in the plains and in the ou!crmost low rangc, which from the maps, 
a l~~~earc t l  to lie in an11 a l o ~ ~ g  British boundary and wcre uninhahitctl, and I comma~!icatetl with 
the 1)irtrict Ofliccrn OII tile s ~ ~ h j c c t  m d  was informed, after collsideral~lc tlclnv, that the 
S ibs 'p r  1)iqtrict 11arl I J C ~ I I  closctl to tlic IIill tribes a11d stockatlcs crcctcd to ~ ~ r c v c n t  their 
ingress illto Assam ; tl~irt 110 Survey party could cntcr into the I-IiII Districts ~ v i t l ~ o u t  a very 
strong 11orl.v of policc, whicl~ co2ltl not t l ~ c n  be fur~iiul~cd, and that the maps wcre quite 
i~r~ t r r~s twor t l~y ,  as t l ~ c  Ilritish boundary was a t  least 7 or 8 miles from the foot of the 
I~ills. 

(I).) 3ty plans for continuing thc tr iangulat io~~ along tllc I~ille 11nvi11g thus been 
IJaml'tl in cvcry any, 1 !!.as comprlled to rcrort to thc plains aud t l ~ c  triangulation mas carried 
nlown 011 the tiitlc K a ~ ~ k o c l l a l ~  11. S.  to Cl~cni;il~u'isl~on 11. S. IVith the l~opc of being a l~ lc  to 
o11t:rill ~ ~ c a k y  on t l ~ c  outer r:uIgr, thc statiol~ of ( : r~l ighit  11arl hccn sclcctcd by Mr. O'S~~ll ivan 
allll :r 11latfvr111 a ~ ~ t l  pillar built. As t l ~ c  hills n-crc 110 l o ~ ~ g c r  availal~le, AIr. O'Sullivan was 
~l~rct:tctl lo c:lrr!. t l ~ c  srries I J ~  symmetrical, s i ~ ~ g l c  triangles t l ~ r o u g l ~  t l ~ c  plains of Sibs,'yar. 



(9.) I t  mas somc time before I could decidc on the most suitablc course the series 
should take;, proceeding in a direct linc mas inadmissal)le as the centre and southern portion 
of the Distrlct is studdcd with tea plantations and grants, the owners of ~vhich mere not a t  all 
disposed to llavc lines run through their estates, or their property injured, even on payment of 
compensation, which mas given in onc instance last senyon, and mas exccssive in  regnrd to t l ~ c  
damage sustained. Tllis mas a consideration of the utmost importance as the means at  the 
disposal of the party mould not admit of such hesty compensation as ~vould he demanded, 
while the progress of the mork aonld probably bc dclaycd by opposition and litigation. I 
therefore decidcd on carrying the series along the course of the river I)y which means very 
heavy jungle cutting, as ~vell as tea plarrtatious would be avoided and the height of the towcrs 
would be reducetl, and there mould be little or no compensation to he paid, thus making i t  the 
most economical course to adopt; a t  the same time the triangulation mas not inteuded to  be 
restricted to the river, but to deviate therefrom whenever i t  should be found necessary. 

(10.) Whcn thc direction of the series had been decided upon I returned to  the hills 
and visited ChcniAb6ishon H. S. and took tllc observations thcre, includiug those to GolkghBt 
T. S. nnd nor-Chapri T. S. at  the latter of which stations Mr. O'Sullivan had now built a 
masonry pillar. Observations at  Cl1cniib6isho11 H. S. mere completed on the 23rd February, 
at  Bor-Cl~apri T. S. on the 2Gtl1 and at  GolAgl~Lt T. S. by thc 7th March. After this I took 
up the Approximate work until the heginning of April, returning to  Kankochan H. S. to  
complete the observations to Uor-Chaprl T. S. 

(11.) The Approximate work during the past season has been carried only a very short 
distance owing to the lateness of the season, the nature of the country, the scarcity of local 
labor and the continued unfavorable weather. T l ~ c  out-turn of ~vork is small but no energy 
has been spared, nor means untried to ovcreome the difficulties which had to be encounteretl 
and wl~icll are in my opinion grcnter than in any other part of India. The difficulties ex- 
perienced in the selection of statious in the plains of Assam are manifold. 

(12.) The country does not slope down gradually from thc foot of the hills to the 
Brlhm&putra River, but consists of a s~~cccssion of lorv ridges frequently covered with almost 
impenetrable jungle, uot running parallel to the strcams which generally flow down from the 
moautains at  right anglcs to the river, as may be naturally snpposed, but in most instances at  
right angles to those strcams, with an abrupt fall into tbc basin of the Drkhm6putra. I t  is 
diliicult iu  such undulating tracts 1vitl1 wide l ~ \ ~ c l  bits of country, to fir upon any particular 
length of side, a ~ ~ t l  i t  was fouutl i~npcrativc to have the side Go16gllBt T. S. to RfadaigLorl T. S. 
10.4 miles, while the height of tllc tower at  the lattcr place, it mill be necessary to I)uilrl 
over 30 feet to cnsurc mutun1 risibility. The serics carried along the coursc of the rivcr mill 
render so great a l ~ c i g l ~ t  unnecessary for future stntions. 

(13.) Freqnently extensive patches of tall grass and reed jungle mcrc met mith, wllich 
elephants were employed, by Mr. O'S~illivan, to crush clown on thc mys, by means of hcnvy 
logs dragged by them. I n  somc places the rays have beeu cnrried through boggy and swampy 
ground with thick tall reeds sllich had to be cut one by one. Occasionally belts of junglc 
had to be traversed, the trces in which, with few exceptions, were of no great diameter, but 
were so interlaced with canes and bamboos, and had so heavy nu ~lut lergroatl~,  that i t  mas a 
most arduous and tcdious undertaking to carry a narrow gap through. I%etwecn Bor-Cllapri 
T. 9. and Niltori Chnpri T. S. Mr. O'Sullisiw was occupied ~ ~ c a r l y  threc weeks in carrying a 
ray, the undcrgromtlr on which was not only very heavy, but hid from view Ilig-11 mounds rnisctl 
by earth-worms. 111 ground of this nature perambulators wcrc useless nnd Mr. O'Srllliyall 
adopted a ropc 132 feet 1011g ~ a d c  impervious to met by means of was and oil, ant1 which was 
tested every morning. 

(14.) Local lahor wos rarely procurable in Assam and the District Officers scarcely 
gave 11e any assistaucc mhatcvcr, nlthough the villages occnsiotlnlly met with mere ablc to  
fiunish a large nanibcr of coolics, ant1 mith propcr parwkuas thc mauzidAru would Iravc 
readily provided thcm. The difficolty of obtaining supplies for tllc camp was also a sonrce of 
delay. Tl~esc dif ic~~lt ics  arc however likely to be very much diminished i ~ c s t  season, and ivitll 
a better knowlerlge of the country and our requirements, on establishment now tmincd to 
plain's mork, thc progress in thc cnsuiug season may be confidently cxpected to be morc rapid 
and satlsfnctory. 

(16.) Thc triangulntiou in the hills traversctl the country of the lf ikir  and Ringmilr 
NAga Tribes mhonc characteristics hnvc bccu nlrcady dcscribcd by Rlr Rossenrode, as well as the 
various insect annoyauccs, to wlrirh t l ~ c  party was also subjected durir~g the last field senson, 
t l~ougl~  not to t l ~ c  samc extent. No auuoynncc mas cxpcrienccd from tigcrs and wilcl 
elephauts. 



(17.) rcry little Scrondw*y work 11nn I)rcn obtained, smoltc nntl hnze obacured tile 
ntmospl~ere from abont the n~idtlle of Janunry, mid thong11 or(-ario~~al  s l~nrp shotvcrs clenretl 
the air for a day or two, the distant penks were iuvariably enveloped in hnze and fog, 
Througl~ont the season, thc weatlrcr has been very u~~t'avornblc, therc had I~artlly been a \vcek 
of ~~uin te r rup ied  dry xvcnthcr, and at  the bcginuing of April the rains were so heavy, that, 
in  t a o  days the plnins were completely submerged. 

(18.) Thc district of Sil~sAgar in Trpper Assam is one of the l~ealthiest in the pro- 
vince ant1 11111css the rains are protracted, field ~ o r k  can he resumed early iu Novcmbcr 
with safcty. The ntniospbere is generally very clear througl~out that month nnd np  to  the 
middle of December, and I have hopes of being able to  get n large amount of Secondary 
work enrly nc \ t  scnson, soon after t a k ~ n ~  thc field, w l ~ ~ c h  I purpose doing in the beginning of 
Novem1)cr. The health of the estnblisl~ment mas on the wl~ole pretty fair. Ponr deaths 
occurred d ~ ~ r i n g  the season, two of mhich were from complaints of long standing. The party 
nrrived in recess quarters in the first weck of May. 

(19.) Mr. OJSulliran nccompninerl me from Gomhatty. Beforc taking the field he 
was cmployetl in equipping and organizing thc Native Establishment and in training lnen in  
the use of the heliotrope. As soon as Mr. O'Sullivan had fixed the station of Cl~cniibliisllo~~ 
H. S. he descendccl into the plnins and was employed on the Approximate Series. He 
srlcctcd 4 stntiotis, built masonry pillars at  two, carried about 55 milcs of trial ant1 30 milts 
of final mys, aud mas con~pcllctl to close work on the 20th of April from mant of supplies. 
Mr.  O'Sullivan's ~~rogrcss ,  ill spite of the great dificr~ltics and hartlships IIC hat1 mct ~vith, is 
vcrg good. Ilis t l ~ o r o ~ ~ g l i  k~~owlcdge of Assam ant1 its people, his dctcrrnination a11(1 energy, 
and zeal for his dutirs, rombi~~r t l  with profcnsio~~nl aptitude, render him the bcst fitted for  
conducting so ditficult aud trottblcso~l~c an operation as the Approximate series in the Assall1 
Valley. 

(20.) Mr. Bryson nccompn1ri~t11 me to Kankochan II. S. as observntol-y recorder and 
also took part in the 11rinril)nl ol)ycrvations at  two or three stations. 011 hlr. O'S~~lliva~l's 
taking np the Approximate work ill the plains, he was at first cmplopecl to superinte~~d t l ~ e  
building of one s t a t i o ~ ~  and to c:~rry a ray from GolAgl~kt 1'. S. to  M;ttl~~ig.'lon T. S.  Subse- 
qnrntly 110 was depnterl to Sec111rtlriry work chictly ~ v i t l ~  :I view of fixing all the Ilcvenue Survey 
pakn pillars on either side or t l ~ c  Hr.'lhmipatra River. Mr. Dryson from an utter want of 
energy and iutcrcst ill his duties, has repeatedly failed to c a n y  out my instructions, or to 
complete the work allottetl to 11in1. 

(21.) Mr. Harris was transferred temporarily from the Br6hm;iputra Series for the 
purpose of building t l ~ e  pillars r e q ~ ~ i r c d  on the Elutern Frontier Scries. H C  was 1nnc11 
clrlnycd by the nnusnal d e t c ~ ~ t i o ~ r  or the Asssm steamer and joined t l ~ e  party on t l ~ c  17th 
nlrlrcl~. He took up t l ~ c  n-ork assipnctl to him at once, and  although nelv to t11c country a~lt l  
the langn.xge, was ;tl)lc to mnlte Iris :rr~.a~~gements wit11 his I I Y ~ I ~ ~  j~~( lgmcnt  ar~tl ~ ~ r ~ ~ t l c n c c .  The 
cor~tinnrd IIC:I\-y ri1i11 t b r o t ~ p l ~ o ~ ~ t  tire time l ~ e  wa.q eng?gcd 011 Lis n'url< tl~r(:\v lrim I~ack 
co~~sitlcr:~l)ly, a ~ ~ d  11c c.o~~l[l only c:on~plctc two pillars aurl b t ~ ~ l t l  the fountlation of a third to a 
lrcigl~t of 1 h o t ,  l)csitl(:li PI .PIIB~~IIC: ~nntcrii.ls kc. ,  for a Ibllrtl~ s t n t i o ~ ~ .  Mr. I-larris r e t u r ~ ~ c d  to 
recess qtc;utcrs soule tiujc alter the rest of t l ~ e  pnrty, U I I  t l ~ c  28th May. 

Extract horn t h e  Narrative Report- dated 15th J u l y  1872--cf Lieutenant M. W. RO- 
OEliS, R.E., CEeiatir ig Deputy Superintendent 3rd Grade, in charge 

Bombay Party.  

(1.) Thc Head Q ~ ~ a r t r r s  lert Bangalore on the 6th Norcmher and marchc~l toGutt i  ant1 
thence by traln to Itkirlrnrc, rcacl~ing the first station of thc sc:~son, a l'cw ~nilcs nor t l~  of the 
river Kistna, on tllc 26th Norcmber. I at oucc con~n~cuccd ol)sc~rvntiorrs ~r~rrl c o ~ ~ t i n ~ ~ r t l  tl~cln 
witl~out interrnissiou nntil t l ~ c  series war brougl~t up to the sitlcs Shilapali-Cioraegat-'r~~)ko~~tln 
of Sir Andrew \Yaugh's Grcat Arc. This was conipletctl on thc 1st March. 

(2.) The conntry, throng11 which the series pnsscd this season, helongn to H. II. thc 
NisAm nntl in apparently little known or viaitctl. ~\bont  PO milca north of the k'i*tna, n rango 
of l ~ i l l ~  IUUS Prom east to vest, parallel to thc rivcr, t ~ l ~ i c h  is about l 2OO lcct above tLc sca; 



on ascending this range the country is hilly and very stony in parts, and with a mean elevation 
of 1800 feet. There are no roads and the villages kc. seem to  be gcnerally in a state of decay, 
owing, I was told, to the failure of the rains for some years past. The greatest portion of the 
country traversed was J4gir-land, held by noblemcn who reside in Haidarabad, and have appa- 
rently no care whatever for their dependcnts. I n  most of these JLgirs :the Nizkm's authority 
seems only nominal; the prcsent Minister, Sir SalAr JJRg, is howevcr improving this state of 
things and is resuming all the Jhgirs wl~ich were held for military service and are not family 
possessions. This has been done in several cases under my own notice, and the result to us 
Iras generally been-that where, under the JhgirtlLr, my assistant last year complainctl of hin- 
drance and incivility, I have been agreeably surprised a t  the dticrence nnder the ncw reyime. 
The new state railway runs across this tract of country and mill probably bring roads and a 
better state of things in its wake. 

(3.) The country to  the west of the  series is very stony ; slate of a rough description is 
plentiful and is nsed in many places for roofing, and all the villages are built of a whitish stoue 
which gives them a ncat and cleau appearance at  a distance. 

(4.) l'owai-rls Rider the whole countrp riscs again and forms a second plateau, with an 
elevation of ahont 2000 fect. Along the sout l le r~~ portron it is covered with tl~iclc jungle, wl~ich, 
together with thc f latne~s of the ground, c a ~ ~ s c d  cons~dcrable dclny and trouble in effecting a 
junction w ~ t h  thc old work a l ~ i c h  itsrlf appears to have been m r r ~ c d  ont of the mcridian in  
order to  avoid that portion of the c o n ~ ~ t r y .  Thc soil about Uitlcr is red, and ironstone 
abounds, and at Koycr and mauy o t l~cr  vrllages a goo11 deal of iron is smelted; tllcy do 
not, howevcr, quarry very much, but  use the  ironstone gravel whch  seems very rich in 
metal. 

(5 . )  On the completion or tlrc Principal Series, I took np a Minor Scries to fix the 
city of I-Inidarabatl, autl the c a n t o ~ ~ l n e i ~ t  of Sikantlrab:rd. I usctl t l ~ c  24-inch l'l~eodolitc in 
all cascs snvc onc, \\-here I was ol~ligetl to choose a very rocky and difficult hill, in place of 
the hill of (;ollconda, wl~ich I l~aA recltoned nl)on occupyi~lg. At the instance of the Resi- 
dent, my signaller was allo\vetl to makc n mark aud shew his I~eliotrope from the fort, but  when 
I arrived near thc city myself, I W:LS informetl that  no X~vopean was allo\ved into the fort o r  
cver had been, so I was ol~ligcd to select a new point. Save the Clhr  IbTinhr, a large building 
a t  the jnnction of t l ~ c  main streets, there arc no prominent 1)nildings in the city itself; the 
Mccca Rlasjid, tho~lgh a well built I~nridsomc I~uiltli~lg, llaving no minarets of any size. This 
Scrics was finished on the 6th April. The nrs t  portion of the revision was 100 miles north 
ant1 the seathcr had hp this time hecome very hazy and hot, so I determined to march back 
to  Gulbnrgali which I reachcd on t l ~ e  14th. 

(6.) 1 thcre placed the tl~codolite, tents kc. in safety and proceeded by train t o  Banga- 
lor, which I reachcd on thc 20th April. 

7 The principal work of the field scason 11a.u hcrn as undcr ; - 
The wries l ~ a s  I)cen advanrcd 86 milcs nntl conrplrtrtl. 56 angles have bcrn ohaervcd at  

I6 Princ:ip:~l Stntions f o r m i ~ ~ g  the northrrn portion of a tloublc polygon, one doul~le polygon 
and tlre larger portion of a do~r l~ le  polygon and con~pound f i g ~ ~ r c ,  wllicl~ forms the j u n c t i o ~ ~  of 
t l ~ c  two scricg ; the ~ r l ~ o l c  cf,vcrs an arcn of 3099 sclllare rnilcs. An IIZ~IIIII~II was observcd a t  
Kotlangd S., nnd 4 Zc~~i t l l  distanec stations fiscrl aro1111tl fill. Cnl)t:li~~ Hcrscl~el. 34 S e c o ~ ~ t l a r ~  
a ~ ~ g l e s  nt 2 pri11ril)nl aild 8 sc.contlary stations were ol)scrvcd, o n  t l ~ e  IIaitlnral)atl Scries, wit11 
t l ~ e  2.h-i11cll Tl~collolitc~, covering an arca of 832 stlt~:ve milcs. (All Secondary and I~~tevsccted 
poiuts, obscrvcd by the party, wcrc fi .icd ill l ~ c i g l ~ t  as acl l  as position.) 

(8.) Aneroid Tlarolnctcr ol~servations for l~cight  have bcm cnrricd on regularly thror~gh- 
ont thin nnd the Ilkst ficltl sc.nso~~ w11crcl)p tllc hcights of all thc lrills on whiclr the stations 
are, ant1 hnlting gronntls, I~avr I)rrn tiucrl. 'I'l~is scasoli t l ~ c  hcigl~ts of I~ills have bcen take11 
I)y simnltancoun oh~crvntions wit11 two nncroirls, a mctl~otl of very fair nccuracy. I have the 
11onor to for\rard I~crr\vith n list of heigl~ts ill tllc srrics from Ilangnlor to  Bider and I-laitlara- 
I)ad, containiug two l i ~ ~ r s  of ].oat1 ant1 numerolls places in thc tlistricts. 'I'l~e hcigl~ts from 
Bangalor to (fntti,  wcrc tletcrmincd by simnltaneons ol~ser\~ntions. Captain Iierschcl arranged 
to plnrc his nsaistant and I~:~ron~ctcr  nt my rlisposnl and I ~ n w c l ~ c d  to Gutti, myself one stage 
in ~rdvnnrc, 1~11ercl)y daily simnltanco~~s diticrcnccs wcre taken, thc haromctcrs being com- 
pared cvcry evcuiug. Thin armngcmcnt ~ r l ~ c n  practic:ll)lc sl~ould be vcry fairly corrcct. 
I sh:~ll he ol~liged, sho~rld this table of hcial~ts he printed, if a fow copies of the table be print- 
ctl ncparatrly and forwarded to mc, as mysclf and Major Uraulill ofteu rcccivc applications for 
heights iu Rlysor &c. 



(9.) At the instnnrc of t l ~ c  Rcsirlnlt, 14a1nsnl)dArs were nppointed by IT. H. t l ~ c  NizimPs 
~ovcrnrncot to arcompany the ramp of mysc:lf a~rtl Mr. l'ricc. The one for thelatter gentleman 
dill not npl)cnr, but to nIamsabd!Lr M11hamn1ad IhiyAzuddin KhAn and his scpoys who accompanied 
mc I an1 much i~~dcbtcd ; \vithout their aid, I sho11ld inevitably havc been delaycd, and possibly 
have bccn hronght into unpleasant collision with the employes of the JAgirdArs ; as it was, 1 had 
very little troal)lc. My best thanks are due to the Resident and H. I-I. the NizAm's Minister for 
thc help thcy rcudcred to mc. 

(10.) Mr. Pricc was employed in selecting ant1 building stations on the Approximate 
Series; 11e sclected G and bu~lt  13, bcsidcs sclccting 8 Zcnith distance stations for Captain 
Herschel. 1 have allnded to the difficulties of the junction figure, which neecssitated a high 
perforated pillar station with a wooden platform for the observatory tcnt. Whilst sclectirlg and 
boilding near Nander on thc Sironj-Bider section of the Arc, his camp was attacked by small. 
pox and 1 am sorry to say he lost his wife ; he himself snffcred severely at thc same timc from 
fever, and I therefore directed him to rejoin me at Golbargah whence he proceeded to  
Ijangalor with the Head Quarters. As usual his work hm bccn good and he has spared him- 
self no excrtion to carry it on ; he is a very praiseworthy and able assistaut. FIe has had the 
e~itirc selection of the Scries, and I trust that on the completion of his 9 years service he may 
I c  promoted. 

(11.) Mr. Bond workcd at and completed thc Kadapa (Cuddapah) Minor Scries, he tri- 
angl~lntctl a clircct distance of 90 milcs by 11 tr ia~~glcs covcri~~g an arca of 1124 square milcs, his 
instrument was a 10-inch Theodolite and his average triangular crror 1.36 seconds. In  addition 
he fiscd 33 intersected poiuts and oloscd all thc stations of his initial sidcs. After finishing at  
Kaddapa 11e marched to Karnlil and began a short scrics to co~inect that place, but his 
hcalth gave way under the exertion and great heat and he mas ordercd by the Surgcon of 
Karnlil to rctnrn to Bangalor. I have already commnnicated -4th you on thc statc of l ~ i s  
health, \vhiclr has been sercrelp tried in the department. The quality of his work speaks for 
itsclf nntl I am entirely satisfied with it and that hc has morkcd to thc utmost of his power. 

(12.) Mr. Torrrus accompanied mc as recorder for thc first six wecks, during which 
timc he instructed Mr. Oltll~am in his work; hc thcn wcnt with Mr. Price and sclcctctl alrd 
I~uilt a principal station, aftcr this he prcpared the IIaidarabad Serics; I then sent him to 
Captain Herschcl undcr \rhosc directions llc marched north ant1 selccted 3 stations for Zcnitl~ 
distance ohscrvations nnd also reconuoitcrcd the country with a view to chtmsing stations for 
rloi~bling thc Great Arc at that point. This year has bcen his first at any independent work 
and I sce no reason to alt,er my favonrablc opinion of him. I-Ic has llom scrved his time for 
promotion \vliich I trust he will get when a vacancy occurs. 

(13.) Mr. Ifr. Oldham joined the dcp~rtrnent in October, from Bishop Cotton's Scllool 
at  Bnngalor where he had becn acting as undcr Master; he l~ils bccn with me as rccordcr 
during the season and worked well and obtained all thc nccessary knomlcdgc in dcpartrncrital 
forms. At the cud of the season he closed 3 stations indcpcndcntly and has altogether gircn 
me satisfnction. 

(14.) During thc last recess, one douhle Polygon, onc Pcntagon and onc Azimuth 
werc compntcd, togctl~cr aith all thc Secondary work, hriugiug up thc Scries to date. 



Heights in Mysor, Ballkri (Belary,) Kadapa (Cuddapah) and the Nizcin's Dominions. 
r Bombay Party. Seasons 1869-70-71-72. 

' 

I3angalor ... 
Nellamnngalam ... 

... Sompur 

J 1 , 2  .- 
d 

Agraharnin rillngo 
Maddagiri villngo ... 

Do. H .  S. 
Maddhgaisi village 

Do. Drug ... 
Mddak Sira villngo 

Do. Drug 
Raddam villago ... 
Pennakonds ... 

T)n. H . s  .... 

.- 
b - 

- - 
Hinrlupur ... 
Yerrakondn R.S. ... 
Innnglur H.S. ... 
Mitiapalli villngo ... 
Hdsurbctta H.S. ... 

N m c  of Ploco. 9 30  Rcmnrks N I ~  Dcsc~iptions. 

F 

Do. village ... 
Ambaji Drug Z1.S. 

Do. villnge 
Mnulili Drug H.S. 

Do. camp 
Suntnpur village ... 

... Paugarh H S. 
Do. village ... 

Chikipilli village 
Kamaltonda Drug ... 
ICumbadilr village 
Dasrntnpilli villnge 
ICalliii~ Drug H.S. 

Do. villqo 
Dnrnudclbetta H.S. 
Urakonda H.S. ... 

Konclnpilli ~illnge 
Do. H.S. ... 

Ha111hr villn:c , .. 
Dnvorlroudn 1I.S. ... 

Do. rnmp ... 
IZudligi villnge . . .  
Udcrpi Drug villngo 

Do. 1X.S .... 
Zenith clistancc station 

. . .  llonCr 11,s. 
Oaddnkal villago ... 

Do. R.S. ... 
Aminapalli village 
(:unrlnkul ... 
Ballhi Fort .,. 

Do. Rnil~vay Station 
Gutti -. 

... Do. Driiq 
Natnthal,nd S. ... 
Kadripilli rillngc . . 

2989 Barometer Cistern in C i i l  Hospital. 
2905 Orouud level a t  Traveller's Dungdow. 
30.50 Ditto ditto. 
2681 Ditto ditto. 
3883 Trigonometrical mark on hill near Tnmkur. 

13y bridge ovor Suruarnuk River South bank. 
2462 llnad outside gate on s i ra t  r o d .  

On corner tower of highest fort on dru 
On Paugarh r d d  oppositc Police t h i n k .  

3376 Highcst point of hill. 
2 1 7 3  OII Paugarh road iu tope beyond T o m .  
2936 Col. Lambtou's old stution mnrlr. 

I n  tope S. of rillagc. 
In  tope outside wall8 closo to Bangalor road. 

3091 On stone on the highest portion of fort. 
2069 @ on Templo N. of T o m .  
a820 2 tniles Wcst of Cutti road at  G9th milestone. 
2900 IZadapa Dintrict. O on sido of hill. 
1929 Village Wcst of Innnglur, in tamarind tope. 
3341 A little Wcst of Gutti road at  16th milestone from 

Bnngnlor. 
2994 
43.99 O on high hill 2 t  miles W. of Chin tam~ni~e t .  
2989 Tope N, of villago a t  foot of hill. 
3610 On road from Pedda B d n p u r  to Hindupur. 
2 56% At 11th milestono from Pedda BaUapur. 

miles N.N.W. of Doduirmanga. ;:" 1 %I Sult ;~ia  Battery in Drug, 
2062 1 On high road bclom thc drug ; outside villago. 

; 14 miles from Pauprh  on r0.d to Riidrug. 
3537 High hill $ mile East of road. 

18 miles from Faugarh on road. I 27 ditto ditto ditto. 
2383 O on platform in fort, E. of village. 

35 nliics from Paug~rh.  Tope E. of village. 
2434 2 iniles N. JV. of Kalliin village. 
2193 1 milo East of Gutti-l~angelor R o d  a t  the 105th 

milcstonc ; near Clrinnn Kotapilli rillago. 
17 n~iles froin Chiuna Kotnpilli on the road from I Dnrmavcram to Kalliin Drug. I Camp between Hill m d  Villagc. 

3 milrs S. \Ir. of villago. 
1 u~ilc N. E. of village on olcl I3allil.i Road. 
C'atnl) N. of village in tamarintl tope 22 miles from 
U:~ll:iri on tlic Outti 1tondOGouernl Cullen's height 

1,120. 

Cnmp on road 9. of tank. 
O nu roof of railway stntion. Gcnl. Cullcn's 1500. 
l3nac of Flagstaff' iu chief bnttcry. @ 
Ilailwny levcl~. 
Towu ; at  cc~netery foot of clrug. 
Highcst point. 
Trijionometrical station 3 miles S. of Gutti. 
Camp 3 miles N. of Nbgrisamttdra rillagc. 



Heights in Mysor, Balldri, Kadapa and the Nirlm's Dominions. 
Bombay Party. Seasons 1869-70-71-7!2-(Continued.) 

Neme of Plm. a &emarb and Descriptions. 

- 
Boglemaurkoudn H.S. 
KondBniw village ... 
Pnurndi H.S. ... 
Yninignmnrri village 
Sudhpnlli d n g e  ... 
Kottur villnge ... 
Kntomornj H.8. ... 
Sl~itabnnds village 
Bandimnddapu vdage 
Pulikonrla H.S. ... 
Hospetta villnge ... 
Gongondla village 
Kerra Bollignl H.8. 
&inhnnd~di village 
Adoni Drug H.S. ... 
Mnlliabd H.S. ... 

Do. villnge ... 
Dnrrur H.S. ... 

Do. cnnip ... 
Natidi~ia  village ... 
Kotipnlli H.S. - 

Do. cnmp ... 
Cbintalikinta H.S. 

Do. d l a g e  
Janiknlu H.S. ... 

Do. camp ... 
Kinikermy villnge 
Yedngiri village ... 
Bima Biver ... 

Ditto ... 
Nniknl H.S. ... 

Do. village ... 
Yedngiri Drug ... 
Gannfipor villnge ... 
Nn~iiopet  village ... 
Muktul village ... 
hphhgat  H.Y. ... 

Do. camp ... 
Y ~ l d d a p u r a m  village 
Undurke village ... 
Korlnh ~ i l l age  ... 
Hudnzi Y. ... 
Andnki ... 
Nellsqet H.S. ... 
Hnbbaopolli ~illnqe 
Chittnpnlli villoge. .. 
K o d ~ m ~ ~ a l  S. ... 
~ u s h g ;  ... 
Worval ... 

... Antnwaram 
Porllnmngat 11.8. 

... Kusmasamudram 
Tnndhr ... 

... Onnnipur H.9. 
l n d i ~ r   illa age ... 
Danvid ... 
Anantagin H.S. ... 
Kerarnlli ... 
Koatpulli 
Mothakapalli H.s:' 

Do. C-P 
Bechinapalli ... 

Q on top of bill. 
Camp in tope N. of village mile W. of r o d .  
Flat top ed hill close to Ba~igalor-Gutti R o d .  
t mile $ of villnge nnd E. of Karnirl-Gutti road. 
Cnmp b tank 2 miles E. of E a r n u  r o d .  
Camp d of vdnge. 

@ on solid tower 16 feet high. 

Highest point of low rocky hill. 
HiU S. E. of village of Kerra Delldgnl. 
Camp on bank of tnnk W. of vill.nge. 
Trigonometrical O 
Hill 4 miles S. of Htiichnr. Nizim'a counh-y. 
Camp on n knoll E. of village. 
In  Geddi\val Khja's territo1.y. 
N. foot of hill ditto. 
Camp in palmyra tope E. of villnge. 
4 miles N. of Kistun Ri\-er. 
Half wny between liill and village. 
l u  Deohug Gluk 8 miles S. of the I<istna. 

Tn Mnnwi tiluk 9 miles N. of the TongAbudra. 
Close to hll,  opposite side to villnge. 

G. I. P. Railway Station is 1:  miles W. 
Naiknl Ferry. Water Ic.vcl in Deceinbcr. 

I 
Ditto on West bank. 

Higlient Tower. + tnile E. of tillage. 
HJja's y ~ r d e n  N .  bf To~M. 

( Roof of highest house. 

1n11e S. of Trivnll~q)ur villnge. 

I Camp cloae to Nortb of village. 

Cnmp half way between hill nod villnge. 
In tope on r o d  S. of \illage. 
011 rlain* rror~nd 2 milca N of villngo. 
Tope N.-o? 'roam 011 road from Kod~~ngal. 
; mile \V. of large tnnk and N. ofrond. 
N. E. of village. 

Close to Tillage on S. side. 
Eaat of villnge near tomba of Nizlm's officers. 

Clono to West ~ i d e .  
Tope E. of village. 

b mile N. clone to hill. 
Foot of high Tower in village.. 

I N. E. of village. 



Heights in Mysor, BallEri, Kadapa a n d  the Nizm's Dominions. 
B o m b a y  Par ty .  Seasons 1869-70-71-72--(Continued.) 

Name of Plm. Remarh nnd De~riptionr. 

Kandenmarrei T.S. 
Bihilpur ... 
Womekonda H.S.. .. 

Do. camp ... 
KdpQnagar ... 
Shilapali H.S. ... ... Pedde Chilmnira 

... Gomegat H.S. 

... Do. village 

... Topkonda H.S. 

... Qazulgida 
Kothapalli ... 

... Cheballah H.S. 
Bakawarnm ... 
Gaganpal~ir H.S. ... 

... Do. camp 
Hnuainsavalli DargB 
Golkonda Fort ... 

... Durgipahbr H.S. 
NaubatDahQr H.Y. 

... Do. camp 

... Mulkagiri H.S. 

ChPr Minir ... 
Cl~~rddargbht Ch. ... 
Balbrbm ... 

... Kisbnra H.S. 

... Do. cnlnp 

... Ixchmhpur 11,s. 
Nizhmpet village ... 
Sndulnaear ... 
~ ~ l l d n ~ s  H.S. ... 
IJmdanagnr ... 
Undol ... 

... Tadmanfw H.S. 

i Lower mark, ground level. 
Large tope 1 mde S. of village. 

S. of hill. + mile E, of village on Bider Rond. 

I Tope E. of village and N. of road. 

I Foot of hill, village aide. 

Camp N. of village. 
By stream in tope E. of village. 
O on lorn hill W. of temple. 
In plantation E, of village. 

I n  tope near road 6 miles from Haidnrabad. 
In  tope, N. of road near Golkonda tomb#. 
O on rock in fort. 
On range of low hills N. of Golkonda. 
Small hill between Haidarnbad and Sikandrsbad. 
9. End of Husnin SQgar tank. 
Low hill 1% miles N. E. of Lancer lines Silian- 

drabnd. 
Balustrade ; top of minaret about 66 h o t  higher. 
Basement of pinnacle. 
Resident'a flagstaff, lower croee piece. 

I N. 
of village halfway to hill. 

Tope 6. of villngo. 
I n  tope W. of r o d  and S. E. of village. 

East of village. 
Topo 6. of T o m .  General Cullen 1709. 

The High road from Bangalor wid Gutti-Adoni-Rdichur. 

Bsnrralor ... .... 1 3 13 I 1 Roof of obaervstorv a t  S. E, end of BnaeLino on 

Davanhelli ... ... 
... Cliotn Bnllnpur ... 

Pntnsamudram ... ... 
anntmarpalli ... ... 
Palsamudram ... ... 
Pennakonda ... 
C!l~inna Kotapilli ... 
(T)nrmlrveram) ... 
MarGr ... 
llundi Anmtapur 
Gnruldinni ... 
Ycggnwopalli .. 
Clul.ti ... 
Jonagiri ... 
Pattikonde ... 
Adoni ... 
Hulikanha ... 
Tonghbudrs ... 

Gutti r o d .  * 

Ground level of bungalow compound. 
Ditto. 
Ditto. 

Vnrnndn level. 
Qround level. 
In  tope near old dik bungalow. 
nangdow corn wund. 
Levc.1 of grouub nt O I ~  (OM ,=,,ad.) 
Bungalow cou~ponnd. New road. 
O on *(ehswldnr'n home in town. 
In tope close to old bungalow. 
Rond bridge parnpet 15b miles from Gutti. + mile 8. E. of railway station. 

Camp close to fort wall on N, side. 
Camp in tope close to foot of drug. Genl. Cullen 

1395. 
15 miles from Adoni. 
On N, bank E. of road. Hnidarnbad State. Qenl. 

Cullen's height of Madaveram on S. bank 1089. 



Heights in Mysor, Balkhi, Kadapa and the Nizrim's Donzinions. 
*Bombay Party, Seasons 1869-70-71-72--(Continued.) 

Name of Plsee. 

m e  Road from Sikandrabad lo Gulbargah. 

Tho Aneroid H c i g h t ~  of Trigonometricnl pointcl, though given for the snko of compurison, have 
not bee11 uned. E;rch Aocroid Hcieht, [excel)t iu the railway he i~b ts )  is n mean dcrivcd from two 

Rdichur ... In RIjn's tope betmcen rail and fort. 
Kistne River ... ... South bank. Generid Cullen 1129. 

2 
8 
a 

f 

1 
'g 
! 3 
gm 
& 

Sikmdrabad ... ... 
Pnttnncherru ... ... 
Kundi ... ... 
Sedishipet ... ... 
Kumkonl ... ... 
Burra Yekali ... ... 
Cherrakpilli ... ... 
Mungulghi ... .. 
Hominabad ... ... 
Kini ... ... 
Korkotah ... ... 

... Gulbargah . -  

. . .  7 - .  
adjacent Trigouomctrical ~ t n t i o n s . ~  

All these heights nre derived from observatio~ra taken with two gold band A~lcroid Bnronietcrs (I)y 
Cooke nod sons) nt 9-30 A.M. nnd 3-30 P.11. 

The ol,servntions were corrected for instrumentnl crrors nnd nlso for dnily vnrintio~i ; tlria lntter 
quantity being derived from the fixed AIercurid Barometers n t  Bungalor, Knrirlil arid Siknl~drnbad 

Remarks md Dosmiptione. 

Rsrnarke. 

U.I .P .Le~e l1163 .  (f.T.Survcylieiglt1146. 
Bed of river. 

Bridge level. 

Trigonometrical height of station roof 1432. 

Name of plscs. 

E.g. To ohbin tho  height of Klldli~i riUnge 
Heigl~t of Pclrrpi Drug B.8.. 1726 Beigl~t of nnrerhonrlt~ I1.9., 1.940 
Observed dilTerence of heieht - am Observed diarrrnce of hcirllt - 610 

Aneroid Lwels taken in the train from Gulbargah to Gutli, conyared wilh Madras Railway 
values, the latter being level of rail. 

- -- - 

ffulbargnh Station ... 
Sbihabnd ... ... 
Yedngiri ... ... 
Kistna River ... ... 

Ditto ... ... 
ChikeGg6r Station ... 
RIichur ... ... 
Alat~nnrri ... 
Tongibube ~ i r e r '  ... 

Do. Station ... 
Kusgi ... ... 
Adoni ... ... 
Nuncherleh ... ... 
Gundukal ... ... 
Gutti ... ... ... 

- - 
1 s t  renull 1335 2nd rrs~~lt 1330 bIrn11 llcigl~t 1333 

The ni lnay bciglrts acre tnkcu at all Ircnia of thc 3ny and night, and hourly vnriatiolre npplictl. 

Cistern of BorometorinMeteorologicnlobservatory. 
Bungalow compound. Genl. C d e n  2062. ? error 

Ditto. 
Ditto. Genl. Cullon 1825. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto Rond branches off from Sholapur r o d .  
Ditto Close to  Miilimari River. 
Ditto do. Binathora Kiver. 

Cnmp at  135th milestone. 

1791 
I757 
1757 
2054 
203.5 
1980 
'943 
2030 
1864 
'439 

I 791 

1758 

1351 
1171 
1104 
1044 
1130 
1281 
1185 
1050 
1061 
1211 

13.50 
1550 
1412 
1193 

r456 1 

1488 
1.306 
1194 
1139 

1 1 7 1  
1311 
1206 
1081 

1236 
1364 
15.53 
141 I 
1203 



Extract from the Narrakive Report-dated 15th July 1872-of Major B. R. BRAN- 
FILL, Deputy Superintendent 2nd Grade, in charge of the *Madram Party. 

(1.) The Madras Party under my charge had not entirely recovered from the previous 

Rccesa Season onded 1st November 1871. unhealthy field season, allen, the first burst of the  
N.E. monsoon being over and the computations 

complete, i t  mas possible to  take the field on the 1st  November 1871, but bad weather detained 
us till the 10th of that month. 

(2.) I may here mention that  the computatious of the previons ficld season's work shewed 

Reputed highest hill in Southem India. 
tbat the point ~ lne imudi  (a high peak in the Anci- 
mallei I~ills) was no less than 8,837 feet above the 

sea, 195 feet higher than Dodabctta in the Nilgi-ri hills, hitherto supposed to  be the highest 
point in Southern India. 

(3.1 l l v  iustructionsmere to  lcave the Southernmost Section of thc Great Arc on which 
\-  3 - - "  

this party hat1 becu engngcd for three or four seasons 
Party qoits the arcat Arc (Revision) to complete preriously, anti to talce up tile renlaiuiug triangula- tho trinngul~ttlon llenr bhoyhlr. 

tiou of the AIangalur Longitudinal and Meridional 
Series, about 110 to 120 miles on each-probably tmo seaso~l's work. 

(4.) The Approximate Series of the ahole was stated to be complete, with the exception 
Entire Approxio,oto geries olrendy completed, of two statious ahout thc point .of junction near 

lIangalur ; but only fire stations in advance of the  
side Nuglialli-NArAyan Drug (obscrved in 1867-68) mere built. I mas furnished with charts oE 
the approximate scrics, and descriptions of the five stations built. 

(5 . )  As soon as the weather permitted, on the 10th November, the party left Bangalor, 
and reached Nugl~alli on the 17th aud 18th marcl~ing in tmo partie3 for the salte of observing 
a Baromctric Lercling tmvcrse, by mcans of corl-espondiog simnltaneoas observations with two 
pairs of Aneroids-thc result of which, notwithstanding the unfavoralllc state of the weather, 
proved highly satisfactory, the closing error bcing only about 7 feet. Baromctric obscrvations 
mere also takcn daily t l~rougl~out  the scason at  10 ,i.ar. auil 4 r.ar. by the main party, and by 
two of the assistants dctaclicd. 

(6.) At the commencement of the ficld scasou I made the following disposition of the 
party. 

I mysclf rcmaincd with tbe main or ohserving party to take the Principal observations 

Disposition of ynrty. until Licutc~~arl t  AIcCullagl~ should become sufici- 
ently practised with the 24-Inch Thcodolite to cou- 

duct the work nloue. I then p~wposcd examiniug the A p l ~ r o ~ i m a t e  Scries in atlvance, and after 
that  to set up the sclf-registcriug Title-(;:luge at  RIangalur, ~vliicll h:td been named as n 
Tidal station, lcaving Licuteuaut RlcCullngh to complcte the final observations with tlie 24-Inch 
Theodolite. 

Mr.  Mitchell mas dircctcd to complctc the Ammcdikal polygon, of which two stations 
remained for selection, and thcn, in accordance with my instructions to select and observe R 

series of triangles extending along the coast south of J l a ~ ~ g a l u r  as far PonuBni in  latitude 
10" 4,8'. 

Mr. Norris, whosc health mas still bad and unablc to bear the trying weather we now 
experienced, viz., cold wct nights wit11 strong dry and hot N. E. winds by day, I dircctcd to  take 
up the station building in tlie low country to thc \trcst of t l ~ c  Gh:its, and afterwards to assist me 
at  Mangalor, whilst RIr. Potter was scut to build the stations nbosc tlie G l ~ i t s  and northward 
up the Rleridiolial (Approsimatc) Series, and Mr. Lascroll remained as Office assistant and 
Observatory rccordcr with thc mniu party. 

(7.) At Nughalli H. S. I obscrved an Azimuth to 8 Ulsac IIinoris nt Wcstern Elonga- 

An Azimulll ohservcd a t  Nugltnll~ ll 8. 
tion ; and 51 (1Icv.) Ccphe~ nt Eastern Elongation ; 
which, owing to  raiuy ~ n d  cloutly wcathcr caused 

a dclay of fonr dnys. The rcsnlt of the obscrvatious sCe\vs thc ~ o n ~ ~ ~ r ~ t c d  A i i n ~ u t h  as bronght 
down from the Calcutta Basc to bc 31.774 too grcnt, or t l ~ c  ollscr\.ctl Azimutll in dcfcct 3".TT-1, 
the dimcrence l~cing in the samc direction as, but grcatcr in amouut t l ~ a u  that yrcviously ob- 
tnined on this Scrics. 

(8.) A furthcr dclny of scvcrnl days occurrctl, by thc signal party sent to  orcilpy t l ~ c  

Dvlnys. 
grcat Pashpngiri 11,s. (the " Soobl .nn~~t~~ny 1Iill" o f  
Atlas Shcet No. 43) bcing n~islcd, und a l t c ~ u p t i ~ ~ g  to 

ascend from its iuncccssiblc sitlc. 



