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T H E  O P E R A T I O N S  OF T H E  

GREAT TRIGONOMETRICAL SURVEY OF INDIA, 

Appeudiccs 
Summary of the several operations of the present year. I (2) I 

I. Trigonometrical; the Brahmaputra Series, meridian 90". 1 ( 5 )  1 3-3 

11. Trigononzctricul; the Assam Valley Triangulation, or  Eastern Frontier (6) 1 5-,7. 
series. I I 

111. Triyononzctrical; the  Bider Longitudinal Series, parallel 18'. 1 (7) 1 8-0 

IV. Trigonometrical; the Belaepur Series, meridian 82". I (4 I 10- 

VII. Trip-lopograpl~icnl ; the Survey of Guzerat. 1 (10) 1 17-a 

Tr. E-iyononzetrical; the Northern Section of the Bangalore Rleridional 
Series, meridian 78'. 

t 
T71. T~iyonometrical; the Southern Section of the Bangalore hleridional 

Series, meridiau 78". 

VIII. Trigo-Z'opograpl~ical; the Survey of ICatbywar. I (11) I 23-3 

(8) 

(9) 

S. Astro~lonticnl; Latitude Observations on the n~eridian of 78". 1 (14) / 2 9 7  

12-a 

13-2 

IX. T~.i,qo-Zby~~qrc~pI~ical; Himalayan Surveys in the districts of Kmnaon 
and British Gurh~val. 

XI. Ast~o~zonzicul; Latitude Observations on the meridian of 75". I (15) 1 42-a 

SII. Lcvcliizg; Detcrlniuations of Altitude by the Spirit Level. ( (16) 1 37-a 

(12) 

XIII. Geodetic; the Pendulum Observations. 1 (18) 1 61-r 

38-2 

YIV. Conzpr~tnbio~zs; the Esamination, Final Reduction and Publication o 
the Observations. 

XV. Carfo,qraphy; tlie Preparation and Publication of various Charts and ( 2 9  60- 
hlaps. 

XVI. ~ e o ~ r ~ ~ h i c a l ;  Explorations of Tmns-Himalayan Regions. (22 1-b 



(1.) The Grcat Trigonometrical Survey operations carried on during 
1870-71 have, in continuation of the gencral plan for the triangulation of India, 

p rod~~ced  tlre following ont-tuin ; viz., of Princi- 
O u t - t m  of Ennl work. pal Triangulation with great tl~eodolites 59 tri- 
angles, covering an area of 11,203 square miles with a t o t d  direct length of 403 
miles, and observatior~s for 3 aziml~tlrs of vel-ification; of secnndi~ry triangnlntion 
with smaller tlreoclolites an area of 10,076 ~~~~~~~e miles OII which the positions of 1676 

oints wcre fixed a l ~ d  the heigl~ts  of 467 wcre determined ; of Trigo-topoqraphical 
gurveSing on tlie one inch to the mile scale 331 square miles. on the two inches to  
the mile 2,291 square miles, and on tlre 6-inclles to tlie mile 60.9'37 acres ; of boundary 
lines and check lines 780 miles ; of main lines of double leveling 303 miles by  
mc:rns of rv l~ ic l~  tlrc I~eights of' I G G  points of refer.ence were finally determined; of 
Astronot~~ical  Lat i t~~dc .  olserv: l t io~~s I .:35:3 wrre titltr~l I>y \stricl~ tho I~atitndes of 15 
points mere deterlnilrecl ; of geogr:~pl~icnl exploratiot~s the reduction of 2*>9 miles 
of Route-Survey by which the geogr;tpl~y of an area of about 13,000 square miles 
of terra incognita has been unravelled. 

(2.) The observations have as usual been 

Obsemations. 
made with great 
care, and a refer- 

ence to the table given in the margin s l~ows to what a 
grcat degree of precision the observers have attained 
by a steady adherence to the rigorons ancl scieutific 
system wl~ich is prescribed in tlris Departnlent. The 
average probable error in measuring an angle being 
only two tenths of a second. 

(3.1 I n  addition to the above main items 

Out-turn of Approximate work. there has been the 
usual ,out-turn of 

approximate worlc for the ensuing reason's operations 
i~icluding tlre selection alrcl building of new stations 
in extension over a total distance of 453 milcs, clcaring of hill tops of forest, cutting 
of rays c ! ~ . ,  SO as to prevent any delay in the steady advance of tlle operations at  tlle 
opening of the field season. 

(4.) The Computing Office has as usual cornpIetccl a Iwge alno~int of work 

Dntn eupplicd. 
and supplied a larger demand for data than even 
in  prcvious years. 

V ... 

VI ... 

(5.1 A treat deal of t ime and attention 113s been devoted to the comnlei,ion and . r " 

Publicntion of Obaorrnlions &c., 

GO 

30 

pnblicatiol~ of the 1st Volrirne o f ~ o l o n l l  Wnll<er7s 
* <  Acco~~i i t  o f ' t l~e  O~lerntions of the Great Triro-  

Avernges . . . 

U 

non~etrical Snr\-c~-." a most clificlllt i11111 I:ll)ol.io~is t:lslr. l'lris rol111ne m:ls sub- 
nritted to His  Escellcl~c.y tlre Viccl-oy at111 Governor-Ge11ctx.1 in Couricil ant1 by his 
aut l~ori ty col)ics Ir:~\rc since l~ecil l~reselitecl to various intliviclanls ant1 institr~tions 
in It~rlia am11 e l s c r ~ l ~ e ~ . c .  Otlrc~r col)ics 11:ive Lccn dccl)atcl~cd to t l ~ c  Iligllt 11011or- 
able the Sccretnry of State nritlcr wl~osc :~i~tlio~.it ,y co~)ies  arc now bci~lg  p r c s e ~ ~ t e d  
to the various scientific i~lstitutiolrs at111 iritli\-i111r:tls ill Eu~.ope, Amcrica. &c. The  
first ~wl. t iot~ of tlris ir111rort:lnt 1)riblic:ition m:ry tlrerefore I I O W  be considcreel to be 
s n h  t'l.oln ; i l l  orclin:~~*y ;~cc i~ le~> t s .  'l'lre I~~ l ) l i c : i t i o~ r  of' :tnotlrcr vol~rmc is hc i t~g  pro- 
cccclccl witlr as r:~pirlly :IS is possible with tlre linritcd 1nc:lns availal)lc for t l ~ e  p r -  
pose. Some ~~l .oqrcss l~ns  :~l~.e;ltly Ijccn r r r : u l o ,  I~ut  o\vi~t,q to tlre gl.c:ltly i~rcrc:~scd cle- 
nr~rnrl for 'Jlris.t,~~o~nel~.ic,~l tl;rt:~ tlrc I)~il,lic:~tion c:;rrlr~ot bc cspcctcll to I)I.o,? ('1 .',. LSS cven 
as 1111lcl1 as ill  revio ion-; ~-t?:irs. ~ r n l t ~ s ~ i ~ c ~ ~ c n s e ~ l  I I I ~ : L I I S  arc I)I;ICCCI : ~ t  illy cli~~)osnl as 
1 I I ~ W  ~lr~t lcl .s tn~~il  t11c.y will I J ~ ,  it I ~ c i r r ~  r~o t  orrly ncccs\nl.y to l)l:~,cc tlrcse 11:itional 
rect)rtls I~cyo11(1 :ill ncciclc~rts. l ~ n t  : ~ t  tlrc s:unc t i ~ r ~ e  it bt:ilrg n, 11lattcr of grcat im- 
portaucc to u1:ilic tllcnl rc:itlily acccssil~le fjl- gcl~crnl V U I . ~ ) O X S .  

'18 

'18 

---- 

(G.) During tllc year consi11ernl)le j>i.ngrcss has bcen ~nnclc ~ r i r h  thc puLlic 

Trianyl1~t1011 C~inrts. c a t i o ~ ~  o f ' t l~e  tri:r~~glll;ttior~ clr:ll.ts of the carlier 
o l ~ ~ ~ ; i t i c ~ ~ r s  ant1 t l ~ e  wlrolc of' t l~osc al)pcrt:~ili- 

ing to t l ~ c  prosent year lrnre alrcarly I,ccr~ I ) l r~ , tozi l~cogl . :~ l ) I~(~~l  ;in11 are  row in co~lrso 
of distribution. C u ~ s i d e r i n ~  the very large area of t l ~ c  e:rrlicr opcrativns for which 
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ho charts have as  yet been published, it is very desirable that farther means ehould 
be rnade available in order to complete tlienl within :L rc:rsou:rl~le tirnc. These 
charts arc nlost usef'ul~cotnpilatiot~s quite complete in tl~enlsclves cont:~iuing as tlrey 
do a very large arnount of' coutlensed data. 'l'lley arc usr~:~l ly snlficient to supply 
data for general purposes ancl for all orclillary surveys. IVhcn not sul l ic ic~~t  they 
are a vdu :~b le  g11iJo for Superintending Officers who can at once select from them 
the points &c., rvl~ich :&re best snitetl to act as n I~nsis i~t~cl  cliecli on their proposed 
worli and can indent on this Del):~rttne~lt for fr~rtlicr clet:~ils rcg: ircl i~l~ t l ~ e  ncccssriry 
point,s ol11.y. A t  presel~t Superintet~ding OlEcers are too nirlcl~ in t l ~ c  I~abit O F  in- 
denting wholesale for every point ar:~il;ible in a given area mllereas wit11 a p~.inted 
chart before them there is 110 doul)t but that one tcl~tli  of tile l~oitlts wonld geuer;illy 
be more thau ample for their purposes. A rcdrlctio~l ill tlris tlirection is vel..y desir- 
able and this as st:rted above rvould to a cortaiti cstent l)e gr:idu:\lly effcctc~l by 
increased me:lns for publiel~ing tl~c: c11:irts wllicll would at once cuable nu officel. to 
limit his demand by a judicious selection. 

(7.) Great attentiotl has been paid to the preservation of the records, in In- 

Ro cords. d i ; ~  one duplicate copy in the Survcyor Gener;~l 's 
Oflice I1:ls ill the course of' the year been made 

complete, and Colonel Thuillier, C. S. I., 11:rs a t  my reqnest liil~tlly clirecteci that one 
of his officers shall report on their state from time to time w l ~ e ~ l  an oflicer of ' the 
TrIaonornetrical Survey does not 11:~ppen to be av;iilable f'or the purpose. In- 
qlrlrles are be i~ lg  made as to t,lie state of that portion of tlio records that was 
deposited for safety in t l ~ e  Iudia Ofice ; the dcplo~.able loss there of one large 
volunle of the G. T. Survey records poitits to the necessitv for S O I ~ I C  alinlial return 
on this subject to a responsible official in tlle Inilia OSficc, or elseml~ere, and the  
Government will be addressed as to this as soon as I am fully informed 
regarding it. The records in the Head Quarters Office of the G. T. Survey are 
arranged so as to be reatlily accessible, they llnve beell carefully attended to, and are 
all in proper order. Every endeavour will be made as Leretofore to protect 
them tlloroughly. 

(8.) A considerable advance has been made with the reduction and 

Chnrts of lovels. 
pul~lication of the charts of the vnrious sets of 
levels in npl'el- 1ndi:i. .A Iarse addition has been 

made to the Tables of heights with desct.iptio~~s of tlle G. T. Sal,vcy Bcncll-marks 
and the publication of t l~em has been broiigl~t up to dntc. T l ~ c  usefuluess of these 
tables is shown by the largely incre:rscd dctn;uld for copies of t l~em.  

(9.) The main l e v e l i ~ ~ g  operations of the G. T. Survey llare bccn carrier1 on 
accordin: to Colonel 1V;lllter's origiu:~l d e s i y ~  ; 

Levclbig opcrntions. t l ~ e y  welt t;~l<en ul) for t l ~ c  I'nrposc of rcdncl l~g 
all t l ~ e  levels determined by otlrcr Ddl)arl~nout.: tlrro~t;lrorlt [~lcl i<~ Lo orte ( l ; ~ t ~ ~ n i ,  wit11 
a view to ~ n n l ; i ~ ~ f i  t l~cni (rc~~cr:~ll .y usefr~l for Iierv i i l '~ . i~ ;~ t io~l .  ~.:~iI\v;iy, :i1rt1 other pro- 
jects for pu1)lic \vorlrs. 'I'l~c nllrllerons lines of lercls exccnto~l :dl over t l ~ e  country 
h:ivit~g I~itllcrto Occn all 1,rtt ~ ~ s e l c ~ ~ s  for a~lgtl~ittg. 011t t l~c i r  ol.iqir~;~l pr11-pnse. p:~rtly 
owilrg to tltcir ir~:~cccssibility, and to igno~.:i~rcc : ~ s  to their esistc~lce, brit still Inore 
because t l ~ c y  \\,ere nll ill dirforent t c r~us  :11i(1 not rcfo~.red to : I I I ~  C O I ~ I I ~ O I ~  datum 
sucli as would cn:iblc an officer to use uric set irl colubi~iatio~l wit11 ntiotllcr. 

(10.) Owin: to t l ~ c  financi:~l rctlnclions the prqjcctcrl lcreling operations 
in the Bombay I'l.csi,lc~lcy 11;~vc ncccss;~rily I>c.c~l snsl)cnclctl. bnt ns soon as an offi- 
cer is ng:lin :~\r:lil;~l,lc fi)r tlie I J I I ~ I J O S P .  :L 1>ro]~osition f ; ~ r  tltt'ir r ~ s ~ l t ~ ~ l ) t i o n  will be 
s ~ ~ l ) ~ n i t t c ~ l  to Qovcr~n11lc11t ns t l ~ c  11oct:ssity f'or cc j~r~~cct i~rq  the nrunerorls sep :~r i~ te  sets 
of levels t l ~ : ~ t  llnvc bccrr c~uecntcrl i l l  13o11ll):1-j 11:~s l)ccotn:, still Inore III-gent, tlie 
Il,rig:~tioll Del):~rtlrlcl~lt I)ei~~,y C S ~ ~ C C ~ : I I I ~  allsiorls to avail then~sclves of then1 in a 
co~nbillecl s l~a l )e  both for new l)rojccts and estcusions of old oues. 

(11.) Tlie incasurcs prcscl.il)c~l by tlrc Gorcrnment of Tllrlia for the protec- 
ti011 of' tlrc ~) t inc ip :~ l  st:~tions of oGserv:~tion I ~ a v e  

rrrqrrmlion or Stnt~ons. ljccti (1iligc.11tly cnrt.iccl out :uid are now pro- 
.vressinq sati~f;~ctorily. The import:tllce of I l~c+e rnccisul.es w:is 110t generally nppre- 
ci:ltctl : ~ t  lirst : r ~ ~ t l  evvn now it ]nay I)c n s  ~voll to  reitcr,~te Ilcrc, t l~nt  t,lre entire b:leis 
not orrly for all l)i.cuc~l t srlr\ltlgs l)ut, :ll.:o for a l l  fi1tur.c snrvey.; clt~l1e11~13 upou tlle ciEci- 
cnt l>rotcction of tllcut! national lar?dmnrlru: if tLcy arc licl>t iu l>rdscrvation the geogra- 



$ 1 ~  of India may be said to rest on a permanent foundation, and a t  any future time 
~t mill be possible to supply accurate bases for new surveys on as large a scale as 
the value of the land at  the time may demand. 

(12.) The measures for the better protection of the marks of the G. T. 
Srlrvey mere first sanctioned in 1865 ; a t  that time there were about 2,600 principal 
stations scattered over 325 districts of India. A t  first the work necessarily 
proceeded very slowly, the labour involved in preparing lists and descriptions of the 
stations in each district being in itself very great and the .information having to 
be compiled from numerous manuscript books ; this labour was moreover much in- 
creased by the fjct tliat during the last forty years the boundaries and sometimes 
even tlle names of districts have in many cases been altered, thus rendering i t  a 
very dificult matter to find out what local authority should be addressed regarding 
them. 

(13.) The lists with the necessary instructions were issued as prepared but 
owing to various causes it was some time before much progress could be made, the 
district officers not at  first quite understanding what was required, and naturally 
]laving some clifficulty in finding the mar t s  which were built many years ago. 
Gradually however the proper means for secnring what is required have been elabo- 
ratecl and t l ~ e  worli has each year progressed more 'rapiclly and i t  is now a more 
simple matter to get any inclividual tower or station attended to. Instructions, lists 
and letters have  been ~ r i n t e d  in such a form as is likely to meet any ordinary case. 

(11.) During the period l8G5 to 1870, about 650 stations ~ca t te red  over 9 1  

Progcss  in tllc measures for protection. 
districts were repaired and talren over by the 
local authorities, and during the year 1850-71 

now uncler review, the progress has been very satisfactory,-no less than 790 other 
stations 11aving been similarly treated in 109 new districts. Still further progress 
might pcrllaps have been n ~ a d e  had i t  not been for some misapprellensions on the 
part ot' tlic :\uttiorities of Kornbay, Madras, and of the Indore Agency where there 
is still a large nuiiiber of stations that have not been protected. 

(15.) Every endeavour is being made to complete tlle protection of the re- 
mailling stations a11d i t  is hoped that the greater part of them will be placed beyorid 
the d n l ~ ~ e r  of o r d i ~ ~ a r y  accidents mitllin the next 3 years, and this once done, there 
will only remain t l ~ e  important duty of niai~~tnitiing the stations in repair, which 
t h o l ~ ~ l i  laborious will t l ~ e n  be within a reason:iLle compass ancl be in the main pro- 
vidccl for by the annllal returns. A s  a &enera1 rule the District Officers llave exhi- 
I~itccl a yery Inud:~Llc zeal in doing w l ~ a t  is reclnirecl, most of them appreciating its 
impol.taace as soon as the subjcct was brongl~t  to t l~e i r  notice, but there have, I re- 
gret to say, been some cases wllere it 11ns not been sb ; in one case a gentlcinnn I I : ~  
been illlowe(1 to I~nilcl a l~ouse  over a mwli, ancl in anotlier case reported within tho 
last ~nonth.  :t Ilistrict Olficer 1i:1tl act11:illy a(1:tptecl a Trigonometricnl Tower to the 
purposes of' a loc:il F i ~ i r  of' \vlric:li it scems to llnve been made the central buildi~lg 
by Iile:lus of r :~~. io~ls  n;ltlitious of' l ~ i u  otvri, R I I ~  it is not yet kriown wl~etllcr 
ally perr11:111ent c1nlna;c llas l~eeri done ; in ar~otlier the upper mark-stone origin:tlly 
hol,izo~~tal was f;)l111(1 to 1)e pet vertically in n nei;l~l,ouri~~g wall ; some had been 
altogctl~er  lulled do\v11 ar~rl so on. 'l'lrese cases of Vandalisnl and tlie fact that one 
District Ollicer II ; IS  nctlinlly exprcssc~l ( i ~ i \ v r i t i ~ ~ g )  l ~ i s  i1icnpa1)ility of' seeing any 
use iu s ~ ~ r l i  I : I I I ~ ~ - ~ I ~ ~ I ~ ~ ~ s  01. in(leec1 in tlefinecl boulli1:iries of any Irind, proves that it  
n7:is 11igl1 time to illstitr~te t l~ese  1ne:Isnres of protection, for tliougl~, owing to tho 
c.l-cnt c*;rre \ ~ l ~ i c l ~  fl.otli the very beginiling 11as been talten to preserve the Trigono- 
kietric:ll nlarks t l ~ c  nbsolutc loss of :L 1,oillt has, as fiir as our iuyuil-ics llave golle, 
very ~ x r e l y  OCCII~I-ctl .  get P I I C ~ I  ;iction Leirig poseiblc eveti among officials there was 
no s a ~ i l l g  how soon the losses 1nir11t llave been a~ltletl to, in spite of the invarinblo 
precn~~tion that I ~ a s  I~cen adol)tccl from the begin~iing of liaving a lower mark on tho 
rock i i i  s i l t ?  or buried untlcr the grou11c1 in adtlitian to tllc one or more upper marks 
that arc lefZ accessible for rcfereuce at each station. 

(16.) The handing over of the stations to the local authoritics has had ano- 
ther great advan tap  insonlllcli that an ofiicer wanting to rnalie use of any points in a 
given cli~trict car1 at once get the necessary infornlatiou regarcling t l~e i r  locality and 
has no difficulty in identifying them when assisted by the nativc officials who Lnvo 



immediate charge of them. This is fortunate, as requests to make use of tllc nlnrli~, 
both old and new, have very much increased within the last 2 or 3 years owing to 
the numerous projects for new public works. 

(17.) Wliile the earlier stations have been tlius dealt with, all modern 1nark.q 
(including. those of tliis year) have since lS(i5 

Modern atations. been officially handed over to the local ailtliori- 
ties as soon as they were established, n written receipt being taken and tlie Govcrn- 
ment orders for protecting them being clearly pointed out in each case. 'l'tlis 
precaution was not neglected formerly, but from being donc without Governmct~t 
authority it was rarely attended to, and tbe stations were often allowed to be wi l f i~ l l .~  
damaSed. The modern stations s h o ~ l d  consequently be free from tliis danger a l d  
only liable to the ordinary accidents arising from atnlospl~eric iuflrlcnces, flootls, 
land-slips &c., which i t  is hoped will be reduced to a minimum by tlie attenti011 of 
the local authorities. 

(18.) The alterations as to names and boundaries referred to above 111;iy 
in many cases have been necessary evils, but the exarninntio~i ancl colnparison of 
the old and new maps, which they have rendered necessary in this case, tent1 to 
prove that there lias often been undue haste in altering the ancient boallclnries 
of the country, the local autlioritics having someti~nes reverted to the origi11:~l 
and sometimes having tried 2 or 3 different arrangements before they me1.c: 
satisfied. In a geographical point of view these changes are very ol>jection,z- 
ble, but quite apart from that, the want of fixity in the more important bound;~ries 
must be a great evil both as regards fiscal and general measures. I t  would be :I 

great benefit if the Supreme Government mere to Insist upon these changes h i l l g  
limited to the very smallest amount and that they sliould only be permitted wheu 
the most urgent necessity for them has been proved. At present if enquiry was 
necessary into any question in which the districts &c., as arranged 40 years ago 
or  later was involved, the first thing required would be a map sho~ving the old 
names and boundsries in order to compare them with tlie new ; without it any ordi- 
nary inquirer would be utterly lost. Tlie preservation of the old names is ill nly 
opinion very important and all innovations should be very jealously matclied. 

(19.) An abstract of thc operations of the various Survey p? , r t' ies an(1 
Ofices is given below. Further details mill be found in the ApI~endices n-hidl 

selected extracts from the Narrative Reports of the Esccutive Officers iu- 
c]uding a letter by Colonel Walker regarding the meritorious services of the 1nt.e 
Captain J. P. Basevi, and my usual report on the Trans-Himalayan or Trans-Froll- 
tier which have as before been carried on under nly personal super- 
intcndence. 

T. G. MONTGORIERIE, MAJOR, R.E., 
0fg. Supdt. G~seat 2i.iyoaonzetricaE Survey of h d t u .  

No. I. -TRIGONOMETRICAL. 

(20.) The operations in this series were, owing to the fillancia1 reductions, 
co~ifined entirely to approxin1:~te operations wit11 

PE~SONNEL.  
a view to arrange for a junction \\-it11 the As- 

w. a. Bcrrrlrg, Esq11ll.c Aqqt. .411pcll. 2nd a m d c .  ~ a l n  Longitudinal Series ; tliis was satisfactorily Mr C. J Nel~nl lc ,  S l ~ r t c ~ o r  3rd Gin~lr .  
,, G. 11. Hnrrl,q, A B S ~ .  ~ ( l r v o j o r  181. Graclo, effected by MI.. Beverley before the close of 

the season, the approxi~nntc series haviur bee11 
L L 

eytendecl over n direct distance of GO miles by ?leans of a double series co&iRting 
of a double liesagon, R penti~gou ancl two q~lndrilater:tls. The final rays were cleared 
ulj to tlie sidc Naruingblinl;j to I'csllkarLliita and mere satisfactorily tested. Ten 
tonrcrs were coustr~~ctetl  arld t l ~ e  approximate series, though not complete througllout 
its length, is in sllcll a state as to preveut any delay when tlie final observa- 
tions are taken up. Tho remainder will be finished during the ensuing season. 



(21. The selection of suitable stations in  such jungle-clad ground was 
more especially difficult because the triangulation has to span the broad expanse 
of the Brahmaputra. 

THE ASSBBf VALLEY TRTANGtULATION(0R EASTERN FRONTIER SERIES). 

(22.) The Eastern Frontier series operations in British Burmah were sus- 
pended owing to the financial reductions, and the officer in charge, Mr. Rossenrode, 
was directed to talre ellarge of the operations in Assam which were more urgently 
required. The Assam triangulation was taken up somewhat out of its turn with a view 

PERSONNEL. to supply points for the Revenue Survey opera- 
W. C. Rosamroae, Esq. D ~ I ) Y .  Sllpdt. 3rd amde. tions which had been commenced at a very great 
Mr. IT. J. O'dullivnn, Asst. Suurcyor 2nd  Cfrnde. 
,, C. Bryson, ht. Surreyor 3rd Qmde. distance from the Trigonometrical work. 

(33.) The progress in Assam has been necessarily somewhat slow owing 
to the nature of the country and ~ a r i o u s  other causes. The great breadth of the flat 
portion of the valley is in itself very disadvantageous to tr~angulation, and this is 
made still worse by the rivers being lined with belts of trees arid by the whole 
country being covered with a dense jungle grass growing to a height of 12 feet and 
upwards. The atmosphere moreover from Janu:try to April- that is during tlie 
best part of the field season-is rendered so thick from the systematic burning of the 
grass that even the luminous signals used (viz. the heliotropes and lamps) are not 
sufficient to penetrate it except immediately after a shower of rain. The smoke for 
weeks at a time hangs over the valley like a pall and prevents the stations from 
being mutually visible. At  one point the officer in charge was actually detained 
6 weeks before he could get his observations. This was partly owing to the great 
length of the rays which in future will be somewhat diminished, bearing in mind 
that the length cannot be very much di~ninishcd without greatly increasing the 
number of stations. The triangulator in such a country has a difficult task wheu 
trying to hit off the length that is likely to allow his work to advance most rapiclly. 

(24.) The general want of roacls or even of paths in Assam has been another 
great hindrance, the crossing of the great rivers Inoreover prevents rapicl travelling 
and the surveyor who had finished his observntioris at one station at tlie beginning 
of a break of clear weather generally found that it was impossible to reach his ncxt 
station before the atmosphere had got thiclr again. To t l~ese physical difliculties were 
superadded those arising from the climate, and finally from the nnlnbers of wild 
animals that abouncl throughout t,he country. Tlic whole p;rrty snl'ferecl from fever 
and was at times plagued with tlie bites of flies, ticlis : ~ n d  Icechcs. The Naqn fly 
being more especiallv trying, its bite inflaming the lirnbs and lcaving an ulceratcd 
sore that was very difficult to heal. 

(25.) The numbers of elephants and tigers made tlie l n o v i n ~  of slnnll numhers 
of men vcry hazardous, and the signal parties were not even safe In their bnts; ovcr 
an11 over again the men were ohligctl to t;~lit: refuge in n large trec mhicl~ was alwn,ys 
left staucli~ig near the station for that purpose. 'rile elephants were more esp,xi;~lly 
miscliievous as they generally pulled the huts to pieces. The mcu liad Inany narrow 
escapes but fortunately no lives were lost. 

(86.) Xot n little trouble was entailed by thc' party having to clenl with the 
Nnga tribe, throng11 whose country part of the work mas carried ; special arrange- 
ments had to be made for supplying provisions. 

(27.) Tlie officer in c l~n l .~c  ancl every one of the party had, owing to the 
difficulty of carriage, to qive up their tcnts and tulte to temporary grass huts which 
were run u p  at evcry st:~ge. 

(213.) T l ~ e  party hat1 in fact cvc1.y possible difficulty to cnntend aqain~t ,  bnt 
notmitl~stnnclin,~ tlris thc scrics was n~lv:tnce(l a, direct tlistance o f  S(i miles, an(l t l i i ~  
prugress is, considerilig the abovc ci~.cu~nstnnces, crcditallu to Ur. Itossenrodc tvllo 



exerted himself to the utmost. The principal triangulation covers an area of 2,111 
square miles. 

(29.) During the ensuing season the triangulirtion will be pushed still further 
up the valley; extra precautions httve been taken as to preserving the health of tho 
party, proper clothing and gloves having been provided so as to protect the skin as  
far as possible from insects &c. Muskets I~ave  been indented for to assist in driving 
away the wild animals, and i t  is,hoped that the party will not be so much harassed 
as in tlle previous season. 

(30.) The party will bc strengthened as far as possible and arrangements 
have been made to secure a larger number of secondary points in the new work, and 
to add to the number in the old work where there is a scarcity of them. 

THE BIDER LORGITUDINAL SERIES, ON PARALLEL 15". 

(31.) The operations on this series were commenced by i\4r. Shelverton with 
P~nsonnc~. his usual energy. Aw:tre of the unhealthiness 

George Sllrlrcrton, Esq., Depy. S~lpdt. 3rd Qradc. 
of the tract he did not leave quarters till tlie 7th 

IT. Bcvrrlry, E S ~ . ,  AS+. Surtcyor 2nd Grarle. of January, he then proceeded in person to se- 
Mr. P. BCI~.  Ase~stnnt  S ~ I I T ~ ~ O I .  ' I ~ I I  G P I ~ C  lect the stations required in order to make n ,, 1. P. Wr~ron, Asrlstnnt Survcyor 3rd Qmdc. sntisf:tctory junction with the Coast Series. This 
he succeeded in doing after a good deal of trouble. Having done this he rnarclled to 
Singamaran1 Station and tllere took observntions for Azimuth on t l ~ e  completion of 
which he commencecl t,l~c Principal observatio~~s and had finished one station when 
he  was seized by a violent attuck of fever wllich u~ifortunately carried him off a few 
days afterwards. 

(32.) Rir Sllelverton, as noticed in the report of last year, 1:ad suffered from 
a very severe nttaclr of fever from wllich he mas supposed to have recoverer] ; there 
i s  now howevcr very little doubt but that his health was far from being good wlicn 
the time for going camp came round ngnin, but no oue about 11i1ll seems to have 
known in wl~a t  a very unsatisfactory state of liealtll he was. H e  had ollly been in  
camp 17 days wlien lle 18:~s again attnclted with fever and frorn his diary it :Lpge:trs 
that from that time till his dcath he never s \~ook  the fever off; his death took place 
on the 26th Febrnnry at the village of Arlrur, about 40 nliles from the small civil 
station of Doomxqr~dialn on the Godsvery River. H i s  remains were carried to 
Doomagudiam and brlried thcre. 

(33.) In reporting to Government this mrl:rncl~oly occurrence I have alrcatly 
dwelt on the meritorious and ctEcient scrviccs of Mr. Shelverton. His  devotion to hi* 
work W:LS very great, atid tliere is very little donbt but that i t  induced him to contiuue 
at  his post wllell lie ougllt to have talren a rest aud recruited his health. 

(34.) Mr. Sl~elvcrtnu, nner scrvinq in various parts of India, was promoted 
to the Senior Department in 1SG6 ; 11e held c11;lrge of the operations of the Gurhagarh 
Serics aucl carried the trinngnlation across the Bikaueer, Shekl~awati and Marwar 
deserts a direct distance of 414 miles. wllich 11e exccuted in tlie very short period 
of two and a Iinlf se:~sons. Slibscquently he toolr up the Jubbulpore Series the wl~ole 
of wliich he cxccr~tcd as well as the revision of a part of the Calcutta Longitudinal 
Series. I n  18GS Ile commenced the Bitler Longitudir~al Series upon wl~icli he was 
engaged nt the time of his cleatli. 111 all these operations Rlr. Sllelverton was most 
unccessful and the progress made by llim in sncli clil-licult and latterly in such un- 
healthy j i ro~~nd was highly crcclitnble to 11im. His untiring devotion to his worlr m:ty 
illdeed be said to have been tlic carise of his untimely death by which the Great 
Trigonometricnl Survey has suffered n very grc:~t loss. 

(35.) T l ~ e  f o l l o l ~ i n ~  extract from a despatch by His Grace thc Secretary of 
State to the Govern~ncnt of Intli;~. written on tlio receipt of my report of his death 
is a testimony as to t l ~ c  repr~t;~t ion nrl~ich he had establisl~ecl for himself beyond 
this department wlrert? I I ~  11-a~ 11oltl in great respect by all who had worltc~l with 
him. Extract.-66 Blr. SLel\.crtou with a noble clevotiou to duty, remained too long 



"at his post in spite of the fever which had once already prostrated himself and 
b b  had killed several of his men. I am concerned to hear that this accomplished 
4 b  survcyor whose name is connected with several important operations in the 
b b  previous l~istory of the Survey has, since the date of Colonel Walker's report, 

fallen a victim to his zeal for the public service." 

(36.) Colonel Walker thinking that he, Mr. Shelverton, might possibly re- 
quire some additional aid, appointed Mr. H. Beverley, one of the senior Sdrveyors to 
the party with a view to assist Mr. Shelverton in the final operations should he at any 
time require n relief. Mr. Beverley was however employed at a distance froin the 
Head Quarters' camp, hlr. Shelverton apparently not anticipating any probability of 
requiring assistance, and i t  was consequently impossible for Mr. Beverley to reach 
the Head Quarters' camp until nearly a month after Mr. Shelverton's death. 

(37.) Mr. Beverley was directed by me to proceed with the Principal obser- 
vations, and this he did to my entire satisfaction. The main series, owing to the ne- 
cessary delay before Mr. Beverley could join, was only advanced 37 miles covering 
an area of 753 square miles. The preliminary oyerations extended over a direct 
distance of 144 miles involving the-clearing of forest from 10 hill tops and the 
making of 100 miles of pathway through dense forest and jungle. The secondary 
work covers an area of 314 square miles by which 20 points were fixed. 

(38.) Considering the critical circumstances and the way in which Mr. Be- 
verley was suddenly called upon to take charge and the difficulty of carrying out 
the plans of another with which it was impossible for him to be fully acquainted, i t  
is highly creditable to Mr. Beverley that he made such good progress. 

THE BELASPUR SERIES, ON MERIDlAN 82'. 

(30.) This series mas extended south a direct distance of 52 miles, giving 12 
PERSOXNEL. 

new principal stations. Owing to unfavorable 
weather and hazy atmosphere, Mr. Keelan was 

Keelan, Esq.3 OQ. D e 1 ~ .  Supdt. 2nd a r o d ~ .  unable to observe an azimuth of verification ; 
Mr. L. II. Clnrkc, Siureyor 31.d Ctrnde. 
.. H. E. T. Keebn. Surveror 4th Grade. this will be done during the ensuing season. 
;, H. Peycl~rrs, 13;i*unt 8uneyor 1.1 Grnclo. The trian plation is difficuli on this ,, A. Moore, Assiatnut Surreyor 4th Ctrudc. series, owing to dense fbrest and a good deal of 

level mound, requ i r in  towers on at least one flank. Stations have been selected in 
adva6e  for a diiect distance of 42 miles. 

(40.) The country traversed is one of the wildest parts of India, and the 
difficulties of moving about being great, the progress nlust necessarily be slow until 
the series reaches the hilly ground to the south wllicll it is hoped it may do after 
next field season. 

( I . )  Minor triangulation, covering an area of 504 square miles, was execu- 
ted, by which the position of the town of Belaspnr was fixed and also t l~a t  of the 
ancient city of Itatanpur, and a junction of the Bisrampur Minor series effected with 
a side of the principal triangulation. 

THE NOR'L'IIERN SECTION OF THE C,\?;GALORE hIERIDTONAL SETtTES. 

(4.3.) Lieutenant Itcgers in charge of this series 113s clurirlg the last season ad- 
vanced the triangulation a direct distancc of 

P ~ n s o s s ~ ~ .  160 miles with 16 new principal stations f'orm- 
Llrlltrnnnt 11, n'. Rnm-rn, R.*., 0%. Der~. ing one dollble polygon, one single polygon and 

S u ~ ) ( ' r ~ n t r r ~ ~ l r l ~ t  3rd Urudr. 
IIr.  \v. c I+,, ,. *.*I. Y ~ ~ ~ ~ ~ ~ , ~  cmclc. one liexngon, the whole coverir~a an area of 5,649 

,, J. B O I I ~ ,  L4~-t. S I I P T ( ~ T O P ' ~ ~ , I  (frn(lt.. 
,, C. l'. Torrcl~s, Aert. burrryor 4th Ctindle.  

srjuare milcs. Observations fl;r azimuth were 
taken at two stations and Cvlor~el Lambton's as- 

tronomical station st Namthabad was conllected with the principal triangulation. The 



ol~scrvations werc carried to about 20 iniles north of the Ristnall Rivcr. For about 
half of the season thc wc~rk was carried oil in tlle territorics of His  Richnew the 
Niznnl wl~osc officials gave all assistance that was required. The  approximate 
operntions fgr the ensuiug season have been advanced a direct distance of about 
60  ~niles.  The seconclary triangulation covcrs an area of 1,200 square miles by which, 
in  co~ubination wit11 tlie princil)nl stations, 63 points were fixed with 19 l~eights.  The  
11:lzy state of tllc atmospllcre during the last 11;~-t of tlie season impeded the work 
very 11iuc11 and a portion of the party suffered very severely from fever. In  spite of 
these hindrances very satisfactory progress has been made by Lieutenant Rogers. 

THE SOUTHERN SECTION OF THE BANGALORE hfERIDIONAL SERIES. 

(43.) This triangulation under Rlnjor Brnnfill was resumed as soon as the 

PEBSONNTL. district was reported to be healthy enough to  
work in:  the series was carried south for a 

M i o r  n. R. Drnnfill, Olk. n ~ .  Supclt. 2nd C+roclo. direct distance of 67 miles, covering an arqa of 31r. J nI~tl. l~rll ,  A w s t n n t  Surr r jor  1.t (frndr. 
,, 0.1~ .  N O ~ ~ I S ,  ,i..~.t,,~t S U ~ T ~ ~ O ~  2,1d G Y O ~ C .  1974 square miles. The Palnei mouutains 
9, C n l'ottcr, Assl4nl1t S l l r l r ~ o r  3rd al'n(1~. J V ~ ~ ~ C I ~  rise abruptly to 6,000 or 7,000 feet above E. W. Luaseron, Asst. Surrcyor 4th Grudc. 

the great plain of Coirnbatore liad to be crossed. 
During the previous season, this rugged, wild range had quite baffled the efforts of 
the surveyor in c l~arce  of the a ~ ~ ~ r o x i m a t e  work and 11e mas unable to lav out a " I I 

s;~tisfictory series for crossinrr. A t  the becinninc of the field season unher re- u " ‘, 
view a practicable sche~nc for crossing it was however devised with the assistance 
of Captain I-Terschel who had to visit a point in these mountains. This scheme was 
adopted and considerable progress mas made in carrying i t  out, but owing to bad 
weather and the excessive unllealtl~iness of the season, Mnjor Branfill was unable 
to  co~nplete it, the remaining portion will however be finished during the ensuing 
season. 

(44.) Though every precaution mas taken not to go into camp too soon, 
the whole party, both the Enropean and Native portions, suffered very severely from 
fever. Owing to rainy and cloudy wc:itber there was such a large amount of sick- 
ness that hfajor I3ra11iill latterly found t l~n t  nlost of his lnen were physically inca- 
pable of n~nrclling, as they had become so weak witli fever, and he was ultimately 
f'orccd to stop the main operations earlier tl~:in us11:~l in  order to send all the sick 
men into recess quarters, where it mias ~nnny  meelts befbre the mio r i t y  of them 
becanic convnlcscent-many of tlienl being still unfit for duty, months :ifterwards, 
a t  tlic tirnc of writing his report. 

(45.) As soon as Rlnjor Branfill found i t  impracticable, owing to tlie eick- 
ncss of llis mc~l .  to cnntil~nc tllc principal obscrv:ltions, he proceeded to set up a 
sclf-recristering ticlc g :~ugc  at 'J'uticvrili, wlicrc lic ~nnde  all t l ~ c  ncccssnry arrange- 

? 
mcnts for tnkil~fi t l ~ e  observations required to cletcr~iiinc inenu sca levcl for the use 
of t l ~ c  Trigonornctrict~l ant1 Tlc:vcling ope~.ntiolis. IIe then ~)roccedccl to complete 
soinc scconda1-y t r i : ~ ~ i ~ l ~ l : ~ t i o ~ i  i l l  tlie l't~111ei IIilIs ali(l n~l ly  rotnr~iccl to recess quarters 
011 tllc 3rtl of c J ~ ~ ~ ~ c .  'l'lle l,ril~c-ip:tl tri:uignlntion corers an area of 1,974 square 
lniles ovcr a clircct tlistarlcc of ti7 miles. 'l'llc ai ,urosi~~l:~te  oncrntions were estcilcled 

I I 

 bout 100 miles f r~ r t l~e r  s o ~ ~ t l ~ .  nlitl coni~)lct,c :~rrnnc.cllic~~ts 1;:~r.c Lccn nla(lc for the 
< ,  

cnsning season. 'l'lre scco11tl:lry tri:lninl:ltion co\.ers an ad~litiolinl area of 1,070 
~(1ii:~rc niilcs by ~vl~icl i ,  ill cn~nl~illution wit11 t l ~ c  l)ri~lcil~nl \\.orIi, S5 points with 34 
I ~ c i ~ l i t s  were 1i11;~lly d ~ ~ t c r ~ ~ i i l ~ c ( I .  I\I:4jor Ijr;ll~fill 11:~s ;iIso rvorkccl out his aneroid 
ol)scrv:~tious t;Llic~i cl~~rillo. 1 S(j!)-j'O, n11c1 f~.o~ri t11c11i 11:~s rcdncecl a most vnlnablc table 

P 
of I e l ~ t s .  IVlic~lcvcr it w:rs I)ossil)lc, l ~ i s  hciglits as dcterniined by the aneroid 
11nr.c 11clcli cornlxlrcd witli I~c ig l~ ts  tlcter~nitietl trigoiio~netricsIlp or by spirit leveling, 
a ~ i ( l  from tllc close way in \vllicll l ~ i s  n1ic1.oitl 11~'1g11ts : i gec  with tlie Ii~ttcr it rnay bc 
col~c. l~~(led flint tlic system a(lol1tcd sccrlrcs very goocl apl)rosi~n:~tc results wllicli will 
110 11s(\1'111 I)otl~ g:rco~,t.nl)l~icnlly : ~ r r t l  for goncr:~I l)ut.l)oc:cs ; giv i~ lg  as t l ~ c y  do a much 
l~ct tcr  itlw of t l ~ c  l ~ c l g l ~ t  of t l ~ c  conlitry in tl~:tt 1):~i-t tll:tli \VC Iiave ever Il;td before. 
Sonic of tltc ~ f lo~~ t~ ta i l i s  ntoreovcr, fixccl by tllc t r i ;~ng~~la t ic~n ,  mere fol~nd to rise 
frolll 5,000 to 7,550 fcct abovc t l ~ e  sea; inauy of thcsc arc uot evou i~~clicatcd on 



the existing maps, and the triangulation now executed will consequently be of great 
service hereafter .in enabling the ranges in  that direction to be properly delineated. 

THE SURVEY OF GUZERAT. 

(46.) Lieut.-Colonel Nasmyth held charge of this party during the recess 
but owiug to ill health he was forced to take 

PERSONNEL. fill-lough on sick certificate and Lieutenarlt 
Lid.-Colonel D. J. N ~ m ~ t h ,  R.E., O5g. ~fc'Cull;lgll was placed in temporary c l~arge  at 

1)rpllty Supcril~te~~dcilt 1st Orudr. 
J. R. B ~ ~ c ~ ~ , ~ ~ ~ , ~ ,  OK,,, Assistant the conlmeucement of' the field season. 

Sr~per~l~tel~dcnt 1st Ortl~lt.. 
Mr. A. D'So~lzn, Snrvc~or 3rd Grade. (47.) The trinngnlation in Guzernt was 
,, A. Cl~ri~t ie ,  i i s ~ t .  Yurrcpor 2nd Grnde. 
,, C. N~A'FCV,  ASS^. SU~VPJ.OP 211[1 Grade. continued and n portioli of tile t o p o g l ~ a p l ~ ~  was 
,, J. Hickic, Asst. Sur\ eyor 4th Grade. 

Do. 
coml~~encecl O I I  the points fixetl the l~revious year, ,, 0. cus3o11 Do. 

,, C. Gos11n DO. DO. su1)plemented by fresh poiiits fised during tile 
,, A. H. Brywn DO. DO. cu~.i.e~it season wliicl~ were computed out in the 

field. 

(48.) During the season. 534 square miles of the country mere surveyed 
and mapped on a scale of 2 inches tn the mile. The work of e;ich assist:int was 
carefully examined by Lieutenant blcCull:igli wllo scruti~lizecl on the ground n. large 
portion of each plane table sheet. Tlie Surveyors were m:ide to interchange ttieir 
plane tables from time to time. The  margins of the contiguous wot.1~ executed 
~ndependently mere found to agree very closely and the sketching generally was good 
and accurate. 

(43.) The triangulation, executed for the ensuing season's topographical 
work, covers and area of 841 square miles by whicli 310 points were fixed of 97 of 
which the Iieig:-l.~ts have also bee11 determined; of bour~dnry and check lines 47 miles 
were traversed with theodolites and chains. The  work of each of tlie Assistant 
Surveyors engaged on the triangulalion was twice inspected during the season. 

(60.) A large portion of tlre members of this party being new to the work, 
much of the time of the officer in cl1:irjie was nccess;irily devotetl to instructing 
them ; as they have now gained consiclernble experience iu every lri~id of g:ound, 
and as a large a lno~l~l t  of t r i a ~ i g ~ ~ l a t i o ~ i  11:~s bee11 prepitred, a good out-t11l.n of topo- 
gr:~phical work may be ant i~ipnt~ed next year, but tlio nature of the c o ~ n t r y  is such 
that very rapid progress cannot be expected as yet. 

(51.) Guzerat is one of the ricliest and most fertile provinces of Western 
I n d i a ;  the roads are narrow, tol-tnous mid bounded by lligti l l c d ~ e s ;  rich crops 
cover the fields and in parts the orcllarcls uf fruit trees almost forln forests. Every 
avail:lble piece of Inrid is cultivated; cotton is exterisively grown ; bitjt.;~, b:trley, 
wl~ent  and jowari are the chief prodnctions with sugarcane, castor oil and tobacco 
in smaller proportions, rice beiug ouly gromu in n few places. 

(52.) Some further evidence as to tlie encroachment of tlie see has been 
gathered ; in one part the tide is sni(1 to flow 14 miles f'r~rtller inlitlit1 than it did 20 
years ago, and a light mast had to be remnvccl in collscquence as it 11nd been re- , . pe:ttedly washed clown. 1 he spring tide rnoreovcr mnshes over 1:ind dcmarcatccl by 
the Itcvenlie Survey as arable 1:ind so 1:ttely a s  18 66. Thong11 not altogetlicr cori- 
clusive, tltcse latter tcnd to prove t1l:it thc Gulf of Ca111bay 1s cncroaclung on the 
land in this clircction as well as farther noi.Lll. Tlle extent of this cncroncllruent 
will hereafter be carefully ascertnincd by lllcnns of tlie ti(l:~l ol)s~rv:itio11s in con- 
nection with the beijil~ts of the Trigonometric :il Survey whicli arc to bc carried on 
in this part of the coast and to the north near t\ic R n n n  of Cntch kc. ,  ml~ere  i t  is 
snpposed that there ltas heen an actual subsi(1ence of t l ~ e  1n11cl goin7 on fix some 
time.-a very possible tiling, but necessarily dificult to doterri~illc decisively 
without accurate observatious. 

(53.) A farther attempt ha3 heen mntle to ntilisc the topogral)l~ical details 
of the Guzerat Rcve~lue Survey maps, but the reeult hae been as clisuppoi~ltiug ae 



in  former years, and I am afraid the only conclusion that can be arrived a t  ie that 
though these  naps have heen executed on the 1:wge scale of 16 inches to the mile, 
they are otily adapted for tlic Iteve~iue plirposes for wl~icli they were primarily un- 
dertaken, ancl carinot be utilised for combined topograpl~ical maps, even of the smallest 
scale. This is gl-eatly to be regretted as tlie maps do contain a large amount of detail 
and therk is evidence tlr:~t lrad tlie necessity for attendiug to the topography been 
impressed Inore strongly npon the Surveyors a very little farther worlc would have 
secured most valuable results of a general nature. On comparing the details of the 
Guzernt lievenue Survey ninps with the Trigonometrical inaps I have noticed close 
agreenient as to minor stre:~ms &c., ~vlrile tlie larger streams, formed by tlie corn- 
bitlation of' these minor streams, were not even indicated. This I understand arises 
from the fi~ct that a 1:irge watercourse is generally a village or other ljoundary, and 
tliat the Survey merely indic<ited it as :L bourldary taking IIO note as to whether it 
mas a ~vatercourse or not. Tlle same applies to other det:lils, topogri~pliy in fact 
havinq beell treated as a niinor consideration. 'I'l~i-: no doubt lias arisen frorn a wish 
to lwlace tlle cost of t l ~ e  Survey as inncli as posq~ble, bat it appears to me that 
greater :lttelrtion to these det:~ils and to nleiills for determining them accurately 
would havc I)ceu amply rep:lid by i~icrensed nccur:~cy even ill what is required for 
revenue purposes qr~i te  aprirt from w l ~ a t  ini$lt t l ~ e n  have been obtained for topo- 
g r :~p l i i~ :~ l  ili;t1)5 ; t ~ i ~ l  gerleral pnrposes : as ~t is, one cari~lot l~c lp  doubting wlletl~er 
sornetlrirlq 11:~s riot been sacrilice~l ever1 as r e q ~ r ( l s  I i ~ ~ v e r i ~ ~ e  purposes, the utility of 
an accar:~te conrrection betwecii bo~~rld~lr ies  :111[1 the rn;iiri topograp11ic:il fe:itures wonld 
a t  any r :~te  bz grcxt in 111:t!ly c:tses, ns in tlmt ( ~ f  a dispute wlien boundary marks 
have disappeared accitlentnlly or wilhilly. I intend to 11ave a farther exparinlent 
made witlr t,liese m:~ps in another part of ' the country as I am exceediugly loath to 
think that there is no portion that cannot be utilised. 

THE SURVEY OF BATTYWAR. 

(54.) This survey lias ma 

Lirutmxnt EI. Trottrr, R.E., OlTg. D r p ~ ~ t y  Su- 
prrintrnrl~bnt 2nd Qrnrl~.. 

J. ntcGill, Esqr. Assiutiint Suprrintcndent 2nd 
Qmde. 

Mr. W. Todd, Snrrrror 3rd Grnrlc. 
,, 0.  Anding, ~ w i z t r ~ n t  S11rrryor 1 s t  Grnclr. 
,, N. G w y n ~ ~ ? ,  As*i~t: l~lt  Snrrcyor 2nd Gr;~de. 
,, T. ~ r n r l r l l ,  As~i.it:u~t. S~~r\-r,vnr 21111 Grnclr. 

B. ,T. Connor, ds. ; i i l : i~~t.  S111.\-ryor 3rtI Gvn(l,*. 
" E. N. I V y a l t ,  Asrist:~nt. Snrvrj-or 31.11 Orr~dc.  :: W. ~ i c l & n ~ ,  Sssistnnt Snrrcyo~. 4111 Qr:rde. 

rde very aatisf;~ctory progress under Lieutenant 
Trotter. nud may now be said to be in fill1 opera- 
tion. 'l'lre co~ultry sm.veyed was of a very 
vnricd cl~ai-nctcr. the ~ ~ o r t h e r n  portion being 
mostly f l : ~  t alrd fertile while to tlre south low 
storry r i ( l g e s o c c ~ ~ ~ . r c d  wit11 fl:~t sljaces in  be- 
t ~ r c e ~ i .  g~*:~~lu: i l ly  Iire:lkir~g into a raviny tract 
to~vnrc l~  t l ~ c  ~lr11)es of' t l ~ o  mo~iut:rir~s of tlie Gir. 
A ~ ~ o r t i o u  of tlre Gir nrou~~t:~i l is  was surveyed 
at the Ocst t i ~ ~ i e  of tlrc Tc:tr, arid ns the country 
t l r c i ~ c : ~ l o ~ ~ t s  is vcrv n l~ l re :~ l t l~v  at other times a 

of it will be clone scason by scl:tson (11iri1i t l ~ c  1re:tltlr;est period until the 
wIlole area is surveyell. ' l l L . o ~ ~ q l ~  por,tio~is o f  t l ~ e  C O I I I I ~ I . , ~  ill this part of R:rttywar 
are very fertile :u~t l  well pol)rll;~tctl. otlrer l ) n ~ * t ~ i ~ ) r i s  :we still in sricll n wild st:rte as  
to form tllc li:t~irrt of t l ~ c  lio~~,-Iiiitty\v:~r beir~g one of tlre few places in ludia where 
that animal is n o ~ v  to bc f'oulid. 

( 55 . )  T l ~ e  ont-turn of t l ~ e  ficlll scnson 112s bccn 1.757 miles of topographicnl 
Rurvey on t l ~ c  sc:ile 2 inc.lr1.s to tile rlrilc, :111(1 :301 sqn;\re inilcs o ~ r  tlre scale of 1-inch 
to tllc mile. 1,icuten:111t 'J1r.nttcr i~~.!rc.r.tctl t , l~c n701,li of every p1:lne table repeatedly 
during tl)e Fcnsotr. ; L I I ( ~  f'o1111(1 1l1:if 11  I V : ~ S  : I C C I I ~ : L ~ C I ~  : I I I ~  s:ifisfi~ctorily done ; the work 
wns cllecl;c:(l in t l ~ c  I I S I I : ~ ~  ~ v : ~ y  :11,tI I)y IIIC~:III:: of' CjSl llliles of' traversing for boun- 

r .  
dnrics. clrecli lints kc .  111c lie\\, t ~ . i :~~ r ;~ i l~~ t ion  COVOI.S a11 area of 2,204 sqnare miles 
5 n f 6 w l ~ : t t  rcm:iins of t l ~ c  fi)rnicr seasou's work will provide ample points for the 
topob'ral~l~y of tlre cnsuiiig scason. 

(56.) Of the final maps, 11 shccts on the scnle of 2 inches to the mile were 
firr ~111)licntiori aiill also a 1)nrtion of' one on t l ~ e  1-inch scale, and the 

wllole of tlrc S el~ccts for~niriq a scl11:11.(: clcg~.ce lr:tve been redrawn for rerluction 
to tllc 1-i~icli scnlc for t l ~ o  .Itlils of' 1rrdi:t :urll gcncl.al purposes and llnve since been 
pllotoxilrc~r~~~al)l~e~l at Dol~ra. 'I'lie hill shadills and gcuerul execution of the lnaps 
&ow uous;clc~;lblc i ~ n l ) r o v ~ ~ u ~ u t .  



(57). I n  order to makc tlie maps morc generally useful to  tho nativcs of 
the country, I have autliorizcd an  espcriment to be made by publishiug 2 or 3 of 
the 1-incll maps with t l ~ e  names in tllc Guzeratee cliat-acter printed under those in 
English. Sl~ould t,liere be a demand for these maps, arrrungeinents will be made to do 
the saiuc for all maps turned out hereafber, and also to introduce i t  into new editions 
of the earlier maps when tliey are issued. 

HII\IALAPA.N SURVEYS IN ICUMIAON AND BRITISH GURHWAL. 

(55.) During the recess these operations mere under my own personal 

P E ~ S O S X ~ .  
charge. but just before t l ~ e  cominenceir~ent of 

JUnjor T. Q. nIontgomeric, R..E, Dcpnty Superin- 
the fielcl season they were transferred to Captain 

t r ~ ~ d e l l t  lst  Orai~r .  Tliuillier prcparatory to my  officiating for Colo- 
C U P ~ I L ~ I I  If. I(.. Ilil~illirr, R.E., 011g. Drpilty nel J+-alker as Superintendent. 

Superintend~nl l e t  Grudc. 
Liculrli~ir~t J. Ifill, R E., OIl'g. Dcputy Superin- 

te111le11t 3rd Grndc. (59.) Captain Thuillier started the party 
Nr. E C. R>:lll, Surrcror 1st Omde. 
,, J I'c! ton, 1)u. 21111 ,, in the field, but his health unfortunately was 
,, J .  Imn, I)O. 31.(~ ,, not sncll as to erlable l ~ i m  to stand the climate 
,, L. I'o(.ocIi, Asst. Surrejor 1st Grntlc. 
, H. I Do. 211~1 ,, of tlle Terai which is at n ~ o s t  times very mala- 
, . ~ n ,  DO. 3rti ,, rious, and where the party was working is 
,, E.Litclilicld, DO. 4th ,, alternately liable to dense fogs and strong wlnds. 

Finding t l ~ a t  he  was not :tble to carry on, Captain Thuillier applied for furlougtl 
under sick certificate and Lieutenant J. Hil l  was placed in the officiating charge. 

(60.) The operations of the season were confined to the Kosi Valley in order 
to carry out a survey ~vlliclr tlie Govcrrlment of India required I 6  to facilitate the in- 
vestigation into the pr:~cticability of' tlre construction of' a Railway np the Valley." 
As  t l ~ e  scale oldered, viz. 6 incl~es to tlrc mile, was much greater than usud  and as 
the survey was required for speci:~l pllrposes, it was necessary to make special arrange- 
ments as-in the 1tanil;lret Survey.( In  anticipation of this I l ~ a d  caused the whole of 
tlle trinngiilation to be prepared during tlle previous season, the topographers were 
therefore aLlc to conrlinence operations at once, and with the addition of some extra 
points in the lower portion they were able to carry on their work witllout in- 
terruption. 

(61.) The trinngnlation covers an area of 93,440 acres with 735 points and 
551 lleigl~ts, the latter Leing snpplemeritcd by 81 5 theodolite traverse heights and 
302 other llcigllts dctcrminecl 1)y approxilnate ~iietl~ocls in the field, making a total of 
3,GGS l ~ ~ i g l r t s .  'l'llis extra 11111nl~el. of Ilcigl~ts was necessary as t l ~ e  Goverrl~ncnt 
l~acl directecl that the levcls sllould be slro\v11 :tt varions parts of tllc v;~lley nlld thc 
nature of' tile ciiffs noted,-ol~jects wllich could orily Lc attained by niealis of a large 
nilnrLer of I~e ig l~ts .  'I'lrese l ~ e i g l ~ t s  were il~valunble guides to tlle topograpl~ers in 
laying clown their eye contour-lines in the fielcl. 

( 6  I n  the maps of tlle Kosi V:rllcy Survey, as in thosc of Rauikhet, 
certain co~ltonr-lilies ve~tic::~lly 300 fect apart ;we s11o~1i  by dottccl lines, arrcl the 
~ 1 1 n i l i 1 , ~  is etTectccl Ily ot1rc.r i~ r t e~~ l~n l ;~ t c~ t l  co~~toi~r- l i l ies  according to a sc:~lc of 
sl~ntle \\.liic.l) gives a \-ertic:ll i ~ i t c n  nl  of ;,Lout 15 f'eet between tllcm ; from tlrcse 
lnnc111i1.e~ an eirginee~. c:tn at olrce obt~lin a very good idea of' tllc slopes from n 
lr~cre inspection of thc maps. 

(6.3.) T l ~ c  slope of tlrc Iiosi Vnllcy along tllc barilrs of the I<osilla rivcr is 
no dnullt well witlri~l the niasin~iir~i grnclicl~t w11ic.h call Lc cconorfiic;~ll~ wo~~lcctl by 
I{nil\v:1!- locomotives. l:n~liniipgur, t,lrc ~)ro~)osccl connrncrlccrncht of t l ~ e  llill l<;lil- 
W : I ~  ;ll,ovc rct'erl.ct1 to. 11ci11g 1,200 fcct wlrilt: J:r~,j:~n t l ~ c  1,roposed ter~rlinns is 2,1385 
fect :tl~ove tli,: S C : ~  ; ~ n ( l  tlrc co111.sc of' t l ~ c  river Lct\vce~r tlroec ~)oirits Lcir~g al)ont 46 
milcs tlie average slol~e i~ I ( ~ S S  t11ar1 O I I C  1)cr 100 ;u~cl tlicrc is c ~ r ~ s c q ~ ~ c r l t l y  110 ~liffic111- 
ty as reg:rrds gi~:rrliellt and it ~ v o u l ~ l  11r1t even LC ncccse:uy to acll~crc vcry closely 
to tlrc r i ~ c r .  l ' l~ougli t l ~ c  becl c?f ~ l i c :  river is at suclr a lnotlernte slope, tlie valley 
i t sdf  is bolllided b?; lofty nlollntaills and the river llas cvcry hcre and tllcre to p:LsS 
tl~rougll rlurrow gorges with great cliffs often ritling to o thousand fect aud lip- 
wud6: above thc bed. 



(64.) The llppcr part of the ralley nndcr sllrvcy is gcncrally frcc from trces - i v  

and in the winter it Ii;~s n clcsolate aplw,\r:lncc allont it, Lut t l ~ c  luwer portion is dcnse- 4 

ly wooded atid t l ~ u  scenery is a l w n ~  h very pictnrcsclrle, tlro~iglr, as i l l  the IIiinnlnyas < 
generally, the river is so deep set that it is seltlolil to be sccrl as fonn.lrg n portion 2 

of the landscape, the valley rarely opening to an estrernc wiclth of two miles. 
h 

9 
Only those ~vllo have etr~izgled fro111 t l ~ e  pl:iir~s rrp tlre f i ~  st part of t11e course of one of > 
the larger llimalaynn rivers call Iiave ally iden of' tlie fhr1nic1:lble obstacles mhicll tlieir , ; 
bariks ~ ~ r e s e u t  just above the p o i ~ ~ t s  wlrere t l ~ e y  deboucl~ into tlre plains. Some 
faint idcn can perlinps be g:~ined by t l~ose wllo lrave loolced down from above into 

i 

\ 
the gorges of tlic Sutlcj ant1 other large rivers as to wli:~t room thcre is likely to  be 't 

for a. roadway, but tlie fact t l~n t  not olle of tlie larger rivers 11:ts n good road along p 
the  lower part of its course is in itself a proof tli:~t the bnn1,s are no'c generally s r~ch  ,j 
as to be selected for tlie purpose ; Iiad tlicy been so tliere is very little doubt but they o 

would have beell taken al l \ r ;~~it :~ge of for tlic purpose as they obviuusly supply the r 

easiest slope for a road illto tlre 1real.t of tllc u~ouutains. ;" 

(65.) The Icosi Valley is i n  fact dccp-cut likc all tlie lorvcr valleys of the 
Himalayas wliicll afford an exit for tlie rivers to tlre 1)l:~ins ; the mountains on either 

a 
side rise very e~tddeiily aud ttbrriptly froln the river, t l~ose to the south to the great $1 
altitude of 8,500 feet at a clista~rce of' only thrce miles from tlre river, while those to the  
nortli rise to 6500 feet at a p m p o r t i o ~ ~ : ~ t e  distallee. tlie bed of the river tl~creaboots 
being only about 2,300 feet;  hence the banks of tlie river are r ~ ~ q q e i l  in the extreme 
and in places tlre river r11:~y be said to run tl~rongll n c11:lsm in the nlonntaius formed 4; 
by tlle most gigantic precipices on ei t l~er  sitle ; arrd througilout t l ~ e  v:tllcy is cut u p  by 
the side drainage which i l l  tlle ~ ; L ~ I I S  p0111.s ~ O \ V I I  catar:~cts of water tlirouqll nn infil~ity \ 
of deep-cut ravines. Fortunately tlic bnlrlcs are not Fcl~erally eqrrally formic1;tble f 
on botli sides and by repeated briclging of tlre river ~t may be possil)lc to avoid a a 
portion of the worst obst,:~cles ; there will Lo~vercr  still r e ~ n : ~ i ~ i  n 1;irge ;imou~rt of rock Y .' 
work itlong precipices, alid a very heavy a ~ n o ~ ~ n t  of b r i d z i ~ ~ g  for the cross-dr:ii~~age. J" l' 9 

Tliese however corilcl no doubt be provitlud for as far as n narrow-g:tllge r ;~i lway & 
is  concerned, but in my opi~iiou the sitle r:~vi~res wliicli deeply inclcl~t t l ~ e  slopes of 
the rnonntnins will prove tlie nlost difficult to deal with tliey wor~ld uecess:irily 

unless they are greatly di~nini.;lie,l and str,~iyllteuccl Ly using vi :~~lucts  extensively. 
involve such a llu~llber of very s11:~rl) s l~or t  curves nu to be ;~lmost ulllit for a rai1w:~y 

Ample material for duiug this clic:~ply ~ i o  clort0t exists in t l ~ c  t ~ n i ' ) > l -  forests around, 
and I am hopeful tlint n jndicious cornbin:ltio~i of timber wit11 111 L- b~iry n~ i ( l  iron lnny 
be devised suited for the purpose nud at thc s a ~ l ~ e  ti111e s~lcli  to 1): side fi.om white "$ { 
ants wliicll co~itii ir~c tlicir ravages up to altitlides above tl~:lt  of 1:11~j:~n. fur tllorlgll , 4 these pests Il,tve ~ i o t  been noticed by nle al)ove 4,000 feet iu tllese l c~ t i t n~ lc s  tllcy '3 are very destructive :rt all :~ltitudes up to 3,500 feet aucl will cousequeutly have to Lo 31 
very carefill ly gu:uded ngitiust. d *  

(66.) A single line of narrow-gauge railway I undcrstnnd only rcquires n ! 7 I* roadway of al)o~it 12 fect ill widtli nnd if t l ~ : ~ t  be corrcct I nrlz liopeful tlint it lnny be P 
possihle to cuustruet suelr a l iue a l m s  the lCosi at a cost which the objects in  view may 'fL( 
justify. 

4- I 
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(67.) Tlie fact that all roads nnil   no st pntlwnyr into the mountains have ,$ $ Y 3 -- 
hitherto :~voi(lc(l tlic hecls of' tlic r ivers~ nX€Zlecn Inore or less to tlie 
gests tlic q~~es t ion  as to wllcllrcr :t s in~i l :~r  line 11ii~11t not he G 
may, and before c o ~ u i ~ i g  to a co~lclnsion it ~vorlltl 1)c as ~vcl l  tn 
betrnce~l I t : u n ~ l n q ~ u r  ;ul(l lt:l~riltliet wit11 n view to see ~ v l ~ e t l ~ e r  sr~cli n line 
bc I x c f ~ ~ ~ ~ : ~ l ~ I c .  'I'lre snrvcy ~r l~ i lc r  r.cview docs not cstcncl bc~-ond t l ~ c  b:lrilcs 
Kosi, but j n t l p j ~ ~ g  fioni our sct~lcr:~l 111:111s : ~ i i ~ l  t l ~ e  1i11c OF 
l lrnil~lret :IS iiotcd t l ~ c r c o ~ ~  ~ 1 1 1 c l i  at o l~cc  l(:ares the river ant1 t;~lccs to tlic ridge. i t  
ap l ' c ;~ r s t I~n t  C V C I I  the I ' I ~ ~ ~ I I X  $l-atli~.r~t 
c~i i tu~la l i l~o a ~ i d  it is i i s  I t  t111. r : ~ ( l i o ~ i t  for :t 
sl~nl.lwr C I I I - V ~ S  :l~lll am1 :I 1o11rrc'r l i ~ ~ c  :ltr(l I an1 
mucll ~vo~il t l  I)(. g : i i~~o( l  1)y : I ( ~ I I ( > I . ~ I I ~  close to 
liue betwcc111 i t  : I I I I ~  t l ~ c  vivcl.. I 11:lve 
with tlris sl~c~c~i:il ol!jcct i l l  v i c ~ v  :11111 c o r i s ~ ( ] ~ ~ ~ n t l y  n~ily olfcr t l ~ c  nl)ovc remarlrs from 
g ~ i l ~ . n I  ollsc~.v:rtio~~. bnt oite l l~ iny  is ol)\-iur~s. vis.. t11;tt a qcc i a l  line lenvil~g the ; 
rivcr aucl ruuniug along or I I C L L ~  1Lu riclgc to ltailikl~ct will ouly serve as s line t o  \ .. t 
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R;rnikhet itself, whereas a line runiling along the river to Bujan will thereby ar- 
rive at a point w11ich will serve not only Itanikhct, but Nyneetall and Almorah ; 
an extension rail tolerably close to tlle latter town and a branch to the Hamgarli iron 
works would moreover then be clriite feasible projects and the railway would really 
tap n-hatever proclnce the province of IClunaon and the higher mountains beyolld 
have to scud tb the plains. Himalayan borax for instance n11ght perhaps be thereby 
sufficiently cheapened and stimulated to take an important place in the English 
market, where it has hitherto been unable to contend with the Tuscan borax in spite 
of the great and increasing denlarld f'or the English potteries which have to depend 
practically on that one source of supply which is a monopoly. I n  the great 'Jibe- 
tan plateaux above Kumaon, borax exists to an unlimited extent and is to be had 
for the digging ; at  present a small amount finds its way to the Ramnuggur koras 
pans ; a v2ry ?light stimnlus might develope a large trade there and supply not only 
England but Europe generally as well as India which no donbt will require more 
year by year for native manufacture, for as  the demand far pottery increases among 
the lowcr classes it is hardly likely to be supplied by any thing but that which is 
made in the country itself. 

(6s.) A t  my request, Lieut. J. Hil l  R.E., has made careful notes as to what 
he  thought would be the best line for a railway along the Kosi, and his conclusions 
will be found in  the Appendix. Notes as  to the nature of the various ciiffs met 
with, as well as  of the ground generally have been recorded and 1 think that with 
the aid of the maps an engineer will have little difficulty in coming to a decision 
as to the best line. 

(G9.) The topographical surveying on the 6-inch to the mile scale covers 
an area of 60,027 acres in the course of which 5,882 points were fixed either by the 
plane-table or by ~ r i sma t i c  compass traverse being about 1 point to every 10 acres 
or 64 per square mile, which are ample to define all the incidents of the ground that 
could be shown 011 the scale. 'She work of each assistant was carefully examilled 
by Lieutenant Hill, the details being tested in the usual way and in addition a rigorous 
theodolite traverse being carried thrcugh the entire leugth of the Survey ~vhich  
served not only to bind the whole work together and give a great number of valu- 
able heights but acted also as  ari efficient cl~ecb on the accuracy of the work of the 
surveyors. The topographical morlc mas in all cases found to be well done. The 
drawing of the fair sheets is all that can bc desired both as to the hill shading ,and 
general finish. The execution of the Survey does great crcdit to Lieutenant Hill 
and the surveyors employed in carrying it out and it is l~oped that the whole of the 
sheets will be ready f'or publication by the end of tllis year. 

(70.) The Ranilchet and Rosi Valley Surveys form complcte specimens of 
what can be donc on the 12-inch and 6-inch scales to tlle mile respectively when 
maps are required showing all the inciderits of tlle ground. 

(71 .) The sheets includc the I<uc11 Gaclh ravine between Rilnilihet and the 
Kosi river at T3r!janY partly from thc Kosi Valloy Survey and partly from the Itnni- 
khet sheets wliicli were rednced to the same scale. Tlle :ltlditon of'tliis portion will 
enable a tleciuion to be come to as to npproacl~ing. Ranikliet either by cxtcnding the 
rail~vay from Bujm to Eolesur and tl~euct: rnalr~ng a road, or by rnl~lring a road 
throughout. 

LATITUDE OESEL~VI\TIONS ON TIIE hIET',IDILIN OF 78". 

(72.) Captain Rersc l~e l  Ilas contintled to talic observations with tho ncw . , 

PEREOZXFL. 
Zcnitli Scctor, and in spite of 11nf:lvorable mcn- 

Cnptnin .T Ilrr~rllrl. R F: , Offg. Drpllty stlp'r- ther was able to conlplete 15 st:tt,ions. T l ~ c  
111t~n11,mt l*t  C+T,L,I,.. ilicrcasccl progress mntle fully justifies Captain 

Blr. C f .  B v l v l ~ n n ~ ,  A.r*~*l:~nt Sltrrt.~or 1 s t  Ctrndc. l~Cl.bCLIC1'S estilnntc as to tile 
amount of work of the same orclcr that c;Ln be turllctl out by this rlerv i n s t r u m c t ~ t ~  
au colnparcrl wit11 the old nstroi~omic:~l circles. C;ll)tnin IIcl~scllel's f~irtlicr clx- 
perienco n-ilh this Zenith Sector has on tLc whole contirmccl his first in~prcssions as 
to  its ercellcnce. 



(73.) The 15 stations form 3 groups, two of these being to the south and 
one to the north of the previoi~s year's work, and are at  intervals of latitude from 
1" 18' to lo 48' from the neiglibonring groups. The groups consists of 4, 5, and 6 
stations ; the latter being at Cape Cornoriu where Captain Hcrschel thougl~t  i t  clesir- 
able to have more stations and more observations, as being the most important station 
to geodesists in India and one which must always be the extreme southern limit of 
our meridional arc. 

(74.) Tlie results deduced from the stations of two of these groups show only 
slight local deflection but the third group shows a startling inequality of the dis- 
turbing attraction; two of its stations which are only 63 m l e s  apart are separated 
b y  an apparent arc of amplitude as much as 3".1 less than is actually the case, there 
b e ~ n q  no visible cause of attraction wliich would be likely to alter it more than a 
fraction of a second. The locality of t,his group, as well as of the other two, 
having been selected in a position where the irregularities of the general surface 
appeared to be the snlallest and where the chances of local deflection were conse- 
cluently supposed to be the least. 

(75.) T l ~ e  resnlts give much additional evidence as to the great uncertainty 
of local att,raction within even suc l~  short distances as 4 or 5 miles, confirming the 
evidence of the well known instances observed near St. Petersburg, in the north of 
Scotland and elsewhere: and the resalts here referred to may be well worthy of the 
attention of those who study questions into which the variations of density in the 
crust of the earth enter. 

LATITUDE OBSERVATIONS ON TIIE MERIDIAN OF 76'. 

(76.) These operations were confined to a small amount of computing and 

PERSONNEL. 
other office y o r k  carried on under Lieutenant 

Lirntcnnnt II. T~ottrr, R.E., OlTg. Deputy Super- 
Trotter in addition to his other duties. The ob- 

I ~ I  I , I I I ~ C ~ ~  211~1 Grn~lc. eervations were suspended pending the arrival 
MI. J. I Y O O ~ ,  A&. SLI~TCSOI- 1st Grndc. of a new Zenith Sector and also partly in  con- 
s c q ~ ~ e n c e  of the absence of officers on furlough and of certain financial consider a t' ~ o n s  
wliich rendered it advisable. The observations will be resu~ned next field season by  
Captain Campbell, the expected Zenith Sector having already been safely landed a t  
I3omLay and conveyed to Yoonali wliere the necessary preparations for bringing it 
into use are now in progress. 

(77.) The early completion of this new Zenith Sector was a matter of great 
importance in order tlint :~nothcr field season might not be lost ; Colonel Walker con- 
s eq~~en t ly  o l t ; ~ i ~ i c d  pcrmiesion to place tlic services of Captain IV. hl. Campbell ILE., 
a t  the disposal of Co lo~~c l  Strange to assist llim in tlie film1 testing and examination 
of the new Zenith Sector and other iustr~inients intended for the G. T. Survey. 
Captain Camp1)ell was appoi~~tc(l  to do duty at Larrlbetll fi.0111 the expiration of his 
fnrlough and i l l  tllc Appet~tlix a c1et:~iletl nccoaut will bc found of the various matters 
in \vl~icl~ 11c assisted, S I I O W ~ I I ~  how well and fully occupied he mas whilst employcd 
in England. 

(78.) Tlie ncm Zcliitll Scctor was tlie first instrnmcnt to wliich nttcntion 
wns clircctetl as it was nrgcl~tly recluircd. 'l'liis iustrn~nent 11iid been constrnctcd by 
Mcssrs. Troi~gl~ton  a ~ ~ d  Sitnlus :ifter designs by Coloncl Strange, and is a sister 
inslr~unerit to tlic o ~ ~ c  wlricli C:~l~ta in  I I c ~ ~ s c l ~ c l  is 11sing. I'rofitilig by the experience 
wit11 t l ~ e  Ii~ttcr wl~ilc  i l l  actual use, sonle a1ter:~tions nucl additions have been ~ n a d e  
wlricli arc lilicly to add to the cficicncy of tlris 2nd Zenitli Sector. The difficulty 
in pnttir~g tlrc 1st onc togctlicr, owing to tlie great wciglit of t l ~ e  tclescope and fiector 
w l ~ i c l ~  had to bc put on i r i  one piccc, 11:ts bccn obviated in the 2nd by Colonel Strange's 
plan of taliing t l ~ c  tclcscope olT for trnvelling, a c11;inge ~vliicli has becn carried out 

r i  wit11 very grcat a(lv:~~ltagc. 1 lie 1le:iviest travelling case was thcreby dispensed with, 
t l ~ o  procc.ss of p n t t i ~ ~ g  togctl~cr ;111(1 L:~lii~~g i1ow11 wirx renderccl e:b,y nncl safe, having 
forn~crly bcen dangcroi~s, The packing c:lses were at thc same tinlo made as light a s  
tlicy cvulcl wcll LC. \C'hilst thu above alterations in packing &c., were being made, 



the opportlinity was talten to add to the instrument the means of chancing zero to the 
extent of 15", an arrangement suggested by Captain Herschel which IS llkely to add 
to the value of the instrument ; a more conveuient allcl reliable method mas also de- 
vised for taking tlie runs of the levels, and besides these various other minor 
alterations were made which arc liliely to be improvements. The instrument is now 
it is hoped as nearly perfect as  i t  well can be ancl ~ v i t h  its sister probably forms 
a pair far superior to any similar instruments owned by other Governments. 

(79.) Besides the Zenith Sector, the  following fine instruments have been 
constructed, viz :- 

2 Five-foot Transit Instruments, 
2 Chronographs, 
6 Relays with batteries &c., 
3 Astronomical Clocks, 

co~lpos ing  the double equipment for the Electro-Longitude observations which are  
to be carried out under the orders of the Government for  the purpose of finally de- 
termining the difference of longitude between Madras ancl Greerlwicll as well as the 
difference between various points in India, whereby it mill be possible to measure large 
arcs of longitude and to compare the results with the same as measured by the geodeti- 
cal operations of this Survey. The arc between Calcutta and ICaraclri, about 1,250 iniles 
in  length, has been already measured by our operations and in itself affords first-rate 
means for determining the figure of the earth in that parallel of latitude. A s  no such 
arc of longitude has yet been or is liliely hereafter to be measured so near the equa- 
tor, i t  ought to be peculiarly valuable in helping to solve tliis interesting question. 

(SO.) The whole of these instruments were carefully examined and fully 
tested by Colonel Strange and Captain Campbell under whose instructions such 
slight alterations as  seemed necessary were carried out. The fivc-foot Transit ins- 
t run~ents  possess several novel features, tlle most striking and important being the 
new system of levels which is fully described in Captain Campbell's report appended 
hereto, in which farther details will be found regarding them and the otlier instru- 
ments, and i t  is only necessary here to sttate that i t  is thougl~t  that the efficie ncy of 
the relays has been satisfactorily establisl~ed-an i~nportnilt matter as  the re];lys 
are the electrical instraments by means of wlrich a wealr electrical current arriving 
from x distant station is made to call into action arlotl~er strong current supplied by 
a local battcry in  order to make the mark on tlie chronograph. H a d  there been 
any appreciable retardation caused by the relays in colnniunicating from the weak 
to the strong current they would have Lcen coluparatively useless ; fortur~ntely the 
retardation lias been found to be inapprecinl~lc, and their sensitiveness lias been 
proved to be such that they acted wllen n current was too wealc to work the print- 
i n 5  instrument in regular use in the L ~ n r l o n  office of the Intlo-European Telegraph. 
I f  in actual practice the above proves to bu correct, it is obvious liow very greatly 
these instruments will fiicilitatc the accurate meas~~rernent  of lonq arcs of lo i~~i tndc . ,  
as  a curreut may by their Inearls he carriecl on fi-om point to p o ~ n t  without any ixp- 
precinble retardation. Colonel W:tllter has nlreatly tried the 13lectro-Longitride in- 
etruments in direct connection with Telreran and fourlcl them to work satisfactorily, 
and I am sanguine tllat they will be found to worlr ecln:~lly well liereafter wlicn 
brought into fhll operation, and tllnt the 1n11cll d iscu~scd  diffcrerice of longitlltle 
between Greenwich and JIaclras will bc finally determined in a way to bc beyond 
all dispute. 

(81.) While the above instrnments werc being tcstecl, two Transit Instru- 
ments of thc Russian Pnttc1.n were also cnrcfully cxal~~lr!etl, and I nccd liarrlly say 
that every endcavorlr n7as nlnclc to pcrfect tl~clil as far tlle expcriencc g:~ineci 
with t l ~ e  instniments for Intlia snygt.stec1. T l ~ e  I t l i s s i : ~ ~ ~  Govel.111ne11t h:rs ;~lw:lys 
been most nnsiol~s to co-opcr:ttc wltll the Govcl-irmcr~t of 111di:~ in geoclctical 
mattel-s. Tlrerc has for n1ntly years hccn a frec il~tcrcllnl~gc of i~lstrlllnontu 
between t l ~ e  Govel~nmcnts ; I nlny i~istnrlcc tllc case of o111, St:u~tlnrd 13:tr B tvlrich 
mas in ltllssin tl~iring tllc C~.ilnean canil~:~ign,  and still Iatcr tllc lE i~~s i :~n  pen- 
dulums wl~iclr wcrc lent to C:lpt:rin l3:1scvi n~lcl arc now in our Irnntls. 1 11ol)e 
this interc11ar1:e will cor~tir~nc, as its ol!ject, viz., to 11avc tllc R ~ i ~ s i a n  and 111- 
dinn geodcticr~l oycrrrtiolla in tllc snlllc turniu, is a inost ill~portant onc and sliould 



be formardcd to the utmost, even if the dream of Everest the father of Indian geo- 
desy cannut be cal-ricd out by conlplcting an arc from Cape Comorin to Nova Zernbla 
by oue unbroken clr:liu of t,riangles,-a clreanl mlricll llo~vever I hope may still be 
accomplished ; for nlreatly niy operntio~is in 1,:~dnk (Tibet) have provided two stations 
on the range north of the CI~:~ngclren~no in Lntittide 344" which arc connected 
directly wit11 Cape Comorin, nncl if the 1tussi:nls do t l~e i r  part by carrying their 
triangles down to t l ~ e  Tinnsli:ul range, now ulicler their dominion, tlrere will only re- 
main between us tlie broad valley of Eastern T~irliistan, some 400 miles, a compara- 
tively easy tasli physically, \vl~ich nl:ty hereafter be perhaps crossed without any  
great difficnl ty if the presel~t or any future ruler of l i a s l~ga r  and Yarkund proves 
to be sufliciently enlightened to perlrlit it. 

(82.) The Governmer~t of India has always been most ready to allow its 
officers to adopt all real in~provemeiits in scientific instruments for the use of i ts  
T~~ i~onomet r i ca l  S11rvey aricl has, orvinq to this liberal spirit, been in this respect i n  
advance of even the most cnliglrtei~cd Gove~.nments of Europe. Such was the case 
wit11 the great tl~codulitcs :IS ~vcl l  as in rrlnny otlier instances, and 1 thinlr i t  may 
now be fairly congratulated on the ncqiiisition of these sl~lendid instruments which 
show t l ~ a t  the Gorernmcnt of Intlin, wllilst mnliing material progress, is by no means 
indifferent to Iiiglicr claims, ;1nc1 is still carefill to maintain the reputation which i t  
has established as one of' t l ~ e  chief patrons :tud promoters of science. Tlie officers 
of tlie Great 'l'rigonomctrical Survey 11:~ve every reixson to be grateful for the liber- 
ality with wliicl~ t l~eec 1101)le irlstrn~rlents lrnvc l~een given to t l ~ i s  Department, and I 
feel certain they l111ly :~ppreciatc tlie coml)liluent that has thereby been paid to 
their esertions, ill its nincl~ as tlrey Ir:~ve been deemed worthy of still farther en- 
couragenlent by 1)1itci11g at tlreir dispmll the best iristrutnents which European 
scienccican prodlice; :i coml)li~ncnt w l ~ i c l ~  cannot fail to induce the officers to s t rain 
tllcn~selves if possible still farther in order to fully merit the confidence which has 
been placed in them. 

XO. XI1.-LEVELING OPERATIONS. 

DETERJZINATIONS OF ALTITUDE BY THE SPIRIT LEVEL. 

(83.) The leveling operations commenced i t  the point where those of 
Psnsoxs~r,.  

last year terirlinated in the station of Qoruck- 
c Lnno, E R ~  , nrlry S I I ~ I C I ~  211d G ~ W ~ P .  pore, nnci from t l r e~~ce  wcre carlied by the north- 
Mr. A. W. I ) o ~ ~ n c l l ~ .  S ~ ~ ~ t c y v r  Y I I I I  Gradn. c;lstcrll ru:ld by I'ipraitcll. Yarraona kc.  to Bet- 
ti;th. From I:ctti,ll~ tlrc 01)~'1':bti011~ \r7cr(: co~~ti l l~lct l  1)nSb tile 111ilit:lry out-post station 
of Soogowlec to  htotcclrnrce, hloz~lffc'fclpoor a ~ ~ r l  L).~rblrangn, En route various branch 
lines were lcvcllcd so :IS to itlc!u,le more st:rtiorrs of the N. E. Lougitl~dinal, the 
HUI iinong blcrit1ioll:ll Clrc~ltlw:~r hlcl.itliur~:ll Series of triangles. From Dar- 
blrnn,oa the ~ t l :~ in  lille \ v : ~  co~rtrnnc(l towiuds l'r~rlrcnll wit11 several branches to 
illclucIc tower etations of the So~.tIl l'nr.:~sllnth hleritlionnl Series ; subsequently the 

lirle was closccl for tlie sewon on :L G. 'l'. S, bencll-marl< embedded about half 
lleyolrd viII;lp of I';rrs:~rrn;t~r i l k  1rt:Lozn l':u.soni, where a Hindoo temple 

afforded a good peru~aueut testill:. lwint for future e s t e~~s iou .  

(84.) D111.ing tllc ficltl sc*~son 305 rnilcs of donl~le Icveling were completed 
indcpcndcntly I)y blr. llalle an,l l ~ i s  xssist:rut, l ~ y  nlcalrs of wllicll 9 l'rincipal Stations 
of tllis Survey n.cl.e collIIectctl, also 4 Irri: , . :~tio~~ b c n c l ~ - m ~ ~ ~ l i s  and 153 permanent 
marlrs of rcf'crcnc~c. \ V I I O S ~  I~c ig l~ ts  w i l l  t11crcl)y be iilrally determined and become 
avail:ll)lc for gc~~c rn l  purposce 01rc great river, t l ~ e  Gand:~lc or Naraiui, and 19 
s~nal ler  rivers 11:~tl to bc c~t~ossctl in t l ~ c  colirsc of tlre operations which added con- 
eidcr:~I,ly to tlrc 1:~bonr. ' ~ I I c  ~ n r t y  moreover snffcrccl from the cffects of the late cessa- 
tion of tIrc riiins o w i ~ ~ r  to rrlIricIr t11c cotintry was covcred with sheets of water till 
1:itc in tlle season. ndJin: a grc :~ t  dc:xl to their diflicrllty in carrying on the work and 
a t  the sarnc tilna causing n coirsidcrable o~ilou~it  of sic~cncss. 

(85 . )  Dnring tlro c n s u i n ~  scnson tho main line will be carried down to close 
circuit on n I)cnrIl-~rl:~~.li ncnr I',l~ngnlporc ; it will also be carried to the Sonakho- 

dn bnsc-1i11c \vIriclr it is an ol),jcct of great importance to connect; subsequently the 
line will bc carried soulh as far na the time avnilablc permits. 



.-. No. XII1.-GEODETIC. 

THE PEND CLUM OBSERVATIONS. 

(86.) During the recess Captain Basevi mas employed in calculating out his 
previous field season's observations and prepar- 

Psssoam~. ing the results for the press. H e  was in addi- 
Cnpt. J. P. Dnflevi, R.E. new. 81lpdt. 1st Cfmde. t ion nlucll occupied in experimenting as  to  the 
Mr. J. W. Macdougdl, A s t .  Survcyor 2nd Qrnde. best rneans for determining the temperature and 
pressure co-efficients for his Pendulum operations generally. Whilst arrangements 
for this mere in progress, he colnpared llis thermometers with a G. T. S. standard 
thermometer, and determined their zero errors. H e  then compared the scale for the  
Russian Pendulums witli certain portions of the G. T. Survey standard steel foot. 

(87.) I n  order 60 cletermine t112 corrections necessary to  be made to his 
Pendulum observations for pressnre arid temperature, tlie first object was to devise the 
most eficient lnetliocl of snstai~iing tlre te~nperature of the comparing room steadily 
at any required dey-ee up to 100". Afaer a great deal of labour and many ingenious ex- 
periments this ol?ject was most tlioronglily c<.~.riecl out ; aud filially a t  temperatures 
differing greatly from tlie n:itural te~nperatrtrc. the range during 24 hours did not 
exceed 2" Fahrenheit. Having ~nacle tliis sr1tisf:actory arrangement Captain Basevi 
columenced tlie necessary obscrvatio~is allrl carried tlieln on with such unre- 
mitting energy that in 44 montlis he hxcl clorie sufficient observing to have completed 
7 Peridulu~n stations or as mucli as he 1:ttterl.y dicl ill one season. I t  is difficult to  
give an adequate idea of' the great amomit ot'1:~bour which this involved even a t  natural 
temperatures, but when i t  is borne in mind that this work mas crlrriecl on day after 
day in a temperature artificially Iientecl u p  to 100' wliile the outside temperature 
mas but 50" Fahrenl~ei t  it may givc some faint iclea as to the hard strain that was 
put up011 Captain 13:~sevi's constitution by Iiis constant observing. The  neces- 
eary nurnber of observations having beer1 tdceri arid the experi~nents completed, 
Captain Basevi a t  ouce procecllerl to rri;~lce arrangzments to t:tlre the required 
observations in La11;tlc ancl Tilwt. H e  left I )cl l r ;~ on tlie 27th March and marched 
through the P u t i i ~ b  to I\ii:~n M\locr wllere hc tool< tlie nsnal : ~ ~ n o u t ~ t  of Pendulum ob- 
servations. Frolu Mian Jleer  he marclie11 tlirongll the ~ n o u ~ i t ; ~ i n s  to ICasllmir where 
he  made his final :~wangements for observiug in tlie lofty plateaux of Tibet. 

(8s.) I Ic  left I<aslrn~ir towar(1s the end of and crossing the main 
ridge of the Hiui:~lnvas by tlle Zojji-Ln p:~ss l.eacl~ecl Leh, tlie capital of Lnd:ik on 
the 9th of June.  F r ~ h  Leli 11e sent his assist:ult to tlle 11ortl1-east in order to recon- 
noitre for a suita1)le observil~g st:~tion in tl l :~t clirection, whilst lie Iii~nself went so~itll  
to  select n ~ t : ~ t i o n  on the lot'ty plateaux of l l~~l rs l ln .  Ruks l~u  is n very elevated dis- 
trict lying irnn~e~liatcly nortll of the wea t  1lirlii~l;iynn waterslled ; as a gerreral rule 
its lowest gio11ri11 m:~y be sirid to be c.000 feet :~bove tlle sea, t l ~ e  rci11:~ilrder r i s i~ lg  
from that nltit~itle to n ~ o r e  tl~nll 20,000 f'cct :~l)ovc tllc sen, bc i l~g  in f ; ~ t  one of tlio 
most elevated cor~lctries in tlie world, :tl)solutcly witl~olit i l l l l :~l~it;~lits ill tlle wiriter, 
owing to the ~ r e : i t  cold, :uld only occnl)iecl t l~iring t l ~ c  slllumcr lirot~tl~s by :L few caIi1ps 

1 1  of nomadic '1':trt:rrs clliefly e~np loyc~ l  in grazi~lg tlre HII:L\VI go:~t all11 y:~lts. l l iese 
Tartars witli t l~e i r  fl{)clis I-etire c:lrly to lower gl.oul~tl 011 t l ~ c  Il~tlus, nl~tl Zanskxr 
rivers. The plai~ls atit1 ~ n o n r ~ t a i ~ ~ s  ron~id t l~cln fi~rln the most b:irrel~, c1esol:tte-look- 
i ng  tracts t h t  i t  is possible to cor~ccive ; at a t l i s ta~~ce  eve11 tlre lower g r o ~ l ~ i d  ap- 
pears to be clestit~lte of veget:ltiou, all11 it is ollly on n closc es:in~ill;~tion t l ~ a t  ally 
sign is visible of the scanty coarse grass ou wl~iclr tlic goats a r ~ d  yalts f'ecd. Tlle 
slopes of the rnonntainu :ire gcncrally con~posccl of slringle witliout a sign of soil, 
and the 11-liole forrus a ~i iost  clrer~ry ~iioilotor~u~is 1nllclscnl)e. 

(Sl).) This rle~olatc tract can silly bc n l ~ p o a c l ~ e d  from Leli by the 
Takalung pass 18,060 feet in Iiciglit, at111 over t l ~ i s  C;ipt:~in Bixscvi harl to 
march with the \vl~olc of his camp, 1?(~111111lurns, k c .  'l'l~is p:rss wl~icli  I 
have crossed mysclf is I liliow a 11:lrticnl:11,ly t r y i l ~ g  o ~ i e  to 111ost 
perhaps partly from its co~iiillg on :I traveller froin Lrlli ratller s~itlclenly,- 
that is the t rnl~si t io~l  from motlcl,:~tely Ilisll gror111(1 to very Ilig11 g r o u ~ ( 1  being 
rapid, arld partly frorn t l ~ c  npcrlllcss of t l ~ o  (*111111try \~llicIl C \ ~ ) O S C S  evcly orie to the 
cuttirig wi~i(ls tlr:rt prcv:~il t l ~ r o ~ ~ ~ l ~ o u t  Ln11.1k; t l ~ c  s n d t l ~ ~ n  t l .~ i~s i t ion  pro1)nl)ly 
beingthe most actirc calls(:. as tllr.re is Iln (1011l)t t l ~n t  t l~osc w!lo I1:rvc b1:cri gr:icl~i- 
ally luurcd to l~igller and hi;;-l~or altitudes fccl tlic lnttcr less tliuu tlloso ~vLo  



come up to them sndclcnly. TJThatever may be the c a ~ s e ,  most people suffer very 
much, and t l~e rc  is no doubt t l~n t  Cnpt:lin 13:iscvi a11c1 :ill Iiis men iuclutling thoee of 
tlie count,ry who were wit11 I ~ i m  clicl so saf'fe~.; Ile particnlarly noted tlieir s~iffering 
from s l ~ o r t ~ ~ e s s  of brew91 and l~cnclacl~e as xvell as n clificulty in wallting more than 
a hundred yards at a time,-the usual effccts of these high altitudes. Captain 
Bnsevi does i ~ o t  dwcll nincli on these suffcri~~gs in his diary but t l ~ c  mere fact of his 
referriug to tl~cn: is sufficiei~t proof of t l~cir  intensity, f;)r Ile was a lnan who never 
complained of auy t l~iug,  bearing esposnre and hard xvorlc of every ltind with the 
most uuflincl~ing enclurance xvlictllcr in tlie de:ldly, ~nalnrious tracts of Central India, 
the steamy atu~ospllere of C!;ipe Cornorin ancl blil~icoy, or the snows of the Hima- 
layas. Personally I have no doubt as to the stress tllat mas put upon him, for 
though in crossing this very pass I coml~aratively suffered but little except from a 
sort of dull oppression, I well renicn~ber 'tlie dr:~rvn, care-morn faces that every one 
round about me had for days af'ter we got iuto I t~~ksl~u,-nurnlers  of the men vowing 
they conld not breathe aud that t l ~ c y  xvcre going to die;  this aloue adding very 
considerabiy to tlre strain even nrhen fceli~lg well enon$ one's self, would be 
liltely to affect ally one mi1c11 more x\ll~o xvah lli~neelf snfyering aciitely. I n  
addition to thcse results from the great i l l  titll~le. Captitin 13~sevi  iind for O days 
and nights to cnrry on obwrv:~tioils for 223 Iiours out of' tlie 34, so that prac- 
tically he mas observing d:ty and ~riqllt a t  intcr\ra's wliicll lnny be riominally stated 
as  3 liours but wliich in re:~lity coolcl not I~ixve :~ffoi.cled lli~il a respit,e of 2 hours 
between his visits to the oI)serv:~to~y te~lt .  C,~r~.ictl  on for so many days, this would 
be a strain 011 ally one, but bcn~.i~lq in mi~lrl wherc ant1 under rvllat circumstances 
Captain Bnscvi war x~drltil~g, I tllillli t11c1.e will now be little dilficulty in under- 
 tand ding mllnt a rc illy scvcrc s t r n i ~ ~  \\.:Ls piit u1)on him. I u  his letters to me and 
ot l~ers  he refcrs sl)cci;~lly to the tlificultg of I)I-cntlling xvlieri lying down, as he if h e  
could not gct sl~f'ficiel~t air :i11(1 SO on, l ) i~t  ill sl)itC: of it all Ile was able to select a 
capital station oil tlle hl0r6 pl:~iu of R~i l<s l~u  nt 15.500 feet above t l ~ e  sea, and to take 
a con~plete set of obwrrntio~ls. Froni AIor6 lle 11:;i[le his xxrny bnclt to the upper 
Indus, ancl by tlle tilllc Ile reacfled TJl1liu111 at tlZe ~~or t l l e rn  end of the Pangong 
lalte, lic l~ntl : L ~ ) I ) ~ I . C I I ~ ~ ~  in soli~c nie:~slll*c recoverell fro111 tile ill effects of his hard 
tvo~l t  in R11lisl1~ ; for hl:r,jo~ JTnciilty1.c \\ , I IOIII  Ilc nrct t11e1.e reports l~ini  as looking better 
t l ~ a n  hc l ~ a d  bccn at DcIII.:~, tIio11~11 l ~ i s  ; I S S ~ S ~ ; I I I ~ .  \vllo li:d secn 11i1n a few days before, 
s.t:ltes tlint he was tlic~i lookills l)l~lletl (1o11-11 n11c1 \vo1.11, n11(1 his slll)serll~ent s:id deatlh 
sccn~s  to p~.ovc tllat the 1:bttcr vle\v \Ira., the cori,ect one, nncl I a111 incline(1 to t l~ ink  that 
his origin:llly fiootl coiistit~~tioli 11~11 11cc11 ~ ~ . : u l u i ~ l l y  i i ~ l ( l c r ~ n i ~ ~ e d  hy the 11ard work and 
coilstallt esposurc to SO 11la11y sncl~leil clla~lges of clil~lnte :~nd  altitude; 

(90.) It is u~iinl to Inol< 11l1o11 n~.itisli  Illdin ac: one country, and to take but 
little liee(1 a s  to i i~n\ - i r~q  oflicers ~ I - O I I ~  O I I C  c11(1 of i t  to the o t l ~ c r ;  but when it is 
I,orne in 111il1d t l ~ : i  t 111 , l i :~  I ~ ~ C ' S C I I ~ F  e v ~ 1 . j ~  v:bi icty of cli~nntc tluc to I;ttitucles vary- 
ing from h" to :No, it is ol~viol~.: t l~nt  1111t fL\v  c o ~ ~ c t i t ~ ~ t i o ~ l s  : L ~ C  lilicly to l ~ e  able to 
stnncl 1.apic1 c I l ; ~ i i p  fro111 s o l ~ t l ~  to 1101 t l ~ .  I t  is n ~ ~ l j -  reclllisite to be:ir in mi11~1 that 
Cnptnin I I ;~sc \~i  \v ;~s  ~ ~ c c ( : s ~ a r i l ~  ('\;1)01~~11 to I I ~ : ~ I I ~  eilcl~ c l l ; a ~ ~ ~ c s  ~LIICI in~lec(1 to all t l ~ e  
estrclncs tll:xt arc to 1)c  net \\.it11 ill I11cli:l i l l  I al)icl si~ccessiou-l~:lvi~~g beell one season 
cml)loyed ill tlrc s t c : ~ ~ n y  nt~riosl~l~crc of C,ll)c Cvmorin ant1 the very liest on the 
I-Iimalayan sno~vs ill 1:ititntlt. :j49-:ii~d it is ~ : l s y  to n~ldersta~rcl that lie was 
li\cly to bc 1.enc1ily nfSc~ctc(1 hy t l ~ o  cst~.cmc coltl; in nly ol)i~iioa it was due to 
this and tllc g.r:t~l~l:~l \ v ( ' : \ l i ~ i l i i ~ ~  nf I I ~ S  c o ~ r s t i t ~ i t i o ~ ~  tl161t :L col(1 l ~ e  cnuglit, just after 
parting wit11 111s t'1.ic~11(1 Rl:rior Rl ,~r i~ i ty~,c .  took s~i('Ir :I Irol~l of lli~ll as to cause his death 
a f c ~ v  (1:lys : t f t c~~- \ \~ :~~~ l s .  'I'llc \\rc:~tllcr f lm~~i  t l ~ c  t i ~ n c  C:lpt:~in 1::lscvi left Rukslln till he 
rc:tcllcd tllc l ' .~i iyo~~q l : 1 1 i ~  l1:1(1 1)et'11 c101111.v :11i0 S ~ O I . I I I ~ ,  :\nd lnore rain and snow 
11:~d f:~llcn t11n11 is I I ~ I ~ : I ~  ill T,:r(lnli : ~ t  t l~nt  sc!:r~)n; at  t l ~ e  I ' a u ~ o ~ ~ g  11e cnlne in for a 
finoxv ~ t o r m  (1111 irrg m l ~ i c l ~  I I C  c:~nclrt, :I coltl. 1)nt evi(lcl11ly tlli~iklng nothing of it he 
13iid1cd on to t l ~ c  1101 t l ~  C I  o h s i ~ ~ g  1 1 1 ~  h1:1i h i l ~ l i l . ;  I):ISS lS,G29 f e ~ t  above tha sea and 
w : ~ s  for 7 ~nilcs  csl)osc~l to n co~itiil~~ccl fl~ll of ci t l~cr  l-aill, I i ; ~ i l  or slect, and I agree 
will1 hlr. llenncsscy i l l  I l ~ i ~ ~ l i i n g  that t l ~ i s  c o n ~ i ~ ~ g  on whilst C;tptain Basevi.waa 
still snfTc~.ii~q from l~ is  coltl was xvl~nt i.cnlly c:~usccl Iris death. Af'ter such a ~ n a r c h  
as that, n n1:111 siilYt:r.i~~l:. fro111 l)~.ooc.l~itis miyllt I~nve n clinrrce of recovering if he had 
n warm I I ~ I I ~  to qo i~ i to  :it tlie clrtl o f  it. but tl~cl-e was s~rinll c11:tnce for poor Cap- 
tail1 I3nqcvi w l ~ o  ~ ) r o l ) , t l ) l ~  11:ltl to w ~ i t  Ilonl~s, wct n~ld  cl!illcd ill the cutting Tibetan 
\vi~rtl. I)c~forc~ l ~ i v  t e ~ ~ t s  coi~ltl ;~rri\.c>. Tlis c1i:il.y :ivc\q us noi~lcn as to wliat he really 
unclerwo~~t, l~,: ~ l ~ c r c l y  U V ~ C J  tlldt whcu cl.odsiug tl1i8 very lofty pass "difficulty of 



breathing was experienced." After this including the last entry made in his diary 
there is not a word of complaint, and I can orily conjecture that he was feeling un- 
well from tlie fiict that tLe last words of his last letter to me, dated 13th July, from 
the Cliangche~~rno conclude thus "the weather has been very bad since leaving Gya; 
"nothing but clouds, a good deal of ruin arid snow on the Chang-La (pass), and 
" a  heavy snow storm just below thc blnrsimilr-La (pass). I sllall be glad to get  
"out sf this countryH-a wish alas ! never to be realised, for marcl~ing on tlie next 
day, the 14th, his servant noticed tliat he was suffering considerably, tliough on the 15th 
he  was able to make anotlier marc11 of 10 miles aud actually to walk tlie last 3 miles 
being then at  an altitude of over 17,000 feet ; on arrival his servant said his cough was 
so violent that he was obliged to lie down immediately after writing the last entry in 
diary. From this we also gather that he hncl reached the Lanak Plains and wag 
encamped at  17,104 feet above the sen, as deduced by him from his own observa- 
tions before lying down. From his short description, it is easy to make out illat 
he  was in ground similar to those elevated plains of Rulrshu already described 
only probably still more desolate owing to tlie extra 1,500 feet of altitude, a 

lace t r ~ i l i g  to any one in  the l~es t  of Iiealth but doubly so to n sick man, and there is 
, sevi, suffuririg from broncliitis in such a place, got Ettle wonder tlrnt poor Ctxptilin l3.i 

morse and morse liaving nothing Lilt n tlliu canvas tent to Ireep out the riight-cold 
which at  those altitutles sinks f f~r  below zero. Duriug the niglit of the 15th he got 
worse; on tlle 16th Ile ordcrecl prep:lriltions for observing to be made, but suffering 
more and more he was unable to rise ft.oni31is Led all tliat dny arid though he seems 
to have passed a quiet night, tlie next m o r n i ~ ~ g ,  the 17th of July,  he was morse and wl~ilst 
once rnore g,zllitr~tly tryiug.to get up a ~ ~ d  go 011 with his worlr lie breathed his last, owing 
probably to some sudden Increase to the violence of his chest complaint, due to the 
excessive cold of the moruins air. To th: last he seems to have been in full posces- 
sion of his faculties and clulte unan7are of liis d;in;er ; he appears to have done 
every thing for l~ in~se l f  that a non-lnedical ni;ui cnulcl clo on such an occasion, and 
hie servants genel-;llly seem to I~n\-e been attentive. ancl to have assisted in every 
possible way that they coultl. His I)ersol~al attendal~t Pnraoti was by all acconots most 
devoted, tentling 11im c a r e f ~ ~ l l ~  to t l ~ e  last. nrltl then followir~g liis body by day arid 
n ig l~ t  continuously till lie I~nri~lecl it over to Captain ltasevi's assistant, wlio iinfortu- 
nntely Iiad been left scve:.;~l 1nnrc11es bel1i11t1 i r ~  ortlur to reduce the size of the carnp 
as much ;is pr:~cticalle,-it being n g~.c:lt o l i t~c t  iu those dt,solate regions to travel as 
l i ~ l i t l y  as possible. l ' l~is nssistar~t, Mr. h l ; ~ ~ ~ l ~ ) ~ ~ ~ i L l l ,  3 i ~ l  wliat be coulcl under these. 
paluful circnn~st:~nces ; the body wils first t)nrit:d at T:~nltsi. arlrl sulscquently was 
carried to l<as l l l~~i r  and laid there in tlie Enropean burial ground. 

(91.) I linve elsewl~ere dwelt on t l ~ e  very great loss t l ~ n t  this sad, untimely 
death of Captair~ I<:~scvi l ~ a s  1)cc11, botli to t l ~ e  Gove~*t~~r ient  of 111diu and to t l ~ o  
Trigonon~etr~ic:~l Slirvey. t l ~ e  fol.111or Iohinq a rliost t:il(h~~ted :uid rlevoted officer irr~d 
the latter olle of its I J I  iXll~cst o r l~ : l i~~e r~ t s ,  wlio 11;lcl contril)iltctl grciltly to a d v a ~ ~ c e  its 
v:trious practical and scientific ol!iccts. i111rl wi18 eng:ty:(l at tlle tillle of his de;ith 
in an il~~port:ult i~~vestigittii)n w11it:ll Ile 11;ul so coll~111ctctl :rs :ill.c:~dy to have secured 
the very f:lvornl,le r~otice of t l ~ c  I~ i~ l~ccz t  scic~~ti l ic  :~utlloritics iri I{rigl:~:~d. a r ~ d  ha(l ill 
f i t  1 I 1 1 1 t 1 : 1 t i ~  of : I I I , ~ : ~  ~ t t r  It is very s:id to t l~ i l~ l r  th i~ t  lie 
shol~ld t l ~ u s  11;1vc 11een cnr~.ic(l oil' j i ~ s t  : ~ s  iie 11:lrl :111 Lut liuisllecl liis labours aucl 
would have been likely t9 renl~ the reward due to tl~crn. 

(92.) I linve :~lre:dy 1.cportld ~il,on t l ~ c  loany v n l ~ ~ a b l e  scrvices this talented 
officer h i ~ s  reuclered t u  Gover~lmout aucl l ~ i s  exertions have, I am glad to say, been 
appreciated. 

(93.) I n  previo119 reports it l ~ a d  Geen noted that gravity at the coast stn- 
tions had always bcer~ f o ~ i n ~ l  to I)c in cxccss of gravity i ~ t  the inla~i(l stations, arid 
as observations at rno(1ernte altitutlcs tcndl:~l to prove t l ~ : ~ t  gr:ivity was invariably 
in defect a s  compared witli t l ~ : ~ t  at lo\\-or altii~~rlos, it 1v:Le snplmsecl t l~n t  obscrva- 
tioris in the lofty p l a i ~ ~ s  of' Ln~l;rli \vc,,~l~l scttlo tl~is rlliccztion tlccisively. Captain Ba- 
sevi's'obscrvatiol~s givc tlic ful lutvi~~g nppros i r~~ ;~ te  rcsl~lts, viz :- 
At bfian Xleer (700 feetalove the sea), obscr~-cd vibr:~tions in defect of computed vibra- 

1 tions, in terms of'Punnze near Cape Conlorill, and ellipticity =,, ... ... 42 vibrations. 
At Mord 15,500'fect Do. do. . . 1Gi ,, 



the latter at  once showing the great defect of d e n ~ i t y  in t l ~ e  Himalayae; This result 
may be said to have been the crowning result of Captain Basevi's investigations, and 
wit11 i t  and his previous deduction0 he held the means of deciding this important 
problem. 

(94.) It only remains for me to note that the whole of the Pendulum 
apparatus has been brought back in good order, and that all CaptainBasevi's papers 
have been carefully arranged and safely lodged in the Dehra Office. I have to  
thank hlr. Hennessey for the great skill and labour with which he  applied himself 
to the difficult task of rescuing every thing that was likely to be valuable, and then 
of arranging i t  so to make the whole readily available whenever i t  may be required. 
An officer is being trained to take up what little work Captain Basevi had left 
undone, so as to complete the observations for the whole of India, and every endea- 
vour will be made to reduce and publish the results in such a form that they may 
form a lasting memorial worthy of the memory of Captain Basevi. 

No. XIV. 

THE COliPUTING OF.FICE. 

(95.) The chief duty of the Computing Office under hfr. Hennessey has, as 

PERSONNEL. 
heretofore, been the contiriuation of tlie difficult 
calculations for the final reduction of thc whole 

J. B. N. Hennrgae~, Esq., Dy. S l ~ d t  1 s t  Grade. of tlle oper;itions of tlie survey. With these Mr. JV. H. Cole, Esq , Asst. Supdt., 2nd Gmde. 
Hennessey and his staff have made very great 

COXPUTINQ Bnah.cn. progress, and he has had the gratification of 
l f r .  C. mood. Snrrcgor, 4th Grade. having brought to a most successful conclusion 
&boo C411n:n Priahud. 

,, Clllly l tol iun Gliosc. 
tlie co~nputat~ons lcnown as the '' Reduction of 

,, o ~ ~ : ~ I  ClllllldCP S W C ~ ~ ,  nod 6 othor native t'he North Fvest Qnadrilateral" embracing the 
~omputcrs. greater part of Upper aud Western Iudia ; this 

~ ~ I S T I S Q  ~ n m c n .  in  itself forms one great step in the general 

JIr. M. J. O'Connor. 
reduction and tlle co~npletion of i t  shoivs the 
feasibility of treating other portions of tliis great 

work in a similar, complete manner, and at  the same tirue clears the way for them. 
Matlicmnticians will understand the difficulty of tliis task mlien it is stated that i t  
\vas essential t11:tt a great trianglllation 3,7E0 miles in length should bc ~ n a d e  con- 
sistent so that the circuits should all re-enter in every respect, and that in f'ulfillillg 
t l i e ~ e  req~~iremcrlts i t  became necessary to find simultaneously 1,098 ~ ~ l l i l i o ~ r n  qrlan- 
tities or angnlnr corrections wliicl~ wonltl satisfy 23 eqn:ttions of condition, tlle illin- 
imum nnnibcrb to \vhicli thesc coulcl possibly be reducetl, the co-efficients iu the latter 
l~a\- iug becri tliciilselves dcterini~iecl by extensive calculation. 

(96) Mr. Ilennessey I think deserves very great credit for thc skill and 
nntiririg cliergy with wllich lie llas prosecuted tliase ilitrictlte and very e s t c ~ i s i ~ ~  
conlpntatio~is. I t  \ v o ~ ~ l d  be impossible to enter illto any particul:~rs here wit11 l.ef'er- 
cncc to t l ~ c  abovc, but t l~osc  wlio stutly such matters will find much iutcresting 
clctail in Mr. Hci~nessey's Narrative l<cport. 

(97.) T l ~ c  p~.inciplc of red~rction adoptecl is due to Colonel Wnllier, and 
I f r .  Hc~i l~esscy  II:IS 11lost ably carrier1 out tlie vcry dificult task o f  putting i t  into 
i .  111 ortlcr to sliow that t l ~ e  rednction h : ~ s  been exceedingly satistactory i t  
is o~i ly  11ccoss:u.y to fitate t,llnt tlie dispersion of the errors was attained by the 
ni,l of' a ~ r g ~ ~ l ; i r  corrections of ~v l l i c l~  the. greatest is only 0".46 and tlie average 
0".1:3, nut1 the cl~cclis were so tliorongl~ly efficient tliat in the \vhole of this very 
c s t e ~ ~ s i ~ c  calciilation, not n single arithmetical mistalie escaped detection. The 
c:llclilntio~~s tllirs completed are nnsurpassed, if indeed equalled ill mag~litude, by 
filly o t \ ~ e r  ~i lni lar  ~vorl; on record, and Rir. IIerlnessejl is to be congratulated on tile 
c , ~ ~ ~ ~ l l e t c  success of l ~ i s  Inbonrs. Tlle progress nindc is most c n c o ~ l r a ~ i ~ ~ ~  and the 



experience gained will no doubt facilitate the dealing with the other portions, and 
will at the same time give great confidence in undertaking a work of such extent, 
which is necessarily a most anxious task whilst there is any doubt as to the result of 
months of toil. 

(08.) Without entering into a purely technical description, it is impossible 
to give an acleqliate idea of' the difficulties of carrying out such matlielnatical 
processes practic,zlly, and the amount of ingenuity that is necessary to effect them, 
even when the principles to be applied have been decided on ; but it mill be easily 
understood that the difficulties were much enhanced by the fact that a large part of 
the computing staff is necessarily composed of natives of the country who have to 
be trained to the work f r o ~ i  the very beginning. The thoroughness with which 
this training has been effected reflects great credit on Mr. Hennessey'sarrar~gement~ : 
eome have long been proficient computers and others who have more recently joined 
have made good progress. I n  addition to the more purely scientific work, Mr. Henries- 
sey has as usual had much of his time occupied in supplying data to the Survey De- 
partment generally, to officers of the Department Public Works, &c. : the de~nand 
for data having increased very much during the last 2 years, owing to the increasing 
number of fresh surveys t,hat are being taken up for the various new projects designed 
for the developzment of the resources of this great country. I t  is gratifying to find that 
the results of the Great Trigonometrical Survey are being more and more brought 
into practical use, and it is an encouragement to continue our exertions towards en- 
suring the efficient protection of the pincipal stations which are likely to be useful 
as long as India is a civilized country. I n  this important work, Mr. Hennesse~  has 
been very busily engaged and already great progress has been made. 

(99.) The 1st Volume of the record of the operations of this survey which has 
been published, is a very solid proof of Mr. Hennessey's exertions in the way of 
calculation and compilation for the press and the general superirlteudence of the pass- 
ing of proofs. Great progress has moreover been made with the printing of the 
North-West Quadrilateral. The amount of work extracted out of the small press 
is most satisfactory, and the same may be said of the Photozincographic Office 
which continues to be most usefril : without it indeed it would have been impossible to 
make the G. T. Survey results generally available even t~ the extent they now are. 

No. XV. 

CARTOGRAPHY &cn. 