(9.) But  a more serious delay was met with a t  S4tnnhalli H.S. the central atation of the  

Fnilare of Approximate Scries. 
first polygon, where, after some days fruitless efforts 
to  obtaiu a signal from D6s;ini H.S., the N. flank 

stntion, the ray proved impracticable, being obstructed by a large portion of the top of an inter- 
vening hill. I selected a new point on the Dfrsfrni p o u p  of hills, fortunatcly without much diffi- 
culty, leaving Lieutenant McCullagh, who by this t ~ m e  was quite able to carry on the observations 
alone, t o  measure the new angles ; but this failure of the Approximate Series cost us no  less 
than 10 days of the best weather for observing. 

(11.) The principal observations were carried on without further hindrance than that 

Difficult couutry. 
caused by the forests and mouutairtons country 
of the Mnlnhd and Western Ghbts, in  which clouds 

and heavy mists frequently obscured the signals, and the distances traversed between each 
rtation were very great, occupying eight days on the average, and as many as eleven and 
twelve days in  two cases. 

(12.) About the end of January whilst observing at  Pushpagiri H. S., Mr.  Potter 

2nd failure of the old Approximate Series. 
reported that the Approximate Series had again 
failetl in Kudurei-Mukh H. S., the first point common 

to  the Longitudinal and Meridional Series, and that  his station building was at  a standstill until 
he should receive fresh instructious how to proceed. These I sent him immediately but 
owing to the great distances, nearly three weeks elapsed before 11e could resume his duties. 

(14.) I n  view of the somewhat small and ill-conditioned figures provided, and think- 
ing that the  lumber of the stations must be reduccd 

Mr. BfrQiu's plan Series obnndOnedl nud to ~IISIU-e the completion of this triangulation proximate Series recast. 
nest  scason, I detcrmiltcd to remodel the serics 

i n  advance, by throwing bnck (eastward) the side of jiluction ant1 selectiug a figure to the 
North-East of Kudurei-111rkh above the Ghkts, that  sl~o~tlrl as it were, "cut off'the corner," 
leaving Alangalur to be fised hy an independe~tt quadri1;tternl figure, wllicl~ (latter) l~owever 
ltird to be abandoned during the observations for two single trlattgles, tltc greater diagonal 
beiug too long for ol~ser\.atiot~ a t  that scason of the ycar. The cour~try being rugged and 
roadless, I proceeded ou foot from K t ~ d ~ ~ r e i - l [ ~ l l t l l  to csamine i t  to the N. E., altd suc- 
ceeded, with Mr.  Potter's assistaltce, in sclcctirlg t l~ree  new points of a figurc by which 
I hope the series will be improvcd and abridged, and rendered cayablc of complction ucr t  
season. 

(15.) As the season was now (nt the end of Fel)ruary) far advanced I snspendcd t l ~ e  

Approximute Series operotiona endod. Al~proxirnnte Series work, autl, I~a\.ing direcled 
Mr.  l 'ot~rr  to 1)11iltl tltc r e n l n i l ~ i ~ ~ g  stations, aud to  

close ant1 deliver to the civil atltltorities t l~osc visited alttl til~ully ol)servetl at this season, I 
proceedctl to AIa~tgalur for the Titlal ol)erationg, after satisfyiug myself regardiug the con- 
nection of Afaugalur pillar statiou w-it11 the main Scrics. 

(16.) Mcanwl~ile and till the end of the senson, l ientenant  McCullagh with the 

-, - - - . . - -. .. - . , w ~ , a t l ~ e r  setting in. At U:~llan~:tllei, the sonth- 
westernmost flank station, he was detained 15 (lays, at 1ln1111cclik;tl (central station) 18 days, 
and at  Kudurei-Rfrlkh 25 davs, u11ti1 the lot11 Mav. wlten. u t11crc was 110 l~onc of com~)let- . - 
irtg the ol)servatio~~s before tlle bcgin~tir~g of t l ~ e  '~no~lsoo~;,  11e cloncd the aens;)nJn obseAing 
and marclted to Raltgalor, wl~ere the party arrived olt l l ~ c  28tlt May, ltaving suffcred much 
latterly from fever. 

(17.) I had ins t r~~ct ions  to set up one of the new srlf registering Title-Ganges by Adie 
London, a t  Mangalur, wllicli I accordiuglv r)rocceded to (lo. I found the rivcr (Netravati) - -. 

'IMd operations at Msnplur. nlilch runq nortl~ward past the town of ~ a n ~ a l u r ;  
~cparatcd from the open sea for screral miles, by 

l spit of sand varying in width from 100 to 4m yards, and 1 0 o r  12 feet nhove sea level In 
the higl~est parts -1 icarnt that this spit hail 11cc1; ententling northwards steadily for many 
years, driving the river mouth nntl har continllally before it. The older parts of the sand spit 
were covered with a of sea piuk and many other plants, and were apparently vcry firm 
and not liable to shift. Some years since, a brcach was c.zt in the spit to allow the river to enter 
the sen a mile or no short of its mouth at that time, and rathrr al~ove (south o f )  the town : but 8 

very few tides sufficed to fill up the gap, of which now therc is scarcely a trace to bc fountl. From 
this and other local iuformation, there seemed good reason to  suppose that the sand spit 
might be considered more than sufficiently permanent for a year's tidal operations. 



(18.) As I could hcar of no better place on the coast nearer than KArwBr (or 
Sadbhighar) which is beyond the limits of the 

A Tidd obaonoW' dccidcd 011 and b c ~ W  triangulation remaining to be done, I dctermincd 
mssonry well sunk. to  make the attempt to establish a Tidal observa- 
tary here, altl~ough there was some room to  doubt of success ; a l ~ d  accordingly I sank a masonry 

in the l ~ i g l ~ e s t  part or ridge of the sand spit, where it was 12 feet above sea level 
30 yards away from high water mark on the beach, about a mile south of the river 

mouth, and nearly opposite the  town of Mangalur. 

(19.) The sand was very firm at  a small depth below the surface where i t  was slightly 
moist, but  exceedingly " quick" at the pcrmaneut water level below, which I saw reason to believe 
to be considerably higher tlrsu mean sca level. The wcll was beg~iu a little above this, and sunk 
by emptying the saud co~~tinually from its bottom, and adding to its height, until there was 
always a depth of G fcct of watcr o r  more in it, and 1 0  feet of masorrry above high mater 
mark. 

(20.) Communication wit11 the open sea was now established by means of wrought 

Commumcatlon nitll cetnb,lallcd. iron gas piping, of out inch bore, with a copper 
perforated nozzlc, estendiug 4.0 or 50 feet beyond 

extreme low matcr mark of spring tides illto 4 or 6 tect of water, the otlrcr cnd being intro- 
duced into the wcll at  about t l ~ c  mcau level of thc sea, wliicl~ ~vas  thc lowest that  could 
be mallaged even at low water, owing to the wash of the wavcs and the persistent high 
lcvcl of thc mater standing in t l iesa~id spit. A syphon end extending to the bottom of the 
\\,ell having beell added to the inucr end of the pipe, i t  wss fouud that  although the 
commui~ication with thc sca was apparently free enough about high mater, at  low water 
tlle pipe was iuadeql~ate to cmpty the well more rapidly than i t  filled by percolatiou from 
the sand bclow. I t  was necessary therefore to introclucc a matertiglrt casc or cistern tha t  
should only admit or delivcr the sea matcr I)y mcans of the pipe. Tlris proved RII cuceed- 
ingly dificult task, more especially so as the scason of p e r p c t ~ ~ a l  rollers from the South-Westward 
and a hcavy surf on the coast had set in by this time, (the beginuing of April) and prevented 
tlrc removal of the pipe in order to let down the rase entire. 

(21.) After one or two trials 1 succcetled in securing a water-tight case of wood . , 
A antortigllL or cost ol. introduced. (1.0) ten feet in depth in tllc -required position 

w ~ t l ~  the pipe standing. This occupied the time 
till thc end of April, and the rcsult appeared to be satisfactory, but being near the time 
of neap tides the range of the tide n7as too small to  tcst the efficiency of the arrangement 
tl~oroughly, when, rather suddenly, t l ~ e  free communication with the sen ceased; the water 
having shoaled and covercd the sca end of the pipe with about a foot of sand. 

I found that water would still flow out of t l ~ c  cistern frecly, but  that  cven with 

T l ~ a  pipc chokcd by deposit or sand. a rousider;~ble hcad of water outside i t  mould 
scarcely flow ill at  all. 

(22.) By this time a masonry platform with dccp foundations had been built to support 
Mnsonrg plnLform cornpletcd and sclCrcg~rtcri~~g the iron bedplatc of thc self-registering Tidc-Gauge 

T~rlc.Gnugo act up. to bc set up, a small thatcl~cd hut  o r  observatory 
crcctcd, aud the instrument at11 clock put in position rcady to start. 

(23.) Thc sevcre ~ a l c  of wind from the W t c~  N. W. doubtlcss connectcd wit11 the devasta- 
\ ,  - 

Dnlnngc by scrcrc gnlc or IsL 2nd lfng 1872, ting storui which occtlrretl at  hfadrns about the same 
time (1st and 2nd May,) now took place and consi- 

dcmhly altcrcd the shore line, nrasliing anray much of the sandspit almost up to the observatory 
and wcll, and shoaling the watcr for somc distancc out to sca. 

(24.) The scason of high surf was UOIT too far advancctl to do anything further, andnot- 

Tidnl opcrntione closed. ~vithstancliug the statement tlrat thc alteration 
of shore line and sea 11ed was very unusual, i t  

accmcd bcst to pack avay thc instrument safcly nnd dcfcr furt l~cr  operations till the close of tlre 
monsoo11. 

(25.) I rcgrct to add that t l ~ c  unusual violcncc of the monsoon hns mnde furtlrcr encroach- 
Furlllrr~,nnlngo nlld rclnorolol.obacrrnkory ll,lt, 

mcnts, and t l ~ c  Rscc~ttivc Eriginccr to make sure of 
savinc the materials from bcinrr lost lras rcmorcd the 

observatory hut, but not bcforc much damage a d  loss Lad occurred from the violenec of the 
wnves. 

(26.) To sct tlp a Tidal 01)scrvrtorv nnd maintain it in oprmtion for a twelvemonth on 
C'oi~r~c'srnlionr ngn~list 811rcrss nt Mnngnlur. tllc s a ~ ~ i l y  sl~ore of h n  open coast, 11ke that of t l ~ c  

Indiau Pcninsuln, is nu atTair of such difficulty ant1 



expense, and at  best so uncertain of success, that it can hardly be reco~umended ; and I greatly 
fenr that  Mangalr~r must be abandoned as a Tidal Stntion, and a protected spot sought for. If 
the pipe of communication wit11 the sea be made long enough to be beyond the line of surf and 
shifting bottom, the bore nnlst probably be enlarged beyond a practicable limit, to  cnsrlre rapidity 
of netion ; and I doubt if any managcable length of tube will secure i t  from the liability to be 
buried or shifted on the sandy shore of the Western Coast. 

(27.) I attribute the  success of the Tuticorin Tidal operations just cornpletcd, (see para 
37) to  the protection of the harbour and the fact that 

Ren.qon for success nt Tutukndi (Totikorio.) the end of the tubc could always be got at  aud ex- 
amined. 

(28.) During the progress of the Tidal observatory, three new permanent stone Bench- 
marks were marlccd ih  the usual manuer a ~ l d  con- 

Pcnnanent Bcnchmnrks k e d  rind levels deter- necteCl by Spirit leveling each other and ,vith 
mincd. Captain Basevi's points leveled in Dccember 1869, 
(the resnlts agreeing well mith his), and a donble line of levels was carried by hlr. Norlis to the 
new (;. T. Survey pillar Station at  the Lighthouse recently built and observed at, about a mile 
o r  more distant. 

(29.) On the 7th May I left the instruments kc. in charge of the Executive Engineer at 

Return to Bnnpolore. 
Alangalnr and proceeded to Bangalor where I arrived 
on the 1st Jnue. 

(30.) The following is a bricf statement of the field season's work :-(15) Fiftecn Principal 

Brief statement of Scuson's n.01.k. Stations were visited and (40) forty a ~ ~ g l e s  obscrvcd, 
fixing (10) ten ncw principal stations, bv (11) eleven " .  . 

triangles embracing an area of 3230 square nril6s,.execl1tcd s t  i cost -of Rs. 14 pcr square mile, 
and exte~iding the Scrics above (100) one hundred miles frorn 15ast to I\-cst across the n~ouutaitl 
range of tlre Westcrn (;118ts, hcsitlcs a good proportion of Sccot~dnr) ant1 i r ~ c i d e ~ ~ t a l  work ; 6 3  
Secondary points fixcd, spread ovcr 2053 square miles beyond the l ~ r i ~ ~ c i p : ~ l  triangulation; also 
a year's series of 'l'idal curves scc~ued,  nit11 I ~ o ~ u l y  rcat l i~~gs m d c  ant1 tahalatecl. Also aeon- 
nection made lq Spirit leveling bct~veen the closing station of the Series at  hl;~llgalur and 
several Tidal Bench-marks. 

(31.) I trust that you mill endorse my bclief that the amount of work done and progress 
made, has been satisfactory in  spite of unusual hindrances. 

(32.) I beg to point out to  you that a Iargc share of the Principal obrcrvations was donc 
by Lieutcnar~t AlcCullagh alone, and tlmt although 

Lielltcllfi~ll J .  NcC1lUn~h, '. E., Asai'tnnt tllis is his first se.isollJs practice, ttle 2.1,-]rlcl1 
Suycrinlc~~~l~nt 1 s t  Glntlc. r 1 Il~codolite, the results, tested l)y the comp~rtcd crrors, 
wcights, and corrections, appear to he very good, m ~ d  comllarc vcry ncll mith the rcsults of other 
observers ill t l ~ e  1)epartmcnt. Thus the n~can  trinngl~lnr crror, usually large (:rI)o~rt 0 . 6 )  wit11 
the theotlolite in use with t h i ~  party (NO. 1 Troughtou a ~ r d  Si111n1s-altcrcd) in only 0".33, ml~ilat t l ~ c  
mean probal>lc error of the (-4.0) forty angles is only + O'I.14, the mcan of the 7 prcviol~s scasous 
being + OV.18. I consider thcse good results arc duc in  a great measnre to L i c n t c ~ ~ a n t  
I lcCul lng l~ '~  cntrcime care and aptitude for the work. This oficcl. was attached to this (the 
Madras) party iu October, just hctbrc taking the field, in a ),at1 state of 11etlltI1 from \vI1i(:11 hc 
recovcrctl but slowly : during Novcml~er, l)eccmbcr and J:u~u:~ry IIC took a Inrgc share of the 
office and ol~scrratory work, the rletails of wl~ich he soon ~naste~*ed,  and from 1st Pcl~ruary he 
had sole charge of the main or obser\~iug party which hc conductctl to my satisfaction to tlrc end 
of the Field scason. 

I am ~ r e a t l y  ohligcd to  Licatenant RlcC111Inglr for the very milling and able mnnner iu 
w11icI1 he car~ icd  out my wishes, and I have much pleasure in stating that I cousider him in every 
way fit for the sole charge of a Trigonometrical party. 

(33.1 Mr. Mitchell's ontturn of work is as follows:-Two Princioal stationsselccterl ,~ 1 

J. w, PIitcl,rn, BsrisLnnt SurTryor Ist Qmde, and cleven Miuor Series stations, forming rt xinglc 
Scrics of eleven triangle*, cxtcnding about one 

hundred nnd trrcntv miles alone the coast to the South of ;\Ianealur :~nd britlgi~lg thc gap left 
a t  this place in the chart of ~ ' t l o n c l  L:m~l~tor~'s triangr~lation. 'Ilc ohscr\.ctl ' t l l c 'b~~glcs i t  five 
of the soutl~ernmost stntions. 'I'lle mcan error of the two triaugles observcd is 7".3. So large 
an error must be attril~oted to t l ~ c  estrrrucly unlnvoral~le statc of t l ~ c  weather duri t~g the 
obscrvations. 111. Mitchell also fi nally closed onc l'rincil~al station and kept up a series of 
Bnrometric observations throughout the season, nud only rcachcd Bangalor 011 the 8th Julre 
sldering much from sickness. 



(34.) Mr.  Norris 11nv built three Principal stations with ordinary platforms, one masonry 

O, V. Asst, Sorvrror 9r(l al.ndc. 
pillar (11 t feet higll), two mooden observatory 
platforms (10 and 12 fcet high), cleared some two 

miles of mys, exccntcd one or two miles of Leveling, and finally closed two of tbe Principal 
stations. Mr. Norris was ill when he took the field, aud frcqucntly suffered from fcver. I t  was 
on this account that I scnt him at  once to the low country near the sea, in  the hope that  his health 
would improve, and I helicae i t  did so, but he was very frequently unfit for work and unable to 
bear much exposure in the forenoon and middle of the day. 

(35). Mr. Pottck has done a good season's work in spite of unusual difficulties. H e  has 

Mr. C. D. Potter, Asst. Survrjor 3rd Qrndr. 
built, and well built, seven platform stations all on  
the top of high hills or mountains, finally closed five, 

and has selected one principal and sis  secondary stations, clearing and making 1 2  miles of 
Ncarly all his work being in  the mo~lntairlous country of the Western GhLts and 

C:?$:y'of M y s o ,  Ia1)or and matcr~als mi-e only procurable wit11 mucb dieiculty and delay. 
Mr.  l'otter took a serics of Uaromctric observations t l~rougl~oll t  the season, and his meekly 
diaries, reports with skctch-charts, obsrrvations and monthly papers were always well done, and 
seht in w ~ t h  regularity and in a worltmanl~lce stjle. I l c  autl his party suffered very sevcrely 
from fcvcr in the Firld. I have m n r l ~  rcawn to be pleased I V I ~ I I  Air. Potter's conduct and beg 
to  bring his name to your notice for favorable cous~deration. 

(36). 311,. Laseron as Oficc assistant and Ol~servatoty recorder has worked sel l ,  and 

Mr. E IT'. Lnscron, Ass~stnnt Surrrgor 4th Qrndc 
I have cvcry rea5on to bc satisfied with him. The 
rn~elc hooks, field computations, and office records. 

have been duly kept up ~ r i t h  neatness and i.egnlarity. Air. Laseron's capacity, attainments 
and n.il11ngncss are grcatcr than t11c mcrr  ~ ~ c r f o r ~ u a n c c  of 111s duty requires, and his conduct 
is as alre;ldy often rrportctl, u~~cxcc l~ t~onable .  l i c  has scrvcd mcll for more than threc years 
in thc Dc~)artnicnt nut1 I thcrefore bcg to rccommelld hlm for promotion on the first oppor- 
t h n ~ t y  occurring. 

(37). I n  addition to the Trigonometriral \i~orlc dctailetl above, I have to  rcport thc 

TIlo Tut,,kudi Tlrln] ObaPrvntlons eon,plete(,, 
cOm~lc t io l l  of a year" Tidal Observations at Tu- 
tultadi. 

I n  Rlay 1871, I sct up a self-registering Tide-Ciaugc (No. I by Arlie, London), checked 
its performance by nienns of a temporary Gauge and conuected i t  with the peimanent Deuch- 
111arks previously proritlctl for the pulposc. 

Captain G. A. Pl~ipps, RIastcr Attendant for the port of Tutnlcudi most kindly under- 
took the duties of tidal obscrrcr, daily dating thc curvcs traccd, winding the cloclc weclcl~ 
nnd keeping it right, and, changing thc shcet of paper on the drnm crcry fortnight, whilst 
the services of a native writer wcrc rctaiucd for the rlaily rrgister of anemometer, bard- 
motcr, aud t l l c rmon~ctc~~ rcndings, anrl a copy of the mctdorological notes made in the 
Ikfiutcr Attendant's otficc. Thc lcvcl of thc instrument mas rc-tested in November 1871, 
and again at  the cnd of thc yc:~r's work in June 1872 mhcu Lieutenant RIcCnllagh was depntcd 
to  cxnmi~~e ,  tcst, disrnarttlc autl pack 111) t,llc instrument. 'Phis duty he carried out to my entirc 
satiufactiou, thus closing what I trust will prove amost valuable and accurate register of the sca 
level. I have talccu honrly rcadi~~gn of the rcgistcred curves, as a,cll as readings of every I~igll 
and low tide tllrongll thr  rntire period. A special rcport will be sent in as soon as the pre- 
liminary redactions hare 1)ccn n~atlc and tabulated, but I tnlce this opportunity to csprcss my 
great obligations to Captain Plril~ps for liis uuiformly rendy nssistauce, and -for liis constant 
atteution so freely accorded. 

Extract from the Narrative Report-dated 29th August 1872-of captain W. J. Heavi- 
side, R. E. Officiating Deputy Superintendent 3rd Grade, in'charge 

No 4 Extra Party, 

(1.) Thc Party rcacherl 1Irad Quarters, Dchra Dun, from Tibrt on the 19th of 
Scptcmhcr 1871. RIr. J. B. N. Heunessey, Dcputy Supcrintcndent 1st Grade, was then in 
charge. 

(2.) POI* somc six wccks nftcr the arrival of the party in Del~ra, Mr.  Hennesscy, with 
Mr.  hfocdongall'a assistnncc, was occr~pietl in arrunging tlic affairs, and sorting the papers of the 
late Caplniu Unse,~. This wns uo liglrt task. 



Owing to t l ~ c  sudden nature of Captain Bascvis' rlcath, in a place where thc facilities for 
carriage were most lin~itcrl, and W I I C ~ C  hc had nonc of the convenicuccs afforded by an 
oflice ; it  was but to be espcctctl that his private and professional papcrs would not be sorted. 
lforcovcr, he alone, in India, was tborougl~ly convcrsant wit11 the pcndalum operations : and the 
roml)utatious for thc lnst stations a t  which he observer1 had not been completed. I t  was, 
therefore, nlost essential that  cvery record which could throweny light on the smallcst dctail 
of his tlclic.:~te and valni~l)le opcratious s h o ~ ~ l d  bc prcservcd : not o111y as a guidc for his successol; 
but, also, that noneof the hard carncd results con~lectcd with his memory, should be lost to  
postrritv. 1Vitl1 this enrl in v~cm Alajor G. 14. Basev~ kindly permitted all the properties, both 
public rind private, wl~ich Captain Basevi hat1 with him at  the time of his death, to be brought to 
P c h m  intnct. T l~ere  wcre also othcr I~ooks, papers kc., ml11c11 had becn lcft at Dehra. Thesc 
twrc all carefully gone thro~~gl r  11y Mr. FIcnuessey who wns thus enabled to collect all records and 
~ ~ o t e s  wlricl~ Captain Unsevi l~nd  preservecl iu thc course of t l ~ c  operatio~ls from 1865. 

(3.) liftcr the papcrs had been sorted, the instrnments wcrc cxamincd. The knife edgcs 
d the Pendulums wcre well oiled, and t l ~ c  whole apparatus carcfully packed away. 

(.la.) Mr. Nacdougall then took up the rccluction of some of the pendulum observations. 
I Ic  afterrnards assistcd in t l ~ c  Computing Office for about 2 months. 

(5.) At the time of Captain Bascvi's death I was in England on furlough. Being 
offcrcd t l ~ c  chnrgc of tlre party, wit11 a vicw to  completing the peudulum operations, I left 
l311glmld a ~ l d  nrr~ved in D c l ~ r a  on the 11th of April. 

(6.) I took ovcr charge of the party from Mr. He~~nesscy  and on thc 20th of April thc 
party movcd up to  AIasliri. 

(7.) Thc pcndulum obscrvatory at  Masliri had bcen recently used for basc-line bar 
comparisons. The rcmoval of framc-works and pillars from thc obscrvatory, as also filling up 
the pits into which the bars 11ad been lo~rcrcd, occupicd sornc dnys. During this time the 
vacuum cylintler was opencd out, cleaned, pnintcd, and made as air tight a s  possible. I t  I n s  
t l ~ c n  found tllat the frame-work ant1 a~.mngcment of the apparatus, as uscd in thc plains of 
Inrlia, hat1 bccn somewhat modifetl I)y Captain Bnscvi to mcet his rcquirements in the high 
table lands of Tibct. A certain nmount of reconstruction was tl~crcfore necessary. Captain 
Basevi has left a dctailed account of thc mctl~ods 11e cmployecl in observing, and, also, drawings 
of the different parts of the appara t~~s .  But  tltere arc many little details connccted with 
t l ~ c  work which arc only to I)e l c a r ~ ~ t  by experieuce. For instance, thc largc air pump was 
not tnkcn to Tibct and had Inin by some time; i t  required tilorough cleaning, when pnt 
togcthcr nnd set to work it was solnc days before t l ~ c  propcr size of the piston wads : the r ig l~ t  
Icngth of t l ~ c  stroke: and t l ~ c  corrcct acljustmcnt of the vnlucs mas hit npon, so as to  rcdnce 
t l ~ c  pressure in the cylinder below onc I n c l ~ .  There wcre similar delays wit11 othcr parts of 
t l ~ c  apparatus and eventanlly the raius comme~rccd bcforc cvcry thing had been got into 
tllorougl~ working atljustmcnt. 

So long a s  thc fine nights lasted, I occnpicd m~.self in comparing clocks and chrono- 
mctcrs, nnd iu taking transits of stars. 

(8.). During t l ~ c  rcccss, I havc bccn cngngcd in arranging my prcdeccssor's papcrs 
nndcr hcntl~ngs; and in becoming acqnaintcd with the methods he follonccl in observing and 
in c o n ~ p ~ ~ t i n g  oa t  his rcsolts. I havc also pr;~cti3cd clock comparison3, obncrving coincidenc~s 
wit11 the pend~~lums,  ant1 othcr details connected with the work. I think I have now attainctl 
s~~flicient knomledgc of thc operations, to  cuablc mc to  commeucc a regular sct of observatio~ls 
at  Masliri, so soou as thc rains cease. 

(9.) Mr. 3facdougall has been cl~iefly cmploycd during thc rcccFs in making cluplicatcs 
of t l ~ c  Pcnd11111m computations. H e  has affordctl me n~sistancc by his k~~omledge of thc forms 
of computation autl of t l ~ c  places in Captain Basevi's books, whcre tablcs kc., are to bc fonnd. 

(10.) I am grcatly indebtctl to Mr. Hcnncsscy for thc cortlial assistance, and for tile 
many uscfitl hints 11c 11ns given mc in thc course of my  work. AIr. llcnncsscy was nssocinted 
wit11 C;rptnin nasrvi, in rletcrrni~~ing many important matters connected wit11 the Pendulum 
r r l ~ c r i ~ n c ~ ~ t s ,  a ~ ~ d  11is kuoalcclgc I~ae, therefore, bccu t o  mc iuraluablc. 



Extract from the Narrative Report-dated 15th Auguet 1872-of H. KEELAN, ESQ., 
Officiating Deputy Superintendent 2nd Grade, in charge 

Bilaspur Meridional Series. 

(2.) The party left ChanRr (Chunar) on the 19th of Norcmber to  resume the operations 
on the IjilBspur Scrics; an11 arrivcd at  the Tower Station of Pathaidi on the 17th Dccembcr, 
mhcre i t  was reqnircd to ohscrve the vcrificatory Azimuth, which could not be obtained a t  the 
close of the operations of 1870-71, owing to unfavorable weather. 

(3.) On the folloming day the 18th thc thatch roofing mas rcmoved, and the towcr 
found in  excellent prcscrvatio~l. 011 the 20th the obscrvations to  6 Ursae Minoris mere begun, 
and finished on the 26th of Dccembcr. 

(4.) Immediately on my arrival at  Pathaidi station, I instructed Mr. Survcyor L. 11. 
Clarke to  proceed without tlclay to thc statious of the pentagon formed round the statiou of 
Cl~arlthdi, to clcar all thc rays autl comlnencc the prep;iration of materials for the constructior~ 
of thc tomcrs of the figure, during the al)scnce of, and whilst I retainer1 the services of Mr. H. E. 
T. Kcelan to assist in the star obscrvatior~s at  Pathaidi, in consequence of thc inexperience of Mr. 
Probationary Assistant Survcyor 11. Ilealy in observatory dutics : he having recently joincd 
tlrc department. 

(5 . )  On the completion of thc Azimuthal Observations, I instructed Mr. Surveyor 11. 
E. T. Keelan to relicve Mr. L.  11. Clarltc of thc work entrustcd to him; whilst I proecetlcd 
myself, to the stations on the eastern Hank of the scrics to  bnild the platforms and cut the 
roads to them : Mr. Clarlcc meanmhilc, was ordered to clear thc rays and prepare materials for 
the tomer stations forming thc two quadrilaterals ~v i th  tlle hill points. 

(6.) After finishiug the platforms at  the hill stations of Silighirt, Chapora and Khalirri, 
I retraced my steps northward to bcgin thc final observations ; but, owing to numberless diffi- 
culties to bc surmounted, thc towers of the CharkAdi pentagon were not ready before the 20th 
of Ycbruary, whcr~ ohscrvations wcrc commenced; and by the end of the mouth mere completed 
a t  the tomer stations of Bardha, Latria, and Grima. 

(7.) During the month of March, final observations mere completed at  the tomer stx- 
tions of Charkkdi aud Jerma, at  the hill station of Silighkt, and a few zeros at  the hill statiorl 
of Chapora. 

(8.) During thc month of April, final observations mcrc complctcd at  the hill stations 
of Chapora and Kl~alkri, and thc to~vrr  statious of Achola and nfahksama~~d ; aftcr which, I 
prococded to crect thc rectangular pillars, a11d transfer thc carc of the hill station platforms of 
Silighkt, Cliapora and Kl~alhri, to thc rillage officials. I thcu crcctcd a substantial t l ~ n t c l ~ i ~ l g  
over thc tomcr of MalrBsamaud, and marchcd with the camp to Jabalpur to recess the esta- 
blishment. 

(9.) Thc season's final morl; consists of one pentagon and two quadrilaterals. The 
Approximate Scrics, c s t c ~ ~ d i ~ l g  al)or~t (iO miles from t l ~ c  North, on thc base BIahhsamand to  
Kl~:~l:i~-i, consists of 4 q~~adrilatcrals, and completes the jlutrtion \!,it11 thc triangulation I)ro~lgl~t  
1111 from thc South, OIL t l ~ c  basc l'cndm 11,s. to Dcopnhhr 1I.S. of thc Bil.'rspur Scrics. And 
tautly, the Minor l ' r ia~~gr~lat ion to determine the position of tlrc Civil Station of Rhipur. 

(10.) 111 thc 11rosrr11tio11 t ~ f  t l ~ r  smso~t's work, it was found, that on.ing to the character of 
thc Chnttisgarh district, thr011g11 ~ r l ~ i r l ~  t l ~ c  13ilk~por Scrics passcn, b c i q  of a mild nature, thcrc 
cxistrtl no l ~ ~ ~ i l d i ~ ~ ~ s  or trrnl~lcs or other 11crnla11r1it ol!jrcts to fix. TIIC inl~al~itants, who arc 
rhirfly a l ~ o r i ~ i ~ i c s  arc. r o ~ i t c ~ i t  to (In-ell in huts 1111dtllcd tog(-thrr, in snialler or larger groups 
l i  a ~ I I .  Occnsio~~nlly m:Ly I)c sc-c!~~ a dr~nolisl~ctl I~utl l~ist  t r n ~ l ~ l c  in thc tlcptlrs of a 
drs~~sc. I'orcst, on sitrs 1~11rl.c i l l  ~ O I T I ~  ~ I ~ I I I O ~ C  prrio11 csistcd a I:irgr I~rick, or stone built to\v11 ; 
so t l~n t  t l~crc nrc no ol),jrcts ill t l ~ c  e o u ~ ~ t r y  to ohservo to, a1111 thrrrforc, no secondary poiuts 
wrrr rlctrrmincrl from t l ~ c  pri~lcil~al stations of t l ~ c  srrirn, tsscc.l~t one In~iltlir~g, the large modcrr~ 
tc:rnplr of' 13:~11dllAr-rrcctrtl recc>ntly I I ~  a scrt w l ~ o  c~nigrntrtl fro~n th r  11ort11 into these pro- 
VIIII 'CY I I ~ I O I I ~  :i I I I I I I ~ ~ I * ~ ~  or nlorc yrnrs ago. 0 1 1  this a c c o ~ ~ ~ ~ t ,  I tlrtarl~erl Alr. Sufveyor 11. E. T. 
~ c ~ c l n n  into the m o r r o p r ~ ~  11:u.t ol' tlrc district to thc arrstw:lrd, to tlctcr~niiic the positior~ of the 
Civil Station of I lhi l~l~r,  :is I I ~ I I  as to Iix as miilly b l~ i ld i~~gs ,  ~ C I I I ~ I C S ,  kc., an IIC col~ld manage 
to srr  alor~g tlrc coursc of thc Bliuor 'I'rinug~~lation. But cvcn I~crc, the country was quitc devoid 
of buildi~~gs. 



(11.) Mr.  S u l ~ r y o r  L. H. Clnrke was, ns alrcndy rncntioned, detached from the statioll 
of Pathaidi with instructions to  clcar the rnys nud prepare materials for towers of the Charkidi 
pentngon; when on the 30th of Dccember he was relieved by Mr.  Surveyor H. E. T. Keelan, 
and ordcred to  procecd npon similar work connected with the stations of the 2 following qua- 
drilaterals, all of which he did satisfactorily; and by the 20th of February completed the towers 
of Achola and Mahisamand, when Ilc received fresh orders to  proceed without delay and extend 
the  Approximate Serics southward, 011 the base &fahisamand T.S. to K h a k i  H.S., as directed 
i n  the  following extract of my letter of instructions to  him on the subjcct, dated 22nd Febru. 
ary 1872. 

"Thc series will be composed of polygons; and i t  will be advisable to select at 
" least two figures in advance in the dircction of the parallel lincs indicatetl in the plan fur- 
" nished you;  so as to form a satisfactory junction, if practicable, during the present season, 
" with the approximate series now being carried up by Mr. Surveyor II. Bcverlcy from the 
" south, and with whom you must put yourself in  communication and exchange plans of figures 
" selected from north and south." 

(12.) Mr. Clarke lost no time in this undertaking, and I was glad to find that by the 
end of March he had formed the desired junction upon the base Pendra H.S. and Deopahir 
1I.S. bv means of 4 qliadrilaterals. On the whole Mr. Clarke has donc +good season's work; 
and I deem i t  necessary to  bring the same to your favorable notice. 

(13.) Mr. Surveyor H .  E. T. Keelan was first of all empioycd in assisting at the cir- 
cumpolar star observations at  P:~thaidi Tower Station, on the completion of which, I directed 
him to  rclicve Mr.  Surveyor L.  H. Clarke of the duties on the Cl~arkidi  polygon; and uotwith- 
standing the great difficultics he had to encounter, cspccially in the supply of water to build 
the towers, which, in most cases, had to bc carried to the spot from long distances, he com- 
plcted all his towers by the 20th February. I next instructed him to extend a I l inor  Triangn- 
lution to fir thc positiou of t l ~ c  Civil Station of RAipur, npon the base Acliola T.S. to  Mahiss- 
mand ll.S., which he completed by the 12th of April, and joincd my camp on its march up to 
Jabalpnr shortly after. 

(14.) Mr. Assistant Surveyor H. Irealp, who joincd this party on his appointrncnt to 
the  Survey in October, was daily instructetl in the use of the small theodolite on the march 
from Chanhr to the Central Provinces, and was subsequently scnt under Mr. Clarke's orders 
to be instructed in ray tracing and clearing, until his serviccs mere wanted in the observatory. 
This young assistant I am glad to  state readily became familiar wit11 the work requircd to be 
done in the observntory and office, and promises in dne time to become a useful hand. 

(15.) The following computations appertaining to the Bilkpur Series operations were 
completed during the recess of 1871. 

IV. 
v. 

VI. 
VII. 

VIII .  

Thc duplicate copies of Principal and Secoiirlary IIorizontal ant1 1-ertical Angles 
completed-means and angles rlctlucctl a ~ t d  comparcd with their originals. 

Computations of 36 weights of angles, in duplicate. 
Polygonal colnputations of the Gathaora and Pathaidi Iiexngons, in dupli- 

cate. 
Computations of 14 Principal Triangles in the nhove polygons, in duplicate. 
Computations of Latitudes, Longitudes and Azimuths of 10 Priucipal Stations, 

in duplicate. 
Computations of Heights of 10 Principal stations, in dnplicntc. 
Computations of 10 S c c o n d q  Triangles, Latitudes, Longitudes, Azimuths 

and Heights of the Ililispur, Rntanpur and BisrAmpur Ivlinor Triangu- 
lation, iu duplicate. 

Preliminary Cl~ar t  for senson 1870-71, on thc scalc of 1 Inch=4 Milcs, with 
nu~ucrical data inscrtcd tl~ercon. 

(17.) During the past ficld scasou a grcat dcal of nlnlarious fever prcvniled amongst the 
mcn of thc Establishment ; and tlie Assistants, a9 well as myself merc not csempt from it. 
The country is of n wild cllnracter; and it is more so southward. 

(IF!.) T l ~ e  total cxpcndit~~rc during t l ~ c  official year 1871-72 is R.~ipcrs 40,333-10-0. The 
total arcs tr iang~~latcd is 615 squarc milcs, a ~ u l  thc average cost per squarc milc is lis. G2-8-11. 



Extract from the Narrative Report-dated 30th Auguet 1872-of Captain 
T. T. CARTER, R. E., Deputy Superintendent 2nd Qrade, in charge 

N o  3 Extra Party. 

(1.) On the retirement of Mr.  C. Lane, Deputy Superintendent 2nd Grade G. T. 
Survey, on the 3rd of October 1871, and peuding the arrival of an officer of the Senior 
Department, the charge of the party was held by Mr. A. W. Donnelly, Surveyer 2ud Grade 
G.  T.  S~irvey, and under his orders thc party left their recess quarters at  "Benares on  
the 8th of November, with the view to commencing operations a t  the G. T. Survey Bench-mark 
at  Parsoni, embedded: of a mile from the village of Parsurman, on the road (under construction) 

from &Iuzaffarpur to Purniah, the terminal point of last season's work. 

(2.) On taking the field, Narsing DBs Native Surveyor was incharge of No. 2 Level, 
pending thc arrival of an officer to the permanent charge of the party. 

(3.) The programme of operation as laid down by the Superintendent in his letter No. s2 
dated thc 27th of October 1871 was as follows : 

Superintendent's instructions. G. T. S. From thc emhedded at  Parsoni near the vil- 

lage of Parsurman to continue the line of Icrels vi8 Shhibganj (NBthpur) to Purniah, connect- 
illg with tlie Great 'I'rigonometrical Survey t o ~ c r  stations of Rimnagar aud Diglii and such 

as might be convenic~~tly near the maiu line of levels. From Pnrniah to carry the line 
down to Karagola ghbt, cross the "Ganges river and effect a junction at  the G. T. Survey 
Bcuch-mark at  the Pirpanti Railway station E. I. Railway, thereby completing the circuit 
from Gorakhpur to Pirpanti. After this to commence a fresh circuit from Purniah, and after 
connecting with the base-line stations of the SouSlchoda base, to continue the operations 
do\vn tlie road from Titalia to Dinkjpur, connecting with the statious of the "Calcutta 3leridonial 
Series. 

(4.) l f r .  Donnelly arrivcd at Parsurman on the 11th of December, and after the custom- 
ary tests had beeii made to ascertain the stability 

Commenccmcnt of work. of the Bench-mark cutbedded at  thc close of the pre- 
vious season's work, and after the levcl staves mere compared witll the portable I ron  standard 
bar and the collimatiou of thc lcvcls tlicrnselves examincd undcr Mr. Donnelly's directions, 
work was commenccd on thc 13th of Dccember from the Great Trigonomctrical Survey Bench- 
mark at Psrsoui. 

(5.) I arrivcd at *Bombay on thc 1Gth of Dccembcr from one year's leave to Enzland on 

C ~ p t a i t ~  c ~ r t ~ r  tnkcs chnrpc. 
privatc afairs, and thcre found instructioni to pro- 
ceed to Pnrniah and take over charge of the party; 

arriving at Purniah on the 25th of Dcccmbcr, I placed myself in communication wit11 &fr. 
Donnelly with the vicw to asccrtainirrg the point up to which the operations had heeu carried, 
and what progrcss the work had made ; on receiving his rcply I mas enabled to join his camp 
aud took over cl~arge from him on thc 8th of Janoary 1872. 

(G.) From the 13th of Dcccmbcr to tlic 8th of January Mr.  Donnelly had completed 
64. miles of doable Icvcling. Starting from Parsoni Progress of the DOnllrl'~'s C;. T. Sllrvey Ucnch-mark thc maill lirle had been pcrvisio~~. 
carricd to Singcsar 'I'llBn, from which point a branch 

line was talccn to fix a pcrmancnt mnrlc in the slunll civil station of Rf:td;rhpnr. From 
Singesar ThBn a branch linc was also carried to the Iiotgnnwah Factory a t  which point i t  
I~rokc into two lincs, onc proceeding sont l~  ; couuecting the tower station of Dighi. Another 
north connccting the tower station of  ltbmnagar; retnrning to Singcsar TIlkn the mainline was 
continued in the dircction of Nktl~pur, as far as Latoua village connccting with the tower 
station of Latonn. $$-om Latona village thc Icvcling for thc rcst of the season was carried on 
by myself using No. 2 lcvcl (hitl~crto 11act1 by Narsing Dks) and Mr. nonnelly using No. 3 
lcvcl ; the Nntivc Surveyor mhosc lcvcliug I~ad bcen vcry satisfactory, rctnmiiig to his ordinary 
duties of rccorder. 

(7.) From Singcsar Thin t l ~ c  main linc of lcvcls wcrc carricd across country following 

Lcvcling nrross country. a cart track, chietly thro~lgh high gmss, as far 39 
thr: vill:~gc of I>cwAngaii,i on the road Iletwce11 Sapol 

and Pratbl)ganj, (Illring this portion of work tllc progrcss was consitlerably delaycd owing to its 
heirlg impossil~lc to take obscrvationv at  long dista~~ccs iu c ~ ~ n s c t l u c ~ ~ c e  of the rcfractcd state of 
t l ~ c  atmospl~crc duc to thc high grass through mliicl~ thc Icvcls wcrc toltcn. 



(8.) From Demdnganj the line am (aftcr connecting the tower station of Dewsnganj) 
cnrried along the road to Pmtd1)ganj and tlicncc to  Skl~ibganj on the left bank of the Kosi 
river, the river being crossed at  this point, thence continuing along the road to Purniah, con- 
necting en-route with the tower station of Ghiba of the N. E. Longitudinal Senes. 

(9.) A t  the reouest of the Collector of Purniah a nnmber of paka points were fixed in . , - - 

the vicinity of thc station to serve as checlts on pro- 
Pnkn pointe f i ~ e d  nt Purninh. poscd levcling operations to  he carried out by the 

mimicipal authorities, connected with the draiuinp of t l ~ c  station ; values above sea level and a -- 
chart shcming their position mere made over to tile civil authorities. 

(10.) Proceeding from Pnrninll thc main line mas continued along the road to KarAgola 
gl16t at  wl~icli point the river Ganges was crossctl, thcncc vifi the village of Pirpanti to the 
G .  T. Survey Bench-mark at Pirpauti Railway station fixed hy Lieutenant Trotter 1t.E. in 186.4, 
completing the circuit from Goralihpnr to Pirpanti on the 20th Pchruary. 

Thc llcight of Great Trigo~lometrical Surl-cy Bcnch-mark at  Pirpanti rail- 
way station m determined by Lieutenant feet DiJTcrcreoco nt Pirpnnti. Trotter in 18G4 . . . . 155.03 

The value now ohtainctl applying the correction for circuit error at  Camnpur 
and Di1d;tmngar viz. + .552 feet . . . . . . 155.81 

Difference . . . . - 0.78 
which error to  prevent disturbing the valiics as given in tahlcs alrcatly puhlishcd has bcen 
provisionally distrihutccl hct\reen Pnrsoiii a1111 Pirpanti. Ncglccting the circuit crror at  C:rwnp~~r 
and nt Dilcldn~agar the dilference of levcl I~c t~vcer~  I'irp,lr~ti (;. 1'. Sluvey Bench-mark as 
dctermincd by Lieutenant Trottcr 11.E. in 186-h and that nolv detcrmincd mo11ld be 0.23 feet. 

(11.) On the line from Parsoni to Pirpnuti 97 hench-marks nrerc fixctl, of thcsc 5 Irere 

Bench-mnrks G o d .  
bench-marks of tllr (;. 'l'. Snrvcy p a t t c ~ , ~ ~  en~hetldrcl 
in  thc vicinity of trigo~~on~ctric:rl stations as tlircctcd 

in Snpcrintcndent's memo No. 2; of the 19th of December 1871 ; 4 embcdded bcnch-marks --.. 
(witL pillars built to indicate their position) viz. at 

Gnumanti, way 1)eta.cen Purniah and Ndthpur. 
Purniah civil station (Collector's Kacheri). 
Near 14th iron milc post from Karbgola ghdt. 
Kadgola gh6t (Post ofice compound). - - 

of the remainder 69 were paka points, such as mclls, temples, &c, on which the letters Ti.' 
were engraved at point where staff mas placed; and 24, werc iron mile posts on tllc road from 
Karigola ghdt to  Purniah, the st* resting in all cascs on the top of t l ~ c  post. 

(12.) Some difficulty mas experienced in carrying the levels across thc rirer Ganges thc 

Croeaing tho Rircr *Qm~gcs. narro~vcrt point at I<:rrbgol:~gl~:it being 30.83 chait~s, 
the ortli11:rry divisions ot' thc Icvcling staves c o ~ ~ l d  

not hc rcnd at  this distance, and a foot hati to hc n ~ c a s ~ ~ r c t l  on papcr, divitled into tcntlls 
and half-tcntl~s and t l~on  attacl~ctl to the stavcs, even thcsc tlivisions conltl uith ditticulty be 
rcnd with any tlrgrce of accuracy, cxccpt in t l ~ c  carly morning nrld tow:rrtls sun dow~i, at  w l ~ i c l ~  
times thc r c h a c t i o ~ ~  is grcatcst. By rnr~lti],lyi~~g thc nnmbcr of ohscrvations and taking morn- 
ing and e v c n i ~ ~ g  sets on two consccutivc clays, :rl tcrnating t11cortlc.r of ol)scrvatio~~ on the second 
day the difercncc of lcvel betseen the right and IcR bank of t l ~ c  river was ns follows. 

By Captain Carter No. 2 level (mean of 5 1. ol~scrvations) . . 3,380 feet. 
Uy Mr. Dounclly No. 3 levcl (mean of 5-h obscr\~atiooa) . . 3.:33t( fect. 

(13.) On tlrc con~plction of the circl~it from (;orakl11111r to Pirpanti, thc party marched 

NFW circuit from Purninb. 
I);rclc to 1'1ir11i:111 RIIII c o m n ~ c ~ ~ e e d  a new circl~it F I Y I ~ I  
tllc (;. '1'. S ~ ~ r r c y  Ucncl~-m:~l.k at t l ~ c  Protestant 

church along the mnin road form Pnrniah to D51:jiling as far ar the tl;irnga~!i toivcr nt:~tion 
at  the N. E. e ~ ~ d  of thc Sonbkhotla haqr-linr!, tllc toiiac:r s t~ i t io l~  ot' So~~kltllotla :it thc S.LIr. cc(1 of 
the haw-lint Irci~lg : ~ S I J  con~~cctctl ; t l ~ c  ~vorli \v:lr clo.;l~l t'or t l ~ c  sc;won :rt thc (;. '1'. S~~rvc:y 
Bencl~-ni:uk c*rnlrrtl~lc.(l in tlle ~ici11it.y of t l ~ r  Hdnlga11,i toarcr st:rtior~ or1 the 22ntl of AlareI~. 
The le11~t11 of this portion of the *ca*~~n ' s  work n2as fin 111ilcs :r11(1 on this l i ~ ~ c  .I, I,CIIC~I-]narks of 
the G .  T. Survey pattern were e~nl~ctltlrtl and pillar.* 1)11ilt to iudiccltc their position viz. a t  

The cncarnping ground of I!clg5rhi 
Ditto A s s ~ ~ r ; ~ , ~ : i r l ~  
Ditto Chaisal 

and at  the trijunction of thc village land* of Singdhai, Rngaligarh and Rlagdnma, ncnr the 9 l th  
mile post from Karigola gltkt, besides tkesc 17 paka poiuts were fixed and 56 iron mile pasty. 





Extract from the Narrative Report-dated 27th August 1872-of Major C. T. HAI(X, 
R. E., Officiating Deputy Superintendent 1st Grade, in charge 

Guzrat Party 

(2 . )  I received charge of the Party from Lieutenant McCullagh, R.E., on  thc 23rd 
Septen1l)er 1871 on my rcturu from Ellgland from tmo years sick leave. 

(3.) Captain Pullan and Mr. Connor joined after we had taken the field, the former on 
18th I ~ c c c n ~ l ~ c r ,  and the latter on 5th November in place of Mr. A. Bryson who had come with 
us to Slirat hut was thcn transfcrrcd to Captain Campbell's party. On taking the field I also had 
Mr.  Goslin as an assistaut, but he left me on 15th Dccembcr, having sent in his resignation. 

(4.) Bcfore reporting on the wo1.k clone this year i t  will be as well to state briefly what 
had been donc previous to my talting charge. The whole of the operations of the party mere 
confined to six consccutive Sheets (30' Longitude and 15' Latitude) on the same meridian, 
excepting, by thc may, 5 stations selected and built hy Lieutenant Uaird, R.E., for a Scries of 
triangles to be run along thc course of the river Mahi. Of these six sheets, numbered from 8 
to  13, one only (No. 12) 11ad been mapped; No. 8 had been three-quarters covered with net 
worli triangnlation ant1 ready for plane tabling; Nos. 9 and 10 had been half got ready; Nos. 11 
and 1 3  Irad been got rcady with the exception of about the space of one plane table, i .e . ,  one 
e i g l ~ t l ~  of a shcet in each. 

(5.) The index map therefore, on which all work done was conventionally indicated, 
presented rathcr a pntch\vork appearance; but this was owing to  the extrcme difficulty of tri- 
angulation in a dcad flat country stutlded with trces varying in profusion from that of m English 
park to tllat of a dcnsc forest, so that almost in no iustancc had a triangulator completed in a 
ficld scason thc portion of work expected from him. 

(6.) This mas especially the case too in thc laying out of the Mahi Series of triangles 
al l~~dctl  to  ahove, and a l t l~oogl~  the Icngth of the Scries is but 64 miles and i t  had been worked 
at  for two ficld seasons, only 7 stations had been selectcd covering altogetller about one-third 
of its extent. 

(8.) Three sheets (8, 11, 13) this year have been topographically surveyed, the blank 
halves of sheets 9, 1 0  and also a fresh sheet (14) have bcen prcpared with points ready for plane 
tabling, so that thc index map mere it not for the unfortunate loss of a plane table mould now 
prrsent a most orderly appearance, though 1 am sorry to say it does not admit of any greater 
out-turn of topography next season than that of this year mluch is l~omevcr tolerably fair. 

(9.) The lost plane table was being brought to 1'6na from the ficld hy Mr. hIcAIFee. 
I n  *Bombay ml~ile loolii~lg after the safe rcmoval of somc theodolites from thc Railway van 
the ti11 case contaiuiog the original plane table must have been carried oPiby one of the coolies 
tlli~lking it belon,rred to another passcngcr. Mr. RIbA'Fee took all the means hc could think of 
to rcrover it, invoking tllc assistance of the Commissioncr of l'olice and offering a rewud of 
Rs. 50, but hitherto it is still missi~lg. 

(10.) I now proceed to details. The Party left Plina on the 23rd Octobcr for Slirat 
where thc tents, instruments and field erll~ipmcnt hat1 becri storetl. A t  Slirat miscellaneous 
\\fork, such as preparing and projecting plane t:ll)lcs and b r i n g i ~ ~ g  np s ~ ~ n d r y  arrcnrs, occ~~pied 
11s till about the 10th Novcmbcr, whcn, Ilaving started oPi the hssista~rts to their respective 
duties, I left for *Kaira visiting Bhroch (Broach) and *Baroda to acqlraint the Civil authorities 
of the gcneral programme of the scasou's work as fhr as i t  concerned their respective districts. 

(11.) A t  "Kaira I took up the question practicallp regarding the feasibility of utilizing 
the maps of the Revenue Survcy which has bcen the sul~ject of tl~coretic discussion since 1867. 
1 have alrcady rcported at length in my No. z5 dated 26th January 1872 on the results of my "- 
iuvcstigntions : sr~ficc it llere to ray that I connected, by traversing, with our triangulation two 
points in the bound:~ries of several altcrnatc villages (by nltcrnatc I mean separated from each 
ot l~cr  hy one intervel~ing villagc) : I then projected these fised points on a planc tahlc and with a 
pentagrnph t~.ncctl O I I ~  on the plane table from the I l c r c n ~ ~ e  Survey maps cach villngc, malting 
tllc corrcspor~tling poi~lts on the licvenne maps tally nit11 their respcctivc co~~r~tcrpoints  already 
lait1 down, thcu 1 attempted to tit in hctsccn the alternntc villagcs thus projcctctl the I)ouurlary 
of the intcrvcning villages from the Revcnae Survey village maps. I Sound, ant1 I wan quitc 
prcj~ared to fllltl, that I was attempting an irnposail~ility, b l ~ t  iu this way I tletrrminctl exactly 
what amount of 1aho11r would hc entailcd in compiling a gcncral map from tlle ltcvcnac Surscy 
villagc m:~ps and also the rlcgrcc of accuracy in tLc maps thuu obta~r~ctl, and I hnvc ~LY statcd 
above fully rcportcd t l ~ c r e o ~ ~ .  
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(12.) At *Kairn I was joined by Captain Pullan to  whom I had intended giving some 
triangulation in sheets G and 7 for which I had preparcd a field chart with all the stations 
of the Abu hferidiooal Series included iu those sheets projected on it, but I was obliged 
to abandon that plan on account of Mr. Goslin's leaving, so I entrusted Captain Pullan with 
the topograhy of Sheet 8. Being an old Kumaon and Garhwal surveyor, he soon brought 
his experience into play though his work mas something new to him, for in place of having 
several pole atid brush marked hill tops continually in view, as is the case in hilly country, 
here, after leaving a trigonometrical station it requires a keen search on the part of the 
surveyor to find a spot where he can even see two of his points, so that a vcry great pro- 
portioll of the work has to be done on the back and forward ray priociple. The scalc too 

new to him, but  hc soon got into full swing and then traiued a Native Surveyor Uham 
Goviud, who had nevcr used a plane table bcforc. I i c  had also working undcr him Shaikh 
KLim a Native Survcyor of 4 years standing, aud both of these mcu are very favorably 
reported of by Captain Pullan. Shailth K L i m  turned out 172 square miles, aud Bhaw Go- 
virld 109 square miles which is very fair for his first season and it is moreover extrcmcly 
neatly drawn. Captain Pullan rigorously esamincd thcir work and found it throughout most 
exact. Captain Pullan himself turned out 242 square miles in his owu gnod stylc. As he 
did not commence work till 26th Dccember and Bhaw Govind independcutly not till 25th 
January, i t  was ncccssary towards the close of the season to scnd him a reinforcement in  
order to secure the completion of the Sheet so 1 gave him assistance which relievcd him of 
one out of his cight plane tables. I t  is this plane table that  has been lost. 

(13.) Mr. D'Souza started on his work on 1st Novembcr and worked away assiduously, 
covering Sheet 1 4  with trigonornetrical points, uutil 11th May wheu IIC had fixed and taken 
angles at  98 new statious besides obscrvir~g also at  1 3  old statious. His triangulation extended 
also over above one-eighth of Sheet 15. His work lay in  a country thickly studded with 
villages each of which is a plaitation of cocoanut trees, and the villages are so closc toge- 
ther that i t  was generally impossible to lay out triangulation of morc than 14 mile sides, a 
large portion indecd of his sheet is a forest of cocoannt trees. The number of stations 
he visited (111) being on the average 18 a month, and the average of 11is triangular error 
8" speak as to the quantity and quality of his work. Tl~ongh the area covered by him 
cannot compare wit11 that ordinarily covered in a season by Mr. McGill iu  the adjoining 
*Kattywar Survey, still i t  is very creditable considcring the extreme flatness of thc country 
combitled with the almost uniform ohstruction of the cocoanut trees. I n  the coarse of Itis 
work, he extensively connccted stations of the Slirat city survey wit11 his triangulation ml~ich 
will enable me to prepare a vcry accurate map of Slirat without much labour. At the close 
of the season Mr. D'Souza also inspcctcd and tested a couplc of plane tables skctchcd by 
Luxumon Ghorpuray and Vital Visl~uu. 

(14.) Mr. Cl~ristie mas placed in charge of the M a l ~ i  Series of triangulation, whicli 
he has complctcd after a season of almost continuous tardy up hill work beset with the 
obstacles of a dense forest throngh n,11icl1 most of his rays had to be cut. As beforc mcn- 
tioned scvcral of the stations of this Series hat1 bccn sclccted, rays partially cut and some 
of the statious built bcforc this year, so that Mr. Cl~ristic wm in a measure committed to  
take in hand and complete a lot of half fil~isl~ed work which had prcviously beeu left un- 
finished owing to the great difficulties of clearing rays tlirouph dense jungle and to the 
oppositior~ of the Gailtrvhr's subjects; G stations had previously bccn sclcctctl at  t l ~ c  south 
en11 of thc Scrics and 5 at  the north, and out of the 22 rays bctneen thcsc stations 8 had 
1)een clcaretl :u~d 1 partially clcarcd. But these triangles had too long sides, they varied 
bctween 7 and 10 niilcs and it is impossi1)le to know \vhctlicr a my of that length merely 
dcterminerl by signal fircs crossed a village midway or not. Mr. Christic found one of these 
rays that hat1 bccn previously partially cleared mas quite impracticable owing to its crossing 
a village in the forest and i t  mas also impossible to shift the ray sligl~tly OII either side, for 
t11e latcnt villagc was onc of tlrrce in echplon, so t l ~ a t  a complctc chw~ge in t l ~ c  arrangement 
atas necessary entailing the rc,jcction of 2 stations and 4 rays wl~ich he 11ad nearly cleared. 
Mr. Christie, apprclreuding this danger of determining rays by signal fircs, laid ont the new 
rags after this on the ray trare systcm, I) i~t  as soon as he got clcar of thc previoilsly sclccted 
~ ta t ions  IIC contracted thc witltl~ of the Series by s l ~ o r t e n i ~ ~ g  tllc sides so as to take as much 
advantage as possible of t,he opcn space of the rivcr itself. 13y this mcans and with thc as- 
sistance of Mr. Mcil'Fce durirrg tlrc montl~s of May and Junc, he si~cccctlctl in completing the 
Scrics. 'l'hat part of it w l ~ i r l ~  is cntircly his own, thong11 rloul~lc the Icngth of the portions 
at  the cxtrcmities put togctl~er only occ~~pied him four r n o ~ ~ t l ~ s  in sclccting ant1 cleari~lg wl~creas 
he was ocrupictl 34 nlout.11~ on that part 1vhic11 was snpposcd to harc bcc11 already laid out. 
The final nnglcs Ire obscrvctl wit11 a 10" Tl~eodolitc by 'I'roughton and Simms worliit~g to 
two pairs of Zeros & "1111 2g using lumino~~s  signals tl~roughont. 'l'hcre is however one 
slight inconsintrncy in t l ~ c  Scricn. Thc observations at one station (i. P. two angles) were 
taken by hlr. IIcA'l~cc with n 6-incl~ 'L'ronghton and Simms' Tl~codolite. This l~appencd 
through tlrc cxtrcnlc diIficulty of crossit~g t l ~ c  Alal~i whicl~ was mucl~ flootlctl, aud Iv11.. Christie 



thought i t  best as Mr. Ilcil 'Pce mas on thc other side of the river for lrim to  take the ~ b -  
servations and save probahly a ~vcelc in the conlpletion of the scrics. I t  mas then ncar the 
end of June. The side of emanation is Poida-Ghorkrko of the GuzrRt Longitudiual Series- 
a Principal Scries run by Lieutenant Nnsmyth ~ i t h  an 18" Theodolite-and the side of ~ e r i .  
fication is Sarod-Dnhkran of the Guzrlrt Coast Series-a Secondary Series run by Mr. 
D'Costa with a 12" Everest Theodolite. 

The following Tabular Statement will shew nt a glance the quantity and quality of 
his work. 

Stations Selected, . . . . . . . . 
Miles of ray cut, . . . . , . . . 

Ditto trace traverse, . . . . . . 
Stations obscrved at, . . . . . . . . 
Triangles with 3 observed angles, . . . . 
Intersected ~)o i r~ ts ,  . . . . . . . . 
Heights fixed, . . . . . . . . 
Mean Triangular error, . . . . . . 
Error of closing (side = 5.493 milcs), . . . . 
Length of Series, . . . . . . . . 
Area !biaugulated, . . . . . . . . 

.. i l  

. . '  149 

. . 36 

. . 24 

. . 2 3  

. . 7 

. . 2 0  

. .  4:'.3 

. . 0".3 feet. 

. . 64 milcs. 

. . 400 sq. miles. 

(15.) Mr.  IlcA'Fce was appointed to cover the blank portions of sheets 8 and 9 wit11 fixed 
points for the planc table Purveyors either by triangulation or traversing, estcntling the trian- 
gulation, mhercvcr he could do so without much ray-cutting but substituting traversing for 
triangulation in close and thickly wooded country. As sheet 8 was to be topographically surveyed 
during the season, he of course took up that slicet first and 011 the completion of the fieltl portion 
of this work he had to stop and rcduce l ~ i s  observations. I n  sheet 8 he fixed 5 ncw trigonome- 
trical stations and 1zisiterl4 old ones and ran 130 miles of traversing fixing a sufficiency of points. 
I n  the traversing 11e was assisted by Gopal Vishnu a traverse Surveyor transferred from the 
*Kattywar party. Mr.  kIch1I'ee mas attacked with fevcr against which he battled, but he mas at 
times unable to work by reason of it. I l c  I~ad  it off and on for rather more than a month so that 
he was not ready to start on sheet 9 till 19th March by which time he furnished Captain Pullan, 
who by thc  by worked with him for onc meek compntir~g-with all the points required in the 
eastern plane tables of s l~eet  8. During the season he also took observations at 5 stations 
(disconnected with his triangulation) where vertical angles wcrc wanting, in ordcr to compute the 
heights of a portion of last year's net work triangulation wl~ich by some ovcrsiglrt could not be 
c o m p ~ ~ t e d  for want of vertical observations at  two or three stations conncctir~g that season's 
work with the old triangulatioit. On thc 21st April hc took up thc slcctching in a plane tuble 
in shect 8, the one after\vards lost, in which he sketched 40 stluare miles, exercising the while 
supervision orer the traversing which was being carricd on in shcct 9 by Gopi1 Vishno and 
Onnesh Bipliji (1st) who waa sent to work tlrc avirilahlc traverse party lcft vacant I)v Mr. J,IcA'l"ee 
taking the plane table party nlhicl~ nrrangcmcnt was conseclacnt on Mr. IIicltie falling sick 
leaving a plane tahlc party vacant. Altogether his traversing amour~ts to 309 milcs giving an 
average of rather more than onc point per 2 scluarc ~nilcs. After completing the plane table 
11e joil~ed Mr. Christie and assistctl him in clearing the rays and sclectiug stations on the hlahi 
Series so that hc did not return to recess quarters till -1,th July along with Mr. Cl~ristic. 

(16.) Mr. Connor had to  complete the net work triangulation in sl~ect  13 and visit a 
chain of stntiona of the prcvions season's trianpllatio~l for the purpose of taking vertical 
observations which hat1 l)ct:n altogcthcr lrft r ~ n t l o ~ ~ e ,  \vl~ich Ilc fi ~risllctl by 3 t l 1  Drccnll~rbr 11avi11g 
laid down 37 t r ian~lcs  ant\ t a k c ~ ~  verticals at  2:l rt:ltions I)csitlcs. Thc area covcrcd comprised 
684 P ~ I I ~ ~ C  miles orer ml~ich Ile laid tlown altogcthcr 50 ncw fixed ~ ~ o i l ~ t s .  Thcrc was also 8 

travcrw of 86 miles run in grol~nd tl~ickly mootled. 0 1 1  thc coml~letion of the fidd portion of 
t h i ~  work he l~atl to retlucc l ~ i s  observations, co1111)utc hin triangles and thc latitudes U I I ~  loogi- 
t~~tlcrr of hisstation% and points, I~ccaase sllect 13 is one of thosr xl~ccts that have becu tol)ograpl~i- 
cally surveyed this ycnr. ]:or tllcsc rctl~~ctions 1 t11erc:fore dircctctl him to joi11 Mr. cuss or^ to 
whom the topograpl~y of thc nl~rct  m:is c:ntr~~stetl R I I ~  t l ~ c  t ~ v o  ~or l ie l l  together for a n ~ o r ~ t h  and 
a half when I IC  cornnlcncctl the t ravr ra i~~g of thc l ~ l n ~ ~ k  portion of shcct 11 ~ v l ~ i r l ~  11:- also bcen 
topogral~l~ically aurveyrd thin ycar 1)11t after npentling a fcw tl:~ps on that work rluring which he 
fised onc station by trianpl~l:~tio~l an11 ran 26 mile* of  travcrsc, I srnt him on to sl~cet  10 to 
cover the h l a ~ ~ k  ra-tcrn l~a l f  with fixed points Ijy traversing or by triar~gol:~t,iorr if practicable. 
1 gave him n Natirc Survcyor \\-it11 a r~ol l~cr  t ravcrs i~~g party to  run n ~ i ~ ~ o r  travcrsca, (;ancall 
Biipi!ji (1st) who was al'trre.:u.~l* s~~r-ccc1lc.11 Ily ( ;n~~csl t  IKip6ji (L'ntl) and nltogctllcr that half sheet 
h ~ s  becn dccorntcd wit11 l j l .  miles of travrrsing, g i v i ~ ~ g  on an avc:ragc 1.3 fiscd points per 
square mile. The wholc of the llalf sheet is ~ l ~ ~ c l i l y  aoodctl u-l~icl~ ~.cr~dcrcd triangulation 
impracticable. 

(17.) 3Ir .  1Ii1,Lic ma4 entrnstrtl with t l ~ r  topo;rnphy of shcct 11 and 1111dcr I~ im were 
placed two Sativc Survr!.ors Ilalrvn~lt (;o\intl a ~ ~ t l  3111k11ntl l ) i ~ ~ k a r  c>ach with n plnnc tablc nlld 
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phrty. The l i f  cr bcing a new hand, Mr. Ilirkic had first to trnin him to the work not quitc 
ah ini l io as 11c had rcccivcd somc instruction last rcccss Dom Mr. D'Sol~xa. Mr. IIickic was very 
uufortunate in losing his 11calth mhirh I fear nill rcndcr hill1 a dclicatc subject for some time to 
come. H e  had somc years ~r rv ious ly  heen a victim to c h r o ~ ~ i c  diarrhma hut had while serving 
on  this side of India bccn eajoying an in11nunity from it until last Decemhcr when i t  was agaiu 
induced by the work on thc coast which IIC sl;etcl~cd l~imsclf and nhcrc he was frctlucntly for 
hours with his fcet wet in the mud ; that and the sun ovcr head brought back his cornplaint 
mhicll weakcncd him very much. Whcn I visited 11im in January I noticed he \\,as l o ~ k i n g  
very much pullcd down, but he continued to hattlc against thc discasc and worked on till 1st 
March when hc was ol~ligcd to  come into Uhrocl~ for lnctlical treatment which afforded him 
relicf for the timc, on which he resl~mcd his work until tlrc mitldlc of hpri l  1v11cn he was obliged 
t o  give up and comc again to  Bhroch and thcn thc Civil Snrgcon discovered that  his complaillt 
mas much more serious than hc ha11 at first supposcd. I-Ic nns for a short time very seriously 
ill but he was restored to comparative strength spin anrl I thcn, during thc rcmainrlcr of t l ~ c  
scason, employcd him on sedentaly work in  my ofire, fair copy of anglc books kc. During thc 
field scason he with his own hands sketchctl with t l ~ c  planc table 126 square milcs and closcly 
inspected f i e  work of both Balwant Govind and Rlr~knnd Dinkar who respectively turned o11t 
166 and 6 1  square miles. The latter NW employed from thc 18th April undcr Captain 
Pullan. Mr. Hickie was also cmploycd for about n fortnight trave~~sing as the eastern por- 
tion of sheet 11 was too scantily provided with points. 

(18.) Mr. Cusson was entrustcd with the topography of sheet 1 3  and under him 
Were Luxumon Ghorp~nay  and Vital Trishuu, thc formcr a lad trairlcd during the previo~is 
eeaaon, the latter a newly entertaincd Intl. Mr. Cusson kept Vital Vishno working ~vi th  him 
hntil 15th Dccember when he started him intlc~rcnclently. Mr. Cusson as I 11avc stated in 

. (16) was interrupted in  his topographical work by having to  compute with Mr. Connor 
or a month and a half and again on 20th Pllarch \vhco tlrcre mcrc but two planc tahlcs rra 

t o  be completed in sheet 1 3  which mere ma~lc  ovcr to I ~ u s u ~ n o n  Ghorpuray and Vitd 
Vishnu, I directed him to take np a plaue table in sl~cet  8 which hc hat1 half co~nplctcd 
?hen Mr. Hickic's falling sick r~cccssitatctl another changc and I sent him to takc Mr. 
Hickie's place, relieving him in sheet 8 I)y Mr.  1lcAJl"ce ns mcntioncd in p:rrn. (15). Alto- 
gether Mr. Cusson with his own hands turned out 190 scluarc miles of tolrography. 

(19.) I have thus the plcasurc of reporting favorsl~ly of the whole of my Assistants, 
tvery one of thcm having worlird zealously and well, a!~d thc rcsldt of their combint%d 
labors must be consitleretl 11ighly sat isf i~ctor~,  comprising as it docs t l ~ c  Tol~ographical 
Survey of three shects rmd t l ~ c  completion of t l ~ e  preliminary prclraration of a similar 
area for topograpllical sketching next season, beaidcs the rornplrtion of thc Mahi triaugula- 
tion. This considering the tendcr age of thc party is 1 co~widcr very successful. 

(20.) I have also the pleaanre to rcport the ahscnce of any serious collisions with 
structive or litigious natives which, after t l ~ c  reports of Colonel Nasluytl~ and Lieutenant 

is I cousider mattcr for congratulation. 

(21.) Great ol~strnction ran  antiripatcd anrl inrlerrl hat1 hccn prcviously cspcricncrd 
from FI. 11. thc Gaik~\-ar's suhjrrts ill rcgnrtl to cl~ttir,g trccs, I I I I ~  I rcprrsented thron;l~ the 
Resident at *Barorla the fart th:rt n~o.it of the otller I:rrgc states in Intlia hntl I~n~~tlsomrly 
contributed toxvartls deI'l.ayiug thc cost of t l ~ c  S I I ~ V C Y  of their trrritnry and suggcstetl it  
f ould he afler all but a trifling rontribntion on thc part of the H:~rotla D a r l ~ i r  to .clicvc 11s of 
thc onus of scttling ancl a~\-nlrling co~nlrn~ration for trccs kc. T l ~ i r  rcllrcaclltntih p r o ~ l ~ ~ c c ( l  
the tlesircd cKcet nnrl tlrc 1)arlrir sent mr  n I\-akil (~vl~onl  I attncllcd to RIr. Cl~ristic's canlp) 
t o  settle all dific~rltics in the way of cutting trccs antl to rlral with a11 claims for compcusa- 
tion as cleime against the T)nrb:k and tllurr no further diilicultit:~ mere cxpericnccd. 





connect my proposed latitude station, substituting i t  for the station of the approrimate 
series nearest to Rlangalur, which bciug 4 or 5 miles distant from the Telegraph oace, I did 
not  consider suitable tor the Electro-Longitude obscrvations. 

The Telegraph office is so vcry low lying and hidden from the surrounding country 
by higher ground and trecs, that fixing trigonometrically any point in  its neighborhood mould 
have involved vcry cousiderable expenditure. 

After some trouble I succecrled in finding a point to  satisfy all requirements, close to  
thc ligl~thouse and within a mile of the Telegrnph office, and therefore capable of temporary 
connection therewith nt slight expense. 

(8:) Taking the first steamer available I reached Kamte on 28th November; and 
thence jo~ucd my pcople at Gursuppa next day. 

From Gursuppa there is an excellent road over the GhSts to the north-west corner 
of Mysor, wherc I made a hurried inspection of the stations of the approximate series which 
seemed available for my purpose. 

The season mas so far advanccd that I could not afford to spend so much time over 
this ns I could have wished, hut I satisfied ~llysclf that at  lcast one station was fairly 
suitable, and then hurried northward as rapidly as possible joining the P w t y  at  Kundgorl 
on lGth December. 

(9.) Some days were lost in consequence of the station not being ready to  receive 
the obscr~~ato~.y tent and instrnment, and observatious mere not finished till 30th December 
and I started for Al?iLla on 31st December. I n  the meantime I had deputed Mr. Bryson 
to  cxarnine the two ncigl~boriug stations Tndlir autl Ganigud mith a view to  taking obser- 
vation nt one or both, but Ile rcported them as uutit. I thcn sent him in  advance to 
l l n j i l a  to prepare fbr the work there. 

(10.) On thc march, I took the opportunity of inspecting the station Naollir next 
acljoining Kundgorl to the rrorth, ant1 f i n d i ~ ~ g  i t  very well adapted for my purpose, resolved 
to  talic a sct of' observations therc on my return from MajLla. 

(11.) The Party reached MajLla on  12th January and again I was delayed for 2 or 3 
days owing to  the ditliculty of getting work done promptly. I sent 35. Bryson to ex- 
amine two stations Dandobn and hIawiuhunda adjoining Ilaj.'lla, wl~ich N r .  Wood had not 
been ahle to  visit the ycar before, and hc reported that the latter was suitable for a 
latitude station. I had preparations made accordingly and attcr completing work at Majala 
proceeded to ;\Iawinl~unda and finished observation t l~cre  on 7th Fcbruary. 

(12.) From Mawinhnnda thc Party returned sonth to Naollir, where I took a set 
of ob~cr\~ations a r ~ d  then rcvisiterl Knndgorl for a second set, w l ~ i c l ~  appeared to me desir- 
able bccausc of the arloptio~~ of some changes in the method of observation (which will be 
noticed later) aftcr thc iirst visit. 

(13.) I finisl~etl work at  Kr~ntlgorl on 9th March, and marchcd soutl~ward, mhitl~er 
Mr.  Buyson had preceded me with instr~~ctions to examine the two st:itions which I thought 
likely to he suitable, and prc1)arc tllcrn for o1)scrv;itiorr if his cxan~ination proved satisfac- 
tory, which IIC tlitl ant1 I took a sct of obcrvntion OII each. Thesc stations which I have 
named " H n n a n ~ ~ l i "  and "Koranlorag~~tla" are not as yet fixcd by trinngulation, which was 
closcd at Cl~antlcrgnti a few nlilcs to t l ~ c  north by Lieutenant Trotter iu 1867 and has not 
been cont in~~cd  since, b11t thcy both bclong to the approximate serics, and are likely to  be 
fixcd next season viz. 1872-73. 

(1-1.) After Mr. Bryson had finisl~cd the prepamtory building at  thcsc stations, as 
I ditl not crl)cct to require his services at  AIa~~galur, 1 sent him northward to re-protect 
a1111 rc-transfer the stations at wlricl~ I I~ad  tuken obscrvations, as wcll as any othcrs mliich 
hc ~ u i g l ~ t  fiud to rcquirc it. 

(1.5.). I was terrildy dclaycd at  both Hunawali and Koramoraguda hy clouds and 
f o p ,  the latter of \ r l~ ic l~  tlrivi~rg 111) from wcstward ercrp nigl~t, used to put a complete 
stup to ol)rcrvations gener:llly 11s c a 1 . 1 ~  ~ L Y  11 P. >I. ,  a ~ ~ d  did uot clcar off again till the sun 
got higl~ in thc I learc~~s  ncst m o r r ~ i ~ ~ g .  

Thcsc fogs may intcrferc wit11 the triangulating party more seriously than they did 
nit11 mc: as t l~cy cnvclopc thc l~i l ls  m ~ d  ol~scarc terrestrial ohjccts generally some time before 
tlrcy close ovcrl~catl a1111 stop star oh~crvations. 

l ' l~cy co~nn~encc carly in thc hot-wcrrtl~cr and increase in intensity as the season wears 
on, being also worst iu t l ~ c  ucighborLood of the Cil~its. 



(16.) I did not finish observations at  Koramoraguda till 13th April, when I marched 
for Gnrsuppn, having dccided that mrich the most convenient and economical route for trans- 
porting the Party to Mangalur at  that season, wm by the good Ghkt road to  Gursuppa aud 
thencc by boat dowu the river to Honamar and by native sailing vessel to  Mangalur. The 
journey was made successfully and the Party reached Mangalur on  22ud April. 

(17.) I put up the instrument a few feet due east of the Trigouometrical station, which 
bcing ou a pillar several feet ill height was not suitable. 

EIcre again, clouds rendcred my life a burden to  me, for night after night I got eithcr 
no work at  all or only two or thrcc ol)acrvations ; and in tlrc end I considered myself very 
fortunate in complctirlg ruy ohscrvatiorrs on 17th hIay ; but I waa forced to give up t l ~ c  idea 
of observing a t  two or morc supplctueutary stations as I had proposcd doing. 

(18.) On 21st May I lcft ZIIangalnr by stcamcr for Bepur (Bcypore) and thence cnme 
on to 13angalor by rail, arriviug on 24th May. 

(19.) I shall now give a slight description of the stations wliicl~ I visited. 

'lMajBla" and " Mawinhuntla," are both situatcd on flat-topped isolated hills standing 
in a plain, the general level of nlricll is vcry equable. 

Thc hill a t  Majala is about 5GO fcct above the plain, at  Marinlrundn about 540 fcct. 
At the first there is aslight preponderal~ce of mattcr to the North and in the latter to thc South, 
but iu neither case is tlrere any reason to expcct appreciable disturbaucc of the plumbline. 

(20.) "Naollir" is on a low sharp peak, 100 or 120 feet nbove tlre level of the plain, 
which is, in the immediate neiglrborl~ood, rathcr broken by undulatious. 

Kundgorl" stands on a slight swell iu  the middle of a vcry gently undnlatinp plain. 
Thc generirl levcl of the couutry su~rouudiug both of the last statio~rs is very equable. I n  
neitlrcr of these do 1 see any rcasou to assign a p r c ~ ~ o r ~ d c r a ~ ~ c c  of matter on oue side or  the 
other, far lcss to cxpcct any appreciable irlflueucc on the plumbline. 

(21.) " Hunarnli  " and " I<oramoraguda" are situatcd on hills in an undulating coun- 
try of eqlrable gcncral Icscl, I,ut co~lsidcr:~l~ly brolten up by hills, detached in groups, o r  in 
small rarlges rrurlring iularrtl from the G11Ats. Tlrc couutry to a great extent, and the bases of 
both tlre hills in qacstion, is covcrcd wit11 jurrglc. 

T l ~ c  station " Iiunawali " i h  on tlrc l~iglrcst point of n sharp rtdge running North-East 
and South-TVcst ; its h e ~ g h t  al)o\c tile plain IS about 770 fcct. There IS probably somc slight 
prepo~rclcraucc of luattcr on tlre southern b~dc bclow the 11~11, but  the h ~ l l  itsclf has n small 
excess to tlrc North. 

'' Kornmorngrrda" is on a round toppcd lrill about 4.50 feet above thc plain, the highest 
point of a little rarrgc rlwni~rg ~rcrirly East anrl IYcst. Tlrrre is a slight excess of matter ill 
tlrc plairr bclow the lrill to tlrc South, arrd the mass of the hill itself is rather greater to North 
thau to South of thc station. 

(22.) At ncitller of tlrese stations do I tlrink there is any thing suficient in tlre con- 
figuratioir of tlrc ground to justify a guess as to tllc direction of irregular attrnctinlr ; I~ll t  
i t  must bc rcrnemllcretl t1r:it t h y  arc both in thc nrigl~l~orl~ood of t l ~ c  W c s t r l . ~ ~  Gl~kts alltl 
the grcnt drop from tlrc J Iys t~r  platc:tu into the low coul~try of Kannra, avcragilrg hlllp 0 0 0  
fcot. 'I'his clrnr~gr of level in to tllc \Vest, nntl scveral miles distant in both cnscs; b ~ r t  its 
line trcr~tln solltlr-cnstwnrtl arrtl tllcrcforc tllr tlcficicrrcy of 111:itter causctl tl~crcl)y also lies to 
tlre ~ o u t l ~  of tlrc sti~tio~rs, but at  a I I I I I C ~ I  greater cl is t i~~~cc from t1ic111 ill that direct io~~.  

(23.) Tlrc station nt hfangalur is on thc ligl~tlrousc hill, nborrt 1GO fcet above t l ~ c  
sca. Thrrc is r~ot l~ ing  ill the fcutl~rcs of thc grou11tl in tlrc vicilrit,~ slltlicient to cause irre- 
gulnr attriiction, Ilut tllc nlnvs of tlrc high couutry above the G11Ltu lies to the East nlrd 
North-JSast arid tlrc sca to tlrc \Vest. 

(21.) I shall now make some rcmarlcs on the nlctlrod of obscrvation nud on the in- 
strument. 

I n  the first set of ol~scr~ntions at  Kundgorl I madc no uso of the capability of tllc 
instrument for cl~ange of ecro, but I introduced this at RlajBla. 

(26.) In  tlrr mitltllc of my ohacrvations at  the latter placc I hod a letter From Cap. 
tain Ilcrschcl ill ~ l r ic l r  he iuforrucd me, that he had tried the espcriulent of reversing his 



instrument bodily, with so decided nu effect on the results that he considered such reversal 
proved to be allnost essential. I had long before comtemplated making this reversal among 
otl~ers, but  mas deterred owing to  the labor i t  involved of taking the instrument entirely to  
pieces, whicll labor however Captain I-Ierschel avoided by the expedient of revolving it, all 
stantling, on a metal fulcrum introduced under the centre of its basc plate. The morning after 
receiving his lettcr I reversed in this manner and have done so ever sincc, taking half the 
observntions a t  a statiou in each positioll of the instrument. 

(213.) At filawinl~unda I farther introtluced a reversal of the sector with regard to  the 
rnicroseopes. T l l i ~  change was a very ti.oublesome one and its advantage problematical, but after 
adopting it I contiuued it at three stations, and t11e11 abandoned it, bccause I fouud that with 
uncertain nfeather, such' as I hat1 at  the latter end of the seasou, every change of this sort, 
wllich div~ded the total observations to be obtaiued into groups, each to  be taken in its own 
position, became a fertile source of dclay. 

(27.) At one time I adopted the plan of cl~anging t l ~ c  order of position (East and West) 
of observation wit11 alternate stars, at  a ~ ~ o t l ~ c r  on alternate nights. Both metllods I think have 
argnments in their favor, but I am ~ O I Y  of opinion that the former is the  best. I t  is the one 
that Captain Hcrschel has adopted. 

(28.) Early in  the season I gave up all attcmpt at  selecting stars in  " pairs" wit11 
your sallction, a ~ r d  made it my first object to  obtain stars depending on the greatest number 
of observat~ons at  Greet~micl~, using for this purposc both the seven-year Catalogues of 1860 
and 18G-h. At the same time I al\vilys used an equal number of stars North and South of the 
Zenith, and endeavored to maiutain an equallty between tllc mean Zenith Distance, North aud 
South. 

The importance of using " pairs " scems to me to be almost entirely removed by the 
introduction of changes of Zcro, mhercl)y (csccpting cl~auce coincidences) a fi.csh set of gradua- 
tions is used for every observation, wl~etller of the sarric star or uot. 

(29.) I have discovered only one feat1u.c of the instrnmcnt ml~ich gave me uneasiness, 
\iz., an instability of t l ~ c  zero of levels ant1 inic.roscopes, a ~ ~ d  lcvel of transit axis, which have 
a tendency to chnngc all togctller. I attributed this  ant of stability to the fact that the frame 
or  " cradle" carrgiug the lcvcls and microscollc~s and supportil~g the transit axis, stands upon 
four bear i~~gs ,  es;~ctly cqonl prcsrurc on \ s l ~ i c l ~  it ir impossihlc to maintain. The corltact is 
effected by a stet4 bolt assisting gravity and wol.kiug tlrl~ougl~ a thick brass plate. Conseque~~tly 
as the temperature v:nics the tcusion of the holt autl therctbrc t l ~ c  prcssure of the cratllc or1 its 
bearillgs also varies, and t l~cse bcarings not I~eing exactly in the same plane, or not all equally 
rigid (two being proriiletl with an at\justment) s tr : l i~~s are sct up, causing the changs of zero 
~loticcd, bet\veen a l ~ i c l ~  auil thc tcn11)crature of the ob~cr!';ltoly 1 traced a decided counection. 

(30.) nrllcn I first noticed tl~eqc cl~angcs they cxr~ucd mc somc anxiety bnt I have not 
traced any injurioos ctkicct in tllc E(:I.O error givc11 by e :~c l~  ~ ~ l ~ * c r r a t i r ~ n ,  and it must be rccol- 
lected that tllc   no st v:ilu:tl)lc I'catul.c: of this i ~ ~ s t r r ~ n ~ c r ~ t  is, that any change of the sort is of no 
couseqllence ~ l ~ n t c v c r ,  provided stal~ility map he reckoned upon for the time occupied by one 
double obscrvatioli or for about 5 luiuutes o~rly. 

(31.) T l ~ r o r ~ g l ~ o u t  t l ~ c  season the instrument mas carried on spring carts, which I con- 
structed for that lnlrpose at  Pliua, with a vcry great s a ~ i ~ ~ g  in pay for bearcrs, us these carts 
wcrc drnggcd I)y the Khnlisie:, of thc ~s t ; i l ) l i s l~n~cnt ,  aided when r e q ~ ~ i ~ i t e  by ordinary coolies. 
Tlley anstvcrctl their purpose admirably aud passed ovcr somc vcry bad, rough traclts, not worthy 
t l ~ c  11:lulc of road. 

(32.) I rrgret that I am not in a position to jutlge of the observations by their rcsults, 
nlricll owi~lg to t l ~ c  small conlputing power of the P:usty, have not yet I~ccu nrrivcd at. The 
progrcss of thc ~vork has I)CCII greatly impctled by the llecessity which I fount1 myself under 
of recornmc~~cling t l ~ c  graut ot one montl~'s privilcgc lcave to Mr. Blyson, on very urgent 
private nHhirs. 

(33.) Mr. Dryson only joinctl mr  at the comrncnccmcnt of last Field season; i n k e d  
hc had already takcn thc fcltl w1t11 the Guzrit I';trty, wllcn he was transferred. H e  was there- 
fore quite incspcrienccd in thc work which he 11as l~atl to perform. 

1 ,am very glad to hr able to speak highly of his capacity and ~villingness to learn new 
duties and of hi* zeal in performing them, and I haye notbiug to complain of but a slight 
tendcllcy to overlook c1ct:tilj. 



(34.) Nearly all the recording wns done by my native writer, who is a very useful and 
hardworking observatory assistant. 

(35.) I shall conclude this report with a short rhumb of the season's work. Thc Party 
left Plina, on t l ~ c  9th November and marched under charge of Mr. Bryson to  Kundgorl H.S. 
close to "Dharmar, mhere I rcjoincd i t  on 16th December, having in the interim visited Manga- 
lur and selectcd a station tlierc. 

Bctwcen the 16th Dccember and 17th May, observations mere taken a t  seven stations 
and a second set at one of them, the distance travelled during that time being about 450 miles 
by land and 100 by sca. The wcather during the early part of the season was favorable for 
observation, but in April aud May very much the reverse. 

(36.) Tllc following is a statement of the cost of the operations. 

The total cost of the Party during fiuancial year 1871-72, mas Rs. 17,788, which divid- 
ed hetween 8 dcterminations of latitude, (including a second of one station) gives the average 
cost Rnpees 2,223-8-0. Tllis average l~o\vcver is not a fair one ; as during the first five months 
of the year-the pay of the officer in  charge (Lieuteuant Trotter acting) was not debited against 
this Party. 

Extract from the Narrative Report-dated 6th September 1872-of Captain T. T. 
CARTER, R. E., Deputy Superintendent 2nd Grade, in charge 

Brahmaputra Series. 

P~nsomar.. (1.) The Party as per margin left *Calcutta 
Mr. W. a. Bercrlrg (in cl~nrgr) Asst. S~~pdt. 2nd On the Isth 1871 in charge Mr. 