(100.) The Drawing Office has been chiefly employecl in the compilation of 
PEBSONNEL. the Preliminary Charts of triangnlation, and of 

the Cllnrts of Levels. Driring the year 15 Pre- 
Drawing OJice. limiilarv Charts of triangulation have been 

u 

W. H. Scott, Errl., Surreyor 1st Grnde, nnd prepared for photozincogrn1~hy of \vhich 13 
Chief Drnhurnon. 

s Nntive Drnlts men and 12 Apprcutices. have already been pu1)lishcd; various other 
triangulation charts have bccn prepared in 

Photozinco~raphic  Ogice. manuscript for Government officials. IVith the 
MI. C. (I. Ollcnbnch. charts of Levels great progrcss has ~ I V ' I I  rnnde, 
,, C. D ~ a o n .  5 sheets having bcen compilerl and publisl~ed by 

p h o t o ~ i n c o ~ m p h y  and 7 more being in course of prcpamtion. N~imcroils malls and 
reductions have been prepared for l~lcorporation with the lcvel sliccts and otllcrs for 
the use of the Irrigation Department &c. 

(101.) A few original map8 and conlpilntions of ~ e ~ l c r a l  intcrest have bccn 
prepared nnrl piiblis1,ed; others arc in coritse of prep:~ration. Altogctl~cr the srr~all 
Drawing Office has bcen very fully occiipied ancl the quality and nlnorint of worlc 
turned out under the si~~wrvision of Mr. W. 11. Scott hay been very s:ltiut;lctory. Hy 
the photoxincogrnphic ptoccss 20,503 copies of charts, maps and ili:~grnms have hecn 
printed of ~vllich 8.094 llqve been colorccl by Ilancl for issr~c to Government officials 
and sale to tllc pul~lic, nn(1 10.492 copies of forrris for cnlcnlntion i~n( l  oflice work Iinve 
been printed Ly zincogrnpIiy for the use of the clepnrtnient,-leir a grcat incre:rso 
in evo1.y item except that of forrus. 



(102.) The duties of Personal assistant have been very efficiently carried on by 
Mr. G. TV. E. Atlrinson who has acted during the absencc on furloug11 of 11s. H. Duhan. 

No. YVI. GEOGRAPHICAL. 

TRANS-HIMALAYAN OR TRANS-FRONTIER EXPLORATIONS. 

(103.) These explorations have as before remained under my own personal 
direction. I n  continuation of my  original design for carrying out systernatised ex- 
plorations beyond the frontiers of British India, I have f'rom time to time pushed 
the exploring parties wherever there has appeared to be a feasible opening ; amongst 
other places I have long had my eye on the triangular space, lyirig between the In- 
dus and its great Caubul tributary, which is bounded 011 the nurtll by the Hindoo- 
Koosh and Mustagh ranges. Heretofore I have beeu un:~ble to make much progress 
except in the Swat and Indus direction, but I have now to report that my  efforts t o  
penetrat,e this difficult country have beeu successful through the agency of a very 
intelligent Pathan Havildar of our Sappers. 

(104.) Hitherto this very interestin$ tract of mountain land, though close 
to our borders, has really been sealed to all attempts at exploration, and except with 
reference to the mere border we have been forced to base its geography on the 
hearsay account of inhabitants of the country, who were hardly capable of telling 
whether a valley ran east or west, north or ~ o u t h ,  and ~vlio were consequently very  
apt to mislead even when willing to give information. This being the state of the 
case, it appeared to me that very solid geographical results would be gained if I 
could get a route survey carried right through the heart of the country from Pesh- 
amur to Badultehaa, and I consequently decided to sencl an esploring party i n  that  
direction. As  a first step towards this, I ,  as usual, instituted a search for a frontier 
Inan and a co-religionist of the people of the country to be explored. A suitable 
agent for the puypose was found after much trouble in tlle H;~vildar  of one of the 
Pathan companies of the Sappers ; lie was regularly trained ii)r tlie work and then 
fitarted from Pesliawur. He crossed over from Yusnfzai iuto Swat and from thence 
into Bajaur. From Bajaur lie crossed over into Dir on tlie Punjliora river and 
then crossed by the I;aliori pass into I<ashltar, and onwards throng11 a part of Icafir- 
istan to Cliit~.al. Prom Cliitral lie made his way by the lofty aud difficult Nuksnn 

ass to Zebak, on tlie npper Uokcl~a  river, descenkling wl~icll lie finally reaclled Faiza- 
End the capital of Rnd:ilishan. The season and state of the col~ntry not sdniitting 
of the Havildar's making any further advance, he r~ t~nr t~ec l  to Cl~itrnl by tlie D o ~ ~ E  
pass road, tli~is coniplct~ng the slirvey of tlie licncl-~vnters of the Kol~cha. a large 
tributary of tlte Osus. From Cliitral to Pcshnwur his rctnrn route was, with some 
sIig:.l~t variations, the same as t l ~ a t  by nrliich lie adv:incetl. T l ~ e  route, as mill be seen 
f'rom a glnncc at tlic map in the i lppe~~clix,  was :~duiir:il)ly calcu1:~ted to o ~ ) c n  out the 
conntry, and bcsitles fixing thc positions of several important places snrll as Alaclarld 
in  Swat, R4iankil;ti arid Juudlil in l~ara\vul .  Dir on the Pu~~j lcora ,  3 r d  Chit- 
ral on tlle Roottnr river. [t I~as nuclonl~tedly given t l ~ c  means of solving a great 
many doiil)tf'nl points in co~~ncction with those clistricts :i~td ~~eig l~l )o l~t . i l lg  countries. 
I t  has nlorcover deternlined t l leL:~l~ori  pass and gjvetl us. in t l ~ e  N~iksnn arld Dora 
passes, two morc dcterminatioris of points ill tllc rrtlge of the IIi~lcloo-Icoosh which 
are very valnaLle, comi~rg as tlloy (lo i1111nctlint~cly 1)etwecu tlle I<l~awnlr pk~ss, deter- 
n~ i~ lc t l  by JTootl, nncl tltu 1':lmir I<nl (1:ilre) of t l ~ c  Rfilxa near ml~iclt w l~n t  is called 
t l ~ c  J-Iiudoo-I<ooslt range i.: j o i~~c t l  1)y a co~nl)nr:~tivcly low wntel.sl~ccl to tlte Yalnir 
S teplx ;  the gc~ieral run of' the Iiitttloo-l<oosl~ I.allgc  nay conscqlic~ltly now be said 
to 11:lvc bccn definitely dcter~liined by explorations from British 1ncli:t. The  deter- 
mination of :I portion of tlic Iioonur river gives Inorcovcr considerable certainty i n  
defining the general course of that large river to which a closo approxirnation can 
now be made. 

(105.) The Havildar is the first trained csplorer that has passed through 
these regions. I Ie  mns constautly in great peril, at fi rat f'rorn ordiunry robbers, nud for 
solnc time from tllc I<nfir6: who hifest. the wl~ulc: of t l ~ c  roacl fruiu Dir to Cl~itral ;LL)C~ a 



times commit great ravages. In Cllitrnl itself, tllongli nndcr a morc solicl rule, 110 
was perl~apy in still greater danger, and it is luucll to tlre credit of both the IIavil- 
dar's pluck and discretion tlint Ile mas able to pass tliror~gli so innriy danger )us places 
nnt orily witllout loss or illjury to himself or party, but actually without getting 
into a disturbarice of any kind. 

(106.) This route survey. milh the peaks wliich wt-e determined trigono- 
metrically Inst season, may be said to have put into my hands the key of the 

of tlie wliole of the unknown region which it was desirable to explore, 
with tlie exception of Kafiristan proper. Other attempts will be made to more 
fully explore tliis interesting territory ; something may be done to fi~rtller elucidate 
the geography of Kafiristan, but I arn not sanguine as yet of being able to make 
much advance in that direction, the risk being still too great to nutllorise my send- 
ing an exploring party throngh the heart of the country as I should like to do. 
Various other explorations are in progress and mill be reported oil in due course. 

(107.) The Havildar took Latitude Observations at 5 points, and determined 
the Iieights of 4 ; his route survey 286 miles in length, mostly over new ground, 
may be said to have opened out the geograplly of 13,000 square miles of terra i~zcognita. 
Tlle results of this his first attempt, at exploration are very sat.isfactory, and I think 
polnise well for the futiire when more extended operations are attempted. 

T. G. RIONTGOMERIE, MAJOR, R.E., 
O f y .  Szpdt. Great Trigottonzetrical Sz~rvey of Indiu. 

D E H R A  D O O N ,  
Dece~nber 1 s t  1871. 1 



Abstract of the out-turn of work executed by the Great Trigonome5:icd Survey 
parties, during the O5cial year 1870-71. 

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

m 

,DESCBIPTION OP DBIAILS. 

,' . 

Number of Principal Stations, newly fixed, 
Number of Principal Triangles, completed, 
Area of Principal Triangulation, iu Equare 

conds, f ... ... ... 
Azimuths of verification, ... . . . . . . . . .  
Number of Sccondary Stations whose po- 

sitions andheightshnre becn fircd, . . . . . .  "' 

Number of Secondary Stations whose po- . . . . . . . . .  sitions only hnvc been liaerl, ... 
Number of Sccoudnry Triangles of which . . . . . .  all 3 anglcs hare beell obserred, 
Aree of Secondary and Minor TrQngulut.ion, 

... in squnre miles, 
Number of points fircd by interacction btit 

not visitcd, ... 
Length of boundnry ~i;;ks and check lines 

... Surveyed, in miles 
Area Topographically Surveyed on scale of 

6 inch = 1 mile, in ncres,.. . 
Area Topographically Surveyed on scale of 

2 inch = 1 mile, in miles, ... 
Aree:Topographicdly Snrveyed on scalo of 1 

inch = 1 mile, in milcs, ... ... 
Number of Revenue S n ~ r e y  Sttltiona and . . . . . . . . .  ... bounrlary pillt~ra fiscd, ... 
Numbcr of PrincipalStatious sclccted in ad- 

vnnce, . . . . . .  ... ... 
Lcngths of Approximate Sorics, Principnl, 

in miles, . . . . . .  

. . . . . . . . .  

... ? ? ? 

1 . . . . . .  

Number of points who81. Ltlti(ntlrs 11avo bceo . . . . . . . . .  

Arca of unknown territory orplorad, io  
square milcs, ... 

* Thcmo secondary points coneist only of enow peaka. 
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Extract from the Narrative Report-dated 16th July 1871-of W. (3. BEVERLEY, 
ESQ., Assistant Superintendent 2nd Grade, in charge Brahmaputra Series. 

(2.) Shortly after receiving charge of the party from Captain Thuillier, I left IIeail 
auatters accompanied by Mr. Neuville and arrived a t  Calcuttts on the 26th October. Ae so011 
a s  all the arrangements for organising the Native Establishmcnt kc. mere completed, the party 
s ~ z i n  took the field and assembled a t  Kooshtia on the 12th November. The conntry being 
st111 under water from the late inundations, the main camp proceeded by boat up the river ant1 
arrived on the 4th December at  Kallygunge on the Brahmaputra, close to the stations wbcre 
work was to be resumed. 

(3.) The operations of the season mere confined to lst, extending thc approximate work 
and effecting a junction with the Assam Longitudinal Serics, taken up by myself; 2nc1, t l ~ c  
clrnring and testing of the final rays between stations fixed the previons season allotted to 
Alr. Neuville, and 3rd, the construction of maaonry pillars to which Mr. Harris mas deputed. 

(4.) I n  conducting the approximate work I had been directed to adherc as close as 
possible to the Meridian of the Series, and at  tlie same time to avail myself of spurs from t l ~ c  
Knrribari Hills for stations on the Eastern flank eo as to reduce the number of tower statioi~s 
:uid the heavy attendant expenses. 

( 5 . )  Before laying out tlic triangulation, I thought i t  advisable to reconnoitre the low 
l~ills with n view to selecting sncli sites as ~r,ould involve the least outlay for clearing the snm- 
mits to render them visil~le from each otllcr as well as from the plains, and which would bc 
n~nde accessible for a large Theorlolite at  a small expense. 

(6.) Tlie spurs from the higher ranges generally rrm parnllel to each other down to tllc! 
Brahmaputra, are of nearly the sanic altit~ltle for a cousiderablc distance towa rds the interior, 
ai~tl  densely wooded to their snmmits with heavy interlaced 11aml)oo and other junglc, and tall 
c.l(yliant grass. The ficlection of stations in grolind of this nature, to fulfil the rcquisitc cou- 
tlitions, was not an ensy matter; l~owevcr by the cnd of Deceml~er I had selectetl a11d fisctl 
t l ~ c  sitcs of 3 statioiis ml~icli 1)eing sit~iated uear the ends of spurs reqt~iretl no rlcaring of 
ti)rcst rays and wry little at thc summits. Thesc arc easily approached from the plains bclom 
:nltl have matcr at an easy distauce. Itoads for tllc large Tlieodolite can be laid out at a trl- 
tllllg cost. 

(7.) Tlic side Alnng,jnni T. S. to Samding 11. S. of the Assam Longitudinal Stcrics ha.; 
I~rcn sclccted as thc side of junction. Rot11 thcsc stations as also Dhobri mere risietl; tilt. 
1)1:~tforms and Ilppcr markstones at I)hobri and Samtling mere fonnil in good preservation, 1)11t 
tllc tower a t  Alang,jaoi llad fa.11~11 (low11 :~l)or~t 12 or 14- fect, and t l ~ c  rest was rapidly cr~uii-  
I~liug to picccs. Thc arcliway being closed up, thc markstone is likely to bc still in cxistcnt~c~. 

(8.) Tlle towcr of Alangjani it1 1956-57 was 0.7 ~iiilcs from tllc rircr halllr, and only 
1100 fect distant at the l)cginnii~g of this year ; as the river nns cnttiilg its I~anks in thc dircc- 
tlou of thc towcr it is not unlikcly that tlic sitc mill have becn washcd anray 1)cfore next scasoil. 
Z 1)ro11osc if the station shonld not he in cxistcnce tliat a new sitc be selcc-tetl on the ray to 
Samtliug on t l ~ c  left bank of the 1)okooar rircr at a sufficient il~stnncc frolu it, ant1 tllc rays 
I)c clcared to Dhobri, anrl so to close tlic scrics on t l ~ r  side Dl~obri to Saniding by a sinplc 
triangle; or by revisiting Pcrt:lbgnnj T. S. the 1)Iiol)ri pentago11 may be recomputccl, t l ~ o u g l ~  
i t  \I o~ild involvc tlie rebnilcling of t l ~ c  Pcrtabganj towcr. 

(9.) By thc cnd of Fchrnary all tlic trial raps had becn carried, and sites fixed for the 
rnnaining stations in thc plains, which wit11 one exceptiou are all selcctcd at  such n distance 
from the Brahmap~~tra ns is likcly to cnsurc pcrrnancricy. I n  tlic exceptional case of Gob~nd- 
poor, a safer site ran 1)c harl ahont a mile further east, and which conld Ile sclected as soon as 
t l ~ c  cxisteuce of Alangjaui had bceu mccrt:rined autl its position fiually determined. 

(10.) Tllc approximate scPies mas carried up to the side Halkacliar to Janakipur during 
srngons 1868-69 ; in 1870-71 it wns carricd over a direct distancc of GO miles ant1 arranged as a 
tlo1111lo series, consistillg of a do111)lc I~cxngon, a pentagon and two qriadrilaterals. I harl 
illtcudrd to continl~r tlic work with regular llcsngons similar to those ernploycd from the origin, 
1)11t on nrivillg at  Amkllox t l ~ e  proposcd site of the centre of thc first llesagon I found the 
11t~arcst Iiills o~lly sin m i l c ~  distai~t ,  wliicll from tl~cir  proximity could not be orerlookcd, and so 
\ray obligctl to nbaudon that arrangcmclit. 

(11.) The com1)ination of figures adoptcd is thc only one which rcquircs the fewest 
tovcrs to 1 1 ~  crc3etrtl and thc Icast n l ln~l~cr  of rays to be clcarctl and ])nit1 for. The two quad- 
rllatcrals howcvcr call bc lnodificd illto a singlc hcxagon by tlic iutro~luction of auotl~er station 



farther east, viz. Rangira H. S. miis point has been selected as a station by the Topograpli. 
ical Survey and will therefore be useful, as one of the points of junction between the two 
surveya. The introduction of this point mill obviate a vast amount of delay aud vexation 
likely to occur in observing the two long diagonal rays from Gobindpoor to the hills, but it mill 
also slightly alter the general meridional direction of the series. This deviation at the termi- 
nus is however of no consequence. 

(12.) The final rays have been cleared up to the side Narsingblianj to Peshkarbhita, 
and with few exceptions have all been tested satisfactorily. It was not considered advisable 
to  clear the rays of the last two figures until the sites of Alangjani and Gobindpoor had been 
definitely fixed and the quadrilaterals retained, or the hexagon in lieu, adopted. I n  either case 
there will be very little final ray clearing for the ensuing season. 

(13.) The whole of the country traversed by the approximate series during 1869-70 
and 1870-71 is (excepting the hilly tract on the Eastern flank for about 35 miles) cut up by 
numcrous large and small rivers. The soil is of so loose and sandy a nature that even the 
small streams have been known to shift their channels as much as 3 of a mile in one season, 
while the excursions of the Brahmaputra have a far wider range. 'l'liere are traces of this 
river having once flowed 18 miles from its present bed. IIost of the numberless swamps 
which are dotted over the country are depressions formed in the beds of large streams which 
at  some time previously had flowed in that direction. I n  consequence of these changes, there 
was much difficulty in tracing on the ground the sites of streams and villages as slio~vn on 
the one-inch map of the districts compiled 13 years back. For the same reason it is impossi- 
ble to ensure the existence of any of the towers for any period, although every precaution 
has been taken to select sites sufficiently removed from the river, and wliich are likely to exist 
until at  least the final work has been completed. The station of Parkolcsa up to which final 
observations were taken in 1869-70, was situated 13 miles from the river, but last season it 
mas scarcely f of a mile distant, and unless the river shifts its channel to the opposite side, 
is almost certain to be washed away. 

(14.) From the end of November to the middle of February there are very heavy 
fogs all over the country and especially over the rivers and marshes ; they set in early in the 
evening and do not clear off sometimes till 10 or 11 in the morning. From the middle of 
February until the rains set in, dust and sand storms are prevalent, and it is sometimes im- 
possible to see across the river until the haze is dissipated by rain. Considerable delay may 
therefore be expected in taking observations to both day and night signals after the middle of 
December. The country is however pretty healthy from the beginniug of November to the 
end of April. There is a good deal of malaria at  all times iri the neighborhood of large 
swamps aud marshes, but it is salubrious along the banks of the large rivers. 

(15.) Mr. Neuville was employed in clearing and testing the final rays between sta- 
tions selected the previous year. He  commencocl work about the end of November, and by 
the end of March had selected the site of one station by three trial rays, and carricd 276 miles 
of final clearing on 25 rays. Mr. Neuville war very careful in carrying and telling his rays, 
and although suffering from ill health he mas enabled to complete all the work allottcd to him. 
His progress was very satisfactory. 

(16.) Mr. Harris was employed in building the towers. l i e  took the field carly in 
October and made all the requisite arrangements for providing men and materials. 311.. Harris 
completed 10 perforated masonry pillars 37 feet each in height and had bricks moulded and burnt 
a t  3 other stations. Mr. Harris' arrangerncnts have always bccrl excelle~lt, as well in procuring 
labor as in taking every necessary precaution in securing stability in the pillars he ha9 had to 
erect in the loose sandy soil of the district. Mr. IIarris has worked very well and hl~cccsx- 
fully and has had a hard ficld season's work, having liad to remain in camp to t l ~ e  end of' 3Iay 
when the country gets very unhcalthy. 

Memo of work executed during Field Season 1870-71. 

Description of details. 

Number of stations selected . . . . . . . . 
Ditto of miles of rays cleared . . . . . . . . 

Length of approximate series (Plain) in milcs . . . . 
Nurubcr of hill tops cleared of jungle . . . . . . 

Ditto of towers constructed . . . . . . . . 
Ditto of stations at which building works havc hccn commenced 



Extract from the Narrative Report-dated 1st July 1871-of W. C. ROSSENRODE, 
ESQ., Deputy Superintendent 3rd Grade, in charge of the Eastern Frontier 

Series (Assam Valley triangulation). 

('7.) I left Calcutta on t l ~ c  3 t l i  Octdber 1870, accompanied by 3Icssrs. O'Sr~llivar~ at~tl 
Bryson by thc rivcr yteamer Uurnia aud reached Gowl~atty 011 the 8th November. 

(3.) The party took tlie field on the 30th November 1870; tlre earliest tlatc 011 wl1ir11 
1 could safely venture out on field duty iuto the forest clad, and marshy proviuce of Assau~. 
I mas told however that its malarious and pestilential jungles, its bogs and marsher, sIio111(1 not  
be entered before the 1st January. The field operations had hitherto bcen so vcry short for the 
last two or t l~rec  seasons, that I ventured out a month earlier than is ~ ~ s u a l l y  done in this 
l~rovince ; by doing so I secured a longer interval of fine weather. Mr. OISullivan preceded 
lue by a few days having left Gowliatty on the 21st Novcmbcr. 

( )  I arrived a t  my first station Khola ou the 5th Deccml)cr and completed morli on 
the 10th of tile same month arid proccedetl to Singri 1-I.S. on the right 1)anlc of the Brahnia- 
1)utra river. For want of boats a t  the fcrrp tnro days delay occilrred in crossing the river-five 
dsys more merc occ~~picd  in marching. I t  took me therefore 7 days from Kliola to  Singri a 
distance of 35.4 miles. The cause of this great delay is the want of roads in Assam. T11ci.e 
arc only two principal ltaclia madc roads, one on eacli bank of the Brahruapntra river. The 
road nu the left I3a11k has been made from (fwalpara, to Debrugurli ; and tlie other on the oppo- 
site sidc of t l ~ c  river goes throiigh the whole length of the country. I had to use the rontl o ~ i  
the lcft 11a11k as f i r  as Nowgong, from thcnce I proceedetl to Lakma ghat ferry. The f'crry 
took me to Tcq~orc,  a distance of thrce iniles ; and the road on thc right bank to Dharang t:ol 
R1:~ngaldi thc slthtlivision of Tezpore, n7as used from Tezpore to Gobroo gliat a distance of 14% 
~nilcs, anti a path was cut to tlic station brancliing off from this road. T l ~ e  route was a most 
I-ircnitous one. 33ucli time mas lost this season ill marching from station to station for t l ~ e  
want of roads and paths in this provi~icc. The great scarcity of labor, and the time rcquiretl 
to collect a hantl of coolies causes consideral~le dclay in cutting I-ough paths ; a ~ i d  liowcvc-I. 
c*ircuitous t l ~ c  G o v e r r ~ n ~ c ~ ~ t  made roads inny hc, they must bc ~tserl. 

(5.) 'l'hc plains for the most part are covcrcd with long tlensc grass fever breeding j l~oglc 
8 ,  10 autl 12 fcet high iu Assam. As far as the eye can rcach notl~iug clse is seeti in tho p l a i ~ ~ s  
but grass. The .l~ills arc clothcd mit,h tlciise forests, auld the rircrs a ~ ~ d  streams arc li11et1 wit11 
ilarrom bclts of trec jnnglc. Hot11 in the plains aucl hills ganlc al~ouuds, Tigers, Itliil~oceros, 
Sjcars, l!uttjloes, Dcer wild Elepliilnts are to be found every where. The signalmen were 
f'rcqucntly in very grcat pcril of bcing tlcstroycd by tlic first and last of thc al~ove a~~irnals.  Thcy 
~rsctl to pay nightljr visits at four stations and tlie Elepha~its indulged in their usual ~niscl~ievoos 
~wopensitics I)? p ~ ~ l l i u g  away the grass and bamboos from the huts and in sonle cases 11nrIi11g 
them to the gronntl. There ~ r e r c  tllrec lnen a t  each station qnite ~unprotected, a ~.xised h i t  
rvith i large trec of good girth nud l~c ig l~ t  stootl coi~vcnicntly contigoons to  i t  n~td mas tlie only 
snl'r rctrcat for tlre~n wlieu menaced 1)y the approach of eithcr a Tiger or Elepl~ant. 

(6.) '.Fltc 1aml)rncn beggcd aild implorerl of mc to supply them wit11 firc-arms ; but I 
I1atl notlc to givc. I t  mill benccessary to provide cach signal~nan wit11 a musliet a r ~ d  few rounds 
of' amrniulitiori to scuarc away the mild wlimals. The wil(1 Elephants are so very numerolls and 
so 1)old that they haw come t,o tlic station witliin a few yards of Mr. O'Sulliva~l's teut and only 
retired after it few shots merc fired. On auother occasion two messcugcrs Jverc rctuiui~lg after 
having coiu~unnicat~etl my orders to tlie detached signalmei~. l'lley wcrc stoppccl by a herd of 
elephants at about 5 o'clock in the af'tcrnoon a s l~or t  tlistance from my camp. The me11 pcrceiv- 
illg t l~c i r  tl:lr~gcr c1irnI)ctl t l ~ c  highest trees and shoi~tccl for assistance, they merc not I ~ m r d  in 
(*amp ~ u ~ t i l  9 o'clock at i~i,$~t, wlrcu stillness prevailed a t  t l ~ c  statiou, almost every man in camp 
hurrietlly : ~ r m ' i ~ ~ g  Ilimselt' 1~1th a clul), went to t l~e i r  assistance shouting a d  yelling at the top of 
t,l~eir voiccs, the hcrd of elephants l~ca r i~ ig  the din advanced towards the ncm comers tnimpcti~lg, 
te;irir~g 111). thc earth nt~tl throwing rll~st into the air, my mcn retired, nrnlcd thenisel\~cs witti 
I I I ~  gnna and a m n ~ i ~ ~ ~ i t i o ~ u  and rctrlrncd to  the rescuc ; o ~ i  r~caring tlic liertl shot after sllot W;LR 

fircd iu~t i l  the elcpllants n~ade  a I~cadlpug rush down the hill sidc into the forest.. Thc t n ~ o  mcll 
on tlie trccs desccntled and came iuto camp with the men who went to  thcir ausistailce. 14ai1y 
vcry narrow escapcs occurrcd last season. 

(7.) Thc jl~nglor~ are fired from January to April and the spactaclc from our hill stations 
is magnificent d u i t ~ g  thc night. The rlcnse grass jungle extending for miles is by this time 
rrady for burning and the villagers commertce firing it. The spectator from the su~umit  of a 
hill secs I~ i~~ i s t~ I t '  encircled I)y walls of firc. I n  an incredil~ly short time driven a t  race horse 
5 l~e t l  thc wiud thc fire Icaps a i d  crr~clilcu ou ils d c ~ l r u ~ l i v c  C O U ~ J C  c o u u u i n g  erlery tkiug i t  



comes across. Tlie volltmes of dense black smoke from this mass of burning grass literally 
darkens the sky and forms an intcrmediate canopy. The atrnosphcre becomes impregnated with 
smoke and thc most powerful luminous signals cannot penetrate it. The jungles once set on 
fire b~wn continuo~lsly driven hither and thither by the wind. To avoid total destruction to  
the observatory tent, public and private property of the party at  each station great precaution 
is necessary to have the hill cleared and burnt before visiting it. This is absolutely necessary 
a t  all times; for fires in Assam advance so rapidly that unless these precautions are taken the  
safety of the party as well as of the property is endangered. To save any thing or to escape 
without injary is impossible when the fire is advancing up the hill pro1:elled by the ~vind. Al- 
though these fires cause considerable delay to  our operations, they do a great deal of good t o  
the country in purifying the air by consuming the decomposed vegetable matter u~ider the grass 
jungle. The noxious miasmatic exhalation from tlie numerous nia~*sl~es, bogs and streams causes 
much sickness in the early part of the field season, shortly after the rains. Duving the burlling 
of tlie jungles the  country becomes much hceltliier and continues healthy until the rains set in 
when again sickness breaks out. 

(8.) I was detained at  Kamaliia H.S. for a month and a half, the ray to Khola 1C.S. 
tp'aa 50 miles in length ; even in fine wcathrr so long a ray causes delay sometimes, but in such 
weather as I then had the signals were not once seen during tlic whole of the abavc period. A 
good shower of rain fell, eutinguished the fires, cleared the atmospl~erc of haze arid smoke and 
e ~ ~ a b l e d  me t o  complete the two angles dependent upon Khola 1I.S. Althongh I pushed on as 
rapidly as I could to Kandali the next station to take advantage of the clear weather after the 
recent fall of rain I found on arriviug t h e ~ e  that the haze was as bad as ever and the jungle 
ablaze in a11 directions. Fortunately after a short stay some inore rain fell and I was able to 
complete at  Kandali H.S. I next visited Mehekengtliu H.S., rnrlel~ delay occurrcd here from the 
weather and from the signals frorn Chengheheshon not bcing visible. The canse soon became 
known on the r e t m  of my messengers. I was informed 't)y them that tlie 3 men forming the 
signal party were completely prostrated and incapacitated from stings of the Naga polta or Naga 
fly. These flies from there diminutive size can scarcely be seen, thcy are very numerow and spare 
no one ; every nnrle part of the body is stung, inflammation n it11 grcat irr~tatiou follows, s~velling 
succecds and a crop of foul ulcers make thcir appearance; thcse becolrie \-cry pal~lf'ul and in- 
crease in size and spread all over. Three different parties of big~~alrnen were disahled at the 
above station and one marl diorl from the effects of the poison from tliese flies aftcr great and 
protracted suffering. On my reaching t l ~ e  station t l ~ c  me11 wrrc so c~ifrcl)led from their suffer- 
ings and from the ulceratetl state of t l~ei r  hotlies that thcy I~ad  tllc appcararlce of living skeleton.; ; 
one man conlcl only cr,%wl on all fours. These mcn werc at  ortce removcd and sclit to tllc Nat~ve 
Doctor and I am glad to say they all recovered. 

(9.) I and the mcn who accompanied mc to Cl~cngheheshon mcrc also stiing but from 
taking the precautiou of having as little of the I)ody bare as we possil~l~r co~iltl, from fi.eqnent 
use of carbolic acid soap and carbolic acitl o i ~ ~ t m c ~ ~ t  to t l ~ e  nlccm onr s~~tt'crings werc lcss ant1 
as I was ahlc to  leave the station on thc foi~rth (lay nftcr ntp arrival thc:rc, wc so011 recovcretl 
from the stings of t l~cse Nagn flies. Strange as it may nl)l)o:rr, i t  is I~o~vcver a kno~vn fact that 
the Naga hills alone are irifcstctl 1)p these poisonoils flics-:L fi.w are to bc n ~ e t  wit11 lrerc : L I ~  

there on the hills inhabited by t l ~ c  othcr trihcs b i ~ t  myriads exist ill t l ~ e  l~ills occ11pic:tl by the 
Nagas. 31r. O'Sulliran who si~ffered w r y  n1nc.11 from thc s t i ~ ~ g s  of t l~esc flics i ~ ~ f o r m s  Ine that 
they mere numerous on the t l~ ree  Naga hills which 11c s~thseclncntly visited n11t1 fisctl after. ( : I I c I I ~ -  
heheshon I1.S. From their h c i ~ ~ g  confiner1 mostly to t l ~ c  portion of country. i1111:~l)ited by tlre 
Nagns they have dcrived t l~ci r  nanie from that tril)c and are known as t l ~ c  Ni~ga fly. 

(10.) After complct i~~g t l ~ c  first qi~ndlilateral ant1 taking np tl~c, Trt~.ngon wc cnterrd t l ~ ~  
bills and the delay was cou.ditlt:r:ll~lc in collcct,i~~g coolics nr~d p ~ ~ ) c l ~ r i ~ i ~  t l ~ c  gltc:ntest 1111rnl)c>1. 
obtainable. I was ohligcrl t o  nl)xl~tlor~ tents altogc!tlrer fijr 1vn11t of coolics, l111ts were crcc:tetl :lt 
the different stagcs and :L llilt was C O I I S ~ ~ I I C ~ C ~  ill lieu of t l ~ c  ol)xrr\-atoq t c ~ ~ t .  H:,d I take11 tllc 
tents and depended upoil thc country for coolics to convey then1 I co111d not ]lave movetl at all. 

(11.) J I p  former cxpcrience in Assam was of grcnt itse. I knew that 1al)or was scarce 
and was obtainable with difficulty. 111 s t n r t i ~ ~ g  Mr. O'S~rllivnri I entcrtaincd a 1)otly of Cachari 
coolies on monthly pay and tliesc mcn 11rorcd rrry irscfi~l to l ~ i ~ n  t lu~ing t l ~ c  wl~ole scasorl, m ~ d  
as n few were d is~~oscd to serve I have placed them in tlic 1.cg111nr nativc estal~lisl~ment in licu 
of the recruits from thc North-West T'roviriccs ~vho  wrrc frorn fi,c\q~lent nttnc:lis of fever, carly 
in the season disabled, and did not rally t111ring t l ~ e  w1101c of t l ~ c  firltl opcratio~~s. Most of t l ~ ~  
men from Upper India were useless and ncre all disclrargotl nu comiug into qirarters. I t  is Iny 
intention to introduce the people of the country into thc native estal) l isl~n~cl~t roll. Ily gt3atlu- 
ally doing so I hope to have men inured to thc climatc and acqnaintcd with the cou~rtry and 
its people. 

(12.) Two of tlie Govcrnmcnt elcphantq wcl-c rmplo~ctl  in l ~ r i n ~ i n g  in provisionrr from thc 
liauts, (weckly markets &Id at large villagcs far reluo\ed frou ouc anotlicr in ccntrol and ul)l)cr 



Assam) and Colas (depDts for grain and other articles) and for conveying them on the march from 
station to station. The 3rd elephant was used for the haggage of the native establishment. The 
4,th for the observatory and baggage tents and the 6th aud last for the medicine and office 
boxes, treasure chest, tools and office table. 

(13.) Owing to the dense jungle partially inhabited, with v e y  few and difficult paths and 
the utter impossibility of obtaining correct information regarding the names of hills or routes 
by which they can be reached the approximate operations could not be carried on with the same 
rapidity as in more favored hilly localities. Much time mas lost in marching and searching for 
the hill which mas to be selected and when found the highest tree was chosen and a bamboo 
ladder constructed from the bottom to tlie the top. On thc completion of the ladder, the upper 
branches were cut away to obtain a good view of the surrounding country. I f  all the back 
stations were visible and the forward rays opcn, the clearing of thc rays mas commenced with 
a t  once. By this method stations were fixed in hill Tippera, Ctlittagoug, Arracan and Burma 
and the same system was adopted in Assam. I n  tliis forest clad, hilly country to attempt to cleaf 
a hill witl~out being certain as to mhethcr it mill answer or not would be most imprudent, money 
mould be uaclessly espendcd and time lost. Somc ideaof the height of the forest can be formed 
when on meas~irirlg one of these ladders the llcight was found to be 120 feet. Thc branches 
of the tree were sonie fcct higher. 

(14.) The Afckir tribe inhabited the country tl~rough which the opcrations were carried 
on d u r i ~ ~ g  the greater part df the ficld season. Tlic last four stations are situated iu the ranges 
inhabited by Nagas. The difference bctwccn this tribk and tlie formcr is very great. The 
Jfelcirs arc chcerhll, willing and harrlworlti~~g. Tlic Nagas on tlie other hand are mulish, sullen 
and obstructive. Tlrey are tlie warrior trille 011 tllcse mou~~ta ins  atid go about armcd wit11 
spears, in the use of nd~icli they are very cxpert. They are lazy and indolent and shew very 
great unmillinguess to act as porters or cnttcrs. They are oftcn very insolelit and overbearing. 
This tribc has vcry freqlte~~tly committcd raitls in the provit~cc and arc much feared by the 
Mekirs, and other 11ill tribes; as also by the people in tlic p l a i~~s .  'l'licse saragcs callnot be depended 
n11on. I bcg to suggest tliat I n i y  be allowed to give tlic Nagas ],resents of beads, broadcloth 
chudtlers arid other tril~ltcts mliich they ~vould value ant1 wliicli would iu a great measure cor~cil- 
iate them. ' f l~e chicf mcn o~ily will receive tlie chuddcrs. The beads aud other trinkets mill be 
distributed to the otllers n,lio I-cnder assistance. 

(15.) To avoitl tlie liills inhabited hy tllcse savages and to catry thc tl'iangulation 
througl~ thc plains \\.ill be very cxl~ensive and tctlious ant1 it is my intciltio~l to take advantage 
of the Naga liills to snvc timc a~itl expense ; for it is iny conviction tliat what I call esec~lte 
in one season on the llills Ivill occupy mc tllrce or evcu four seasons to accomplish in tlie 
plains. 

(16.) Thc party rcmainetl out this scason much longer in the fleld than in previol~s 
ycars. Thc rains sct iu as usllal in tlie beginl~iug of April with \~iolcnt storms, thunder :~nd 
liglit~iing nntl cont i~~ned so d u r i ~ ~ g  tlie \vl~olc moiltli. Therc w c ~ ~  fe~r-cr storms and less tllnndcr 
and lightning in May but the rniti \vas Inore frequent a~ltl severe. I held illy ground nntil the 
15th of thc month, but I col~ld (lo so no longer, the rains actually set- in, the nlcli were fa11i11g 
siclr, and the couutry nras daily bccoming more dificnlt for marcl~ing owing to the rapid rise 
of the hill streams, I closcil work aud ~narc l~cd to Sl~illong n,llc~.c t l ~ c  \\,hole of tllc party was 
concentriltctl 1)y tlic 5th Jnnc, S l ~ o ~ t l y  after t l ~ c  railis set ill, the p l a i ~ ~ s  in Assam grntlually 
~~ccon lc  snbn~crjied. S\varms of ~ccchcs malie their :L~~cw' ." I I~( : ,  t l~cy  arc to I)c met with cvcry 
nlicre, on tllc l~ills and in t l ~ c  plains. 13vcry one in c a ~ r ~ p  s~~ff(>rctl fi301n tllen~, t l~crc  was no avoiil- 
i ng  or escaping iron1 t,l~esc pcsts; mitli garluc:nts soiletl i i ~ ~ t l  l!lootly nrc came t,o the cncl of each stage. 
A ~ ) o i s o u o ~ ~ s  Irintl of t i ~ l i  is also very ~u~mcrous .  Tllcsc ticlts w e  to 1)c for~ntl among cllimps of 
I)anil)oos. Tllcy like t l ~ c  lcec:l~cs ran~iot  I)e nvoidctl ; a S I I ~ I ~ ~ I I  paill is felt allout somc part of 
tile I~otly ant1 011 cxmnil~ing it a tic:lc is fo~aid wit11 his llcatl ~ L I I ~  cl:rms 1,nrictl in the flesh. I11 

removing them force is used and t l ~ c  cl:~ws ant1 I~cntl wit11 prolloscis ~,crn:lin Iniried. This causes 
11111cli irritatiou aud paiu for ~uotrt l~s and subsides o111y nt'tetd bcing cautcrizctl with nitrate of silver. 

(17.) Mr. TIT. J .  O'Snllivnn, Assistant Slurryor 31tl  G~xtlc was indefatigable in liis 
cxcrtionn to proritlc mc wit11 stations a ~ ~ d  to atlv:~~ice the n-orlc :[s r:rl)itlly as lie could. I n  the 
c,arly part of thc scaaoli hc sufi-rctl in 11c~1ltl1 a11t1 1:tttcrly fro111 tllc stil~gs of tlic Ni~ga polias. 
Not~vitllstalltlillg ~ , I I c  I I I ( - C ~ : I ~ C ~ I  st,atc of l ~ i s  I~ody a11t1 I~atl llcnlth Ilc l icl~t  I~ is  grountl and l)ro3ecuted 
11is artll~o~rs 1:rl)ors nralliing cvcry i n r l ~  O F  R r o ~ ~ ~ ~ ( I  t~r:~r-c~~.sc(l I I ~  I I ~ I I I  ( l ~ ~ r i ~ l g  t11c cutire ficld scason. 
ITorses nrcl.c 11seles3 in the cou~ttry tllrol~gli \r,l~icll Ile ca~'rictl OII  t,lic tr ia~~gul:~tion.  IIe succcedetl 
in sclcctirlg a Tctrcigor~ a ~ l d  a l ' c~~ tago t~  atlvancing tile :~l~l)rosiilii:~te work 47.6 miles during the 
scason. Colisidcri~~g tllc diflicnlticrr of marc l l in~ i r ~  a co1111try n r i t l ~ o ~ ~ t  ~'oads and paths, thc dense 
ju11gle3 sparsely inl~abited and grcat scarcity of labor Jfr .  O'Sullican 11as done very well. 

(18.) Mr. C. Bryaon, Assistant Survcyor 3rd C;-ratlc a~rristcd me in thc Obser\~ato~.y until 
tllc 17th l"cbruary. I i c  fell ill t l ~ c  11cx-t day; I lcft him at Silg11;rt fur ~r~etlical treatmctit nit11 
tllc K:ltivc Doctor, Prlr, Uryson was  cry uscfd iu thc o ~ J $ c T \ ' ~ ~ ~ o ~ ' J '  and ~~uder s t a l~ds  liis work 



thoroughly. Thc 14-inch Theodolite had very coarse and uncven wires and I got Mr. Brpson 
to put on new ones ancl to adjust the collimation. I found he understood a11 the adjustments of 
the Theodolite and its manipulation aud during an attack of fever I had at Kamakia H.S., Mr. 
Bryson observed the S n o ~ y  Pcaks at my request and obtained very good rest~lts. On recover- 
ing from the attack of fever above mentioned Mr. Bryson joinctl Mr. OISullivan and assistecl 
him in the approximate operations. He constructed 3 Platforms and tlcLcrmiucd autl clcarcd 
the ray between Khelebenshon and K'ankochan. Mr. Bryson has morkcd well. 

Extract from the Narrative Report-dated 1st July 1871-of H. BEVERLEY, ESQ., 
Surveyor 2nd Grade, Officiating in charge of the Bider Longitudinal Series. 

b 
.-. -- 

Consequent on the death of Mr. G. Shelverton, I mas, by D. 0. No. 2 dated 10th March 
1871, placed temporarily in charge of the. Bider Longitudinal Series, i t  hlls therefore dcvolved 
on me to  subinit the nwrative of the operations of the late field season and rccess. 

(2.) Before proceeding further, I would bcg to submit the following short statement of 
Mr. Shelverton's ill~lcss and dcath. I n  the second para of liis narrative report for season 1869- 
70, Mr. Shelverton refcrrcd t o  his own illuess during the months of Januafy and February 
1870, which resulted in a very severe attack df brain fever, from the effects o f  which he nearly 
died. I regret to  state that he appears never to  have quite shalcen off this illness; during tlie 
recess he several times mentioned he had suffered from attacks of fever, which seem to have 
lasted only for the dsy 2s far as wc are aware and which appeared to have come on periodically. 
I believe the comparatively favorable climatc of W a l t a ~ r  1icpt the tSvcr in cl~cclr, and ~t 
required him but to expose himself again to the malarious tract, for the disease to take a.firmer 
hold of his constitution. Mr. Shelverton left Waltair on the 7th January, and only scvcntceil 
days after, he experienced his first attack of fever, which continued off and on till i t  terminstcd 
fatally on the night of the 26th February. I n  his official diary he noted the dates he had fever 
via., from the 25th to  28th of January inclusive, again from 7th to 10th and 19th to 24th 
February inclusive, on this last day he remsrkcd in the diary "unable to go up to  R@k as I 
was laid up with ferer till midday, very much wcakcnecl by this lengthened attack of illness," 
the next day he mas too ill to make furthcr entrics, and tlie following day was his last. The 
Native Docfor ~ t a t e s  he suffered from remittent fever, and that intiammatory symptoms set irl 
on the 25& when hc became delirious and eventually unconscious-he remailled In that state till 
his death the following night. I have hecn told that this fevcr was of the same type as the 
brain t1:vrr of the previous season. His remains were rcmovcd for interment hv Mr. Wrixon 
to  Doomagudiam, a small station about $0 milcs by the village paths l'roru Arkur village where 
he died. 

(3.) Mr. Shelverton mas it1 the habit of treating liims~lf for liis complait~ts, a~ id  hc 
rarely called in any professior~al aid. Hc was also w r y  reticent in alluding to his ailments ; hence 
~t was that all :n camp were unaware of thc seriousness of his malady till the alarming symp- 
toms set in, when i t  was too late eithcr for the Nativc Doctor to (lo any thiug for him, or for 
Mr. TVr~xon to urgc l i ~ m  to go, or even to remove him, to the nearest civil xtatiori for medical 
aid. 

( j  Owing to tlie unllealthincss of thc tract of rountry t l~is  party llad been working 
in the previous year, most of tlle mcn of t l ~ c  Nativc 1Sstal)lishnle11t who were from t l ~ c  N. W. 
Provinces took their di~charge, and many of those who had ol~taiucd (cave to visit their hoincs 
rcmaincd away. Mr. Shelvertori conacqncntly found about the middle of Novcmbcr, that he 
hat1 rlcitt~er i~~atrumcnt  carriers, nor meu tin an extra Burlcat~tlaze g11:lrtl. IIe then or1 tlle 15th 
Xovenil~cr, a1)plicd to the Collector of Ganjam 'o entcrt;~in 80 men for the Esta~lishmcnt from 
that rlistrict 1~110 joined liini at Waltair on the 21st Dcceml)cr. On the l.l9th Drccmbcr, Mr. 
Shelverto~i 2pplietl for a Yolicc gllartl fiorrl the Superintcnt1cnt, of Police hrrc, ill licu of tllc 
extra Burkallrlazcs who had not rcturnccl from leave; as that Officer had no orders to supply tllc 
guard, rcfcrcnce was made to yoursclf in thc mattcr, and eveutually i t  was furnishetl 011 the 
2nd J u ~ ~ q a r y .  

(5 . )  Under thesc circumsta~iccn, and a4 tlie country mas notoriollsly 11nhcaltllv for 
abodt a month and a half after the tprminatiorl of the .  .11s, Mr. Shclvcrton with l f r .  IVrixoll 
aild the mail1 camp (lid not leave Waltair till thc 7th January. Alysclf, JIr. Ucll and tllc aigllal 
pi~rlics llomcvcr slartcrl 1,y tllr 23tb l!cccmbcr 1870. 



(6 . )  Owing to instructions conrcycd in Ictter No. dated 20111 Septeml~cr 1870, from 

the Superintendent G. T. Survey, Mr. Slielverton resolved, if practicable, to have a symmetrical 
double connection with the Coast Series oil the side Kap-Dl~ar, (which had last year been re- 
ported impracticable) either by the quadrilateral Dliar-Kap-Khairahi~ling-Cl~el-11, if tlie ray 
Dhar-Cheru was likely to bc visible, or hy a Pentagon, i~~cll lding the above stations and new 
central and southern flank stations. For the former he proceeded hin~sclf with the main (!amp 
t o  the foot of Dhar, sending Mr. w r i x o ~ ~  to thc hill top to report wl~ctlrcr the ray Dhar-Chcru 
was visible, or whether it conld be altered for a more suitable point : Mr. Wrixon reported thc 
quadrilateral impracticable. Meanwhile I was instruct to  select the centre station, mhich 
I succeeded in doing, but about 9 miles south of the proposed position ; and Mr. Bell mas re- 
quested at the same time to fix the southcrn station to  complete the Pentagon: 11e succeeded 
in getting a point on the spot indicated. Mr. Shelvertori however found that this station was 
too close to the centre, he therefore with hIr. Wrixori proceeded to select a new soutl~cru station : 
two hills were ascended, one by himself, and tlie other by hfr. llrrison, the 1:lt.ter was fo~irltl to suit 
exactly for the purpose. Rir. Slielverton nest mal.cl~ed to Singswaram II.S., the 2nd centre of 
the double Polygon of last ycar, wl~ere he conlpletctl a set of circumpolar star observatiuns to 
Polaris and 4165 Ursae Minoris, after ml~ich hc began the Principal Observations fhr t l ~ c  season 
a t  Narakonda. Completing this station on t l ~ e  18th February 1871 he marchcd to ~ l r l i u r  village 
below Rapak, his nest station, ~vllcre his lamcnted death took place. 

(7.) Under instructions from Mr. Sllclvcrton, I sclectctl Kalingltonda H.S., the centre 
station of the last figure of tlic 13idcr Scrics, tllcu ins~cctcd  Kap H.S., oue of the stations of 
the Coast Series. Finding that t l ~ e  station was in good preservation, I preparcd it for final 
observations and then prepared Khairabidirig H.S., after which, I selected Balidongor H.S., 
malring tlle Pancl~a pentagon into a compourirl figurc in order to  get a suitable bave (Munas- 
Balidongor) for the series along the mcridian of 82". On this base I had thrown out tlie 
Tulsi-Saikarpan douhlc figure, and mas on my may to  Y station, wllen the melanclloly intelli- 
gencc reachcd me at Jugdulporc (Bustar), 13 days after its occurrence, I immediately retraced 
my steps and joiucd the IIeacl Qliarters cnmp or1 the 20th March. Prior to this Mr. Shclverton 
intimated to me in a letter which reachcd mc on t l ~ c  8th REarch-in supercession of his pre- 
vious iustructio~~s-that he wished me to start the Aleridional Series on the side Khairabidir~g- 
Munas. This new base I 11avc since retaiucd, aud have laid out two figures on tlle meridian 
of 82"; the two last points have riot becti visited. The two statious completing the Balidongor 
figure were selccted by Mr. Bcll, a t  my request. On taliing over charge, I telegraphed t o  
yourself and received permission to resume final obscrvatious snspe~~tlccl by Rfr. Shelverton's 
dcath, and was cnablcd to completc observations at the five remaining stations of the Kaler 
pcntagou (one station having bccu ohscrvcd by hfr. Sl~elvcrton) from t l ~ c  28th March to thc 
30th April inclusivc. The " clrota barsat" having set in, and the cnnntry becoming too un- 
hcaltl~y to work in any longer, I closed work, thc party rctllrning to rcccss quarters by the 
18th May. 

(8.) As desired by Mr. Shclvcrton, Rlr. Bcll selccted a sonthern flank station of t l ~ e  
Kalingltonda pentagon, which :IS statcd hefore nras rcjccted and Pautlan~ala selccted in its 
stead. He ncxt visited Clicru and tested t l ~ c  ray to Pedakonda. 13clow this hill, a t  Gudtlu~n 
villagc 11c lialtetl 12  days, awaiting instructions, at Mr. Sl~elverton's ~ ~ c q ~ ~ c s t .  011 the 18th 
and again on tlic 2ltl1 J:mn:iry, further instructions wcrc sent to him, ill accortlauce with which 
11e first huilt the pillars and platforms and cut t l ~ c  roads to tllc hill stations of Clicru and Pauchx, 
t l ~ c n  observed secondary angles at Kaler, Kanslnr, Pancl~a and Katalnrt~j, and lastly prepared 
tllc stations of Kalinpkonda anrl P:unila~rala and cut the roads to thcsc stations. At  Kcding- 
konda 11c reccivrd instrnctions from me to co~nplctc the l~alitlongor f ig~~rc ,  when 11c visited ant1 
prcparcd thc station of Ycndrilra a11d sclcctcd Silougdongor : the rays to t l~ i s  last station coultl 
not hc testcd owing to rain and clol~dy n,catlicr. Mr. Bell closcd ~r,or.k or1 t i ~ c  3rd Rlay ant1 
rcturncd to rccess qnnrtcrs on thc 18th idcrn. nesidcs thc ahove, 1tc 11ad 30 hills poled for 
secondary work. I r e g c t  Mr. ncll has been uuablc to do a satisf:tctory scasonJs ~ r o r k  : it  
was from causcs ovcr wllicli he had no control. For 12 days he was cncamped at Cuddun1 
awaiting instrnctions, and again the instructions hc rcccived involved tlre loss of several days iu 
travelling backwards and forwards tl~rongh a wild and uninl~abited tract of country to the 
stations 11e hntl eithcr to prcparc for Rlr. Sl~elvcrton, or visit for se.colltlary observations. H e  
llns suffcrcd cousidcrably from rcpcatcd attacks of fcver througl~out the season. 

(9.) Mr. m'rixon wns t11ro11gIin11t t11c scason with thc main camp. As statcd previonsly, 
hc mas sent to 1)har H. S, to rellort allcthcr a qnadrilatcral was practicable, again IIC was sent 
to Pandawala, and this station was retained on liis rcport as the sontl~cru flank station of the 
Kalingkonda f ip~rc .  TJndcr Mr. Sl~clrrrton hr rrcol.tli.tl in t l ~ c  ol)srrvatory and was engaged 
i n  c ~ ~ r r r n t  oficr duticn. I cnnsidcr hc (Lid his 1)c:st for Alr. Shclvcr to~~ i11 the pec-~~liar ant1 tryirrg 
circl~mstanecs Ilc was placed in at t l ~ c  time of Iris ~lrath.  Sul)seq~~ently Ilc rcmail~ed with the party 
at Kalcr villagc till my arrival, and assirrtccl me clnring thc rcmaiudcr of l;l~c scason ill c ~ ~ r r c n t  office 
duties, and in recording in tllc olscrvatory. A pla~le-tablc was sct up  wl~ ic l~  was uscd by Mr. 



Wrixon for laying down villages round the principal stations and encampments, chiefly on 
the banks of the Sevaru R : the country round Papikonda and Pedakonda being too rugged and 
wooded for the table to be of much use. Mr. Wriaon has also sntiered from repeated attacks 
of fever throughout the season. I bcg to statc that during the time he has been with me, I 
have been quite satisfied with the way in which he performed his duties. 

(10.) Of the four stations of the Kaler figure finally determined this year, Singanama 
is in the Jcypore state, Kaler in the Upper Godavery district, PapiGonda and Pcdakonda in 
Rajamundry. The country throughout this tract is mild, more esl~ecially round Papikonda 
and Pedakonda, which are on the Eastern Ghats. The last named station is sitnated on a 
block of hills about 4<,000 feet high, and was first visited by Captain Glassford the Deputy 
Commissioner of Sironcha in 18GG. Thcre arc several villages round this station. Papiltonda is 
quite uninhabited for scveral miles round. The other two stations have some small hamlcts 
round them, consisting of bat a few huts each. The inhabitante of thcse places, as soon 
as they hear of the approach of a party descrt their villages and hide in the dense jungles 
round them, and no inducement will bring them back till the camp has left their vicinity. 
This was the case throughout the S.W. portion of the Jeypore district. Under these circum- 
stances, i t  was impossible to get any assistance from the villagcrs whatever, either for procuring 
provisions or labor. On the banks of the Sevaru a rather large stream wl~ieh passes close to 
Kaler and Rapak and falls into thc Godavery, the villagers were not so timid, and our supply of 
provisions and labor were chiefly obtained from there. 

(11.) Tlic two fignres remaining to complete the Bider Series are cntirely on the East- 
ern Ghats,-a high table land ahout 3,000 feet above sea level-our stations ranging from 3,500 
to  5,000 feet. Tlie three stations Balidongor, Yendrika and Silonidongor of the Aleridional 
Series, are also on the same range, the remaiuing points are on hills overhanging the plains of 
Bustar and Jeypore. 

(12.) Abont the parallel of 18" 15' the change in the language is a very marked feature 
of the country, the villagers to the north speaking different dialects of Ooriah, and those to 
the south Telegu. I t  is so peculiar that any one crossing from the one village to the other, is 
struck with the difference at oncc. Having Ilindoostanies, Ooriahs and Telegus i t  was cuious 
to  notice the effect of this change in my camp. 

(13.) There has been conniderahle sickness among the Native Establishment throughout 
the season, but only two deaths occuretl ;one a classie from fever, and the other the camp Bun- 
niah from Rheumatism after he had taken his discharge and left the party. 

Extract from the Narrative Report-dated 16th August 1871-of H. KEELAN, ESQ., 
Offg. Deputy Superintendent 2nd Grade, in charge Belaspur Meridional Series. 

(2.) The party left Head Quartcrs on the 4th and arrived at Chnnar on the 7th Novcm- 
ber, and proceeded from thence to resume operations on the Rilaspur Meritliorlal Sericv, in the 
Central Provinces, whcrc, on the arrival of the camp, on the 11th l)cccmbcr, at the tower station 
of Bodri, I comrnenccd operations. 

(5.) After giving full instructions to the dctnrhed pnrtics, I procectlcrl southward to recon- 
noitre the nature of the conntry across t l ~ e  Mallm~atltli. The rollrsc of this 8trcam, whcrc tllc 
series crossrs it, i n  S. South Wrst ant1 N. North I<ast mid is l)ol~ntlctl on it3 riglit bank by low, 
densely woodcd hills running parallel to its course, and is I J ~  no nicnns a la1.g~ strcam in this 
locality, though lower down, where tlic Seonath river, a deep strcam, falls into it, the Rlahanatltli 
assumes formidable 1)roportions and l~ecomes narigal~Ie from this 11oi11t all the ~vay down to tllc 
sea. The collrse of the hills, as I llave noticctl above, i~ vcry unfavoral~le for the tria11~1llatiol1, 
as at prcsent ; t l ~ c  west flauk of tlic approximate serics, lics on thc lcvcl l)I:~in, rcrl~~iriirg to\v(:rj, 
whilst the statioi~s on t l ~ c  enst flank are situated on t l ~ c  hills. I cxpect that 20 or 30 nlilcs 
loacr down, the ground mill bc cutirely I~illy, when artificial clcvations will bc no longer rcquircd. 

(6.) I returned north to inspect thc progress tlic towers wcrc malting and I,? the 1 ~ t  of 
February I was glad to find 2 or 3 of the new tomcrs nearly ready for principal ol)scrvatiolls, 
for which I am indel~tcd to the 'exertions of N r .  Survcgor H. E. 'I?. Kc,c:lan. Fir~ding the 
npproximatc work in so forward a state, I proccetled to the l~i l l  ste.tion of Sont.i, t l ~ c  castcr~l 
point of the sitlc at rnl~icl~ t l ~ c  prcvioua season's ~vork closcd, aud tllc:rc cornlncnrcd ol)crvatio~~s, 
and by t l ~ c  close of tlic month, observations merc completed at thc Itill stations of Souti, and 
Dalea, and at the towcr statious of Borlri, gat ha or;^, liouargarll and I(otgarh Y. station. 





Extract from the Narrative ReportLdated 6th July 1871-oflieutenant M. W. ROGERS, 
R.E., Offg. Deputy Superintendent 3rd Grade, in charge Bombay Party. 

Messrs. Price and Bond left Bangalore on the 5th November, the former to c a q  on 
the approximate Series, the latter to select and build a group of Zenith. Distance Stations for 
Captain Herschel. The Main party took the field on the 18th November and commenced obser- 
vations at Pangurh H.S., on the 1st December. From this date the observations mere carried 
on continuously without any occurrence worthy of remark. 