Onudr. W. G. I3cverlcy (who mas also in charge of thc 
ASSISTANTS. Eastern Froutier Scries) arriving at  Kkliganj on the 

Mr. C. T. Nrnrillr, S111.rryar 2nd Cfrnclr. 
Mr. G. A. Hnrrip, ~ l s s t .  YilrrC~or 1st Grnde. 

BrBhmBl~atra Itivcr on the 8 t h  of the month, mhere 
1 Xntiw T)ortnr. 3Iessrs. Neuville and Harris landed to  carry out 
61 Knlhahic.. the iustructions as collvcycd to them by Mr. &vcr- 
15 Dr~rto~~dl ir  G~~nrds.  ley. 

(2.) I n  nccordance with the programme of operations submitted for approval to the Snper- 
intendcnt G. 1'. Survey of India in Mr. Ucverley's lcttcr No. 106 of 1871, Mr. Ncuville mas to  
roml)lrtc the npproxin~atc series fixing definitely tlrc sites for the AlangjRni and Gohiudpur 
Tontcr Stations, as somc doubt existetl nhether the positious originally fixcd for these Stations 
I)y RIr. Bc:vrrley in the Saason of 1870-71 \roald last owing to the encroachmr~~t  of the river. 
Mr. Neuville was then to fix the position of the Rangira Hill Station and risit the hill station 
of GkropBra to sce if the rays to tllc plains wcre clear, ~ubscquer~tly Mr. Neuville was to ena~nine 
the rays 

Narsingbhanj to Kasl~dol~o. 

Kashdollo ,, ICancl~ipLra. 
Giirophra ,, Banc11;phra. 

GAropLra ,, 14alka-C!llar. 

C;:iropRra ,, Jannliip~lr. 

and if ncccssary make the h a 1  clcariugs. 

(3.) At thc cornplction of this approximate work, Mr. Ncuville was to take up n minor 
trinngnI:~tion to tllc Civil Btatiou of Jlnilnnnsiuh if time pcr~nittc(l, if not, Itc was to pay the 
c o n ~ l ~ c ~ ~ s a t i o n  tlnc on the nl~ovc nlcntioncd lSays. 5Ir. Ncuvillc carrictl oa t  t l~cse i~~struct ions.  
I I I l ~ c  station of illnngiini wan found int:~ct and a ~)ositioo chosen for a ncw to\ver to he bnilt a t  
(;oI)intll)nr, in place of tllc sitc originally sclected np to \vhic:h thc river had encroached to 
withiu 40 fcct. T l ~ e  final rays abovc tlcscribetl wcrc clcarctl and compcnsatiou for trees paid. 

(4.) Thc completion of the approximate morkoccl~pied hlr .  Ner~villc to the 15th of Frb- 
rump, wl~cn Ilc proccctlcrl to tnkc up tllc minor triangulntior~ to RI:~imnnsinh, 011 tllc side Poerbari 



to  R~hidpur  of the Brkhmiiputra Series, but  as time monld not have permitted him to llave 
completed the triangulation as far as Mnimansinh during the season, and the 12-inch 
TIleodolite with which he was to have done the work had not arrived, i t  mas abandoned aftcr 
taking trial rays for the 1st triangle of the series. H e  then proceeded to  pay compensation 
for trees cut, in  accordance with Mr.  Beverley's instructions as tihove mentioned. ~ l ~ i ~  
occupied Mr.  Neuville till the 15th of April, w h ~ u  heprocecded to Calcuttaand t l~encc t o  Head 
Quarters, Dehra Dun, arriviug on the 9th May. 

(5.) The approximato mork has been completcd (with the exception of building certain 
Approximate ivorh. towers and platform stations to  be nftcnvards enu- 

merated) aud the rays cleared u p  to the junction of 
the series with the AssAm Longitudinal Series. hlr. Neuville's work duriug the past field 
senson is I think deserving of commeudation. 

(6.) Mr. G. A. Harris on landing a t  KLlignnj on the 28th Novembcr proreeded to 

Bonorpbrq Kanehipbrn, Bhotibocl16gori. 
complete the building of the towcr statio~ls of the 
Series, but  having completcd the Toaer  Stations 

per margin, he was directed to  proceed nnd take up the bnilrling of the pillars on the Eastern 
Frontier Series, leaving Kdliganj for *Go\vhatty on the 24th of February. 

(7.) Therc remain to be built the following Tower and Platform Stations namely, at 

Tower and Plstform Stations to be built. 
Kashdoho, Narsingbhanj, Gobindpur and AlangjLni 
stations, and 5 Platform stations, viz., at  Gbrop4ra, 

Peshkarbhita, Rangira, Singimari and Samding. 

(8.) The side of continuation for the ensuing season's work, mill be Parkoksa to Poelsaof 
the Rasalia Polygon, but Mr. Neuville reports that there is much fear that the station of Parkoksa 
will have been carried away Ily the rircr during these rains, in which casc a new pillar ail1 have 
t o  be built in the vicinity of Parkoksa and two triangles re-observed in the Basalia Polygon. 

(9.) The charge of the Party was made over to me, vide Departmental Order No. 21, dated 

Captein Csrtor tnkca ellorge. 
the 13th ,May 1872. The information givcn in this 
reuort is chieflv dcrivahlc from Mr. Neuvillc the 

Senior Assistant with the party. The Party bill take the f;eltl towards thc end of Octobcr and 
an endeavor willhc mnde to  complete the mork by the end of the tield season 1873-74. There 
remnin 3 Hexagons, 2 Pentngons and a Qoadrilateral to co~nplete the Series. 

(10.) I regret to  say that  Mr. Neuvillc, on the rcturn of the Party to I!carl Qnartcrs, was 

IIcnlth of the Port?. ol~ligcrl to avail lrimsclf of ttvo n~otlths privilege 
leave to rccrnit his hcalth ~ v l ~ i c h  he wishes to state 

has suffered scverely t l ~ ~ r i n g  this, as well as thc lrrcvious field scasou. Of the Native Establish- 
ment, about 20 pcr cent were geucrally ill with fever or dyseutery. 

Extract from the N a r ~ t i v e  Report-dated 14th September 1872-of (Iaptain 
H. TROTTER, R.E., Deputy Superintendent 3rd Grade G. T. Survey, in 

charge 'Kattywar Burvey 

(3.) I l ~ e  Party left recess qnartcrs at  Plina ahor~t  th r  20th October, all the Assistalrtg 
and Native Sorscyor.r, proccerli~rg as us11a1 11y rail to Shrat, t l~cnce across the (;11lf of *-Ca~~~h:lp 
by hnndar-boat to "(iogo, onr starting point tbr the interior of Kattywar. i l  fcw dnys m:rrvl~ 
took them to the ground t l~cy Lad to survcy and nearly all had commenced work by the 20th 
November. 

(4.) I returned myself to Plina from privilcae leave on the 9th Novemhrr, the arrange- 
ments for taking the field having heen allly contl~~cted d u r i ~ ~ g  my ahseucc by the A~8istOllt 
Superiutendcnt Mr. XlcGill. hlr. Yirldi~lg hntl rcmninetl bcl~intl in Z'riua r~ndcr my instrnctiorln 
to  complete some of the mapping and rccordr : aud by the 14th Novernbcr, I  was able to 
despatch to Hcnd  quarter^, for publication, the whole of the fair copies of thc maps completed 
deriug the previoue season viz. al~eets XXVI, XXVII and X X V l l I  of thc Kattywar Survey 
wale 2"= 1 mile. 
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, (5.) On  the 15th of thc same month Mr.  Ficlding and I started for the districts and 
on arrival a t  *Bombay, were somewhat alarmed at  reading a paragraph in thc nevspapcrs t o  
the effect that a tremendous storm had swept over the Gulf of Carnbay on  the lkth,  and tha t  
many vcssels had been ~vrcclced, especially betwecn Slirat and Gogo; that the sea wall a t  the  
latter place 11ad been wnshcd away and a grcat amount of damagc donc; that a number of tents 
had been swept away, amongst them t l~ose of an assistaut in t l ~ e  Trigouometrical Survey. This 
was so far satisfactory, i n  that i t  mas probable that the assistants had safely nrrived; but knom- 
ing that the usual camping ground a t  Gogo was situated immediately behind this very sea mall, 
and fearing that very prol)al)ly the \\.hole of our tents, instruments, stores, records, &c. (which 
had been despatched by country craft direct from Bombay along with thc Subordinate Native 
Establishment and the Assistants, and my own I~orscs) might havc been depositcd'there as usual, 
I mas naturally very anxious until, on my arrival at Gogo on t l ~ c  20th, I Icarned, that hy a 
great piece of good fortune, owing to the unhealthy state of the camp followers, Mr.  McGill 
had dirccted the w11olc of t l ~ c  Head Quarters camp to  await my arrival a t  Wartej, about 12 
miles inland, instead of at  Gogo, v l ~ c r c  I had expectcd to  find thcm. T l ~ u s  no harm or  damage 
was done to Government or to my own property; bnt Air. Fielding's tent had unfortunately 
been pitched in the nsual place and hc found, on his arrival, everything that he had more 
or less injurcd by the salt matcr. l I is  tents and boxes had been carricd away by the force 
of the waves and had becr~ deposited at  a considerablc distance off, close by the missionary's 
bungalow. Altogether, howcver, i t  is a source of congratulation that so little damage mas 
done. Elad the storm occurred a few days earlicr the couvequences might have been most 
disastrous. 

(6.) Mr. Wyatt  left Pdna a t  the samc timc as the othcr Assistants, proceeding from 
Bombay by pattimar (country-boat) dil-cct to  Jaf'arabail, a port on the sea coast of Kattywar 
situated in s l~cct  XSIX,  a portion of tllc survey of wl~ich sheet had been left unfinivl~ed the 
previous season and which 1 11ad depntcd Mr. Wyatt  to  complete. 

(7.) The whole of the Assistants worlccd steadily and well throughout the season 
which map ecrtainly be considered to have beeu a successful one, the actual amount of work 
compietcd bcing as follows :- 

(8.) 2036 square miles hare been topograplrically survcyed on the scale of 2" t o  the  

Amount of work donc. 
mile, 19-1.0 squarc miles have becn covered with 
a net-worlc of triangles preparatory to  topogaphi- 

cal survcy, 779 lincar milcs of TIal111ka boundary have been traversed nit11 tllcodolite and 
chain, every boundary stonc having.bccn fisctl, besitles which 156 linear milcs of traverse have 
been run along the margin of the scasou's work to  test the accuracy of thc dctail survey. 

(9.) The majority of the planc tal~lcrs con~menced work in sheet XXV and worked 
steadily northwards, completing bcfore the cnd of thc seasou the whole of the topography 
of sheets X S I I I ,  X S l V ,  a ~ ~ d  X S I r ,  a vcry satisfactory out-turn of atork considering the 
number of hands employed (viz: tive Enropean Assistants, t ~ - o  of whom were quite new t o  
the work, and five Natives of whom oue mas a raw-hand). 'I'he ground in sheet XXV mas 
mostly flat with the esccption of one plane tablc, hut  in  the shccts to  the north there was 
au enormous amount of detail, r c q u i r i ~ ~ g  a large expenditure of time and labour to  survey. 
Had i t  not Imen for this I might 1)robably h a w  a still little larger out-turo of work to record ; 
for the past scason Iras 1ral)pily becn an anusually I~calthy oue and thcre mas comparatively 
little aickncss in thc ficld though I regret to  say there has beeu a great deal since our return 
to quarters. 

(10.) Tl'hilst t l ~ c  majority of the Assistants wcre cmployed in those thrce sheets, Mr. 
Wyatt  was hart1 a t  work ill s l~cct  X X ? S  where hc had first of all to complete a piccc of tri- 
angulation, tl~cli run somc t13avcrscs, and finally complcte the topography of that portion of the 
aheets XXIX and XXX which was left unfinished last year. This w a s  all completed satisfacto- 
rily before the cnd of AIay. 

(11.) I had thus thc sat~sfact~on by t l ~ c  cud of the scnson of having the completed 
portion of t l ~ c  Kattynrar Survey in a more comp:~ct form that ~t has e \e r  yct presented. It 
will be secn by rcfc~cnce to the I ~ d c x  Alap tllat thc topography now complrted incl~ldcs sheets 
V to I X ,  XI1 to S I X ,  anti X S l l l  to ASS.  TIIIS n l l  cunblc drgrcc shcets \'I autl VII  to be 
prcparcd on a scale of 4 m ~ l c s  to thc inch. 

(12.) I am happy to  say that in thc gronnd we have hccn snrvcying during the past 
senson nearly the wl~olc of t l ~ c  'l'ii:~llnka 1)onntlariez; 11:lvc bccn lrroprrly den~arcntcd by tlrc local 
committccs appointctl for tlic pnrposc, ant1 t l ~ a t  in tllc maps 1r.c s l~al l  scud in t l ~ i s  year there 
will be cornparativcly fcw " u~~dcmarcatcd " boundaries to dinf , - ~ ~ r c  them. 

(13.) IVl~ilst tllc filling in, of thc topo:.~-al)l~ir:ll dctail in sheets X X I I I  to X S V  and 
in XXIB and X X X  was progressing, Mr. BlcGill was c a r r y i ~ ~ g  on thc triangulation in thc 



north, over the ground to  be sumeyed topographically during the approaching field season. 
Sheet XXII  had been triangulated in  season 1870-71, and I had instructed Mr. M c G a  to 
endeavour to complete the triangulation of sheets XI XI, XX and XXI  : this was finished by 
the  end of the season. 

(15.) During the approaching season nearly all hands will be employed on the topo. 
g ~ a p h ~  of sheet XXII  and of those sheets that have just been triangolated over by Mr. McGill, 
who will himself be employed in triangulating in the  vicinity of Riijkot. 

(16.) I hnve been in  frequent consultation with Colonel W. W. Anderson, the Political 
Agent of Kattywar, as to the ground he would now wish taken up for survey, and he is auxious 
that  I should commence operations in the vicinity of Rhjkot, (the Head Quarters of the 
Political Agency) good maps of the country about which are very much wanted, thht portion 
of the existing map of Kattywar being exceedingly unreliable. To show the urgent necessity 
that exists for a more reliable map of the country, than that which at  present exists, I may 
mention 2 or 3 comparisons I have made between our work of the past season and the existing 
map, which was compiled in the Chief Engineer's Office, Bombay. 

Correct According to existing map 

Distance in  miles between Anandpur and Cholila 204 26 

Ditto ditto Adkot and Panchaorda 3 7f 
Ditto ditto Babra and Jasdan 1 4  17  

Ditto ditto Karnsia and Jasdan 7 24 

(17.) Besides these linear inaccuracies the lines of watershed and drainnge are in many 
instances entirely incorrect; so much so that for any engineering purposes, the old map may be 
considered as worse than useless. I recently had a visit in my office in  Plina from the Agent 
of the Bombay *Baroda and Central India Railway, with reference to a proposed extension of 
their line from Wadahn (sheet XII ) ,  the present terminus of the Railway in Kattywar. Au 
examination of the original maps of the past season iudaced him to lay out for detail survey 
altogether a different line to  what he had originally inteuded. 

(18.) I now proceed to  report separately on the work of each Assistant. Lieutenant 
A. W. Baird, Assistant Superintendent joined the party in June, on return from sick leave 
in England, and has recently been appointed to the independent charge of a Party now 
being formed for the purpose of carrying on tidal and spirit leveling operations in Western 
India. During the few months that he has been attached to  this office, Lieutenant Baird 
h a s  heen very regnlar in his attendance at  office and has been of vcry great assistance, both 
in  the ordinary computations and also in the reiluction and arrangement of the traverse 
computations. W e  have now in the otFice a largc mass of records connccted with the 
Tialluka traverses and Lieutenant Baird has bccn indexing and arrangiug these in a methodical 
manner, a work which will save much time and trouble hereafter. 

(19.) Mr. McGill left Gogo on the 9th Novemher, hut  the great storm of thc 12th 
~ l l i c l i  was felt nearly all over eastern Kattywar) was followccl by a succession of storms more 
or  less severe, during which a great quantity of rain fell, delaying very considerably all tllc 
Assistants on their march and making thc journey to the interior n most uuplcasant one, as tllc 
r o ~ d s  in Kattywar nfter heavy rain are all but impassable. These heavy showers continuer1 up 
t o  the 20th and did a great deal of damage to thc grain crops, tlicn in course of collection, as 
also to the cnt grass, a grcat quantity of which was ruined, and nearly all the remainrlcr more 
or  less damaged : cotton however was I~enefitcrl by it, and perhaps on the whole it did as mucli 
good as harm, as the prcvious fall of rain had I~een very scant and the young crops of all kinds 
were much in waut of moisture. Notwithstanding thc rain Mr. Rfc(+ill was able to  commence 
his observations in sheet XI1  on the 20th November, and by dint of that hard and steady work 
on which I have more than once had the pleasure of reporting, complctcd thc work allotted to 
him by the middle of April, Many of his station3 of obne~ratiou wcrc oltl Tower Stations 
of the Kattywar and Guzrit Longitudinal Series and considera1)le difficulty was expcricnced, as 
in  most cases the platform surrounding the paka central pillar had cnimhlcd away; ant1 as 
the greater number of these towers were from 20 to 40 feet iu hcight it was a mattcr of 
no small trouble to ercct wooden platforms to support the obscrvntory tent, especially iu 
a county  whcre timber is very scarce and difficult to procure. Mr. McGill adopted a plan 
of sending to the headmen of all the surrounding villages receipts for ropes, bamhoos, timber, 
kc. These rcceipts contained a promise to return all tlic stores when done with. By this 
means he used to collect in an honr or trro mnterinl snffirient to construct his plirtforrn, which 
m a n  erected in a few hours more at a cost of a ~ C I V  rupees, whilst had he not adopted this 



expedient, he might have been delayed days at each station and spent a small fortune in the 
purchase of stores from the neighbouring towns of Dholera an Wadwin. I t  is rather a 
peculiarity of the district that men will often lend material when no amount of persuasion will 
induce them to  sell. 

(20.) This district triangulated over by Mr. McGill is almost a dead flat with very 
little detail and will prove easy ground for our Survcyors. I t  is, like the rest of Kattywar, 
divided iuto numerous petty states, the north-western portion is mostly the property of  
Dhringdra one of the four first-class states of the country. I paid a visit to the '< R4j " as 
the chief of the State is callctl, during the cold aeathcr and thc Darbbr Officials have always 
been very obliging and ready to help us as far as practicable, affording a marked contrast to 
the neighbouriug state of Wadwin, which has obtained rather an unenviable reputation of 
an opposite kind. 

(21.) The Dhr6ngdra Rdj is an enterprising and energetic man, and is pushing on of 
his o m  accord various works of improvement, such as the construction of roads, budding of 
dharmsbl&s, planting out of trees, and in even helpiug forward the construction of a railway, 
which amongst other benefits will carry away to distant markets the excellent building stones 
of various kinds that are found in his territory, more especially to the north of the town of 
Dhringdra where beautiful sandstone is  procurable. 

(22.) The other principal states in  the District are Talsana, Rb,jpura, Lakhtar, Bajana 
and Patri. Portions also of tlie states of Limri and WadwCn euter into these sheets, which 
nearly all belong to the district of Kattywar called " Jhalawar" or country of the " Jhalas I' a 
tribe of Rhjpits said to have scttlcd down in these parts in about tlie 8th century. The ori- 
ginal name of this tribe was " Mukvahana" a namc said to be still existiug in Central India. 
Several of thc smaller states once formed a portion of Dl~riingdra and althougll now actu- 
ally entirely independent, their chiefs do not consider their investiture on succession to  the 
c r o m  complete uutil presented with a dress by the Dhriugdra Rij .  

(23.) With the exception of occasional low stony ridges bare of cultivation the coun- 
try is entircly flat, and is on the whole fertile. The sandy soils producc b4jri and jawdri 
crops and the blacker soil al i icl~ was ouce very famous for the quality and quantity of its 
wheat is now chiefly covered with cotton. The water of the district is not good, towards the 
Runn it is brackish and is mostly collected in tanks, a great many of wllicll get dry in  the 
hot weather following a bad monsoon, in which casc wells are generally dug at  the bottom of 
the tank. A more elaborate description of the country will be giveu after it  has been topo- 
graphically surveyed. 

(24.) Mr. McGill in the course of the season's operations covered a space of 1760 
square miles with 165 triangles, besides measuring 947 triangles (only 2 angles ob3erved) for 
purposes of fixing points for our dctail Surveyors. I l e  observed from and fixed the l~eights 
of 103 stations, besides fixing the heights of 98 stations \vl~icli 11e ditl not visit, altogether 
a first-rate season's work ; other dctails connected with which will be found in the tabular 
statement attnclied to this report. 

(25.) Mr. F. Rpall, who joined the Party during my absence on privilege leave in 
October, lcft for the field with the other Assistants at  the end of that month. H e  had never 
had any prcvioas experience in plane tabling, so I sent him to learn under Mr. Gmynne, one 
of my bcst trained hands. I-Ie ~vaa some\vhat slow in picking up the work and remained 
with Mr. Gwyn~ie uutil the end of December, when he commenced indepcrident work. His 
progress was for some time very slow, but as the season advanced, he got on faster and at  the 
close had completed 83 square miles of survey on thc 2" scale. I nm glad to say that 11is 
mapping was vcry carefi~lly and accnrately done. hfr. G. Andiug rejoined the party from 
sick lcavc on the 1st of Jnnc, sincc wl~icli date lie has bceu employed ill ~uiscellaueous com- 
putatioiis under Mr. 1LIcGill. 

(26.) Mr. J. Wood wag transferred from thr Astronomical to the Kattywar Party short- 
ly 1)cfore we took tha firld. I l c  had no prior cxpcrierlce in t l ~ c  work of a topograpl~icnl party, 
I ~ u t  IIC pra(:tisctl with ~r plane tal~lc in thc ncigl~l~onrl~ood of T'tina hcforc lcaving for the 
districts. Ha also, during thr lattcr half of Noscmbor, worked with RIr. Cr\rynne preparatory 
to comrncnri~~g indcpc~~tlcnt work. Dl~r i r~g  thc srawn hc complctrd 11~h miles of detail 
survey. His out-turn wonld havc brcn grcatrr, h i ~ t  there was a good dcal of detail in the 
ground hc hat1 to snrvcv ; bcsitlcs wt~irh 1 mndc him constantly c l~a i~ge  bonrds with a yo1111g 
Native Snrveyor ( ~ i l k a k t )  who xvaa out in the tirld for tlie first time and whom it was ncces- 
sary to train in hal~its of RCC111.3CYj whicl~ I t l l o ~ g l ~ t  \vonId hcst be done by constantly checking 
llin work by an acruratc and carrf111 S I I T V C ~ O ~ ,  such as Mr. IVood has proved himself to he. 
Thin assistnnt has been vcry rcgnlar in his attcudance iu office and Ilns beeu of much usc 
both in the computations aud mapping. 



(27.) Mr. Crwynnc s~~rveycd  during t l ~ e  scason 161 square milcs. This is not so large 
~9 his 11s11a1 out-turn, but most of the gl*oand hc worltcd over was hilly and full of detaili 
besides which he wns in the early part of the season con-iderably delayed byhaving to instruct 

' M r .  Ryall and one of the Kativc Surveyors in the theory and practice of plane tabling. ~h~ 
ground surveyed by RIr. Gwyilne is as nsllal well and trnthfdly delineated. I n  recess 1\1,.. 
(;ayunc 11- been most useful: his skill and esperiencc in preparing the  maps coupled wit]) 
his steady application to work makes him a valuable assistant in the office. 

(28.) Mr. T. Rcndcll worked well in the field, completing the survey of 216 Square 
miles, part of which was intricate ant1 with a good deal of detail. IIis work is accurate and 
neatly executed. I n  office, sil~cc return to Iiead Quarters Blr. Rendell has done good service 
i n  looking aftcr the rcduction of the traverses, although I regret to say that  illness has somewhat 
interfered with his regular atteudauce in  office. 

(29.) There is n great dcal of labour now incurred in the reduction of our Tiialluka travers. 
es, tlie calculations and plotting of which occupy the time of about four assistants during the 
whole recess, and as u~~fortunatcly some of the mcil wl~o execute thc traverses are not suficiently 
erlucated to be entrusted with t l ~ c  computatio~~s, a grcat deal of extra labour is thrown on 
to  the hands of those w l ~ o  n o ~ ~ l d  otherrrisc be employed in thc ordinary routiue work of the 
office. This monld indicate the necessity of refusing to entertain in future as Native Surveyors 
cantlidates n-ho have not snfficicnt knowlcdgc of Eugl~sh  aud of elementary mathematics to 
enable thcm to compute out their o m  traverses. 

(30.) Although the system now adopted of computing out by rectangular co-ordinates 
all our traverses, causes grcat additional labour yet i t  is no doubt more than compensated for 
ill the il~creascd value of the results, as our traverses can now be plotted at  any time on auy 
desircd scale and mill be of grcat use in future surveys for revenue purposes. 

(31.) Mr. E. N. Wyatt  has, as nsnal, done a first-ratc season's work, viz., triangulated 
over 1-10 square miles of country, computed out his trianglcs in the field and surveyed topo- 
grapl~ically on the 2" scale 245 square miles (in sheets XXIX and XXX) of country, parts 
of which wcrc vcry llilly and iutricate. Besides this he has run 41 miles of traverse along 
T;ialluka boundaries. 

(32.) As before explained there was a quantity of unfinished work, both triangulation, 
clctail Survey and traversing to be finished in sheets XXIX and XXX before those sheets 
could be got ready for publication. I t  was a vcry hard season's mork to get throngl~, and 
I sclrcted hlr. Wyatt  for the purpose It.noming that Ile, if anybody, would accomplish it. 
I nm glad to  say i t  was completed to my entirc satisfaction, although I much regret that Mr. 
Wyatt  has since suffered sevcrcly in health from 11is csertions in the field. Dctails regartling 
hrr. Wyatt's triangulatioil mill be found in the "Tahu1:rr St;~tcmcnt." Considrring that it 
was Ilk first attempt at trini~gnlation, the results n ~ a y  .be pronouncerl good. His tr:rverscs 
I io~cver  h a w  a rather larger error than most of those csecated by othcr Surveyors during 
the past season. This is prohal)ly owing to his not having the same opportuuities of testing 
the Icngth of his measuring chains as those Survcyors who werc working near my owlleamy. 
His errors mcre nearly alrrays in deficiency. 

(33.) Mr. Wyatt  only returned to  Head Quarters late i n  May and on the 1st July 
left Pilna on three months privilege leave. 

(34.) Mr. W. Ficlrling has turned ont 210 sqnarc miles of detail survey in a very 
creditable manncr and wonld have done morc hut that I kcpt constantly changing boa1.d~ with 
sonic of the juuior Survcyors a process which, though clccreasiug materially tlie out-turn of 
wol.k, adds very much to its value. 

(36.) Mr. Fielding workcd stcarlily and zealo~~sly t l~rougl~ont  thc senson and continues 
to  give every satisfaction. I i c  also has bceu granted tllree ~uoutlis privilege leave which Ile 
nvailcJ l~imself of on the 1st of A n g a ~ t .  

(36.) Of t l ~ c  Nati\.c S~irvryors Vissaji Ragonilth has hcen vcry useful in the field in 
prcpariug m ~ d  projecting p l a ~ ~ c  tables, in occasional coml)ntntiorrs, in giving out traverses and 
o l l~cr  misccllancoow work. I n  I'una he lim bccn mostly employed in the traverse compu- 
tntious. 

(37.) Govii~dji Jlahilldp surveyed 260 sclrlnrc milcs of country in vcry crcditahlc style 
anrl has workcd liartl autl stcadily in officc iu plotting travcrsrs, &r. 

(33.) Viqhnll 11Iorcqhwnr smveyct1 222 squarr milcs in good stylc m d  thougll fre- 
qrlcutly sick has becn uaelully cmployed in  officc in tracing, drawing, &c. 



(39.) R h j i  NarAyan and Sluridhar Saccarbm surveyed 174 nnd 258 square miles 
respectively. Both these Surveyors, especially the  latter, huve much improved both as regards 
quality and quantity of their \vorlc; although i n  their anxiety for a creditable out-turn 
they are occasionally apt t o  hurry too much ovcr thcir ground., 

(40.) Nilkant Vittal, brother of Shridhar Saccar6m and a new hand this season, com- 
pleted 82 square miles of country and bids fair to  become a good Surveyor. 

(41.) Of the Traverse Surveyors, Nursu Dinkar, Kr i s l~na  Govind and Bolliji Bhosaker 
completed rcspcctivcly 200, 170 aud 270 n~ilcs  of b o u ~ ~ d a r y  traverse and the two latter in  
addition travcruerl 76 and 81 milcs respectively of checli lines. The traverses this scasorl will 
stand very favorable comparisor~ with thosc of former Scars. They have all been computed 
out  and corrections applied from the  true geodetical distauccs. 

(4m48.j Owing to  the large out-turn of ficld worlc during the past two acasons and the  
amount of ~ o r l c  involvcd in the traverse compnt:itions as \rcll as thc :rl~scr~cc from sicknew of 
many of the Assistants, our computations a ~ r d  mapping arc sorncnhat i n  arrcard, hut  I hope, 
before the closc of the recess, to be able to scud to Head Quarters for publication fair copies of 
all our last season's maps. 

(4(5.1 The c o ~ ~ n t r y  untlcr detail survcy by Afr. Wyat t  in  s11cct.s SXX and S X X I  has bccn 
described in former reports. The Northern ])art of l ~ i s  \vork formu the ~~~~~~~~~~II portiou of t l ~ c  
Gir  Itange of mouutaius, one of t l ~ c  few p!aces ill Iudia still formiug the haunt of the Lion. 

(4.6.) I have on maup occnsions during the past few years, ml~ile passing th roug l~  the 
Gir, tried hard to shoot olrc of t l~e rc  a ~ ~ i m a l s ,  bnt I 11:rve rlcvcr bee11 re\var(lctl 11.v surrcss until 
thc present ycar, \\,hen accornl~a~~icd 11y Alr. IVyatt, wllo was s u r v r y i ~ ~ g  in the t~eigl~l)ourhootl, 
we had the good fortune to  bag two full grown outs nntl two c111)s. As I do not Icno\ir oC ally 
naturalist or s p o r t s m n ~ ~  (Dr. Jcrdon not exccl)tctl) ml~o I~as  writtcn any n c c o u ~ ~ t  c;f the 11al)its of 
the Lion, afew tletails may not he unintcrcstir~g. I t  is crroneoas to sullpose t l ~ a t  t l ~ c  K a t t y ~ n r  
((;uzr:it) Lion is n ~ a ~ ~ a l c s s ,  a l t l~ougl~  in t l ~ c  sl~ccinicns I11:rvc seen, t l ~ c  mauc has bccn consitler:~l)ly 
shorter and of lighter c o l o ~ ~ r  thau that of the African s1)ecies. OIIC that 1 shot, supposed to  
hnve becn c ig l~ t  gc:lrs old frorr~ its c o ~ ~ t a i n i ~ l g  t l ~ a t  11un111cr of lol~es in its liver, Ilad the hair 
covering the bnclt of t l ~ c  l~catl a ~ ~ d  ~ ~ r r l i  not Inorc tl~:rn a f'cw iuches long. The dimensions of this 
a l~imal  taltcu au it lay dead OII the ground \\-ere as I'ollowu :- 

. . . . . . . .  Length from IIOSC to tip of tail 8' 10" 
,, of l~catl and botly nloile . . . . . . . .  5' 11" 
,, of tail . . . . . . . . . . . . . . . .  2' 11" 

Ilc~ight a t  sl~ouldcr . . . . . . . . . . . . . .  3' 4" 
Girth of Ncclr . . . . . . . . . . . . . . . .  2' (i" 

,, Cl1cst . . . . . . . . . . . . . . . .  4' 1" 
,, Pore-arm . . . . . . . . . . . . . .  1' 9" 

L c ~ ~ g t l ~  of hair on mane . . . . . . . . . . . .  5" 

(47.) 111 appearance its r o l o ~ ~ r  is \,cry m11r11 liltc that of a camrl o r  a fcrnale nilg.'re, and 
I have o ~ r  one o rcaa io~~  w l ~ c ~ ~  at  n tlista~lce :~c.tn:illy n1ist:ilicn a lion for t l ~ c  latter a~~im:l l .  Fro111 
its colour i t  dcri\-rtl t l ~ o  namr, I)y \ \ . l~icl~ i t  is linown in most parts of G ~ ~ z r k t ,  " Llntia-Rig" o r  
" Cnrncl ro lo~~rc t l  Tigc.r." 111 the (;ir ho\vcvcr it is al\v:rys callctl " S.'rru+i," :r name that  I (lo 
not think is I ~ I I O \ V I I  out of l i :~t ty\rar .  The III:LIC is r : i t l~c~- darlicr than t l ~ e  female a11t1 is a little 
11~:ivirr n l ~ o r ~ t  the 11r:~tl ant1 s l ~ o ~ ~ l ~ l c r a  ; the Scrnalc I~r ing  very niurh t l ~ c  eamc s11;ipc as t l ~ c  cotn- 
moll tiger. T l ~ r i r  hahits are somc\vl~;rt similar to t l~os r  of the tigrr. 'I'hey al\va!.s tml-'I a t  
night leaving tllcsir tl:rily r c s t i ~ ~ g  plncc a l ~ o ~ ~ t  s i~ns r t .  'J'hcir first visit is generally to the watrr, 
after which tlrcy wal~(lr:. al)out in sc:~rcll of food, often going many miles ovcr l~i l l  and dalc in 
their nightly prrrgr i~~ntions.  111 p a s s i ~ ~ g  f r o n ~  onr fnvoritc r e s t i ~ ~ g  ~)l:ice to  auotl~t>r they gcnc- 
rally malie 11so O F  t l ~ e  I~cst rontls the c o ~ ~ r ~ t r y  aH;)rds, ant1 1 I~avc o f t r ~ ~   net tl~eil- foot-marlcs 
going for n~il(ss a l o ~ ~ g  t l ~ e  rontl I hnvc 11cc11 mysclt' trnvrrsil~g ; nnd if OIIC did 11nppe11 to travel 
ill that conlltry on n fine moor~ligl~t llight, 1 C:LII inlagillc llotllillg more likrly to occllr ~ ~ I : I I I  a 
clr:incc r c r ~ c o ~ ~ t r e  with one of these Sorest k i ~ ~ g s .  'l'l~cly fcrd chietly ou 11;1gkc, shrnbar and 
wild hog, a single hlow of thrir paw gcne~,ally sutliring to hrcnk the 0:1(,!i of the Iargcst animal. 
They sometimes con~mi t  consitlerablc t l~~prc t l a t io~~s  on t l ~ c  herds of 1)11tlhlocs that ore taken into 
thc Gir for grw~ing. Owing to t l ~ c  grcat hc:it, t l ~ c  rnttlc are generally ;rllo\r~cd to  ral low iu the  
mud and lie r~ntlrr trcea d u r i ~ ~ g  the hottest part of the day ; alltl a t  night they arc Orit-cn o11t t o  
grazc. 11s a r111c they kerp together, in which case :I~ey are ncvcr disturl~ed by t l ~ c  Lion; 
but if I)y cl~ancc a sick onc YIIOIII~ lag I)clrind or  s11011ld any v ra~~der  a\\,ay to a distance from 
the rcst of the I~r rd ,  the Lion, if t l~crc I)c onc near, is sure to  Irng it, I~owcvcr big aud power- 
ful it may be. As long :IS tho lrrrtl keeps togcthcr, however, there is no fear, ns the Lion tlare 
not attack. If the kill be made early in the eveuing and the lion bc hungry, ke will at ouce 
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commence eating it, but will always lcave i t  about dayligl~t and go and rest for the day a t  some 
secluded spot in the neigl~bo~ir l~ood,  either down near the water in the shade of Carauda and 
other trees, or, what is pcrl~aps more commou, they will go on t l ~ c  top of some ueighbouring 
hill wl~erc they may get a cool breeze and where they lic oa t  in  the open untler the shade of a 
big stoue or, when procnrahlc, of a large 11:uiryan tree. 1Vl1cn d i ~ t ~ ~ r b c d  t l~ey  do not slirlk away 
like a tigcr or panther, but walk or run 11prig11t withont any attcnrpt a t  concealmellt. Being 
very nearly the same colour as the ground and of the scorcl~ed leallcss trees with which these 
hills nre covered in the hot weather, i t  is vcry difficult to  sec them before being seen oneself; 
and this gcuerally hal~pens, owing t o  the frequeut abseuce of undergrowth in t l~ese  jungles 
before the sportsman gets withill range. 

(48.) I have never l~eard  an authentic instance of an unwounded lion attacking a 
man, but  when wounded, I should say that  their ferocity would fully equal that of the 
tiger. It is a c n r i o ~ ~ s  fact that not a tiger or a bear exists in  a wild state in the  whole of 
Kattywar. Panthers howcvcr are vcry numerous iu the Gir  as well as in  other parts of 
the country. 

(49.) As far as I know from my own experience and from enquiries I have made, 
1 am of opinion that  thcrc are not more than fifty lions in the whole c o u ~ ~ t r y .  The female 
generally 11as two cubs, but probably, as is the case with other animals of the kind, there are  
three born-it beiug s ~ ~ p p o s c d  tliat the first boru is always devoured by the mother. 

(50.) The country surveyed topographically in sheets XXII I ,  S X I V  and XXV has 
also been desc~ribed in last year's report. A fuller description will be given when the  general 
report on the dcgree sheet is prepared. 

(51.) Late i n  the scason, after inspecting Mr.  I'i'yatt's work, I went down t o  the south 
and exaniiued very carefully the whole coast linc bctmeen Diu and Vcrawnl with the object 
of selecting stations for tidal observations. There is a place near Diu, to  t h e  N. E. of the 
island, which I think would be very mell adaptcd for the pa~.pose. I t  is the spot where obser- 
vations were taken by Mr. D'Costa under Colonel Nasmytll's superiutendcnce in 1855. There 
is a low deep channel to  the W. of th:! island of Diu, just opposite the town of Brancavara, 
wliicb for some reasons would be more suitable, bnt vhich would not be so mell protected du- 
ring tlle S. W. monsoons. IJrorn this place u p  to  and beyond Verawal there is no suitable 
spot. There are many crcelrs n.hic11 might a t  first sight loolc protnisiug, but a little inves- 
tigation always bring* to  light the e s i s t e ~ ~ c c  of a har with a little or IIO watcr ovcr i t  a t  low 
springs. I 11avc co~nmu~licatetl tlic result of my inveutipations to  Lieutenant Ilaird who has 
now been entrusted with t l ~ c  carrying out of the proposed tidal observations. I applied to the 
Bombay G o v e r ~ ~ ~ n e u t  for the loan of a steiuner or  o t l ~ e r  vessel, to enable mc to make a more 
ertensive exami~lation of the coast linc, but compctent antlroritics decidcd that i t  would be too 
dangerous a trip to andcrtakc so latc ill  the scason; and I nas obliged to conteut myself with 
the examination of a compamtively smnll strip of coast. I hope l~omever that arrangements 
will be made to enable Lieutenant Uaird to carry ont a rcrp complcte survey of the coast 
during the approacl~ing cold n~ l~c ther  ; so that, on the arrival of the new instruments now being 
constructed in Ellgland undcr Coloucl Walker's superiutendence, i t  is to  be l~oped the tidal 
observations on this sidc of India may fairly be started. 

(62.) The total expenditure on the Party during the past financial year has been 
Rupecs ($8,830, against 66,839 of tlrc prcvious year, whilst thc out-tnrn of ~vorlc finally 
completed is 2,03(i square milcs, n g a i ~ ~ s t  3,064 of the former year. Deducting Rs. 3,600, the  
cost of the Lloo~~darp Surrey JSrtal~l is l~rne~~t ,  we have a11 averagc espend~tnre per square 
mile of mapping complctcd of Rs. 32-0-7, agai~ist Its. 30-10-4 of 1870-71 aud Its. 58-9 of 
1869-70. 

(53.) I t  is again a plcasure for me to  be able to acknowledge the cordial msistance 
we alwnys reccive from Coloncl TV. Vr. Andersou t l ~ c  Political 'igcnt and the Assistants 
under his orders. T l ~ c  country is in n. somc\rl~at disturbctl state, the police nrrnugements 
being very il~cfficient, owing to tlrc cuormous uumher of petty statcs iuto which the country 
is sub-divided; but altho11g11 t l~crc  11:~vc bccu bauds of mouutcd aud wcll armed robbers 
traversing tlic co~intry, against whom I 11:avc bee11 morc t11a11 oncc warncd by the Politicnl 
Assistants, I nnr 11a11py to  say that in 110 illstance I I ~ V C  tlicy i~itcrfcrcd wit11 or  annoyed 
either rnysclf or any of our S tu \~cy  Yartics, 11lt11ougl1 villages I~nsc bccn attacked nnd looted 
within a few milcs of whcrc my assistants lrnve hccn working. The large tracts of w ~ l d  
hilly g r o ~ ~ n d  cxisting in thc Gir aud other placcs in Kattywar, atiord admirable places of 
refuge for tlicse bnuds, when the plains become too hot to l~old thcm. 



Extract from the Narrative Report-dated 29th August 1872-of Lieutenant J. HILL, 
R.E., Aseistant Superintendent 1st Grade G. T. Survey, in charge Kumaon 

and ' Gurhwal Party. 

(1.) When the skeleton sheets of tlie large scale survey of Mas6ri and Landaur were 
completed, a r e d ~ ~ c t i o u  by pl~otography was made from them a t  the Head Quarters' Ofice 
t o  serve as a guide map for IIasliri aud Landaur. T l ~ r e e  of those sl~ccts, which include tile 
most importatit part of the sanatariu~n, wcrc puhlislied in  the slimmer of 1867, ant1 thc goitle 
map w ; ~ s  ptlhlished in April 1871. Dur i~ ig  that interval of  four years scvcrsl houses had becu 
built, and otller changes made, and the above-meutioued reduction was only publiul~ed so as to 
be a couvenieuce to  tlie public until a more perfect guide map could be prcpared. 

(2.) O n  the return of the party to  Mas6ri in  the  last meek of April 1871, the prc. 
paration of a sccorirl edition of tlie gnide map 

T h o  Rcceea of 1871. commenced, on the basis of the reduction mcut io~ l~d  
i n  the preceding pnragrapll. This s c c o ~ ~ d  edition 

Mnp for rind Lnndnur' Second contains all the changes that ]lave taltcn place itl the 
Edition. 

sanatar i r~m since the prcp:trntion of t l ~ c  origillnl 
mans. I t  is furnished with a tableof distances, and an indcu, arid a numbcr of new barnrnptrip 

~ - . - - -. . - 
hei ihts  are nlso entcred in it. The measurements for the . tahle of distat~ces wcrc madt: by 
M r .  J. Low with a perambulator of Sir A. S. \:'angl~'s pattern, anrl in adtlition to them some (lis- 
tanccs were extracted from a tablc prcpared by Mr.  J. U. N. Ilcnnessey several years ago, ant\ 
kit~rlly place11 at  my disposal by him. The new houses whicl~ l ~ a d  been built, and t l ~ e  otllcr 
cl~nnges \1,11icll I ~ a d  taken place in  hlasliri and Lantlaur were Inid tlown by 3Iessrs. J. Pevton 
and T. Kiltney on the original large scalc maps, ant1 at'terrrartls cntered in tlre guide nlal) by tile 
latter officcr, who assisted greatly in the gc~~cr:ll  prcparntion of t l ~ c  map. Mr.  H. l'odti took the 
barometric height observations wit11 an al~eriod 1)arotncter of 4 4  incl~cs tliamctcr. A similar 
stationary instrument was read in my office a t  intcrv:lls of 11:llf an 11o11r (111ri11g tlie time Ile was 
engaged on this duty, and the curve of ntmospheric prcssurc ir~tlic:lted 11y i t  W:IS usctl to  correct 
the  readings of the transporterl I);rromctcr : the results thus obtait~ed llavc proved very satisfile- 
tory. On  the completion of tlic map iu Septernbcr l8i l  i t  way seut to  the Head Quartcru othce 
a t  Dehra Dun, nod t l ~ c r e  poblisllcd. 