Circumpolar observations for Azimuth were taken at H o  r H.S. and Darrur H.S., tlie 
former is, and the latter is intended to be, the center of a group 3 Zenith Distance Stations 

The weather was very favourable until the end of February, by which time the series 
had reached the Tougabudra river. After this date the heat increased greatly and the atmos- 
phere became so hazy that i t  was seldom that the hills on which the Stations mere, could be 
seen, except, perhaps, for an hour towards evening. This caused some delay in the observa- 
tions, and still more in the approximate series ; this latter had been stopped last season by 
order of the Superintendent, and was therefore already not so far in advance as it should have been : 
and the further delay causcd by the weather brought the principal observatious still nearer to 
tlie approximate work ; I therefore decided on closing observations a fortnight earlier than I had 
intended. The 01)servations were carried to about 20 miles north of the River Kistna and were 
closed a t  Janikalu H.S., op the 5th April. 

The series has been advanced 160 miles, 65 angles having been observed at 18 principal 
Stations forming one double polygon, one single polygon and one IIexagon, the southern portion 
of a double figure ; the whole covering an area of 5649 square miles. I hope during the next 
season to  complete the series to Bider and also to  connect the towers of Hyderabad, Kurnool 
and Cuddapah. 

After closing the principal observations, I marched to Gooty and observed at three 
stations in the vicinity, in order to connect Coloncl Lambton's Astronomical station of Nam- 
t h a b d  wit11 the principal triangulation. This being finished, I closed the stations in the neigh- 
bourhood and marched towi~rdu Bangalore, which was reached on the 4th May. 

For the last 2; months of the season the work was chiefly in the territories of I-Iis 
Highness the Nizam. At  the instancc of the ltesidcnt, a 'I'ehsildar and Scpoy guard was 
attached to the camp and rendered great assistaucc. Arrangements were made to s ~ ~ p p l y  
Mr. Price and myself with officials, per~nar~cntly attached to the camps, and this will, I under- 
stand, be done next season. I am grcatly ohligcd for the assistar~cc re~~clcred to me by the 
Nizam's Government. The health of the party mas generally good, I lost two men from fever, 
but with that exception the season has been fairly healthy. 

Mr. Price mas employed in selecting and l)uilding stations in advance of the main series. 
I I e  completed 15 stations besides sclectiug 4 zcnit.11 distance stations for Cal)tair~ Hcrachel a d  
placing marks 011 all importaut and conspicuons points. I have alrcatly mcntionetl tllc diffi- 
culties causcd by the hazy weather : i t  rcflects great credit on Mr. I'ricc that 11c got on at all 
(luring the last month, so dcnsc was t l ~ c  ]laze. On his ]~omcward march he closcd 9 stations 
and conncctcd a new zenith distance station with the triangulation. Owing to the rcqr~irc- 
ments of the series I mas obliged to throw the wllole labor of the station building 011 him ; 
and although the heat and 11ard work caused his hcaltll to s11H'er towards the end of t l ~ c  scason, 
he persevered and accomplished his work to my elltire satisfaction and in a manncr and with a 
good mill which does him grcat credit. 

Mr. Bond was employed in sclccting and building four zenith distance stations for 
Captain Herschel. This was the first example of this kind of statior~ aiirl Mr. Rond coml)lctctl 
his work satisfactorily. IIc next scl~cted two stations for coni~ecting Namtlrabntl with the 
main triangulation. After this he procceded to carry out a minor scrles to connect the tow11 
of Cuddapah. I n  thia, I am sorry to say, the progress has not been satisfactory. The 11cat 
was very grcat and Mr. Bond and his party suffercd severely from fcvcr : for some time he had 
but two men fit for work. 

Cudrlapah is snrrounded hy trees and it was a matter of diffic~~ltp to sce thc principal 
buildings without going to greatcr expense and trouble in clearing rays than thc imljortnncc of 
the work would justify. The inhabitants werc very unwilling to render nssistnncc which also 
caused delay and trouble; under these difficulties, Mr. Bond chosc his points with j~ldgcnfent. 
IIaving selected and built the stations alorlg a distance of 90 miles he c o m m c ~ d  obaervatlons, 



but at his first station was taken ill and had to go into Cuddapah for medical treatment; he 
was ordered by the Surgeon there not to attcmpt to go into camp again that season, he there- 
fore returned with his party to Bangalore which hc reached in the end of April. This was hia 
first season at independent work. I was very well satisfieil with the first portion, and that the 
amount done was small was, I consider, his misfortune and not his fault. 

Mr. Torrens joined the party in November and accompanied me as recorder during the 
season; he works well and willingly and a little more experience and neatness will make him 
a very useful Assistant. 

During the Recess of 1870 the computation of the first double polygon of the Xorthern 
Section of the Bangalore Meridional Series was completed and the two azimuths, observed at 
the ends of the Bangalore Base-line, computed. The Secondary triangulation on the west 
coast from Bombay to Goa, was then computed. This involved constr~lctitlg a preliminary chart 
of the South Konkan series which was a work of considerable labor. 

Extract from the Narrative Report-dated 14th July 1871-of Major B. R. BRANFILL, 
Deputy Superintendent 3rd Grade, in charge of the Madras Party. 

The party took the field in the Coimbatore District as early in November as the weather 
permitted, and as soon as the district to be triangulated was reported to bc hcaltly enough to 
work in. 

The season has been an unfortunate one, ant1 according to the statements of both Native 
and European inhabitants, a very unusual and exceedingly unhealthy one, on account of the 
rainy and cloudy weather. 

The work to be done was the continuation of the Bangalore Meridional Series, Southern 
Section, to the South of the parallel of iLo, carrying i t  over the great mountain range of the 
Palnei Hills, which here rises abruptly 6000 to 7000 feet from the great plain of Coimbatore, 
extending from the Western Gliats as far as the meridian of 77" 4.5'. (The meridian of tlie 
Great Arc being 77" 41'). 

The country was very difficult, and had baffled several very promising plans of tlie 08- 
cer in charge of the approximate series during the previous season ; so much so, that he de- 
spaired of being able to carry on the approximate series in advance without assistance. I there- 
fore determined to take ground to the east flank, and so to avoid the most difficult part of the 
country and to take up the approximate series in advance myself, and, with the help of existing 
charts, I laid a plan which seemed almost certainly feasible. I t  so happened that Captain 
Herschel was going to the station of Kutiaparei (or Mallapatti) and its neigllbourhood for his 
Zenith Distance observations, and would be for some weeks on tlie spot where the best plan for 
the triangulation could be decided on, before I could arrivc there. I therefore asked him to 
look out for me and give me the benefit of his observations, which he was good enough to do, 
sending me a plan which I have no hesitation in sayi,~: ..,,,,eared to be the best for the tliangu- 
Iation wllich the country admitted. I ie suggested tlie introduction of two or three quadrilateral 
figures in place of the rcgular polygons I had arranged for, getting over the country wit11 fewer 
stations, and avoiding the most difficult and inaccessible places. I immediately adopted the plan, 
and nothing but an unusually bad season prevented my completing the observations at all the 
stations proposed. But long spells of cloudy aud rainy weather contiuually stopped my obser- 
vations and caused such an amount of sickness as to delay me most seriously, until the hazy 
and hot weathcr of March and April set in and put an end to further observing. 

Even had i t  been otllerwise and the air clear enough, most of the men of the party were 
ill with fever and quite unable to march. I therefore on the 20th of April sent off all the sick 
men into Recess Quarters at Bangalore, where i t  was many weeks before the majority of them 
became convalcscent ; ,many of them are still unfit for duty. 

The station of Kutiaparei (or Mallapatti) having been used for Pendulum and Z. D. ob- 
servations was fixed upon for Azimuth observations, but as this station was not reached no Azi- 
muth was observed this season. 

As soon as I found i t  impracticable to continue the principal observations, I proceeded 
with Mr. La9eron by @k to Tuticorin according to my instructions, and set up the self regis- 
tering Tide Gauge which had been sent to me for the purpose. 



It was necessary to build a honse for its protection and for this purpose the matel-ials of 
an old house, previously set up at tlle Oyster Nursery, were placed at my disposal by Captain 
Phipps Master Attendant, mho was kind enough to give me every assistance in his power. 

For a platform an old iron tank (5 feet cube) was purchased and half sunk and filled 
with sand ; and for a well for the float to rise and fall in, some empty hogsheads were sunk a 
foot or two below the lowest low water mark, communication with the Sea being maintained 
through an iron pipe introduced into the bottom of the well, and carried into deep water. 

I n  order to set the drum to correspond nearly with mean sea level, observations were 
made at every high and low water for nearly a semi-lunation before fixing the float on the self 
registering Tide Gauge, and thereafter observations were continued at the temporary gauge as 
a check upon the times and heights registered on the drum until it was ascertained to be work- 
ing satisfactorily. 

The difference of level of the permanent Bench-Marks, fixed in December 1869, was re- 
peatedly observed and the zero points of the scales of the temporary and permanent Tide Gauges 
frequently determined. An anemometer was set up and a good 3-inch Aneroid Barometer (No. 
280. T. Cooke and Sons) set to correspond with a mercurial Barometer left in the Master 
Attendant's office, to be registered daily in a Tide Journal to be kept for the purpose, to accom- 
pany the sheets taken off the cylinder or drum of the Instrument. 

This occupied ahonth .  On the 20th May I left Tuticorin, and after completing some 
secondary observations which remained to be done on the Palnei Hills, proceeded to rangalore 
by d&k and rail, arriving there on the 3rd June. Mr. Laseron remained at Tuticorin 10 days 
after my departure to match the self registering Tide Gauge and to keep the accompanying 
Tide Journal. I t  has now been registering the tides for more than 3 semi-lunations continuous- 
ly and is reported by Captain Phipps to be working very well. 

Principal observations mere completed at  7 principal stations (26 angles) forming one 
Hexagon and one Quadrilateral figure, advancing the series 67 miles southwards. Six of the 
stations were on rugged hills or mountains averaging 3500 feet high (between 1200 feet and 
7550 feet). 

The approximate series has been carried 100 miles in advance of the last stations observ- 
ed at  and has closed upon the triangnlation about the Cape Comorin Base-Line. All the stations 
in advance are built and all in rear finally closed. 

Rly Assistants suffered from sickness severely throughout the season as well as the na- 
tives of tlle party. 

Mr. J. W. Mitchell, Assistant Surveyor 1st Grade, was engaged on the approximate 
scries in advance, bnt ltkc the rest of the party, mas much hiudered by the unusually rainy and 
clo~~tly wcatl~er of the season as well as by sickness. He homcvcr visitcd 16 poil~ts and finally 
selected 6 for principal stations, built 4 platform stations, and erectcd 7 pole and brush signals 
and cleared 32 milcs of rays; carrying thc approsinlate scries 100 miles to the south and closing 
upon the triangulation around the Cape Comorin Base-Line. 

Mr. 0. V. Norris, Assistant Surveyor 3rd Grade, and some of his party caught fever at  
thc first station they visitctl. As no one of the signal, observing and closing parties was ill after- 
wards at the same place, it seems tllnt hc was a wcek or so too early, and ~t is fortunate that 
t l ~ c  main party was no earlier. Mr. Norris selected 2 arid built 5 platform stations, one of which 
he also finally closed. He mas obligctl to go into Madura wit11 his party for med~cal treatment 
for a fortniplrt, and was scveral times i ~ ~ c a ~ a c i t a t e d  by sickness from carrying on his field dntics. 
I directed him to join my camp and assist in thc observatory and ofice for about amonth whilst 
on the Yalnei Ilills, in thc l~ope of his deriving bcnefit horn the change, after which he executed 
some secondary triangulation I gavc him near hladura. I regrct to add that his health has not 
yet been cornl)letcly restored. Considering his state of health, I tliiuk he has done a vcry 
fair amount of work. 

Mr. C. D. Potter, Assistant Surveyor 3rd Grade, selected and built two principal stations 
on lofty and ditficult monntai~~s. IIe then acted for one month as observatory recordcr and 
otFice Assistarlt, after wllich he finally closed 7 principal and 4 minor etations, and from wllat I 
saw of his work and arrangcrnents, I have reason to be wcll satisficd wit11 him and to report 
favorably of his zeal aud ability. 

I I r .  E. W. Laseron, Assistant Surveyor 4th G r d e ,  l l a ~  accompanied me as observatory 
and office Assistant throughout the season, in which capacity hc has given satisfaction. During 

one rnontl~ of the field season, he 01,ligetl to seek medical trcntmeut in Marlurn. IIe practiwd 

obscrvillg with the 7-iuch thcodolitc, in tllc usc of which he acquired somc facility and accura(:y. 
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H e  gave me much assistance and took a large shnre of the Tidal obsemations day and night at 
Tuticorin, and suffered severely from the  consequent exposure to the  sun. 

A list of the mean barometric heights of the  stages of my camp and of the stations Visit- 
ed during the field season is attached. 
Barometric heights of stations and haltbtg sta.qes of the Madras party, Great Tri,qonomeirical 

KO. 

1 
2 

3 
4 
5 
6 
7 

8 
9 

1 0  
11 
1 2  
13 
14 
15 
16 
17 

18 
19 
20 
21 

22 
23 

24 
2.5 

26 
27 
28 
29 

30 
31 
32 
33 
34 

36 

36 
37 
38 
39 

40 

Dnngalnre 
~ L c k  t h ~ y  pro uncorrected. 

Survey visited during the $eld season 
and compared witla the leveled 

STATION 

No. 2 Residency Road, (Bangalore) 
Bang,aloro Railway Station, (the 

1, 

highest point of the journey) . . . 
Ksdgudi, Railway Station ... 
Malur ... 

... Kolar Road ,, 
Kr~ppam ,, ... 
Jalanpet ,, (Junction 

station below the Ghats) ... 
Tripatur Railway Station, ... 
Samalpntti ,, ... 
Mor~pur 9 1  ... 
Mallapuram ,, ... 
Top of Mallapuram ghat, ... 
Shervarai hills Railway Station, ... 
Salem (Sel~m) 11 ... 
Mac Donald's Choultry, ,, ... 
Sankari Drug, ,, ... 
Kaveri Bridge (the lowest point of 

the journey) . . . 
Erode, Railway Station, . 
Perundurei 9 1  ... 
Wntkali P I  ... 
Avenaahi Road ,, (or 
Tirnpnr Railway Station,) ... 

Sonlnnur, 7 9  ... 
Coimbntore (about the lowcst point 

of the Palghat gap,) . . . 

Snlcm Rn.ilway Stnt,ion, ... 
Fischcr's knoll or Bcar's hill (Ycrknd 
sctt , lc~~~ent) . . . 

Yerknd C1111rch floor, . . . 
,, hill top above church, .. . 

Alexnndrn Hotel, ... 
Fair Lnnrus H o b  ut (by a single 
observntion) . . . 

Ycrknd lxkc, . . . 
D n f f ' ~  hill (Snnnsi ICarradri H.S.,) ... 
Taylor's aaddle, (t,op of Atar ghat) 
Shcrvamynn hill top, ... 
Sholei Knrr~du,  (forested summit of 

green  hill^) . . . 
Muttund  (green bills, highest 

point). This i8 helicved to be the 
highcst point of the Shervarai hills. 

South of Twin Hills, . . . 
Salem, Fischer's comporind, 
Perirlr Chnttnr, on high road to W: 
Rnnjamallci II.S., ... 
Saukari Divg T.B., ... 

NOTE.-Tho foregoing NOR. 1 to 23 were obtninod 
to Coimhntore nnd shew II maximum error 

1869-70, 
or 

3 
S %  
o '5 

2" 
Feet 
2973 

datum 

28.59 
2962 
2G70 
2248 
1357 

1310 
1285 
1328 
1394 
1526 
1261 

941 
811 
898 
525 

562 
866 
983 
990 

1106 
1285 

0 . - 
2 * 
a 4  e.s 
52 

F9 

4834 

4070 
4820 
4GF6 
4G00 

4420 
6213 
4660 
6345 

847 
784 

3260 

1016 

from 
of 35 feet 

determined by daily Aneroid observations 
Trigonometrical values above sea level. 

-d 

3% b.z 

2" 

Feet 

3034 

2856 
2970 
2666 
2245 
1321 

1272 
12G4 
1306 
1391 

1241 
92% 
785 
872 
502 

541 
844 
976 

REMARK 

1 In Eastern Mysore above tile Ghats. 

< 

. In the Salcm District. 

1 
{ 
1 

Coimbatore Diut,rict. 

111.5 
1303 

-- 
6 ;; 
E so 
0 xi 
g e  
,206 & .z 
Y- 

9 30 
4YIY 

5231 

5342 
5371 

1 

I 
I 
I 

Thc. Shervnmi Ililis, 10 nlilee N.N.E. 
of Salenl. 

5410 

4655 

3238 

S.E. of Salem town. 

6 or 7 miles S.W. W. from Salem. 
1285 feet below the top of Drug and } 25 feet above the adjacent plaio~. 

Anoroid obsrrrntions mnde whilst travelling by rail from 
&r falling 1700 Let, md a closing e m r  of 18 feet for, 



No. 

- 
4 1 

42 
43 

44 

45 

46 
4 7 
48 

49 
50  
51 
62 
5 3  
54  
5 5  
56 
57  
58 
59 
60 

61 

62 
63 

64 

65 
66 
67  
68 
69 
70 

71 

72 

73 

74 
7 5  
76 
77 
78 

79 
80 

81 

82 
8 3  

List of Barometric 

Station and Stage. 

Narainpaliam village, . . . 

Morur H.S., ... 
Bavani kudal, ... 

Narinjipet, ... 

Palamallei H.S., ... 

Andiur, . . . 
Kempanaikem pm. and Chellip~liam 
UrugamaUei H.S., . . . 

Attani left bank of Bavani, . .. 
Komal kerradu S., ... 
Nallagawendenpaliam, ... 
Thittamallei H.S., . . . 
Kunatur, ... 
Peruudurei Tr~veller's Bangalow, . . . 
Chennimallei H.S., 

Chennimallei village at  N.E. foot of do., 
Arrasellur, ... 
Yettimdlei S., . . . 
Ichipaliam, . .. 
Tennellei, (Camp N. of high road 

near old temple) ... 
Batpaliam (or Kachmarrei) S.E. end 
of Pachapaliam baae-line of 1806, 

Ninachivallasei, 
Kanapollei S., (N.W. end of ~ a c h i -  
paliam base-line of 1806) . . . 

Manthamarrei S., (Pwhapaliam 
station), ... 

Tiruman Kemadu S., . . .  
Kangayam, . .. 
Hallagamallei H.S., . . . 
Hallagamallei village, . . . 
Avenasipaliam, ... 
Udiur H.S., .. . 

Udiur village a t  milestone (Kan- 
gyam 10 Darapuram 1 l),  . . . 

Darapuram, . . . 
i 

Kollupaliam S., ... 

Chenjeri vill., cctmp E. foot of hill, 
Chenjeri H.T. roof, . . . 
Palladam Traveller's Bangalow . . . 
Kundudam, . . . 
Kallimedu S., . . . 

Chavadipaliam (or Kethanur), . . . 
Penunangutta Kadu S., ... 

Chengodampaliam, . . . 

Veddiapaliam S., ... 
Shamichettipaliam S., ... 

Heights. - 
Remark 

?a 
Camp a t  foot of Merur hill 4 mile S. 

of village on road between Sankari 
Drug and Trichengodu. 

At  junction of Bavani and Ksveri 
Rivers. 

Right bank of Kaveri, a t  base of PI- 
Iamallei. 

About 4200 feet above the plaine at 
its base. 

Camp S.W. of village. 
Camp W. of village. 
N. end of Malleiamma Drug rsnge 
4200 feet above the plain at S. foot.. 

Camp N. of village & near high road. 
About 60 feet above plain around. 
Camp N.W. of village. 
About 200 feet nbove the plain. 
Camp N.N.E. of village. 
W. of Town. 
800 to 900 feet above the plain. 
Camp S.W. of village. 
Camp a t  S.E. foot of hill. 
About 50 feet above base of mount. 
Camp S. of road. 

) 
Is' Noye' River~l'angnyrm Dirnm 

1 
Camp near Kacheri, S,  of village. 
S.E. front of hill temple. 
Camp N. of village S. foot of hill. 
Cump opposite Chattram. 
S. centid lummit of group, not the 

highest point which is about 400 
feet above the plain. 

Camp W. of village E. foot of hill. 

Camp N. of town, 46 feet above An'- 
ravati river, and 16 feet below the 
Muttam or highest part of town. 
A mile llorth of Salarmaddam 011 old 

road. 
I n  the Tamarind Tope. 
An i~olated rock about 150 feet high. 
S.W. of town. 
On road Pnlladam to Daropuram. 
Between Mantaripaliam and V ~ Y -  

alrashi. 
Camp W. of village. 
Minor station, on high groulld W.N. 
W, of village. 

About the highest part of the plain 
country opposite (E.) of Palghat 
gap. 

and Trigono,netricaZ 

0 
' .d 

k L 

F9 

Feet 
800 

1617 
493 

578 

4848 . 

668 
790 

4911 

550 
756 
712 

1255 
1015 
936 

1713 
858 
804 
623 
568 
631 

883 

967 
1038 

958 

980 
1000 
1320 
1098 
1050 
1310 

900 

805 

1220 

1230 
1375 
1159 

949 
1306 

1329 
1431 

1508 

E 
Feet 

1643'' 

4924 

4879 

757 

1218 

1749 

618 

879 

1017 

971 

970 

1353 

1275 

1480 
1261 

Prominent point of the water-shed. 
On the central ridge of the Palghnt 
gap, between the Noye1 and Palar 
rivers. 



List of Barometric and Trigonometrical Heights-(Continued.) 

Arralzolnrn S., 
Sholur villagc. 

Coimbntore (jail), ... 
Ditto low ground, ... 

Coimbntore Rail station, ... 
Alcttnpalinm hotel, ... 
Do. Bridge over Bavani river . . . 

Icnlar Bridge, . . . 
Bnrlinr, ... 
ICuu11r (Coonoor) Bridge, . . . 
Grey's Hotel, ... 

Lamb's Rock, about . . . 

Arravmikadu, ... 
Yclla~ihalli Cliattar, . . . 

Uty, 1st cutting, . . . 
Tlic UII~OII Hotel (Splk's), . . . 
Utakn~nnnd (Ooty) lnkr ,  

Do. Cl~urcli, St. Stephen's, ... 

Gover~lmcut Botnnicnl Gardens, . . . 
Ditto, . . . 
Ditto, . . . 

Dodabetta sumuiit, ... 
Snoado~i (Dcvarsholcibetta), . . . 
Badrlle a t  Dr. Pope's scl~ool, . . . 

Pect. 
1411 
1478 

1400 
1315 

dnt~irn 
1055 
loco 
1200 
2520 
5600 
5930 

5750 

GO80 

6850 

7510 
7410 
7250 
7480 

7275 
7GSO 
7970 
8655 

83 L3 
763.0 

Feet. 

1303 

8690 

On high road, 14 miles E. of Coimba- 
tore, camp N.W. of village. 

High grou~.~dN.of town& cantonment. 
House near long tank. 

High road to Nilgiri hills. 

{ Cooly stages on the K u n ~ s  ghat. 

At top of ghat. 
Higl~er part of Kunur. 
By a single observation. Above s 
1)recipicc at  S.E. edge of Nilgiri 
n~o~~ntn ins .  

Village ilcnr Honeywells brewery (old 
Uty ro:ld ) 

Stnge 5 ~niles from Uty, and 7 from 

Higl~est po~nt  of K ~ I I I I ~  and Uty road 
R'c:~r Utnkn~nnnd clul). 
By n single oliscr~~ation. 
Ncnr Utalzamnnd Library and Post 
offico. 

C:~temny nt bottom. 
(;;~tewny a t  top. 
IJoud at  top of' Cl~inchara raviue. 
~ol~sidcred the highest point ill south 
of India 

Top of hill. 

NoTE.-T~c barom~tlir 11rig11(s NO. 88 to 105 W P ~ C  oblained from Aneroid ohsrrmtions m:ldo during n visit to t h o  
Nil~iri Ilills of a few d a ~ - ~  ill 31:t.v 1H70, rom])srcd t v i t l ~  tho publial~cd lovelod l~e ig l~ t s  give11 opposite Nos. 23 aud 103. 
Half the closing crror bcttvccn t,hese has bee11 npplicd ne a correction. 

Extract from the Narrative Report-dated 22nd August 1871-of Lieutenant J. R 
McCULLAGII, R.E., Offg. Assistant Superintendent 1st Grade, 

Offg. in charge Guzerat Survey. 

(2.) ,011 tlic 2nd r\'ovcml)cr 1870, all t l ~ r  romput:rtio~~s co~incctcrl with t h e  preyions 

Tho Part1 tnkcs llir f i ~ l t l .  
SC-:LSOII's r F ~ . i : ~ ~ ~ g t ~ l : ~ t i o ~ ~  11i~vi11g heen c o n ~ p l e ~ e d ,  tile 
Pi11.t~ took t l ~ c  1;icltl. ' I '~Ic i lssist:~uts had orders t o  

rendezvo~~cr at  S i ~ r n t  for the p u r ~ o s c  or o l ) t : ~ i ~ ~ i l l g  the ncccss:t1-y i ~ l s t r ~ ~ r n c ~ l t s  and stores, b11t 
as  the  d i s t r i l ) ~ ~ t i o ~ ~  took up s o l ~ c  littlc t iu~e ,  tlic last of tlielu (lid llot fairly get t o  l ~ i s  work till 
the  middlc of t l ~ c  uioutl~. 

(3.) Tlic pisevious scason, c a c l ~  ~ l s s i n t a ~ l t  Surveyor had heen assigned a width of 1 5  
m i l ~ i ~ t r a  of Latitude wit11 ordrra t o  cover as far as  Considcrntionr inflnrncing the ~ I I I I I  of opera- 

tions. 11c co~llrl, cnst\\,nrd of t l ~ c  Alcridiau of 72" 30' O", with 
rr nctv\ork triangalntiol~ ; 1)ut in  110 case had i t  extend- 

ctl ovcr l ~ n l f  a r l rpec.  Owing tlicrcfore t o  all insl~llicicl~cy of triangulation having bcen accom- 
plisl~ctl tci nfti)rtl t l ~ c  poi~it,s rcquircd for all t l ~ c  pl:~ue tables of ally yingle sheet, i t  became a 
mattcr for corlsitlrr:~tiol~ wl~rtllcr i t  ~ r o n l d  I)c I~ot tcr  t o  l ~ ) s t p o n e  t l ~ c  topograpl~y altogctller for 
anotlicr scason, or hy cxecutirlg a portion of the couiputatio~ls in  the field t o  endeavour t o  t u r u  
out one or  morc shccts. 



The latter plan was decided on as being the better, since enough triangulation had been 
done, in one sheet a t  lcast, to warrant a hope that i t  moulrl be possiblc to finish tlie remainder, 
as as the computations, i n  time to admit of the sketching being also completed during the 
Eeason. 

(4.) Whereas in the previous season, exccpting a very small amount (about 15 sqllare 

plan of openitions. miles) of sketching, arrangements for carrying on trian- 
pilation only, had bccn made; this season for the rea- 

sons assigned in the last paragraph provision had riot only to 1)c made for its continuance, but 
also for the execution of a ccrtaiu amount of topography as well, and undcr these circumstances 
i t  was found necessary to sliglitly altcr the plari of opcr:~tioiis of thc precedirig ycar; as far as 
was possibIe howevcr, i t  was still adllcred to. I n  thc first place i t  mas dcsired to c a r y  on 
Myhi River Riinor Scrics mhich ]lad been started tllc previous Scar by Licuteuant A. ljaird R.E. 
and Mr. Christie, and this duty was assigned to me. Each of the llssistal~t Surveyors mitli the 
exception of Mr. 3Icrlfee reccived orders to continne his own sectiori of net work triangulation, 
Mr. Bryson being given the one vacated by Mr. ArIcA'Pec in addition to his own. 

Messrs. D'Souza and 3lcA'Fee mere told off to perform tlic Topographical portion of the 
work. They had also to train sornc ncwly appointed Sub-Surveyors, i n  addition, and of these 
various operations I nil1 now speak in detail. 

(5 . )  Commencing from the side Sarod-Doharan of the Guzerat Coast Series, the minor 
s ~ r i c s  was planned to run along the general course of the 
RIylli river, and to join on to the side Gliorarao-Po-(la - - ----  

of the Guzerat Longitudinal Scrim, and in the previous scnson Mr. Christic had selected four 
stations. Having exanlined the grotuirl I rlecidcd to adopt thrcc of these stations, and I t]icn 
proceeded to select othcrs. Owing to the densely wooded natnre of the country on hot11 banlrs 
of the rivcr this was a task of sonie difficulty, i t  mas impossible to see flashing signals, ancl the 
direction of each ray had to be taken from tlie glare of a large fire at night. Thcse fires at times 
had to be made of huge dimensions before they could be seen, and rarely did i t  happen that the 
first attempt proved successful. 

The ground being very flat  i t  mas not easy to fix upon good sites for the Stations, 
consequently the progress made was not rapid, I hati howcvcr sclcctcd four Stations (the sidcs 
of the triangles averaging about 7 milcs) wl~eil 1 was ohligcd to discontitiue i'urtl~cr selection 
owing to my being appointed to the charge (officiating) of the I'arty, coiiscq~icnt on Colol~el 
Nasmytli's departure on sick lcave to tlic Color~ic~.  The trces iu tliis part of the country are 
nearly all mangocs of largc size ; ant1 1)eing vn1nnl)le property, i t  mas olllp i~aturnl that tlle pro- 
prietors should ob,ject to thcir being cut clo~vrl in thc procc<s of ray c-learirrg. Ucforc comnlellc- 
ing to clcar therefbre, I thungl~t it atlvi\al)lc to try ant1 malic sornc nrr;mgcmeut with the 
Rcsident nt Baroda, concerning tliis ni;~tter, blit thougli I tmicc nrcnt to 13:~~0da, and had il~tcr- 
views wit11 him and his Pirat Assistant, ant1 m o t e  several lettcsrs 011 t l ~ c  snl~,jcct, up to tlre 
present n~onicut I hare not 1)ccn a l~ lc  to oljtnin the s:~nction of Iiis Higli~~css the Guickmar's 
Uurbar for the clearing of the rays wllicl~ have becn laid out. 

(G.) The Assistant Surveyors detailcd for nctnorlr trianglllation ucrc, Mr. Cusson 

Network Triangulation. (shcct No. 8) RIr. l%rysbn (sl~ccts No. 9 and lo),  north 
of thc liivcr Jry11i; ant1 l l r .  Christie (sllcct No. 11) 

Mr. IIickie, (shcet No. 12) anrl Mr.  Goslin .(sllcct No. 1 3 ) ,  solitli of' tlie Kivcr. A gcncr:il 
clcscription of tllc colintry, throi~gli ~rlricll tllc operations I l a ~ e  hccr~ c:~rrictl, will bc fo1111tl 
furtllcr on, from w11ic.h i t  will I)e cnsp to gatl~cr t l~n t  the dillicnlties of thc work wcrc vcrp 
g~.cxt, owing to the estrrrnely flat 11:~tllre of tllc gronud, ant1 t l ~ c  prcycuce of higli s t a ~ ~ d i l ~ g  
crops i r i  most cases, with the adtlition of' largc plal~tations of fruit trccs, and lofty hetlgcs i a  
others. 

The districts in ml~ich thc worlr of 17cssrs. Cusson and Bryson lay, were tlic most diffi- 
cult, and iri parts densely \vaodcd tracts ac re  mct with, which Ilad to 1)c avoitlerl as mncli ns 
pousihlc, owing to the trccs being for tllc most part fruit hearing, ant1 t l ~ e  vcry grc:rt cxl~c~iac 
which \roulcl be cntailcd (in con~pcnsation awards) by thcir being cnt clown. T l ~ e  pe)l)lc of 
these Districts are extremely 01)structive and trouhlcsomc, ant1 tlloi~gh no serious renistancc 
was show11 to the progress of the Siuvey, a great deal of dclay ancl aiinoyancc wcrc often 
experienccd. 

IIcssrs. Christie, IIickic, nncl Goslin ]lad for thc most part sorncwl~at easicr country to 
work in, but being ~ u c h  a dcntl IevcI it )I-;IS oftrrl impos9il)lo to scc t,l~c s ig~~nls ,  m t i l  t l~cy wc3rc 
raised many fcct alwvc the groillld. O c r ; l s i o ~ ~ : ~ l l ~  n~o~untls ncrc rrlcSt witll, autl m11n.c~cr p o ~ ~ i -  
hle banks of tanks wcre n~atlc llsc of', hilt I~cirlg as a rnle closc 111) to vi1l:tges the) wcrc not 
always suitable sites for stations. I n  this 1)istrict also, nllicli tro11l)lc Ira% occasio~icd hp the 
ur~willingr~css of t l ~ c  people to rcndcr nssiatarlcr, ancl conxt;~nt rc l~rcscr~ta t io~~s  had to be mndc 
to  the civil oficcrs, of tlic incollvcllicncc aud dcIey a~risi~lg fro111 tliis causc. 



(7.) Thc Assistant Surveyors rcccivcd ortlc~q to talte ohqcrvations sufficient to  ineure 

Vertical Obsorvntione. 
at  lcast the prcscribed r~nmbcr of one height Ilcr 10 
square milcs bring forthconling not only in the past, 

but  also in the prcvious season's nork.  To effcct this i t  a-as uccrssarp that a certain extent of 
ground should be gonc ovcr again, I trust l~omcvcr yo11 will considcr tllc somewhat diminished 
out-turn of triangulation conscqucnt thereoil, has been mol:c than counterl~alanccd by the ad- 
vantage of the heights of a large number of statious haviug been ascertained. . 

(8.) It was decided to  commence sketching in slleet No. 12 and afterwards to  go on 
wit11 sheet No. 11 if time permitted. A t  starting 

Topognpliy.  t l ~ r r e  were points for only two full plane tables, and for 
portions of four others, ancl as the data rcqi~ircd for tlle remaining portions, and for tllc other 
plane tablcs had to be con~putcd in thc field, somc littlc m;~nnge~ncnt was necessary to  prcve:~t 
delay and ernbarrassmci~t arisiug ; this I am glad to be ablc to say was satisfactorily accom- 
plished. A small portion in the N. Vr. corner \;as talrcu up mil triangulated by hFr. Christie, 
and on its coml~lction the angle shccis wcrc sent ill to Mr. l>'Souza wl~o  wit11 Mr. I \ ~ c , ~ ' ~ ~ ' c e  
reduced the compntatio~~s. Mr.  IIickie in the n~cmltimr had finisher1 the approsimatc 
work in the I?astcrn part of the slleet, and Ile in the Soutll-East, assistccl 1)y Mr. (2hristie in 
Nortll-East, completed the observations. Thc cornl>ntations of tllis portion of tlle t r iang~~la t ion  
were talrcn in hand by llessrs. D'Souza and IIicltie, and were 11al)pily got through in time to 
allow of t l ~ c  topogra1)hy of sheet No. 12 bciug completed. A small portion of sheet No. 11 
was also slrctcl~cd. 

(9.) Towards the end of the scason Mr. Christie having got into densely wooded country, 

Traverses 
in thc East of sheet No. 11, and permission to cut 
trees I~cing still nithl~elcl by His Highness the Guikwar 

it was found necessary to resort to traversing, I thercforc callcd in Mr. Hickic who liad just finish- 
ed vertical ol~servations and set him, along with Mr. Christie, to  work on the circuits. I may 
hcre observe that at starting, these two Survcyors kncw very littlc of this description of work, 
I therefore had to take thcul in hand, rind I~aving carcfully esplaincd the principles and method 
of carrying on traverses, I commenced the worlr, and co~~t i~iuccl  with them for some time until 
they mere thorougl~ly conversant wit11 the practice. I bcg leave to statc with reference to  this 
method of surveying that t l ~ o n g l ~  rcsortcd to in this case i t  is ill adapted to the greater part of 
thc country. Tllc xork was carrictl on i~nder most favourable circumstances, because being a t  
the end of the scason the crops wrrc altogctl~cr, or very ncarly clearcd off the gro~ind, and 
long lines could be talren across fields where in thc carly part of tllc scason i t  would have bccrl 
impossible to scc a Ii~u~drccl yards. At; thc comn~cnccn~cnt of the scason the damage tos tar~ding 
crops by cllaining throng11 t l~cnl mould bc very grcat, it  n.onl(l tl~cr,:fore I imagine be necessary 
to  keep altogetl~cr to t l ~ c  ro:lds, but they arc aln~ost invarial~lp 11ctl.g~-lined, very tortuous, and 
moreover so narrow t l ~ : ~ t  two carts very often ca1111ot pass. 1Vhcl.e carts mcet under these cir- 
cnmstances, which I llavc constautly seen I ~ a l ~ l ~ c ~ l ,  t l~cy arc obliged to wait until a gap is made 
in tlle I~cdge to allow of one set tilrning off. Tr:~vcrsi~lg under tliese conditions, i t  is perl~aps 
liardly necessary to obscrvc, must bc very slow and tccliol~s. 

(11.) On taliing cl~argc of thc party I l~roccc~lcd to n~nlrc a careful inspection of the man- 
ner ill ~ v l ~ i c - l ~  the ol~cri~tions were bcing carried on, a r ~ d  

Snpc~'rieio~i N I ~  E m i i i i n t ~ t i o ~ ~  qf tho work. it mas also t1csirnl)lc t11:~t I sl~oultl havc a k n o ~ l c d ~ e  of 
tllc country other tll:~n wllnt.was drrivcrl fisoln 11e:lrs:~p. Dnriug t l ~ c  scason I twice visitccl t l ~ e  
Assistant Snrvc,yors 1-ngnycd on triangulation, rc~naining solnc time with each, giving then1 ill- 
struction and advicc 11ow to act in cascs of tliiticulty. 

A considcra1)lc portion of my time was occupirrl wit11 t l ~ c  Surveyors engngctl on t o p o g n ~ ~ h y .  
Twoof thc Sub-Surrcyorswcrc l)lnccd ii~i~~lctliatc~ly nntlcl. 3Tr. DJSo~tza:ll~d O I ~ C U I L ~ C P  Af~-.R.Zcd'l~'eu, 
and t,llcir work was c:lrclfi~lly c x a n ~ i ~ ~ c t l  at short intc.1 hy t,llesc Slirvcyors, anything wrollg or 
1)ailly dclincatetl bcing donc ovcr agniu; they t l ~ ~ i s  got a tllorongl~ insight into t l ~ e  necessity of be- 
ing  accurate. The 11rncticc existing in otl~or 11:trtic:s ol' iutcrcl~nnging, aud intcreramining 11laue 
tal~lcs was hcrc also :uloptctl, ant1 iu ad(1ition to tl~iq systenl of cl~cclc, I personally scrutinizctI 011 

thc ground a large portion of cacll ~)lnnc table scction, anrl i11vari:~bly found the work very good 
and a r c ~ ~ r a t c ,  m~rl tllc f c : ~ t ~ ~ r c s  carcfillly clcli~~rated. T l ~ c  margins of the contiguous pl:~ne tables, 
excc~~tcd  il~tlcl)clltlc~ltly, wcrc f'onud to :lgluce allnost csactl~., a ~ ~ d  though tlic out-turn for tllc 
wason l ~ a s  not Ilccn lnrgr, I l~avc cvcry co~~fidcucc ill its clunlity. 

(14.) Thc following is al l  accour~t of t l ~ c  work pcrformcd by cacll of the Assistants of 

Detail or aorlc p~.rC~vnlcd by Illc I~LSIPI:IIILS. tllc l'nrty. 

Mr. A.  1)'Sonza has 1)ccn  tiring in his cxcrtions (Inring the segson ; thc c o r ~ n t ~  he ha.? 
had to wollz in is flat nlld nnintrrc\tin,y, I ~ n t  tllcl-c ih ~~c )c r t l~c l c~ss  a f:r~r a m o u ~ ~ t  of dctail. 1Ie 
has tl~orongl~ly instrnrtrtl two Snb-Siir~cyors, al~tl tllc nlauncr in wI~icb tlley havc independent- 
ly cxccutcd portions of tllc plauc ta lk-  scctior~s, roflcctv crcdlt llot only on tl~eruuclvcs, but on 



their instructor. Mr. D'Souza has turned out 167 square miles of topography, the whole of 
which has been well and carcfully doiic, ancl as in addition to a month and a half . p  s cut in redu- 
cing computations, a great portion of his time mas occupied ill training the uelv Sub-Surveyors, 
and i n  examining their mork, I think this may be considered vcry cred~table. Since the return 
of the Party to Poona, hlr. D'Souza has taken grcat pains in giviug cstra trailling to the sub- 
Surveyors, and has devoted a considcrable amount of time out of ofice hours to this object: the 
zeal and energy lle has displayed is very pl.aisemorthy. 

BIr. A. D. Christie has executed a network triangdation covcring 212 square miles. TIle 
=umber of triangles is 105 in  addition to 102 intersected points, and lle has dctermiucd by 
tical observations the heights of 12 poiuts. I Ic  likcwise tool: the observations at 23 stations in 
sheet No. 12 and completed nearly 16  miles ~f traverses. IIardnorliing and painstliking ill tile 
Ficld, he has proved himsclf to be a quick and careful computor in office, and he has throughout 
giveu me ercry satisfaction. 

Mr.  McA'Fee was given the portion 06 the sheet (No. 12) lying nearcst tlie Sea. In- 
land, the country resemblcs that on which Blr. IYSouza was engaged, but oil the Coast the work 
was of a most disagreeable nature; for some distance from thc shore line the ground is cut up 
into innumerable Nullas and matcr courses, the crossing of which is attended with considerable 
trouble. Mr.  h9c~i'Fce to save loss of timc by goiug long detours, and regardless of his personal 
comfort, used to  wade across thcse places, coilstantly lip to his middle in mnd and water. Du- 
ring the last two months of tlie Season, dust-storms wcre expericncecl almost every day, ~ r h l ~ l ~ ,  
added to the intense glare from the wet mud, rendered worlring along thc s1101.e estremcly try- 
ing. Mr. McA'Fee has completed 221 square miles very neatly ant1 accurately, besicles nllich 
ahout a fortnigl~t of his time in the Ficld, was occupied in reducing computations, and he has 
further instructed a Sub-Surveyor in a nlanner nowise infcrior to the teaelling gircn the other 
two men. I have reason to be satisfied wit11 his ac t~ve and zealous co~lduct at  all times since 
he has been under my personal observation. 

Mr. Hickie was employed on net mork triangulation, he worked with great e n e r g  to corn- 
plete the triangulation of shcet No. 12, to tlie extent of 120 square milcs. H e  laid out 26 
triangles, and fixed the positions of 21 intersected points, hc  also took vertical observations for 
the determination of the heights of 59 stations, and likewise exccutccl31 miles of traverses. I-Ie 
was further occupier1 nearly a month in the Field i r ~  rcducing computations. I have only to add 
that  he has fully borne out all I have previously writtcn in his favor. 

Mr.  Cusson's network triangulation cstended over an area of 237 square miles, his tri- 
angles are 78 in numbcr, aiid he has determined the positions of 38 intcrsected points, aud has 
fired the heights of 25 stations. I had i~~st ructcd  him to carry out a series of traverses, hut 
just as he had conlmenced, ancl had laitl out about 16 niiles in lcngtll, I mas obliged to call him 
down to tlie assistance of Mr. Brysor~ a ~ i d  he rcliercd the letter of tllc ol)scr\-atious at 12 stations, 
in Sheet KO. 9. Mr. Cusson contiuues to merit the good opinion I havc expressed of his ser- 
vices. 

Mr.  Goslin selectcd and laid out triangles covering an arca of 300 square mile?, but 
only observed a t  stations extentl i~~g over 110 sqnarc milcs, at G of n l ~ i c l ~  vertical 01)scrvations 
wcre taken. I I e  has also ohservccl to a fair numl~er of trees and brush sigi~als ; but a? tlicsc lrrt- 
tcr observatioi~s have only beeu taken 011 one face it is doubtful how tllc rcsults will turn out. 

Mr.  Bryson laid ont 75 triangles covcring an arca of ncarly 162 square miles, and he 
also took obserrations for the dctcrnl~tiatiou of thc I~cigl~ts of al~out the prcscrthctl nombcr of 
stirtions ; a3 thc computations l~omcrer have not as yct I~ccn worlrcd out, tllc rcs~llt will be given 
hcreafter. I regret to say that owing to sornc r ~ ~ i ~ n r ~ d e r s t a n ~ l i ~ ~ g  I)ct~rccn Alcssrs. Cussou and 
Bryson, when the former observed at thc statlolls of thc lattcbr, a portion of'thc computetions for 
heights c a ~ ~ n o t  be iinclertalten this year, a3 the stations from wl~icli t l ~ c  initial licights are 
obtained have not been ol)scrvctl at. This can Ilowcvcr be ca \~ ly  sct rtgllt ncst scnson as a few 
days only will be rctluircd, in ~vl i ic l~  to rcctify matters. Mr. Bryson worhcd hard and zealously 
during the scasori and has sucreerled in g~viug every satisfaction. 

The threc Sub-Sllrvcyors, Sh:lik Kassim Mcra, 111ix11rnon (+hol*pn~.ay ant1 Ealwent C;ovintl 
Cokhalay, worked on t l ~ c  mholr rrry well; thcy erecutetl rrsl)ct~tivcly .',!), .18 : r ~ ~ d  Xi sclu:lre rrlilcrr 
of topograljhy. Since their rc t l~rn ,  t h y  have 11ecn i ~ ~ s t r ~ ~ c t c x l  in travcrsir~g wit11 colr1l)nss ant1 
chain, and have becu taught to mork out tlic conrputatiol~s conr~cctctl therc\rit,h, as ~vcll as othcr 
office duties. 

Thc Native I~stablislime~it was, at thr  commrnrrmcnt of the sencon, for the most p ~ r t  
cchnposed of recruits, not more t t lal~ about one-tll~rtl kucw tllc t l~~ticu of' k l ~ : ~ l l a ~ i r s  at all, and of 
that number little more tl~arl half' only, might be callcd really trait~c.tl men. Lrrlder tkesc cir- 
cumstanccs tlie cst:~blishrucut nlny be said to have ~vorlicd satisfwtor~ly. 



(15.) I n  the early part of the season tltere was some sic-Ii~tess alnong Europeaus alld 

Hcolth of Ihe  Party. Nativcs, but not of a serious ~t:iturc, aud c111riug the 
~vl~ole  time there was not n s i ~ ~ g l e  death, arld otrly one 

man was invalided. I think, considering the amount of diseasc which prcvailed at times iu sonle 
parts of the districts, the Party is to bc congratulated on bcing so fortuuate. 

(17.) I t  remains now for me to endeavour to an:~lrze the possil~ilitv, or otherwise, of . . 
adapting the details afforded by t1;e llevcnue Survey 

Adeptntion of thc Revennr S m ~ c p  Det~rils to 
t l ~ c  T1.1gonomctricnl Suwcy Triuuguletion. hIaps to our sgstcrn of triangulation, with the view of' 

t u r r~ i~ lg  out a map useful for Geographical purposes. 

I n  the appendix to the Rcport of season 1869-70, Lieutenant-Coloncl Nasmyth R.T;. 
states the result of the tests applied ovcr a li~nitcd area, to be "so ur~satisfactorp," that he " had 
abandoned any idea of utilizing the Revcnue Survey JIaps" ; the Sl~pcrintcr~tlerlt. Itowever, consi- 
dered these tcsts were ('scarcely suficiently nluncrous to criablc n fir~nl tlecision to I)e arrived at", 
"and tllought" i t  not improbable that "in othcr portions of tile Districts the ltcrcnue Surveys 
might have been made nith greater accrlracp." Tile District (Broaclr) under survey last season, 
being altogether distinct from that of' the previous season (Iiltait-a) afl'urds a good opportunity 
for ascertaining whether sncl~ is really tlle case, or not. I n  carryit~g on the sketching, the vil- 
lage maps were made use of as a guidd to the amount of detail existing on tlle gro~uitls of each 
village, and to the position of the different boundary marlcs, tri,jnnctio~ls kc. ; in the courje of 
the work however, numerous and large discrepancies were discovered, not only in tlie positions 
of certain objects as determined by us, compared 1r.it.11 the positions assigned to the samc by the 
Revenue Survey Maps ; but also in t l ~ e  posit io~~s givcn to tllese objects by contiguons village maps. 
The margins of ad.joining maps in very fern cases we found to agree evcn n~oderately wcll, arid 
in many cases details admissible on a scale of 3" to the ~u i l c  have been left out altogetller ou the 
maps drawn on a scalc of 16" to t l ~ e  mile. Tllc rlistauces bctrrccn two trijunction niarks as 
taken off the maps of single villages have bee11 foultd irl sevcral cases to diffcr from our values, to  
the estent of & of a mile. I llad Iroped notritl~standillg tllis, t l ~ a t  on gctting iuto Quarters 
I might by means of the points common to botli surveys be a l~le  to n~arlc out the village bouli- 
darics on our sheets, but I find that so much "forcing" aud "screwing" is necessary to malre 
t l~e ln  fit in, that I have thought it advisable to ornit t l~cm for fear of ru~sleading. 

I am now preparing charts shewing the discrepancies existing betmecn our work and that 
of the Revenue Survcy, which will be fbr~vardcd as soon as rcatly. I t  is not to be supposed that 
all portions are equally inaccurate, but as far as I am at prcscut able to judgc, thc process of 
crfilling in details" from the Revenue Survey Maps will be always attended with a grcat deal of 
trouble, and will then be unsatisfactory, as siuce reliance cannot he placcd on arig portions being 
thoroughly aecuratc, i t  will be neccssary to ]lave every portion minutcly evn~nined on the gronrtd. 
An examination of this sort would take nearly as long as would be required for the actual 
sketching. 

(18.) GENERAL DESCRIPTION OF THE COUNTRY TIIROUGH WHIC'II THE OPERATIONS H d V E  

BEEN CARRIED. 

(1.) The country of Guzerat though presenting very diffcrcnt aspects in different parts, is 
taken all in all perl1al)s one of the ricllcst and most fcr- 

Appcnroncc. tilc lwoviuces in Indla. The gre:rt colltrast wltic11 exists 
betwcenvarious places is very striking, iu some cxtcnsive ficlds clifferct~t kinds of grain arc alolle 
mct with, further on cottoll appears to be the only tliing gro~vn, and then from a vast expanse on 
which there is scarccly anything to 1)c found biggcr than a shrub to afford protection from tile 
scorching rays of the sun, one suddenly enters into a forest of magnificent fruit trecs, of alnlost 
every description, nndcr the shadc of wllicll the crops appc:lr to havc as luxuriant a growth as in 
the opcn. I n  placcs the roads and fields arc closely Ilcdge-hound, in otllcrs there is notllillg to 
hinder the numcrous herds of dcer from ,roaming whcrc they will. 

(2.) The soil is for t l ~ c  mott part of two kinds, oue black aud of a ricL uatrlre, the 
o t l~cr  light and sandy, but whatever the description, 

Soil. every available spot appears to  be cultivated, the only 
exception being along thc Sea sl~orc whrrc there are largc tracts of salt waste, utterly unfit for 
anything, being washed by the spring tides. With rcgard to the encroachment of the Sea, 
Mr. MclZ'Fee obsrrves in his Narrative Report that "from information gathered from the oldest 
"inhabitants on thc Coast, it  would seem that the Gulf of Camhay is erlcroaching on its 

Eastern as wcll as on its Western shore, clialtging the cultivated land into a salt waste, where . 
t1only a stunted dcscription of grass can grow. At Paniadra and Kadodra of the Wagra 
"Talooka, and at Nara and Deojagan of the Jamboosar Talooka, I was told that the spring 
((tides flow 14 miles further in than they did 20 years ago. This is possible as the spring tide 

washcs ovcr ground demarcated by thc Revenuc Survey in 1866, as arable land, Another in- 



(I cident mortl~y of note is that the Deojagan lightmast, which mas put up on t l ~ e  right bank 
(cof the Dhadhar, some distance from the reach of the tides, had to be moved in  March 

laat to a ridge l a  miles to the S.E., as i t  had been rcpeatedly mashed down. 

(3.) The following are the chief productions of the district, bajree, barley, wheat, 
jowarey, and rice in a fcw places. Cotton is extcn- Productions. sively grown, also sugar-cane, castor-oil and tobacco, 

in  smaller quantities. 

(4.) The roads are invariably bad, in fact they are nothing more than cart tracks as a 

Roads. 
rule, and as each cart keeps in the track of the one 
before it, in time deep wheel marks get cut which ren- 

ders riding at a quick pace dangerous. I have only seen, outside thc Cantonments, two fair 
roads one from Khaira to  Mehmoodabad, about 9 miles in length, the other fromBaro da to 
Mukarpoor, communicating between two palaces of His Highness the Guickwar, about 5 miles 
apart. I n  some places they are 90 deep in  sand that progression along them is very slow and 
tiresome. 

(5 . )  The principal Rivers are the Saburmuttee, Myhi and Nurbudda, and some smaller 

Wnter supply. ones are the Dhadhar, Watruck, Meysnah and SeyreC 
The four first are tidal, the Nurbudda being navigable 

as far as Broach (about 30 miles from its mouth) for small steamers. The other three can only 
be ascendcd for short distances by country boats. There are numerous ferries and fords, but 
within the influence of the tide the latter can very often only be crossed at low water. Irriga- 
tion is not so much resorted to as in other parts of India, and the water is mostly obtained from 
wells and tanks. 

(6.) The villages are generally speaking well built and compact, but I don't think it has 

Villages. ever been my fate to see anything to equal their squa- 
lid condition. Sanitation is uttcrly ignored, and clean- 

liness is not even dreamed of. Every village has one or more tanks close by, from which water 
is taken for household purposes, yet i t  is au every clay sight to see cattle wallowing, and men, 
women and children bathing, and washing their clothcs in the same water they drink from. I n  
the hot weather these ponds gradually dry up, and the stench emittcrl from them is almost un- 
bearable. The streets are the receptacle of the carcases of dcacl animals, as well as the evacua- 
tions of man and beast, and i t  is simply disgusting ant1 sickening to pass tl~rougll them. I t  is 
not to be wondered a t  under these circumstances that every year numbers of villages are 
scourged with cholera, fever, or other diseases. 

(7.) The grcat bulk of the population belongs to  the different IIindoo Castes, but 
therc is a conuideral~le spri~lliling of RIallomedans, and 

Population. people of otl~cr religions. I am not al)lc to give num- 
bers, but in the British Districts the villages nre closc togctllrr and tlli~lily ~)opulatcd. The peo- 
ple are nearly altogether engaged in agricult~~rnl 1)11rsllit4, a11t1 t l ~ c  morc respectable chsses are 
wealthy. The language spoken derivcs I ~ Y  n:uue from that of the Province, and though at pre- 
sent the mass of the people arc no doul~t iguvr:lnt and unctlucatcd, grcat efforts are bcing made 
to instil a certain amount of education into them, and every village of any pretens~ons, has its 
school. 

(8.) The seasons are three, the cold, hot and rainy. The first is very pleasant, and for 

CLimnte. 
about a month, or so, it is really cold at nigllts. The 
hot season on the other hand is rather t r y i ~ ~ g ,  i t  gets 

decidedly warm about the beginning of Marcli, and the heat increnscs till t l ~ c  rain falls in the 
early part of July, though sometimes it rains for few days iu June. I n  April and May, hot 
winds arc prcvalcnt, but near the coast the grcat hcat is tcmpered by the sca breeze. The 
tliermometcr readings taken in tllc afternoon were generally above 10O0, occasionally up to 
110" during the last two months of the Field Season. 

C 

The monsoon is silpposed to be over by the end of Scptcmber, but the Districts are con- 
eirlered to be very unhealthy, in some placcs fatal to be entered, till towards the bcginniug of 
Dccember. 
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.Extract from the Narrative Report-dated 8th September 1871--of Lieutenant 
TROTTER, R.E., Deputy Buperintendent 3rd Grade, in charge of the 

Kattywar Survey. 

(2.) During the rcccss of 1870 fair copies of shects XVII,  XVIJI  and XIX were pre- 
pared, on the 2" scale, for reduction and publication on thc 1" scale. The mapping of sheet 
XIV also, which had bcen lcft incornplcte the previous ycar (owing to a portion of it having to  
be re-snweycd) was finishccl, and tllc mhole of the four sheets wcre sent to Bead Quarters a t  the 
close of the recess. Bcsicles this the eight sheets composing degrce sheet No. I11 were almost 
cntirely re-drawn. Thc wliole of tlrese lnnps viz., clegrec sllect No. 111 (21' 22" N. Lat. and 
72" 73" E. Long.) on the $" scalc, arid snrrcy shects on the 1" scalc XIV, XVlI ,  X V I I I  ant1 X I X  
have bccn photozincograpl~ed at 1)ehra l)ool~ during the prevent pear, and as far as I am ahle t o  
judge, shorn considerable improvement on formcr ycars. The Hi11 shading in  sheet X V I I  was 
tlie work of Mr. N. Gwynue and I think does him grcat credit. 

(3.) The out-turn of worlc during the past field season has been very satisfactory; 
no less than 2058 square miles having been topographically surveyed whilst about 2200 square 
lnilcs have bcen prepared by triangulation for next season's operations. Of the ground topo- 
graphicallp surveyed, about 280 sqnare lnilcs of mild mcuntainons country forming the W. 
Ilalf of slrect S S V I I I ,  were on tllc 1" scalc. The r cma i~~dcr  on our usual scale of 2" to  the mile. 

(4.) The party took the field at thc usual time and reached Gogo, on the 20th and 
21st November. 

(5.j After arrival at Gogo, thc Assistants wcre detained till tlic 26thpreparing the 
graticnles and l)ro,iecting the points for the scason's worlc. When complete they marclied for 
the sccnc of ficltl operatrons, thc ~lcarcst point of which was distant only about sixty miles from 
tlic Sea coast. T l ~ c  ml~ole of thc Assistallts wcre on their ground a t  work early in the 1st week 
in December. 