(3.) The maiu work of the recess way thc prr l~arat ion of thc fair maps of the Kosi 

Xosi Vnlleg Surrey JIaps. 
Valley Sllr\'cy, wllich comllrisc 8 1:~rgt: dlatlctl sl~cets, 
and the s : ~ ~ n c  nun~hcr  of sltc:loton c:llarts. '1'11~ IWC- 

pnration of those maps was a work of time, for thcy were intcntled to enahlr : u ~  1Sllgi11cer to &a- 
sure the slope of the grountl a t  :Illy particular spot in tllc s ~ ~ r \ ~ c y ,  :r11(1 to attail1 t l ~ : ~ t  ol!it~t it a.aa 
necesqary to  u~lopt a rather Iaborio~ls mctl~otl of sh:rtling, as cspl:~inetl in my Ia3t yt::~r's Narfih- 
t i r e  Report, ant1 the sl~atling was cRL.cted l)y the intcrl~olntior~ of 11orizont;rl lincs acrortling to ;r 
scale of s l~a(lc  ~ v l ~ i c h  gave a vertical intrrv:~l ol' a l ~ o l ~ t  13 feet betwt.cn the hnchuren. In 
the slceletou c l~ar t s  t l ~ c  hill shatling was omitted, but t l ~ c  dottcd coutoor lines were rctsinctl. 

( 5 . )  T l ~ c  field mork beg:ln \vitli tlic extension of the trian,rrl~lation in thc 11igl1cr mor~ntain 

S,lrrcy I,nngc8 r r l ,  Ili ,m , , l , , ~  os, 
~:LII ;CS of (;II~IIIV:II, AIrssrs. J. Lu\v ant1 1,. I'ocor-k 
wcre sclrctetl to pcrfbrrn it. 'I'l~eir \vork cor~sistrtl 

in extrnrl i~~g,  ~s far as t l ~ c  limited timc availal~le moolrl permit, the two n~inor  srric.* of 
traingles on \rllicl~ t l~ey  Ilntl 11rr11 611g:lgctl in IH(i9. 311.. Lo\\. estt:otlctl 11is srricn up the 
W ~ I I ~  vallcy fro111 the trmplc of Hadrinktl~ to the village of (;l~:lstoli, s ~ l t l  fistvl a sntRcic:!t 
number of pointu to cnnllle tile tol~ograpl~crs to  finish t l ~ c ' s ~ ~ r v e y  of t l ~ c  valley; allti 311.. I'ocock 
was ahlc to colnl)lt:tc t l ~ o r o ~ ~ g l ~ l y  the t r i a ~ ~ g t ~ l : ~ t i o n  of the Xiti vallcy f r u ~ n  t l ~ c  villngs of Kar- 
gilti to  the Niti l'ass. Thc details of their work are included in t l ~ c  tabular statemeut on 
pnge Xi-,,. 

(6.) On reaching the Niti Pass, Mr .  Pocock chose three station9 on t l ~ c  \vntershrd 

Tms-Sutlrj Penkr. (all of t l ~ c n ~  just over 17,000 feet ahove tlrc Icvcl 
of t l ~ c  sea) from wl~ich he was ahlc to fix the 

pogitions of 8 rrmarkahle pealis Ijeyond thc *Sutlcj. Onc is the f:lmous Kai1A.1 Parl~at ,  the most 
commal~clit~g pe:tk v i s ~ l ~ l c  from tllc Niti I'nsq; a ~ i o t l ~ e r  is a peak about 7 miles to the uortli of tlle 
C l~oka  Ln, laid down as S i l ~ j u  by Xlr. Pocoek. 

(7 . )  The di t f ic~~lt i rs  to he overcome in carrying s t r inng~~la t ion  ovcr such valleys ; ~ s  tl~ose 
of the and Niti are by I I O  means insignificant. Both tllose val lcy~ a1.e el~clo.;crl by mom- 
tnin rallgcs the average height of whose 11calis is consitlcmhly over 21,000 feet al~ovc t l ~ c  lcvcl of 
the sea, and tile spurs arc ns lofty ns the ranges from wl~iclt they s p r i ~ ~ g ,  notil they come ~vitllin 
a few miles of the main ~vatercol~rses of the valleys. The valleys present the appear:rncc of tlarrom 
gorges overllung by s t n p c ~ ~ d o ~ ~ s  and inacccssihlc precipices, ant1 it is ohvious that in such ground 
a triangulstor has little or  no choice :LS to the s l~apc  of his figures, hut has in many caws to co~itellt 
himself with observing Born any commanding poiut on  which kc may be able to  set up his iu- 
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trument. To  the physical difficulties he has to  encounter must  be addcd the difficnlties of obtain. 
ing carriage, supplies, and fuel. 111 there rangas tllc forest line cease3 : ~ t  an altitude of about 
11,000 feet above sea level. Up to an ele~?at,ior~ of I-L,O:):) fcct fireaooli is carrir:d up from the 
forests and stackecl for use ; but ~ibove th:~t  elevation the S u r ~ ~ e y o r s  arc d e p e n d e ~ ~ t  for fuel 011 the 
root of a small wild plant wl~ich is fo1111c1 at clovations of 13,000 feet and upwards, and the task of 
collecti~lg a sufficieut qoantily of this root is one of  great I : L ~ o u ~ .  'rllere Ileing !'cry little cultiva. 
tion in these regions, t l ~ e  inhabitants desccntl tlr~ring the 1no11t11 of Octcil~er to the lower districts 
of Kumaon and Gurl~wal and barter thcir sslt fors grain w11icl1 they carry back to their homes in 
t h e  mountains. I n  order that Messrs. Low k Pocock might C : L W ~  on their ~ o r k  s u c c e s s f ~ l l ~ ,  
they had t o  look to  the civil authorities for assistar~ce. This mas given them most effectually~by 
Captain Garstin tile Senior h s ~ i s t a n t  Commissioner of Grvllwal. H e  arranged for their supplies, 
their carriage, and their tuel, and, as in former years, did every t l ~ i u g  in his power to  help on the 
progress of the survey. 

(8.) The &ief work of the field season consisted in completing the triangulation of both 
tho country to the east of Naini-Ta1 and the Ullibar 

The Field Season of 1071.72. tracts I)ctseerl Haltl\vAili and Bl~armdeo, and in -- 

surveying topographically the districts round R:iiznAtl~, nagesnar, LohRghfrt, Pitoldgarl~, and 
a part of the B I ~ i b a r  to  the south of KLli T)r~ngi, all of which are mitl~in the district of Kumaoa. 
I t  wss also thought necessary t o  t r i ang~~ln te  mud slcetch somc grouud opposite Hardmar where 
the  low sandstone l~i l ls  on the left bank of the * Gar~gcs extend for a short distance beyond the 
boundary of Gurhmal, and terminate in  tlre plair~s to the n o r t l ~  of Asafprl l .  

(9.) The triangulation mas apportioned to  Lieutenant H. 31. Chambers R. E., and 
Messrs. E. C. Ryall, L .  Pocock, and 'I'. Kinney, and the topograplry to  hIessrs. E. C. Ryall, 
J. Peyton, J. Low, L .  Pocock, H. Todd aud E. Litchfield. 

(10.) I shall confine myself t o  the general character of the work done. Its details are 
t o  be found in the tabular statement OII the preceding page. 

(11.) Lieutenant Chambers mas employcd in my camp f:iniiliarising himself with the 

Lieutenant H.M. Chambere, R.E. use of a 12-inch thcotlolite, till the beginniug of the 
new !.car. D11ring that time the ground allotted 

t o  him for triangulation was being staved. I t  lies to the east of Naini-Tal, and is of a height 

Trinngulation east of Naini.Tal. v a r p i ~ ~ g  frorn about 1,500 to  7,500 feet above sea- 
level. I t  is cllicfly remarkable for a cluster of 

emall lakes grouped together in the neighbourl~ood of Bl~im-Tal. 111 otlrer respects i t  is like 
ground of a similar altitude in other parts of Kumaon, sac11 as l ~ a s  bccn described in former 
reports. 

(12.) During the winter months the people of this rliytrict lcnve i t  to  cultivate their 
fields in the Bh/bnr. Carriage could not, tl~crefore, bc ol)t:~inccl on the spot, and it became 
necessary t o  hire permanent coolies from other districts to  cuable Licuteuant Clrambers to  carry 
on his work. 

(13.) There mas then a considern1)le ql~nnti ty  of snow on the I~igllcr qround, and i t  
chanced most unfortunately that wllile Licntenar~t  Cl~a~nl)l:rs mas rros.;in,rr a snowdrif t  on the 
11th January 11e fell and sustained a f r a c t ~ ~ r c  of t l ~ c  coll:~r Ilo~re. 'l'lri* accitlunt obliged him to  
take sick leavc, and he mas not ~~crlni t tc t l  I)p t l ~ e  S11rgco11 n.110 i i t t e~~dcd  him to resume work 
until the 25th February. I Ie  s~~rcccdct l ,  I~omcvcr, by I I I : I ~ < ~ I I : '  g r ~ ~ a t  cscrtio~rs, in finishing his 
t r i ang~~la t ion  by the end of the ticld seasou ; and t l ~ c  rcsr~lts of 11is work, as siuce tested by 
computation, have proved very satisfactory. 

(14.) Mr. Ryall was employed on the triangl~lntion ( incl~~rl ing its compl~tation,) and 

Mr. E. C. RgsU. 8uwey o l  CIu;ndipt,l~ir. t l ~ :  s!ir:tcl~in~ of t l ~ c  hill tr:rct of Cl~.'r~~tlipalr&r op- 
pr~site H : L ~ I ~ w : L ~  1ncntior11:d in para : (8.) 111 intricacy 

this piece of g r o ~ ~ n d  is ~ ~ n e c l ~ ~ a l l e d  by any part of K u ~ n : i o ~ ~  or G ~ ~ r l ~ w a l .  I ts  survey, ~ v l ~ i c h  was 
a matter of no little laboar, 1 found, on  i~~spcct ion,  to 11c t l~oroogl~ly ae l l  done. 

(15.) Rlr. Ryall has furnished the following r~otcs tlc~cri1,tivc of thc ChAndipahBr hills. 
" Tho Chiin~lil~ahbr portion of the 9rw;iliks, in  tllc I!i]11:11rr l)istrict, is Iio~~nded on the \Vest I)y 

the river (+nugcs nn~l on tlic S(n11tll-15:irt 1)) t l~c T1:tili I ~ : I I L  11,' to  its j t~~( , l i r ,n  wit11 the I<h:~ra Sot : from 
thence t l ~ c  bonudar). rlins o11 the I\h:vn Sot ~rl,c,l~t 2.\ rl~ilc*, rorllr I I I ~  i ~ ~ t o  n r ~ n n l l  triln~tnry in II  North- 
wentorly direction. cros.;cs R low ridge and goea into tllc Gl~a.?ir;i~n ka Sot, ront i~~~ring nlong this Sot till 
itn junctioo with the (:angen. 

" The whole of this tract of co~rntry is (lcnsoly rnv~~t.r(l with fi~rcst. Tlic Nort l~en~ slope8 of the 
hills are pri11cipnll.v clnd wit11 S:il t~~!cs, l'lrr, Sotltl~crn . i i < l c y  oC the Inill* nrc grbnerally nrg:ed, nnd &re 
consequentlv nlnramt entirely clcscrte<l by sil trr(,s. '1'111; I,ottotn e l f  llrc l~ills i q  ~lcr~ncly covered with 
bamboos, which contribute a good deal to the rovcllnc, g i v i ~ ~ g  c~nl~lt,gnr(>nt to ncorrs of llalnboo cutters. 



T t  appears thnt owing to the grent dcmand for clrnrconl in the RGrki Workshops, the Chhndipabhr 
hills have bcen mnde ovcr cntirely to tho Superintendent of the H.6rki Workshops, who leases out certain 
tracts of forests to chnrconl burners. 

"The formntion of tlir hills is chicfly ofsnndstone, identical with that of the SewBlike of Dehw Dun. 
The whole formatiou is so very much broken up that it presents a sen of confusion, and renders the 
tracing out of tlre different little spun, knolls and strc:~rns (which are almost alike one another) a matter 
of great difficulty." 

(16.) The Principal Hill Station of ChAndipahBr (which belongs t o  the Great Arc Series) 

Ropnir o l  Clrindipnhrir H. 9. 
having fallen out of repair, instructions were received 
t o  undertake its restoration. As Mr.  Ryall was on  

the spot I entrusted this work to  him, and he commenced upon i t  as soon as he had finished his 
survey of the con t ig~~ous  hills. The slipping away of the whole of the Southern half of the  origi- 
nal cnusetl a gre:~t  deal of damage to the side of the hill below the station, and it was 
only after cutting dovrr for about 22 feet that  Mr. Rpall found ground firm enough for a founde- 
tion. H e  completed the repair of the station in 10 days, and then started t o  take up the work 
assigned to him in Kumaon. 

(17.) Mr. Rvall's work in Kumaon consisted in c o m ~ l e t i n e  the  trianeulation of the  , , 
Bhdbnr Trinngulntion. BliRhar hills which ertendv from ~alduwhni eastward 

to  Bharmdeo. These hills are even more densely 
covered with forest than those to  the West  of EIaldwBni. and the eround in general i s  
somewhat intricate in cl~aracter : carriage, also, is not to  be procured mithuout consideyable diffi- 
cu ty. I n  spite of these drawbacks Mr. Byall was able to  tinish his triangulation, and a t  the  
same time most excellent season's work, by the sccond week i n  -4pril. 

(18.) Mr. Peyton was employed in the PitorLgarh district. From i ts  eastern margin 
~ r .  J. Pejton. above the river KBli he was able to  sketch 48 square 

milea of the Nepil border. The part of Nepkl so 
Topography or the district rolma Pitorknrla. sketched seems to  be of a bolder and more rugged 

character than the country opposite to  i t  in  Kumaon. Mr. Peyton closed work i n  the last 
vcelc in April. Before he did so, I inspected his ground and found it, as usual, faithfully and 
artistically delineated. 

(19.) Mr. Peyton gives the following particulars regarding the district he surveyed. 

The Pitorignrh district is highly cultivated ; but a great tunny of the villages, especially those 
near the Kili river, tbrc s~~rro~rn(led hy ~ C I I R P  l)elts of jungle, the Cl~lr pine being the predominnting tree. 
The Dhnj mountain on the ~rortli thro\vs ont very thiclcly wooded spurs in the dirccticn of the Kili, with 
a vrry gradunl dcsce~~t for  boot G miles, and t l r c ~ ~  an nlrropt frill, with steep precipitous ground, on the 
edge of the river. Thin n1llrc;u.d to I)c n rcm:lrlinl~le feature of nearly nll the ridges, which rise precipi- 
torlsly frum tlic river, nnd then slnpe 1113 vrr? gradr~nlly to tlie ninin rnnse which forms the watershed of 
the Kili and Kbmgnng,z. Tlrc t\sli<~t district 11ort11 ol' 011:lj i~ tmverscd 11y a large tributary of the ICali, 
colled Clrnrn~n Grrtlh, nnd I I : ~  a good rlcnl of ~ ~ n ~ l t ~ l : ~ t i i i p  ground, nll under cnltivntion, the villngem being 
chiefly D6tiils from Nelril, a l ~ o  11:nvc Occn cu~iil)cll~~tl by tlre high rnte of Innd asscssrnent to lcnve the 
&InI~ i~ .~ j i ' s  territory n ~ ~ d  settle in l i ~ ~ n ~ a o n  ; nntl all tlrc prodoctive land on the banks of tlre Kkli is 
is now in their possession, the ('lrir forest being cxtc~~rivcly clenred, and villngcs rising on nll sides, with 
broad green belts of crlltivntion, forlnill: a lllost plensillg relief to the somlrre monotony of thc forest. 
So ral,itllg is t l ~ c  tvorlr of rccl:ii~r~ing forcst going on, thnt probably in n fcw yenrs very little jungle will 
be left ; i l l  fi~ct o111y i l l  such ~ ~ l ; ~ c e s  as arc rc~~dcrcd innccessible by 1111ge 1)recipices. 

'Lv l lh~  rock nnd gcncral for~nntion is linrcstonc, I I I I ~  here nnd theren crumblingkind of sandstone is 
preduminnnt, csl,cci;~lly in t l~c  lo~vcr s1111rs orcrlranginy the Kdli. 

"T l~c  ro;i(ls, I)otli (fovcrnmc~~t nnrl villqc, nrc gcncrnlly steep in this part of Kumnou. Beaides 
the great ~nnin ro;id t,o ,\lmorn, wl~icl~ has n vcry stccp pratlient on both banks of the Rkmpngn and 
Snrjr~, thrrc is a tolcr;rl~ly gooil ro;~d to t l~c  Irighcr districts on tlie 11ort11, much used by tr:ndcm from 
Thibet, \\,ho Irrin:: I:~rgc Il~~cks ol'shcclr l:ulr.n wit11 I~or:is, whicli they sell in large qunntities nt Rlimnngar, 
I lh:~r~~~dco,~urd dher  111:1cc~ nt the fnut of thc I1ill8. Thcre is a vcry fair rond lrom Pitordgnrh to 
Julnghit, c:rsily pnss:rl~lc for rn,nuntr(l t~~~vcIIcrs  :~nd Iadcn cattle, about 12 miles in all, or enay two 
mnrchc~ 1 ) ~  Irnlting hall w:~y n t  t l ~ c  \-ill:r~r ol > l~~n:~kot .  1,caving Ku~nnon by thc sns1)cn~ion bridge at 
JulnXhit, thnt ro;~(l rises I ly  :I sll:lrl) zig-z~g for nllo~:t, n milc, nnd thcn running nlong the crcst of n high 
rnllge wit11 n g c ~ ~ t l c  nsccnt, le;~,ls to tl~v I'urt uf  Ihitlr:~rri in Ncl,bl, l'hcrc arc also some good villngo 
pntl~v len11i11:: ltbout the I~igl~cr railjirs i l l  Asliot. 'I'hc c ~ ~ s t o ~ n  of tho villngcrs bcing to cstnblish cattle 
sheds on all the open plntc;u~s n ~ ~ d  c ~ s y  g r o ~ ~ ~ ~ d ,  it follows t l~nt  f~iir p:lt11s will bo l o ~ ~ n d  rnnning nlong 
most or tlrc prcnt r;ulgcs. I{csi(lc~s the n1;1i11 ro;lll to Almorn, tl~crc is n circnitoos rond via Tl~nl, and 
Bngcswar, whicl~ in  nr11c11 ~~nc, l  d~iring the tilnc wl~oii fairs nro hcld nt both plncea, in Februnry a t  
Bageswnr, rind in bIny tnt Tl~nl. 

" In thc Pitorignrh district, wlrcat and rice nrc the grent stnplca of production. 



(20.) Nr. L o n  closed work i n  the &II!lna Vnllcr on tllc 5 th  Novcmber. and stnrtcrl fnr , , ~ . - .- - - - 
Kumnon t o  tnlie np  t11c skctcl~ing of the ground in 

Mr. J. kw.-?pngnphg ~ o o n d  round Bngo the nc ig l~bo~~r l lood  of Bngeswar. H e  rescl~cd Ra- 
swm, and III Klh li~uunoo. 

prswar nlld commenced his work there on t l ~ e  1 9th ~- ~ ~ - -  ---.- 
of the same month. The country to  the n&th of Bagesmnr on the  right bank of the river S n j u  
11e found to  bc the milst dif l ic~~lt  to slcctcl~. The l~ i l l s  nre there precipitous, lofty, and covel.ed 
wit11 dense forcst. Thc rcst of his gro111it1 prcsentcd fcrn dificulties. I t  contains here and t l~e re  
a considcrnllc amouut of forcst, bnt  in general i t  is open, ~vcl l  cultivated, and dotted with 
numerous rillngcs. I-Ie finisl~ctl his work in this district hy the I ) c g i n ~ ~ i ~ ~ g  of April, a ~ l d  then 
marcl~ctl into li61i K ~ ~ m a o u  to  sketcl~ the part of t l ~ e  frontier wl~ich lics immediately to the 
north rind south of the junction of the Snrju and K61i rivers. I n  addition to  surveyi~lg this 
piece of country IIC wns able to slietcl~ '1.5 sqrlnrc miles of the NcpLl frontier which were 
visible from his g r o ~ u ~ d .  On  i~~spect i t tg  his work, I fou~itl i t  to be well and cnrcfiilly donc, alld 
t o  exhibit a mnrketl improvcme~~t  OII thc last work he turned out  on  the same scale i n  1869. 
H e  closed work for the scnson a t  the end of the first meek in May. 

(21.) The following arc Mr. Lorn's notes on  the part of the  country h e  surveyed. 

" The most rcmnrknble plnce in the portion of country uketchcd by me is the t o m  of Bagesmar, 
celebrated for its Baanr, Tctnplc, and t\\.o large fairs, the first and Inrger' held in the lntter end of 
January, and the srcood and sn~nller in Fcbrunry or Jlnrch. The fairs are partly sncrcd festivals held 
in hondur of tho deity Bnqnith. to ml~icli flock devotees, plcnnure seekers, and traders from the 
surro~mding pnflirs, nnd from 'rhibctnn Twtnry. Trade transactions also tnke plnre to a large estent, 
i t  b e i n  the elnporiu~n Ibr nll the norrounding country. The nrticlca offered consint of the hor~sehold 
property in common uw, besides cloth, wearillg apparel, slcinn, snlt, borax, Thibetan ponies, nnd cattle 
from G;rllwnl and tho (:hambn states. Tile Tllibetnn ponies boing in p c a t r  cquest nt. the civil stntions of 
Almorn, Ilinikl~et, and Nairli-Tnl, fetch very large prices. Regnrdiug the other wticles of nierchnndise ; 
snlt, borax, and nlcinn from the interior of Thibet form the principal staples of tmde ; the transport 
of the two former bring elkcted Ilp ulcans of sheep nnd gonta, which, on nccount of the rugged uaturo 
of the hiIIn, nfford 6110 siml~lest and rnuiest, n~ethod of carriage. In consequence of tho utility of these 
nnimnla to the tr:~ders l~rrge prices are offered, nnd i t  in not XI u ~ ~ u s ~ l a l  t,lling for Rs. G-S or Rs. 7 to be 
given for n. good Chn~nhn goat. mllich goats nre alwavs iu consequcnt.e of thcir nizo nnd s t r c n ~ t l ~  taken 
in p rc fe r rn~ .~  to the fillrep nnd goats of other districts. Salt in only l)rocnrnblc hcro at  Rageswnr, 
unless it be in t l ~ c  plnin~ nt Kimnilqnr mnny ~nnrrl~en nmny. Rexarding tho borax ; as Thihet is tho 
onlp place in the enpt l'ro~n which it is to be had, it can be readily undorntooll that the trade in i t  is 
very great. Several thousand mnunds of this article pnss t11rongl1 Bagenwar every year. 

"The principal river i n  the Sayill, which is joint-d at Bngenwnr hy the Gumti. Jtn hnnlts during 
the rniny ecmon are \.el-y malnrious, but in the &inter they are the resort of cnttlo dcalcrs as they 
afford lusmious pasturage. 

"Of the rod*,  the chief one running by tho right bank of the Sar,ju mny hc consiclercd the high 
war, being tho one by which the trnffic of Thibet is t,rnnrport,crl. After re;~clling Ungcnwnr it 1s 
jni;~c~l hv thone r o m i n ~  from Sa~ncswar, Kator, nnll Sauin~lar, the I(ntur r o d  heiug uncd by trnsellera 
'from ~ l i rhwal ,  thc Samesmar by those travelling from Kiuikhet aud H6mnl bigh. Tllcse roads arc in 
excellent prercrvation. 

" In t l ~ c  Knr:tihi pntti, in this district, nrc n few iron mine* worked onlp to nn extent to suit 
the r ~ r ~ ~ ~ i r c ~ n c n t s  of thc neighhnllring ]lqltid, l'llcy are nvorkcd Ilk '  I)orncs, or thc lowest class of pcoplo iu 
KIIIII;IOU and (:11rha111, who prcfcr usill:: only the Ilirrk of the Clrir pint for snrclti~~g purpoveH 11s it burus 
with great intcnsit.7 l~nd cnlits 110 ~ n l ~ l i ~ .  

" 711c p ro~~nd  I suneycd topo~mphicnlly in R61i I<umnon is wcll c~~ltivatcd. The spurs of the 
hills nlu down into the lnlpc stresnls i l l  n very precipito~ts nr:rnncr, clod the cultivated parts :we thcreroro 
to bc found in thc mnrc clevatcd porlions of thc spurs nnd ridges. 

" From Tnmli (n p o ~ ~ p  of villt~ges in Tnlla Den) thcrc is n newly cut road nbont 3 fcct wide 
lending to I,oMnhBt. Thc r ~ u l  from I~ohighit 1rL2 I'ncllcsvnr, to Pito~.:i:nrh, which w;ln formerly n 
regular mnde rond, is now ouly n Cootl)atI~, nnll this footp;~th is now scarcely tracctrblc aheu it p w s ~ s  
through cultirntion. 

'l There arc fcrrirs ovcr the Sarjr~ nt Khet rntoli nnrl DLlirilna, near pnchc~snr. To cro58 the 
KRli into iVcpiil rafts floated on drier1 pnmpkin shcllv nrc n~nrlc IISC of; nni~thcr rnctll~d is to cross by 
swimming, tbc swimmer hciug aidcd by a couplc of theac shclla ticd together, on which hc reets his 
chest." 

(22.) On dompIcting the triangulntion of the Niti valley, Mr. T'ococli marched sonth to  
tnkr no I1i3 work in t11c Jll~Bl)m. The portion of Mr.L. P ~ c k ~ - T o ~ o ~ m ~ h y  n'lhhnral'dgb'i C r ~ ) ~ l ~ ~ ( l  nllottetl to him tllcrc lies near Kkli Dungi, 

h U I l l M O .  
'to it3 s o ~ ~ l h ,  nnrl is thickly covcrcd with forest cxcel~t 

in  t l~osc  *pots a h r r c  clcnrnnrea hnrc hccn matlc for c~~l t iv ;~ t ion .  I t  is also quitc flat, and i t  
11nrI tlrc.rcforo to 11c sr~rve,vc-d principally hy the n~et l~ot l  of travcrring. 13cfol.e commencing 
the topogrnphy oC this tract, it mas ncccssary for Mr. Pocock to  fis r few trigonometrical 





open pound,  pnnsing throilgl~ Bnijulih nnd crossi~lg a high range on the north, descends inta the Pi% 
dIlr \'alley, kerping nlong the no11l11 bank till its junction with tho AIaknan(Ia, where one road branchea 
Of to 1iilr11~1rciq. nnrl nnotl~rr to Sr i~rn~ar .  At right anglcs to thin roacl and stnrting from Sames- 
war is a verv f'nir road to 13 :~~~s \var  ~hic11, with grilcl~~al slolle, nscends t,he hlanskri gadh and, crossing 
p \ ~ o ( ~ d ~ d  ridge \vhicl~ cltrse~ the valley on tho cnst. dips tlonrn into the Sarj i~ :'alley. At tho point 
where this rrrnil I~ ra~r r l~ca  o l l ' f r o ~ ~ ~  the main one :rllothcr 1~x1-rs in an opposite direction, along the Sali 
gll(l\l, to\\,:trdn De-Jrihith. Highcu UII I L I I O ~ ~ I L ' I .  road starts from 1{aijllbth Itceping nlong thc left bank 
of tho C : I I I I I ~ ~  ~ v i t l ~  a tolcrnl~ly e;l*y rl,)l~o the ~\rln)lo wny to U:rgeswnr. All the above high roads are 
prncticable for Inllcn cnttlc :lnd moilntcd tr~\-ellcrs.' ' 

(26.) I I r ,  Kinncy accompanied my office and was elnl~loyed on general current work. 
1-Io has provcd himself a, vcry efticieut assistant. 

Mr. T. Kinnc?. 
111 Mnrch 1 scut him for  a few days, for training 

und practice in minor triangnlntion, t o  Mr.  Itynll tvl~o \\,as then working to  the  eavt of I-Iald- 
wkni. On senrliug him back to my ramp, J I r .  1t.psll reportcd that "Mr .  Kinney sl~o\ved great 
w~illinprc*s and n p t i t ~ ~ d e ,  nntl tltc littlc time thnt was tlcvotetl to  his instruction was fully made 
up to me by I~irn." Thc work he did while with Mr.  Ryall is s l ~ o ~ u  i n  t h e  tabular statement 
on pngc 4.5- 

(27.) I l r .  Litchfield marched into Kilmnon with Mr.  Peyton to  tnke up the plane- 

Mr. E. F. Litchfi~~l~l. t a l ~ l i ~ ~ g  of the corlntry immcdiatcly to  the west of 
Mr .  Pcyton's ground. Mr .  Litchfield, althongh he 

l~nt l  hat1 some training in planr-tnhling on l:irgc scirles, hatl never donc any intlepentlcnt work 
on  the 1-incl~ scalc. AIr. Peyt1)n was nccordi~~gly clircctctl to  ace him start work, and give 
llinl any assist:ince that  might nrcm I I O C C S S ~ ~ ~ .  h l r .  Pryton consitlcrcd that  his s~lpervision 
u.as only neccssnrp for t l ~ c  first dnp : on thc sccond 11c left, aud Mr.  Litcl~licld continued his 
n,ork alone. At  t i r d  N r .  Litr:l~firlrl ~ ~ o r l i c d  slowly, but Ile took great pains, and ~ v l ~ a t  he 
tnrnrrl ollt, i f  its arcs  is not 1.c1.y I :~rrc ,  I fot111t1 on inspcctiorl to  be a c c ~ ~ r a t e  and satisfactory. 
A t  th r  cnil of thc se;rson he w;is \vorl;ing at  a f : r ~ r  mtc,  and his slrctcl~ing lrad theu improved 
cousider:tlly in  s t ~ l e .  I-Ie closcd work 011 t l ~ c  13th April. 

(28.) T l ~ c  following arc Mr.  Litcl~ficld's notcs on the part of the country h e  surveyed. 

"The Lnmkcsn.ar rango runs t l~rnr~gh nrv work nearly cast m ~ d  wcst, and iu stcepcr on the south 
side thwr the north. The top and hiqhcr I)ortions of the ~ k l q c  am densely moo~lcd, but tho vnlleys 
and lowcr epurn nre montly cultivntcd. T l ~ c  ~ r o u n d  ncar Gnnjiolihith is undnlnting and nearly all 
cultivntcd ; and that to tho eavt of Ita~ueswnr 1s lilcc n basin, and also ncnrly all under cultiration. 

"Tho Pitor6gnrh road is \-pry stecp and bad on citl~cr side of Gnnjiolihith whereit descends to 
tho bridge:, ovcr the Sarju and I t i ~ A q n ~ r ~ i ~ .  r\ I T I I I ~ I I  bcttcr ~.o;rd is t l ~ c  one from Lohightit to Pitorti- 
gnrh which crosrcs thc Snr,ju ahout t\vi~  nile en nnd n half I ~ ~ l o n f  Itmneswnr. A fair i n  annu:llly held nt 
l{ames~nr nt n rpot on the right bank of t l ~ c  rivrr jurrt below the junction of the Sarju ancl the 
Ilti~nplrga. The ri\-er is filrdal~le at the ~ I I I I ~ ~ ~ O I I ,  but is very rapid lo\\~er ~IO\VII. A t  Rameswsr there 
are sevel-;d resting ~ O U R C S  nnd n tcr~~plc.  'I'hcrc is vcry good fishing near ktamcswar. 

"Mrnr the village of Uhnncr~ar  thcre is n rcmnrltablc raw which is regarded ns very nacred by 
thc pcol,lc. Tlwy hclirvc th:~t there nrc there four snbtc~rrnncnn Psangew leading to the ?our sacred 

l"n"es It:~~nrswal., I3:1gcr\vnr, I'i~chesnar nnrl S;~~ncgwa~-, a1111 nry g o ~ d e  pointrd them out to me as he 
1.11 mc nlon?: the r:lve. This cave is so i~onstantly \isitell by thc n:itives that thc stones are as smooth 

ns gla-r, a1111 the ruclt perfectly black from the s;rolic of the torchcs. 

"In thr part of tho rou~ltrp I survcycd, tlrc I-illagcrn were vcry much hnmsscd by pnckn of wild 
drrgn whirl1 killc~l nearly cverv ;111imn1 they cnmc ncrovu. I ncvcr uucccrdcd in shootinfi one, I~u t  nome 
~ill:rqcrs I~rn~~qlr t .  me n I~up' t l~:r t  they 11:1<1 c:111g11t n~hilc thc pack were de\.onrin,n a deer. I t  aaa ofn 
clirty I I I I IY  colour, with upright cars ant1 n buahy t:~il, rcaeuiblurg a molf. It refused all hod, nnd died 
in a coul~le or tlnys." 

(20.) T l ~ c  time arnilahlc for ficld opcrations was necesclnrily s l~or t ,  rind that  time mas 

Cknrrnl Rrricw of t l ~ r  lirld oprmtio~~s. f ~ ~ r t l ~ e r  cnrt:liled nbout a month by I~nd acnther. Denr- 
i ~ ~ g  this in mind, thc gcncrsl out-turn of work is 

large; and its cnccntion is, without exception, crcditnblc to  the  assistants. 

(30.) I n  the lower pnrgnnas immedintcly al~ove the Bhkhnr i t  is impossible, during 
the  winter m o ~ ~ t l ~ s ,  to ohtain carriage ar~tI s~~lrpl ies  on the spot ;  for t l~eac districts nre then 
dcsrrterl by t l ~ r i r  inl~nhitnnta w l ~ o  go to rnrry "11 their cllltivntion nntl grnzc their cattle in tile 
IlI~Abar. I t  \rau, tl~crr.forc, Ilct.c3ssry i r ~  tl~cvc dcscrtcd districts t o  go to  thc expense of I~irillg 
p e r m ; i ~ ~ c l ~ t  coolies fro111 clse\vl~crc. 

(31 .) Thc  Bl~Ahnl. districts in thr  nr igl~l ,o~~rl~ootls  of KAli D u n ~ i  n ~ i d  IIaltl\vini nrcdenscly 
popi~lntetl dnring the willtor n ~ o ~ l t h s  11y c~lltivntorg from t l ~ c  l ~ i a l ~ c r  tlirtricts, and also by a large 
n u ~ n b e r  of idlcr* ant1 c:~t t le  grnnrrs ~ v h o  COIIIC ~ O I Y I I  to cnjoy the mild climatc of t l ~ c  Bhbbnr, 
but wlro do uot assist ill it3 cultivation. 

(32.) b r i n g  the ficltl vraqon thcre wrrc no  rlrntlis from tliscnqc, nnrl only onc by an 
accident. A kl~ulAsr~ working \n th  Alr ltyall fell ovcr a prccipicc aud a n s  killed on the spot, 





( 5 . )  T l ~ c y  are named the D ~ n n n ,  t KODANGAL, SOMT.ANA, BADGAON , gl'oups, after the 
stations round which they are respectively situated. The last three of thcsc were, in 

a nleasurc, obligatory ; being stotions a t  which our  late lanicntcd comrade and fe1l0w-laboulel; 
Cal)tain Base\-i had talien pend11111m ohservat io~~s for the dcterminatiou of the local force of 
gl-nvity. 'Clre first is in the t1.a~-t ltnown as the 12n'icl~fir Uodb, between the Ibngn'b~idr~ and 
Kininn rivers about 25 miles east of the rvell known Railway Station of the aborc name. TIle 
last is a h o ~ ~ t  20 miles S.W. of A n d o t i ,  in  cast Berir .  The others are a t  intermediate points 
i n  tlre I-Iaidnrabad Territory. I may I ~ r r c  convcn ie~~t ly  give thc geographical positions of the 9 
groups nl~iclr  form the subject of this aud the prcl-ions two reports, as wcll as of some other 
points along t l ~ c  same meridian a t  ~ v l ~ i c h  latitudes have been observed i n  former days; with a 
view t o  shelving the distribution. 

TABLE of Southern Arc Latitude Stations. 

I L. 1809 (at Punnze) ; H. 1871. 
H. 1870-71. 
L. 1806 ; H. 1870. 
L. 1805 a ~ ~ d  180(i (Dodbgunta) ; H. 1870. 
L. 1805-06 Paugarh and UomBsundrum. 
H. 1871. 
L. 1811. 
I$. 1871-72. 
H. 187%. 
L. 1815, E. 1825, W. 1910-41. 
H. 1872. 
H. 1872. 
Ur~lcnoa,n. 
C .  186-1-65. [65, and 18G5-66. 
E m  1825,W. 1839-10, E. 1840-41,C. 1864- 

(6.) In the ahorc t a l ~ l s  I hare  il~dicntctl the year, and ualnc of 11rcvio11s ohscrrcr, v l ~ e r c  
there Ims occasion. I t  will hc unrlcrstoorl that t l ~ c  coucurrcncc of Cl)ltmel Lambto~l's name 
wit11 mine iluplics that  11e l ~ a d  ol)scrrcd at orre of the s t a t i o ~ ~ s  co~uposing my group. 

Namc of Group (G) or 
Statiou (S) 

, 
( 7 )  Flat1 circ~~mstanceq admittcd of i t  a gronp, or  atation, \~ol l ld  have been desirable 

hctween Auhti ant1 Lhli; hut :III i11tcrr:11 of 2'  tl~ougll grratcr than what has bccn aimcd at, is 
not  csccptiounl, and is of I I ~  re:d co~~sct l r~cucc.  

Appros. 
Long. 

(8.) 1 may remark that I havc reason to  hclierr that, apart fi'orn constant crrors (which 
a precise l i o o w i t ~ ~ l ~ c  of the instromcnt wl~ic-11 he 11.etl a ~ ~ t l  of his ~ n c t l ~ o t l  of O ~ I S C I * V ~ I I ~  can alone 
e~rahle us to  s~u.~u~re--and thew :rre not t'nrthcominp) Colonel Laml~ton's ol)scrv:rtions arc sufli- 
ciently good to  I)c inclr~derl in thc l is t ;  arid that  I Itavr. 1)cc11 engngctl a t  iuter\,alrr in rctlucing 
tl~crn. 'I'hc maill r l i t f c~~l tp  in t l ~ c  lnl~onr of compt~tation, o~ving to tllc want of the rctluisitc 
astronomical table., fbr r ~ t l ~ ~ c i n g  for t l ~ c  rrpparcnt motion of the stars, for thosc early years. I 
11rll)c I~owerer to bc able to  den1 nit11 t l ~ i s  satisfactorily as soon as the current work is further 
ntlrauccd. 

Initial of ohservcr anrl y ra r  of observation 
Lambton (L) Evcrc.;t (E) W a o g l ~  (W) 

Campl~ell (C) Bcrschcl (H) 

Y1 

(9.) The .I. groups which I 1 1 a ~ e  named an rclrrcscnt i~~g the last scason's out-turn con- 
tain 1 8  s t a t i o ~ ~ r  of ob.;crrntiou uiz. 5, 5 ,  4., and .I. re\llcctively. Of t l~cse  the prccisc gcotlctic 
po'itions of tllc f rht  two groups, riz. thorc a l ~ o r ~ t  D,\~u-n nud I ion , \~c , \ r ,  call alone he r.on~itlcrcd 
nv:~il:~l)l(t for in~n~c t l i :~ tc  cornpari*o~~ wit11 t l ~ c  astronomic values-the p r i~~c ipa l  t r ia l~golat iol~ nhich 
\\,a* bci l~g co~ttluetcrl I)y I l i c ~ ~ t r n a n t  M. TV. Roger* It.l<., :dong t l ~ c  l i ~ ~ r  of the Great Arc nortll- 
\yards from J1:111g:1lor, 11ari11g bc>ro orcrt:llicn at  the I a ~ t  n:~mrrI station. The next group in 
clrtlcr-tl~;lt of So~,rr . \ s . i - sur~ .o~~~~: l s  ( I I I I ~  tlocu not i~rc.l~~tlc) thc princip:~l stntiou so na~ncil. I t  
n a s  co~~sitlcrctl 011 v x a u ~ i ~ r n t i o ~ ~  to I)c Imll~ I I I I Z ) I I ~ ~ : L I I I C  ar~tl tlilRcnlt of :ruccnt-in fact iml~rnctit.a- 
1 .  1 e o ~ ~ l d  uot I I I I ~  admire, t l ~ o n , r r l ~ f c c l i ~ ~ ~ i t  ~~ntlt:sir:~l)le to imitate, the zcal w l ~ i c l ~  ru119t have 
a ~ ~ i m a t e d  Captain Rascri in ncccl)ting such n station for his opcrntionn. I Ie  l~al l  camels 1 1 0 ~ -  
cver, and I llad carts. IVhether IIC \raa able to talic any of tl~c:m to  thc top, I do not ~ I I O ~ V  ; 

0 . d * 
9 
2 
? 

Appros. 
Lat. 



but I should have had to  depcnd wholly on  coolies, and the delay monltl l ~ a v c  hcen serious. The 
(leterminatlon of the astronomic latitude a t  '1. neig11l)ouring points rontltl aborct the hill will, I 
llelievc, answcr the purpose nearly if not quitc :is well. Of the BAD(: \ON group i t  is s ~ ~ f i c i c n t  
to say that a direct comparison with t l ~ c  geodetic position mill be possil)lc a t  once, a t  t l ~ c  central 
station ; hut  a t  the outlying three which complctc it, only mheuever tliese shall be trigonomc- 
trically connccted. 

(10.) I have nest  to  mention a f e ~ r  cl~angcs in  the  rolltine of observation, which \rcre 
introt l~~ced mith the o1)jcct of eliminating const:u~t crrors. (See paras : 1 G  aud 17 of lnvt rcl~ort) .  
1'0 o1)siate the li:il)ility s ~ ~ p p o s i n g  i t  to csist, of t l ~ c  ~ ~ ~ i c r o s c o p c  r1111 cl~anaing its r a l ~ ~ c  Prom timc 
to time, the f o l l o ~ r i ~ ~ g  ~ * u l e  was frametl. Wltr,iro:rr the ;III/~,T mitttrtc~lo be rc,corrl~rl is 2 or 7, 12 or 
17 4c., tltc n r i o o . r c o ~ ~ ~  r(,arli~i!/ i s  lo he tnkett , ji .o~r~ thr r r j ~ j ~ o .  un(l  1otoc.r gr~ir l ( i r~l i i~~~.s ,  both rerrrli~f!/s 
bei~jg ertlet.ed i n  the ~ c c o r c l . ~  '1'11~ rccortl is t1111s rn:~tl(> to supl~ly directly a c u ~ . r r ~ ~ t  cl~cclr 011 t l ~ c  
run, and data for a corrcspontling correction ; : u ~ d  l ) o ~ ~ i l ) l y ,  it' continnc~tl, for :III  esnmin:ltion of 
tlrc 5radu:rtion. 1tu11s \vcrc ob ta i~~e t l  in this Ira!. in t l ~ e  course of lrorl;, a t  :il,out 200 tlifcrcnt 
rcnd~ngs ; a ~ ~ d ,  as far ;IS t l ~ e y  go, thcy prorc tl~:it :it no qil~glc oue of these is the gmt l r~ ; i t io~~  110- 
tahly fhlsc : t l ~ c  cvidrncc is ins11Hicie11t to cstnl)lisl~ luorc as yet. They (lo I~o\rc\.rr cut;rl)lisl~ 
that the "run," t l ~ o u g l ~  on the whole c o n s t : ~ ~ ~ t ,  is l ia l~lc  to  s l igl~t  a l t c r n t i o ~ ~  at  t l i f c ~ ~ c u t  stations, 
thus justifyir~g the practice. 