(6.) PtIy Scnior Assistant, Air. J. IIc'Gill mas directed to start the minor triangulation 
nrar the linc of jnuction of shccts X S I V  and S S V .  Mr. T. Rcndell who had never had any 
cxpcricnce in triangnl:~til~g was tlircctcd to xccom1)any him at starting, to  learn the nzodus 
opernrm!i. Aftcr :I nrcck's stay wit11 Mr. AIc'Gill, Mr. liendrll was considered to be ablc to take 
"1' i~~dcpcndcnt work and had tllc triangulation of sllcct XXV allotted to him. Mr. Ric'Gill 
worlied northn-ards starting from thc side Itria II.S., to Omat H.S., (of the Kattywar Minor 
l l c r i d ~ o ~ ~ a l  Scrics No. 111). IIc coniplctcrl the miuor t r i :~ i~g~~la t ion  ovcr sheets XXlV, X X I I I  
and XXII  working witlrout intcrmission untll t l ~ c  6th Aprrl on which date he closcd work by 
illy ordcrs. 

(7.) Mr. Mc'Gill Ilad worked with his 11sllal energy and zeal and mas rewarded by an  
ant-turn of allout 1630 sqnnrc milcs, tlie dctnils councctcd with which will be found in the 
tablc appcr~dcd to tlris Rcport. 

(8.) Tlrc wo1.1r romplctcd by Mr. Mc'Gill togcther with about 550 square miles triangu- 
lntctl 01-cr 11y 1\11.. T. I ic~~tlcl l ,  will give ainplc enrplogmcnt to our detail Survcyors during the 
nest ficltl season. Mr. PtI(:'C,ill rcports tl~:lt t l ~ c  grou~ld on which IIC was worlriiig is generally 
I~illy, s t o ~ ~ y ,  barc n~rtl cut 11p 1)p small strcams. Tlic crops consist chiefly of sugar-canc, jawaree, 
lxljrce alltl grnni Bc., but I)arcly c ~ ~ o l ~ g l l  of thcsc articles arc grown to suficc for the wants of 
tllc district. 111 tllc Southcrn portion, t l ~ c  l~ills arc generally covercd with grasp, but in the 
Fiortl~cr~l districts i t  is scarce, its plncc llcing occupied wit11 Cactus and Palas (Bntca fron- 
dosa) busllcs. 111 somc places as m11c11 ns one lt1111cc per tlicm had to bc paid for grass for one 
llorse. T l ~ c  coiliitry I~ad sukrc t l  sevc,ri>ly during tllc two previous seasons from drought and 
Iocilst,~, two vcry conlmou sco~ugcs ill Kattywar. T l ~ c  country mas not denscly populated, vil- 
lagcs bcing generally f'cw, small :111tl far apart. This is chicfly tluc to the large number of petty 
i~~dcl)cnrlc~it stntcs illto whicl~ it is dividctl. Tllc trinngldatiou of shect XXV (550 square n~ilcs) 
was comn~cncctl 1)y Mr. licntlcll on tllc 7th Dcccmbcr and coml)letcd on the 2nd February, whcn 
hc 1)roccctlcd Sontll to take up a plane talllc in sl~ect  S X V I I I .  It was Mr. Rcndell's first 
attcmllt at t r i~ngl~lntion a11d t l ~ c  results on the wholc arc good, although from want of experi- 
euce 11c has Iiatl sonic tlillic~~lty ill i t l c ~ ~ t i f ~ i l ~ g  trces kc., from different points of view and hence 
a good many of llis intcrscctcd points hilve (in conipl~tation) had to be rcjccted. 

(9.) Mr. Rrnrlrll ho~rcvcr morkrtl hart1 and I nm very wcll satisfied with his results, an 
al~stract of \vlr~c*l~ is sl~c-n r1 u~ tllc ;~11pc1i(lis. 

(10.) Thr gronr~d in slrvrt XXV wit,ll tllc rscrption of the North East corner (which is 
hilly) is flat nil11 sr11all isolntt-(1 hills springing 111) hcrc and tl~cre. Thc grollnd is moatly cover- 
ctl coitli cotton but a ccrtai~r cl~~aiitity of t l ~ c  usual grain crop3 arc also grown. 



(11.) To save time in the field, but also chiefly to save time in office hereafter, I gave a 
(Native) recorder to each of the Triangulating Parties, and at the same time gave instructions 
that both original and duplicate angle books should be kept up and completed in the field. 
This was done and instead of the time of some of the Senior Assistants being occupied during 
the recess (as was the case last year) in the almost mechanical preparation of duplicates, Mr. 
Mc'Gill was immediately on arrival in quarters, able to take in haud the regular computations 
and I trust all arrears will be brought up during thc present recess. 

(12.) Krishnaji Govind accompanied Mr. Blc'Gill as recorder, and Balkrishnaji the 
Printer was attached to Mr. T. Rendell. Both of them have been reported on favorably. 

(13.) All the other European Assistants of the Party were employed throughout the 
aeason in plane tabling. 

(14.) I had hoped at the beginning of the season that the topography of sheets XXVI, 
XXVII, XXVIII and XXIX, and the very small area comprising sheet XXX would be complet- 
ed, but owing to the great amount of detail in sheet XXVII which occupied the Assistants a great 
deal longer than I had anticipated and owing to the illness of Messrs. Todd, Anding, Gwynne 
and Connor I was compelled to leave sheets XXIX and XXX unfinished. One active Surveyor 
at  least will be occupied the whole of next season completing those sheets. 

(15.) With the exception of the left half of sheet XXVIII consisting of the hilly and 
mountainous district of the Gir, the work was carried on on our usual scale, 2'' to the mile; 
I had previously sought and obtained the sanction of the Superintendent to have this exceptional 
piece of country surveyed on the 1" scale. My chief object in this was to get over the work in 
these very unhealthy districts, as quickly as possible compatible with a correct representation of 
the features of the ground, but as my Assistants had had no prior practice on that scale, it is 
doubtful whether much time was saved, although the experience obtained will be very useful 
when surveying other portions of the Gir in future years. 

(16.) Owing to the mapping of sheet XXVIII  having been executed on two different 
scales viz. 1"=1 mile for the left and 2"=1 mile for the right half, it has been necessary to 
make some alteration in our method of preparing the fair copy for publication and to save 
labour, time, and consequently money, I have had the four 2" plane tables reduced by Photo- 
graphy from the original maps to the 1" scale, and then transferred by Zincography and printed 
in faint blue on to the right half of a sheet of drawing paper, on the left half of which the 
four original 1" maps have since been traced through. The whole sheet is now being drawn in 
this office on the 1" scale and will have to be reproduced by Photography on the same scale. 
This has necessitated very great care and very careful drawing, but the results will I trust prove 
satisfactory. 

(17.) The reductions from the originals by Photography were done in the Poona Photo- 
zincographic Ofice to save delay in sending them to Dehra, and what is still more important, 
the risk that would have been incurred in transmitting across country the original maps (of which 
no duplicates exist). 

(18.) I t  should be pointed out that if 2" maps of this sheet are ever required, i t  will 
have to be redrawn for the purpose, but as far as I can judge there is not, nor ever will be any 
demand or necessity for the publication of that sheet on the 2" scale. 

(19.) I would here advert to a proposal I have made to show on all our future 1" maps 
the names of Talookas and villages in the Vernacular. 

Nemee on the Mnpa to be ven in netive cha. 
raoters as W ~ U  aa in ~ o m m  cfnrncter. 

This will make the maps really useful to the people of 
the country where I suppose not 100 Natives in the 

whole province can even read the Roman Character. Owing to this there i~ at present no de- 
mand for our m a p ,  but under the proposed arrangement, which you have assented to in princi- 
ple, I have no doubt but that a very considerable demand will spring up. 

(21.) Mr. W. Todd commenced work on easy ground in sheet XXVI, but before he had 
finiehed i t  I required his services to project and prepare some plane tables for some of the Native 
Surveyors. This, and the completion of his o m  board, occupied him until the middle of fib- 
n a r y  when he proceeded to take up one of the lftboards in the a i r .  The four (iir boards (each 
containing about 79 square miles) I had allotted to Messra. W. Todd, T. Rendell, Wyatt and 
Fielding. The ground being exceedingly unhealthy after the monaoonu and early in the year, 1 
could not venture to send the Assistants in before February. The heat during that month and 
March wae intense, the thermometer in my tent in the plains to the North, under the shade of a 
large tree often rising to 96' and 97" without a breath of wind stirring. Mr. Todd, anxious to 



fiuisl~ 11is ljoard as rapidly as po.isil)lc, I~arl Ilecn w o r k i ~ ~ g  vcry l ~ a r d  d~l r ing  t11is trying hant, I~av-  
ing to  c l in~b  up stecp, bare hills ~vherc i t  may I)e supposccl tllc rat1i:~tetI heat was very grc:at, ~ v a s  
struclc down wit11 a vcry severc illness. I Ic  hnd con~l)letcd hid worlc on the 12th J1arc.h a ~ ~ d  
marched nest  day down S o u t l ~  to  join Mr. lIryatt, but ou t l ~ c  evening of the 1-kt11 I receivc(1 a 
note from Rlr. Wyatt  stating that  31r. Torld w,as very ill and I fou11d l l i~u OII  arrival next mor- 
ning suKering apparently from a sort of cornhination of fcver and sunstroke, pulse nearly all 
day a t  125, aecompauiecl during the heat of the day hy violent fcvcr ant1 del i r iun~.  'I'he Native 
Doctor who 11ad also l ~ e e n  s u m m o ~ ~ e t l  the day bcforc had fi~rtun:~tcly arrived and under his trrat- 
ment Mr. Todd partially though slonrly recovered. The 11lacc where Ile was talrcl~ ill, Gerlartli, 
was i n  the rnidtlle of the Gir, and as t l ~ c  camping g r o u ~ ~ d  \vas fearfully hot and t l ~ c  wntcr b:rtl, as 
soon as I could venture to  do so (on the n i g l ~ t  of the 17th) I extemporized a dl~ooly, and start- 
ed him oft', carried I)y Khlassies, towards tlie coast. By mnrching the grcatcr pnrt of two r~ights ,  
accompaniccl by Rfr. Wyatt,  I succeedetl ill getting hini rlo~\*n to Sarntc-.ir, a cool and shntly carnil- 
ing ground, about 8 miles from the coast (in s l~cct  SSIS.)  Here N r .  'l'otltl re~nai!~cd till the 
close of the season. As soon as he war al)lc to  (lo a little l i g l ~ t  \vorlc, 11c waq cml>loycd in I)rca- 
pariug plane tables kc.,  i n  sheet SXIX aud continued doing oflice work till tlie rniddlc of' April, 
when he, Mr. Itendell and Mr. Connor all st,artcd together to  return to recess quarters. 

(33.) RIr. Torld's total out-turn of morlc was 146 square ruiles ; early in the s e x o n  he 
mas working i n  easy grollnd, bu t  his l a \ t  plane ta l~ lc  nras in a 11111y and intricate country t l ~ e  
features of which were ably and tratllfnlly deli~ieatcd. I very ~ I I I ~ C I I  regret that  Ilc 11ns silfferetl 
so severely in  the perfor~nnnce of 11is duties. 

(23.) Mr. G. Anding was trm~sfered at  Colonel hTasn~yt l~ ' i  r c q ~ ~ e s t  from the Gnzerat 
Party a t  the commencement of the Field Scasor~ a ~ t d  joined my IIcad Qllartcr?i iu Kattymar at 
about the middle of Deceml~er. I-lc co~nmencerl 11is first piccc of independent worlc on the  6 th  
February and by tlic cud of the scason hat1 completed 66 sqnnre miles of topography, by n o  
means a satisfactory season's mork. I Ic  was sufk'eriug from ill l~caltli  ancl I)v u c g l e c t i ~ ~ g  t o  in- 
form me of the same, caused great ii~col~vcnience xucl prevented the conll~letion of t l ~ c  surrey of 
the  Island of Diu and its vicinity, wl~ich I had I~een p;~rticularly ansious t o  accomplish. Siuce 
his return to  I-Iead Quarters, 11c has been obliged to take six montlis leave, on  metlical certificate. 

(24.) RIr. Cfwpnne commenced worlring iu  s l ~ c c t  XXVI 011 the 5th Dcccml)er. H e  
was accompanied by Mr. Conrior 1v11om he was dircctcd to  iustruct in  the practical usc of 
the plane table. On thc 12th when hc thought 3lr .  C o ~ ~ n o r  s~ l f f ic ic~~t lp  111) in  the work hc lrf t  
and toolc up a fresli board t o  t l ~ e  South. Mr. C+myuuc contirulic.cl nn i~~tc r rup tcd ly  a t  work up  t o  
the 25th April, when, although i n  a coniparntivcly cool cl~mnte, v~z . ,  tlie I \ l n ~ ~ d  of Din, he got 
a slight snnstrokc, and as i t  was so late in  the scasoii I scut lliru off a t  once by sea to  Bombay. 
H e  rapidly rccovcred and arrived a t  Poolla on thc 1st i\lay. 

(25.) h l r  Gwynne ~vorlccd as 11qna1, 11nrd cnd zrnlo~rsly ; most of his ground mas easy and  
flat but  he had one hilly 11nlf boarcl in  s l~ec t  S S V I I I  w l ~ i c l ~  lie esrcrlterl in cxcellcut style. I n  
his last half board he had to fix a few points by triaugrllation prior to  commencing tlic detail 
survey. Mr. Gwynne is a capital drnftsnlan and ycry uscful in  oHicc. 

(20.) Mr. R.cndcl1 aftcr finishing his triangillation in  sheet XXV, took 11p one of the 
Gir boards, a vcry hilly and diflicnlt picce of ground, ml~ich considering that i t  was almost the  
first picce of hilly ground hc had been callcd on to sluvey, h c  did to  my cntire satisfaction. 

(27.) The climate of thc Gir however hnrl its cffect, and an attack of fcvcr compelled 
him to lcavc his ground, for a n l~ i lc ,  11ut a stay of  a fern [laps near t l ~ c  sea enabled him t o  pick 
up  his strcngth and return to  his work which hc coml)lctcrl on the 20th ilpril. 

(28.) Mr. E. J. Connor was transferred t o  this Party a t  the close of the last recess. 
I Ie  had nevcr had any cxpericuce in  topographical nrork. EIe accompanicd Mr. Gwynne early 
i n  the season to lcnru the use of the plane tnl)lc a~~d~:omrneuccd i ~ ~ d r p c ~ ~ t l c u t  mork on the 13 th  
December and continncd a t  work till the n~itldlc of  RIarc-11 11y nliirh t i n ~ c  11c had survc~c t l  100 
square miles of easy gronnrl. As his eyes were suffcril~g very much from thc con~bincd cffccts 
of glare and dust, 11c waq employrtl for thc remaiuder of the season in assisting in the  projec- 
tion of plane tablcs and in current oflice work. 

(29.) Mr. E. N. Wyat t  rcachcrl Gogo with the other assistants, but  on their leaving to 
take up thc ficld work, hc mas suffering from low fever and inflamed throat and on the  recom- 
mendation of Dr.  George, Honorary Assistant Surgeon, I lcft him behind i n  Gogo for m ~ d i c a l  
treatment. By the !lth of Ilccembcr he was able to  start and, accompaniecl by Mr.  G. Anding, 
who had arrived a t  Gngo tllc prcviouq clap, nia~.chcd to his plane ta l~ lc  on  t h e  extreme N.W. 
corner of shcct XXVI wl~erc hc commcuccd work on  thc 2Gt11 Dcceml)cr. 

(30.) I n  spite of this latc beginning, by working diligently and steadily throughout the  
scason, Mr. Wyatt  had on the 12th May completed 274 miles of detail survey (the largest out- 



turn this season) of which 70 miles were on the 1" and the remainder on the 2" scale ; a portion 
of his time also had been taken up in examining the work of some of the Native Assistants. 

(31.) The Gir board allotted to Mr. Wyatt mas the most hilly and difficult of the four, 
hut the manner in which he executed the work proved that I was justified in giving it to him. 
It occupied him from the 11th February to the 28nd March. 

(32.) The establishments of both Messrs. Rendell and Wyatt suffered severely from 
fever. . At one time all Mr. Wyatt's servants were laid up and he was fortimate in being able 
to secure the services of a Musulman Khlassie as cook and servant of all work. I used to 
supply him and Mr. Rendell with healthy Klilassies in exchange for sick ones and conse- 
quently the progress of the work was never interrupted. Mr. Wyatt himself fortunately es- 
caped fever. 

(34.) Mr. W. Fielding has worked steadily and well throughout the season. He com- 
pleted (including one of the Gir boards) 257 square miles of topography, the whole of which 
is accurately and neatly executed. 

(35.) A great feature in this year's operations, is the marked advance that has becn 
shewn by the Native Surveyors in plane-tabling, both 

. Native Sumyora, Topographers. as regards quality and quantity of work. 
Vispejee Ragoonath. Guncsh Bapoojee. 
Qovi~ldjee Mahalny. Rmjro Narn~en. I ViaLnu Moreahwar Shridhar Saccaram. 

(36.) Vissajee Ragoonath mas only cmployed for a very short period in plane tabling as 
his time was fully occupied in plotting the field traverses as they came in from the snrveyors, 
and in assisting in the pro,jections of plane tables and other miscellancous work, which he has 
generally done to my satisfaction. 

(37.) Govinrljee Mahalay and Vishnu Moreshwar are old hands and did 208 and 206 
miles of good work respectively. Gunesl~ Bapoo-jee and Raojee Narayen surveyed 132 and 192 
miles accurately and carefully, and Shridhar Saccaram, who altlioug~~ Iic has bccn sometime in 
the Department has never done any independent plane table work, executcd 150 square miles in 
very creditable style. 

(38.) The strength of my Field Estd~lishment having been reduced to the Financial 

Traverse Sumeyors. 

Gopal Vishnoo. 
Nnmu Dinker. 
Boloojro Bhosclrer. 
Tnkarsm Cllowdry. 

rcqliircmcnts of the Govcmmerit, I was unable to 
en~ploy more than three traverse partics, for mmsur- 
ing tlie Talooka houndarics. Tile latter fortuliately 
were riot so numcrous and intricate as in the districts 
snrveyed the prcvious ycar, ant1 thcir mcasurcmc~lt 
proceeded pa-i passu wit11 thc topographical work. 

(z!).) Gopal Vishnl~ surveyed 14G miles, Narsu Dinker 24$0.5, Boloojcc Bliol~cker 33.5 
and Tillcaram 181.8 miles of homldary in adtlition to which Boloojee Bl~ovckar traversed 139 
miles for the purpose of checking the topography. 

(40.) I am not altogether satisfiril with the system (which was ndoptcil on my ailgges- 
tion) of trilsting generally to plot tlic traverses by protractiorl (i .e.  only computing those that 
appeared on protractior~ to have a large crror) . 

(41.) Our Native Suwepors are not good hands at the work and I almost think that on 
the whole, time would be savcd by computing all the traverses in the first instance, nlld I pnr- 
pose doing so in future. 

(4.2.) One very important boundary in sheet XXIX is that in tlic Gir I~ctwcen the J~inagarl~ 
and Baroda ~tates.  I t  has bccn disputed for vcry many years and morc than orlc Bo~~ndary Com- 
missioner has been employed in the settlement, coustar~t appeals and rcfrrenccv on hot11 sitlc~ l~avo 
been made, and it was only late in the prescnt ycar that the boundary xtorlcs wcrc laid clown. 
It would have bcen quitc impossible to have traversed this boulldary, as it runs across lligll 
mountains and over dcep precipitous ravines where it mould have hecn qnite impo~sihlc to cllnill 
and the boundary stones were laid down 60 late in thc scason (after we had ~urveyed the ground) 
that it would hardly have been possible even if it hail hcen considererl worth the labour, to have 
fined the stones hy triangulation. I accordingly directed Me~nrs. Wyatt and Itenilell throllgll 
whose boards the boundary passed to go carefully over it and fix it on their planc tables. This 
waq done, and 19.5 milee of boi~ndary were thus laid down. This was thc only course to pllmll(:- 
Our boundaries next scason will be wry numcrous and many of thcm pass ovcr uudnlatie~ 



and hilly ground, and I cannot help thinking that the Subtensc Tnstnimcnt would be an 
invaluable ad,junct to the Survey. I recently sent in an indent for a couple but have been 
informed that none will be out in the country for another two years. 

(.1*3.) The tidal and lcveling observations which it was proposed sllo~ild he carried ou t  
by this party in connection with the change of the relative levcl of land and sen in the neigh- 
bourhood of the Gulf of Cntcl~, have not yet been commenccd. I have however during the 
past field season cxamincd that portion of tlle coast in, aud adjacent to the ground we have 
bsen surveying, but I have not yet been able to discover any suitable place for the proposed 
tidal observations. 

(4.6.) Shortly after returning to Katt*war, I went to Rajkote the Head Quarters of t he  
Province ; mhcre the whole of the officials, and nearly every Cl~icf in Kattymar (some hundreds 
in number) were asseml~led to meet H. E.  thc Governor of Bombay. While there I had an 
opportunity of showing His Exccllcncy our maps and explaining thc progress of the survey, and 
I also made the acquaintance of all the officials with whom I am likely to be thrown in contact 
during the future progress of the survey. 

(47.) On rcturning from Ra,jkote, I inspected the two triangulating parties iinder Messr~ .  
McJGill and Rendell and then rejoirled my Head Quarters in the vicinity of tlie Plane Table and 
Traverse Surveyors. With so many Native Surveyors and young hands at work it is no doubt 
indispensably necessary, if one wishes to bc absolutely certain of the accuracy of the work, to he 
constantly on the move and I accordingly inspected the work of every plane table repeatedly 
thro~lgliout the season. 

(4.8.) The country under survey is of very varied character. The Northern portion 
where the Surveyors commenccd work consists of a flat and fcrtile plain. The soil is generally 
black and yields rich crops of cotton, bajra and jowar, which are the staple products of the 
country. Besides thesc however sugar-cane, wheat, gram ti1 and other crops are grown in 
smaller quantities. 

(49.) Over portions of this district, more especially to  the south of the River Shetruji 
which flows through i t  in an eastcrly direction, thrre is a quantity of saline matter in the soil 
which makes the water in tlie wells generally brackish and of very disagreeable colour and taste. 
I (lid not find however that it was u~~healtliy. I n  some few villages however the well watcr was 
onlJr used for purposes of irrigation, and rain matcr from tanks mas used for drinking. The 
water of tlie Shctruji and otllrr small rivcrs flowing into it is generally drunk in preference t o  
any other. Where it is very brackish the ground in the vicinity generally consists of waste and 
lorn jungle on which there is pretty fair grazing pound  for cattle which are plentiful i n  nearly 
all parts of Kattywar. 

(50.) As the Surveyors proceedcd South, the character of the country gradually chang- 
ed, lorn stoup ridges covcred with short stunted grass, Cactus and Kliyr bushes occupy large 
portions of thc gronud, but tlic flat spaces bctwcen them are gencrally under cultivation, either 
cotton or bnjra, tlic crops ho~vevcr not bcirlg so rich as in the more favoured lands to the 
North. Watcr is more frequently found in the Nallalis, but the country is not nearly so thick- 
ly populatcd. 

(51.) Plirtllcr Sonth again towards t l ~ c  slopes of tlie mountains of the Gir, the ground 
is c11t 11p into Iargc ravines -10 and 50 fcct dccll and 100 yards or more in breadth their sloping 
bauks generally covcrcd with a species of prickly pcar. 

(52.) The Gir is tlle name givcn to a district containing the most extensive range of 
mollntair~s ( t l~o~lgh not the highest) and the midcst parts of Kattymar. I t  was long celebra- 
tcd as tllc constaut retreat of nharwatias (outlaws) who in the former disorgauized state of the 
conritrp wcrc constantly wandering a\)out, coming down unawares on the opcn to\vns, levying 
black mail and t l~cn  rcturning to.tllcir mountain fastnesses. The usual rule with these marau- 

mas only to p l~~nder  thc villages 11clonging to the state from which they were originally out- 
lawcd and as thc ncighbo~lriur states wcre generally a t  feud, one with the other, these outlaws 
often fouud protection mlicrc they ought to havc met u l th  extcrmination. 

(58.) I n  1868, two officcrs mcrc ltillcd in attacking one of these hands in the 13nnla 
ITills ncar R,a,jkotc xincc wl~icll t l~cy llavc bceu brokcn up and I trust permallently dispersed, 
tl1011g11 a f(:w months ago I hcard of onc or two partics who were committing depredations not 
far o r f rom tllc ground whcrc we sl~all  bc working next season. 

(54'.) A famous r c t r c ~ t  of thcse ontla~vs was at a very strong natural position called 
Vcjnlkot in thr neighboarhood of tlic Ra~vul ltivcr, situatcd in our last season's work. It is now 
a11 old rl~irl on an clcvatcd piece of ground completely snrroiinded either by the Ra\vul River 
\r it11 its tlccp 1)recil)itous ba~llis or Nullal~s :is dccp ant1 with almost pcrpcudicular sides, 



(55.) These hills are traversed by rivers rising in the Northern portion of them and 
running nearly due south, the principal of them (in the past season's work) being the Machun- 
dra, the Rawul, the Nalia and the Malan rivers; these all flow southwards, but a portion only 
of their waters flow into the Indian Ocean, as what is perhaps a large stream in the Gir almost 
entirely loses itself in sands and flats before reaching the Sea. 

(56.) Between the beds of these rivers rise lofty hills with precipitous sides, many 
approaching but none exceeding a height of 2000 feet. The tops of the hills are generally bare 
of trees but are ncarly always covered with long grass which is burnt in the hot weather. In 
the ravines and valleys towards the Eastern portion of the Gir there is not very dense foliageJ 
what there is consisting chiefly of Dhak (Palas) and Ichyr. I n  the central Gir, in the large 
water courses there are large Banyan trees as well as dense masses of Coranda, in the shade of 
which a lion may occasionally be found during the heat of the day. I n  parts also, the sides 
of the hills are more or less covered with stunted teak, with Nalida, Gangra, Jamoon, Dhowrab, 
Temburwah (a kind of ebony) and other jungle trees. Large timber trees such as are found 
in other parts of India are conspicuous only by their absence. 

(57.) The country is very thinly inhahited. In  a district of about 100 square miles, 
there is but one so called village Temburwar consisting of a few huts only and the average po- 
pulation of the W. half of sheet XXVIII is only about 10 per square mile. Besides thewper- 
manent villages however there are migratory bodics of herdsmen, who take their flocks about 
in search of pasture during the hot weather, stopping in some place (where they perhaps find 
water and a few huts) until the grass about is consumed. They then proceed to another spot. 
These collections of huts go by the local name of Neyses and are only tenanted during the:hot 
months. The dreadful fevers and bowel complaints for which the Gir is famous prevent 
these people from taking up their residence except for the few hot months of the year. During 
the rest of the year they reside in villages outside the Gir. 

(58.) Most of the Gir villages are,inhabited by '' KolisJJ. The herdsmen are generally 
termed Rubaries or Charans. Around the villages are small patches of cultivation affording 
barely sufficient produce for the miserable and fever stricken inhabitants. 

(59.) The Rubaries get provisions from the villagcs outside the Gir in exchange for ghi, 
butter and milk the produce of their numerous herds. A very curious fact about the district 
is the use there (as well as in the country to the south of it) of Spanish Dollars (called Raals) and 
these wretched men who perhaps hardly know an English Rupee by sight are quite familiar with 
the Raal which is worth about two and quarter Rupees of our money. I believe i t  was in- 
troduced through the neighbouring Portuguese settlement of Diu and the once piratical harbour 
of Jaffrabad. 

(60.) There is but one road through this portion of the Gir. I have taken carts along 
i t  from Dhari to Oona vi$ Temburwar, but it would be quite impracticable for heavily laden 
carts. 

(61.) Every Rubari owns a buffalo which he uses for taking his produce to, and bring- 
ing back his food from the plains and these are the only baggage animals to be found in the 
Gir. 

(62.) South of this range of hills the country is again almost a dead flat, well cultiva- 
ted, with cotton and bajra ; parts near the south coast are densly covered with mango and other 
trees forming camping grounds far superior to any I have seen in other parts of Icattymar where 
a tree of sufficient size to pitch a large tent under, is the exception and not the rule. There is 
good grazing ground all along the south coast, as h e a ~ y  dews fall at night even in the hot wcath- 
er and keep up a supply of a short green grass which supports large flocks of sheep and cattle. 

(63.) A very curious feature in the southern District ifr the large limestone masses, ge- 
nerally old stone quarries, which rise abruptly from the surrounding flats and have very curious 
and fantastic forms. I n  parts whole masses of the hill have been quarried away leaving up- 
right pillars of stone stancling generally covcred with green creepers, and rcscmbling in thc dis- 
tance the most picturesque looking ruined castles, a deception which is kept up until a near 
approach reveals the truth. 

(64.) The country has once upon a time been much richer than at present. Near Oona 

in sheet XXX are the remains of a very large tank about 200 yards in diameter which reminds 
me very forcibly, from its general internal appearance, of the old Roman amphitheatres in the 
South of Europe. Its walls in one portion are composed of solid rock but in the greater part 
consiet of stone terraces going down to the bottom of the tank, which when I saw it was near- 
ly dry. 



( 6 5 . )  Tlicre is a f a ~ r  spri i~hl ing of game ovcr t l ~ c  n l ~ o l c  of the groli~id rrc havc b ~ e n  
surveyirlg, N11-Gae (callcd Roz in <;~!jcrati), antrlope arid ral  utc dccr I ~ c i l ~ g  generally commoli 
i n  thc  flat country. I n  the Cfir itself t l ~ c r r  are lions, pnntl~cm. Iiyeuas, sariil)ar, r l i ~ c t a l ,  
wlld hog and Nil-Gae; hnt  none of tllcsc arc common, r\ccpt pcr l ia l)~ thc two la3t, and i t  rannot  
be  said t o  be thiclily storlrcd wit11 game. Therc ir not a tiger in  the whole of Kattywar. Thc 
lion is popularly supposed t o  be mnncless; l ~ u t  this i~ a fallacy, and one that  1 sarv had n vcry 
fine mane, thc  lioness had none bu t  hnd a strong rcrenlblance to  a tigcr i n  shape, though not  
i n  colour. 

(GG.) The Tsloolia Boundary Dcmarkations mliiclr arc intentled t o  be carried on in ad- 
vance of our survey opcratiolls (by native boundary committees appointed by the  D i ~ r b a r s  arid 
working unilcr the Political Agent) arc l)rogrcssing favourably. 111 the ground to be surveyed 
ncxt year thcre \rill I trust 1)c but few ~uisettlerl boi~nclarics, of which I am sorry to  say there 
are  a good numbcr i n  tlie grollnd we have just surveyed. 

(67.) Thc Bnroda Durbar, a portion of whosc territories situated i n  the Amrcli Mahals 
me hare just been working on, is  n ~ o s t  obstriictivc in  thc matter of boundary disputes and I ful- 
l y  expect that  when we have completed the  survcy of Kattywar tlierc will yet remain a number 
of disputed Baroda bounrlaries. The grcnt Gir  clisputc with Junagarh beforc alluded t o  (and 
which has just becn settled and the boundary demarlrated by Coloncl Lestcr of the Bomhay S t a T  
corps) 11a~ occ~lpiecl the time of a special Bo~lnrlary Commissioncr for very many ycars and t h c  
Bombay Government has finally coilfirmed Coloncl Lester's decision. 

(68.) Thc amount of topographical survcy completed is 2038 squarc miles against 1138 
of the previous gcar. 

( 7  I n  conclusion I beg to acknowledge the  cordial asristancc whicli is alivags rendcr- 
cd to  myself and the assistants of tliis Party 11g Colollcl Andcrson t l ~ e  Political llgerit aud all 
his assistants i n  Kattymar with whom wc have come in contact. 

Extract from the Narrative Report-dated 14th July 1871-.-of Captain J. HERSCHEL 
R.E., Offg. Deputy Superintendent 1st Grade, in charge No. 1 Extra Party. 

( I  .) I n  a postscript t o  my rcport for 1869-70, I was able to  add somc results of t h  at 
scason's work, which contirmed thc  belief luider which thc  distribution of tlie stations of 
observation had bccn clcciiled on. As this si11)~jcct will gratlnally occupy morc attention, and as 
i t  enters largely into what will now 1~n1.c t o  1)c narrated concerning thc following season's work, 
now i n  course of rcduction, somc explanation of the  matter must be ventured upon. 

(3.) I t  is so well Iinown that  t11c astronomical Intitndc of a place-that is, the  altitude of 
tlie pole as dcri\rctl from the Ollscvr.c,ri Zc~ttill~ Distnnra of a star of knotcjn IV. Polar Distance-is 
aKcctctI by thc tlisplaccn~cnt of the ran i s l~ ing  poiitt of a 11li1mb liue from t l ~ c  t rue Zenith by  
local attraction, t l ~ n t  i t  is only neccssnry to  allutlc to i t  for t l ~ c  salie of making more distinctly 
obvions tliat, if this disl~lnccment is not only grcnt, but also greatly capricious, i t  1)ecomes 
clcsiral,le to t:ikc fully into consitlcrnt,ion t l ~ c  1)c:wing of this fact on the value which any 
such dctcrmination of Intitudc can l~avc.  Thc distribution of stations in season 1869-70 
was made wit11 a view t o  asccrtnining rnllt!tl~c:r t l ~ i s  secmi~lgly capricious variation was t o  be  
expected ill Ti~dia, as i t  11atl I~ecil rccognizctl i n  Europe. N o  ditIicnlty has been experienced i n  
accepting as rcal t h e  varyill:: amonnt of tlisl~laccincnt a t  stations so f'ar apart as 60  miles o r  
morc. Tlte largc number of rc,snlts a t  stntionn so ilist~.i/rctted over large portions of Northerri 
Inrlia had pt.ovcc1 bryontl qi i r .~t ioi~ that nil r1 priori cstimnte of its :~rnount a t  any- one point 
(not n~itllin that dist:~nce ot anot l~cr  a t  w l ~ i c l ~  i t  might 1)c Ii11ow11) r r o ~ ~ l d  bc littlc better than a 
guess. Bnt  cvitlcnrc: was m u t i n g  that  thc displaccmcllt, ascertainccl a t  one point would not  
hold gootl for a consideral~lc arca rourrtl it., For  this l n ~ r l ~ o s c  stations of obscrvntior~s were 
grouped; and bcforc p~.occcding wit11 21 description of t l ~ c  next season's morlr i t  is needful t o  
show what tlic actual rcsults ~rc rc ,  as ~ r c l l  as tlrc imnlcdiatc itlfcrcnces to  be drawn from them. 

(3.) Whcn comparing astronomic lntitndcs with gcodctic i t  mus t  always be remembered 
that  the  l a t t r r  arc t o  somc rxtcnt l~ppotl~etical,  ill as much as thcy always depcnd on a n  assumed 
origin. I n  t l ~ i s  casc tllr origin is t l ~ c  a.;troriomical latitude of Calcutta where the  deflection of 
tllc plum11 linc is xssuiuetl r ~ i l .  Vrcrc this assumption correct the difference between geodetic 
and arrtrononlic lntitntlcs a t  any other point moiild corrcctly rcprcscnt t l ~ c  dcflcction a t  tliat point : 
and notwitIistandin,~li~i that it  is ~lcccssarily o t l ~ c r ~ v i s ~ ,  yct  sincc thc crror, whatever i t  may bc, 
nffccts all thc geodetic latitndcs nliltc t l ~ c  con11)arison of deflcrtions irlter sc will be unaffected. 
I now givc tllc rcduccd rcsults of tlie iiclcl season 186'3-70 (scc Table appended). 



(4.) The first three atatione, i t  will be remembered, form a group a t  and near the Ban. 
galore base forming a triangle (whose sidcs are 6.8, 6.1 aurl 3.1 milcs) in an uudulating Ilut 
not hilly portion of Mysore at  an avcrage height of 3,100 feet above sea. The last three form 
a triangle whose sides are 15.8, 5.2 and 14.0 miles, situated in the extensive plain East of the 
Neilghiris, about 800 feet above sea, and 140 miles South of Bangalore. 

(5 . )  The change of average deflection at  the 2nd group as comparccl with the 1st is not 
remarkable, considering their dlstauce apart; but t l ~ c  variablc character of thc iritliviclllal 
deflections at  either group is very significant. I t  is clcar that tlie uncertainty-which callllot 

ossibly be due to error of observation to the estent rcquil*cd to explain it-is sucll tllat, just 
fn .,estimate of the gross deflection at  r distant point ~vonld be l~nranloas, so the presumption 
that i t  would be nearly the same at two distant corltignous points would likewise be unmarra~lt- 
able. The strictly local character of the attraction which causes thesc dcflcctions is betrayed; 
and, to put the logical corlclusion roughly before us, the minute accuracy aimed at  in this 
kind of determination ccases to have a practical valuc. For i t  has b ~ e n  concluzively proved in 
the English Ordr~ance Survey that local attractious are to be accounted for only very sligl~tly I)y 
attention to the local surface, and they cannot be accounted for practically by what is below 
that surface without a more intimate knowledge of the geological conditions than me seem 
likely to obtain within any period now contemplated. 

(6.) On the strength of this confirmatory evidence, and with this conclusion forcing 
itself upon me, I proposed to the Superintendent to modify still further the practice hitherto 
pursued and to illcrease the number of local detcrmiilations at  the expense of thcir individual 
accuracy. The proposal was met with some hesitation but permission was given to act 
maturer corlsideration sh~u l t l  dictate. I resolved eveutually to endeavour to secure furtllcr 
evidence without materially sacrificing accnracy, by observing at  5 points of a group, of wl~ich 
the central one sllonld have a set of observations of the usual cl~aracter (i .e.  of pairs of stars 
evcnly distribntcil and observcd on 3 nights each) while 2 nights only shoulcl be devoted at each 
of the others to getting as many stars as possible, with a view to liuking each subsidiary station 
to the ccutral onc and to the others by amplitude alone. 

This is not a fitting place to argue the qncstion of amplitnde crrslcs absolntc latitudcs. 
I need only say that whcre the tlifferences of latitudcs are vcry small, and t l ~ c  same instrument 
can be used at  all the points successively in but fern days, i t  simplifics matters greatly to ignore 
latitude altogctl~rr llrltil the reductions are complete. I t  is anticipated that by cli3tril)ating the 
ol)servntions ill the I V : L ~  described, over an area of 10 or 12 milcs sqnarc thc occidental fcaturcs 
of the local attraction of tlie locality will IJC bctragcd a11c1 clilni~latctl ~vllile the resulting astro- 
non~ic latitudc of t l ~ c  central point, so modified, will be not lcss acrnratc, numcrically, and far 
morc corrcct in t l ~ c  wider sense of b t y g  morc representative, than if tlle wllole labour had bceu 
confined to one spot. 

(7.) I IIOW proceed to describc thc localities and to narratc the cl~icf iucirlcnts of the 
pmt season. At the time my party left I$angalorc, early i r ~  Novcrrrl~cr 1870, t l ~ c  principal tri- 
nngulation on the mcritliar~ of 78' estc~rtlctl or~ly a fcm milcs so11tl1 of t l ~ c  211d of t,l~c above rnen- 
tiorred groups, where it l~atl  got into difficulties c a ~ ~ s c d  by t l ~ e  ol~sti l~ate rcf'~~s:il of t l ~ c  approxi- 
mate trii~r~gulatiou ahead to adapt itsclf to the ft>:~turcs ot' the country. 1 was t11ercti)l.c ill sorr~c 
ltncertairity n-here to chosc a snital~lc district for the g-roll[) wl~ich m u t  lic I)cstwc!c:n l':~cl~apali:trn 
and Cape Co~rrori~~-tl~e ordy ol~ligatory point bciug :L pcntlulum statior~ of C:tptain I3:r.;e\iJ3. To 
tlris point I marchctl in the first instance, and soon saw that it was 11ot o111y silitnl)lc in itsclf 
but woultl alnlost ccrt:iinly bc sclcctcd as a l~rincipal st:~tion of t l ~ c  coming tr iang~~l:~tiou.  Ihlt 
bcl'orc the subsitli:~r~ stations could IIC chosen it Iran necessary to lcarl~ tlle l)rol~:~l)lc course of 
t l ~ e  forrucr; ant1 t l~ i s  required mc to 1)roject aud suggest to BIa.jor Bra~~f i l l  a cor~figurntiorl which 
as the event prover1 was mucll eavicr to propose tlla~r to cxccutc ; the fact bcir~g that the diK- 
culties in the way ot'tltc principal t r i a ~ l ~ ~ ~ l a t i o n  at this part are grcntly cul~anccd by peculiar 
climatic conditions ml~icll could not well I)e forcscen. 

(8.) O1~scrv:itions of Zcnitli Distance mcre commenced at thc station of Kutiaparc* 
on the 29th Novcmher in favoral~le meatllcr, w l~ ic l~  uufurtu~~atcly (lid not 1;ist. A great dral of 
rain hat1 falleu before my arriv;rl, : i ~ ~ t l  1 ~ 1 t  little more at  arlp timc mas sufficient to make the 
black soil colu~try ncarly im~)ractical)lc for carts. T ~ I I I ~  i t  11al)pcnccl that 2 only out of' the -b 
intended subsidiary statious were tlccidr:il upon I~eforc the cc~~tr:r l  stnt,ion was q~iittcd-n 3rd was 
afterwards cl~ovcn alrnost at I~azarcl, alltl ol)scrvcd at, wi t l~o~t t  a single vicw of the distant hills 
wllilc a 4th) :L   no st p r o ~ n i s i ~ ~ g  l ~ i l l o ~ k ,  t l ~ r l l ~ t l  out 011 ~ n y  arrival t,o l ~ c  a sn~ooth inacccsuiblc 
mays of gneiss, abol~t  feet high, i r i  a I~lack, soil p l a i ~ ~ .  T l ~ c  top only 11:id bccn visil)l(:, alld 
i t  had been reportcd practicable 1)y the masol1 who I)~lilt t l ~ c  ol)scrvatory pillar. As he I~nd 

gone up and down I)y a series of t~otcllcs cut in the facc of' tlic solitl rock I~is fait11 in  Iny pomc.r 
of overcoming sucll a trifling difficillty as that of scnt l i~~g up the iuvtruulcllt aud ohscrratory 
by the same routc must have bccrr u~~ l~oumlcd .  



(9.) Up to this point delays had been most ve~atious and progress slow. 1 therefore 
dccided to get out of the met black soil country and hastcn tloen by thc high road to ('ape 
Comorin. I did so by forccd marchcs in good aeathcr but when within one march of the sta- 
tion for wl~icll I was inal\ing, I)cii~g now again off t l ~ c  road, I~ad ~vcatlicr set in and drtainerl the 
Camp for G days, drenchcd and idlc, and unable to obtain supplies, in a district reported to  be 
onc of thc richcst in India. 

(10.) Kudankolam Observatory-thc most southern of the Principal G. T. S. Stations 
was reached on the 16th January 1871. This station is 011 tllc prolongation of thc Cape Corno- 
rin Base -o f  which i t  was originally intended to bc onc estrcmity. I t  is situated about 1500 
yards from the sca, and may for tlle prcscr~t purpose be considcrcd the principal, rather than 
the central, of 6 Stations of observation, of \vhich two lie also on the coast, N. E. and S. W ; 
another-the intendcd North End of the basc-duc North 7 inilcs; arld 2 more on thc East and 
West flanks of t l ~ c  basc. That on the coast S. W. of Kntlankolam is Punnae (Pannei) onc of 
Col. Lambton's early astronomical stations, which formed tllc soutllcrn cxtrenlity of his liidian 
Arc of Dfcridian. 

(11.) The ohsellrations of Zcnith Distance at this point cost but 3 days and will obviate 
the necessity of depending on results whichcan only be rendered available by recomputation 
from meagre data. 

(12.) The number of subsidiary stations of this group is therefore 5, a larger number 
than I have introdiiced allywhere else as yet. I t  sec~ncd desirable to venturc as far in t l~ i s  di- 
rcction as I might, at this particular place, on account of its b c i ~ ~ g  thc most important station to 
Geodesists in Iudia, and onc which must ever bc the cxtremc soutlbcrn limit of this mcridional 
arc. For thc same reason the nli~nbcr of obscr\~ations was sligl~tly incrcasctl. These acre  com- 
plcted at ltathal)uram, the Gth statio~l of the group on the night of the 15th F e b r u a r y i .  e. in 
less than one month after reaching Kudankolam. 

(13.) We had nom to make the best of our way to Bcllary 4870 miles due north. This 
was accomplished by road and rail by the 7th 3larrl1, and on the 13th observations wcre spin 
eommenccd a t  one of tlre outlying stations of t l ~ c  Honr~r group 23 mile9 S. 15 of Ilellary. By 
this time it Tns no longer a question of rainy wexthcr aud cloudy skies but of intcusely hot 
days and sultry nights. During tllc \vholc of anotl~cr 3 week\ s p c ~ ~ t  on this group the tlrcrrno- 
nietcr stood fbr a grcnt part of crcry day at 102°-1050 in my tent ant1 as that country is 1)arc 
of trces a ~ t d  vcry dry, thcrc was i~cvcr any sheltcr or watcr rr~tlrin a mile or two of thc 01)- 
scrviug points. But as the nights merc always fine the work was quickly got over, and on the (it11 
of April the rctnrn march to Bangxiore was commcnccd. We cntcred Uarlgalore on thc 20th 
rather morc than 5 months aftcr lcaving it. - 

(14.) Although only 3 groups of stations merc accoml)lishcil during the season-mllich 
as far as (~codcsy is conccrr~cd, call fnrnish but so 1n:luy tlistil~ct dc tcr~ninat io~~s  of' latit~tdc-I 
am satisfied t l ~ a t  that sciencc is considcra1)ly ricl~er t11:in it't\vicc t l ~ c  11111111)cr of poi~its a degrcc 
or mow a11art had bccn ol).~crverl a t  wit11 cql~al or grcntcr ac:curuc:y. I3ut this cau only bc 
l~roved I)y t l ~ c  compl~tcrl rcsults. Sl~ould it al)l)car that, unlilrc tl~osc of last year, the minor 
amplitudes accortl closclp wit11 tllosc sho~vn by trigonomctrical opcratio~~s,  it will intleed I)e 
s t r o ~ ~ g  C Y ~ ~ C I I C C  in favor of isolatcci dctcrrniuatio~~s-cvi(lcnc:c \rl~ic-h is mnch wantcd to resclle 
all such fro111 a slls1)icion of prctc~~rling to grc:~tcr wort11 ~ I I : L I I  t l~cy  C:LII I IOW be belicvctl to 
~~osscss.  nut ,  sl~oilltl it bc found otl~c~r\-r.isc-a li~lc: of cogci~t wg11111cnt will hnvc I~ccn opcrlr(1 
against t l ~ c  utility of continuing t l ~ c  systcm of seeking to tlctc~rminc the nstro~~omic latit~ldcs 
a t  isolatctl ~)oint.s wit11 millute accuracy, aud iri favor of al)a~ltloniug certain inctllods of obser- 
vation which i~~volvc  a nsclcss cxpe~~d i t~ l r c  of tinlc and labor. 

(15.) T mlncs tnhlllar statrme~~t,s 's l~o~ving the grom~cl gone owr, the particl~lars as to  
n l~ml~ers  of stars nsc-11, of ol)scrvatio~~s, nut1 of ol>.;erving 11ig11ts kc. TIIC first is g i v c ~ ~  for the 
snlic of sl~owing I~ow small a 1)roportion of t l ~ c  \\-l~ol(, scb:lron Ilaa hccn rcnlly tlevotcd to Zenith 
Distance o1)srrvations-not 1)rcnusc of t,hc systcln of  g ronp i~~g ,  SO 1nuc11 as from unfavorable 
wcathcr, and t l ~ c  long tlistnncc:~ nrl~icli l~atl to 11c tr:ivcrsctl. llt:rhnps this is the best place to  
uay that shonltl t.hc 1)rograllrmc tin ncxt se:~so~l be what I now auticil)atc viz., a regular and 
rnorc rapid progrcss nortlln.:~rtl, tc r~nin: i t i~~g witl~in reach of RLliow, 12llichpore, or  some such 
placc-thcrc will 1)r:no s r ~ c l ~  tlisl~roportion 1)ctwcen the work doue and the distance gone over; 
and 1 may I~opc t1ic11 to sl~c\v quite tloul~lc as mucl~.  

( 1 .  No cl~ar~gc of any p e n t  conscrlncnce has bceu made in the routine of observing. 
T l ~ c  only point wort11 nicntionir~y: is t l ~ a t  ill collscclncncc of an npprcciablc crror of (( run"-which 
caullot bc ~nccl~m~ic:ally corrected-having bccn provcd to csist strict attention haa been paid to  
t l ~ c  fact, a.11tl a corrrction 11as I~cen applictl in reducing. To do this i t  is necessary to be certain 
w~hat grntlr~:lt,io~l has hccn nsctl in ally givcu rcatli~~g-and that involves a rigid adherence to 
r~ l l c  ill rcatling. I t  is suliicic:nt to r n c ~ ~ t i o l ~  this, wit11011t going further into the matter here, to 
cx111ai11 wl~y, ill the abscucc of S U C ~  an it~vuriuble rulc, no ruu correction may tlafely be applied, 





the actual error being a quarter of a second since this mould correspond, at the well known 
rate of 1" of latitude to 100 feet of meridional displacement, to 10 feet of error iri the positio~l 
of the station, it is clear that 3 or 4 feet even of error due to the trigonometrical connection 
would be comparatively unimportant. And this it must he admitted would be a vcry rude 
error to make in a trigonometrical connection even with inferior instruments. Practically, so 
great an error would be impossible, and it is therefore not essential that recourse be had to 
first class thcodolitcs for the'connection of Astronomical Stations. 

(23.) There is another difficulty in the way of grcatly increasing thc ni~mber of astrono- 
mical points; but it is removcd a t  once if first class theodolites are relieved from the onus of 
firing these trigouometrically ; and indeed the necessity of finding such points is a ~ t r o n g  argu- 
ment for relaxation in this respect. I allude to the selection of points frce from obvious dis- 
advantages of position. 

(24.) I have been led to make these remarks because the qucstion is one which presses 
for solution. So long as Astronomical and Trigonometrical parties are so circumstanced as to 
be able to concert measures, a moderate exercise of discretionary power will no doubt suffice ; 
but mhcre this is not the case the one party may hampcr, or be inadequately accomruodated by 
the other, to an extent R hich will produce complication and waste of labour. Hitherto I have 
only experienced this in a small degree ; but I anticipate serious inconvcniencc and loss of time 
next season, unless I may count on the subsequent aid of a survcyor, or li~lless I am made in- 
dependcot of one by being instructed to execute for myself such triangulation as may be 
necessary. 

(25.) Up to the present time the calculations, though well advanced, do not yet enable 
me to judge of the character of the past season's work; but I hope to he a position to do so 
shortly. The ultimatc comparisori of the resulting astrononlic latitudes with those produced 
by the triangulation must howe\er remain to some extent inco~uplete. Although the stations 
in the neighbourl~ood of the Cape have heen trigonometrically connccted with each other no 
connection with the triangulation to the north ha3 yet been cffectcd except such as may be de- 
ducible from Colonel Lambton's Surveying Operations. This mill no doubt be practically 
accuratc cnough, but will involve calculation of which I do not at prcscnt know the amount, and 
which I cannot tliereforc formally undertalie to cxecnte. Again, the principal triangulation to  
which I have before alludcd could not be estcndcd by Rfa,jor Branfill during the last season 
quite so far as to give final values of the geodetical positions of the stations of the Mallapatti 
group, and the comparison here will be only approximate. The Honur group however, near 
Bcllary, has been fully connected, and the comparison there will bc complete. 

(26.) I have only to add, in conclusion, that I have bccn ably sccondcd throughout the 
past year both in office and in the field by Mr. G. Bclcliam who has by unfailing attention to 
his dutics mcll earned thc promotion which lie lately rcceived. I-Ie has now acted as obser- 
vatory assistant for 8 ycars and is mcll acquainted with the duties of such an office, as well as 
with thc special nature of the computations which occnpy us in the recess; and this particular 
kind of training must always make his services valuable where such work has to be done. At 
the same time I c a ~ ~ ~ l o t  but regret that i t  is so unavoidably of a special and limited character, 
and could wish that I had thc opportunity to require the exercise of his faculties in a less con- 
fined splicre uf action. 

(27.) The health of the party during the past scason has been goocl. 
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Distribulion of obsercalions 1870-71. 

a 
d 

E j 
3 3  m 
GI * " 0 z 
... 

122 
6 3 
9 1 
38 

2 18 
... 
20 
6 6 

186 

794 

6 3 

VII I  1 kX 

4 
P; 

& " 
0 4 
281 

605 

No. of 
group. Name of group a.nd station. 

2,. 
3% 
E . i  

. , , 

... 
19 
... 
19 
... 
... 
... 

Route &c. 

Bangalore to Trichinopoly, by rail 
Trichinopoly to Kutiapare, by road 
A t  and about Rutiapare 
Kutiapare to Kundanliolam, by road 
Cape Cornorin group 

Ditto to Caroor R Station, by road 
Caroor Railway Station to Bellary, by rail 
A t  Bellary and to Houur, by road 

No. of St* 
tion. 

ilIciZlapatti 
Kutiapare Station, . . . . . . . . .  
Black Station, . . . . . . . . .  ... 
Shulakare Station, . . . . . .  ... 
Pandolagudi, . . . . . . . . . . . .  

Cape Como~in  
Kudankolam Observatory, . . . . . .  

... Visinpntlii St?t;rn,  ... ... 
A l l i  I  in . . . . . .  ... 
P m ~ n c ~  Obscr\.atory, ... ... ... 
Tan~karaliolam Station, ... ... 

... Ratlma~uram, ... ... ... 

Honur group 
Ditto to Bangalore, by road 

Total, ... 

Average per observing station (15) ... 

d 
3 
R 

2 
13 
37 
14 
3 1 
1G 

3 
6 

Uowur 
... Yerrngunta, ... ... ... 

Honur, ... ... ... ... ... 
Nimbagal, ... ... ... ... 
Chilralgurki, ... ... ... ... 
Baudur, . . . . . .  ... ... ... 

d 

4 
B 

----- 
... 
11 

6 
6 
6 

15 
... 
2 

" I ------ 

Totals ... 

25 
11 

160 5 3 ------ 
3.5 

ivorlring Stars. Obeerra- Average 
nights. I / tiona ipernight. 

5 
14 

6 4 

4 3 

786 

The observations describcd above have since bccn provisionally rrtlured, nnq the  results 

Postumipt. arc shown bclow. Tllcy ca~liiot l ~ e  arccptcd as perfect- 
ly trustrrortl~y, for scveral rrnsoup-but, as the errors 

t o  which tllcp are linhle are t o  a grcat extent, i f  not wl~olly, coustar~t for all the i~idividuals 
of tlie groups srvrrally ; and morcover actually small as ron~parcd m ~ t h  the cor~clusior~s t o  
wl1ic)l sttclltton n.111 be directed, it  is unnecessary (for l~rescrit purpose?) to discuss their inaccu- 
racy. It will be sufficicut to  say that  the errors rcferred to are due to-1st an instrumental 
falling, (wh~cll must he rloscly invcstigxtcd) ant1 2nd inacr~lracy i n  thc calculated places of 
severnl star*, ar i \111~ p r o b : ~ l ~ l ~  from errorlcouq proper niot~ons.  From their nature these errors 
m e  cllluinatctl i n  comparlllg the rcvults i~ller se, as I liow wish to  do. 

The nnnrxed Tahle ~howrr, side by sidc, thc gcodetic and nstronomic co-latitudes of the  
75 Stat io~ls  (fot.ming 3 croups) at  a l i ~ c l i  observations mere taken during the seasou reported 
on a l~orc ,  ns afcll as similar r r s ~ ~ l t s  for tlir p r t v i o ~ ~ ~  S ~ ~ S O I I ,  a11(1 the a l ~ p a r e r ~ t  tlisturhance caused 
by lorn1 a t t ra r t~on .  Hrnrirrg i n  ruiud that  the geotlctic latitude is derivctl from Ule astrononbic 
htitude qf Calcuttn, and that a con~parison of prcciaely the samc kind at Madras indicated a 



very small disturbance there, the close agreement noticeable in this Table between the comput- 
ed and observed results at Cape Comorin is first to be remarked. The conclusion is that the 
disturbance, if any, is nearly identical at  these three sea side stations. But i t  should by no 
means be inferred that the disturbance, because relatively, is absolutely small. 

Reverting now to the subject which as explained in the body of this report, occupied 
my attelltion when considering the plan of distribution of the season's work i t  will be apparent 
that in the 1st of the 3 present groups there is comparatively slight indication of a varying dis- 
turbing force. Still less is any such tracezble in the Cape Comorin group. I n  the third on 
the coutrary the inequality of the disturbing attraction is so.great  as to be really startling. 
Stations XIX and XX for instance which are only 84 miles apart are separated by an apparent 
arc of amplitude no less than 3".1 less than is actually the case! This may be in part attribu- 
table to a snlall hill North of XX ; the attraction of which can hardly however be more than a 
fraction of a second, as i t  is a mile distant and not 300 feet high and by no means extensive. 

I find i t  impossible to avoid the conclusion that we have here an instance of local at- 
traction so irregular as to completely justify the presumption on which the system of observing 
in grozrys was first based, and to remove all doubts as to the desirability of persevering in that 
system. The last column of the Table shows approximately the uncertainty of local attraction 
within such short distances as 4 or 5 miles. 

The geodetic elements of the' Cape Comorin group have been kindly computed for me by 
Lieutenant Rogers, by means of Colonel Lambton's triangulation ; the calculations being based 
upon the elements of the modern survey operations at  the most southern identified stations 
common to both-near the Pachapdiani group. The assistance has been invaluable, as 1 could 
not otherwise have made any use of that portion of the results. 

Comparison of Astronomic with Geodetic results-1869-70, 70-71. 

Station No. 

I 

I I 

I11 

Iv 
V 
VI 

TI1 
VIII 
1X 
X 

XI 
XI1 
XIIT 
XIV 
XV 
XVI 

XVII 
XVIII 
XIX 
XX 
XXI 

Name of Station. 

Bangalore base S. 
End 

Bangalore base N. 
Elld 

Dodapnta ... 

yettimallei ... 
Pnchnpaliam ... 
Katpaliam ... 

Kutinpnre ... 
Black S. . . 
Shulakare ... 
Pandalngudi . . . 

R~tdnnkolam ... 
1-iuiapnthi ... 
Alaknneri ... 
P n ~ ~ u c i  ,,, 

Tanaknrkolam ... 
Rathnpuram ... 

Bekurtipn ... 
Honur . 
Nimbngal ... 
Chik:rlgurki ... 
Daudur .. 