(11.) I n  my last report I mcntioncd that a p c c ~ ~ l i a r  s o ~ ~ r c c  of error scemed to exist in 
the lerels of this instrument. He i~~guna l ) l e  t o a c c o ~ ~ ~ ~ t  tor it ,  but f c e l i ~ ~ g  t11at i t  tlircctly vitiated 
the results, I rcsolvctl on the first opl~ortunity to 1)11t ill pmcticc ade?lign I 11:1(l for rcrcrsing t l ~ c  
i ~ ~ s t r ~ ~ n ~ r n t  on its pier, and then to t:ilcc a set of ol)rrrr;itions in t l ~ c  rcvcrscd pos i t io~~ .  T l ~ c  op- 
portnnity was snpl)lictl hy thc Uallhri Treas~~r!r. [Being jnst a11o11t to cross the l i is tna ant1 
move far into t l ~ c  H;iidn~*nbatl 'l'crritory n snpl~ly of coil1 \\,;is c sse~~t ia l ,  I ~ n t  this I coultl not get 
for a, long timc.] T l ~ c  rcrcrs;rl of m l ~ i c l ~  I sl)c;~k 1r:i.i ctfcctctl I)p i ~ ~ t r o t l u c i ~ ~ p  a s~nnl l  metal 
I~nt ton ~ u ~ t l c r  the ceutre of the instrnn~ent ,  at'tcr l ) r i x i ~ ~ g  the 1:ittcr up 011 OIIC hide wit11 a Icrcr. 
011 l o \ r c r i ~ ~ g  i t  upon the button a condition of 1111stal)le equilibrium obtai~~ed.  iu  \r-l~icl~ t l ~ c  ills- 
trurncnt could I)e turncd round, so to s l~cak \\.it11 a t i ~ ~ g c r ,  with perfect safcty, thc fcct just 
gmeiug t l ~ e  stone slab on w l ~ i c l ~  t l ~ e  instrn~mc!~t stands. On  trial t l ~ c  lnetl~otl prorctl so satis- 
fhctory that I was per11sl)s too easily con\,inccd, \vl~r.n I came to  rcduce the observations I)ro\,i- 
sionally, t l ~ a t  i t  \ras in11~cr:itire to 11ut it in 1)r:lctice a t  crcry station. 1 :im far from s a y i ~ ~ g  tl~:tt 
the concl~~sion was wrong; o ~ ~ l y  that lntcr c,sl)erie~~cc ~.:iises a donbt \vl~ct l~er  the const;int error 
whicl~ I did detect in lhril inst;u~cc \rill Ilc Ir:icc:tl)le in :dl. One t h i ~ ~ g  is certain that, as in :III 
cascs of resersnl, ouc or morc: of the class of c:on*t;int errors will be e l imi~~nted .  I t  mill I I C  
eminently satisfactory it' t l ~ e  prarticr of r cvr r~a l ,  as c:~rrird out dnring the r c m n i n i ~ ~ g  1.4, st:r- 
tions, sl~onld pro\-c that thc climi~~atc-11 errors are i~~~ign i f i ca r l t  in amount. Still more if it 
s11011ld nppcar that, 1111t for it, t l ~ c  wl~olc sc:ison's ~sorlr  \vonlrl have c o n t a i ~ ~ c d  crrors ~ v l ~ i c l ~  
could not 11;rve otl~crrrisc I~ren  ~~rovc t l  to exist. For t l ~ e  s:ilic of past work I~o\vc\.cr, I a111 in 
hopes that somc tlefinitc co~~clnsion may bc arrircd :it \rllic11 nlay rescuc i t  from that suspicio~~.  

(12.) As a rule from 30 to  35 stars \rere ol~scrred each night; and two fill1 nights, o r  
even two nearly full olles, mere co~~sirlerctl sut l ic ic~~t  fbc enell station-the instrnmcnt being in 
thc rercrsed position on the s e c o ~ ~ d .  I n  gencr:~l t l ~ e  s t a t i o ~ ~ s  of a group arc w i t l l i ~ ~  s short 
march of each other;  so that it \\.as possible in good nreatl~cr, to  I)c~gir~ a new station every 
3rd night. '1'1111s thc I<oda~~gal  group of 6 s t a t i o ~ ~ s  occopicd only 15 ~ ~ i g l ~ t s  (Fcbru:~ry 4,th to  
February 18th) fiom first to last. T l ~ c  next \ r o ~ ~ l [ l  I~avc bceu tlonc a t  t l ~ c  samc rate, but for all 
accident t i n  putting 1111 the instrument at t l ~ c  last station. The c1am;rgc sustninetl urns rcpnirctl 
during the day, I ~ u t  the anxicty and 11il)oor of cll'c(-ti~~p it (thermon~c\tcr Y5°-1000) prrvcntcd 
my getting a good nigl~t's work, ant1 t l ~ c n  t11c \ rcat l~cr  cl~nogetl. By still Wlrtl~er redt~cing the 
numl)cr of stars, this spcctl mig l~ t  bc kept 111); but as it was, nothing l111t the necessity of gr t-  
ting t l ~ r o u g l ~  t l ~ o  norli c o ~ ~ l d  have reconciletl me to the we:irisome ro1111t1 of putting u p  or taliing 
down tbc instrnnlcnt nl kwst every ollter !lo!/. ~ \ t  (:\,cry station too-and i~~tlcct l  cvcry 11ig11t 
almost-the mrridionnl tlircction IIHS to 1)c s o ~ l g l ~ t  out by tri~nsits, ant1 ar!justmcnts rcpcatetl, 
before the regular norli can I)c co~n~ncncctl,  all of \vl~icl~ t l ~ o n g l ~  l ~ a r a s s i ~ ~ g  does not s l~cm ill 
the record. Lattcrly this had generally to IIC t l o ~ ~ e  wit11 t l ~ c  tl~ernlometer a t  or  about 105'. 
Tllc cntcrunl tcmperatnre recortlcd at  t l ~ c  last s tn t~on ,  on thc lost n ie l~ t ,  on commc~lcing work 
at  7-40 P.M., is 98"; falling Iro\reucr to  80" by 3 A . A I .  a t  wl~icli hour the Scctor ant1 ol~ser- 
vntory were taltcu dowl~  (for the last time) by ~ r ~ o o ~ ~ - l i g l ~ t ,  and a marc11 of 8 miles effected. 

(13.) This station wns mithin half a mile of a Railway station (NQgpur bra11c11) : bnt  
on tllc last day-when a11 the a r r a n g c u ~ e ~ ~ t a  wcrc complcte for breaking up thc c;~ml) aud 
returning by rail to  Hnngalor a t  once-\re Icnrut to  our disappoi~~tment  that  we coultl not 
unc it, ba t  must march dolvn the line to  the ncst p r i~~c ipn l  station, some 1 6  miles distant. -~ -- 

I girc tllis rule in full, brrnlzec it *rrnls to hr r ~ ~ i l t ~ b l r  for ~nrlopt,io~~ gearrnlly-in nzimothsl ~ l a  ncll au rerticul 
obarrmtions. It i~~rrcasrs Lllc ~ l u l n b ~ r  of microseupc rcucllngs by 1 i11 6 (or Is& if reisxcd)-but rumores all pos?ibllity 
of orrrluobing ou crroucous nln. 

t A CldJ rrcort au commuuicotorl at tho timc. Thc h~jurud 11ort Lw.bocu sinco re-eraoli~lcd and ucarly dl trun: 
removed. 



(1.1..) T l ~ n s  cntlerl the niost cshwstiug felt1 scason, wl~ich I (inclivitlually) l~avc experi. 
encetl. To those of thc party who c~ltcrctl upon i t  six W C C I ~ S  earlier than I did, with a march 
of 24.0 miles, the latter portion with its intcnsc hcat must have bee11 still morc trying. TIle 
table which I I~:l\,e given shoms that the 1:rtitudc of 20" 4 L' was rcacl~ed, that of Bangalor being 
13' 0'. This diA'crencc represents a direct distance of nearly 550 miles which mas of course 
largcly rsccctlcd by the ~v:rnderings in  the Ilairlarahnd nildernesses, where no road ever mas. 
IInc11 of the country traverscci mas unnttcrably stony, and uns~dtctl for ml~celed carriage, which 
is almost unlino\vn tilere. The long distances w l ~ i c l ~  had to I)c gonc over to get from one group 
of stations to allother supplied leisnre i t  is truc, for the partial reduction of the obsertations, 
thus in somc mcasurc redeeming the time otherwise so fruitlessly expendcrl; bot I may con- 
clude this narrsltive \\it11 the earncst hope, that  no party c~~gagccl in  work of this kind may 
ever again I~avc to  go over so much gronutl in searcl~ of suitable sitcs. 

(15.) I rcry m u c l ~  regret that I cannot p~.orlnec nny final numerical rrsults. So far as 
an cstirnatc may go, l~owcvcr, I may hazar~l tile c o ~ i c l u r ~ o l ~  t h : ~ t  a rcmirr1;irl)le d ~ s t u r h a ~ ~ c e  of 
attractioi~ nil1 l ~ c  fount1 hy comparison of the astronomic and gcodetic amplitudes between 
I - l o ~ v ~ t  and I) \IIKTH. Tllcse groups are only 1' 18' apart, yct thcrc seems to be an abnormal 
attraction protloeing a discrepancy of nearly 0' of are-tl~c presumption being that the plumb 
line is drawn 11ort11-\rards a t  the northern station 11y nearly thc whole amount. 

(16.) The same presumed effect is somewhat modified at  t l ~ c  ncst group, 0' 56' to thc 
the  north, where i t  amounts to only 6 or 7". I t  is about thc same nt BADG,\ON. This presump- 
tion rests mainly on the general agreement (exccpt at Ua~~gnlor)  of thc astronomic ;~nd geo(lctie 
values at  all the southcrn points and, zuitl~ a reservalion as lo tlie correclrress of thc udoptcd 
elliplicily ruitk zultich the latter are comp~tted, on the absence of any bias towards onc sign or the 
other in t l ~ c  upi~arerrt local deflection in other parts of Iurlia. I l~elicve this is the largest 
dcflcction yet fbund iu this country, w11icl1 may not be directly attril~uted to mountain masses. 

(17.) There rlors not appear to  be-so far as I can yet judge-any strong additional 
cridcncc of the sensiliacvress of local attmction to s~nrtllcl~ange of ~ ~ l a c c .  I t  is traceable indeed, 
but not with sofficient distinctness to requirc me tit 1)rescrit to add to \rhat I have alrcady said 
on this subject in s former report. 

(18.) Thc health of the party has, on the wl~olc, 1)cen esccctlingly good. Two caws of 
small pox occ~~rrcd ,  hut both happily recovered. Of these t l ~ c  Native Doctor-Hospital Assist- 
ant  I. Sovcriappen whose name I mention sperially as l~aving c a ~ i g l ~ t  t l ~ e  disease in the 
pcrforn~ance of his duty-supplied one. Vaccination mas ~~csortctl to to cl~eclc the liahility to 
inl'cction, at  tllc small military station of Hingoli n ~ l ~ i c h  sre I~appcoctl to rcach at  t l ~ c  time. 
1 may mcution t l ~ a t  this mas the only Station which we :rpl)roncl~rtlxluring t l ~ c  seasou. 

POSTSCRIPT, dated 30th September 1872. 

(19.) The r c d ~ ~ c t i o n  of the ohscr~ationci dcscril)cd in t l ~ c  hotly of t l ~ c  report havi11~ 
now hccn I ~ r o n g l ~ t  to an cnd-tho11g11 muc:l~ remains to hc done ton,artla tracing error, lo t l~rir  
source-1 am cnahlcd to snmmarize the principal r c s ~ ~ l t s .  I t  will I)e convenient to e \ l~ i l~ i t  
t l ~ e m  in t l ~ c  same tabular form ns hcforc. 111 csl)lanation of t l ~ c  'I';iblc \vl~iclr follo\r.s it i.c o111y 
necessary to say that the (;eodctic latitutlcs of the first two groups arc those l u r ~ ~ i a l ~ e d  I)? 
Lieotcnant Rogers and arc I~asctl on the :~s t ror~on~ic  l a ~ i t t ~ d c  of a point I I C : L ~  * Calcutta; whilc 
that of Ih1dg6t111 S. t l ~ o u ~ l ~  in the same terms, i.r. rlcrivctl from t l ~ c  same origin, l~ns  hecn 
ol)tair~ctl 11; nlrplying t l ~ c  geodetic amplitntlc (nccortlin;: to E\fcrest) I)[:t\vccn hut Ins and 
l)r-nir..\-the nortl~crnmost point to wl~ich J , ic~~trnant  ltogers' operations crtcnrl-to t l ~ :  
I :~t i t~nlc of t l ~ c  lattcr st:~tior~ fi~rlri$l~ed to nlc I)!. tll:~t othcrr. At t l ~ c  time ot' writing t11c hod!. 
~ ) t '  tl~iv report-in whicl~ it will I)e sccn that I l~a\.c csti~n:rtctl t l ~ c  11ilt'i.rcncc at IludgAon at 
(i" or 7" instt::~tl of 11"-I I ~ n t l  ovcrloolictl t l ~ c  fbtvt n. l~icl~ bas 11ow I ) ~ I : I I  fi~rcetl 11po11 rnc by 
discrc~,ancy hctwccn t11c latitutlc so ol)taint.tl nut1 that gircn in I':vcrest's " hIcritlional Arc" 
(and a l ~ i e h  I tint1 mcntioncd ill the 21itl1 ~ ~ a r a g r a [ , l ~  of Coloncl TVallicr's ltcport for 1868-f9j-a 
cliscrcpancy of 6" iu latitudc gcocrated ill the t r i a n g ~ ~ l n t i o ~ ~  bctmccn KaliLnpur and Calcutta. 

(20.) T l ~ c  ~ v l ~ o l c  of tllc: t r iang~~lat ion of So~ittlcrn India dcrivcs itn latitudc element 
from the aslronontic lntitrtdr qf Cnlcttttrc, 11.1tirh. t,.rrs prij~pl)ve~t to bc, near/!/ identicnl with that 
whir11 rcotrll Be assigned by  good triatrgulntion c.srn~roti~,!/ from /Ire origin Kulidnpur. This 
supposition was hascd on t l ~ c  a~snmption tll:~t tllc csisting triangnlation, tbough adrnitte[lly 
inferior, \voulrl not provc so misleading as it is now liuo\vn to I I ~ ~ B C  ~ C C I I .  The rcsult is 
important. All latitrldcs rlerive~l from the Colr,l//n origin must 1)c t l imi~~isl~cd hy 4" to malic 
them comparnl~lc, gcotIctic:rIIy, \vitI~ tl~osc tlcrivccl from l~i~icti~rl~ro. : or, ,:ice vcrsd, t l ~ c  latter 
milst hc i~lrrcavctl I)y 4". 1'11is is erjr~nlly allplicaljlc n.l~crc thc q u c s t i o ~ ~  iu oue of ditl'ercnccs 
betwccn astronomic nut1 gcotlctic Iiititatlcu. 



(21.) Therc is no virtue in the astronomic latitudc of Kaliilnpur any morc than ill 
that of Calcutta, or of any other point whcre dircct ohscrvation might have supplied an origin 
for cornputcd latitudes; and if we assulnc that the Calcutta latitude was unaffected by local 
attraction, then that of KaliRnpur is too small by 4" and a correction of-4: must be applied 
to all valucn of A,-A,. in Nort l~crn and Western Intlia while those shown in the prcscnt Table 
need no such correction. Ou the other hand if we assume that the KaliAnpur normal is true, 
and not locally dcflcctcd, all thc said values of A,-A, stand unimpcachctl, while the present 
ones must rcccivc a corrcction of + 4". In  any case howcver there is ouly a change in local 
disturbance bctmecn Knlicit~picr and B,\ooaow of 7" instcad of the 11" which, for the sake of 
uniformity, I am obliged to show in the Table. 

(22.) T l ~ e  difference of latitude bctwccn BadgRon and Kaliilnpur is 3" 20' and the 
change in d i s t ~ ~ r l ) n ~ ~ c e  is 7", or al)out 2'' per degree. 'I'his in not much when wc remark that a 
change of 1".7 may occur (an I~etwecn S X V  autl XXVI or bet~vccu SXTrII  and XXVIII)  in 
a b o ~ ~ t  8 or 10 milcs. Hnt a little fnrther South rvc find-from I - I o r u ~  to DARUR, distant from 
each ot l~cr  o t~ lp  lo 15' in latitr~tlc and 33' in lougitndc i . e .  98 miles,-a change of 8". I t  is 
a l ~ s o l ~ ~ t c l y  impossil~lc to atln~it that any crrors of measurcmeut can account for more than a 
small f ~ . a c t i ~ n ~  of this nmonut and thercforc the conclnsion caunot be avoitlcd that the attraction 
i u  cIistnrl)ed in a grossly irrcgnlnr n7ay, whicl~ makes it n matter of iutlitference, so far as any 
ql~cstion of Figurc alone is concerned, whctl~er the rcsults arc rigorously correct or not. 

(23.) h n d  uo~v ns to t l ~ c  dcgrec of acculsacy to which thew may lay claim : I am not 
in a pos i t io~~ to say what thc " pro11;~blc crror" is tl~coreticnlly ; hnt jndging from thc accord- 
ance itrler so of r c s ~ ~ l t s  dcpcnding on the ol)servntions of succcssive nights taken severally, i t  is 
pretty safc to say that no one of the co-latitudes give11 abovc is in error so muck as oue-tenth 
of a second. 

(2-I..) The effect of rcvcrsal has bccn inrcatigatcd closely, without any more decisive 
results than thcsc-1st Thc observations are very sligl~tly biasscrl by position : but thc effect 
is hdrcly trnceahlc b e c a ~ ~ s e  2nd Thcp arc all sulicct to errors of greater magnitude, which take 
elfcct ill an i n t e r n ~ i t t c ~ ~ t  way and scclu to be tluc to the positions of tlie bubbles in the levels. 
Errors of t l~is  class a f i c t  the obscrr~ations iu groups, ant1 if a ~ ~ i g h t ' s  rvork consists of only 
one or two S I I C ~ I  gronl~s, the lncan rcsnlt for tint 11ig11t has often a large error from this source, 
wl~ich n~aslis that ~ r . l ~ i c l ~  ~ u i g l ~ t  otl~cr~visc bc 111orc co~~tidentlp attributed to the orbiculatiou of 
the i ~ ~ s t r u n ~ c u t .  

(25.) On the nvholc, t l~cre  is insufficient justification for any alteration of previous 
results on this aceonnt, but t l ~ c  systcm of rcrrrsal Itas ol)viously so n ~ u c h  in its favour that ill 
my o p i n i o ~ ~  it ought never to be ncglccted iu f ~ ~ t u r e  ol~cratiol~s. And, with regard to whit I 
11:rvc said al~ove al~out  an irregularity in the lcvcls alfecting groups of ohserrations, I suggest 
thc propriety of p~~rposr l !~  ant1 f ~ . e y ~ t c n / l y  a l t c r i ~ ~ g  their readings duriug the course of work, 
and of n~alcing a rc-adjnstmcnt of Icrcl, say cvery I~onr, apar t  of the routine. The level 
corrections arc t l ~ c  we;tli point : it  is fitting t l ~ : ~ t  t l~cy  sl~oulcl receive the most atteution. 



Comparison of Astronomic and Geodetic Latitudes. ?871-72. 

Geodetic Number of Station Co-latitude 

and y2:- Difference 
Name of Group Latitude Longitude Geodetic I I 

... Cape Gomorin Group 
1Vallapntli ,, ... 
Pachnpbliain ,, ... 
Bangalor ,. ... 
Horiir ,t ... 

XXII 
XXllI 
XXlV 
xxv 
XXVI 

--------- 
Dbr6r Group . 116 12 . I 77 43 . 173 48 . 1 . 1 - 8 2 0  / .., 

XXVlI 
XXVIII 
XXIX 
XXX 
XXXI 

XXXII 
XXXIII 
XXXIV 
XXXV 

XXXVI 
XXXVII 
XXXVIll 
XXXlX 

K o r s . - A ,  A, stnnd Tor ohscrved n~rd cnrn1~11trd Intitu(lc, or distance o l r r n i l l ~  T ~ O I I I  llrc cqrllltor. W I I C I ~  A,,-AP is 1.3 

or t l ~ e  ol~srrred di.ilsncr, ia Erruter ll~nti A. or ~ I I I ~  cn1111>ute~l I I I X L ~ I B P P  ; i .  P.  the o ~ t ~ ~ o n ~ r n i c  is N o(.tlw gci~ilrlic z{,l~ifli ,  
ond 1lrrrrTo.a Lhe plumb-lino is dellcctcd tot~nrds tlie Soutll. W e  ver.v:l a-lico A,-A, i s  - (~ts sbuvt.) tlre plulrrb.li~lc 13 

drflrctctl townrds (11s North. 



ROUGH CHART TO ILLUSTRATE POSITIONS 
OF ZENITH DISTANCE STATIONS 

1871-72. 

X X X V  

Lat. 19" S 
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X X I  
XXVI I I  

XXVI I  
I 
I 





Extract from the Narrative Report-dated 1st May 1872-of J. B. N. HENNESSEY, 
Esq., Deputy Superintendent let Grade, G. T. Survey, In charge Computing O5oe. 

On 1st May 1871. 

J. B. N. Hennessey, Esq., .'. Deputy Superintendent 1st  Grade. 
W. 13. Cole, Esq., M.A., . . Assist. Superintendent 1st Grade. 
Lieutenant H. M. Chambers, R.E. Do. 2nd Grade. 

Computing Branch. 
Mr. C. Wood. 
Bkbu Gunga Pershad. 
,, Cally Mohun Ghose. 
,, Kally Coomar. 
,, Gopal Chunder. 

and 8 other native computers including map and rccord keeper and librarian. 

Printing Branch. 
Mr. Bl'. J. O'Connor. 

(1.) The following changes have occurred in  the establishment of the Comput in: Office, 
during the last 1 2  months. Lieutenant 13. RI. Chambcra, lt.E., having completed his course 
of instruction, mas trausferrcd to the *Kuniaon and Q G ~ ~ r l ~ w a l  Party on 1st July, and Mr. 
Yeycl~ers, Assistant Surveyor 1st Grade, lyas tmusferred to this office on 1st September: a 
vacancy created by dismissal was duly tillcd, and uomil~atious madc to four other computerships 
of auitahle canditlatcs. Also, the rctircmcr~t of Mr. W. II. Scott on pension, led to the 
a~pointment in his place, as head of the Drawing Oficc, of Mr. G.  W. E. Atltinson, Surveyor 
4th Gradc, on 1st April 1872; Mr. Atkinson having joined this Office on 1st January 1872. 

Calculating Branch. 

(2.) The circuits of the triangulation included in  the Sironj-Chach quadrilateral having 

Computations. 
been madc consistent, rn described in my last report, 
thcrc rcmaincd a largc amount of calculation, chicfly 

in cor~nection with thc auxiliary principal stations, to complctc the triangl~lation in question. 
Accordingly, 2G8 triangles, eutcring i r ~  groups of 2 and ap~vards into 110 figures, wcre sub,jectcd 
to the r~snal co~~dit ions and made c o ~ ~ ~ i u t c r ~ t  11y the metl~od of least squarcs; so that t l ~ c  whole 
mass of this work now sta~lds rcd~~cctl  11y the most accnrate of luotlerl~ processes, which is cer- 
tainly not niorc clal~oratc than is due to the vcry superior quality of the ticld operations. The 
compntations of t l ~ c  ~)l . i~~cipal  stations involved 818 trianglcs, 115 ncv  deductions (donl)le) of 
l a t i t~~de ,  longitude and azimntl~, and verification and correction of several Ilnndred deductions 
al)proximately calculated, al! in duplicatc. 

Continucd. (3.) The ordinary compntations performed 
are given in the following statcrnent. 

Su1:ject Quantity 
Numbered pages of, and indcsed . . . . . . 4*1 vols : of angle books. 
Mean readings canmincd or computcd, . . . . . . 47 openings ditto. 
Abstractetl ohscrved angles, . . . . . . . . 701 augles. 
Compntetl acro nlcans ant1 gcneral mcans, . . . . 370 do. 
Comparcrl al~stract of obscrved auglcs, . . . . . . 733 do. 
Compntcd la t i t~~drs ,  longit~~dcs ant1 azimnths of Secondary Stations, 8 8  single deductions. 

Do. weights of ol)scrvcd auglca . . . . . . 4.50 angles. 
Do. d i f l ~ r c ~ ~ c e s  of I~cights of Princip:ll Stations, . . 1500 
Do. circ~~mpolar Star ol~scrvations for r ~ i ~ u u t l ~  . . 
Do. "ir~dctcrminatc f;~ctoru" iu tcrms of crrorn, . . 
Do. observations for time, . . . . . . 
DO. reduction of RIctcorological ol~servatious . . 

(4.)  Tlic principal triangulation haviug I)ceu computed, as nlrcady described, it became 

Sccondory Trinngolaliou. 1lc:ccssary to take t l ~ e  accondary worlc into consider- 
ation : 11oi11ts of this cl:~ss arc freclucntly vnluablc 

for pnrposcs of after survcy and their valuc is rapidly 011 t l ~ c  inrrcnse with the tlcmand for 
H.:lil\vnys, Ilonds, C;unnls kc., a r~d  the srll.\.rys thcso pro,jccts cutail. Consitlcra1)lc care and 
disrr i~r~i~lnt io~i  arc, I~owcvcr, cvscutinI ill rlcnling wit11 t I ~ c  ~ccoutln~.y trianguI;itiou, so as to secure 
its €1111 utility OII  t l ~ e  onc I~nnd, ant1 OII thc ot l~cr  to nvoitl rctl~undnnt calculations, which if 
attempted would probably lcad to morc work than could bc accomplished. I n  vica of these 



Calculating Branch.-(Continued.) 

desideratn a general scheme is bcing elaborated in  connection with the subject under notice, 
nnd a snitnble proccss has been desiscd for producing tlie consistency required in these opera- 
tions: the metl~od of calcolation has been applied in 3 instances, aud i t  appears to meet the 
requircd r a n t  satisfactorily. 

(5.1 The results comgiled for the Dress are as fo!lows:-1 s i m ~ l e  and 3 com~ound . , , - -  
Compilntion of Cnlc~~lntions. figures, and 11 quadrilaterals; ;ages 192 of Synopsis 

of Principal Statior~s Latitndcs, Longitudes, Azi- 
muths, Differences of Height, Hcights nnd Descript~ons of Spirit-levelled Bench-Marlts; pages 
200 of Observcd Azimuths; and 17 pages of Spirit-levellcd Stations of season 1870-71. 

(6.) Besides tlic compilation of computed or observed. results, to  be set up in book form, 
Compilotiol~ of dntn for Nunlericnl Clmrts, nod ex- noticed ill para. (j), a somewhat similar procedure is 

arnl~lutio~l of Lhe snmc. requircd for numerical cl~arts  and their accompani- 
ments to meet the urgent wants of surveys now iu progress. I n  tlie absence of such charts, a 
manuscript copy of nnmerical tables 11as to be prepnrcd for each applicant; ant1 this work 
must ueeds be repented for ac1.jacent operations at  least, at a loss of time and liability to mis- 
takes wl~ich all repetitions must involve : add to this, tables without diagrams lose a sensible 
portion of their value. As an effectnal remedy for all these drawbacl<s, Colonel J. T. Walker, 
R.E., Superiritentlent G. 1'. S ~ ~ r v c y ,  devised an estension of tlie det;~il. formerly given on cl~arts; 
so that his modern nnmerical cliart sr~pplies all csscntial nnmcric;ll ant1 dcscriptivc facts, chiefly 
on the diagram or c l~ar t  of triangulation itaclf. T l ~ e  numerical cliart thns composecl is photo- 
ziucographed, so that facsimiles are available at  a moment's notice. I t  mill I~o\rcvcr be rcadily 
seen, that tlie valr~e of, t l~ese cl~arts  falls to zero, unless sc rnpulo~~s  care is esercisetl to secure 
occt iraq in the preparation of the single manuscript rcquircd for copying or rctlucing with the 
camcra; in fact, eacl~ such chart, of so much raluc to evcry Survcy Esecntive, is a diagram 
ill~tstratcd with the epito~nisetl rewlts of n small volnmc. I t  tliercforc follows, that the requircd 
compilation of data for Cl~arts  atit1 cxami~~at ior~  9f proollu, involves no little labor at thc outset, 
tliougl~ the result is l~ ig l~ ly  satisfactory and economical in tlie end. During the twelvc-month 
under notice, 4 numerical charts were compared against the original computations, and data 
compiled for the following :- 

CHARTS. 
Northern portions of *Bombay triangulation, . . . . 3 sheets. 
South Konkan Series, . . . . . . . . . . 1 1, 

Great Indus do. .. . . . . . . . . 7 ,I 

GurhBgarh, do. .. . . . . . . . . 1 I ,  

ltirvi and Chinfib Minor Triangulation, . . . . . . 2 ,, 
Bider Longitudinal Series, . . . . . . . . 1 ,I 

Assam Valley do. (18i0-71), . . . . . . 1 I,  

Gore do. . . . . . . . . 2 ,, 
Rnlilin do. . . . . . . 1 ,, 
Great Arc do. (1869:f0), . . . . . . 2 1, 

Bil6spur do. . . . . . . . . 1 ,, 
Great Arc do. (N. Section), . . . . . . 6 ,, 
N. W. Himalnpa do. .. . . . . . . 2 ,, 

Also, a synopsis of si+s for the whole of tlie Sironj-Chach qnadrilateral was ~rcpared,  for 
piotting diagrams to illustrate thc "reduction of figures" givcn it] tlie priuted volumcs passing 
through tlie prcs*. 

(7.) Consequent on orders by the Government, a carerttl comparison was made between 
two spirit Icvels, one hy Rlessrs. Cooke &Sonsl 

Inatrumcntd ROIL. the othrr by RIessrs. Trougl~ton & Simms, alld a 
suitable line \vm levelled over 1)y Mr. C. T\'ood and the undersigned wit11 tlie view of affording 
datn for reporting on the relative merits of t11e.w two instrumcntu. l 'he usc of a 1st-class 
Theodolite and the t1cl)artmctital method of observing azimutl~s wcre ta11g11t to Lieutenant 
J. Hill, n. E., Mr. W. H.  Cole, a(. A., and Mr. TV. G.  Beverley. Twcuty-five sets of observa- 
tions werc talien for time. And mcteoroIogicaI ohecrvations, t~vicc on evcry day of the 
gear, were made as unn:~l at  D r l ~ r a  I)nn Observatory, and the rcduccd r c s ~ ~ l t s  supplictl to the 
reporter on meteorology, N. W. Proviucest; also similar observatious were taken at 3ias6ri for 
about 6 months. 

(8.) The correspondence, lists and descriptions involved in the protection of the 

Protection of Btntions. G. T. Survey stations 11ave been persevered in as 
hcrrtofore. and I need scarcclv add that such pro- -- - ~ 

tection is hardly of levs importance than the primary 'surveying opcrat io~s.  The station marks 
are eaaential for tlll after survevs. and will serve thc rcquired purposes for an indcfinitc 11111nber . , . . -- 

t Cwl of mainf~nonm of LWef~omlqqicol Sfnfi011,.-'l'l~i9 ecenls t11c proper plnco to a tu t c  LhnL tllc obarrmlov at  
n~lirn mrtr tlw Blrlrnrologic~,l 1)vpnrtn~rnl nullline ; hotli lltr rslnblicltr~.c~lt a n d  t h r  inatrumrntn brlong to tho  Orcat 
Ttisonoulc~riml S w e y .  (&pi for 1871 on Afelccrological olrerraliona N. FV. Prob'incr, by Muwoy TrbmaM ~ J P . D  
H.D., F,B.S.,E.J 



of years; rigorously spcaking, points once destroyed cannot be restored without a repetition 
of the o r i g i ~ ~ a l  work, a t ~ d  at  a corresponding cost of timc and ruolley ; and it is easily uurlcr- 
stood, that in the absence of all sucl~ points, the value of the operations by ~vllich thcy mcre 
fixed is materially diminisl~cd, at lcast so far as posterity is conccrncd. Fully recognizing this 
fact, Colonel Walker, v i th  the approval of Government, established the systcm of protection 
now in force. I t  is, I~owever, a matter for regret, that what appcars a si~nplc duty, so plainly 
set forth in Colonel IValkcr's i~~strnct ions,  should entail a consideral)le amount of work in  
repeatedly preparing copies of the same lists for local officers, in  calling their attcntion to 
defective retnrlls or to the absence of all returns, and in repeating explanations and direct io~~s 
wllich arc either lost or disregnrtlcd. I can ouly hope that in course of time these drawbacks 
will g rad~~al ly  disappear. During the past 12 months, about 400 letters and dockets have 
bcen writtell on the protection of the G.  1'. Survey priucipal stations ; 33 duplicate or sup- 
plcmental lists of 155 stations have bee11 supplied to the local officers, and chcck lists of 661 
stations in 93 districts have been prcparctl for reference in  this otJice. I n  all these duties, 
Mr. C. Wood has reltdcred valuablc assistance. 

(9.) The following are some of the miscellaneous duties discharged. Prcpared Taldcs 

Miscelluneoos. of Stars common to the two 7-pear Grccn~vicl~ 
Catalogues; also, Tables of Colonel Lambton's Zcuitll 

distances, and 2 copies of Synopsis of results of thc Quadrilateral Sironj-Chach. Comparcd, 
csamined and passed for the press t l ~ c  wl~olc of the work, comprisinq 1,143 pages, mcutioned 
llercaftcr under the head of " Y r i ~ ~ t i n g  Office." Iostrnctecl Lirutenant I-I. M. Chambers, n. E. 
in thc computat io~~s of the clepartn~c~lt. Supplictl data to 23 officers, involving a considerablc 
an~ount of co~nputation as wcll as compilation. Examined 2 candidates for tlle junior branch 
of the G. T. Survcy, kc., &c., kc. 

Plroto-:incograpAic Branch. 

(10.) T l ~ c  work performed by the Photo-ziocograplric Branch is given in the following 
tahle, uudcr the heads of' Maps, Numerical Charts, Plates aud Diagrams, and Professional 
and OtJice forms. 

Maps 

W I ? ~  No. of ;;;;p09E / P U ~ I ~ I . ~  ( puts I ,,,.illtd 

Prints of maps published in former ycars, . . 
lioutcs betneen the Panjdb all11 Itastern Turkcstin, 
Masriri and Landaur sheet No. 10 skeleton, . . 

II ,, 10 contourcd, . . 
,, ,, 20 ,J . . 

Guide Map to Masilri and Lnntlaur, (1st edition) . . 
Masliri aud Laudaur sl~ect  No. 4 contonrcd, . . 

,I ,, 8 skclctoll, . . 
II ,, 8 coutoured, . . 
1) 1, I 9 ,  . . 
11 ,, 1 skeleton, . . 
I1 ,I 2 ,, . . 
IJ ,, 2 contoured, . . 
11 I, 3 I ,  . . 
II ,, 4 slielcton, . . 
IJ ,, 5 contoured, . . 
11 ,, 6 ,, . . 
II ,, 6 sltcleton, . . 
I1 ,I 11 >, . . 
If ,I 11 C O ~ ~ O U ~ C ~ ,  . . 
11 I, 13 ,, . . 
II ,, 13 skclcton, . . 
I1 ,, 22 ,, . . 
JI ,, 22 contourcd, . . 
I J  I, 23 ,, . . 
11 ,, 23 slccleton, . . 
I1 1, 3 ,I . . 
1 ,  ,, 5 , I  . . 

Spirit Lcvcll in~ operations No. 3, (3rd ctlition) . . 
Kumaon and Gurhwal sheet No. H sliclctou, . . 

11 ,, !) coutourcd, . . 
JJ I1 24 11 . . 

:: 1 :: . . June, 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. , 
. . 
. . 
. . 
. . 
. . 
. . 
.. I 

13 

,, 
July, 

I, 

1) 

,I 

13 

11 

>, 
11 

I1 

1) 

1, 

I1 

,I 

8 ,  

11 

,I 

Augt. 
,, 
,, 
9, 

,, 
11 



Photo-rincographic Branch-(Continued.) 

Maps 

Subjcct No. of 1 
pnrts 

Index to Guzrkt Survey, . . . . . . 
,, Kattynar ,, . . . . . . 

Spirit Levelling operations No. 14  . . . . 
9 1  , 15 .. . . 

Eastern British Frontier sltclcton, . . . . 
2 9  contoured, . . . . 

Del~li  Map, . . . . . . . . 
Inder to Kosi valley S~uvcy, . . . . . . 
Guitle RIap to AIasilri and J~andaur (2nd edition) 
Spilit Levelling operations No. 9 . . . . 
Kosi Valley Survey sheet ,, 3 sltcleton, . . 

1) ,, 3 contoured, . . 
Kattvnar sheet No. 27 . . . . . . 

, 8 . . . . . . . . 
Route map from the Panjib to Badukshin, . . . . 
Index to Level Charts. . . . . . . . . 
Kosi Valley Survey sheet No. 1 skeleton, . . . . 

J j  ,, 1 contoured, . . . . 
>l ,> 2 J J  . . . . 
JJ ,, 2 skeleton, . . . . 
J, J J  5 >J . . . . 
JJ ,, 5 contourcd, . . . . 
,J ,I 6 ,J . . . . 
,) ,, 6 skeleton, . . . . 

C hamha map, uppcr left half fSor Supdt. Chamba Stales) . . 
Koai Valley Survcy sheet No. 4 skcleton, . . . . 

,J ,, 4 contoured, . . . . 
JJ J J  7 J) . . 0 a 

JJ  ,, 7 skeleton, . . . . 
,J J l  8 J, . . 
,) ,, 8 contoured, . . . . 

Kattymar shect No. 26, . . . . . . . . 
Chamba map, uppcr right half (for Supdl. Chamba States) . . 

,, lower ,, .. Do. do., . . 
I J ,, left half.. Do. do., . . 

Mirza's route to BadukshBn, . . . . . . . . 

Numerical Charts. 

Great Arc Revision, scnson 18G9-70, N. Scction, . . . . 
Northeru por t io~~s  of Bombay No. 3, . . . . . . 

,, 10, . . . . . . 
Grcat Arc Revision, scason 1869-70, S. Scction, . . . . 
Great 111dus Scries No. 3. . . . . . . . . 
Northern portious of Bombay No. 6, . . 

> ?  J J  .. 
Grcat Indns Series No. 11, . . . . 

1 ,  ,, 12, . . . . 
Bilhpnr 3Ierirlional Series, scanon 1870-71, 
Asuaru l'nllcy Triailgl~lation, seasou 1870-71, 
Grcnt In~lur Scriea No. 1, . . . . 
S o l ~ t l ~  Konltnl~ Scries, . . . . 
Great ludus Scries No. 2, . . . . 

,I 9, 4, - .  . . 
, , ,, 10, . . . . . . . . 

Bider Longit~~dinal Sericn, scason 1869-70, . . . . 
Nortl~crn portions of Dornl)ay No. 8,  . . . . . . 
GurlrBgarL Jlcridioual Scries, seuons 1858-GOJ . . . . 

June, 1871. 

Septr. 1871. 
Octr. ,, 

>J J, 

J J  ,> 
,J ,J 

J J  J J  

Now. J J  

J J  J J  

,l ,J 

J J  I)  

>J J, 

>, ,J 

August, ,, 
), 

Septr. ,, 

- 

1 
1 
1 
1 
1 

1 

I 

>> J J  

J J  >J 

, I  >) 
Octr. ,, 

Decr. ,, 1 
1 

J ~ A ~ .  1872. 1 
Feby. ,, 1 

,J ,J 1 
JJ >J  I 
J J  ,J I 
> J J, 1 
J J  ,J I 
,J ,, 1 
J l  J J  1 
JJ J, I 
,J ,J 1 
>l ,J 1 
,J ,J 1 
,, , 1 

Rlarch, ,, 1 
J J  J J  l 
JJ J J  I 
J J  ,1 I 
,) J 1 
,, J, 1 

April ,, 1 
>J J J  

J J  ,, 1 
,, J J  1 
>> J J  

-. 

P J  J l  

Novr. ,, 
Dccr. ,, 

No. of 
copics 
printed 

465 
105 
105 
26 
26 

309 
410 
222 



Photo-tincographic Branch-(Continued.) 

Numerical Charts. 

Subject. 

Kl~figfin and Pesl~imar triangulation, . . . . . . 
R6vi and Cl~iriAb ltiver tr ia~~g~~l:rt ion,  . . . . . . 
Great Arc Itevisior~, season 1870-71, N. Section, . . . . 

Plhles and Dingrums. 

April 1872. 1 
>, J J  1 3 
J I  > I  1 

Total . . I 26 

June 1871, 
lillgust ,, 
Septr. ,, 

>I ; Novr. 3) 

I Decr. 
I Jany. 1&2, 
I Fel~ry. ,, 

8 
64 
65 -- 

1375 

No. of ropies 
prlnted. 

/ Total, .. I 4937 

7218 RInps and 54.7 Numrricnl Charts vr re  irsl~cd rll~ring tllc ycnr. The forms mere 
exl)e~~(lctl nu faut as tllrp conl(l I)c pri~~t( 'd;  ir~drc(l t l ~ c  dc111:111d \\'as $rc:~trr t11n11 the s ~ ~ l ~ p l y ,  so 
t11:rt I loolc for\r.ard to t l ~ c  n~.riv:~l of tllc two additio~~;rl 1)rr.use.r tlesl~:~tcl~c~tl from J'!l~:ln~~rl ulltler 
ortlcrs horn the Scc rc t :~ r~  of St:~(c for 1111lin. C lo~~ t~ : r s t i~~g  t l ~ c  ~vorli performed iu  1870-71 
wit11 tint (lone in 1871-i.2, \vc 11:rvc tlle followir~g:- 

Tllo11g11 the t,otnl ~n~ml,or of 11ri11ts of :(I1 sorts is nl~out the same in the two years con- 
trastrtl, a f'ar 1;ugc.r ~ I I I ~ I I I I I ~  of' t l~c  (:l:~l~or:~tc lii~~rls of !vo~.li, nlalls nntl cllartu, has 1)c:e11 performcrl : 
hot11 tl~cxc sorts of 11ri1lts arc I ~ I I ~ [ ~ - z ~ I I c o ~ I . : ~ I I I I ~ ~ ~ I .  Il i l l~( 'r t~) t l~e  F I I ~ I I I S  ~vcrc zi~lcoprapl~ed from 
pc~r trn~~slrrs,  to :ul~~)it  of i~~ t l . o ( l~~( , i~~ ; :  ill I I I W  ~ I . ~ I I F ~ C I . S  SII< ' I I  i ~ ~ r l ~ ~ ~ ~ ~ v r n i c r l t s  as were sug$csted 
from time to time. I t  is, I~c~\vc.vcr-, nrl ;rtlvn~~t:~gr, ill t l~c  cnsc~s of ct.rtai11 wcll-establislrcd forms, 
to t ak r  ~rcgatiscs of tllcnl, and this llav accortliugly Lcclr dorle in those ir~vtances vherc it 
appcarcd tlcsirablc. 

Year. Mn1)s. 

1870-71 1 6,lti5 

1871-72 10,131 

(11.) An abstract of thc morlc csccutcd since 18G6-G7 is given bclom. 

Cl~nrts. 
.. -. - - 

839 

1,375 

l'lntcs and Diagrams. 
- 

13,205 

4,,937 

3 871-72 
No. of 
priuts. 

Subject 

Forms. 

10,482 

13,655 

M a p s  Clrnrts and D i g i t u s ,  . . 
Forms, . . . . .. 

186G-67 
No. of 
p r i~~ t s .  

7,118 I i,:ii6 
5,162 10,:31 

1870-71 
No. of 
prints. 

I Mi-68 1 1868-69 
No. of No, of 
priuts. prirrts. I 

5,538 I 12.115 I 20.509 I 16,443 
10,600 1:1,371 10,482 13,655 

1869-70 
No. of 
prints. 

-- 



Typographic Branch. 

- - 

the total pagcs composed during thc past year may be subdivided under the following heads. 

(12.) The work performed by the printing office during the past year and since 1865-66 
is concisely statcd iu tliis table, 

Observations and Calculations for the volumes of the Great Trigonometrical 
Survey in haud . . 547 pages. 

Pamphlet of Lcvelliug opcrations, scnson 1870-71 . . 21 ,, 
Report to the Governmeut, sensou 1870-71 .. 103 ,, 
Data for Charts, Descriptions of Bench-marks, Routes, Professional Orders 

aud Memoranda .. 472 ,, - 
Total . . 1143 ,, 

Drawing Osee. 
(13.) T l ~ e  introduction of Photo-zincography for the purpose of copying Maps, Numerical 

C11m.t~ kc. ,  has necessarily procluccd an influence on the Drawing Office wllere the originals to 
b r  cnl)irll u1.c chiefly prcl)ared : the draftsman now must needs draw under the conditions most 
farl)mhle for t l ~ c  Photo-zincographic proccss; so that these two hmnclles, the drawing and 
copying, arc completely depe~~tleut  on each other. This relation has induced an amount of 
gcncrnl snpervisior~ of the Drawing Ofice at  my l~ands, nnd rccently when a small expansion of 
this otficc, to meet urgent dcmallds, was sanctioned by the ~over l lmcnt ,  thc selection of 
cantlitlatcs ant1 the organization of this establishment dcvolved on me, in acrordance with the 
ortlurs of the Othciatil~g Supcrintentlel~t. I am glad to report, that the head of the Dra\ving 
Otlicc, >IT. G.  Mr. E. Atkinson, is now provided with a promising class of workmen, and I expect 
thcy will prove etlicient assistants in time, uuder his care an? training. 

Fngrs composed, .. 
Do. printcd, . . 

1870-71 

819 
234,828 

No. 4 Exlra Party. 