Co-latitude. 
-- 

Geodetic 
90"-X, 

7i3"59'1f3"41 

59 1.46 

60 1.58 

78 56 7.32 
60 17.44 
63 21.35 

80 31 12'41 
28 55.97 
27 43.99 
36 

81 49 36.23 
47 49.43 
46 18.26 
50 29.96 
46 2.4,O 
42 58.35 

75 11 3.E.11 
4 38.33 
8 4.90 
0 53.82 
2 15.03 -- 

- 0.10 

Differ- 
ence. 

-- 

- 74'62 

- 5.85 

- 6.40 

- 6.62 -- 
- 0.61 
- 1.76 
- 2.10 

- 1.49 -- 
- O,GG 
+ 0.04 
- 0.64 

- 0.42 -- 
- 054  
+ 0.07 
+ 0.18 
- 0.44 
- 0.11 
+ 0.04 

- 0.13 
-'- + 1'27 + 0.45 + 0.85 

- 227 
- 0.78 

Astro. 
90'-A,, 

2&3 

7-11 

7.98 

hiean 

7.93 
19.20 
23.45 

Mcnn 

13.07 
55.93 
44.G3 
29.57 

Mcnn 

38.77 
49-36 
18.08 
30.40 

2.61 
58.31 

Mean 

32.84 
37'94 
4.05 

55.O9 
15.81 

I 

Differ- 
ence froin 

mean. 

- l.lbO 

+ 0.77 

+ 0.22 

+ 0.88 
- 0.27 
- 0'61 

- 0.24 
+ 0.46 
- 0.28 

- 0.41 + 0'20 + 0.31 
- 0.31 + 0'02 + 0'17 

+ 1'37 
+ o'G5 
+ 0'95 
- 2.17 
- 0.68 

Geodetic. 

Latitude. 

1$6d43!b9 

64 58.74 

59 58.42 

10 63 52.65 
59 42.56 
5G 38.65 

9 28 47.53 
31 4.03 
32 16.01 

8 10 23.77 
1210.57 
13 41.74 

9 30.04 
13 57.60 
17 l % 5  

11 4s 25.89 
5.5 21.61 
51 55.110 
59 7.18 
67 44.97 

Mean 

Longitude. 

77'37'48!b2 

41 44.06 

40 1.10 

77 53 15.10 
39 53.80 
43 18.G5 

78 3 5 . 8 5  
5 26.88 

77 69 19.35 

77 43 54. 
4 9 3 '  
46 58. 
40 2. 
41 21' 
44 35. 

77 0 45.26 
8 30.29 

14 19.47 
13 31.07 
3 4.60 
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Extract from the Narrabive Report-dated 10th July 1871-of C. LANE, ESQ., 
Deputy Superintendent 2nd Grade, in charge No. 3. Extra Party. 

. 
(2.) The Party was engaged througho~lt the preccdir~g recess, from thc 2nd May 1870 

to 17th October, in reduction of the observations and preparation of the ordinary abstracts, a3 
well as the abstract for publication of the leveling operations of season 1869-70, and after- 
wards in computation of suudry Seeoudary Latitudes, I~ongitudes and Heights of the Guze- 
rat Scries, received from the Conlppting Office a t  Head Uuartcrs. 

(3.) I11 consequence of heavy rain having set in on thc 22nd 0ctol)er. ~vhicli continued 
till the 29th iuclusive, the Party was delayed a t  Benares, as well as the camels en route for 
some eight days, so that the Party did not form Camp out of Benarcs till the 1st November;, 
the canicls arriving on the 2nd, the Party marched on the 3rd idem en vozcte to Goruckpore, 
reacl~ing the place on the 18tl1, where, after testing the collimatioll of the two Levels and the 
values of paka points in the vicinity, and comparing staves with the portable iron standard, the 
leveling operations were resumed on thc 21st November from the G. T. S. Bench mark on thv 
paved step of the Station church, and carried by the North Eastcrn road to Pipmitch, Captain- 
ganj, Parraona, Baglia and Bettiah. From Bettiah thc operatiorls l~rocecded along the road, 
passing about 2 of a mile South of the military outpost station of Soogowlee, to  RJotceharee, 
hlozufferpoor and Darbhanga. 

(4.) The following branch lines were leveled on the way. From Rahadur Sing's paka 
well at 13,rgl1a to Janliiram's tern!~le in Rlaoza Bankatwa. Prom Rharvnnibau's old palia well in 
Maoza Chandarpur, on the road, about G miles E.S.E. of Bagha, to Baliwa Towver Station com- 
mon to hoth the Hl~rilaong Rleridioual and the N.E. Longitudinal Serics. From a large peg 
in hlaoza Rampnr, about 26 miles on the road, S.E.E. of Bayha, to  Patjirwa Tower Station of 
the IIur~laong Ricridional Scrics. From a large peg on thc same road, in Rlaoza Soogomlee, to 
Ra,ja Ha-jnldar Kissore Sing's tcmple at Soogowlcc. Prom Rloteel~arcc, from a road culvert a t  
branching of to Dhakaram-Cllander and 1Iozuffcrpoor, to Rupdi Tower Station of the N.E. 
Lougitudulal Scries. From a large peg in Alaoxa Lashkariprir, 011 the same road, about 4,; 
miles N.W. of Moznffcrpoor, to 1Iarpur Tower Station of the Chendn~ar Mcridional Scries. 
Fro111 Chon.dri Nnthn Lal's gateway in the city of AiozutTerpoor to t l ~ c  Station cllurcl~. From 
thc samc gateway to Sa~va,jpur Tower Statiou of the Chendwar RTeridio~~al Series. From tht- 
N.  flight of stone strps of Scosahai's paka tank in the same city to Pn1::dpur Tower Station, also 
of thc Chcndwar Rleridional Scrics. 

(5.) From Darbhanga tlie mail1 linc was cont i~~ued,  on thc sama road marked with 
iuilestor~es lcatling towards Purncah. On the way, from M.S. 40 from hlozuffcrpoor, about 
7 miles nearly E.N.E. of Darblialiga, a hrauch line was carried to Chotaipati Tower Station, of 
the North Parasu:~th h1cridioll:rl Series : rcturniug to 1I.S. 38 from Rlozuffcrpoor, a branch lint: 
mas talccn to Hasatpnr Tower Station, and anotl~cr afterwards from 1iI.S. 50 from lfozufferpoo~. 
to I-larpur Tower St,atiou, I)otl~ of the same North Parasnatl~ AIcridional Series. Sul)sequently 
the main linc mas finally closctl on a G. '1'. S. llellcll mark cmbcclded about half a mile bepond 
the villagc of Parsarman, ill IIaoza, l'arsoni, mhcre a 1-Iintloo Temple at tlie for~ncr afforded a 
good, prrmancnt testing poil~t for fr~trlrc cstcusion, no other I~riug \ritlli~i several miles ahead, 
for thc comnic~~ccmcl~t of llest scason's ol)cratio~~s, and t l ~ c  nrcatl~rr having 1)ecome csceediugly 
dusty, hot :~nd t r y i ~ ~ g  to continuc thc worlc to Bhagulporc, ~ v h i c l ~  stat,iot~. urns still about 80 
miles distant, ant1 said to bc, at the scason of t l ~ c  year, across arid mastc land, destitute of tree, 
shadc ant1 cvcu wat,cr for a cousiderablc portion of t l ~ c  tlistaucc; and, with thc river Ganges 
event~ially to cross near the end. 

(6.) Owing to t l ~ c  ~~nusnal ly  latc rcssation of thr rainy scnson, on taking thc field the 
rolmtry mas for~utl csccssi~cljr wet m ~ d  dnnlp, throngl~o~lt  Novcmbcr and the greater portion of 
l)ccc~nl)cr, a11d was corcrcd with cs tc~~sivc  shcets of nr:~tcr. The military road to Bettiah and 
Soogowlce, along n-l~irh tllc ol)crntions wcre carrictl, \r:ls muell out of repair and cot across by 
~vatcr  in a great nl~rnbcr of ~~laccs ,  many of ~ v l ~ i c l ~  1):lrts ncrc pcrfect bogs. As a natural 
cousccl~~c~lcc t,hcrc was ~ n ~ ~ c l l  sickncss ill camp, from fcrcr and dy~cutcry in November, influ- 
enza of a vcry ol~stiuatc ty11c in S)ccclnl~cr, as ~vcll as t l~rougl~ont January, and till about the 
mitltllc of 1ccsbru:~ry. Tlia tr:rct between Hagha, ou t l ~ c  lcft bank of thc Gandak or Naraini 
rivrr, mld Motccl~arcc, provctl to bc t l ~ c  most, rl~~hcalthy, owing to an cstremely damp atmos- 
pl~c~c: f ro~n tlrusc fogs, and owing to t,lrc tlrlctcrious nature of tllc matcr, which latter was so 
I~atl tli:lt t l ~ c  ~n:~jori ty of t,l~c i111~al)itnnts (not rsccpting even cats, clogs and sheep,) were found, 
to I I C  tro~tblcd with largc goitres, especially ill thc vicinity of Soogomlee, a military outpost 
statiol~, n l ~ c r c  more than one body of some twenty sick native soldiers a t  a time, were seen 
P ~ Y S ~ I I : :  on t l ~ c  ro:~d. OIIC ~ l l t i r c  villagc 011 t l ~ i ~  road i3 said to be so bud with t l ~ e  disease t l ~ a t  
thc ~ ~ c o p l c  cannot nrticnlatc or collrersc with ollc auothcr, savc by strange noises accompanied 



by signs and gestures. Three or four acute cases of the disease occurred in camp, but being 
treated at the commencement were speedily cured. 

(7.) Field work having been closed on the G.T.S.B.M. embedded as described near the 
large village of Parsarman, the party marchcd for Benares to quarter for the recess arriving at 
the station on the 3rd May. 

* 
(8.) Mr. A.W. Donnelly, Surveyor 2nd grade, has been, throughout the past year, un- 

remitting in the zcalous performance of his duties, and I have great pleasure in stating, in 
continuation of last year's narrative rcport, that he has afforded the greatest satisfaction. 

(9.) Sub-surveyor Amjad Ali assisted in recording observations, in transcribing the 
duplicate of No. 2 Level, as well as in attending to the current office work and preparation of 
the monthly papers. Sub-Surveyor Narsing Dass assisted in recording observations, arl(1' 
during my temporary illness in observing with No. 2 Level, and also in keeping up the dupli- 
cate of No. .3 Level. Both the Sub-Surveyors worked hard and gave satisfaction. 

(10.) The following is a summary of work performed :- 
308 miles 40.92 chains of double leveling, including branch lines, embracing 

determination of 
9 Tower Stations, viz : Baliwa, Patjirma, Rupcli, I-Iarpw, San~a~jpnr, Paladpur, 

Chotaipati, Hasatpur and Harpur of the N.E. Longitudiual Series, a ~ ~ d  tile 
Hurilaong, Chendwar and North Psrasnath Meridional Serics, as described ill 
paras : (1) and (5). 

4 Ganrlal; river Irrigation Department Bench marbs. 
1 Trijunction pillar. 
151 Paka points. 
1 G.T.S. Beilcll mark (embedded) . 

1 river and 19 streams wcre crossed, viz. the Gandak or Naraini, the little Gand:~k, 
Bansi, and two other 1)ranchcs of the (;andali, IIarrid~, Cl~anclrawati, IIartll~o, I3nri C;a~~tl:~lc 
twice, Berlva Man, Bakpa, Lakhendei, Bagmatti, Kamla tmicc, Jiwaitch, Purm Ullar, Usllan, 
nlguja, Patalia aud Dhamra. 

Extract from the Narrative Report-dated 27th September 1871--of Lieutena;lt 
J. HILL, R.E., Offg. Deputy Superintendent 3rd Grade, Offg. in charge 

Kumaon and Gurhwal Party. 

(1.) During therecess of 1870, while Ma,jor i\Iontgomeric mas in chargc of this party, 
231 trigonometrical heights of thc l t~ l l i l i l l~ t  SIII'V('V 

The Recess of 1870. wcre compntrd ; all tllc calc~~lations coll~~cctetl with 
the previous season's trianplntion of the Kosi vallcy wctre cornmcr~ccd ant1 con~l)le~c I ;  ill1 t l ~ :  
fair maps of the Itanikllct Survey were drawn on a scalc of 12 incl~cs to a n~i lc ;  ~ I I C  Inst ori;:i- 
nel shect of the blussoorio and Landour Survey ~vl~iclr r c n ~ a i ~ ~ c d  1111finis11ed was sl~aded and the 
settle~llent boundary running through that sllcct was laid clown ul)oll it. 

(2.) The Ranikhet maps comprised 11 largc shatlctl sl~crts, each mras~lring 2% x 21 incllcs, 
ant1 tlrc samc r111n11,cr of ~~r~sl~at le t l  S1~c:lcton C11:lrts of 

Ilnniklwt mnps. a 1 s i c  011 t l ~ c  for~ncr sl~ccts tl~c: Scntnrcs of tllc 
ground were delineated by the mrthorl of' horixont;tl line s11atli11~; t l ~ o  tnlc ~ ~ I ' C C ~ ~ O I I H  of' ~ I I C  
lines, ant1 the dcptlls of shade b c i ~ ~ g  determined from al)profimnte eyc contours dcrivccl l'rom thc 
trigonomctrical heights. 

(3.) The approsirnatc: eye conto~irs at thc levcls of 6000, 5500, 5800,6000, 6300, 6700, 
6800 and 6900 fcct abovc tllc scn wcrc tllosc cl~oscn to I,c thc cllicf gnidc-lincu for the sllatli~~g, 
and a scale of shade was atlol,trtl mlric.11 gnvc a vertical hciglit of a l ~ o ~ ~ t  A feet bctwecn tlre 
hachrires. Thus, a gcnernl uniforn~ity of stylc was ol,taincd, ant1 altlrough owing to the ncccx- 
sity for the early pl~hlicatior~ of the maps, sin diflkrcnt dmRsmrn 11atl to bc rmploycd, it 1va9 
found that when all their work was joi~~ctl  togctl~cr it formed a ~atiufactol-y and accortlaut whole. 

(4.) The chief g~iitlc-linrs, already rnentionrd, were cntcrcrl in thc Slieleton Charts in 
orrlrr to give a series of rgcnrml, a p l w o ~ ~ ~ n : ~ t e  levels through ttanikhct, and thus aqsist the 
engiueers whose duty i t  mas to plan thc Sanitarium. 

(5 . )  The Ranikhet maps mcrc all priutcd by the Pl~otozincogrspl~ic process, aud pub- 
lished by the beginning of Sovcmbcr. 
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(6.) On the 1st Octobcr 1870 Captain Thnillicr rcccivcd charge of this party frorr~ 
Major Montgomerie, \rho was callcd to lintlcrtalte thc 

Captain 11. R. Thaillior R.E. dutics of Snpcrintendc~~t of the 1)epartment. At this 
time the Ranikhct map work was approaching its colnpletion : Captain 'llliaillicr, accortlingly, 
commenced his preparations for making the topogmphical survey, on n scale of' (i inches to a 

Eoai VuUey Survey on scale of 6 inchor to n 
milc, of the Kosi JT:~lley, ant1 Kllcll (;arll~, bvlrich was 

mile. rcquired by the Government* " to  facilitate the in- 

s No, 119p D.M, dated 25th November 1869 vestigation into thc pmcticability of the construction 
P.W. Departmont. of a railway up the valley." 

(7.) I t  mas laid down by the Government that the Survcy might be confined to the 
ground near the river over wl~ich a liue of railway would be likely to pass ; and the Supcrin- 
tendent considered that such ground ~rould lie within a width of about one mile on cac l~  side 
of the river. Captain Thuillier, thcrcfore, was dircctcd to survey within this limit as t o  
breadth, from Raniunggur to IJnjan 11y tlie Kosi Jralley, (see the accompanying General Iudex 
t o  the Kosi Valley Survey) and tliencc to tlie ncarcst point in Itnuilihct by the ICuch Gadl~.  

(8.) I Ie  commcnccd his prcparations by dividing thc arca to hc nurvcycrl into 10 
plane table sections n , h ~ c l ~  11e apl)ortioi~ctl, with fnll i~ is t ruc t io~~s ,  to the following officers viz : 
myself, and hlessrs I<. C. l t p l l ,  J. Peyton, J. Low, L. lJococli, TI. 'l1otltl and T. K i r ~ ~ ~ c y ;  
while R l r .  F. Ryall, who joincbtl this party during the rcccss from the Brahlnl~putra Serics, and 
who had had no esl)cric~nce ot' topograpl~ical surveying, was clircctctl to carry a rigorous theodo- 
lite aud chain travcrsc, wit11 vcrtical observations, through the wl~ole Icngtli of the Survcy. 

(9.) Each of thesc officers as soon as his recess work mns finished was scnt into camp 
to tnlic up l ~ i s  1Cosi woi.li, a~ltl Captni11 Tl~uillicr was 

The Field Senson of 1870-71. able to complcte all his own alSraugcmcnts, and take 
the field by the end of November. 

(10.) His intention mas to have marchcd to  Ramnoggur ( ~ r l ~ i c h  from Debra is the 
nearest point of the Kosi Snrvcy) by the way of Rurlti, Bijnonr and Knshipur, for he 11ad busi- 
ness to transact a t  Rurlci conncctecl with the eqnipment of the party ; I~ut,  unfortunately, an 
illness from which he had bcen suffering from some mwlths hcforc this tinlc increased to such 
an extcnt that he found himself unable to advance beyond Kasl~ipur. IIc rcncl~ctl t l ~ a t  city, 
which lies about 16 miles to the south-west of Ramnnggur, oil thc 20th December; but, 
after rcrnaining therc a meck hc had to be taken to ;\loradabatl, whcre 11c rras undcr incdical 
treatment until tlie sccond wcck in January. H e  then returncd to I<asliipur; but, fillding 
that his health did not improve, hc was obligcd to apply for mctlical leavc to Europc, and re- 
sign his charge of this party. 

(12.) TJpon tlie official ~announccmcnt hy Captain Thuillicr that 11c mishcd to rcsign 

Lientcnant J. Hill, R.E. 
11is cl~nrge, autl proccctl on sick lcnrc to Europe, I 
was tlirectcd to talic his place : I accodingly lcft my 

worli in thc Kosi Vallcy, nnd mnrcllcrl to Kas l r i l )~~ ,  wllerc I tool; orcr c l~ i~ rgc  of t l ~ c  party from 
him on the aftarnuou o l  tllc 10tl1 1Pcl)ra;lry 1871, autl ou t l ~ c  uext day I rctur~led frolu Kaslli- 
pur to Ramnuggur to rcsurnc work in t l ~ c  Kosi Valley. 

(13.) The part,y was now very short-handcd : it had lost the direction of Captain Tlluil- 
lier, and I very soon f o ~ ~ n d  that it was in~l)ossil)lc for mc to carry on ~ l r~ i~~ tc r rup tcd ly  my forll1er 
work, ant1 at thc samc time fill Iris place : it hat1 morcorcr, chuing thc last reccss, lost t l ~ c  scrric(;s of 
Mr. W.G. 13evcrlry, who was atl\rmlccd to tho charge of the 13rnhrn:1l)ntrn Scrics, ant1 J9r. (;.\\'.[<. 
Atliirlson h ;~d bec~t  trnns~crrcd from it to t l ~ c  S I I ~ ~ C ~ ~ I ~ ~ C ' ~ I ~ C I I ~ ' s  OlFi~e. U11(1cr LllcsC circllnl- 
stances I was obligcrl to make an esccptionnl call up011 the cnergy of t l ~ c  Assistants, wIlicI~ t ~ l c p  
most' cheerfully rcspo~~dcd to. I t  is rluc to tlwm to say that it was t l ~ r o u ~ l ~  thciy special escr- 
tions alonc that the whole of tllc t o ~ ~ o ~ r : ~ ~ ) h i c a l  woik of the Kosi Survey was I)rought to a con- 
clusion in the short pcriod of a single field scason. 

(14.) It may bc well hcrc to givc n brief description of thc grour~d survcycd; noticing i t  
A R,lort ,,rsrripti.n ,,lr C,.,,l,llcl sllrrcgccl, i~ tl1c ortlcr of t l ~ c  sl~eets 1v11icl1 arc mnrlictl on t l ~ c  ac- 

of a pmctic,,blc linc of rnil tl~rougll it. c0nll)allying C;rllcral ] I I ~ ( : X  ol'the Kosi \;:tllcy Stlrvcp : 
ant1 n l t l ~ o ~ i ~ l l  it  luny I)c C O I I P ~ ~ ~ C I ~ C ~ I  IJC!.OII~ my r ~ r o v i n c ~  

t o  give an opinion as t.o thc advisnhilit,y of c o r ~ s t r ~ ~ c t i ~ l g  a railw:~y 1111 t l ~ c  valley of t l ~ c  Kosi, I lnay 
i)crmittctl, ns I I I ~ I ~ C  carcflllly inspectctl the ground, to give a gc11rra1 itlca of oue liile over 

which I believe, if its coi~structiou nrcre sauctioncd, a railway migilt l ~ c  c;u-ricd. 

(15.) At thc solltllcrnrnost poillt of the survcp, mhc~.c the Kosi ]caves the ollter 

allcct NO. 1 Rn~rm~~gjil~r. rn1iqc.u of tlrc Uhahnr ll~lls for the plains, is the town 
of ll:~m~~n;:gl~r. li'~ftcen year3 ago it8 \ite Iraq a mere 

encamping ground; but sincc t l~cn  d i s t l i ~ t  and folvcst roads have bccu nladc; and little by 



little Ramnuggur has grown, first superseding the old t o m  of Chilkia which now lies in ruins 
three miles to the South, and becoming at last the chief market-town in Kumaon. 

(16.) Commanded by densely wooded heights, the t o m  of Ramnuggur stands at an eIe- 
vation of 1200 feet abovc the sea level, and about 70 feet above the rivcr, on an alluvial pla- 
teau, a description of which is given further on by Mr. E. C. Ryall, who surveyed it. On this 
plateau, and a little to thc north of the town is the position already chosen for tlie terminus of 
the proposed eatention of the Rohilcund Railway. t'rom this point a line of rail up the Kosi 
Valley might convelliently start; following a line (shown by chain dots on the Index) which for 
some miles keeps more or less closely to the line of the presc~it cart road, and passing through 
the slightly higher plain of Amdanda, which is the site of an ancient city whose remains occur 
continuously all along the road to the village of Dikoli. 

(17.) Thus far the ground presents few engineering difficulties : it is in general flat, and, 

S11cet No. 2. Dikoli. being crossed by only unimportant streams, the cost of 
constructing this portion of a line of railway up the 

valley would be small. But at Dikoli difficulties commence and continue at intervals along the 
route which, although far from inswmountable, would cause thc coustruction of a railway to be 
a very costly undertaking. 

(18.) The alluvial plain of Dikoli is situated about 6 miles north of Ramnuggur, where 
the low Bhabar hills begin to mingle with the spurs which descend from the higher ranges of 
the Sub-Himalayas. 

(19.) The geological formation which prevails over all this part of the Survey, from 
Ramnuggur upwards to Kumeria, is sandstone underlying beds of clay and boulders, and far- 
ming plateaus, called chnors, which, although sometimes almost level, have generally a gentle 
downward slope towards the North, and a scarped face to the South. 

(20.) I n  one of these chaors, called Bazar ka Chaor, to the west of the plain of Dikoli, 
and overlooking it, are some rclics of ancient tcmples which Tverc probably ~onnectcd with the 
ruined city already mentioned in para (16). Mr. Pcyton, who survcyed this locality, gives, further 
on, a discriptio~i of these interesting remains. 

1 .  The valley narrows rapidly J ~ o v e  Diltoli until, at tlie spot where the iron suspen- 
sion bridge spans the river, there is not a greater rlistancc than 200 yards from cliff to cliff, and 
the stream at this point is not morc than 50 yards wide. Elere the line of railway would pass 
in a northerly slauting direction across the river, avoiding the cliffs on the right bank, and the 
numerous streams, or soles, which a little further on cmpty theinselves during the rainy season 
into thc river ou that siilc. 

(22.) I n  this neighbourhood a spongy limestone is found, whicli is said to answer well for 
building purposes. I ts  cjaality, I believe, has already been testcd by engineers of tlie Public 
Works Department, in the construction of the piers of the iron slispension bridge, and in the 
building of the P. LY. D. Road Inspection House ; in which latter work, moreover, the carved stones 
of tile Baxar kn chaor were frccly nlnrlc use of. Mr. Ycyton givcs, furtlier on an account of thc 
limestone he noticed in this part of the valley. 

(23.) On the left bank of the river, and ahont 700 y:~ril~ ahovc the iron snspensiou 
bridge, the line of railway, after traversi~~g a ratlicr narrow flat, would reach a perpendicular 
wall of rock which has alrraily bccn c ~ l t  away siifliciently to allow the Ilnnikhet cart road to 
pas.9. Herc, where the Suki Rao and ICnli Gad11 (nftcr joinir~g togetlicr a few lr~~nclrcd yards to 
the N. E.) run into the Kosi, tllc line of rail would be carrictl over a bridgc. Theuce it woultl 
continue its course along the foot of the hills to Cllokliamb No. C; flag. 

( 2  A little bcyoud this latter spot it might he decmctl necessary to divert tlie watcre 
of tllc rircr slightly to the ac:st, so that they might no 

Hlicct So .  3. Bfohnn. longer strike agninst tlle angle at Clrolrl~amb No. 6 flag 
and indeed, all through this part of thc rallcp it would he needful to guard against damage from 
the river, whicli is consta~itly changing its hcd. 

(25.) The linc of rail ~roultl ~iolv cross thr Chokhamb Flat, and turn to tllc cast at Cho- 
khamh No. 2 1-I.S. IIc1.e it migl~t 1)c tholtpht wcll to make aclitting, so as to avoid too sharp a 
curve. At this point, ~r l l ic l~ is ol)l)ositc ;1Inl1a1l, tltc linc wo~tld qliglrtly rise, keeping to tllc 
sniall narrow flats wliich, in t l~is  rici~lity, tcrulirlate the lowcr slopcs of the hill-sidcs. 

(26.) Tlrc appcaranrc of tllc oppositc side of t l ~ c  vallq is herr vcrp striking. 1':~- 
trnsivc plateaus, rlrnsc~ly ~roodcd with scrl, wl~icli is the prevalcut trce in t l~is part of the vallc!', 
rise onc ahovc tlic otllcr with a strange rcgularity which, wcrc their fornlation not ~~nderstootl, 
would allnost suggest the idca that thcy were the rcsplt of man's labour. ltcmains of ancicut 



inhabitation are found in the plateau nearest to  Mohan. This part of the valley is more fully 
described hereafter by Mr. E. C. Ryall who surveyed it. 

(27.) The line of rail on reaching the eastern margin of the flat below Khairali H.S. 
would pass over to the Belgeda and Kumeria plateaux on tlie right bank of the river, cross the 
Ranikhet cart road on that side, and return to the left bank a t  the Khania Dl~ang flat. 

(28.) From this point the line mould kcep to the left bank, cutting through the rock a t  
the base of the hill in otle or two places, ur~ti l  i t  rcach- 

Bheet No. 4. Okhaldunga. ed the flats at Oklialcl~~~rga, whcre the river takes a 
sharp turn round the Singiagarhi hill. I-Iere the line mould smcep round the north-west and 
north slopes of Singiagarhi, and again cross, where the stream is narrow, to  the right bank. 

(29.) Hereabouts the formation near the bed of the Kosi changes from the rathcr soft 
sandstone which prevails throughout tlie l3hab:lr hills of Dilroli and ltamnuggur, to a much hard- 
e r  variety of the same rock whicli, lomcr dow11 tlic vnllcy, is only fonud at a consitlerable height 
above the river. So hard, indeed, ,is the rock t l ~ a t  it is quarricd with difficulty, and it is apt to  
turn the edges of the tools which arc uscd to cut it. 

(30.) The line would now remain on the right banlc of the river for about 1,600 yards, 
and return to the left bank a t  the Bl~aitla fields. Thcnce, after crossir~g the Uawas Gadhera, 
it would pass, by a cutting, through the 'l'anguri roclc, and c o ~ ~ t i ~ ~ u e  on the same side 
of the river to Talla Seti. Througl~out this part of tlie valley the mountain-sides are precipitous 
and thickly wooded. 

(31.) About half a mile above the Tanguri rock a serious obstacle to a line of rail 
occurs. Here, for a distance of about half a mile, tlie hills rise very steeply from the 
river on both sides, and loose stones and rocks are conti~iually falling into it. Hereabouts, 
owing to the frequent land slips which take place during the rainy season, the district road 
is  constantly giving way, and much expense is said to be incurred in keeping it in even 
tolerable repair. 

(32) After overcoming this obstacle the line would reach the upper slopes of Talla 
Seti, and cut through the adjacent ridge near the pass over which the district road has 
been taken. 

(33.) From this point I think i t  would be well still to keep to the left bank as 

Bkeet No. 6. Seti, Amel. 
far as the iron saspeusion bridge at Puntpipal. O n  
this side of the river, a fern li~mdred yards beyond the 

village of Seti, the line would reach troublcsorne, rocky ground, ant1 for nearly a mile below 
the Puntpipal suspension bridge the difficulties to be overcome would, 110 doubt, be great, 
especially where a crumbling felspathic rock occ~ms, which is continually slipping : but 
I believe it would be better to face these obstacles than to cross the river, pass over the 
Amel fields, cut through the slopes at T l ~ o r ~ ~ a ,  or round their declivities, and arrive after 
all a t  the Pant ki gadh, which would have to be crossed before Puntpipal could be 
reached. 

(34) At Puntpipal the small spur which descends to tlie eastern pier of the present 
bridge would be cut througli, and the liue mould cross in a north-eastel-ly direction to the 
right bank of the Kosi. 

(35.) The present iron suspension bridge at Puntpipal was erected 11p Mr. Lawder 
the District E~~g incc r  of l<umao~i at t l ~ e  p o i ~ ~ t  whcre the branch road to H.aniltllct leaves 
the district road. EIe told nlc t l ~ a t  hcf'orc? c - o ~ n u n c ~ n i t ~  t l ~ : ~ t  ~vorlr I IC  made a search through 
the ir,~rncdiatc nrigl~l)o(ul~oo(l for liluc, nr~tl \r:ts fol.t~:l~ntc e11oug11 to find, close to the 
site of the bridgc, and jrlst ahore t l ~ c  \r:~tcr linr, n I)c,rl of  goo11 limestone. This lime- 
 tone, bei~lg on the spot, rol~ltl be uscrl wit11 :ctl\.:i~lt:lgc ill t l ~ e  co~~struction of the railway 
bridge. Limestone is also folrnd. in onc or two othcr places iu this vicinity. 

(36.) A littlo hrlow Srti the appcnrnncr of thc c o ~ l r l t r  changes. The sandstone 
gives place to crgst:illine rocliq of various cornl)o.itior~s ; and t l ~ c  valley loses more and more i ts  
wooded character until, near l'untpipal, t l ~ c  mou~~tain-sidcs are bare. 

(37.) The railway would continlic on the right bank of thc river through the  

Flheot No. 6. Uchnkot, Sbalkhe. cstcnt of this sheet, fol lowi~~g pretty closely the 
line of the present district road. 

(38.) Thc country hcreaholits is not of nn intercnting character. I t  is bare, and the 
hills are steep. They nre composcd of a dull, hr~ff-color~red schist whose tint is ditFused over 
d this part of the valley, except where an occnaional land-dip, white as chalk but really 



felspathic, shines out from among the surrounding rocks. Here by the river-side, as in the other 
parts of the valley, arc low alluvial flats, which are irrigated by channels brought from the 
main stream, and which yield two crops in the year. Every here and there also, interspersed 
among the steep mountain-spurs, and at various heights above the river, are gentle slopes which 
are terraced and cultivated by the villagers. Where it is possible, these fields, or khets, are 
irrigated from the nearest ravine in which there is water; and their little irrigation canals 
may often be seen winding round the faces of the hills, and in many instances crossing what 
seem to be sheer precipices. 

(39.) A hard, porous limestone of a whitish colour is quarried from the foot of the 
bill under the village of Pahonkot, whence i t  is carried across the river, and burnt near 
the road-side, below the village of Chadula. About 44 miles further up the valley, before 
reaching the village of Simalkha, good limestone is again found in a rocky promontory 
close to, and to the north of, the Jaman Ger ravine. Also, on the right bank of the 
river, opposite Simalkha the road passes by the foot of a limestone rock from which 
the stone is constantly being removed. The rock here breaks away in small cubical fragments, 
which form a debris at the base of the hill. The lime of this neighbourhood requir- 
ed for the works at Ranikhet is burnt, about three quarters of a mile beyond this spot, 
in a kiln which stands by the road-side below the rocks at  Khairni No. 3 H.S. just 
within the limits of the next sheet. 

(40.) The line of rail would pass the limekiln mentioned in the last paragraph, 

Sheet No. 7. Bujan. and rise, by means of a small cutting, to a spot, 
close to Dhari No. 3 H.S., in the sloping fields 

below the village of Khairni. Here the line would cross, at a height of about 50 feet 
above the river, to Dhaniakot No. 4 I.I.S., and, continuing its direction, would almost 
immediately recross the stream, and cut through the narrow rocky spur which descends 
to the river on the right ~ a n k .  

(41.) On reaching the part of the valley which enters this skeet the scenery 
becomes at once more varied. The ground about the village of Dhaniakot, with its curious 
mixture of knife-edge ridges, and wide, gentle slopes, contrasts with the solid-looking, 
lofty hills on the opposite bank of the river. At the turn of the river round Dlianiakot 
No. 4 H. S., the district road winds under steep rocks of varied colours until it reaches the 
point marked with a cross on the Index. The villagers say that here a portion of the road is 
carried away evcry year in the rainy season, and that land-slips from above take place at the 
same time, choking up the road here and there in the vicinity; so that travellers are then 
obliged to make a detol~r by the village road which ascends from Dhari No. 3 H. S., passes by 
the village of Dhari, and returns to the district road at the cornmencemcnt of the descent to 
Bujan. The place in question, which would thus appear to be impracticable during the rainy 
season, is not quite safe even at other periods of the year. I have myself frequently seen 
stones of various sizes dropping from above at  this spot; and on onc occasion whcn I mas pass- 
ing by i t  in the evening, returning from my work, one of my carricrs, who was following a few 
paces behind me, narrowly escaped destruction from a large fragmcnt which fell from the rock 
overhead. 

(42.) In  this part of the valley I did not notice the existence of limestone; but 
other necessary building materials are plentiful here, as elsewhere along the line of survey. 
I n  the spur on which the village of Khairni is situated, at thc spot marked by Khairni H.S., 
a flag-stone useful for roofiug purposes is found. Some of tlie slabs I saw were a yard square, 
and from an inch to an inch arld a half tl~ick : in most cases, I~omever, they were .smaller, and 
many of the small specimens could bc split to a thickriess of about a quarter of an inch. 

(13.) Having cut thron~l l  the narrow, rocky spur mcntionccl in para: (40) thc linc of 
rail would again crow to the lcft I)arrk of t l ~ e  rircr, ant1 llnring pa~scd ovcr thc gcntle grollr~d 
at  Patana, and skirted the stcep, moodccl hill-side a little fiwthcr on, woi~ld recross to thc right 
bank at tlie angle of the river wherc the district road has its sharp rise anrl fall before it reach- 
es Bujan. Frorn this point the 111ic would kccp to the right bank, and arrive finally after 
crossing thc Kuch Gadh, at its terminus in the low ficlds of Bujan, oppositc the village of 
Majera. 

(&.) Were it thouqht advisahlc, the railway c0111cl hc extcndcd up the Kuch Gadh to 
a point, a little more than half a mile above thc Rcleqar Tcmplc, near ~vhcrc thc dircct roar1 to 
Ranikllet commericcs its stccp ascent. The Kucli Gntlll calls for little description. I t  is an 

ordlnnrp mouutaiu vallcy, such as is often met with in this part of the country, forlncd by hnrc- 
looking hills, which t h o r ~ ~ h  roundrtl ar~cl gcntlc towards thcir highcr slopes descend steeply on 
each a~de into a shingly bed, throng11 which, during the winter months a stream of water 
trickles, just sufficient to irrigate the f h v  small ficlds that linc the bottom of the vallcy. 



(45.) It mill be seen that the route, thus generally described, i11 addition to the nume- 
rous small bridges, and masonry platforms required for crossing the frequent ravines, and torrent- 
beds i t  mould meet with along its course, would iuvolve the construction of 10  bridges across 
the main stream of the Kosi. 

(46.) I n  designing these bridges, and, in fact, in planning the whole line, care should 
be taken to keep well above the highest flood-line of the river. Where the vallcy is wide the 
variations in the level of the water are, of course, small. I n  the vicinity of Mohan, Dikoli, 
and Ramnuggur, for example, such variations, according to the common report of the inhabi- 
tants of those places, are confined within a vertical limit of 10  feet above the river-bed, or less : 
but, where the valley contracts, as i t  does above Dikoli, and at Singiagarhi, Tanguri, and Pantpi- 
pal, and the water-way is narrow, a sudden flood-rise of thirty or forty feet might be apprehended. 
It was thus that, many years ago, an iron suspension bridge which crossed the Kosi near the w 
village of Majera mas carried away by a great flood. d 

(47.) Sheet No. 8, with the exception of a small portion a t  the South, the extent of ' . 
Shect No. 8. Ranilihet. d i c h  may be seen-by referring to the Index, is a re- - < 

duction from the large scale survev of Ranikhet. This b 
reduction has been made so that the present series of maps may be complete in itself, and L 
show the whole linc of country along the route from Ramnuggur to the cantonments of 
Ranikhet. A full description of Ranilchet, and the Ranikhet Survey is given by Major Mont- C. . t 
gomerie in his last year's Narrative Report. k 

t 
(48.) The triangulation of the Kosi Valley was also noticed by Major Montgomerie in t 

C\ that Report; it  will, therefore, here suffice to  say that Messrs. W. G. Beverley, E. C. Ryall, and 
+ G. W. E. Atkinson were the triangtdators, and that their work, of which the following is a 

1 
, \ 

statement, mas found to be accurate when tested by the toPographera 61 ,/.$* \I. 2 
G h 

(49.) Any topographical survey, whic11 is on a scale large enough to admit of every feature - - -  - 
of the country being delineated, and in which the ground 

On the ge1lera1 execution Of "lC V'''ey is cxpresscd by the method of horizontal line shading, Survey. 
rcquires, in addition to numerous trigonometrical points, 

a large number of accurately determined hciglits : but the Kosi Valley surviy, which fulfils the 
above conditions, is required for a special objcct (see para : (6) ) to attain which i t  becomes 
necessary to employ a far greatcr nnmber of hcights than n,o~llrl be considered sufficient in or- 
dinary cases. I n  ordcr to bc able to dccidc as to the practicability of the grouud for a line of 
railway, it was laid down by Govcriiment that thc various slopcs of thc hill-sitlcs sl~onld be noted : 
but the slopcs of thc ground vary from the gcntlcst gradients to vertical precipices, and are seldom 
uniform for more than a few yards consrc~~tirely. To mcasllre even the chief variations 
of slope mould havc bccn an endlcss task, and wonld probably have given but very imperfect 
inform;~tion after all. Therefore i t  seemed mell, folloming the spirit more than the letter of the 
order, to determine such a number of I~cights a9 would enable onc, with the help of the shad- 
ing, to judge of the slopes by examining the maps. 

(50.) Thc number of liciehts whir11 hare bcen determined is as follows :-551 ordinarv , r " . - 
Heights, and oyprosimr~tc Co~~tour-lines. Trigonometrical Heights, 815 Theodolite ~ r a v e r i e  

Hciglits, and 302 heights by approximate methods in 
the field: in a11 1668. Thrsc heights acre  invah~able guidcs to the topographers in laying 
down t l~cir  eye contour-lines in the ficld; and the fair maps, which are now in preparation, are 
also shadcrl on thc pisinciplc of approximate contour-liues. I n  these maps certain contours, 

4 
- 3  

which are vertically 300 fcct apart, are shown by dotted liucs, aud thc shading is effected by 
othcr intcrpolatetl llorizolltal li11es according to a scale of shade which gives a vertical interval 'G' 
of about 16 fcct betvccn the hncltrrr~s. Tllus, instcad of being obliged to search, and perhaps , 12 w i t h o ~ ~ t  sncccss, for a notc specifying the slope of tllc ground at any particular place, an engi- 
nccr wollltl arrivc at once at a very good idea of that slope by means of direct horizontal + 

3 
mcasnrcmcnt from tllc mill), and by taking into accouut the rclative heights of the contours a 
at  thc placc in question. 
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(51.) A rigorous theodolite traverse with back and fomard vertical observations was 
carried through the entire length of the Survey, and 

Theodolite T?everse. served not only to bind the whole work together, 
and give a great number of valuable heights, but actccl also as an efhcient check on the 
accuracy of the work of the Surveyors. The increase of recorded traversing in t ~ p o g i - a ~ h i ~ ~ l  
work seems a desideratum. Even simple compass and chain traversing, with back as well as 
forward bearings, has, in large scale surveys, an advantage over similar work done with the 
plane table and chain. I n  certain ground i t  is far the quicker method of surveying, and i t  
has the great merit of preserving an independent record of the work done, which work can 
be plotted from the field books on whatever scale may happen to be required. 

(52.) I carefully inspected the work of all the assistants, visiting some parts of the Sur- 
. - 

Inspection of work. 
vey several times, and found t h e  tol;ograPhical work 
in all cases well done. The triangulation of the Kuch 

Gadh, and upper parts of the Kosi Valley, except perhaps in  the high ground along the margin 
of the Survey where the points fixed were few, was amplc, and close to the river alrnost exces- 
sive : but in certain densely wooded portions of the lower part of the valky, included in the first 
three sheets, the triangulation was meagre. I n  these portions, which are near Dikoli and Ram- 
nuggur, i t  became necessary to fix a nl~mber of additional points ; and this duty mas quickly 
and e5ciently performed by Mr. E. C. Ryall. 

(53.) I n  such tracts of country i t  is almost impossible to give topographers too many 
points : but much trouble would have been saved if even such staves as had been fixed trigono- 
metrically during the previous field-sezson had becn firmly erected. I n  several cases no traces 
of them were to be found. The necessity of firmly erecting trigonometrical signals has been 
constantly insisted upon; but uiifortunately in some instances, such as the present, 
without success. The marking of the trees on which flags had been placed mas also in 
some cases, neglected; and the flags, as usual, had been stolen. Under these circumstances, 
and in a dense forest where i t  mould appear the trees had too often becn chosen by tlie stavers 
not on account of their size or remarkal~le appearance, but rather with reference to the ease 
with which they could be climbed, the difficulty, and in  some instances the impossibility, of 
recognising them can be imagined. 

(54.) Before returning into recess quarters I visited Ranilthet, and inspected the  perma- 

Bmey Pillars. 
nent rnaoonrp pillars which are being built there by the 
Executive Engineer on the sites of the trigonometrical 

etations of the Ranikhet Survey. H e  is using mud, not lime, as a cement in the construction 
of these pillars, and says that this plan has been found to answer well. I n  order to ensure 
great solidity he has formed the circular top of each pillar out of three heavy, flat stones of 
similar shape (sectors of 120"). I cannot state the exact number of pillars already completed, 
for although I have asked for this information I have not yet received it; but when I 
visited Ranikhet a considerable number had beeu built within the cantonments. 

(55.) Ranikhet has now been connected with Ramnuggur by a large scale survey, and 
i t  will be seen, by referring to the Index, that a short survey of about 7 miles in length is all 
that is required to connect i t  with Nynee Tal. The topographical work of such a survey could 
be done by one assistant in a single field season. 

(56.) The weather was unusually fine during the greater part of the past field season, and 
the health of the party was, on the whole, good. A 

The health of tho party. few cases of dysentery and fever occurred, and towards 
the end of the season, when the heat became great, there mere one or two cases of sun-stroke ; 
but none of these cases terminated fatally. 

(57.) Supplies and carriage were not proci~rcd without considcrn1)lc espense and difficul- 
ty. Thcre iu, no tlonl)t, cvc1.y aiitnm~l an cxotlr~s of large 

Supplies and Cnrringe. nlin11)crs of t l ~ c  1)coplc fronl t l ~ c  Ko3i Valley, wlro tllt:n 
go to cultivate their fields in the Rhahnr : but a silfficient nnn.hcr of t l ~ c ~ n  rc~nxirlctl I~chind in 
their villages, during the past ficlcl season, to fltri~ish withol~t I~ardxl~i l~  to tlienlac:lves, both 
carriage and such sul)plies as coarse \ r l~eatc~i  flollr., ricc, mltl nlillc to t l~r:  small rarnlm of the Sur- 
veyors. I t  was ortlcred, howevcr, ill conseclllrBllcc of rcprcscntntioi~s matlc I)? t l ~ e  Conin~issio~~cr 
of Kurnaon, that instead of tlel)c~~tliny: OII  tlie villagc:.c f i r  c:lrri:l,cn :i11(1 X I I ~ ~ ~ ~ C R ,  j>crmnnc~~t 
coolies sho~ild be cntcrtainctl for trnnn1)orting b:igg:t~e, n ~ ~ t l  I ) r i n g i ~ ~ ~  provisions from t l ~ c  nc:~rcnt 
place where thcre was a hnniah. I n  Iny ow11 casc tvl~cri I was c~ic:l~nl)t:d oppouitc t,lrc villagc of 
Dhaniakot, bcfore I received charge of t,l~c party, I for~ntl t l ~ a t  nt'tcsr 1 hat1 cornplirtl wit11 the 
order, and had gone to thc espcnsc of' 11iri11g nirn, tha vill;tgcrs of the nc-igl~l)o~~t.l~ootl I~rgnn, 
of their own accord, to bring s ~ ~ p ~ l i c s  to my camp; tlo~tbtless tl~inking t l~a t  it m n  hcttcr to 
get a full price for their produce at  their owu doors, than to scnd i t  to be sold to buuiahs at  
a distance. . . 





(58.) On the preceding page is a tablbnlar statement of the work done by each assistant. 
My own work, before I received charge of the party, is also there detailed. 

(59.) On the 1st July of the present reccss Lieutenant 13. 19. Chambers R. E. joined 
this party from ;he Computing Office. Since tlint date hc has been employed in hclping me 
to prepare tlie fair maps of the Kosi Valley Survey. His Itnowledge of l ~ i s  duties, and skill 
in  drawing have already proved of great assistance to me. 

(60.) Mr. E. C. Ryall took the field about the middle of November, and proceeded 
to  sketch the portions of ground mhich had been assigned to him. These tracts cover an 
area of over 10,000 acres, and lie in the vicinities of Mohan, and Ramnuggur, being separated 
from each other by the ground in the neigilbourhood of Dilcoli. They are, for the most part, 
covered with dense forest; a circumstance mhich obliged Mr. Ryall to adopt a system of traverses 
by which, with the assistance of numerous tkigonometrical stations, he was able to obtain minute 
accuracy, and show in the clearest manner every feature of the ground. 

(61.) Mr. Ryall, besides doing his topographical work, carried some additional trianpla- 
tion [see para: (52) ] over part of his own, and the neighbouring ground, and computed o11t in 
the field the points he determined. This triangulation and its computation represent about six 
weeks' liarcl work. He has done an admirable season's work; and since his return to recess 
quarters he has given me great assistance in the preparation of the Kosi Valley Survey maps, 
and in some computations connected with the generai triangulation of Kumaon and Gurhwal. 

(62.) Mr. Ryall gives the following description of the ground he surveyed. 

" Thc formation of the hills all the way from Rnrnnuggor to  Okhaldunga, and up to 4000 feet above eea level, is 
principnlly of sandstone, conglomerotcs, cluy and lngers of loose boulders imbedded in cloy and sand. Tlirse formations 
altcrnato onc with the otlicr in t.he order stalcd. The last nhrned docs not extond muc11 over 300 fcet abore thc level of 
the river. The sandstone is seldom redllish in color and never purely red. Tho diIFerent st~adcs of gray and greenish gray 
predominate. The hnrdncss of thc sandstone vnrics dircctly in thc ordcr of the depth of its stratum, that met with a few 
hundrcd feet nbovo the river is soft ant1 frinblo, nll the rest is hnrdrr in proportion to its height, but none can be snid to be 
DO oompnot RS not b be broken up with on ordinary blow from a hammer. The con,alomerntcs also arc emily soparuble. 

The largor plateaux chiefly consist of horizoutnl layers cf sandstone, boulders, clay and loam-the l o r n  covers them 
from 1 to 10 feet in thicknesd- 

About 200 foot above the plain on which Rnmnngyr  is situated, there lies another and e very extensive 
flat, known us the A~ndnndn kschaor. This chnor cxtet~ds allnost a11 the way to Dikoli village. Oq i t  and 
pl.incipcllly to the eastern side of i t  might be seen nllrnurous moltnds, the sites of the rains of ancient buildings. I t  docs 
not ~~~~~sr that these mount l~ huve evor ercitcd thc curio*ity of arcl~xologist~, but they havc bcrn worked up hcrc nnd 
thero for tho purposc of ertrnrting the carvcd stones ant1 bricks employed in  building the bm of Rumnuggur. Similar 
remaills of pu nncieut town might nlso be seen on the Kua ku, clluor abovc Xolran. 

Owing to the steep g rd ien t  (1 to 100) 01 the bed of the Kosi from O!&nldunga to Ramnuggur, the  surface of the 
chsnnels is rough and strewn with boulders. 

The country lying on the right, bnnk of the  Kosi river from Rumerin to Dikoli is very much cut u p  by lnrge rnvinrs, 
the inclination of whoso co~uecs to the Kosi is vcrp great. During the rains the water, draining the rountry through thrse 
r av i~es ,  must come down wit.11 great velo(:itg. A $fill greater per~~l iar i ty  wit11 t,l~esc ~.nvincs is, that aftcr lonving whnt 
might be called relstivcly the foot of the hilla, t l~c i r  writers scltlon~ kerp to onc bell but a t  ~ U I I C J  ore di.*trit~uted into 
nulnorous chnnncls nnd at othcrs confiuc themselves to few- 111 lhe lottcr cosc their couree might be wcn marked with 
great destruction. 

From Okhnlrlrmgn to Bnjsn the principal rork (or rocks ns it might, bo morc appropriate to term i t )  i~ dilliclllt to 
ckRne, bc~oncl stating tl~:rt i t  is a lrsrd q~~artzosc s ~ n ~ l ~ t ~ n o  running nntu n~etr~~norphic  qnnrtz. The q~~nrtaoso 
sandstone ko~vcvcr only retains its rlistiuctivu form up to abooL 3 miles ebove Okhaldungm. This metamorphic quah'tz 
is m vcry hard that the-operation of blusting is rendered very difficult. 

Dmhg the wintrr months I Found t l ~ c  avcragc rlischargr O F  thc Rosi opposite Mol~nn, or Chokhnmb No. 2 E.S., 
to be about 310 cubic fcct in one second of time. Tllc width ot' the st,rc(rm bcivc 60 fcot at an avar:1go dr@h or I"I 
t b r  rclocity being nearly 2.5 miles on h o ~ ~ r .  At, t l~ i s  point, about 23 ymrs ogo, cho rlvcr is ~ n i ~ l  by the ~ i : l q c r s  of 
C71okhnmb to hirve risen to the I~r ight  of 10 feet from t.l~r ahnolotr: bcd of t l ~ e  rivcr-thc chnnnel WILY 6ri11g nrurly 800 
feet. I would suggest t.hnt this st~rtcmcnt be recciv,.d wit11 calltion. I my~clf remarkc11 tllo flood I~cigllt during tho 
rainy senson of 18 i0   whirl^ I brlievc wns 11n11suntlp scvrra) to be R. lit,tlv ovor G feot. Evcn dul-ing the extrnordiunry 
b o d  nll~tdcd to by thc villagers lhc wat,ors did not cover tho Chokhamb flats. 

M e n j  of tllo islands of tho IIosi river nre about 8 fret nbovc tho winter lcvcl of t,l~c writers. Thrso islnnds nre 
orrrgrown nit,ll C ~ t c r h o ,  nnd Sissoo t,rees, and Fro111 thc nppcnrancc of tl~ose trees and tho thickness of the loam deposit 
on thc islonde it  alvcars that t l ~ c  latter harc stood the ravnges of years. 

Ammg the hecs to he rnct wit11 on eitl~or sidr of thc R o ~ i ,  nnrl up to 3000 Frrt nhorc ern Irvrl, tho 901 is by 
fr tllr lllost nillucroll.. Tl~cre  art. v ~ r v  f ~ w  lii~(' I P I T P ~ I I Z C I I ~  01' thi. trvc lrfi, tho for~.t 1111t11nrit,irs hnvi l l~  rllt, moqt of 
1P1.m tbwn, A U I I I I I ~  ,111- O ~ ~ I I * P  trers ;1i~11t bc mc111io11cd Lho C a l e ~ l ~ u ,  YUuul (Bori~Lar U ~ p t f l p l ~ y l l ~ c s ~ )  Hulduv 

the Uoil, tlte Siusoo aud thc Toon." 

(63.) Mr. J. P q t o n  ~ ta r ted  ahout the mi(1ldle of Novern1,er to talie up his work in 
the Kosi Valley. Thc ground Ire snrvcyecl c~ tcndr  for a little morc than 6 milcs in a south~rly 
direction from the large cliaoss which lie to tlie north of the Dcbi Roclt, and it embraces an 
avea of nearly 9000 acres. 

(64.) An nccitlcnt, ~ ~ ~ d o r t ~ ~ n a t c l p ,  hnppmrd to l f r .  Pcyton while hc was out sl~rvcying 
m e  day iu tlro begiuning uf January nllicL laid hun up for 3 vecks: hc n u  alau rllort of 



trigonometrica1 points uhtil Mr. Ryall completed the triangulation already mentioned in paraa : 
(52) and ( G O ) .  I n  spite of these drawbacks Mr. Peytorl did a large amount of work, aud his 
dclineation of ground is as artistically performed as usual. I Ie  is now engaged in shading one 
of the forthcoming maps of the Kosi Valley Survcy. 

(65.) The following are some extracts from Mr. PcytonYs notes'on:the ground in the 
vicinity of Dikoli. 

"Of limestone there are two varieties. A whitis11 conrse-gained limcatono formed in fresh woter, is found in the 
bills west of the Rnnmuggur rond, its southern liniit bt,ing the l~la~form nbora Clrnntlulglinli, mid extending north 8s f n ~  
as tho cliffs near I k b i  Rock. This cnlrarcous t,uCn, or st,alagmitic incrustnlion of lime, cnused by tinter 11oldi11g lime in  
aol~~tion, is nbluidant in tho l~ills west of the ficlds of Uikoli, und is qiii~rried fur use \vit,l~iu n few fcct of the Hamnuggur 
rond. Tllc otller lirncstouc is a compnct fine-grnincd stone of a d n ~ k  gray color, mid is fu~lnll in the f o ~ m  of nodtdca, in  
beds of clay and gravcl, often truversed by voi~ls of cnrbonato of &mc. I t  is not n lorn1 rock; but n u c r o u s  frngments 
are found at tho base of tho cliffson both sides of the river, indicating that iL is not CIU clistut. 

From Dikoli four roads brnnch off to tho higlier mountains, two vib Okhuldunga which unite iu one there, one vi& 
Mohan, and tho cart road to Ranibet ,  which last is the most circuitous. 

On the western limit of tho cultivntcd fields of Dikoli, and in many placcs orcrhanging the main rond, is n ledge 
of hard conglomerate rock, or pudding-etone, s~~rmountctl  by rrtcilsire "cl~nors" ullcracctcd by a few transverse 
ravines. Tllcse plnteaur contaiu t,ha debris of the rarions rooks of wl~icll the Himalayas are composed. The mica md 
felspw of tliu higher regiolls mny bc recognized even in the Guest sand. 

On 0110 of tllese chnors ncvcral remains of ancient temples hmc  becn found a fcm fcct from tlie surfnce. A great 
many fine specimens of capitnls of pillars, mctlnllions, Iigurcs of lions nud O ~ ~ I C P  n~~ in~u l s ,  a114 Budl~istic dcaibms, cnrred 
on snnhtonc, hare bncn dug out nndcr t l ~ c  sopcrintendcnce of en oUicil11 of the I). 1'. W. who hna oscd thrm in a public 
building near tllc suspension brirlgr, chicfly nu orna~ncnts fur mnntrlpieces, nrcllwnys, nnd pillars, some of the pillars are 
fuliatecl, intcrspcrscd with birds, rlrugons iind otlicr 6p1rcs; nnd nmongst the n~iunnl for~us the most proulinent is the 
lldh, which was probably at a remote pcriod, a douizcn of tho neighbouriug forests. 

On n plateau nbore that wliicli contnins these r emni~~s  is nn anc.icnt mil, nbcut n.11ich t.bere is not!Ling remarhble  
except that the blocks of snutlstone with which tho sides are b i d t  up are TL.TJ- llcatly joiued together!' 

(66.) Mr. J, Low went into camp in the beginning of Novem'oer to  take up the 
sketching of the Kuch Gadh. By the middle of Fcbrnnry he had made such progress that  
I selected him to slcctcll the portiou of my own g~*ound mliich rcmained unfinished wlicn I 
reccived charge of the party. T l~a t  portion, rougl~ly speaking, cri tc~~ds from Dhaniakot east- 
wards to Bujan, and tl~ence it1 a no~ t l~c r ly  direction for about a mile and hrlf up :he Kuch Gadh; 
the total portion, tlicrcfore, assignccl to RIr. Low c ~ t c n d s  from E:lanialiot to  the limits of the 
Itanikhet surrey, and its arcs jnst e~cccds  12000 acres. Mr. Low by unremitting exertions 
was cnabled to finisll l ~ i s  TI-ork on the 1Lth April: 11e 11au been stcatlily improving in ]:is hill 
sketching, and this 1:~st season's wol-lc is rcry credita1)lc to !~i;n. On returning to quarters 
Mr. Low made a scries of measurcmcnts with a pcrxn~l~ulator, to enable nle to preparc a table 
of distances for the nc~v  crlition of the guide map for Rlus<ooric and Lnndour; 11e also took 11p 
somd computations connectcd with tlre survey of the nortl~crn parts of Gurhcal, and on their 
completion he started, and is now on his way, to rcsurne his triangulation in the higlier ranges 
of the Himalayas. 