1871-72 

1,143 
241,34$ 

(1J.) Captain W. J. Heavisidc, R.E., received charge of this party from me on 20th 
April 1872, and aa he has been good enough, at  my request, to mentiou the duties discl~arged 
by mc I~ctwcen 1'Jtli September 1871 (the (late the party returrretl to Dct~rn Dun tiom carnp), and 
transfc*r of t l ~ c  party to him, it is nnlleccssarp for me to mnlte any repctltions here. I may add 
tl~:lt the duty of co~npleting the late Captair~ Basevi's valunhle ohserrations 11as becn entrusted 
to Vaptain Ilcavinide, and that in compliance with t l ~ c  S~~pcrintet~clent's wishes, I sl~all have 
mnch l ) leas~~rc  in assisting C a p t a i ~ ~  IIcavisitle to become acquaiutcd with the processes folloaed 
by Captain Bascvi iu taliiug Peudululu observations. 

1865-66 

377 
53,329 

1869-70 

693 
106,231 

1867-68 

611 
126,696 

( I t . )  I n  conclnding this report, I trust I may bc permitted to express my acknowledg- 
mcnts of the scrviccs rcr~dcrcd by my asaistants. Mr. W. EI. Cole, nr. A , ,  cot~tinues to 
co-opcrate wit11 mc both cortli:~lly and with excellent resnltn, and thc gcncrirl ctfciency to 
which IIC has nom attained eunhles hirn to originate project5 of no little va111c. MI.. C. Wood 
i* a* ~a lnoblc  an nsvivtant as ever; he is always ready to take a sllarc in any duty wl~atever that 
ma!- be in hand and he illvariably morlcs both quiclrly a t ~ d  wcll. Mr. Peychers has provcd a 
u~cf111 a11d most milli~lg hand and I fully espect that in course of time he will hccome as 
competent hs he is willing. H6bn Gunga Pcrshad c o ~ ~ t i n ~ ~ c s  to rcnder exccllcl~t service, nnd 
11is r:xl)cricncc con~bi~led r i t h  his stcatli~~ess and intelligence have cnablcd him to acquire a 
f:i~~~iIiarit!. wit11 t l ~ c  tlutics of this 0thc:c which IIC is alrr:rps rcatly to m:rltc goo11 rlsc of. The 
~rrricc.; of l3;il)lis Cally ~ I O ~ I I I I I  (;hose, Kally Coomnr, (;op;ll Chluidcr a ~ ~ t l  Tal.;q)otlo arc dcserviog 
ol' c u n ~ n ~ c ~ ~ d : ~ t i o ~ i ,  11or I~ave I reasons to he diasati~ticd with thc rcmaiuing co~~lputcrs  ; some of 
tl~c.;c arr young l ~ a n ~ l ~  who 11avo bccn adnlittctl on SIICII cxccl lc~~t rccommcntlatio~~s, that 1 expect 
to Ire al~lc to rcl~ort very Favorably OIL thcir progrcqs in (111~ cour~e .  Mc~srs .  OIIcnhac11 and 
D y s o ~ ~  in thc l'hoto-zincogra~>hic oltice continoe to work millingly aud effectively. Mr. O'Cou~or, 
t l ~ c  priutcr, is as cflicient as zealous ill the discharge of his duties. 

1866-67 

756 
93,411 

1868-69 

------- 
697 

155,025 

Total Eclipae of the Sun. Decemher 11-12, 1871. 

(15) I l l i n  eclipse was ohscrvcd at Utakamancl, Nilgiri hill$, Lzt. N. 11' 21!, Long. 
E., 76' &!I,  IIcight al)ove sea levcl 8,(i 1.2 fcct, 1111t1cr thc rlirectio~~s of C o l o ~ ~ c l  J. F. Tenuant, 
1{.15., I<lL.S., kc., who was assistetl l)y <:;ll,tain 5. Wntcrl~oasc from the Survcyor (;cncralJs 
Calcutla Ollice aud by Captain J. Ilcrschcl, lt.E., aud myaclf from thc Grcat Trigonometrical 



Total Eclipse of the Sun. Decembcr 11-19, 1871. 

Survey. Colonel Tennnn t  has  already wri t ten  a repor t  t o  Government  o n  t h e  expedi t ion  
which h e  conducted, besides his communication t o  Dr .  I-Iuggius ~ v l ~ i c h  appeared i n  t h e  
m o n t l ~ l y  notices of t h e  Royal  Astronolnical Society, vol :  S X X I I  No. 3, J a ~ i u a r y  1872; i n  
addition, I have my own repor t  t o  Colonel Tennan t  o n  t he  pa r t  of t h e  operations a s s igned  
t o  me  : i t  may  therefore be sufficient t o  mnlce a few extracts f rom thcse  papers, con f in ing  
myself generally to those  portions which touch o n  m y  own duties. 

Extracls from Colonet Tennnnt's report to Government. 
"The  photographic operntiona mcrc under tho gencrnl charge of Xr .  J. B. N. Hennessey of the 

" Q. T. Survey, with nvhorn was associated Captaiu Waterl~ouse, for the special purpose of attending 
11 to  the technical msnip~~lntions." * * * * * * 1 * # 

" The lens employed mas one of Dnllmeyer's Inryest " Rnpid Rectilinenl-s" of 4 inches (10 c. m.) 
" aperture, and about 33 inches (83.7 c. m ) equivalent focus. This was ;rttached to a cylindrical metal 
'1 camera, which was mountcd on an cquatoreal stand, and a clock was providcd to kecp the camera autc- 

matically u p  t o  the ol)jcct to  be photogmphed" * 1 I( * * 
" The camera mas fi~mishcd with G dark slides, cach to  hold n plate 5" square." * * * 

E+trocfs from Mr.  Hennessey's report to Colonel Tennant. 

(5 . )  ' I  After due discussion nnd conside~.ation Coloncl Tcnnnnt dccidcd that me shonld try to 
" securc G neantives dnring totality, and that the snccessivc periods of exposure s h o ~ ~ l d  be G' 10', IG'., 
" 15', lo', nnd 5"; this conch~siun of coarse :~suon~c(l th:~t thc sky wo~~lr l  I I ~  frcc from clond or mist. As 
" mill be scen, thcsc periods :~R;)rd intcrvnls of 1J scconcls bet\vcen consecutive ncgativcs to change tho 
" slides, bcsides n period to spare a t  the comn~cnccmc~~ t  and end of 5 scconds. 

(6.) " Subject to these co~~llitions \ve procccdcd to rehenl-e our pn~ t s ,  Captain Wnterhouse 
" changed the slides nud opcncd inud shut them. Mr. IVillis t conntcd seconds 1 to 130 audibly, following 
" the h:~nd of n chronomctcr plnced before him, while I made the required cxposure by uncovering tho 
" lens, nnd nlso notcd the li~niting seconds. After 5 n~nderatc nmonnt of practice me fouud ourselves able 
'' to  curry out the prescribcd programme leisnrcly and with certninty. 

(7.) " I may here add a few \vords \r.ith respect to the connting. M y  ageemont with Mr. Willis 
'I mw this : some 10 or 15 scconds bcforc totnlity 1 \\,as to c:~ll out ' ~nar l i  I)" : on this ho s h o ~ ~ l d  ltcep 
'' r ep~r~ t ing  the ~vord " n o ~ ~ g h t "  ns the hand ~~l:lrlied a c o ~ u ~ ~ l c t e  sccor~d ; ~ncnnwl~ile I was to match tho 
" sun nnd to give the signnl " count," dircctly tot:rlit,j- occnrrcd ; when in place of saying '' no~~ght," 
" Mr. II'illis to comnlcnce counting the scconds :rodilll$, h~ginnin:: \ ~ i t h  1 2nd going on to 180, or 
" nntil I stopped him. 1 hnd a sn~~ i l l  pnlrcr honrtl stl.nl)pc(l to tllc I~nck of my Icft hand on which I rccord- 
' I  ed thc lin~iting seconAs of each csl)osure. TIlcsc :n.l;ingcmcnts tvcrc found simple anal enkctu:rl, and under 
" favolnble circnmstnr.ces thcy wo1111l fnrnish the nlc:lns of noting with solue nccnr;lcy the timcs ~vhcn totn- 
" lity hcg~un and ended. l ' l~cy hu~vcvcr involve a very modclxte amount of mcnt:rl nrith~nctic from tho 
" iudil-idual in my place, but the tax is so 1i1nitc.d that most pc~sons  could do the uccdf111 :~fter a little 
" practice. 

(8.) " Thc mon~ ing  of thc 12th Dece~nber dawned with but little promise of affording 11s n clear 
" view d ~ ~ r i n a  the coming totnlity. The sky was frec from clourl :rnd thc stala shone hrigl~tly nt 2 a.nr.; 
" IL conple of honr8 laicr \ve \ \ 'c~c cnvcI~l,e~I ill IL I I I ~ S I ,  \vI1ic11 nt t i ~ n c ~  \\.:IS so ~ C I I S C  that ol),jccts only 50 y:~rds 
" distant wcre I~nrdly vis~hle in thc gr;ry l i z l~ t  of dn\v11 : n11c1 :IS the l ic l~t  incrcascd and we ccultl scc through 
"littlc t:nps in the fog, there nl~l~cnred floating I~clow an rndlcss lnnss of clnnds, which the hrisk 
" southerly Iweczc lzept driving n:ainst us. R ' o t ~ i t l ~ s t : ~ ~ ~ ( l i ~ ~ g  we \vent t11ron:h tllc Inst r~hcarsnl of our 
" pnrta, and nt 20  nlinutcs to totality as ap.erd on 1 gavc Capt.ain Wntcrhuuse the sigual to colnmeuce 
" ioln~craing tbc 11li1tes. 

(9.) Son~c  10 minutca before totnlity I fnc~~ssed thc cnlncrn on thc solnr cnsps, nnd aboot 5 
" minntcs lntcr ye a.erc all a t  onr pnsts : tlrc first slide W:IS in its p l : ~ c ~ ,  thc instrnmcnt \\-as sct and being 
" drivcn sntinfnctorily, innd \vcre rea11y to ~)cl.forn~ our ~ i ~ r t ~  ~f pcl.111itt~11 to do so : ~ n c ~ n w l ~ i l c  the mist 
" kept strcnn~ing prl.sistct~tly nr.nit:et 11s ; it rnnlc 1111 c1i11gi11~ tn thc snrlacc of t l ~ c  hill and in dc11tl1 i t  
" prol11111ly did not cztc.1111 I~cyunrl 50 fert al~ove us, I n ~ t  it was n~~fficicntl,y dcnse to nr;~lie thc distant hills 
" ~\q,cnr  quite dim and in : ~ ( l ~ l i t i ~ ~ n  it vnricrl in density froor one n ~ u ~ n c n t  to nnother, thus runking t l ~ c  task 
" of timing t l ~ c  csl,osorcs Iraanr~lunu if not l~o~~clcsa .  

(10.) " In esprctntii~n of n clc:lrslry, 1 had pnrposc(1 availing myself of the ample leisore T shonld 
" hnvc c~~joycrl, to \ \-~nt~.l~ the slrn(low of thr  crlillsc, to ~ t ~ ~ ( l y  t l ~ c  C I I ~ O I I : ~  wit11 the view of 111nkiug ~I ie tc l~cs  
" e~~ l~se~ lucn t lg  nncl in Lnct to r\-:unine and nut(! r11l tllilt nl111rnrcd ; l ~ u t  thc prcsellcc of thc ~nist  I U L L I ~ C  i t  
" csscnti:il t l ~ r ~ t  I s l ~ o ~ ~ l d  (lc,votc my :rttcntion entirely to t11c d n t ~  of C I I I O S ~ I I ~ .  I t  W:IS nlso plain, that 
" u ~ ~ d c r  cxisting c i rcr~~~~stnncrs ,  thc progmlnlnc dct:~iled in IJRI.LL. (5) tihonld uut be adhered to, nud I rcsolvcd 
" to nct to tho bc6t of n1y j ~ ~ d g c ~ n c n t  in tho ~n:~t tcr .  

(1 1.) " As totnlity alrproncl~c~l I mns s~~rpriacd while lonl i i~~g a t  the RIIII t ~ r  find nn nppnrcnt 
" nbscr,cc of a11 mist; this 11on-cvcr was hy 110 nlc:uls rc,il, [or t l ~ c  fug al~pcnred pl:riuly, driving ovcr 11s ns 
- -- --.. ~ ~ . . ~- . ~ 

t Mr. Willis voh~ntccrcd his scrricus for tbo orcusion nud pcrfururcd his p~uf  with crery dcskblo skill n~rd 
w a c y .  
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before, ahon I directed my view some 10' below the son. I accordingly kept a stendy watch in tbie 
16 direction during the periods of ospusnre, and I am thos able to st~ito with certainty, thnt thrqlghollt 
I I  totnlity tho mist was driviug ovcr us io one continned nnd gcncrnlly diminishing strcnm, which varied in 
1' dcllsity brlt wl~icll wns nlwnys plaiuly vkiblc. Ii'atching the mist in this Innnncr and guided by its 
" density in replllnting thc esposurcs, I opened nnd closed the lens for ~ ~ e ~ n t . i v e s  Nos. 1 to  4, so that tho 
" durntiolls of these cxposnrcsnre by no I I I C ~ I I S  co~npnmblc. Subscq~~cntlv I resolved to  rnnlre tho longest 
" exposure tbnt cunld the11 be afforded, prcccding this by one of 5 seconds. This lend to Nos. 5 6, 
I' the latter of which wns barely \vitInu the limit of totnlity. Tho tinrcs and periods of exposure, the 
'' former from commcnccmc~~t of couu t i~~g  are ns follo\rs :- 

Duration. 
Negntive No. 1. was exposed 4' to 19' from commencomeut of reckoning (i.e. totality nearly.) 15' 

Ditto 2. do. 34 to 44 ditto ditto 10 
Ditto 3. do. G5 to 63 ditto ditto 8 
Ditto 4. do. 74 to  PO ditto ditto 6 
Ditto 6. do. 88 to V3 ditto ditto 6 
Ditto 6. do. 103 t o  123 ditto ditto 20 

I estimnte that  whon Mr. Willis counted 1, the totnlity had lasted 2 second, hence npproximately the 
" duration of totality was about 122 seconds. 

(12.) " I t  is bnrdly necessary tondd that I nccompnnicd Cnptnin Waterhouse into the dark room, 
a' or thnt I anxiously looked on whilc he devclopcd the uey:~tivcs with his usnnl slcill nnd care. TIle 
" addition however enables me to olTcr my testimony of the fact that t,hc ne:.:rtives wcrc nll f ~ ~ l l y  dcvelnped, 
" and this may bo desirnble in presenco of the civctlrnstnnce thnt the lo~rgrst erposcd negntiro No. (i 
" exhihits the leosl detnils of the coronn; n deficiency whiol~ iw most nearly :rpl,ronchecl in No. 6 which hnd 
" the ahorteat exposure : moreover during the exposnres of Nos. 5 nud 6 the mist was least, dcnse. 1 mny 
" here odd fur whnt it is worth, thnt so f i ~ r  ns 1 cnn conjcctnre S scconds exposure would llavo been ample 
" st our station had R c h r  sky yrevoiled. 

(13.) " 'l'houg11 ns olrendy stntcd T s n s  llctrrred from looliing stcndfnstly nt the nppenrnnce of the 
'I eclipsed snn, I yct took every opl~ortnnity of i;rInncing at i t  nnd dicl so for perhnps 2 or 3 fiecouds at 
" n time. Thus viewed, the general or~tlir~e of the corolln lookrd like a S I I I I ~ ~  Klufi~ or t i p ~ r e  H, in which com- 
" parisons the 2 re-cutering nnglcs rnost Ile I I I I ~ U M ~ I ~ , I ~  ns extrgge~~inte~i nincll I~cgond thc rc:~lity. Tl~ere 
" were no c o ~ ~ s p i c n o ~ ~ s  pron~iuenccs ; but of those visil)lc, thc ones ahout t l ~ e  vcrtcx were the st,rongest. [ 
" enw no m j s  or s t r c n ~ n e ~ ~  strctching ~ r c a t l y  hey01111 the I I I ~ ~ I I .  ~ m d  so firr ns I could esti~n~ttc,  the cutire 
" phenomena of the roronn werc inch~dcrl within xn n n n n l ~ ~ s  of hnlf the n ~ o n n ' ~  diameter nrountl l ~ c r  edge. 
" In brief, nlrnt I remembered tohave sccnc:~~ring toti~lity is czl~il~itcd in the ~l ty t t i rcs  Nos. 1 to 4. They 
" contniu d e t ~ i l s  of which 1 was u~~consoiou~,  hot I t~ur not aaare  that t l~cy  nre tlcticieut in nliy respcct. 

(14.) " Before pnrtingwith thcsct of six ncgativcn T esnmined thvm ns clnsclg ns thc dl111 light of 
" n cloudly ~rfternoon would permit, nnd L wns nntnc~lly struclc by the cloau rcst.~nl~lnnce t l~cy bore to one 
" nnother, for I hnd been led to expect that the c o r ~ n n  ehifrctl from aidc t o  side, vr nt, Ic:~st t l~n t  certain 
" oi  its fentares altered con~idernl~ly in some tiny \\-it11 t l ~ c  moon's 1,rogrcss. This I,n,grcxs ccrt:~inly docs 
" not 11rod11ce any rcndily nplmrent cl~:~o;.c in thc ctlrulln ; nor yet arc thc r:~ys I I I O Y ~  : L ~ ) I I I I ~ I I I I ~  in the 
" mrlinl prolongntiol~ of the prominrncrs ; in fnct :I ! ~ r o n ~ i ~ ~ c ~ ~ c c  is viail)lo allnost cznctly nnclcr cnch 
" nngle of the two n111iu rifts, w l ~ i c l ~  rirts are nc:~~.lg X i ~ r t l ~  tllld Sor~th. As to t l ~ c  rifts t l~cp crist only in 
" the nhflenco of rnjn. ' I ' l~ustl~c two n1;1i11 rift8 nrc,(~ntlinr(l I)y tile t~ rn~ in i l t i t~n  of I I I ~ Y ,  \\>hicl~ just nt the 
" re-entering n~lgles \\ hcrc t l~ey nrc s l~(~r t t , s t ,  jut ont s ~ ~ n r c  5 01. li n ~ i n ~ ~ t c s  froto thc I I I ~ , D I I ' S  c11ge. Tho 
" l o~~gcs t  nrj-snplrcnr l~ryoncl the Iolvcr lin~l,, :111,1 Iierc t l~cy : ~ r c  r11ll 1s r~~inntcn ornlore in Icn-tln. I I I  gcncrnl 
" the rnjs  arc r;ulinl f ron~ sume point in t l ~ c  eclil~a~rl INIIIJ, nnlcss :r I I O Y S ~ O I C  I I I I I I ~ ~ C  in, I tl~inl;, the Iol\.er 
" and right hnnd corner ie an esccl~tinn. 'J'hc tilts of tl~cso rnys ~ ~ r r s c n t  tlrc cl~rioos aplJcncuuce of a sheaf 
" of corn atleu its cara nre blown ovcr hy the wiud. 

(15.) " Apnrt from the local eznmin:~tion which no doubt ench set of ncptivcx will ~~ndcrgo,  it 
" appenla hipblg ~icsirahlu that all thcs t .1~ tnlicn :rt Di1ili111, AYAI~:I%~IJ, C'C~IOII, , \ ~ ~ s l r i ~ l i : ~ ,  I ) I I I ~ I I ~ I C ~ ~ ~ I L ,  &c., 
" s h o ~ ~ l d  1% rollectc~l tngctl~e~. nnrl cnmlnnrc!l hy ct111111.rtc.11t cs:~mi~lcra ; it nccd 1111rdl.y Ilc n~lrlvd t l~nt  s11cl1 
" con~pariaon should he u~ade hctwcc~~ the ~~c:.ntiv~nan<l 11ot. I~ct\veen prints, h r  the Itrttcr c:inn~tt bc rclicd 
" OII RY s ~ ~ l f  cicntly exact rel)rcscnl:~li~~ns rd their origi~~nln. Thc Ilailinl :u111 I)~~(l:~llrltn ncy:~tivcs ~vcrc taliell 
" wit11 si~nilnr i n n t r ~ ~ n ~ e t ~ t a  nnd \rill thcrcfi~rc rcn~lilg ;~~ l rn i l  of cnn~p~~risun ; it \rill Oc i~~tcrcsting to enquire 
" wbethcr the lnttcr ~~cgnt ivrs ,  tnlicn :rt n co~rsi~lc~.;il~le I~cight direr ill ally resl~ccts fro~n n.ll tho other 
" eta. Coluncl Teunnnt's method of tnon~lti~lg will secnre the ncgntivcs fro111 onlino~y risks." 

Ex6racls jrom Colonel Tennanl'a letlrr to Dr. H11ggin.9." 

"Now t o  thc  photo,rrnphs. W e  l ~ n r c  had soune glorious mon~in,nrr. Testcrrlny Hor~chel  and 
"1 wem up Rt I )  d,gl?n, hut hnd no Krcat nrnount nf rxnlnill;~tion, ILQ our intrntioll ufn.q to forus dit ,  
" &c. on ntnra. T l ~ o n g l ~  thc* t51-rningn hevo Ireen ~nis tv ,  nt  ITIP IPS the ~ n ~ > r n i n ~ m  II;I\.c hrcn very clcnr, 
"and a e  hoped thoy tvonl~l r r n i n i ~ ~  RO. Tmmt night m-i;s \cry r lmr ,  nncl ron l inu~d  PO till nbout zb 3om 
'' s, m., when it bcvanlo c lou~l~- ,  nn11 aftenvnrda raincll r l i g l ~ i l ~ .  .Ily the time for gctting I I ~  it was lese 
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'(thick, and rnin hnd cenacd, but  a ~ i n d  had aprong u p  fi-om tho 8.E. (I believe), which, of course, 
"kept  a driving mist on tho hill. The Sun ~ e e m c d  to  loso nu much power by obscuralion as i t  gained 
"by  rising, nnd ma8 powerless to  diupcrse this nu i t  mould otherwise hare  done, nnd our inat,ru~nents 
" mere dr+ping. This 1 hall thought posnible in such n caw, but  I had hnpcd that the fine weather had 
'' set in, as such miat seems nh,hnormal so late in the season. Very few minutes after totality the mist 
" vanished from the returning Lent. 

" Under these circmnstances one might l ~ n r c  thonght 1)11otogrn1>hs hopeleae, nnd I went denpond- 
" ingly to  nrlc for ~~csu l t s .  I fonnd, to  IOY great n s t o ~ ~ i n h n ~ m t ,  that they hnrl aix npparently good ones, 
" which is due to  Hcnnensr!-, who CX~OH(~',I, having thro\vn orcar our prngrnlnmc, n11r1 inrrcnscd his ex- 
': posurou, n.l~ilo Captain IYnterhouse, who did t he  photogrnpher's p i ~ r t  ably, baclied Lim by rnliidly 
" c h a u g i ~ ~ g  the slides." 

E x l t a c l s  from Colonel Tcnnant's report lo Goternnient. 
" From the originnl photoyrnphs Cnptnin \\':itcrho~~se 1 1 % ~  ~nndc some p~)sitive trnnspnrcncics on 

" glass which give n good gcnernl idcn of them. I tinlrc, I~owcrcr, thc b)llo\vi~~g c lc~cr ip t io~~s  from the 
" or ig i~~nl  negatives, sonle of wl~ich give n grc:~t dcnl or detail wl~iol~ is lost in col~).ing. 

"No.  1 is perhaps t,he most pcrfect. I t  I~nd an erpnnnrc of 1.5 seconds ncnr the commencement 
"of thc eclipsc. 1 hare folurrl th:tt thc  rni~l~llc of tho erlil!.qc \\,as nt 1 ill. 2 im.  4s. Grccnnioh menn timc 
" nccortling to t,he tahlcs. hlr. ticnncsscy, \vhu 11:irl must 61cilitics fur n~arliing the ~lomtion of totality, 
"gives it ns n lit.t,lc more tl~:in 122 scco~~ds .  From thcsc d:~t:i, nn~l  t , l~c r c t~k~~n inq  formerly given, I 
"recl ro~~ t11:1t this pl;~tc w;~s c s l ~ ( ~ s c ~ l  I'run~ 1411. 241r1. i s ,  to 1411. -7(in1. 2;'s. I I E  (4rrc11\vicb Ineno time. 
" The disk of the ulnon is S ~ I ~ U I I I I I ~ C I ~  11y :I nnrrow, very I I I I I ~ ~ I I ~ I I I S  llordcr nln~ost indistingui;ihnble from 
"the proniinenccu, lint \rhosc inncr cdgc is 6har1.1,~ ~lcfincrl by the moon, except in one or two plnccs, and 
" whose outer one mrics very I U I I ~ I I  in d is tn~~cc from tliis, rind is n ~ u c l ~  less shnrply dctincd. 'l'hero is 
"much cncro;~chmcnt of lixht on the clnrlc enrf:~cc of the nloun, and this is greatcst nt the plnccs of 
" prominences, : u ~ d  cspcei~rll). nt thc lo~ber p ;~r t  of t,l~c disc ~vherc thc uolnr crlgc is ncnrest. Hcre the 
" encroncl~mrnt r~c:lrly ol1litc1.;rtes tltc disc in some ~~l:iccs, nntl prescl~tu n very nnlnrlted ontliue ; hcre, too, 
"the brilliant, band is hriyhtcst null wi~tcst, ant1 it,s outer cdge nlost dcfucd. Outside this is the coronn, 
" a t  thc botto~n nre S C ~ I I  PCVL'I.:II riiys wit11 ill-d~fincd edges. One of thew to the right (S) of lo~vest 
" point is ~nnrkcrlly cnrvcd ; the enter cnil poi~~t inr :  S. IV. 'I'he grc:it rift to the eo~lth,  nr~d n less m:irlrcd 
"one to the ~ror t l~ ,  C : I C ~ I  hnvc :L ~ I ~ ~ ~ I ~ I I C I I C C  :it t l ~ c  II:IS~ ;-closc to the V L Y L ~ S  is seen the SIIIIIII rift which 
'!sns s&wrtr~~sropic:~lly c s ;~mi~~c ( t .  There is fi tr~~etnre cI1.:1r1y kcell ill the \vho1c of the coro1111, nud, 
"cscept i l l  the cnsc of the unrvc~l r:ly of n-l~ich I 11:lve spulcc~~, it sccms td Inc th;it t l ~~s rc  is n tcn(lcncy 
" to  r:>di~rte from 11r111uincnccs. S U I I I ~  of tlro l o~~gcs t  rnys ulny Lc finiutly trnced to a dist:ince of itllu of 
" the moon's di:rructcr. 

" No. 2.-lt in criilcnt, on lonltin: nt tliis, t h : ~ t  thc cl~c~nicnl nction has Iicen mnch lcns : the 
" c n c r o n c l ~ n ~ r ~ ~ t  of thc ccuclnl li:lit on t l ~ c  I I I I I : ~  (lisc is I I I I I C ~ I  ~ C I I I I C P I ~ ,  ~vl~ili: t l ~ : ~ t  0I' the pro~~nincnces is 
"morc connpirnous. Tllc I~ron~l  I,nn~l of l ixl~t : ~ t  tho I~n t to~n  of S o  1 givi112 II I I  nppCttrnncc of n 1vc11 
'' defined I I I I ~ L ~ O I I  of ~ O ~ ~ I I I : I  I I ~ I S  rlisnl~l~ritri~(I. :111t1 t11v l ic l~t  I I O W  IIC~C~L~:ISCY :r:\ I I I : I I I ~  ~ ~ O I I I  t l ~ e  I~II,III'S ctlgc. 
"The ontline of t.l~e lu\vcr c11.c  it' tlir S I ) I I ~ , I I  rift is ~ I I I I \ \ - I I  :lr nlrlrc c~~r \ . cd  ; I I I I ~  cn~np:~rison sho~vs that 
" t.l~is is not eo inr~ch n rr:~l cl~nugc of lilr~o, as t l ~ r  result n l  thc f i ~ i ~ ~ t c r  por t in~~s  I I C ~ I I ~  less depicted. Tho 
"r:~rlinl ~ t rnc tu rc  of t l ~ c  cornn:x is ns n~nrlii,tl hcrc ,IS in 5I1c li~st p l~~~ t i l $ r .~p l~ ,  rind the s s ~ n c  tcndcncy to  
"strcnm f r n ~ ~ ~  ~~ro~nincnccs  nlny hc r c c ~ > c ~ ~ i a c ~ l  1s-it11 ~lcrlinps n111re hcility. The cxposurc m:ly !ic con- 
"sitlcrr~l to 11:nvc lnstcd h o n ~  1-111. 26111. S i x .  to 1411. J61n. 4;s. of Grcenwicl~ lucnll time. Thcrc is a 
"good dcnl of fog nbont the ~ ~ l n t c .  

" KO. 3.-IIcre thc nctivc cffccts nrc evidently bctwccn those in SOY. I nnd 2 ; the outline of the 
" sonth rift is rcstorr~l vcry n n ~ c l ~  to  it,n np1Ic:irnnce iu No. I ; rrud the photo:'r:~ph othcr\visc reqnircs 
" littlc rcm~~rlc. I t  m:iy bc co~~sidcred to hnre 11cc11 caposcd f i on~  1111. ~ G I u ,  5Ss. to 1411. 2Gm. Gs. of 
" Orecnwioh rncnn timc. 

" No. 4 is R pond rlcnl lilrc No. 2, wx7e that  the 1on.cr prnn~incnces, I~cing more eovcrcd, the 
" glnrc thcrc is ~ n u r l ~  Icss. L'lnccd on :I d :~rk  gronnll, nntl viewe11 :IS ~rosilircs, thesc two phntogrnphs are 
" very similar; vicwcrl an tr;nn?il~:rrcncirs, S o .  2 119s (lccideilly I I I I I ~ ~  111:t:lil i~ntl cs te i~t .  I t  mny 11e considered 
" ns having IICCII esl~osctl li.o~n l.kI1. XIII, l i s .  tu 1411. 2itn. 23s uf Greenwich lncnu timc. 

" KO. 5.-l'l~ia l ~ n s  lcsn ~lctail th l~n :lny of the ~~rc rcc~ l inp  ~~lrotnc.rnl~hn, nnd thrrc is n want of 
" uhnrl~ definition, B ~ I ~ I Y ~ I I ~  i l~nt  i l~crc  ~vns son~c m ~ ~ t i u n  of the r:unclu rc-lntivc to t l ~ c  c~l)jcct. This lnny 
" hc rlnc to t l ~ c  nction of tllc rlork ccasina, nn 1 hnvc m c n t i o ~ ~ r ~ l  it dill d n r i ~ ~ g  thc expos~~re  of p1:ite 6, 
" n l~d  I nln disposcrl to t h i ~ ~ l i  it is st,, 1~11t the. sh i~r t  c x p r ~ s ~ ~ r c  111:1licn thc effect n~nnll, 2nd le:~!-es this 
" pl~otogrnl~l~ nv:~ilal,lc an e v i ~ l e ~ ~ c c  o l  tlrc gencr:~l pl*rnmncncc of t l ~ e  corona rlnri~ig totality. I t  lnny be 
" co~~si~lcrcd nzl cnposcd bctwccn 1.111. 2im. 31s. nucl 14.h. 2Tn1. :$[is. Urcuu~vich nlcao time. 

" No. 6.-As I l~tirc mentioned hcforc, the clooli manifcutly ccnncd nrting during this cxpoeuro. 
" T.nl,lting nt thc 111iper c~lgo onc RCCS the U I I C C ~ P S ~ ~ I I  ill xvl~icll the IICBICS of the c l ~ r o n ~ o s ~ ~ l ~ c r ~  alil~cnred, 
" aud it is cvidcnt that n n~on~cnlnry  esposnre \vonld l~avc anltioctl fur d c l ~ i c t i ~ ~ g  tl~cse" * . 

Exlrncls jrona Colonel Tenna~il's Report to Goceriznrcn/. C'oncluaiona. 

" Sprctroacopc nnrl ~~nlnrircolie hnvc so f:~r nmccrl in ass iy~inc  n solxr oripii~ to the n~a in  pheno- 
"n~cnon of tlic coronn ; n11c1, if wc exn~ninc tho l , l~otogr~ll~l~s,  IVC shall l~nvc thc annc result. I t  is q~ t i t e  



Total Eclipse of the Sun. Dece t~~be r  11-12, 1872. 

lci~npossible not t o  connect the sont.11 pro~nincnce with the corresponding rift, nt whose bnse i t  lies, rind 
18 wllose sides clenrly in n gchnernl \my rndinte f ron~ it. h comparisor~ of No. 1, and the Inter 
"gmphs, shows thnt the con~~cction lasted, nud that in hc t ,  the nlooll pnsncd over the corona. Nos. 1 
" nnd 3 do not show nny clinuges in tho furul8 and positions of the portions of the  coronn, and 
"exnn~inntion of the Inter p l ~ o t o ~ a p l ~ a ,  Nos. 4 nnd 5, though the def iu i t io~~ is not so perfect, quite 
" suppo~ t s  this. That on the true s o h  corona is superposed nn t~tu~ospl~cr ic  phenomenon is probable 
"enough; bot, ns I snid in 1868, the curonn is solar. I t  is the ntn~ospl~cre of thc snu in its colder parts, 
" I t  is, illdeed, to  so~ue exteut self-lun~iuous, bot rnniuly i t  shincs, 2s I rel~orted in 1868, by reflected 
"light." 

# # # # # * # # # 

" The follominp, then, secms to  be the constitntion of our snn. There is R uucleu* which ~ i v c s  ollt 
" continuorrs white light like solid or liqnid bodies, nnd even dcnsc gnscs : s~ r r round i~~g  this iu :r layer of 
" henvg vnpolrr intensely hented, but  h r  less so than tho ~ ~ u c l e n s ;  ill vh i c l~ ,  if n stntcof C-lnilil~rinn~ eollld 

exist, the henvier vnpon nrould be Iowest. Above this is n layer of glowing h~.drogcll of very sligl1t 
density nccompnnied by thnt. gns nyhich gives the line D,. Still furtlrcr up  these gases i n n  cooler state 

" become miscd nzitl~ whnt gives out the green liue 1C 1474, nnd lastly, that nlone seems to  rcn~niu. 
" Of the solar nucleus we know little certninly, possibly Ne nevcr shall ltnow much, ns it is 

" nln~ost hidden from our vicw, bnt  we do hno\v thnt its tcmperutore is so high that \Ire have reason t,, 
" beliove that r~nless si~bjeuted t o  enormous pressuro every terrestrial elenlent \ T O I I ~ ~  be vnporizetl, 

I t  hns been estimnted in nlillions of deb~eem, bot such stntements can co~lvcy no intelligil~le iden. \Ve 
do not know nngthing of the  arbstnncc producing the  chromosphcric line Us Professor lieupighi's 

" observntions a t  Podoocottn would go to show that it is insepnrnhle from the hydrogen of thc chrorno- 
" sphere. The snhstnnce, however, y lod~~c ing  the green line IC 1454, is one of the most i u t e r e s t i ~ ~ ~ .  \Vc 

not ouly meet the evidence of its es~stcnce in tho sun, hut when the higher 1;~yers of our oau  ntn~osyhcre 
" nre renchod we meet, a t  the great height nt whicl~ Aurorns tnkc place, n suhsta~lcc whicl~ gives out a 
"light nppnreutly identical, nnd ngnin Angstrom nnd Kirclrhoff hnve nssi,c~~cil the Ilowcr of g i ~ i ~ ~ g  this 

line t o  the vnpor of iron. I t  seen13 nenrly ir~~possil)\e that nt the low t,e~nperntnre whicll wc know rollst 
"exist in the upper stmtn of our nt~nosyhere thcre cnn possibly be iron 'npor. 1s i t  posril~le thnt iron 
"possesses the property of occluding the ~ I I S ,  whose distinctive line is K 14 i4  ? If  it bc 80, this gas must 
" be uuder ordinary circu~ustnnccs of temperature sud pressure almost irnnlensurnbly rare." 
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Annual Return of amount of Work executed in the Drawing Branch of the Omce of 
Superintenilent Q. T. Survey, from 1st May 1871 to 30th April 1872. 

D B B C ~ I ~ T ~ O N  OF W O B K .  

- 
Bhcet No. 9 of Levels in tlie N.W. Provuices (Compilotioli). p - i d e $ r n t ; ; i t  

... Do. No. 11 ditto ditto ditto ditto, 

... Do. No. 1 4  d i l b  clitlo ditto ditto, 

... Do. No. 15 ditto ditto ditto ditto, 

... Do. No. 1 Prclilninorg Chart of the Urrnt Indus Serics, ... ... 

... Do. No. 2 ditto ditto ditlo 

... Do. No. 3 ditto ditto ditto 

... Do. No. 11 ditto ditto ditto 

... Do. No. 12 ditto ditto ditto 
. . . . . .  Do. No. 1 ditto ditto of the Knsluuh Serics. 
. . . . . .  Do. No. 4 ditto ditto ditto, 
. . . . . .  Do. No. 6 ditto ditto ditto, 

Do. No. 5 ditto of n.innylntion in the Northern Portions of the 'Bombay 
Presidency e x ~ e d  nlld pnssed. Vide Annual Ilclllrn for 1850-71, 1 

... Do. No. 6 ditto ditto ditto ditto, 

... ... Do. No. 13 ditto clitlo ditto 

... ... Do. No. 1 ditto of the 'Sutlrj Series, ... ... 

... ... ... Do. No. 2 ditto ditto, ... ... 

... ... ... Do. No. 8 ditto ditto, ... ... 
... ... Do. No. 4 ditto ditto, ... ... ... 

Preliminary Chnrt of the Jogi.Tila Series,-Minor Trinngidotion along RGvi and 1 ... Chinllb Rivers, .. ... ... ... ) 
... Do. of the North-Wcat Ilimnlnyn Series, Senson 1860-51, ... 

... DO. of Ihe Bider Longitudinnl Series, Smson 1RGB-70, ... 

... Do. ditto ditto Scn~on 1870-71, ... 
Do. of the 011rli;l:nrh &Ie~idionnl Serire, Yensons 1858-60, ... ... 
Do. of tho RnhGn Ucridionol Serirs, Scoson 1856-57, ... ... 

... Do. of the Pcshbsvnr nntl IihGgGn Trin~lgulotion, ... . , . 
... Do. of Lhe Asztim Volley T~.inng~dntion, Senson 1870-71, ... 

Prepared n Chart of the Xrieik Tvinnnulstio~i between Lot. 19°30'nnd 20°30', nnd j 
... Long. 73' 3W nnd 74'30', ... ... ... 

Do. an Extmct from the Preli~ninary Chnrt of thr Urrnt h r  Serics Forthern Brction, 
Do. on Extract from Khnnpirilra Scries b r t t i~en  the pnrnllels of 20' nnd 22: 
Do. Sheet No. 1 Mop of Root~>s in Northrm Indin (Compilnt,ion), Scde 

1 inch - 16 n~iles, Lnt. 33' to 38'. Lung. 68" to 76", j 
no.  do. KO. 2 ditto ditto .. 33'10 38' .. 76' to 8.1°, ... 
Do. do. No. 3 ditto dilto ,, 28' to 3 3 O  ,, 66' to 76', ... 
Do. Rough Skclrton plnn of the t o m  of Ilongnlor, ... .. .  .., 
Do. Routo Mop horn PnnjGb to Unrlukil~in, Rr;llr 1 inch = 16 rnilrs, ,,, 

Do. a tmce ~f :he Chn~nhn Tn.ritolp (on linro) ~vith hills, Scnlo 1 iucll=2 milcs, 

Do. a truce of the BilGepor Jl~ridionnl Sorics, ... ... ... ... 

DO. a trncr of Jlinor Trinn~nlntion extending ovrr the Nflgiri nnd Kundur 1 
Y o i ~ ~ ~ t o i n s  (on linrn), ... . ., ... ... ... 

DO. B trncr of trinnglrs rxtrnding ovrr portion ol  province of fcoimhntor, ... 
Do. snrnll Chnrt. illurtrnling Sllirit Lrr~l l ing operntiolls section VIII, scuon 1 

8 0 - 1  n c  1 1 = 0  n i l  . . .  ... ... 
n o .  Indrx to the Lcrcl Shrctp, srulr 1 inch=32 milcr. ... ... ... 
Do. Genrrnl Bkcletoli 31np of Dcl~li, ~ rn lo  1 inrh=16milea, . . . . . .  ... 
Do. 3Inpofthe C O I I I I ~ T ~  rour~d Del~li, scnlr 1 i ~ ~ c l ~ = ? .  miles, ... ... ... 
Do. Plnn of the botllr of D d ~ l i  in 1803, ... ... ... 
Do. Plnn of the City of Dchli, ... ... ... ... ... ... 
Do. Plmi phreing 1111. pns~lion of British nrmy bcforc Dr l~ l i  from Junc8tli to 1 

Septcutber 14th 1835, ... ... ... ... ... J 

Do. Trnnr-Fmn:irr 31np No. 2 l~~onipilnlion). rrnle 1 inch=L6 n~ilc.s, hctaern 
Lnt. 3k0nnd 39'30' nncl L ~ n ~ i t l ~ c l v  and BYo, ... ... 1 

Do. n copp of t h ~  gro~~ncl plan nn~lplnn in elcrntion of lhc O.T. Suney Oilire; 
1)a.l:rn Dull, ... ... ... ... ... ... 

Redored and incoqlorntetl n,l(lilirnn:~l trianp~lntinn in 3 ropirs of tho U.T. S~tmey 1 
111~lcx Chnrt [or it? rcm~l,la.tiult to lrt, 8111y 1871, ... ... , 

Ernmined proofs 01 Frrlin~innry Chart*. l In )~*  kc., nncl other ~~~iscclluncous duties, ... 
Colorrd 4,703 nrpics of Blnps 01' rnriott* lii~idr, ... ... ... , . . 

R ~ a r ~ n x a .  

F~~ photo.,incoFophy. 

dilto. 
ditto. 
ditto. 
dilto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 

ditto. 

ditto. 
ditto. 
ditto. 
ditto. 
ditto. 
ditto. 

ditto. 

ditto. 
ditto. 
diLto. 
ditto. 
ditto. 
ditto. 
ditto. 

F~~ ~ o N p u t ~ l g  ofice 

ditto. 
ditto. 

P1loto~sincopnp"y' 

ditto. 
ditto. 

For Mnjor Brnnfill. 
For redi~ction by Pliotopupl~y. 
For Plloto-zillrogmphy. 
For use of Bider Longitedind 

Scriea party. 

pOr  ti^^ ofice 

diLto. 

gar ~ ~ l o t o . z ~ n ~ o p ~ ~ l l y .  

ditto. 
ditt,o. 
ditto. 

ditto. 
, d~lto.  

dil to. 

ditto. 

For Omec llse, 

To bc rngrnrcd. 
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lemorandum on the Trans-Himalayan Exploratione for 1871, by Major T. a. 
MONTGOMERIE, R.E., Deputy Superintendent (3. T. Survey, in charge 

of the Trans-Himalayan Expl~ring Parties. 

The explorations d i c h  I havc selccted for this year's report have heen made by explor- 
e r  No: 9, d11ri11g more t11:ul onc expedition : i t  is not e x p e d i c ~ ~ t  to  rcfcr to him in anv tvay that  
woultl lead to  his itlcrrtificntion, as any s t ~ c h  indications are apt to Ilc convcyed to f r o ~ ~ i i e r  places, 
and i o  somc cases have ciit~scd grcat inconvcnic~~cc to the esplorers by obliging tltcm to start 
by out of the way routes kc.,  autl occnsionally have I~iudcred them when far beyond tlle frontier 
by means of letters scnt from our frontiers. 

T l ~ c  esplorer, for one portion of Iris work, made his may from Dk~:jiling, passing tllrollgh 
Sikkim into (;reat 'l'ibct; it is not l lo \~c \~cr  ncccssm-y to  refer to his jourlley ill detail until Ile 
got I)cyond 1vl1:1t Sir TVillinm IIoolter called the \\'allangchoon pass, as u p  to t l ~ a t  poilit Sir  
William has alrcady giscn us an ad~nirablc description of the country. 