(67.) Mr. F. Ryall remained wit11 tlte Head Q~lnrtcrs camp until the beginning of Pebr- 
unry. IIc was t l~cn  ortlrrctl to proccctl to l(.a111111iggur, ant1 (:arty a rigorons tlteodolite tral-erse, 
with changes of face of t l ~ c  in s t r~~~b t : t~ t ,  a11t1 I~aclr as well as f'orwnr(1 vertical observatio~ls, from 
that  placc 11p the valley. IIis tr:~vc:rsc, cxccl)t t l~rongl~  tlic part of t l ~ e  vallcy bct~+ecn Dikoli 
and Okhald~~ng:~,  ~ r n s  cnrricrl :dong the tlistritrt ro:d ILI m:u~y places the turn,s in that road, 
where it ni11~1s alo~rg t l ~ c  sides of strcp slolxs rn~d prccil)iccs, arr  so short and s l~arp  t l ~ a t  
hIr. 17. R.y:~ll often fh1111t1 it inll~ossil!l(~ to I I ~ ~ ~ S I I I ' C  C \ ~ C I I  for 100 fcct in one direction, a t ~ d  the 
roatl itself was g('n(:t-;~Ily ill a 11ilal)itlatcd contlitio~~: t l ~ c  rigorous mctl~od of ol~scr~ring, also, 
ml~icli he was ol~ligt,tl to follow, toolc 1:p so 1n11cl1 tinic t l ~ a t  11e fount1 it impossible t o  pnt lip 
his i t ~ s t r ~ ~ t n c r ~ t  nlorc ~ , I I : I I I  15 or 16 t,itn(:s it1 n. ti:ly. TIICSC e i r c ~ ~ t ~ l s t a ~ ~ c e s  combinecl to make the 
aggregate of liis work lcss tl1n11 chonltl 11:~vc I)ccn dcsirrd ; for, nl thol~gl~ Ile workctl steadily, 
11c was only ablc to ncron~l)lisl~ nr l  nvc.1xgx.c tr:lvcrsctl tlist:u~cc of a little lcss tliarl I~alf  a nlile 
n day ; ant1 I was tl~crrfore ol~ligctl, to\~artlu t l ~ c  c11tl of' AIarcl~, to dircct klr. H. Todd to help 
him to finis11 11is \rork. Mr. Y. Il.yall sincc his return to quarters 118s beed employed in 
~ o r n ~ u t i ~ ~ g  out his travcrse, aud in assisting Mcssrs. Low a ~ ~ d  l'ocock with their triangulatkn 
~oml)ubations. 

(68.) Mr. 1,. Pocork took t l ~ c  ficld tn thc mitltllc of No\rrmbcr. His work lap in the 
part of the Kosi Ir:~llcy I)ctn.cc~~ Klin~cria nnd '1':111n. Scti. Tcslany pnrts of the gro1111d aw- 
vryerl by l~inl  which lie at sornc tlist:~t~cc fro111 t l ~ c  river arc very stccp ant1 t1cnscI.y wooded. 
I n  tl~cse parts it 11nppc.nc.d t l ~ a t  far fen-cr trigonomctricnl 11oi11ts Ilad beet1 fixed, area for area, 
than in thc gronr~tl within I ~ n l t '  a ~ni le  of t l ~ c  iivcr : Air. l'ococlr l~ad ,  co~~scqncntly, nmch hard- 
er  work to do tl1:111 if Ilc l~lltl IICCII liberally slll)l)lictl ~ i t h  points. The dandy allowance more- 
over I~itherto given I)y (;overnme~~t to the: nszi~thnts, Irad bee11 rliscor~tinncd, and he had, there- 
fore (ridiug bciug out of tLc qucutiun in s u d ~  grouud) to walk all day ill tkc kcat of the sun; 



The escrtion thus entailed, combined with thc heat, brought on an illness, about the end of 
February, from which he suffered, more or less, for the rest of the field season. 

(70.) I n  spite of medical certificate to the effect that he was unfit to undergo the expo- 
sure to the sun his duties cntailcd, ant1 that complcte rcst from all mental labour was desirable 
for L s  recovery, 3Ir. Pocock managcd, by working in thc mornings and evenings whcn the sun 
was not at its full strcugth, to turn out sn  excellelit season's work ; and his sketching, which 
mas always thoughtfiilly niicl accurately done, is r~ow becoming very much improved in style. 
fie closed worlr on the 26th April, and on his return to quarters took up the computatioll of 
those points in the northern parts of Gwhwal which remained unromputed. He has comple- 
ted this work, and has just started to continue his former triangulation in the higher 
an ranges. 

(71.) Mr. H. Todd went into camp in the middle of November to undertake the 
sketching of the part of the Kosi Valley which lies between Talla Seti and Thorns. He 
llas delineated this grourid, wllicll is 6,400 acrcs in cxtcnt with great accuracy, and has 
produced a very perfect topograpl~ical drawing. He concluded his sketching about the last meek 
~n AIarch, and then tool; up part of tllc theodolite traverse which had been originally assigned 
to Mr. F. ltyall. 3Ir. 11. Todd traversed from a point ahout lialf a mile above thc Puntpipal 
suspension bridge to thc soutliern limit of the Ranikhet Survey at the village of Yilkholi. ITe 
was able to finish a good season's work on the 7th April ; and since his return to quarters he 
has been employed in compui:ug out his travcrse and in assisting in the preparation of the 
Kosi Valley Survey maps. 

(72.) Mr. T. Kinney, about thc middle of November, was employed in laying down the 
part of thc scttlement boilnilary of IIussoorie and Lanrlour which includes Rajpore. That 
work over, he shadcd the fillnl shect of the il4ussoorie and Landour S~irvey. This work occu- 
pied him until thc 9th Dcccmber, on mliich day lie left Debra, to take up his work in tlie Kosi 
Valley. The bulk of his ~rorli  lay in the part of the vallcy between Tliorna and the village of 
Simalkha. The ground is thcrc bare and prccipitous, and, but for thc physical labour required 
in walkiug over it, gave him little trouble; hut lie Ilad another portion bctmeeu Ichairali and 
Knmeria, adjoining Mr. Pocock's ~ ~ o r l r ,  which is densely moodcd, stccp, and difficult; and 
in addition to slrctcl~ing it, hc had to carry a plane-table and chain traverse along that part of the 
Ranikhct cart road wllicli lies bctmeen Icnmeria and thc ground sketcl~ccl by I f r .  Pcyton. I n  
spite of the lateness of his arrival on his ground RIr. Kinncy sncceetled in firlisliing all the work 
allotted to him hy the last ~recli in April. The extcnt of country surveyed by him just exceeds 
11,400acrcs. This large arca lias bcen tl~orougl~ly well survcycd, every feature of the ground 
being faitl~fldlp dclineatcd, ancl nltogctl~er Mr. Kinney's field work has bcen most cscellent and 
satisfactory. Since lLis return to recess quarters Ile has becn cmployed on thc ncw edition of 
the p i d e  Map for lfussoorie aud Lnudour, and in assisting in tlie preparation of the forthcom- 
ing maps of the ICosi Vallcy Survey. 

(73.) Mr. E. Litclificld has been employed in the office on computations, and the 
gencral current work of the party. During thc field season bc also practisctl plane tabling for 
a few days under IIcssrs. Ryall and l'cyton, and mas favourably rcportcd on by them. 

(74.) The mcn of the Nativc Establishment worker1 mcll ancl cheerfully in the ficld : 
and the work of the native drauglitsmen has givcn sctisfactio~i, being ncat, and carefully 
esecutcd. 

(75.) mTllilc the party mas morliing in the ficld 3 nativc dranghtsmen belonging to it 
were employecl at  Debra on the filial shcets of the large scale survey of Rlussooric a~ ld  Lalidour, 
which are now all puljlishtd. That survey I)cing nom con~pleted, a reduction by photography 
was madc from it at thc IIead Uuartcrs' Office to serve as a guide map for Mussooric arid 
Latidour. 

( 6 )  On returning to quarters, a new edition of the guide map, with an intlcx and 
table of distancca was prcparcd, on the basis of thc rc- 

!Chc present rcccss of 1Sil. dliction u~c~itionctl in t l ~ c  prcccding paragrapli, and 
sent to Delira for plll,lication : i t a  table of dirtanccs was tlramn 11p chicfly from thc mcasurcmcnts 
niadc 11y RIr. Low [see para : ( G G ) ]  ; but milch hclp was also given by a tablc of distanccs, kindly 
lcllt mc by Mr. J. 11. N. I Ic~~~ics rcp ,  tlie distances in which had hcen mrasltrerl 11y 11irn.sclf 
several years ago. TIlc assistnnts of tlie part?, arid the nativc dral~ghtsrnen are now cngngcd 
on tlic fhir lrial)q of tllc Kosi Vallry Snr\.ey, ml~ich 11un11)cr 8 largo shatled ~ l ~ e c t s ,  ant1 a corrc- 
spor~tlillg ~ I I I ~ I ~ I , ~ ~  of uliclrton char t~ ,  a11 of ~vllich, it is hol)ctl, will bc handctl ovcr to thc IIcad 
Quartrru' OHicc for pil1~lication Ijy the mirldlc of nest Kovcmhcr. Tlic dctails of this work, 
howcvcr, belong properly to ucst ycar's rcport, and necd not, tkcreforc, bc further noticcd in 
this place. 







Extract from the Narrative Report-dated 21st September 1871-of Captain 
W. I. CAMPBELL, R.E., Deputy Superintendent 3rd Grade. 

As you are aware, at the expiration of my furlough on 11th December 1870, my servi- 
ces were placed at the disposal of Colonel Strange, to assist liim in the final examination and 
testing of the new Zenith Sector, and other instruments intended for the G. T. Survey, then 
approaching completion; or1 this duty I was employed up to the date of my leaving England, 
early in August. 

The ,Zenith Sector is a sister instrument, to  the one which Captain Herschel has now 
had in use for 3 field seasons. 

Shortly before I joined Colonel Strange, Captain Herschel had writen to him regarding 
the performance of the zenith sector, of which he wrote generally in terms of high praise. I n  
that letter Captain Herschel remarked on the difficulty of putting his instrument together, 
owinq to the great weight of the telescope and sector, which had to be put on in one piece, and 
that also in a very awkward position : this part of the instrumen! also involved a very heavy and 
large case for travelling. Colonel Strange hit on the plan of taking the telescope off the 
sector for travelling, a change which was immediately carried out with very great advantage in  
many respects. 

(1 .) The heaviest case was dispensed with and the new case containing the sector (with 
the transit axis mhicli is inseparable from it) is now the only large case of the whole instrument, 
which rcquircs extreme care in carriage, and i t  is very portable, both as regards size and weight. 

(2.) The process of putting together and taking down, mas very greatly simplified, being 
rendered easy and safe, where as before, with unpractised hands i t  was just the reverse indeed 
as Captain EIcrscl~el remarked, (if I remember his words aright) with native assistance only 
and m~t l~out  mechanical aids, it  was a process too dangerous to be carried on long without an 
accidcnt beiug tlie probable consequence. 

(3.) While this changc of packing was being effected, the dclay mas taken advantage 
of to carry o l ~ t  several minor alterations and additions, mhicl~ seemed to be improvements, but 
1,eforc tlr.cril)ir~g tllese, 1 would remark on the use of the word "delay" above, that it was not 
ill reality tlel;lv, for when tlie sister iustrume~it arrived in India, Captain I-Ierschel found i t  
necessary to construct ncw travelling cases, those in m!lich it arrived being too unwieldy to  
carry about ill the Field. The same process ~vould have becn necessary for this instrumeut, but 
now the new cases are as light as could well be uscd uudcr auy circumstances. 

(4.) The following are some of the additions referred to above : 
The telescope is fixed on to the scctor by powerful steel bolts, and the holes for these 

mere slotted so as to give a range of 74" on each side, thus allowing a change of zero to the 
extent of 15". I believe Captain Herschel had remarked, that such an arrangement would add 
to the value ot the instrument, whicli 1 think cannot be disputed. 

(5.) The only method originally for taking the runs of the levels, was by altering the 
general level of the instrument, a most cnmbersome, and in my own opinion, unreliable process. 
Bracliets have now bccn made, \~ I~ ic l i  can be bolted on to the flanges of the tuiescope, in the 
centrc of its length, and these brackets have Ys, in wliicli tlie levels can be placed without 
being re~novcd from their monnting~. The telescope being turned into the horizon, tlie runs of 
the levels can be obtaincd with great case and rapidity, by using a collimator, and either the 
microscopes, or the telescope micromctcr, as nlost convenieut. 

(6. )  Thc levels were cased in cylindrical glasses and this was altered, because of the 
dificultg (even in England) of procnring s~ich  glasses in case of breakage, and they are now 
covered with pent roofs of plane glass. The planc glass has I think also the advantage over 
the cylindrical, as regards accuracy in reading the levels. 

(7.) The mounting of the levels was also changed in the adjustment for zero, which 
was at first cffccted by two opposing nuts on a comnlon scrcw in the o r d i u a ~  way, for which 
was ~ubstitutcd a strong bow spring acting with gravity, against a nut and screw. 

Nicety of adjustment is certainly increased by the alteration, and as far as I can yet 
jlldge, the ~tability of the arljustment was not impaired. The original opposing nuts are s t u  
kept at hand, in case of the adjustment failing. 



(8.) The insertion of the horizontal axis into its bearings without jarring was a diffi. 
cult matter, to facilitate which collars carrying guiding wedges were designed and applied. 

(9.) When the instrument was returned from tlle maker (Troughton and Simms) one 
of the two spiral springs, which worked the eye-piece micrometer, was found to be broken. Instead 
of having a new spring made, tlle action was changed, so as to be independent of springs, and 
the screw of the micrometer now works in a collar, so as to have a fixed bearing with either 
motion-an arrangement which I think will be found better than a dependence on springs. 

(10.) When the instrument mas supposed to be completely finished a troublesome 
difficulty occurred. The adjustment of the ~llicroscopes when altered was found deficient in 
stability, to such a degree, that no confiderlce whatever could have been placed in the work done. 

This fault puzzled us very much, and among other attempted remedies, the spring which 
keeps the sector up against its bearings, and thus regulates the distance of the graduated linlb 
from the microscopes, was strengthencd. I n  the end the fault was found to be in the fitting of 
the collars holding the microscopes, which mere so tight, that when the thumb-screws for 
moving the microscopes mere used, the effcct was not to move them, but to bend tlie arms of 
the framcwork, thereby of course setting up all sorts of strains, utterly fatal to stability. 
The fittiugs were eased, and bars introduced parallel to the microscopes, joinillg together the 
arms of the framework carrying them. 

These bars are I think a great improvement, giving additional strength to the frame. 

(11.) Colonel Strange and I took a sufficient quantity of observations with the instru- 
ment a t  Lambeth to satisfy ourselves that every tliir~g worked smoothly, and I trust that when 
i t  comes into use in thia country, no grave faults will be found with it. 

(12.) The only point about which I have misgivings is the trustworthiness of the 
levels, which are I believe about as good as can be obtaiued in England, but still very far from 
satisfactory. 

I t  is most unfortunate in an instrument of this kind, in which every thing is ultimately 
referred to the levels, that these latter are by far the most imperfect and untrustworthy part of 
the whole. 

The distrust of levels as at present made, where great accuracy is required, is I think 
very general among those who have studied the subject. Captain Herschel particularly enlarged 
on this point as regards his Zenith Sector, and Colonel Strange was well aware of the short- 
coming of these parts, and has for some time been engaged in experiments, with a view to im- 
prove the manufacture. The fact is, that the demand for really good, and therefore expcnsive 
levels is not sufficient to encourage makers to expcnd money in an endeavour to improve the 
quality. 

(13.) Though as I have remarked above, levcls are much distrusted by those who know 
them well, yet 011 the other hand, I fear there is a great dcal too much faith ~ u t  in them gene- 
rally, by those who use them, and their short-comings cannot be too strongly enlargcd upon. 

(14.) I spent a great deal of time and labonr on the examination of a number of levels, 
supplied by Troughton and Simms and by Cooke, using for the purpose a most convenient 
instrument constructed by Messrs. Cooke, on the design I belicve of Colonel Strange, ant1 I 
compared them with two levels, the private property of Colonel Strange, one made by Repsold 
and the other purchased from Secreton of Paris. 

(15.) The irregularities in the degree of cnrvature, of all the English levels, were most 
startling and they were also as a rule slow and sluggish, as compared with the Frcnch and 
German. They were all sealed bubbles, i. e. the ends of the glass were closed by the blowpipe. 

(16.) The Repaold level was a stoppered buhble and gave far better results, both as to 
regularity of curvature and style of action, than the average of the English bubbles : but theu 
its cost was I bclieve ahout three times as great. 

(17.) The level by Secreton excelled that by Rcpsold, as much as the lattcr was better 
than the average lSnglish, indcecl if lcvel~ of sucll a sta~~tlard of cscellcncc were procurable, 
one mould have littlc more to m i ~ h  for, for in every rcgpect it was nearly pcrfect-grcat regularity 
of curvature, comhiticd mitli remnrknl~le livclirless of motiou, a ~ i d  rapidity in cornlug to rest. 

This buhhle was a scaled one, rnl~ich proves, that i t  is possihle to pcrform that act 
without distorting the tube, and I believe also that it did not cost more than half thc Repsold'r 
price. 

It is possible that this level may have bccn an e r ~ c ~ t i o n a h l y  p o d  one, but colonel 
Strange told me, that it was simply selcctcd i n  his prewnce from a number in store, which he 
believes were all made by a Gerrnau iu Secreton's employ. 

There raa great grief at Lambeth when thia pet levd nu  broken by an accident. 



(18.) The conclusiozl I came to after making these experiments was, that in my 0w-n 
practice I should adopt the following rule. First to test the level and fix upon the best portion 
of its curve, allowing a range of about 20 divisions at  a mean temperature within which the 
bubble should always be kept during observations. Then by repeated runs to find the mean 
value of a division of the portion used. And lastly, as far as possible, to eliminate the effect 
of irregularity of curvature, by introducing a systematic change of zero, so to speak, i. e. to set 
the level after each niglit's observil~g for use tlie nest night, so that the instrument being level, 
if the bubble ends rcad 40 and 40 1 the first night, (the range being from 30 r-50 I to 50 r- 
30 1) they should read 33 r and 45 1 next niglit, 45 r 35 1 the night after, and so on. 

The changes of temperature would assist this system, by constantly altering the length 
of the bubble and therefore bringing different portions of the tube into use. 

The level of the instrument must always be carefully attended to, and kept as nearly 
perfect as possible. 

By this means I should hope to approximate, in a series of nights' observations, t o  the 
equal use of every division in that portion of tlie tube, from which the mean value of the 
division had been obtained, and thus as far as possible, cancel the effect of irregularities in the 
value of the divisions inter se. 

(19.) Colonel Strange's experiments in levcls, referred to above, are chiefly directed t o  
a means of stoppering so effectually, as to allow of the use of chloroform in the bubble. 

Chloroform is considered the best fluid, but it is so volatile that i t  escapes through al l  
stoppering. 

Also to devise a may of sealing without distorting the tube. 

(20.) The instruments in hand besides the Zenith Sector, and all more or lees ready 
for final inspection, mere those composing the double equipment for Electro-Longitude obser- 
vations, v k .  

2, 5-foot Transit instrumente. 
2, Chronographs. 
6, Relays, with batteries &c. 
2, Astronomical clocks. 

And also 2 Russian Transit instruments, and a third Astronomical clock. Of these, all 
except one of the 5-foot Transit and the 2 Russian Transit instruments, were packed and 
ready for shipment on 1st August. 

(21.) The sec0r.d 5-foot Transit was sent back to the makers (Messrs. Cooke and Son 
of York) several months ago, after careful examination, for a number of slight alterations. 

(22.) The reflection of the rays, in the Russian Transit instruments, was obtained by 
using a prism, the half of a cube of about 2) inches sidc, and on esa~nination, this prism was 
found to be so faulty in both iiistruincnts, that good dcfiiiition of an object could not be 
obtained, and the focus changed appreciably according to the portion of the prism used. 

This fault necessitated the return of the instruments to the maker. And in consequence 
of the difficulty of procuring prisms of the required excellence, Colonel Strange directed, 
that reflectors of speculum mctal should be substituted. 

The drawings for the mountings of these were submitted and approved of some time ago. 

(23.) These instruments, the 5-foot and 2 Russian Transits, should have been returned 
to  Lamheth some time before I left England, when there mould probably have been no difficulty 
in gctting them ready to be scot with the othcrs. I n  cousequence, however, of the makers 
delays they had not been received at  Lambeth when I left. 

(24.) I shall now procecd to describe shortly the instruments of the Longitude Equip- 
ment and the nature of thc iuspection and experiments applied to them. 

(25.) The 5-foot Transits are sister instruments, with slight differences, they are very 
light and portable, and of simple construction. 

They possess several iiovel features, the most striking and important being the eystem of 
levels, which is quite new, the design I believe of the late Mr. Cooke, senior. 

(26.) The levels are four in numbcr, suspended on arms projecting from the telescope 
tube, close to it5 junction with the transit axis, so that as the telescope revolves the levels also 
rcvolve on their pivots, always maintaining a position (if in adjustment) at  right angles to  the  
plane of revolution of the telescope. 

These levcls can therefore be read, in any position of the telescope, and in this reapect 
are very superior to the usual striding level. 



(27.) k o m  the position of the levels, they are necessarily affected, in exactly the same 
degree as the plane of the telescope is affected, (1) by any inequality.of the transit axis pivots, 
(2) by flexure of the transit axis. A striding level, on the contrary, might shew an effect of 
inequality of pivots axactly the opposite to the effect on the telescope: while no amount of 
flexure of the transit axis, could affect i t  at  all. 

(28.) There was considerable discussion on the subject of these levels, i n  consequence 
of which I put the instruments through an elaborate series of tests, 1st as to the figure of the 
pivotsJ find (one instrument only) to arrive a t  some idea of the amount and effect of flexure 
of the transit axis. 

(29.) The first series I performed by putting the axis alone on its bearings, and meight- 
ing i t  with lead, to  represent the weight of the telescope. A wooden striding frame, with brass 
Ys, for feet, was then placed on the pivots, and was high enough to allow the weighted axis to 
be rotated underneath it. 

On this striding frame, two levels were fixed, and their readings taken, several times 
over, a t  every 30' of revolution of the axis, and for several positions (longitudinally) of the 
frame on the pivots. 

The result mas, that i n  neither instruments was any error discovered which amounted 
to 4". 

(30.) The experiments to detect flexure of axis were more intricate and their results 
cannot be considered so reliable as the above. 

The method employed mas, t o  put up the axis alone, and alternately apply and remove 
without delay, a weight representing the telescope, and I maringed by n system of levers to 
do this without the least jerlc or disturbance, in about 2 seconds for each operation. 

(31.) The behaviour of the axis was matched in  more ways than one. Firstly placing 
a lens in  the aperture of one pivot, with a cross of spider lines in its focus, in the centre of 
the axis (i .e.  at  the intersection of the telescope and transit axis) and matching the movements 
of the latter by a collimator placed opposite the pivot lens. This plan mas tried in several 
ways, without satisfactory results, omir~g to the rough nature of the appliances available.. 

(32.) The method I finally adopted mas as follows. I inserted a rod into the aperture 
of the pivot, and on this rod suspeudecl a level, and I took the difference of readings of this lcvel 
with and without the weight on the axis, as a measure of the flexure of that eud of the axis 
due to the weight of the telescope. 

Then changing the rod to the other pivot I repeated the process, and if the result was 
the same as before, I concluded that the flexure of the axis was uniform, and therefore could 
have no effect on the plane of the telescope. 

(33.) I do not of course claim any degree of accuracy for this experiment, involving 
as i t  does several hypotheses which niay bc false, for instarice tliat each half of the axis bends 
with the flexure in a degrcc prol>ortioned to thc tilt of the eatrcme end thereof, and unifolmly 
from that end to the centre. But I do thirik, that the experimerits were calculated to throw 
some light on the sul~ject, and I believe that no axis mas evcr tcstrd iu a similar manner before, 
nor, as far as I know, has the eft'ect of this flexure on the telescope ever hcen taken into 
account. I n  justification of the as3umption that cach half of the axis shoulrl he affected uni- 
formly by flexure, I may mention, that they were most carefully turncd, both inside and out, 
80 as to be as symmetrical as possible. , 

(34.) When I obtaincd a cliff~rence hctween the indications of the levcl in the two 
pivots, I considered half the amomlt as the effect on the plane of the telescope. 

(35.) The avcrnge tilt I found was 111'02 for one and 10".93 for the other pivot, the 
mean e f i c t  on the telescope 0".08, and the maximum 0".14. 

The al~solute droop of the centre of the axis, due to weight of tclescope = 9 2 % ~ )  was 
0.0009, inches, axis being 36 inches in lcmgth. 

(36.) I regret that I had the opportunity of applying this process only to one instru- 
ment, because as thc axes are made of different material, one being gun metal and the other 
aluminium bronze, a compariuon would have been of interest. 

(37.) Although the levels give the mcans of taking a lcvel reading in any position of 
the instrument, this mould he a tronblesome process bccnuse the adjustmcntu, are somewhat 
complicated, and thc effect of residual error thercof, varies with the positiou of the telcscope, 

proportion to the sines and cosincs of the altitude. 



If  lye may consider the form of thc pivots appreciably pcrfcct, and the flexure of the axia 
symmetrical, t l~cre  is no grcat object in ohtaining a levcl reading at ally particlilar altitude, 
but the levcl of the instrument found in one convenient position nlay bc applicd to all. 

This I consider may bc best done by levcl readings, aitli rcvcrsion of cnds, telcscope 
pointed first to zenith arid then to nadir, by whicli proccss all errors of adjl~stmcnt arc climinat- 
ed, or if considered preferable, i t  may bc done by using the mercury trough wl~ ic l~  is supplied 
with the instrument. 

(39.) The Chronographs arc intentlerl for the rccortl, by electricity, of thc observed 
tansits of stars, and clock signals. They consist of anlctnl rlrum, covered with preparcd paper, 
and madc to revolve at a vcry uniform rate, by means of clock work, sup1)licd with very nice 
regulating appliances. 

( 0 .  The Relays are the electrical instrurncnts, by which thc current for recording on 
the chronograph is obtaincd, and may be described as a mcans for nlalii~lg a wcak elcctrical 
current, arriving from a distant station, call into action a stroiig current, supplicd by a local 
battery, which makes the mark on the chronograph. 

(41.) Considerable discussion arosc as to t l ~ c  usc of t l~csc rclnyq, do~ibts bein, cnter- 
tained (1) as to thcir sensibility to weak currents (3) as to the t i n ~ c  lost 1)y their interposition 
between the signal from thc distant station, aud its effcct on the chronograph. 

I am glad to say, that both thcse points may be considered as settlcd, i n  favour of the 
relays. 

(42.) (1) As regards sensitiveness: I testcd them a t  Laml~eth, with a resistance coil, 
and found no difficulty in passing a current through t l ~ c m  from a very weak battery, with 
1,000,000 ohms of resistance interposed. 

I also tooli them to the officc of thc Indo-European Telegraph Company, and by the 
courtesy of the officials there, I mas allowed to attach them to thc wire ~ r i t h  wl~icli tlicy mere 
working at the time. 

The result sl~omed, that what was considered a wcali current from a, station 400 ruiles 
distant with an additiolial resistance of 40,000 ol~ms iiiterposed by means of resistm~cc coils, 
was sufficicllt to worli them, and also that they acted when the currelit was too wcak to work 
the printing instrument in regular usc at tlie office. 

(4,3:) (2) As regards the sccond point, of retardation canscd by tlie relay, I hit on a 
method of measuring automatically, by mcans of the cl~ronograph, the ari~oul~t  of this rctard:~tioii, 
whicl~ 1 found to  bc u~~apprcciable. 

The tcst moreover is very simple and may be applied by an observer, in possession of one 
of the chronographs, at any time to any individual rclay. 

(44.) The chronograph also gives the mcans of obtaining an absolute valuc of an 
observer's pcrsoual cquation, in a, very simple manner, ml~icll was tcstcd at Lambeth aud could 
with casc be acted on, if coi~sidercd advisable, by cach obscrvcr, every night. 

(45.)  These processes though pcrfcctly simplc, are not easy to descrihe in writing, in- 
deed throughout this rcport I have lal~ored ~intlcr tlre dilticulty, of citl~cr writiug a t  very great 
Icngth, endeavoring to maltc cvrry tl~iiig clcar to a pcrsoli u ~ ~ : ~ c q u a i ~ ~ t c d  w ~ t l ~  tlie i~~st ruments  un- 
dcr description, or on t l ~ c  otlrcr halld (as I have tried) simply to give a ~ltctcll of my work, 
which a pcrson having general knowledge of tlre subject may bc able to follow. 

('16.) The Astronomicnl clocks arc by Prodsllnm and csnctly similar to each other. 
Thcy arc provided aitli a c o n t r i ~ a ~ ~ c c  for 1)rcnliing rill clrctrical circuit, at cach second, 

by means of a nllecl nit11 GO tcctl~, ant1 a t  cach brcalc a mark is maclc on the chrouograph with 
which the clock is in conncctiou. 

(47.) I n  ordcr to identify t l~csc marks, onc tooth of thc brcnk contact whccl is cut out, 
so tliat cvrry GOtli mark on the cl~ror~ograplr is n.:~nti~lg, and the ~v11rc.l is so n?justcd, tliat this 
missing mfrk corresponds to t l ~ c  first sccond of cacli n i~nutc  on the clock's dial. 

(-18.) All signals on the chronograph are madc by breaking circuit, being much more 
instantnucous than thc rcvcrsc method of con~plcting circuit. 

Tllc observcr malies liis signals by Incalls of a kcy hcld iu his hand. 



&tract from the Narrative Report-dated 1st May 1871-of J. B. N. HENNESSEy, ESQ,, 
Deputy Superintendent 1st Grade, (3. T. Survey, In charge Computing Ofice. 

Calculating Branch. 

(1.) I have much pleasure in  reporting the successful conclusion of the computations 
Reduction of Trisngdution included in quadri- known as " Reduction of the N.W. Quadrilateral" 

latcrd ~ironj-Clinch. (i. e. Sironj-Chacli). This intricate and vcry extellsive 
calculation is mentioned in  my last report, where allusion is made to i t  at no greater length 
than the progress then accornplislied seemed to require; but t l~ough the work now Stalldv per- 
formed, I am still precluded from entering into any details of the process adopted, because m~ 
description would necessarily be purely technical in natnre and hence h:lrdly suited for the 
purposes of this report. I thercfore confine myself to the following facts in this place. . 

(2.) continued.-The t r ianplation in  question is made up of 8 different series of triangles, 
which constitute a figure including five mutually deperldent circuits : [see diagram appended] 
the outer boundary of the diagram represents a four-sirled figure of whicll each corner is 
occupied by a base-hie. It was essential that this triangulation sl~onld be m:rtle consistent, 
so that the circuits should all re-entcr in side, latitude, lorrgitudc and azimuth, and also that the 
valr~es of the base-lines by triangulation should be itlentlcal with tllose l)v measurement. I n  
fulfilling these requirements it became necessary to find si~nrlltancously 1GlS7 unlrl~own q l ~ a ~ ~ t i t i c s  
or  angular corrcctions, which sliould satisfy 572 equations of colrtlition and tlic wrll-1rlion.n 
equation, that the weights of the uncorrcctetl angles into the sqnnrcs of tlie C O ~ I - C S P O I I ~ I I I ~  cor- 
rectioris sl~ould be a m~ninlum;  couditions, mliicli I need hartlly adtl, ~roultl i l l  gcncr:~l dcfy the 
arithmetical accuracy attainable. O\virlg ho~ve\.er to tlie fact that 549 rigorous cquation3 were 
all of the form x + y + z = 0, it became easy to eliminate a third of t l ~ c  luilrnown qu u~tities 
before diff'crentiation, and to 111,1lie a large reduction i r ~  tlic nrimber of eqnrttiol~s of condition, so 
that  the former stood reduced to 1008, aud the latter to only 23; the co-cfbcicuts in thc last 
named however, bcing determined after considerable calculation. 

(3.) continued.-The following table contains thc facts of computation:- 

I Nat; No. I Log. I Nut. No. I Log. . 1 ~ ~ 1  i; z L , 3 ,  5 t i ~ ~ i . l  I ~ U I I  1 0  3 1 
c l ~ ~ r i 1 1 ~ ~ ~ 1 ~ .  

Column 

R 

S i n ~ l ( A t C , ) - ( B + E )  
10 in L Ditto 
1 l i n A  D i t t o  
12inA (E+C,) - (D2+FI+F,)  
13 i l l  L Ditto 
14 ind Ditto 
15inA (F,+H,  + H2)-(B,+ Dl 
16 in L Ditto 
17 in A Ditto 
18inA (FI+C: , ) - (H,+C)  
l9in L llitlo 
20 in A Ditto 
21 inA (C+C,)-(H2+DI) 
22 in 1, 1)ilto 
23 in A Ditto 

Vnloc of e 

In equetiona 1 to 5 ,  to find tho error, tllc menturrd rnll~n n f  the hnqc-linr iq q~~htvnrtr~l fvom 1111-  rnlllr 117 mmpl~tn- 
tion brought up in the order ~ h o  letters we nosled above, i e Corn 4. Also, A nt~uda br Lulrlude, L for Lougrlude and 
A for Ikhuth,  







Calculaling Branch-(Continued) . 
I n  explanation of tho abovc, I may premise, that the equations of co~di t ion  were ef the form, 

*[by+czIP = e :  
1 

in these, the total errors to be dispcrsed bctwecn base-lincs or in circuits are denoted by the 
absolutc terms el, e,, F, . . . . e?,; t l~c i r  numerical values mill bc found in colun~n 1 of t l ~ e  
table. As 11o~revcr the elimination was most col~ver~icnt I~  performed by the aid of Zeoli's aaou- 
rate tables for findii~g Log. (a&b)  from Log. o and Log. b, t l ~ c  fur~ctior~ of e actually employed 
in the elimillation was Log. e ~ r l ~ i c h  is given in colunlu 2. On finding the iritlctcr~nir~ate 
factors aud substitnting thcln in their own cqnations, clicck values of c were obtaiued; these 
are given in columns 3 and 4, and a coll~parison betwecn col~lrnns 1 aud 3 will s l~cw the 
accuracy with whicl~ this step nras pcrf'ormctl. Subsequeutly, the utilr~~own quautities y and 2 
being found, their numerical valncs werc entcrcd iu the equlrtious of co~iditior~ and the valueo 
of e again cl~ecked, as majr be seen by coml)aring 1 ant1 5 : as Ilour~ever t l ~ c  angular corrections 
were required to only 3 p1:rces of dccimnls, the r~mnining places wcre rc,jected suljject to miriute 
arbitrary variations, after ml~icli the fill:~I va11ic~ of e mere dctermi~ied as given in column 6. 
The angles mere now correctctl aud the i~sual  circuit calculations for side, latitude, lopgitude 
and azimuth complctcd, w l~c r~  thc residual errors, i. e. those which the process had failed to  
disperse, $ appeared: t l~csc are given in co lu~~ in  7. Conuiderir~g that olily '/-place logarithm 
tables are employed in all our calculatio~~s, aud that thc latitude, longitude and aaimuth 
were intcnded to be licpt only to 2 places of dcciu~:~ls, it  will be seen that tlie dispersion 
reqnirecl has been complctelv cA'ectet1. I t  is also not without interest to remark, that t l~io 
result 11as been attainctl I)y tfle :lit1 of angnlar corrections of which the greatest is only 0".460, 
and the average about 0".13 ; ant1 it is a nintter of satislaction to add, that the cl~eclrs establisl~ed 
were so tl~orougl~ly cficicut, t l ~ a t  not a sirrgle aritl~metical ruistalie escaped dctection. The 
calculations thus completed arc I bclicve, ur~~urpassctl, if i~itlecd equalled, in magriitude by any 
other similar work ou rccortl; a i d  tlro~igli t l ~ e  l)roccss, as first apl)lied to geodetical figures by 
Gallolvay iu t l ~ e  Ilemoirs of the Astronoinical Society, is ca~ i ly  followed wl~cn the equations of 
condition and unknown qum~titics arc only nlotlcrntcly uulnerous; this is by no mearls the case 
when tlie tr iangnlatio~~ to Ije red~iced is as extensive as that uuder notice. The priuciple of re- 
duction adopted is due to Colollel J. T. IValkcr K.E., Superiilteudent G. T. Survey. 

(4.) The first modern printed record of thc opcratious of the Great Trigonometrical 
Surrey, Vol. I on Standards of JIeasure aria Base-lines, 

Celculntion and Comp~laiion for t l ~ c  press and has bceu prilltecl pess1ug of p1.ooL. and p~rblislled. The book corisists of 
533 1)afes bcs~dcs 33 platcs: and 200 copies of the 

volume have been for~sarded for distril~utio~; G1t1 deposit tO G P & ~  the ~ e c r e t a i ~  of State 
for India. Further noticc licre of this work appears uuncacssary since the book is published 
aud ge~ierally accessible. 

(5 . )  ~ ~ ~ ( i n ~ ~ d . - I  ]lave also to noticc thc publication, to meet local wants, of thc Spirit 
Levelcd I-lcigl~ts fi*onr Lucli110~ viii  Goruc1il)ore kc., to Dildernuggr lio~clr-n~.ark ; the pam- 
phlet consists of 27 pages 11esiclc.r all illu.;trntil~g ellart and provi(1es tlcscriptioris and numerical 
heigl~ts of 275 points. 'l'l~c followi~~g l~nvc b ( , c ~ ~  c o ~ ~ ~ p i l c d  ant1  a as sod through the preas c 
Calcutta Bfcridio~~al Serics I,:? papcs; a ~ ~ t l  Nulncric:~l data tbr 13 ellarts of 111dua arid Nortliern 
Bombay Trianguli~tio~i. C01)y k)r ~ I I C  L ) ~ C S S  112s also becn prcp.ared of 59 simple and 210 aom. 
pound figures aud of 1 G  quadrilaterals. 

(6.) The lists, corrcspondeuce ant1 cnqriry w11icI1 this duty involves hawe bwn continued . . 

wit11 tllc cnl-c :tntl desPa&ti wilic11 the great impor- 
Protertion of Groat Trigonomctriwl Surrey 

Yrincil~nl Statioue. of tllc sl~l),jcct dcmnncls ; 49 nero lisfr inciudilig 211 
statio~rs l~avc bcen i~rcparcd naid distributed to  district . = 

officers, and clicck lists of 900 stations ill 123 districts coml)ilctl for r.efeereence, 

(7.) hIcteorolo~ic~1 observations Irere tnlren at 9.30 A .  ar. and 3.30 P. M. .on every d%y 
Instrumental work nnd 911udrics 

of tllc yc:tr :i11(1 a copy supplied inonthly to tbe &p~rt,er 
to (I-orc.rnnlcnt for tlre N. \V. Provinces : a table of 

montl~ly rcsults for 1871 and of tllr an11ua1 rainfall sirlce 1861 is a p p d d .  17 skts .of obser? 
vations for lord  mean tilnc n8crc m:rdc ant1 co~uprltetl by Mr. \V. 1%. Cole, h r . a .  and Mr. C. Wood. 
Nu~ncrical ant1 otl~cr ditt:~ rallc(l for, conr1)ri~ing 38 paxcu of compilntion, werc s~ipplied to 29 
oficers. A llst of olscrrotl latitntlr, nz111111tli nut1 menu sca level was prepared for tlie Index 
Cl~art. I t ~ s t r ~ ~ c t i o ~ ~  to Licuteuant Chambers l t .N. ,  in the calculatious of the department mas 
commcnced, kc. kc. 

Tho lrh hnnd mc~nbcr or t l ~ i s  rq~~otion, writtrn nt lcngt.11 mill bo uudrretood by 
hl !/I + r, z, + b2 g, + cl el + . . . . . . . + b y + cp zp , P P 

' -ea 
5 TIIO rrsi~lunls in A,  L nnrl A do not nriw from W I I I I ~  of l i p o ~ ~ r  in "lhc  rrtl~~clion." for coltlmne 1 end 6 sl.e idePt) 

c ~ l  to at Irnst, 3 ]>lnvcr : t l~ey  nre rluc lo \\.nut or lognrill~ln t~lhlrv to 1nl)l.r pl:lccs IIlnn 7, nnd may kbre bccu slighlly en*, 
by the nuceaaary s*lpli.Gcaliou of treatilig A oa a countant iu tlio primary Worcntiation. 



Photo-tincog~aphic Branch. 
(8.)-The work performed by this office is given in the following table under the heads of 

Progroee. Maps, Nlmerical Charts, Plates and Diagams ; the last 
mmed include drawings of Bench-masks for the level 

sheets. 
Maps. 

Subject 

Prints of maps published in former years, . . . . 

No. of 
parts. 

7 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 

publlyhed gi'' 
prmtcd. 

626 
130 
105 
102 
10 
75 
75 

384 
87 
75 
55 
54  
56 
55 
55 
55 
55 
54 
55 
55 
5 2  
53  
63 
54  
52 
54  
5 7 
54  
54 
64 
55 

276 
64 

105 
100 
310 
100 
33 
53 

140 
145 
1-15 
152 
285 
106 
102 
101 
108 
105 
100 
105 
305 
105 
10s 
3 E 

511 
30 - 

,J >, 4 I, . . . . 
1) ,I 6 ,, . . . . 
>I 11 9 J l  . . . . 
11 I ,  10 I, . . . . 
J l  I, 11 ,I . . . . 
11 ,, 8 contoured, . . .. 
JI ,, 1 1, . . . . 
II ,I 3 ), . . . . 
I1 ,I 4 ,I . . . . 
JI ,) 5 ,, . . . . 
2) I, 6 J, . . . . 
9) I, 7 I, . . . . 
11 ,, 9 I, . . . . 
,> ,, 10 ,, . . . . 
II ), 11 ,) . . . . 
)J  ,, 5 skeleton, . . . . 

Minicoy Island, . . . . . . . . 
Spirit leveling operations No. 19, . . . . . . 

)) ,, 7, - . . . . 
Kattpwar Degree sheet No. 111, . . . . , , 

Index to Ranikhet Survey, . . . . . . 
Kumaon and Gurhmal sheet No. 17 conto~wed, . . . . 
Dussun Canal, ffor Ganges Canal Department), . . . . 
Map of Ranikhet sheet No. 1 skeleton, . . . . 
Kattywar No. 19, , . .. . . . . 

)I ,) 14, . . . . . . . . 
1) 1, 17, . . . . . . . . 
,> ,, 18, . . . . . . . . 

Mirza's routc map, . . . . . . . . 
Spirit leveling operations No. 5 (2nd edition), . . . . 

1 )  ,, 12 do. . . . . 
Mussoorie and Landour sheet No. 15 contoured, . . 

II ,, 15 skeleton, . . . . 
)I ,, 16 contoured, . . 
1) 

,, 16 skeleton, . . . . 
91 ,, 17 contoured, .. 
IJ ,, 17 skeleton, . . . . 
31 ,, 19 contoured, . . 
1) ,, 19 skeleton, . . . . 
I, 9 ,  20 I, . . 

Inde~,, to Kumaon and Gurhwal Survcy, . . . . 
In- to leveling operations, . . . . . . 

I 

/ Total, . . ( 68 16465 

Spirit lcveling operations No. 10, . . . . . . 
9 J )I 17) - -  . . . . 

Index to Mussoorie and Landour Survey, . . . . 
A settlement officer's map, . . . . . . 
Bhawulpore map sheet No. 1 ffor Political Agent, Bhawulpore), 

1 )  ,, 2) DO. do. do. . . .  
Index to Kattywar Survey, . . . , . . 
Bhawulpore map sheet No. 3, (for Political Agent, Bhazuulpore), 

,, addns. to  foregoing sheets, Do. do. .. 
Map of Ranikhet sheet No. 2 skeleton, . . . . 

11 ,, 2 contoured, . . . . 
11 ,, 7 skeleton, . . . . 
11 3 )  8 I, . . . . 
II ,) 3 ,J . . . . 

nhy,  1870. 
)I >I 

11 9 ,  

11 I1 

June, ,, 
JJ 

J&, ,, 
August, ,, 

)) 1, 

)) JI 

Sept., ,, 
IJ JI  

)I 9 )  

Octr., ,, 
,I 1 
)) J l  1 1 
>I I 

1, J ,  

,I 11 

)) I)  

Novr., ,, 
)I )) 

I1 ,) 

) Y  )) 

J )  1) 

)) I )  

) J ,I 

I, >, 
9 )  91 

) J 9 )  

)I  I )  

)) 9 )  

Dec. J) 

11 

Jany. l;>l 
,I I)  

II ,, 
)) )) 

)) ,, 
Feby. ,, 

)I )) 

,I )) 

)J )) 

Mar. ) )  

I1 J )  

)I )) 

)J 9 )  

)) 9 )  

J 9 ,, 
)) ,, 

April ,, 
) J  )) 

91 )) 

I, 9 ,  

9 )  p) 

) 9 ' )  -- 

, 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 - 



S E A ~ O N  1870.71.1 5 7, 
a 

Photo-zincographic Branch-(Continued.) 

Numerical Charts. 

Plates and diagrams. 

Subject No. of gi:: 1 

Subject Wllen published 

65 
6 8  
6 6  
6 5  
65 
64 
6 4  
63 
6 5  
6 2  
6 4  
6 3  
65 -- 

839 

- 

I No. of copiea 
printed 

2 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 

16 

Ifangalore Jieridional Serics 1865-67, . . .. 
Northern portions of Bombay No. 1, . . . . 

J) ,1 2, . . . . 
Bider Longitudinal Series 1868-69, . . . . . . 
Brahmaputra Series 186'3-70, . . . . . . 
Belaspur RIeridiorlal Scries, . . . . .. 
Great Indus Series No. G, . . . . . . 
Northern portions of Bombay No. 2, . . . . 
Great Indus Series No. 5, . . . . . . 

JJ ,, 7, . . . . . . 
Northern portions of Bombay No. 7, . . .. 
Great Indus Series No. 8, . . . . .. 

>I ,I 9, . . . . . . 

May 1870 
June ,, 

JJ 1) 

Sept. ,, 
Nov. 
Jany. 18?l 

) 9 J J  

Feby. ,, 
9 )  11 

>I > I  

Mar. J J 

J )  II 

11 11 

I Total, . . 1 13205 

Total, . . 

May 18i0, I 741 

of the prcccdiug prints, the forms alonc arcs not Photo-xincogrnpl~cd but zincogrnphcd ; 4242 
copies of maps and 575 of nurncrical cl~nrts mcre issued duriug the ycar. An abstract of t h e  
work csccntcd since 18GG-G7 is as follonrs :- 

August ,, 
. . Scpt. 

Forms, Bench-marks kc., &c., . . J l  Octr. J I  

Norr. JI 

Decr. 
Jany. 1&1, 

I- 

498 
1398 
3962 
61 10  

250 
246 

- 

A ala~lrc at thc ann~~nl lp  increasing nnml~rrs of copics printrd mill shcw the augment- 
ing dcmal~tlr nlnde on tlris p~.occss : it  mny howcvcr he added that nn unusually largc number 
of maps n-erc r~(~111rcc1 last yrnr, but cvcll after making evcry allowance on this score, the 
amount of work called for is found to bc rapidly on thc increase. 

* 

S1111jcct. 

Map" cl~arts and diagrams, 
FOI'UIS, . . . . 

1866-67 
No. of prints. 

7,118 
5,102 

1867-68 
No, of prints. 

7,376 
10,531 

No. of 

5,538 12,315 20,509 
10,800 13,651 10,482 



Progress. 

Typographic Branch. 

(9.) Tile work of this office since 1865-66 is included in the 
table which follows :- 

Here also the increasiag demand and supply are apparent. 

(10.) I n  conclusion, I have to express my obligation to Mr. W. H. Cole, M. A.  for 
much, varied and valuable assistance afforded in helping me to conduct the duties of the Com- 
puting Ofice. My thauks are also due to Mr. C. Wood, and Baboo (furlgapershad who continue 
to rerider me valuable and ready aid. I hare reason to be satisfied with Baboos Kally Mo- 
han Ghose, Gopal Chuncler, Tarapodo and Kally Coomar, and I mould also notice Bnboo Lollit 
bfohan Dhur as a promising computer arid as one ml~o is anxious to become generally useful. 
The remaining computers have worked earnestly. 

Pages composed . . . . 
,, printed . . .. 

(11.) Messrs. Ollenbach and Dyson in the Photozincographic office continue to work 
satisfactorily; and Mr. OIConnor, Printel; deserves commendation for the efficient discharge 
of his duties. 

I I 
1867-68 1868-69 

I 
1863-66 
-- 

377 
53,329 

GJ1 

1869-70 

603 

1866-67 

756 
93,411 

697 

1870-71 

819 
234,828 126,606 155,025 10G,231 I 
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Annual Return of amount of Work executed in the Drawing Branch of the Office 
of Superintendent G. T. Survey, from 1st l a y  1870 to 30th April 1871, 

. . . . . . . . . . . .  Sheet No. 3 Levels in the N.W. P., 3rd Edit,ion (Compilntion), 
Do. No. 5 ditto ditto 2nd ditto ditto, . . . . . . . . . . . .  
Do. No. 7 ditto dit.to (Cornp.) Vide Al. Rrtn.for 69-70, . . . . . .  
Do. No. 8 ditto ditto ditto ditto For Photozinco .... 
Do. No. 9 ditto ditto ditto ... 
Do. No. 10 ditto ditt,o 2nd Edition (Compilntion), ditto ... 
Do. KO. 11 ditto ditto (Comp.) Fi'ds Al. Bcta. for 69-70, ditto, ... 
Do. Xo. 12 ditto ditto 2nd Edition (Compilntion), . . . . . . . . . . . .  
Do. No. 13 ditto ditto (Comp.) T i d e  Al. Retn. for 69-70, dit.to ... 
Do. No. 14 ditto ditto ditto ditto ... 
Do. No. 15 ditto ditto ditto ditto ditto ... 
Do. No. 19 ditto ditto ditto ditto ... 

Mnp of N.W. Himnlnyn and Knshmir S~uvey (Compilntion) K d e  A,?. Retn. for 69-70 ... 
Sheet No. 2 Preliminnry Charts of Trinngulat,ion in tlre Northern Portions of the Bombny 

Pruidcncy Tide Annral Belvru f o r  69-70, 3 
Do. No. 3 ditto ditto ditto ditto ... 
Do. No. 5 ditto ditto ditto For Photozincography, ... 
Do. No. 6 ditto ditto ditto ditto ... 
Do. No. 7 ditto ditto ditto Fide Al. Return for 69-70.. . 
Do. No. 10 ditto ditto ditto . . . . . . . . . . . .  
Do. No. 4 ditto of the Brent Indus Series, . . . . . . . . . . . .  
Do. No. 5 clitto ditto . . . . . . . . . . . . . . . . . .  
Do. No. 6 ditto ditto . . . . . . . . . . . . . . . . . .  
Do. No. 7 ditto ditto . . . . . . . . . . . . . . . . . .  
Do. No. 8 ditto ditto . . . . . . . . . . . . . . . . . .  
Do. No. 9 ditto ditto . . . . . . . . . . . . . . . . . . .  
Do. h'o. 10 ditto ditto . . . . . . . . . . . . . . . . . .  

Route Survey from Bndnkshnn across the Pnmir Steppe, . . . . . . . . . . . . . . .  
Plnn of the I.plnnd of Minicoy, ... . . . . . . . . . . . . . . . . . . . . .  
Prclirninnry Clrnrt of the ~ou'tll ~onknn'iferitlionnl Series, Sensons 1842-43-44, 64-65-66, 

. . . . . . . . . . . . . . . . . .  Ditto Great Arc Series 69-70, 
IInp of routrs brtmern the Punjnb nnd E ~ s t c r n  Tnrkestan, . . . . . . . . . . . . . . .  
Coloretl 29!M ropics of maps of various kirrcls, and pcrformednumeroua other miscellane- 

ous dr~tirs, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beduccd nr~d i~irorpornted s~re rn l  Series of triangulntion into the 0. T. Survey I~ ldex  

Chart Ihr its complctio~~ to 1st. XIny 1870, 

1 
. . . . . . . . . . . . . . . . . .  

Prcpnred nn Insler Clrart of 111tlin elrewing all the stntions mhereLntitude and Azimuth 
llnrc bprn olts~.rved Astronornicnlly nnd Penrlulam Obsrrrntions tnken, 

1 
. . . . . .  

Reduced slrerts Xos. 1, 2, 3, nlrd 4, tracing of the Jumnaand Hindun Canal, right project 
protrnction of lercle, 

3 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Redaced sllects Xos. 1,  2, and 3, tracing of the Ramgunga Canal, Sumbhul and ~lmrolra 
Bmnrlres, 

3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Rerluced trnring of mnp in 2 sheets of levels tnkon in part of Kumaon, Bhabur and Bareilly 1 
district lEF5-C;6-6i-GR, . . . . . . . . . . . . . . . . . . . . . . . . . .  ) 

Rcduced tracing of gencrnl plnn shewing the Snrvey and red~iced levels of the co~mtry)  
p r o p o ~ t ~ I  to br irrigated by t,l~e northern 01. first Ilivision the Rnrngunga Cannl1870, ) 

ITnde a copy of the trackg of Onnges Cnnnl, Koel branch projcct mnp ant1 chart of levels, 
R e d ~ c e d  ditto ditto ditto ... 
Printed lcvela in the trncing of the Dusenn Cnnol for Colonel Clreathead, . . . . . . . . .  
Prepnretl plates I to S S X I I I  for Vol. I,  G. T. 8. . . . . . . . . . . . . . . . . . .  

. . . . . .  Prepnrcd an extrnct from the Great Arc Scries, scale 8 miles to an inch, on linen, 

Mnde ropira of Mr. Shnw's Ronto Rnrvey in 3 slleeta from Knrnkoram pnas t~ Kllrrlrgnr, ... 
Mode an rxttsru-t from rough sketch shewing trade routes between purgunah Lolrol and 2 

- - 
Slrad~~la, . . . . . .  - . . . . . .  -.,. . . . . . . . . . . . . . . . . . .  I 

Do. copy of Mr. Rt~ynold's mnp of thc portion of Lndnk surveyed in Bug. & Sept. 18i0,  
Exnminecl slidct Xo. 1 Jamoo trrrltories, . . . . . . . . . . . . . . . . . . . . .  
Prepnrrd a Chnrt of Spirit Leveling operations Sensons 1868-69,60-70 Scale 20 miles = 

1 inch, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Prcpnrerl an cxtrnct from t l~n Prcsly. Cl~n~.t of tlre Knahruir Series 1857 between Lnt. ) 

3 l o  30' a ~ ~ , l  35' 31!', Long. 75°nn<l ilia, on linrn, . . . . . . . . . . . . . . .  j 
Prcpnred nn ,%slrnvt. fro111 t11c P r ~ l y .  Cliart, of ~ I I C  I<&~I~rnirSeries 1861-62 bctween Lat. 33' ' 

. . . . . . . . . . . . . . . . . .  anrl 34', Long. 77'30' n11~l'i8":10', on lincn, 
Prepared an extrnct from the Prely. C%:rrt of the Knshmir Series 1861-62 betwccn L t .  

34' and 3 5 O ,  Long. 78' 30' ond 73' 3 v ,  on linen, . . . . . . . . . . . . . . .  i 

For Photozinc~graph~. 
Ditto. 
Ditto. 

I n  course of prepemtion. 
Ditto. 
Ditto. 
Ditto. 

For Photozineography. 
I n  course of preparation. 

Ditto. 
Ditto. 

For Pl~otozincograph~. 
For  reduction by Photo. 

For Pl~otozincograph~. 

Ditto. 
Remaining to be examined. 
I n  course of examination. 

,For Photozincography. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Zitto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 

TO be engraved. 

Ditto. 

For incorporation into levcl 
sheete. 

Ditto. 

Ditto. 

Ditto. 
For Ofice use. 
For incorporntion into level 

sheets. 
For Photozincogrnphy. 

For the Executive Enginoer 
A grn Cnnol. 

For Otficc use. 

Ditto. 

Ditto. 
For return to Surveyor Gene- 

ral's OUico. 

For publication. 

For Cnphin Baseri. 

Ditto. 

Dilto. 







Extract from the Narrative Report-dated Dehra Doon 15th November 1871-of 
J. B. N. HENNESSEY, ESQ., Deputy Superintendent 1st Grade, Offg. in 

charge No. 4 Extra Party. 

Conscquent on the lamented death of Captain J. P. Rasevi, R.E., Deputy Srlpcrintendent 
1s t  Grade, I was appointed on 7th August last, to  the  charge of his party, i n  addition t o  m y  
othcr  duties, and dirccted to take such stells for the preservation and arrangement of his records 
as  the  nature of the casc might require. 

(2.) The charge mhicli has thus devolved on  me, includes t h e  duty of describing t h e  
work, on which Captain Basevi was engaged since the date of his rcport of Ju ly  1870. 

(3.) Besides the ordinary calculation of his previous field scasons' operations and pre- 
paration of his results for the press, Captain Basevi mas ellgaged during tllc rccess of 1870 i n  
experimenting on thc most suitable procedure for determining " the temperatllre and pressure co- 
efficieuts" for his Pendulum opcrations. H e  eventually decided on heating his apparatus by 
mcans of lieatcd air passed along a series of fl ucs under tlie floor of the apartment i n  which his 
experiments wcre made : the transit room a t  Dehra 16' x 24' mas placed a t  his disposal and 
h e  proceeded to construct a room within this room as hereafter bricfly described. While  this 
was in  coul*sc of builcling, lie comparcd his tllcrrnornetcrs with onc of the standard tlierniorne- 
ters in t l ~ c  Supcrintentlcr~t's storrs, aurl determined thc zcro crrors of the fornier : lie also corn- 
pared the  scale for the Russiau Pendulums wit11 certain portions of the  C. 1'. Survcy Standard 
steel foot. 