Thc csl)lorer, on trying to pass into Tillct, mas as usnal stopped m ~ d  told that he m o ~ ~ l d  
not  be allor~~ctl to ~~roccctl ' t 'artl~cr, as I I C  \ V : L ~  not known to  any onc, nor :ihle to give ally satis- 
fatory cvillencc n.r to his 1)eing w l ~ a t  11e st:ctcd. FIc ~ v a s  consctlner~tly ra t l~er  in  despair, I ~ n t  
was fortrl~~:rtc cnongl~ to ingrntiatc I~ i rn~c l f  with the cl~ief oficinl of a large Sikliim district 
wl~ose wife I ~ a l ~ ~ ~ c n c t l  to IIC very ill. 1 have al\rays mntlc nly esplorcrs talic a s~lpply of metliciues 
with t l~cm,  mostly of uati\,c Itiutls, wit11 only a fcw ordinary 15uropen11 sorts to present to pcoplc 
on t l ~ e i r  jonrncys. 111 the prcsent instance t l ~ c  csplorcr l~at l  also provided l~irnsclf with a Hindi 
t~anulntion of a trcatisc :is to ~ l s iug  tllesc drugs, ant1 m11c11 IIC I~eartl of t l ~ c  ~vo~nan's  i l l ~ ~ c s s  he 
offerctl to gi\-e 11cr some mcdicil~c iC Ile was allosctl to scc her and hcar as to her sufferings kc., 
his otticr w:is a t  once :ccccptcd ant1 the csplorcr 11:iving sccr~ l ~ c r  sc:vclled his book uutil I I C  came 

*across S O I I ~ C  disc:i~e 1~ i t l1  the sarrrc symptoms as she lrad and hc t l ~ e r ~  boldly prcpnrctl t l ~ e  medi- 
cines tlircctc:d a1111 pn\rc t l ~ c ~ n  t o  tllc woman according to the instructious, and a\vaitcd t l ~ e  result 
in  not a little t rel~~dat ion.  I n  a i'cn days time the \voman 1)ecaruc \rondcrfully bcttcr and 
evc~~tua l lg  a cnrc was cHi.ctcd vcry m ~ i c h  to t l ~ c  astonishment of the n~natcur  pmctitioncr. T l ~ e  
explorer \vas t re:~trd wit11 m:~rlicd I t i ~ ~ d ~ ~ c s s  ant1 I~osl~itality from tllc day t l ~ c  \\-oman I~cgan t o  
iml)rove; 11e t11c11 again t~rgetl 11is rcqucst to bc alloned to  pass into Tibet. The heatlnla~: said 
h e  wonld bc glntl to givc him pcr~nission bnt tha t  i t  ~v011lr1 11e of no  use as 11c tvonltl bc agnir~ 
stopped I I ~  anotllcr otlicinl before he ads;c~~ccd \,cry far ~ l r~ lcss  he hat1 somc one to anslver for 
him. The explorer honcser continued to  urge his point and at  last t l ~ c  olRci:rl saitl IIC monld 
l~imsclf be his sccnrity, ant1 he f i ~ ~ a l l y  sent onc of his o v n  nlcu with t l ~ c  csplorcr \vho passed him 
th roug l~  the plnccs \vl~crc IIC was liltcly to  be stopped. 

Thc esplorcr consequently rnarcl~cd ch m i t l ~ o ~ ~ t  nay fa r t l~e r  intcrrnption, cxccpt the 
ordinary ones a t  c ~ ~ s t o m  l~ouscs, wl~cre his Wggngc \vns strictly searcl~cd;  fo r t~~ua tc ly  his iustru- 
melits srere  so well co~lcc;ilcd that t h y  were Ilcver tliscovcred. 

From tlle Tipta-La-the T\'allangcl~oon pass of Sir R7illinrn IIookcr, pro1)ably so 
nnmcd from t l ~ c  village so11t11 of it, wl~ich t l ~ c  c ~ p l o r c r  gives as T\'all~lngsl~m-l~c made l ~ i s  
way in trvo marchcu to Tasl~iralc. Tlre road was a c l i f i c~~l t  one, the gro1111d nortll of the pass 
b e ~ n g  vcry clc\,atcd and barren, so that both food and fucl 11ad to bc carried on  yilts for t l ~ c  use 
of the party. 

Thc Tipta-La a a s  corcrcd nit11 s n o ~ r  ; i t  is on t l ~ c  \ratrrshed of a \.cry high rangc that  
runs ncarly east and vest formiug t l ~ c  boundary bctwccn Ncpal and L l ~ i s a .  

Tas11il.nlc is a largc standing T311otia cncaml~n~cnt  OII  a fcetlc~. of the Arun river, m11icl1 
riscs ill :i glacirr to tllc wcst, ant1 not on t l ~ c  n1ai11 stream of that riser as mas forn~crly S I I ~ ) ~ O S C ~  ; it 
is 15,000 Ccct aljovc t l ~ c  scs. J I : r r c l ~ f i ~ ~  11ortl1, t l ~ c  rsptorcr crossc~l t l ~ c   nil;^-L:L pass, p a a s i ~ ~ g  a 
large I ~ i m n  n1on:rutt:ry rt~at:l~cd t l ~ c  SI1:rra villagc of somc >0 I~onscs, n l ~ i c l ~  is I I I I ~ ~ ~ I -  :L 'l'l1k11:1111lir 
of t l ~ c ' r i ~ ~ l t i  or Tillkn tlistrict, gcncr:~lly ~ I I O ~ I I  as ' I ' i n k i j o ~ ~ ~  nt'tcr its fort (joug). Hcrc his bag- 
gage \!'as vcr!' rIoscIy scarrl~rtl,  anti i t  nr:ls only I)y lrlralis ot' tllc m:in sent the Siltkin1 oifici:il 
that IIC was ablc to ;~(lv:ulro f';irll~cr. ~ i l ' t r r  n1:inj1 i ~ ~ q ~ ~ i r i c s  ncrc n~:idc 11e pot n pass to tr,ivcl 
to  Slrigatxc, a ~ ~ t l  1lci11g f:iirly in T i l~c t  11c \v;rs Ilcvcr stoppul ag;~in. 111% ~untlc his may first to  
Limitlong, a v i l l : ~ ~ r  ot' 50 or (i0 I~ot~scs,  arriving t11o1.c on the 4,th Scl)teml~cr. I%cfore reacl~ing 
t l ~ i s  place thc explorer 11:1tl Inttcrly seen no cnltivntion excrpt tint of Intlian-corn in small 
qnn~~ti t ics ,  Imt at  LimBtlong itself t l~e rc  w:tu a gootl deal of \rhcnt and pc:~sc and round about 
st:vcr:~l ot11t:r vil1:igcs c o ~ ~ l t l  IIC sccn cqr~;~l ly well cnlti\,atcd ; all t l~csc villngcs were on or  ncnr 
t l ~ c  l~anlts of t l ~ c  great eaatcrn braucl~ of t l ~ c  Arun rivcr, called,-the Khnnto~~gi r i  river, which 
corllca from t l ~ c  cast. 



'l'he next day he urrived at  another small village wi€h plenty of cultivation, all tending 
t o  shorn that  he had again reacl~cd a wwmcr climate, L6mQdoug bciug 13,100 feet above the sea. 

On the 6th Scptcmber he crossed the Tinlti-La pass anrl after a trying march rcnclled 
the  village of Tnsicl~iraug on the banli of the Cl~omto Dong lnke wl~ich is a tille s l~eet  of \vater 

A lorgo Tibetan Loko. about 20 miles in length by 16 miles in breatlth, 
nt an elc\~ntion of 1S,i00 feet above the sea. Tllis 

lnke has never been shown in any map that I am aware of, but we have notices of its 
existence in  itineraries collected by Mr. I-Iodgsou, Dr. Canlpbell, kc. T l ~ e  esplorer found 
the water very clear a l ~ d  pure, and very goorl to drink : he and llis party used it and were 
told that the iulrabitants toolc it in prcl'crence to that  of the two or t l~rce  streams which 
were seen to run into t l ~ c  1:tlte. T l ~ e  esplo?.cr was u~~:rble to go con~plctely round it, but he 
could see i t  fully ns he pahscd n l o ~ ~ g  its nort l~ern shore ant1 ycl could discover no signs of 
nn ontlct ; the inl~abitants tleclnre t l ~ n t  it has none : the swcctucss of the wntcr, however, is 
against there being no outlet and if so it mnst be son~ewl~ere to the soutll-east. The lake 
forms a portion of the boundnry hetnceu Sililtim and the L l l b a  Territories. The Sikltim 
Territory lying to the east, t l ~ ~ r t  of Ll~Rsn to the west of the lalce. Several very high suow peaks 
mere visible from the lakc to the east aud soatl~.  

On the 7th September IIC arrived nt Ningzi, a Siltkim \illagc which, thoogh i t  has but 
60 houses, boasts of a wondcrf~~l number of dogs, the e\plorur decl:lring Ile hi~nself saw at  least 
200, ant1 was certain that he never met wl t l~  sue11 a large pro1)ortiou iu a Tlbetau village n l ~ e r e  
they are proverbially numerous. 

O n  the 9th September he reached Cl~ajong (or Tatkplni) hot springs where he took 
latitude and thermometer observations, the Iattcr m:rlii~~g i t  15,000 fect above the sca. k'o~lr 
reservoirs, enell nboot 30  feet in circumference and 3 fcet dccp, hsve been built to c;ctcl~ the 
rnntcr of these springs w l ~ i c l ~  al1pc:~reil to be su l l~ l~~l rous  and I~nve a high reput;rtion for their 
curative properties, being vi*itcd by nulnbcrs of people. T l ~ e  place s\v;rrmed with Tibetan 
(Hodgsoninu) nntclope ~ v l ~ i c l ~  :rrc quite tame being never disturbetl, as they arc considered to be 
dedic:~terl to the deity of t l~ese hot springs. The 11est day the party eucnn~pctl in a rariue aud 
the dny nftrr crosscd t l ~ e  I , :~gulo~~g-La ~)nss ~ v l ~ i c l ~  has qr~autitics of glacier ice close donn to it, 
being itself Iti,20U feet abo\re t l ~ e  sea. 'I'l~is ~);rss forms the bonnrlary bctmeen Silclcim and 
L l ~ h n ,  t l ~ c  marc11 tcrminatctl at r l ~ e  vill:~gc of Tl~nlc. On the 15th Septeml)cr he pnssetl the vil- 
lage and part of Sai Jong ~ v l ~ i c l ~  is surron~~dctl  I)y cllltivation alld l~ns  unmcrons other villages 
ro~unl  nnbont, encirn~pctl at Cl~t~ta-'l'Apu or I)nrcl~a villr~fre on tlre I):rnlis of tlrc Sai Jong strenm, 
whicl~ comes from n great dist:rncc, rising ill Si1;liim. Offhe 11cxt day crosscd the G y i ~ l i ~ ~ p  UIOIIII- 

tnins I)y a pass coverc~rl wit11 snow, autl rc~eI1cr1 t l ~ c  UAln Koti village of 20 I ~ o ~ ~ s c s ;  this 
place Ilns a good rlcnl of cult ivat io~~,  ;rntl Immcrous o t l~cr  villages are sisil~le round about it. 
Y:tssing thence t l ~ r o r ~ g l ~  n level nud \veil cultivated country, the esplorcr reached Sl~igstze on 
the  17th of September. 

The exlilorer pnid the usual homage to  the LRma of Tnshi Lambo, malting an offering of 
two rnpres. I l c  fo~uld the city of Sl~igntzc in n111t9l1 the same state as dcscrihetl 11y t l ~ e  chief I'an- 
dit, he I~oaevcr I~cnrd of the scrions rebellion nl~iclr l~ntl I~ecn raised against t l ~ c  grcat L6111a of 
L L k a  iu April 1871, during whicl~ Irundrcdu of people were killed. 

The csplorcr rcmnincd in Shigatzc till thc 29th of Scptcml)cr, he t l ~ e n  mnrle llir way 
soutll-acstrrarrls, ton,:l~.tls t l ~ c  L) i~~gr i  01nirlh11, r c s n n ~ i ~ ~ g  his ro l~ te  S I I ~ ~ C ~  on thc 30tll Scl)t(%~nl)er 
from a point 11e I~nrl prc.rio~~sly visitctl. IIy evening I I C  rcacl~ctl t l ~ c  vill:~gc of S l l i ~ n l . i ~ ~ ~ g  :rnd the 
nest  day crossctl the Sl~al)lci-Cl~u rivcr mllicl~ was 65 paces wide and J fcct tlecp, flo\vi~~g (low11 in- 
t o  the Sa~lg-po (IjrBhmhputra), r~urnbers of village* were seeu on and o f  the road. The liarvest 
was beiug 1,caped. 

On the 211d of Octoher he reached the v e n t  Shaliiamonastery (Gonpa) which is only 
second to that of l'ashi 1,nmho. The explorer was unfortn~ ntely not able to 8top at Sl~akia to 
esnn~ine the plnce n~ore  clo.cly. H c  says the Slmltin ino~~astcry is on a low ~ p u r ,  it is i~~lmbited 
by n1)out 2,500 mo111c IJBmQs, rulcrl I)! a grcat 1,Ama called S11:lkia-Gangma (king or abovc all 
othrrs) ; hc is lookctl npon as n deity. Ilis LQnlirs arc t l ~ c  only oncs in this part of Til~ct  that 
arc ollowrd to marry, they arc rallctl I)hrrkpcis, ot l~cr  J , ~ I I I ~ R  ~ 1 1 0  nre not allowed to rnnr1.y being 
cnllcd Gcilt~prio. T l ~ c  town of Sllnliia lies at t l ~ c  foot of the n1ouastc:ry and ia al)oot halt' the size 
of the city of Sl~igatzc. Ahout fifty of the sl~ops in the town are kept by Niwars from Nepal, 
all the other shops arc kept 1)y Dl~otinq. T l~crc  is a large amouut of cultivation arouud Shakia 
though i t  is about 13,900 fcct above the sea. 

On the 3rd of October thc explorer cro~sed the Dongo-La fect nhove sea, and again 
got into ground drained 1)y the A n u ~  river, ant1 on the 5th Octol~cr rcacl~cd the Clroltuarvilli~ge, 
on the left bank of the Phungtu or  Dingri-Chu rivcr, the great western branclr of t h e h u u  river. 



Continuing westwards along the Dingri-Chu river, thc explorcr reached the Sakar-Chu 
river a branch of the Dit~gri-Chn. Tlic Saliar-jong (iort) is ahout 8 milcs nor t l~  of t l ~ e  junc- 
tion, and is t l ~ c  residence of a L h b a  magistrate. T l ~ e  Gkurkas in 11334 advauced a s  fhr as 
this point when they iuvaded Tibet. 

On the 8th of October thc cxplorer reached the town of Dingri which is generally 
known as Dingri Maid611 from t l ~ e  large ope11 plaiu in wliicl~ it sta~lds, i t  is also sometimes 
called Dingri-Ganga. The town 11as but 250 houses supplemcutcd wit11 tcuts on occavions of 
fairs kc., i t  is 13,900 feet above the sca. 

Five miles above the junctibn of t l ~ c  Shaltar-Chu river, the explorer crosscd the Dingri- 
Chu river by a wootlc~i bridge 75 paccs in Ic~~gt l i .  S l ~ o n i r ~ g  that even at that point this great 
eastern branch of the Aruu is a very large strcam as might be expected from its &.a.au1ing 
the great Diugri table-land. 

North and qaitn close to  the Dingri town stands the Dingri Khar ( f o r t )  on a low 
isolated hill. A 1 1 i ~ l 1  C l ~ i ~ ~ e a e  officcr c:~llcd a Dni/~o18 who is the cl~icf lnilit:~ry and civil 
officer, rcsides ill tLc i'ort, 11e 11as a small garriaou of 13l1otia soldiers with but one gun. 

From Dingri there is a very good road w l ~ i c l ~  runs north-east to Jong-ka-Jong and 
thence by K i r o ~ ~ g  town to Katni611tlu. Otiicials are I~o!r.escr the ol~ly pcrrons w11o are alloned 
to  travel by this route, tradcrs a l ~ d  all ot l~ers t : l k i ~ ~ g  the one followcd by the explorer to  
Nilam, hc. 

Thc explorer did not makc any stay in Dir~gri, being afraid that he might be cut off 
from India 11y an e:rrly f:rll of S I I ~ I V ,  I IC  accortli~~g!y p ~ ~ s l ~ c r l  on as fast as he could. At first hc 
passed tl~rongh s wide all hut level tr:tct, a1111 t l ~ t : ~ ~  getting illto r o u ~ l ~ c r  g r o u ~ ~ d  rcnched the 
Tl l~~ng- lung- l r :~  OI I  t l ~ c  10tl1 of October; 11e f o u ~ ~ d  t l ~ c  pass covercd w ~ t h  old ice and snow, it 
beiug 18,460 fcct abovc t l ~ c  sca. 

On t l ~ c  11th Octol~er IIC rcnchcd t l ~ c  town of Nilam 13,000 fect ahore the sea wl~ich 
has nhout 250 I~or~scs. I t  is r111ctl 11s a c o ~ ~ p l c  of Jon,ql~orrs, the Lhksa Government s e ~ ~ t l i ~ ~ g  
two there so as to Ile a c l~rck  O I L  orln a~~ot l~c :~ . .  Nila~ii b e i ~ ~ g  the first Tihetan tovn on the road 
from Nepal, is co~~~i t lc rc t l  to d c m a ~ ~ t l  extra +lance and consequently t l ~ c  explorer and his 
party wcrc very closcly csamillcd aud t l~cir  baggage was carcfully searcl~cd before they wcrc 
allowed to go on. 

Prom Shigatze to thc Tl111ng-lnng-La pass, the csl~lorcr had passcd through a rnodcrately 
level tract t l ~ o u g l ~  at  a very great clcvatiou, I ~ n t  from tlic Th~uig-luux-La, nrl~rre he crossed the 
Himalayan watcrshcd 11c agnin c~lti,rctl on vcry r11ggcd grouud much morc difficult than evcn 
that  south of t l ~ e  Tipta-La (01- \\'allurlgsurn pass). 

~ r t w c c n  Nilaln and I~ is t i  Tll1nns6r he folln\rcrl the general corusc of the Bhotia-Kosi 
rivcr, all11 t l ~ o ~ ~ g h  it is I I I I ~  sorllc 25 uril(:s dircct tlist:u~ce I~ct\vccn thc two places, the explorer 
11nd to cross t l ~ c  11hoti:r-Iinsi rivcr I.', timrs 1)s mrans of 3 iron s ~ r s p c ~ ~ s i o ~ ~ ,  and 11 mootleu 
bridges each of from 24. to 60 paccs in Icngth. At ~ I I C  place the river ran in a gigantic cllasm 
the sides of ntl~icl~ \rrcrc so close to onc a ~ ~ o t h c r ,  t l ~ t  a I~ritlge of 2-1. pacts was sullicicnt to 
span it. This was just 1)clow or s o ~ ~ t l ~  of thc villa;c of C l ~ o l i s ~ ~ m .  Near this Ilritlge t l ~ c  preci- 
pices werc so i m p ~ ~ c t i c a l ~ l e  that the p:ctl~ had of necessity to be supportctl on iron pcgs let into 
the fnce of the rock. T l ~ c  pa t l~  I~cing fornicd I)! hars of iron s111l1s of stonc stretching from 
peg topcg ant1 covcrcd wit11 carth. 'l'l~is cstraordinary pat11 is I I I  no lllacc morc tlrn~i 18 i r~c l~es  
and often not mort: then nine inches ill witlth, anil is carried for more t l~nn  one-thirtl of s n ~ j l e  
(775 paccs) along the lhrc of thc cliff, at some 1,500 feet nl~ove t l ~ c  rivcr ~ v l ~ i c l ~  c o ~ ~ l t l  11e seen 
roaring bclo~v io its uarrow I~ril. T l ~ c  explorer x l ~ o  has secn ~ I I I C ~ I  t lillic~~lt g r o u ~ ~ d  in t l ~ c  IIi- 
malayas, sars I I C  Ilcver in his lifc met wit11 any t h i ~ ~ g  to ctlual this bit of path. I t  is of course 
quite impassable for p o ~ ~ i c s  or !.:ilis, and but very fcn sl~ecp and goats even go by i t  though it 
is constautly passed by meti with louds. 

There are scvcral othcr smaller picces of paths betvcen Nilnm and Listi Bllans6r which 
are nearly as bad but they arc fortunately not contiuuous. 

From Listi BhansRr the crplorcr's route does not call for any special ~ioticc here being 
much the same as that in any other part of thc monntnit~s south of the llimalayan wntershcd, 
being rugged in t l ~ c  cxtrcmc for a considcral~lc distn~lcc and t l~cn  hcconiing rrtsy in thc valirys 
or  Dlins. I t  may I~owcvel. hn uotccl thnt t l ~ c  csplorer crossctl the Indrnwati fccder of the 
Kosi tvhich has 3 sn~all  tn. 11s ncar its sourcc called Pauch Pokri. Tke sourcc is in the suo\vy 
mountains to the wcvt as shown on the map. 



The l o r c r  gronnd, thong11 not at  all notenort l~y in itself, l~arl ncver been s ~ ~ r v c y c ~ l  in 
any r a y  ~~rcvionsly,  the only I ; I I I ~  mmlts being t l ~ e  few great pealis in its neigl~bourhood 
that  l~avc  been tiscd from n distance by tllc Great Trigor~omctrical Survey; and I c o n s c q ~ ~ e ~ ~ t l ~  
considcr the survey of it ant1 other portions of thc lower grouud a very valuable addition to 
t l ~ c  gcogrnphy of that part of the m o u r ~ t a i ~ ~ s .  

011 rcfcrcncc to the map it \rill hc sern that by this exploration the position of the 
p r a t  IIirnnl:~~-an \r:~tcrsl~etl l~ns  bccn determined in tlnce tl~ft'crcnt places. 111 each case it 
proves to 11e fur 11cl11ntl or north of t l ~ c  lofty pcirls that are vislble fronl IlindustAu, such as 
RIouut Evcrest, Ii;nlcln~~jinga, kc. 

'UIC rsplorcr i t  vill be secn went conlpletely ronnd ldount Evcrest, h a t  lris route was 
so hc~nmrtl  in 11y great monntn i~~s  t l ~ n t  11e Ilcrer got a vicm of M o u ~ ~ t  Everest itsclf; i t  secnls 
to Irnvc 11ce11 invnri:il)ly l~itltlcn by the subordinate pealis which are tolcrnl~ly close to it. 
Possibly it may I~avc bee11 sccn bllt ncrcr co~~tinuously so as to  be able to recog~~ise i t  again 
and to tis i t  I)y bearings with a modcratcly 1o11g base. T l ~ c  Kancl~i~ljinga and JUIIIIU 

ncrr ,  I~o\vcver, secn irorn t l ~ c  west of Tnpli i~~g Jong 1)nt only s short base could be secured. 
l ' l ~ c  cslrlorcr was m ~ ~ c l ~  impressed bp K a n r l ~ i ~ ~ j i ~ ~ g : ~  (28,150 fect) ; i t  is 1inow11 to the nati\,es 
ncar 'ra11l:tug :is h-uncbh .liaran La/z!/rir. The people soutlr of t l ~ c  I-liolaln!.ns, in Nepal, call 
all sno\vy monrrtnins Lnnglir, by w l ~ i c l ~  t l ~ c y  nlearl the higl~cst 11oi11ts. l ' l~cy call t l ~ e  peaks 
that 11:1r.c no snow Unvjro~!/ and the low ground under the s:~icl Ba~rjung they call Phedi. Tile 
term 11in1nl:ryas is not used by uneducated people ml~o ouly tnllr of the snowy mouutains as 
" Barfi;ciai LangBr." 

Nri t l~cr  the Bhotins nor the Ghnrkas seem to have specific nsnlcs for remarliable 
pcn1i.i; t l ~ c  e\plorer askcd all sorts of people but wit11 t l ~ c  clccption of thc cnsc of Krnlc11111ji11~a 
rcfcrrcd to al)ove, he never got any uanle fbr a pciik, t l ~ o u g l ~  ill a fcm cases they gavc that of 
the nearcht v~llagc. 

Scvcml of the o t l~cr  pcalrs fised by thc explorer wcrc very lofty ones co\rrrcd wit11 per- 
pctual sno\r to a great distance helow their s a n ~ ~ ~ ~ i t s ,  those north of Alouut 1Svercst and I<an- 
c l ~ i ~ ~ j i ~ l g n   re 1)crI111ps t l ~ c  rnnst interesting as b e i ~ ~ g  hcyontl t l ~ c  IIimal:lynr~ ~vntcrsl~cd. One to 
the 11ort11 ot' t l ~ c  road between Slrakia aud D i ~ ~ g r i ,  the esplorcr thought was very much loftier 
t l ~ a n  any otl~crs. 

T l ~ c  csplorer's rontc snrlcp may bc said in a rougl~ nrap to givc 11s a general idcn a3 to 
how t l ~ e  l u o n ~ ~ t s i ~ ~  draiu:~ae runs Iwt\\-ccn the Ilini;~ln!an ~vntcrsl~rd,  nortll-west of Iiirong, and 
the 11oi11t \vl~c~.e l'nrner cros.;cd it ncar Cl~nmalir i  111) to t l ~ e  Ilr, ' ll~n~:'~l~~~tril,  or Sn~~g-l io river 011 

t l ~ c  n(1rt11 from n-cst of Ju~~gI: lcl~e to Sl~ig;ltzc. Thc rontc h c t w c c ~ ~  liirong, Jo~~g-l ; : l -Jo~~g,  and 
1)illgl.i 1\I:lid511 is still a dcsitlernt~i~n as we : I ~ C  ill the dark as to t l ~ c  bize of t l ~ e  P;~lgncl~o Inlie, 
s~ l r ic l~  I~owevcr it now :111pcars nil1 lie somcwl~at to tllc so11t11 of the :lpproaimatc pos i t io~~ wl~ich 
1 gavc it iu IIIY nlnp sl~olving the cl~ief Pandit's routc to 1~116sa. 

A glnnrc at  the map at oncc shows wl~a t  n Iargc riscr t l ~ c  Arnn mnst be, t l ~ e  arcn it drains 
11c in~  so vcl.!. grrnt. I t  is onc of t l ~ c  few IIimnla!.nn rivers \r.l~icl~ IIRS its source hcyond the 
I-lirn:~I:rya~r ~ . ;u~gc  ax sern frorn IIi~~rlnstAn, the ot l~crs being the Intlus, Sntlyi :u~d  Knrnili. Tile 
1e11~tl1 of ~ I I C  r i l s t r ~ . ~ ~  ant1 \vestcrrr n1)pt.r sources is v ~ r y  rrn~nrltnl~lc, extc~~(Iing 011 t l ~ c  one side 
t o  t l ~ c  11ort11 a ~ ~ t l  cast of l i : ~ ~ ~ ~ l ~ i ~ ~ j i n g a ,  aud 011 the other to the north aud vest of AIount Evercst. 

I n  the route survey made bv cxplorcr No. 9 fi-om Dirjiling to Shigntzc, and frorn 
Slri=ntxc 1 1 ~  811;11;in, I)inCri .\laidin, Xila111 &c., to K ~ ~ I I I ~ I I ~ I I ,  t l ~ e  Y:IIIIC of his I J ~ C C  I I ~ S  in 
the tirst instal~re bcrn tlcrivctl from thc tlitl'erenrc~ of Iatitndc betwccn t l ~ c  ~ a r i o ~ ~ s  places at 
which star ol)scrvatio~~s for lntitl~tle \vt:rc talieu. A mcan vnlur. of 11:lcc v i s ;  2.,18 fcct, 
clrrivctl from n nlr:m of t l ~ c  v:1111rx of rnr-11 rrction, wn.; adoptrtl, nntl this mean vnl~tc was np- 
plirtl to tllc ~ ~ u n ~ l ~ c r  of 1,nrcs s l ~ o n ~ i n ~  thc tl~tt'creucc?i ot' lo r~gi t~~t le  for cncl~ scction aud the valuc 
of tlrc salile in tlrgrccs a11t1 ~ni l~utea  was dctluccd therefrom in thc usu:il may. 

T n l i i n ~  t l ~ c  lonpitntle of Dirjiling at  88' 1% 41" 3s dctermincd hp t l ~ c  triangulntion of 
t l ~ c  C;. 'r. S ~ ~ r v r y ,  :+11d : ~ l r l ~ l y i ~ ~ g  tllc diRi.rc~~ccs of Ion~itnde RS dctcrrninctl ahorc, the longitnde of 
Bl~igntzr, I)!; 'LltAlriini, Cllot:~ TBpa, kc., vide map, t .e . ,  11y tlrc most dircct route would be 811" 
46' '1 4'. 

Tnliing tllc longitndc of Katm5udu at R j 0  17' 45" and applying the differcnccs of longi- 
tntlr ns nl1trr.c t~ct\recn it and Bl~igatzc by Nilam, Uingri, Pil kc., the longitude of Sl~igatlrc 
~ t ) l l l l l  IIC 8S0 32' 4i". 



On examining t l ~ c  map, hoacvcr, it is at once apparent tliat t l ~ c  longit~rde of Shigatze, as 
determined I)y a route snrvey from nfirjiling, is lilicly to be more rcliahlc than that dcrivcd 
from Iiatm.'lndu, 1)ccausc tlle diff'crel~ce of longitudc, hct\recn Dhrjiling and Sl~igatze, in but 
0" 21', nhilc the difference bctween Katmilnclu aurl Shigatse, is 3' l l ' ,  or in other n.ords the 
longitude of Slrigatze \rould be very much more affcctcd by an error in thc value of the pace in 
the latter case than in thc former. I have cousequcntly decided lipon using only the value as 
deterrnincd from Shigatze. 

At page s of my report on thc chief Pandit's exploration to Lhisa, I explain that the 
longitudc of Shigatze was dctermincd by thc ronte survcy which Mr. T ~ ~ r n e r  made during 
his journey to Sl~igatiie, combiued with the route of tlre Pandit, Shigatze was computed to be 
in longitutlc 88" 3.s ,  a very close agrcemciit wit11 tlre value as detern~ir~ed abovc indcpcndcntly 
by Explorcr No. 9 viz . ,  88' 4(7'. I t  may conscq~~cntly bc co~iclutlcd that the lorrgitudc?i of 
Slrigntze and of LllAsa n11icl1 depends on Shigntze, as given in my first map, are very close ap- 
proximations, and i t  is gratifying to find that my rclia~ice on Turner's route survey was not 
misplaced. 

The Explorer's worlc has stood all tlie usnal tcsts satisfactorily, tlie average value of his 
pacc, 2.45 fcet as determincd from the cliffercnces in latitude, is abont what might be expected 
from a man of liis stature. IIis latitnrlc observations agree very well inter se considering that Ire 
usrtl but a small pocket sextaut. His observations at  Shigatze give much the same latitude 
as that derived from the cl~ief Pandit's observations with a largc sestant at tliat and other 
places. 

His heiglits are the weakest part of his work, as owing to the larger thermometers 
originally sent with him having been broken, he was reduced to takc liis 1)oiling point observa- 
tinus with a \.cry small tllermomcter. The l~eiglits however arc probably fair approximations, 
and give a good general idea of the grcat elevation of the upper part of his ground. 

I l is  bearings to pealcs on eithcr side of his road were more nnmerous than usual, and 
on the ml~olc lie was fairly successful in fixing the morc conspicuous. 

The exploration with its bearings kc., opens out the geography of nearly 30,000 square 
miles of what has hitlicrto bcen in  many portions terra-incognita and in others nearly so; tlie 
indicationq on our maps haring been of course n~ostly conjectural. The exploration more espe- 
cially elucit1:itcs the gcograpl~y of t l ~ c  11a~in of t l ~ c  Arun or Arun-kosi river, thc great 
eastcru feeder, if not the main source of the great Koui or Kosiki river, rrlricl~ drains tlie whole 
of castern Ncpal. The cor~rscs of tlie upper fecdcrs of the Arun lia~re hitherto been a puzzle 
to  geograplicrs. The explorer's work also defiues the course of tlie great western tributary of 
the Kosi river ciz, the Bliotia Kosi of \vliicli \re had prcsiously no survey. 

His route survey is 844 milcs in Icngth of nhich 550 miles may be said to  be over en- 
tirely new ground, and the remainder (thong11 close to a line along which one Europeon has 
travelled) had uevcr bccu rcgularly survcjed before. 

The explorer took Intitnde observations at I1  points upon whicl~ the work depends aud 
dctermi~ied the height of 31 placcs. His work I think will prove a valuable addition to the 
Trans-Fronticr geography of India. 

T. G. IbIONT(;OAIERIE, MAJOR R.E., 
O f g .  Superintendent G .  T. Survey of Indin, 

and in clrarye Trans-Hitnalayan Exl~loring Parties. 



G-b 

Zist of positions of the chief plnces as deternailzed $*om the Route Xuf*vey 

of explorer Aro. 9 in  Nepal wlcl Great Tibet. 

The longitude of Shigntze is dcrived from Dirr,jili~~g by the route s~irvcy passing through 
Tnthpini n~ld Cl~ota-TRpu. 111 the map a c c o n ~ p a ~ ~ y i ~ ~ g  this n~ernorantlurn, 88" 40' was nssurnetl to 
11e the longitude, using a menn between the v;rlucs dcrivctl from Katn~Andu and Shigatze. 
In f ~ ~ t u r c  compilations the positions as givon on the map, will require to be corrected to those 
gircu above. 

.. Dbrj~ling. . . .. 
Tntkpi~~i .  . . . . 
Cl~otn-Thpu (or Darcl~a village). .. 
Sl~igatze (Tashilumbo!. . . 
Pil. .. . . . . . . 
Diugri-3Inid;iu town. .. .. 

.. Nilam-Joug (or Kuti). .. 
Katrnkndu. .. . . . . 
Knbiri River, Bank of. .. 
Nnrl~aria (Nnria). . . .. 
Dhankuta. .. . . . . 

.. L6mfidong. . . .. 
Amtin on bank of Arun River. .. 

Lntitudc 

0 I 

27 3 

28 30 

28 57 

29 17 

28 37 

28 35 

28 9 

27 41 

. . . . . .  
26 2G 

26 56 

27 10 

27 12 

IIcigl~t 

fcct 
7253 

15025 

14558 

11822 

13?59 

13865 

13911 

. . 

. . 

. . 
2937 

. 
1798 

Lougitude 

0 I 

88 19 

88 8 

88 27 

88 47 

87 54 

86 40 

86 5 

85 18 

87 33 

86 45 

87 21 

86 52 

87 12 

Remarks 

From G. T. Survey. 

From C~*nmford's 
to G. T. S. Peaks. 

No a\tronomical 
latitude. 
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No. of 
Sliil iou 

Route Survey porn DhjiZing (T7tinaltJ to Shigatze marke t  Place). 

Bcnring Distnnrc in 
Name or Station. to Turwnrd pnrcs to Lnr- R s a r a s x s .  1 l i o n .  1 m1.d ~ t t i a ~ .  1 

TIrLnnh. 

Village. 

On 1)oundary hetween British and 
Ncpirl Territories. 

Village. 
I-Iill. 
,, 

V~llage. 
Stre;rnr. 
200 yards from. 
Village. 

\'illage. 

Stream. 
lliver, on bank of. 

Stream, on lcft bank of. 

IJill, on top of. 
Village. 

Village. 
Lake, on bank of. 

Village. 
, Lntitrrde obserrcd. 

Hill, on top of. 

Hill. Boundary of Sikkim & Lhlise. 

Stream, o~r  Imnk of. 

X'illngc. 1,ntitnde observed. 
llill, ou top of. 

City. The Market plnce. Latitude 
observed. 

Diirjiling - - 
. . . . 

Kai~lchnlia - .  
. . . . 

Ilarnaplrong . . 
. . .. 

Plralialung Lek .. 
. . .. 
. . .. 

Naldang .. 
Suriablla~~jan . . 
Surin Lek .. 
Slrikhrprrr .. 
Knbiri . . 
Plruwn Village . . 
Tnplang Jong . . 
. . .. 

.. 
~ i i k i a  Thok . . 
. . . . 

Ebangkhole .. 
Tambru .. 
. . .. 
. . . . 
. . .. 
. . .. 

Taslrirak Chu .. 
. . . . 

Nila-La .. 
Sliara . . 
. . .. 
. . .. 

Tnslriclrirnng .. 
Clromto Dong .. 
. . .. 

Nalrg.ji . . 
C;l~n;o~~g .. 
Tinlii-Lo. .. 

. . . . 
Lagcrlung-La . . 
. . .. 

Ill~ksurn . . 
. . .. 

Cl~otn Thl)o .. 
Gy al i~~g-La .. 
. . a .  

. . - 

. . . 

. . . . 
Slrigatae .. 

294 30 13963 
275 o 30 I 1 4152 
334 30 
285 o 
281 30 
292 o 
274 o 
240 o 

285 o 
297 0 

320 30 
299 o 
290 30 
3.10 0 

3" o 
17 30 
4 2 0  
66 30 
3 j o 
66 o 
301 0 

I I  o 
18 30 

320 0 
335 o 
360 o 
21 o 

3.15 0 
2 0 0  

40 30 
9 0 0  
65 30 
270 0 
22 30 
67 o 
358 0 
6730 ., - 
0 

35 o 
34.5 o 
16 30 
o o 
5 3 0  
2 6 0  
6730 
25 30 
35 30 
30 o 
33 30 .... 

7279 
2350 
10340 
I ~ I O O  

287 I 
8100 

13010 
9.580 
5.125 
7085 
15140 
4566 
13850 
16807 
6608 
38.59 

1 I 150 

1709; 
7270 
85 II 
11800 
8010 
18001 
5938 

10200 

IZlOO 

yyio 
3.1030 
4730 
28530 
2288 
2,500 
z1r2.5 
6065 
5450 
668.1 
20104 
I I  h;o 
18194 
Hy,;5 
771.5 
8010 
.~OOO 
639.3 
9600 

1hKy6 
12000 

. . . . 



lLb 
From Chmgma (Pi2lnge new Sl~igatze) l o  Katnadnd~.  

No. of 
Station. Nnme of Station. 

13  
14 
15 
16 
17 
I 8  
19 
20 
21 
22 
23 
24 
25 

I g;;;: 
4.0 Clioksum 

. . 
Dor~go-T,a 
Sillas-Cl~u 
Pil villnge 
. . 
.. 
.. 

Cl~niokor 
Pllllllgtu 

Ditto 
llitto 
. . 
. . 

29 
30 
31 
32 
33 
34 
35 
3 G  
37 

. . 
Tl~ullgla 
.. 
. . 

Palgu 
. . 

Tl~akinling 
Nilnrn Jong 
Kosi ltiver 

45 
46 
47 
48 
49 
60 

Village-10996 paces from station 
No. 48 on t l ~ c  line from No. 48 to 
No. 49 of foregoing Numbcring. 

nietnnrc in 
pncce to for- 
ward atatiun. 

. . 
Kanglank 
Listi 
I i d i  Village 

~i i inkhar  Lek 

R ~ r ~ n r e .  

Hill. 
Stri,am, on hank of. 
Latitude observed. 

4300 
15125 

I 280 
6800 

11 383 

Village. 
Itiver, on bank of. 

Do. 
Do. 

Hill, on top of. 
Iliver, on right bank of. 
Teml~le. 
Strenm, on bank of. 

Village. 

Town, nt entrance to. Lntitudo 
observed. 

Stream, on hank of. 

Village. 
Do. Latitude observed. 

011 ~.irrl~t bank of. 
no. 

On Bridge. 
Village. 

I-IiII, on top of. 
Do. 



14- 
b 

Asom Changnaa (Pillage near Sl~igcttze) to Kntmdndzc-(Continued). 

No. of 
Station. N ~ n o  of Ststiou. 

. . 
Ghetar 
Sipn 
Jherkola 
Dlralrkola 
. . 

Cllalltaria Lek 
. . 
. . 

K ~ l i t a r  
Clrabeli 
K~tmirudu 

Stream, on bank of. 

Bcnring nistollro in 
to forward pncce to for- 

stntiou, ward stntion. 

Village. 
Do. 

Villnge. 
Do. 

Stream, on bank of. 
Do. 

Hill, on top of. 

0 I 

240 30 
200 0 

24830 

241 30 
228 30 

231 30 
271 30 
241 30 
260 30 
271 30 
251 0 
226 0 

221 30 

270 0 

252 30 
225 o 

Village. 
Do. 

At Indar Chaok (centre of city.) 

5480 

5470 
3210 

3600 

3125 
5900 

3360 
4065 
3826 

7100 

9310 
2300 

3890 

5635 
8210 

6170 

From Katnccindu (Asan fit) to Tupla~zg J O I E ~  (Station NO. 16 of Route 
ft-onl Ddvjilillg to Shigatzc). 

1 l Katmandu . . 

Dimi Village 
. . 
. . 

Bist Village 
Burapn ,, 
Nabna Lek 
Dabchia Village 

.4snn Tol. Latitude observed on 
this line, 1025 paces from atart- 
ing point. 

Village. 1 Do. 

Junction of two streama. 
Village. 



A*om Kutmdnclzc (Asan ToU lo Tuplang Jong (Stulion No. 16 of Route from 
Dhrjiliny to Shiyatze.) 

No. of 
Station. 

. . 
Kuwapani 
. . 
. . 
. . 

Kanjia Lek 
Kanjia Village 
Bnngnang 
Gahatiatirr 
. . 
. . 

Cl~nrkliu 

Dudh-kosi 
Rakola Pasal 
Kurndia Lck 1 Ner::iillage 
Dorpa ,, 

Lamakhu 
Chakuma Lek 
Dilpa Village 
. . 

Bliojpur.Village 

Arun River 
Chninpur Lek 

Do. Village 

. . 
Milkia Lek 

Do. 
. . 

Taplang Jong 

I Village. 

Bearing 
to forward 

shtiou. 

0 I 

103 o 
72 0 
122 30 

149 107 30 0 
60 o 
87 0 

95 0 
42 30 
126 30 
95 o 
74 30 

1'7 30 
55 O 
120 o 
45 0 
117 0 

136 30 
85 30 

I00 0 

77 30 
61 30 
I40 30 
82 o 
37 O 

Village. 

Village. 

Distance in 
pocce lo for. 
ward stntiou. 

61 go 
4770 
4500 
3 900 
11000 

6400 
6615 
3400 
2200 

3775 
10146 
5870 
5481 
6225 
9680 
4726 
6500 
5790 
8500 

7025 
5900 
4400 
10780 
6597 
4600 

River, on bauk of. 
Shop. 

Latitude observed at  L&m&dong 
Village 5600 paces from Dorpa 
on line from Dorpa to Station 48. 

Village. 
Hill. 

Latitude observed on line 56 to 67 
at Village Amtia,25OO paces from 
station 56 towards 57. 

On bank of. 
Hill. 

I Pati. Small Bazar and Dharmsfla. 

Same as Station No. 16 of Route 
from DBrjiling to Shigatze. 



A.m Kobiri, Dhawndla (Sfofion No. 14 of Rolrle from Dd~yijang to Shigatze) 
to  Nuria Baznr (Kotrorili J. 

No. or 
Stnliurr. 

1 
3 
3 
4 
5 
G 
7 
8 
9 

10 
I I 
12 
13 
1-h 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
91 

Ernring Distnneo in 
Norno of Btntion. to Curlrnrd pncm to COI.- R = . A B X E .  1 r./ion. 1 KS* h t i o ~ ~ .  i 

Knbiri . . 
Tnnlru River . . 
Cl~un P:hll;ir . . 
Snml~ua .. 
Tukn~a . . 

no. .. 
AInjl~rva .. 
.. .. 

Pnlnmnti .. 
.. 

~;hnl> Hill - .  
Do. . . 

Trlin kl~ola .. 
I ~ : I I I I , ~ I I I I ~  Hill .. 
Dl~n~ikuta . . 
.. .. 

Tnmru River . . 
. . -. 

D116rnplini . . 
Barah Chetr . . 
CI~rttl.in . 
Megjin .. 
Chnpri Village .. 
. . . . 

Kotia Village .. 
' 1  haltia Village .. 
Sikrata ,, .. 
Dlllnsin Village .. 
Ar6ha ,, .. 
Naria . . 

0 ,  

125 o 
I gy 30 
267 30 
21030 
135 o 
216 o 
210 o 
201 o 
225 o 
172 o 
225 0 

241 o 
20130 
249 30 
187 o 
246 o 
21 1 o 
241 30 
272 o 
I ~ I  o 
215 o 
177 o 
275 o 
206 30 
22030 
261 o 
2.51 o 
272 o 
267 o 
251 o . . 

3900 
7310 
5.600 
5300 
2700 

7j20 
4jz5 
9470 
4597 
2000 

3370 
3800 
7820 
8315 
6660 
5670 
8860 
4370 
6040 
8466 
23400 
23300 
4100 
11476 
8r70 
5210 
5676 
10085 
6650 
4270 . . 

On left bank of. 

Trill;.ge. 
Hill. 

Hill. 

Stream. 

Bazar, Latitude observed. 

On I~nnk of. 

Trillnge. 
TVorsl~ipping place. 
Thirnal~. 
Ba  1'LBuah. 

Bazar, Tl1611ah. Latitude observed. 
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