(4.) The experiment room a t  Dehra being si~fficicntly advanccd Captain Bascvi proceeded 
t o  this place and set about the neccssarp prclirniuary arr:tngcments for making his experiments. 
As is mcll known to t l~ose wlio 11avc ex!~erimented on expansions, the primary diff ic~~lty encountered 
arises from tlic inability to  c o ~ ~ t r o l  t l ~ c  temperature of t l ~ c  ol~ject  under manipulation ; this mas 
ovcrcolne as alrcarlp s:ritl 11p I~ailtling one room ~vithin anotllcr. The inner room mas warmed 
by  tllc heated surfirce of its floor; for low teruperatures the room mas allowed t o  cool down t o  
t l ~ e  natural tcml~cratnrc prevailing, the cooling process Ileing expeditecl by open tronglis con- 
taining cold water pl:,ced ovcr lied+ I t  was anticipn.tet1, that  (as Ilappcned a t  Kcw) sen- 
s i l~ lc  differences betncen tlie rearlings of the  upper and lower thermometers might he expected : 
this cvil was overcome by raising tlie ~vorlcing floor of the inner room aljont 5 fcet above 
i ts  hcatcd floor, the formcr floor being ~ u a d e  up  of mood battcns. So far the precautions talceu 
prolnisctl to  act cficie~itljr, but  on commencing work it  was found, tliat tlie fireplace being 
somc 12 fect without the extcrnal ~valls, tlie process of hcating up was exceedingly slow, and 
w11:rt was worse that the tenipcmture conltl not bc mnintainctl a t  a constant ' l~eat  from fluct~ia- 
tions in the fire itself. These crils wcrc remetlicd t1111s : the flue from the fireplace t o  t h e  
builrlir~g was covered wit11 R 1no1111d of earth, ~vherc l~y  tlre caloric engendered was economisetl; 
and thc fire was controlled by burning a gircn rrcight of fucl wit l~in cach I~our.  After this the  
range of tcmpcraturc of  t l ~ c  inner room r l u r i ~ ~ g  21' IIOIII~S did not esceed 2") while within the  
cylindcr tllc similar ranges d l i r i ~ ~ g  t l ~ u  llot aiid cult1 espcriille~its wcrc respectively undcr 1; and 
12 clcgrces Fal~rculieit. 

(5 . )  The sets of coincidences observed by Captain Basevi were the folloming :- 

Pendulum N o .  44. 
Sets Tcmp. Prcss~ire] Sets Temp. Pressurel 

0 80.4 1.90 Interme- 9 
G 78.2 4 2 4  1 diate. 9 

9 
9 
9 
9 

Pendulum No. 1821. 



Each set lasted for 3 hours and consisted of 3 coincidences or gronps, and as no less than 231 sets 
were taken, i t  is easily shonrn that the amount of obser~ration in~olved in thesc experiments is 
represented by the similar work ordinarily execiltcd at no Itbss than 7 Pendulum stations. Even 
this fact however gives but a meagre idea of labor n l ~ i c l ~  C:tptaill Barevi under~vent: the long 
continued strain on his energies for ncarly 41 moi~tlls ia bc jo i~d all description; but the tax on 
his physical constitution is easily understood from the sil~gle fact, that while the external 
temperature was a t  some 50') he worked t ~ m e  after time for mauy days together in a room heated 
up to just twice that  temperature, viz. 100". 

(6.) A s  implied in para (3) the preceding experiments were intended to afford the means 
of determining two CO-eificients, and with this view, Captain Bascvi proceeded to  reduce his 
experiments and find the variables ; tlie proccss necessarily ilivolves some assumption of the law 
of variation, and reductions have been made on several I~ypotlieses. 

(7.) Having conclucled his expcrimcnts, Captain Basevi accompanied by Rlr. Rfac- 
dougall marched from De1n.a on the 'it11 RInrcl~. Ele arrived a t  i\Ieean hleer on 1st April 
and left i t  on 17th idem, I~aving iu t l ~ c  interval completed 8 sets of observations, each of which 
lasted 9 hours and included 7 coincidcl~ccs or groups. At this and his subsequent station 
of MorB he determined time by altitudes of known stars, measwed with an 8'' Theodolite 
which has an 8" complete vertical circle. 

(8.) The camp ncs t  proceedcd to  Sreenuggnr, and arrived there on 12th May. 
Having completed the requisite arrangements for morliing on the contemplated high lands, 
the party proceeded onwards to Leh, arriving there on the 9th June. Here Mr. Macdougall 
was deputed to proceed on an esl)loring cspedition t o  the Nort11-Kast, wllilc Captain Basevi 
proceeded southwards and eventually sclcctctl his station of Alor6 in l t ~ l l t c h ~ ~ ,  Lat. 23" 16' 
Long. 77" 54'; Height above sea level 13,300 fcet. At  JIort5 I I C  varicd his procedure in ol~serving, 
for a set was now made to last 224 I~ouru, so that practic:~lly hc was obscr: i l~g day and night 
a t  intervals which may I)e nonii~~ally stated as 3 hours, but w l~ ic l~  in reality could not have 
afforded him a respite of 2 ]lours between visits to the observatory tent. Tliis continued 
for 6 days and nigl~ts and these observations are the last that 11e nlatle before his. death. On 
their completion, he traccd ,his way back northwards and met Mr. fiiacdougall returning 
from his exploration a t  Muglib on the 8th of July. 

(9.) Meanvhile Mr.  Rlacdongall had proceeded by Lukum at the head of the Pangong 
Lake and over tlie i\Iarsimik pass a lo l~g the Char~gcl~enn~o road to Gogrn near the Kiam hot 
springs. From the liltter placc Ile cxplorcd nort l~~vards to ahout 31? 4.2' nor t l~  Latitude and 
returning from tl~ence he selcctcd an a l tc r~~at ive  station ~ ~ - l ~ i c l l  Irowc~er Ile snggestcd might be 
superseded by some point 011 the Lanak plains. Mr. A[ncdoug:tll appcars to l~nve worked 
earnestly and with good rcsults. H e  cnco~ultercd considcrablc l~arclsliips and his explorations 
lead him into dificult and very tryiug grouud. 

(10.) Having obtainerl all ncccssaq information from Mr. Rfacdol~gall, Captain 
B a s e ~ i  turned his steps generally castward from J111glil) follolvi~~g the coursc of explorations 
which 11js assistant indicatctl up to a poiut near t l ~ c  l ~ o t  spr i~~g?i  of Kiam: meauwllilc, owing 
t o  the scarcity of pro~isions a11tl file1 J I r .  I1Iacdong:ill was left bc:l~i~~d at 'l'anlisi to compute the 
observations taken at hIord s t : ~ t i o ~ ~ ,  t1rrivc.d at ILiam, Cal)tain ljasevi col~sitlcrcd the ~ ~ o r t l ~ e r n  
grounds as less favorable in ~ ) ron~ i se  t l ~ a r ~  tl~ose to thc $;nst, alltl so Ile n~arcl~ccl or1 1.43th J11ly in 
the latter direction to a place callcd L L I I I ~ I I ~ ,  11 n~i lcs ;  t l ~ c  nest tl:ry tl~ougli now cvitlc~~tly 
suffering sensibly from i l l ~ ~ c s s  11c marcl~ctl 10 milcs to "La~~a lc  n~:~itl:~n" (11lair1). The d ; ~ y  
following he was consitlerably worse ill I~cal t l~ ,  aud t l ~ c  next mornillg, 17th July 1871, m111le 
the day was yet dawning, 11e brcatlled his last. 

(11.) I now turn to noticc such circumstances of his enilllrancc and dcnth as may 
be compressed in the limits of t l~ i s  narrative. I ]lave rcatl the d~1)ositi011s of his s e r v ~ l l t ~ ,  
(taken so carefully 1)p (:. tiirdlcstonc Esq., the rcsitlel~t at Casl~nicrc) on t l ~ o  return of t l~cse 
men to Sreenuggur ; I I~avc also c~onvcrsctI with thc Inell a , I~o I J T ~ C  1)rcscnt ill his tcnt whcn he 
died, and Captam Rasevi's oticial tliary, t l ~ e  only one IIC Irept, is now ope11 llefore me. 
But  after studving. all the availablc information wit11 t l ~ c  caw duc to the mcrno1.y of a valucd 
friend of many ycars standing, I can find but little to tell bcyond the mclancholy and 
lamented fact of his being no more. 

(12.) There can be no donht of hi3 having suffered co11sir1cr:shlp from the cffccts 
of the rarified a i r :  his diary contains pawing nllrlsions to pains in t l ~ c  l~catl ant1 to r1iffic:nlty 
in breathing, and thcse slight nllu~ions s h o ~ ~ l d  I)c consi~l(:~~:~I)Iy s t r ( ~ r ~ g t h ( ~ n ~ ( l  to jl~tlgc of 
what he actually experie~~ccd, for no man coml)l:rillc~tl Icxr, or I~atl :I I~r:~.vcr, l ~ ~ ~ f l i ~ ~ c l ~ i ~ ~ g  sl)ilsit 
than Captain Rasevi. 111 going to JIol.6 11e c ~ o s s c ~ l  thc 'I':tlinl1111g La (pass) at 18,060 rcet on 
16th June : his diary contains the cntry on this tlatr ; "I rr~Hia~,c.tl as n-c:ll ns t l ~ c  nlcn, natives 
"of the coiintry, or IIillduxta~~icrr, from s h o r t l ~ e s ~  of I~rca t I~  :~l*o ht:atl;lc~lrc f int l i~~g it tlif1ic:ult to 
"walk more than a huudrcd yards a t  a time." On thc 30tl1 Junc when re tuning from Nor6 





(17.) A t  about 4 A. M. on the 17th July, CaptainBase~ri callcd to the man on guard, 
Guptrtr by name and ordercd him to  send for Paraoti. " My master" says the latter ordered me 
" to l ig l~t  the spirit lamp, warm some water and prepare gruel for him. H e  tried to drirllr it  but 
(( failrrl orring to  liis cough. H e  garglecl with some warm water ; liis breat!liug was very qllick ; 

his facc was fll~shrd ; lie was able to  speak only a t  intervals from the cl~olri~ig in 11is throat : 
lcsecing his sufl'crings I began to cry, 011 ~vllich my master stretched out an arm and touch- 
(li11g rlie said in a weak voicc, " Dorl't be afraid (or distressed) I s1i:~ll be well s l~ort lf .  Not 
"many miuutes aftcr the rattling in his throat hccame very loud arid he breathed his last." 

(18.) Paraoti and all the other servants made their depositions on oath, as already said 
in para. ( l l ) ,  before C. Girdlestone Esq., Resident a t  Sreennggur, Dr. J .  R.  Jollnson on special 
duty in  Cashmere being present a t  thc timc. Dr. Johnson's deposition is as follo~vs :- 

" I have heard all the foregoing evidence which has been taken today in my presence and 
" I have Ilnd an opportunity of examining such witnesses as I thought it advisable to  question 
"on various points counected with Captain Basevi's death and illncss. I have been unable to  

detect any circrlmsta~~ce which would point to a snspicion of foul play by poison or otherwise. 
'"l'lie chief witnesses are unar~imous iu stating that the deceased caught cold by exposure to a 

snow storni on t l ~ e  9th of July, and tliat from that period up to the 14th when he was talcen 
" seriorlsly ill, I IC  constantly suKercd from cough and other symptoms of Bronchitis. H e  certain- 
"ly did not live in circumstances ter~ding to his recovery. On the contrary he undertook long 

marches and esposcd himself to  conditions lilrelp to  aggravate such a disorder. I n  my opinion 
"the immedintc cause of tleatl~ mas sutfocation from Acute Bronchitis, probably complicated 

wit11 p~~cnmonia .  Dr. Adams of the Royal Artillery in  Rawul Pindee, who has been present 
'( during t l ~ e  examination, fully concurs in my view." 

(10.) I have been a t  particular pains to  elicit if Captain Basevi left any massages 
o r  directions, but n o t l ~ i l ~ g  is forthcoming oral or  written; antl after carefully studying all 
the available evidence, I am of opinion that lie mas not aware of bcing in any danger. 
His facnlties were still quite unimpaired to the very last, and he mas able almost with his 
last breath, ccrtainly with liis last words, to try antl sootl~e Paraoti's distress by saying 
"I  sl~all I)e mcll sl~ortly." Amid all the painful circ~imstances of his death, such as the 
a b s e ~ ~ c c  of medical aid; complete isolation from his countrytncu; his utter Iiclplessness, i n  
those distaut wild and rock-bo~~nd regions to summoll tlic sniallest aid or even to  obtain the com- 
moll comforts of life; amid these and o t l~cr  painful reflections tliat suggest themselves, it is  
almost a consolation to tl~inlc that he mas spared the pain aud lrnowledgc of a protracted 
illncss. H e  dietl, as he had lived, striving to do his tlnty; anil those who kncw and can 
recall his generosity, courage, kind-l~cartcducss and rare abilities mill long regret 11is loss. 

(20.) The rest is  soon told. The deceased officer was attended by a man named 
Kale K ~ I ~ I I ,  appointed by the AIal~araja of Casllmere to provide supplies for the camp. 
Kale I i h a l ~  directly wrote off to  t l ~ e  official a t  Srccnugger and sttrrted in attendancc on the 
body, making forccd marcl~cs wit11 tlic view of rencl~ing thc capital of his master. Mean- 
wllilc Mr. X1acdoug;lll at Tanlisi hearing of the niclancl~oly event advanccd rapidly and met 
t l ~ e  body a t  Lulrum, t l ~ c  I~ead of the Pul~gong L:~lcc. T l ~ c  rcma~ns  were carrictl on without 
stopping to Tat~lisi, ml~erc t l~ey  mere i ~ ~ t c r r e d ,  decomposition 11aving sct in. Sul)scq~lently 
the body was removecl to Sreenugger and was buried thcrc in  the cemetery for Christians, 
by Charles Girdlcstone Esq. 

(21.) I cannot closc thcse rcmarlcs without adding a fcm words in recognitior~ of 
Paraoti's adrniral~le bcl~avio~lr. I t  will I)c rcmrml)cretl that his master tlictl on tile moroing of 
tllc 17th;  from t l ~ a t  tirne till t~rrival a t  Tanlisi 011 t l ~ e  cvc~i i~lg  of the 21st, Parnoti ncver left 
the l~ody, t h o ~ ~ g l i  11e coultl casilp have matle escllszs for r e ~ ~ ~ : l i ~ ~ i ~ l g  in t l ~ c  camp at Lanak. 
\I7ith iusutficie~~t 6,od and but little r e ~ t ,  t h i ~  nlan aloric of all tliosc wit11 the dcceascd 
rcfnscd to stay l~cl~ind.  Uy day and ~ ~ i g l l t ,  for full 100 n~ilca ovcr r~lggetl inclines, at consider- 
able hcigllts a ~ l d  over tllc Alarsinlik pass, Paraoti fvllo\vcd tlic remains of his dcad rnastcr. 

(22.) I t  only remains to add, that in accordance with ordrrs rccrivcrl, thc camp was march- 
ed hack to Dc.l~rn untlrr J l r .  J1actloug;lll's care ; t l ~ c  party arrivctl at IIcatl Unartcrs on 19th 
Srptc1111)rr. Mr. XIacclougall cl~scIial.gcd this duty to my satisf'action, and the apparatus h~ 
bccn brought back in good ortlcr. 

(23.) I n  concl~~sion,  I ntltl t11c following rcslllts of Captain nascvi's observations at 
hIcean 3Icer and 3101-6, rc~nar l i i l~g  that  tllc ~lulnbcrs are o11ly approximate. 

At  AIcean bIccr, observed v i l ~ r a t i o ~ ~ s  rcduccd, i n  dcfcct of computed vibrations in tcrmsof 
Punnae and ellipticity = ,:, . . . . . . . . 4 f vibrations. 

At Mor6 Do. do , . . . . . . . . lcji ,, 





4, p. 3r.-hc: ncver left his pendulums for more than a few minutes a t  a time, taking rolmds of 
serrations a t  intcrrals of nn hour and a llalf a part ; then a t  night he mould devote a couple of 
llollrs to  star observations for determining time. Thus he voluntarily undertook an amourlt of 
n.orli which few mcn 1ro111d care to  perform continuously, and he carricd i t  through witllout 
flinclling or a t  all relasing his programme of operation during the 5 ycars that t l ~ c  Inatcd. 
IIe also made rerp elal~orate and laborious investigations of the correctio~is for tcn1perature and 
pressure to be uscd in the reduction of his observations. For this purpose i t  mas freqllcutIy neces- 
sary to  raisc the cxpcrimenting roo111 to  a vcry high artificial temperature, 4.0 to 50 dcgrces al)ol.e 
tllc tempernturc of the estcrnnl air, and to sustain the hcnt a t  a constant point for several claps to- 
gether. The room was intcl~scly stifling, and of tlie marly visitors who went to matcll the opera- 
tiolls there mas scarccly olic nrho ~vonld remain in it for more than a few miniites or who cared to 
\.isit i t  a seco~id time ; but Captain 13asel-i carried on his observations in i t  just as at his ordinary 
st:itions for wccks togcthcr wit11 a l)ertinacious devotiou wl~icli was the surprise and admiratioli of 
all mho knew what 11c mas doing, 1)ut which, as will be seen from the sequel, may possibly liave 
tcnded to undcrmiue his constitotion. 

His 01)scrvations of thc penclulums on the Indian arc showed that thc local variations of 
gravity wl~ich are supcrposcd on tlle grcut law of increase from tlle equator to the poles, thou& 
apparently irregular ~vlieu e s a m i ~ ~ c d  singly, are subject to  laws which are highly intercstiug alld 
curious and are well worthy of iuvc-tigation. At  the northern extremity of the arc the results 
indicate a dcficiency of density as t l ~ e  stations approach the Himalayan Mountains, mhilc at the 
southern extremity they indicatc an increase of density as the stations approach the ocean ; thus 
both groups of results point to a lam of diminution of density under moiintains and continents, 
and an increase under tlie bed of the ocean. To test this point still furtl~cr, after the completion 
of the observations on the arc tlie pendulums mere taken to an island in tlie latitude of Cape Co- 
morin, but about 230 miles from the mainland, and to several stations on the east and west coasts 
of thc Peninsnla, in tlie same latitudes as certain of the statioris in the middle of the continent. 
I11 all cases i t  mns found tllnt gravity at a coast station is in excess of gravity a t  a corresponding 
inland station, and that a t  thc occan station it is grcater than a t  Cape Comorin, thereby corrobo- 
rating the lam of local variation which the prcvious operations had indicated. 

Thus far, however, observations had not been taken at any very great nltitudcs, the highest 
station in the I-Iimalayas being under 7,000 feet ; arrangements were therefore made to swing the 
pe~~dn lnms  on some of the elevated table lands in the interior of the Himalayas, which rise to alti- 
tudcs of 1-h,000 feet to  17,000 feet. I t  was espected t l ~ a t  this mould be sufficient to complete the 
morli in Ir~dia, and then the pcndulnn~s mould bc takcn hack to Er~glarid to bc swung a t  the base 
stations of Greenmicl~ and Kew,:r~~d en route at Adcn and a t  Ismailha on tlie Suez Canal, places 
1%-hich arc in the same latitudes as some of Captaiu Basevi's stations. Thus gravity a t  Aden 
mould bc rlircctly comparcrl with gravity at certniu of tlic coast and continerital stations of the 
Indiari Pc~iinsula, nud similarly the plains of Egypt would bc compared with the I-Iimalayan 
IIountains. 

I n  the spring ofthe present year, as soon as the snows of the winter mere sufficiently melted 
to-permit of the o p c ~ ~ i u g  of t l ~ c  p:lsses over tlic souther11 ranges of the EIimalayas iuto Kasl~mir and 
L:ldnk, Captain B;rsel-i proccedetl to I<nshmir on his ~vay  to tlre 11igl1 tablc lauds in thc iutcrior. 
H C  w:ts fi~rr~islled with lcttcrs from the Sccrctary of State nut1 the Cforcrnment of Iritlin to insure 
his o b t a i n i ~ ~ g f r o ~ n  the JInhnrajnh of K n s l ~ r ~ ~ i r  the l~c lp  ~vl~icl l  11c nccdecl for the sncccsst'111 prosecu- 
tion of an arduous entc~.prise. IT i t l~o i~ t  t l~ i s  assi3ta11cc it ~rollld l~ave bccn impossil)le for 11im to 
carry out Iiis operations, for I~eforc I IC  conltl rcacli t l ~ e  tilblc I:~utls on mhicl~ o1)scrvations mcre to be 
talien 11e nrould hnvc to crosn some of tllc   no st di t l ic~~lt  mollntnin pnsscs ill t l ~ c  morltl, and travcrse 
highly clcvatetl ant1 quite iuliul~aI)itc:tl rcgio~is i r ~  n.I~icll food for rnml is ~vl~olly ~u~l) roc~~ral ) lc ,  fuel 
very scnrcc, ml~ilc in many parts ~ ~ c i t l ~ c r  ~v;ltcr is to bc n ~ c t  with nor grass for t11c I~casts ofl~urdcn. 
1 5 ~  rcquircd a large nnmber of mrn to carry his instr~imcnts a11d canll) t'cl~~ipagc, and scvcml m ~ ~ l c s  
o r  ponies to convcy s~~lficicnt  foot1 fi,r :lO or -1.0 tlnys' col~snmption. T l ~ c  hlal~ara~jnl~ of I<aql~rnir 
appears to l ~ n r e  responded ~r i t l l  11ix 11sna1 cortlinlitv to t l ~ c  c:~lls wl~icli wcrc ~ l ~ a d c  11por1 I~im, and to 
11avc done all i11 his power to assist CI:ll)t;~irl l j n s r~ i ,  s11~1plyi11g a11 his rccl~~irc~ncnts at t l ~ c  oll ts~t ,  
ant1 sending wit11 11im n confitlclltinl agcrlt, wit11 illstructions to carry out his orders, aud ~vitll full 
yolvcrs to  act undcr any cmcrgrucy. 

Early in June IIC rcarhrtl Tlch, the capital of TJndaL, wl~crc a stock of prnvisionr l~atl  to bc 
laid in and arrnngcn~cnts mntlc fi,r s~~p~)lyill,rr tllc (1~~1?1ts in advn~~cc.  IIc tl1c11 procccdcd to the 
Khiangcl~n table lautl iu RII~RIII I ,  n1)011t HO miles to the soitt11 of Tlch as t l ~ c  crow Hicr, mhcrc he 
found a suitnblc station, wllirnlr also nfforrlctl thc nc:c-c.ssarics of watcr, fucl, a11t1 forldcr for an 
enc:rolprncnt. Tllcrc, a t  a sliot c,allrtl ;\IorG, in lat. 3:)' 16' ant1 l o ~ ~ g .  77' 5-1:) ant1 at an altitude 
of 15, 500 fcct, he cornplctctl a snti<f:r,>tor!. srrics of ol)scrvatio~is, which sl~o\v a very gross defi- 
ciency of dcnrity. After npllI!.i~~g the 1ts11al r r r l~~c t io~ l s  to sca lcvel, kc., it  was forulrl that the 
f o y c  of gravity at 3lor6 di(I ,lot t:xcc;c(l t l ~ c  nor~nnl nrno1111t for t l ~ c  of latitudc Go to the 
so~ith, as dctcrnlincd 1)y tllc prc\.ious oljscrvntions mitli t l ~ c  same pcnclulums. 

Wishing to llavc one more indcpcntlcut detcrminntion at n lligh altitude, Captain nascvi 
proccctlcd to t l ~ e  C l ~ a ~ ~ ~ r l ~ c - ~ ~ r r l c ,  \.;~11~:!., wl~ich lies t111c cast of Ileh, across the ~ielyly l~ropowe'l trade 
routc betaecn tkc Uritisk provincc of Lahoul and the States of Eastern Turkestsu. Near the 







I-,, 
Memorandum on the Trans-Himalayan Explorations made during 1870, by Major 

To G. MONTGOMERIE, R.E., Offg. Superintendent G. T. Survey of India, 
in charge of the Trans-Himalayan Exploring Partiea. 

The Trans-Himalayan and Tran8-Frontier explorations were carricd on during 1870 in ra!ons 
directions in cont~nuation of my general pIail for systcmaticaIIv exploring all mlkuon-n or part~ally 
unknown countries t)eyoud the British Frontier; one line of exploratio~~ from Pcnhawur direct to  
Faizabad, the capital of Bdakshau, was brought to a successful conclusion, and will now be reported on. 

I have long wished to'clear up the geography of the mountainous tract lying between Caubul 
and Little Tibet which is boundcd on the 8out.h by the Indos river and its great Cal~bul tributary 
and on the north by the Hindoo-Koosh aud Rlustngh ranges. Though draining into our territory 
and though we have several routes actually going into it  ncar Pcsha\twr slid again ncar Cfilgit, our 
progress in clearing up the gcogra,phy of this very difficult tmct has hitherto been vcry slow, reliable 
worlr indeed extending but a very .little way beyond the border. Thiv ignorauce has been the more 
aggravating as from informatioli derived from natives of the country me really know nearly every 
thing as to each separate 11ortion though unable to put the picccs together so as to  form a reliable 
whole ; the inhabitants T V ~ I O  constantly come don,li to l'cshamlir kc. being uneducated andconsequently 
incapable of explaiuii~g how any except tlie larger tracts lie with rcfere~lce to each other. This being 
the  state of the case, it  appeared to me that if a Route Survey could be carried right throngh the heart 
of the country, I should be able to get the correct positions of the larger plncea and ~ h o a l d a t  the same 
time be ablo to string together a large a~nount of detailed information which I have collected as to the 
minor tracts, valleys Bc., of the country, so as to form a fairly reliable map of the whole. Wit11 this 
object in view I made various attempts to get a suitable agent from near the Peshawur frontier, but 
failed in getting a satisfactory one until I a t  last applied to 1,ieut.-Colonel &Ianr~uell, the Com- 
mandaut of thc Sappers and Rliuers, who placed at  my disposal a vcry iutelligent Pathan Sapper n.110 
after a good deal of labour was trained to the n-orlt and nras gctting on very \\,ell with a first at,te~npt 
a t  exploration when he was killed in a, quarrel with sollle other Pathon with reference to some old feud 
between their families: as this was however in no way connected wit11 his exploring worlc it  was deter- 
mined to mn.lro auother atternpt : a Pat11a11 from tlie froriticr with the requisite amount of education 
was accordingly entertained, and his traiuing nearly co~npleted \vhcn thcta came to light that rendered 
it necessary to remove him. This was a great dinappointmeiit, but still hoping for success I applied 
for t,he second time to the Commandant of tlic Sappers and \\,as fortmi;~l-e enough to have a Pathan 
Sapper placed at  my disposal who was in crery \nzy qualified for the work ; he wan consequently careful- 
ly trained and after several preliminary trials was started on an esp lor i~~q  expedition with i~~struct ions 
to carry a Routo Survey from Peshawur through Swat, Bajaur, Dir, Chitral Cc., to Uadukshan. 

Starting froin Peshawur on the 12th of August, thc party crossed into S\mt by the hlnlaltund 
pass on a ran,nge which rises into peaks of 6,000 to 7,000 feet, reaching on the 15th Alladand, the capital 
of the present ruler of Swat, a ~nial l  poorly built ton-11 of 30n houses. The nest day, a t  n mile and s 
half north of Alladand, they reached the Swat river, a rcry large stream, which they crosscd on rafts: 
continuing their m:~rch the mine dqy thcy asrei~tled t,ho oppositc niou~~taina and by an easy pass 
crossed over tlie Lnrrun~ ipountains ~ n t o  the Talash dintrict, and dcsccildi~ig to the Punjkora river 
crossed it on the 17th; t,his river apl~rarctl to hc even larger than the Swat river. Fro111 the Puuj- 
kora river they marched on through Juntlul the Ial.frcst district of B:~:ja~ir, rcarhing, on the 18th A u ~ u s t .  
hlianltilai, tho chief to\\:u of Juudul, mid the cnpit:~l in fact of thc province. Bqiaur is dividcd illto 3 
districts viz., Jundnl (Mia.nkilai), Nanragai and Sh:~hr, each of n,hic:lt is ruled by n separate Iihan; 
tlie two latter however being in a nieasurc snbori1i11:tte to the present Iihan of J~utdul,  Fai7, 'l'alnb 
Khan styled Haji-Si~hcb-Zada in conscqlicnce of his having made the pilgrimage to hlecca, and who has 
owing to this and his general uprightnew as n ruler, becon~c ~nach  rexpcctctl in spite of :L slight wenkncss 
in the one matter of horses, which he app:~rcntly cnllnot rcairt tnlcing : ~ t  his own price tilr his own use,- 
8 f ; ~ i l i n ~  mhich howrvcr I nndcrstaud is loolicd U ~ I O I I  \vith a vcry Icintlly eye by all except thc iui~ne- 
diate s11Ii'crera ; the I<:;j:u~ric~ in f:rrt, bcinq :L raw of horse dosler~, apprei-i:~tz ally s l ~ a r p n c ~ s  in s l ~ c i ~  a 
direction. H;z\fing a grc:rt partiality for good horsow, h(: 11aq ~oI1~11I;cd tllcul from :111 11arts of the pro- 
vince and now boasts of a well mou~lted force of about 800 sornrs. 

Paiz Tala11 Khan resides in Durn-a, a sl,ronghold of sollie pretensioncl: his influei~ce extends be- 
yond his own llrovil~ce, nntl 11r is consitlcrc~cl to he a inorr ~)o\vcrhtl c l~icf th:~n the prcsct~t rulcr ofS\vat 
or of any ot,licr 01' the ~ ~ c i , ~ l ~ l > o u r i ~ l g  l>rovinces; hiw rule xcelnn to be exactly nuitcd to the wild 
t,ribcs he has to d('aI with, thong11 he i# 1111:rble to Iccc~p iu check tlicir inn:~tc t11ievi:rh propeoqitius, 
for ere11 i i ~  l ~ i ~  c.apit:~l I\li:rnkilai the S:y,pcr and I~is p:t~~l,y only escnpcd bcinq plul~tlcrcd by uicalts of 
extra ~ I ~ C C ~ ~ I ~ ~ ~ O I I R  a11d grei1.t \,iXilance,--a plot to ]clot thrtn h:zvinji l~cen formcd x o o ~ ~  altar tlley arrived. 
Aft,cr two day$ halt, tile 1):rrty tr;~vc:lled 11ort11 for 0110  I~~:LI.C~I 111ore tllro~~;ii Juutlul, :t11t1 thrn crossil~g 
{,Ilo ,~nlll>nl tai ~nnn~ltai~ia  \rlii;.li rise to 1J.OOO f i ~ t ,  they dcsc-enrled grad~lrl:~lly thro11~11 U:rr;~\v111, 11:~rt of 
wllich i n  ~nltlcr :L 1,rothrr of' I":~iz ?':dab ICllan; il~cnro 1):twing inlo ihc 1)ir distric-t thcy arrivrd ou the 
?Srd of Ailgnat a t  Dir i t~c l f  wl~ich tho Sapper roports ;La beiug a small to~vn of about 400 houses. 

So far thc Sn,ppcr had made his may n s  an ortlin:~r; tl.avcller, but. from Dir to Cliitrxl tho r o a d  
is infcstcd hy JCnlira and it was coi~scqu~~ntlp norcssary lo  n~alce solno othcr arm,ngcn~rntw in ordcr to  
have n ch:l,nce of a. safe t,m,nsit nc3ross thi* tlaugero~~a tract. Trnt1t:rs nre in thc 1i:~Oit of halting a t  
Dir or Chit,r:rl until a IarEc number rollcct, in ordcr that tho luny all start togell~cr : somt:tirncs as 

!r ,ic[.~.utious l,he travellers are fie- many as 200 nf:i,rL at  tho n:rrno t,imr, b ~ t  in spili: of this nnd ot,llc 1 ., .. 
q u e ~ ~ t l y  attarlcctl bg tho Rnlirs ant1 mnnp arc Iiillcd. 'rl~usc of tho tr:~vcllcrs who fall arc buried by 
t l ~ e  sido of the road, mouucle yurmouutcd by a flag marking their graved, those we callcd tho to~nba 



of the rn-a. The Sapper hundreds of these, anything but  rcaasuring, memorials on the r a y  bet- 
ween Dir and Chitral. 

On  arrival a t  Dir they were much disappointed t o  find that  a11 the trders for the northern 
route had already left, and that there was nothing for i t  but to  ma11c a special armngemcnt for their 
by itaelf. I n  this dilemma the Sapper presented himself before Rau~atoolall I(ll;I.ll, the chief of D , ~  
and asked for assistance. Ramatoolah Khan questioned him as to  the object of his journey kc., 
waa fortunately satisfied with the  answers he got. 

The Sapper then placed a handsome gold laced scarf by the chief, and pointing out that all the  traders had a l r e d y  started i t  would be simple madness for his suldl party to go by itself, he 
begged that  the chief would kindly send an escort with them ; after some hesitation the chief consent- 
ed  and gave the necessary orders. The party accordingly resumed its mwch and on reaching tile village of Kashgarai found an escort of 25 armed men awaiting them ; the n e r t  day they reached Gujor and 
then crossing the Lahori pws  close t o  mountains of 14,000 feet and upwards, they after a very trying 
march reached the  village of Ashreth, here in  spite of their escort they mere much troul~led by the 
Kafirs who swarm in and about the village, the inhabitants pampering theln so as to  escape being more 
openly lundered. During the night an incessant discharge of small arms wao kept up on the Sapper's 

arty w\o returned the  fire, but  owing to the darkness there was no damage done on either s i b  as 
far  MI was known. The n e r t  day they resumed their march being glad to  get safely out of Asllreth. 
Their escort accomapanied them down to the Koonur river and finally parted from t h e ~ n  a t  the village 
of Qalatak, i n  the Chitral district, where an escort was no longer necessary. From thence tlley 
made their way u p  the  Koonur river t o  Chitral, crossing one very large tributary called the Shushi- 
duma which joins in  on the left or eastern bank. On the road near Brary on the 30th August, the 
dapper first heard a report of the murder of poor Mr. Hayward ; the report was that a saheb by name 
" Hawel", who had travelled from Kashmir to  Chitral and whose intention was to have gone ther~ce 
into Badukshan, had been murdered a t  place called Ooshgoom, (distant about se\-en days journey 
north-east of Chitral), by the order of Mir Walli of Oosl~goom, son of the late Goraman of Passin. 
The saheb was aaid to  have been accompanied by eight servants, one of \\-horn alone escaped though 
not  without some wounds, the other 7 being all killed. After the saheb was murdered, sorne 500 tillahs 
o r  gold pieces, (about 6 rupees each i n  value,) were found and tnlcen by the murderers along with his 
clothes, guns, pistols, his watch, books and a variety of other property. 

On the 31st of A.ugust the party reached Chitral where their first transact,ion with the Chit.ra1 
chief was an attempt on his part, through his Wazir, to  make them erchelge a portion of their goods 
a t  his valuation. The Sapper had an i n t e ~ i e w  the next day with the chief, who is styled Badshnh by 
t h e  people thereabouts, but  i t  was t o  no purpose, so there n-as nothiug for i t  but to eubmit to  the 
imposition. 

The Sapper saw the chief Aman-i-mulk several times, and has given the following account of a 
very remarkable interview he h d  with him when hIir Wa.lli, the murdercr of Mr. Hayward was present. 
" On the 4th of September the B d s h a h  of Chitral sent for me, (tho Sapper,) in durbar and gave me a 
"seat on his right between himself and Mir Walli; after the ordinary inquiries, the Badnhah then 
"commenced to talk with some of his durbar officials who sat opposite him, and while he was c~~jiajied 
"thus, I turned to Mir Walli and in a quiet wa,y askcd liim what \,-a8 tlle cause of qnasrcl between 
"Hayward saheb and himself, on which h e  said to me that  " I mas in no way inclined to qnarrel with 
"Hayward d e b  for 1 h d  seen him on a former occasio~~ while he was t,rn\-cllioji t l~rough our couutry 
'*when we interchanged civilities and presents, and parted ~ o o d  fricnds, but on this latter occanion of 
"his travelling through the country he was forc~bly pressing coolics and o t h ~ r  people to carry his 
'I baggage from stage to  stage on his way into Badak~hm~,  bcsiden tzrlting s~~pld ies  of h o d  for his fol- 
" lowers from the villagers by force, and several complaints from the zernindcrrs rcnchetl lne to thia 
" effect. On Hayw,zr(l #aheb coming up to the village where I man, 1 remonat,ratcd with him and ~I~'l\.iscd 
"him not to  w t  as he was acting to\oards the people, whereupon tho snhcl) tt~rnecl ronnd on I ~ C  and 
"abused me, tellirlg me that this collntry did not belong to un b ~ l t  to t,he I<n&inh, rnld ;~ltogctllcr Ilia 
"attitude on the occavion wns very violent, no inurh SO that I fearcd his I I H I I I ~  personal violcnce to  
" myself, in consequence 1 kept quiet. The sahel) enrampcd fi)r that night U(:;LI* the place I w;Ls, 
" but towards 1 Hent porno ~ i s t ~  men to a place a litt,le dint:mce ahcnd callctl Oo~hgooln, witdl 
"orders to  wait in ambush for t,he mheb and his party and on t l~c i r  way thenrc to fall upon thcm aud 
"kill them-which they did, killing IIayward d e b  and s e v e ~ ~  of his servant*." 

It is reported in the country that on Amnn-i-inr~lk ( thr  R : I I ~ H ~ I ~ ~ ? . I I  of Cl~itral) 11raring 
that Mir JVal]i hul ordere(l HVward aaIleb to Ilc murdorctl, ho oxc~lainietl tlini ''.\lir Wa'lli is Iny 
enemy, for what authority had he without, any order from me to tnkc upon hi~nwclf to ]rill FI:ly- 
ward saheb, I must. i lnpri~on him for act." licport f~u.thcrlnorc says, that 3Iir 1V;~lli ml Icsmil~g thin 
threat of the B;l<lnh:Lh fled illt,(> f ldukshan a.n(l hit1 Iiimxclf in that ('o1111tCy fol' a11ollt. 25 (la!'n, af ' lcr  

he returlled to Chitral and prenelltc~d hilnsclf to thc r1lic.t; ~ i v i n g  him a ~ I I I I  t : ~ k c ~ ~  front f-l;ly\v:l,r(l 
R&eb. The date on blir Walli rctumc(l to C'hitml mas tho 2*'cl-h A ~ ~ g n s t ,  froln which (late 
t,lley have nppeared fast friends. The Badshall always now kceps one of Mr. IIq\vnrd's gmls betride him 
whilst in durbar. 

The people of Chitrnl appear to be convinced that hlr. Hayward wa,s rn~lrdercrl l>y ordc'rs 
of Aman-i-mulk, the of C!hitrn], who used i\[ir \\';~lli merely a* nn inntrunlc.nt ill the mur(lcr; 
they Ray that. tile fact of Mir Wxlli 1,cillg away for ~o short :L time aftcr the nlrllstl(!r thnl  rctlrlninfi 
and continuing such a faNt friend of the chief tcml to show t11:lt tho chicfn nppc~rrril~: to hnre 1)cen 
annoyed on learning the saIleb's fate wan aimply a hlind to tlirow thc bla~nc off Ilinl*cslf, tho nctllal 
offendor. Noreover the people of Chitr;~l are co~lk-inccd that Ilir Walli could not havc, on his owu 



3-b 
re@ponsibility, undertalwn thc murder of H a v a ~ d  ~,zheb, for 11;s authori in the country is no weak that 
he would not halve been obeyed Itad not a higher authority instructed 'f im in the act. They are ell 
convinced that hlir W ; ~ l l i ' ~  flight m ~ d  sliddcn return to Cllitral were planned by A~uan-i-mulk before 
hand. Amall-i-mulk has the reputation of bei~tg a very dcreiltbl mall, spcakillg to the humblest of hia 
men in a soft hypocritical nimlner behind ml~ich he concoals a bad mdkeling heart. Ho is said to live 
in  the constant fear that his country ~vill be taken f r o r ~ ~  him, and to avoid any good excuao for this being 
done his evil acts are allways so planned tliat the blame should rest on the ~houlders of othere. The 
following illustrc~tes this which the Havildar heard from several individuals while in Chitral. 

A Suhadar named Dillamar Khan and 2 Scpoys belonging to one of the Native Regiments 
serving under thc Britivh a t  a Frontier Station, were making their way iiltto Badakshan by 
Cllitral, and mere well received by the chief aild had left for Badakshan when the Salnhah got 
notice that a Subndar and 2 Sepoys employed by the British were taking notes of the country, 
and was recommended on their nrrlral a t  Chitral to det:~in them. The descriptio~~ given of these men, 
travelling as they mere in the disguise of fakirs, corresponded v,ith the 3 men and they were pursued 
by the Thdshah's Inen, overtaken and brought back to Chitral and by the chiefs orders kept clone 
gisoners. After a confinement of 20 d y s  they mere brought before the chief who told them that he 

ad just learnt that they were emplogcd by the Britinh, but had he Bno\wl this uooner they would 
certainly not have bee11 imprisoned, so in order to compeus:~te them and throw off :dl suspicion, he m d e  
them presents of chogas &c., treated them with app:~rcnt cordiality, and mked them which way 
they inteiided to travel ; on learning which he ordered two of his men iu their presenco to escort them as 
far as a village mhich he named a11d to treat them \\.ell and see that they wanted for nothing on the road, 
but  secretly he instructed the escort to murder them the inorncnt they were out of his cnnntry ; and accord- 
ing to several reports they did rnn~cler the Si.il~:d-r. tlic,~.~,:l: the oL11er two madc I l~cil* encapc. Some 
ho~vever supposc~ tL:~t tth Sub;dnr died i i o ~ n  cold aud wealcnesu. Oue choga and two note books of the 
Bubadar's are still reported to be in the hands of the petty chief a t  Zebak. 

The accouut of Hay ward's murder agrees in the mnin mith that from other sources ; Ooshgoom where 
the murder was said to have been perpetrated is I presume the ~Vurcl~ag:i~n noted on poor Rlr. Iiaymard's 
map as the nanie of the ~trenin or valley, immed~atcly north of Passin, throuqh the lover part of which 
he passed when he first visited Passill; Darlcot is accordinq to the account received from ICashmir the 
name of the village near mhich he was murdered, it  WIU be fouud on the accompnuying map 20 miles 
due north of Passin. 

The Sapper reports tliat Aman-i-mulk, the Chitral chief seemed to be vcry friendly with Mir 
Walli, and most assuredly took a share of the spoils of poor Hayward's camp, for lie :~lnr:~ys carried 
one of Haywaid's rifles, takiug i t  mith him to the Ecdgah or place for praying where the Sapper accom- 
pained him and saw the rifle placed aloi~gside of him. 

Chitral consists of a number of small villages and separate houses ~cnttcred orer a consi- 
derable area, though according to his boiling point ol~scrvatiou it is 7140 feet above the sen, it  is rery 
hot a t  times during tlie summer. The Qo\.crnment of the country seems to be onlj- n fc\v wlt.ades better 
than that of the neiglibouring Rafir tribes, the chief carriei: on tlie slave trade himseli', i r .  catching Katirs 
if he can, but fi~iling them seizing his ow11 snbjects and selling t , l ~ e n ~ ~ ~ - l ~ c ~ ~ e r c r  they give I~iru an excuse for 
doing so by comiliitting auy real or imaginary breacli of his laws. Probal~ly no grei~t 11rlul11era are thus 
uold into slavery, but as far as could be nladc ont no fmnily in Chitral iiu quito .uaf'? from that fate. 
The Chitral chief mas, on the \vltole, very civil to the Sal~l~er ,  aud as soon ax a onc-sided exchange of 
goods had been effected, lie allo~ved tho party to march on towards l3adakshan. 

Starting from Chitrnl on the 5t,h of September, they cont~inned their journcy to the north, 
leaving the main I<oonur rivcr on their right and ascc~rd in  a large side r;trea.ni, they :~,fter 8o111o 
delay reached the base of the lofty Nulisan rnonntniii hp noon of thc 15th of Scptcmbcr, and tlte 
anme afternoon accomplislted about half the asc.ent. Thn rlilnate was very trying 1~:~rtly on account 
of t l ~ e  steepness and partly an ncrolunt, of the snow. Tllcir cnmp n-as of cor1rsc.R utost unconifort- 
able one, but they were not i~blc to c~~,io!- lo11g ~uc.11 s~tlnll c.omfort ;IS was t,o be got there, fin it wa.s neces- 
sary to bo ofY by 3 o'cloclc tho llcst mor~ling so as to c*lcar the pass before tlie 1C:rfirn met them,-the road 
near the pass beit~g dangerous o~ving to stro~rg 1)and~ of those ro1)bers xvho are nl\rnps on the look out 
for tho chance of plunder. Aft,or a vcyy *tiit' cli11111 the pnt.ty rcnclicd the crcst of the pans, rronaing 
large beds of snow and im~nrnsc! lnazlscn of ice; t l ~ c  road fnr ;I distance of 4 or 500 11ncbcn bcing literally 
cut t l ~ r o u ~ l i  the ice to a ilcl>tl~ of froin G to as 1rn1c.11 as 13 feet,. Evcry here nnd there the ice was 
5-ed with vast crnclts which tltc trnvcllrrs n~oidcd wit11 i l ~ r  greatest care. 

The Rapper had never 1)cc11 on any snowv n ~ o ~ u ~ t a i n s  brfore, hut this account leaves no doubt 
in my mind that this part of the SO callrd Hindno-lioonh range at. any rate boast8 of one glacier, the 
vast crnrlcs or in other words ihc clrvawcn b r i n ~  quite ~~ntnist;tkal)le nn they ne\-cr occ-11r in an ordinary 
snom-bed. As the ~nou~~tninn 011 either side of tltc 
there am nnmerolla gli~ciern in the 11rigllbonrltc~ot1. 
their bein:. any glaci~m in tho Hindon-1Coosl1, ~ io th i~ lg  of tllc kind having becn noted between Bamian and 
Pamir Kul tlie most cnstcrly poillt visited by the Mirza. 

Having crowned tlie pnsR, they clesccndcd rapidly and after a rcry hard ~nnrrh reached Daigul 
the first villnge of lladakwllnn, nnd on the 18th Srptc~nl~cr  made their way to Zebak on the Kokcha 
river, the same group of villngcs that the A11rzn pnwed Ilirougl~ in tlte prevlons year thus completing a 
jlrllction nud connecting the two Hontc Surveys to~c ther .  Prom Zebalr they w n t  down the Kokrha 
rivcr, b much tho snule route that tho llllrzn asccndod, rcochlng FiLizabad the cnpitd of Lldukshw on 
the 251i of Scptcubcr. 



Tho Sapper found that  Jebandm Shah, tho Mir or ruler who held Radakshan when the MirzlL 
w~ there, had been supplanted by Mahmood Shah who was assisted by t l ~ c  Amir of Caubul. The pals9 
had inatructions t o  advance still farther north across the Oxus and the triecl to arrange for so doing, 
bu t  could not because the mad  in that  direction was strictly closed by tKe orders of the Amir Sler Ali 
who suspected that  letters were sent by that  route to  Abdul Rahmau Khan by his supporters in 
Caubul. 

Whilst i n  Faizabad, the Havildar witnessed the fate of a man upon wliom some such letters were 
found. The unfortunate wretch was t h ~ o w n  from a lofty bridge down into the rapid stream of the 
Kokchn, and though not killed on the spot he died a few days afterwards from injuries received by being 
dashed against the boulders which protrude from the water in  every direction. This is a fayourite 
mode of execution in Badakshan and was noted by Wood when he passed through the counhy. 

Being able to  devise no immediate means of advancing to the north, the Sapper according to llis 
instructions prepared to return. Starting on the 27th of October, his party reached Zebak on the 
31st of October where they witnessed a meeting between the rulers of Bdalrshan and Chitral. On tho 
3rd Novembcr they left with a p a r 9  of t r d e r s  accompanying Dlir Walli, the murderer of Mr. H a  ward, 
who had come into Zebak with the Chitrd chief. Whilst there the scouodrel Mir TValli had Kis leg 
broken between the knee and the ankle by the kick of a horse, and when the Sapper saw him was in  
great pain with it, the bone nerer having been allowed to set. - 

From Zebak i t  was necessary for the party to  talre a different route from that by which they crosged 
the Hindoo-Koosh on their upward journe the loft,y Nulrsan pam being already closed to the 
lateness of the season. The traders said t l i ~ n l y  chance wrs to  try the Dora 1 ) ~ ~ s  to the wed which 
was somewhat less ditficult, t,hough less uscd owing to its running th,ough a part of KafiriRtan and to its 
consequently being always infestcd by strong bands of ICafirs. The traders however, having blip W$lils 
escort and being in considerable numbers themselv~s, thought they might risk the passag: ; they therefore 
marched on talr~ng the more westerly of the two streams which, coining from the south, j o ~ n  at  Zebalr. TIle 
first day they reached Sanglech where the cold was 80 intense (though i t  was only the 3rd of Novem- 
ber), that  the stream which flows past that village in a steep bed was already frozeu hard ; the nest day 
they advanced to another village also called Sanglech and here two of the Si~pper's servants deserted, 
being afraid to  fare the intense cold espected on the Dora paxs ; the Sapper however, resolved to go on 
with his diminished party ; on t.he 5th they encamped in a dewolate place at  the foot of the Dora pass, 
here they h d  to be very vigilant so as not to  be surprised by the K:lfiru who are thereabouts more 
especially troublesome. By good arrangements they escaped an attack and the nest  day they succeeded in 
crossing the Dora pass, the road appearing to the Sapper to be even worse than the Nulrsan pass ; this lie 
thinks mas in part due to  the lateness of the season. IIe says he never in his life experienced such hard- 
@hip as he did on those two stages. The combined effect of the intense cold, the high cutting wind that 
revailed, the fact of being deserted by two servants, aild the ailsiety owing to threatened at,tacks by the 

$6rs made them feel the height of misery, the more especially as Srom the 6tl1, wvlien tl~cp 1)a~wd the crest 
of the Dora pass, till the 7th of November, mheu t,hey reached Lotko in the Chitrd provi~lce, it \vae wowi~lji 
hard. From thence they marched on to Shogoth thus joining in to their former route. The C11itra.l chief 
caught them up  and passed them on the way, and thinking he had a goocl ol~portunity he ordered an 
extra toll to be talren from the t r d e r s  ; they however refused to leave Shogoth m ~ d  hcld out t,here G days 
till they a t  last got better terms. The Sapper mit,h them reached Chitral on the 16th of Novembcr ; on 
the 17th he again presented himself to the B a d ~ h a h  who now holr-ever loolied coldly on him saying that 
he had heard he was in the employ of the  English. The Sapper however, was nothing daunted and re- 
quested that he might have a pass for his return : the chief, though convi11c.ed he had heard a true 
account as  to  the sipper, thought i t  as wcll not to interfere with hirn and his party and so garc tho 
necessary order. The Sapper said when he left, Mir TValli was still in great agony from his broken leg 
and as he could actually hear t,he bone grating when he moved, ancl i t  was then more than a month since 
i t  was fractured, there is little doubt but that this ~coundrcl may hereafter be recoguisc~d by his lame- 
ness which is likely to be permanent, and which may yet perhaps assist in bringing him to justice and 
t o  t,he fate he so rlchly deserves. 

Having completed hi8 arrangements, the Sapper marched back by much the same route as he h d  
advanced, reaching Pe~hawur on the 13th of Deccml,cr, haviug again panned crafcly through the corner of 
Kaeristan betrveen Chitral and Dir, a~l( l  not a Little <lad to think t,hat neither he nor any of his men 
had added another rnouud to the tolnbs of the many BI:tI~orucdan martyrs who have fallcn on that road. 

Hia'Route Snr\.ey is 296 ~nileq in Icnqtll over entirely nrw gronncl which has never before bccn 
surveyed by an esl)lorer, though no doubt other native3 may have pansl?d over t l ~ c  whole le~lgth. The 
route touche3 upon a great nnml~cr of rlint~.icts and detcrmirlsrr wit11 all denirablc accur#c:y a n11ml)er of 
important ],laces. I t  a(-counts for tile of t ~ l ~ o u t  13,000 rrqrlalc ~ n i l e ~  ot' thin lo9rn ~ittco(/~lil'tn and 

aid in unravelling the grc~gl.n,plIy a d i l l  grcntrr arm. The route is checkcll bg 30 Latitude ob- 
eervation~ a t  5 platen. TIle boilin: ol)srraationrr arc wry meii.~rc,-t,hc .Ci:rl~l'er not qnitc apprm'ial.ing 
their importnnce, this hcing his iirst eSpcdition. ITe nlnreover nays hc wi~he(1 i.o boil on the panscn but 

waq unable to do so rnithout rink ot. dctcctim~, escmept nn the Nulr~an paPs whore unfortu~lat~el~ he could 
find no wood IIping far ahllvc the limits of f o r e d ~ .  From tlic glac,ier ant1 t,hc amount of snow in Sep- 

tember XI? \veil as otller evidence, 1 conclude the Nuksan paas to bo above 17,000 feet ; that of Dora may 
be 16,000 to 16,500. 

The position of Chitral ha3 always been a great (lciliderathm, and arr i t  is uo immcdiatcly north of 
PeRhawur it  may be conclndeci. that i t  has been very satisfactorily rlctermined, as any error in ~ I I C  d~at:~ncen 
could but yery slightly aKcct its longitude whilc its latitudc is thorougllly establishcd hy 3 astronomical 



observations which am verv hirlv dnkr st the Sannav hav;nn .I,~- I... I.:- - ~ ~ - - ~ r : - . . ,  PA.,- DnaLn-n- 

The heights of Miankilai and Chitral, though only approximate, assist in forming a better gene- 
ral idea of the height of the countries traversed than we have yet had ; a glance at  the accompanying map 
will show what has been accomplished. Amongst other things it  may be said that the course of the p o t  
Koonur river has been definitely, though roughly, determ~ned nu there now eelriot but two gaps,-the 1st be- 
tween Chitrd and the Mirza's bearing from edge of the Pamir Steppe which evidelltly points to the 
source of the Koonur river, and the 2nd gap behveen Chitral and Chigur Serai as determined by Gri- 
ffith's accurate observations. These gaps can in a measure be filled up by the aid of the numerous peaks 
which we have determined trigono~uetrically in that direction, and 1 think it  may be said that thorn por- 
tions of the course of the Koonur river will not hereafter bo found to differ materially from the dotted 
line given in the map. Should any explorer hereafter be fortunate enough to traverse its whole couree 
his additions will be chiefly as to the side streams. 

The Sapper's pacing on the whole seems to have been good. As compared with the difference of 
latitude between Peshawur and Chitral i t  appears that one of his paces was on the average 21.8 inches 
in length which is somewhat short. 

Accepting the Mirza's value of Zebak and the Sapper's value for Chitral, the direct distance be- 
tween those places should be 60.5 miles ; using the value of the Sapper's pace as determined from the  
latitudes of Peshawur and Chitral, viz. 21.8 inches, the distance between those places would be 69.1 miles, a 
fair agreement considering the roughness bf the ground and the fact that there is no telling cxactly what 
points of Zebak the Mirza and the Sapper respectively refer to. 

A farther check is afforded by his route between Zebalt and Faizabad being the same as that by 
the Mirza; the Snpper gives very nearly the same average bearing and makes the distance 62.9 miles 
while the Mirza makes the same 59.5 of his miles, which as shotvn in para : (30) of my last year's memo- 
randum were 0.02 in defect, and the 59.5 miles being consequently equal to 60.7 miles,-a close agree- 
ment bearing in mind that Fdzabad is a mile i n  length and that there are 8 villages in Zebak and no parti- 
cular place for halting in, travellers sometimes choosing one and sometimes another. 

Altogether the Sapper's work has satisfactorily stood the tests applied ; he has moreover fixed s 
number of p a k s  by bearings and thouzh mostly rather close to his route they mill aid in solving the 
geography of the surrouud~ug~mouutains. 

In my opinion the Sapper deserves all credit for his great pluck and endurance as well as for 
the discretion with which hc penetrated through such a difficult country without I believe getting into 
n single disturbance wit,ll the people of auy of the districts he traversed, though constantly bullied by 
requests for legal and illegzzl tolls wllich were made at  most places. I am convinced moreover, that his 

bearing on his return journey when the chief had guossed his secret was the means of 
himself and party from being sold illto slavery or possibly from a worse fate, the wil chief 

robably thinking that his co-religiol.st who showed ~ u e h  a bold front did SO because &? wag 
E d a d  by some thing more t h m  the few men he had with him. 

T. Gt. MOJSTOOMERIE, MAJOR R.E., 
O f j .  Sul~erinfendent G. T. Survey of India, 

In clbarge Trans-Iiimalayait Exploring Partiw. 



~ a r r a t i v e  Report of an exploration of the route from Peahawur through Swat, Bajaur 
Barawul, Dir, Xafiristan and Chitral to Faizabad in Badakshan, drawn up 

from the original journals kc., by Major T. G. lontpomerie, R.E., in charge 
of the Trans-Himalayan Exploring Parties. 

The Sapper left Peshawur accompanied by his assistant and servants on the 12th August and 
to\vards evcning a t  a village called Nanath, on 13th arrived a t  Jelala village, on 14th reached 

the  illa age of Durgai which is on tlie frontier of Swat and not in British territory. Durgai is surround- ed by % lnud wall about 40 feet in  height and 3 feet in  thickness, i t  is occupied by an u l ~ s c r u p u l ~ ~ ~  
~ e t  of bandits, and consequelltly mholesille robberies and murders are quite comlnon. On the morning 
of the 15th A u ~ u s t  they left Durgai village and after crossing the Malaku~ld range reached the village 
of Alladnud to\vards night fi~ll. This place rlllndand is the seat of the present Khan or ruler of Sw:Lt, 
a mail not equal to g o ~ e r n  the country properly and hence the people arb dissatisfied and are always 
intriguing to induce his predeceqsor to  re*ume the rul? of the country. The village of Alladaud 
consists of about 300 housm built of stone ~~~~~~nted wit11 mud. On t b  morning of the 16th August, 
after paging the tax imposed for the goods with them, thc party left Alladand village ; marching on f ~ r  
n mile and a half they reached the swat  riwr, which they crosscd on rafts, arriving by mght a t  a 
group of four villages called Ooch, one of which belongs exclusively to  the sect caUed Saiyuds aud the 
other three exclusively to  Pathans. 

On the 17th they renched the small fort of Serai by noon, and after paying the usud  toll 
charged there they tra\elled on till thep arrired a t  Shnmshi Khan village, where they had to pay another 
toll. Bl)th these village.3 are presided over by otlicials styling the~nselves Bllans and are amenable 
t o  Faiz Tnlab II(han the ruler of Rtqiaur. Cmltiriuing their mnrch on the same day they crossed the 
Punjkora r i \er  and stayed for the  night a t  ILotkai I illage; the tract from the village of Ooch to the 
Yiil~jkora rirer constitutes the district called Talauh. On the 18th they arrived by night a t  Xian- 
kilai, which is the largest and most important town in all Bajniir; i t  is situ:~ted in the largest of 
the three subdivisions of the Ba.jaur Province, viz. Ju~idul .  The town of Miankilai has about 
one thousand houses built, as u s u d  in these parts, of stone cemented with mud. 

The present ruler of Miankilai has, owing t o  his popularity, the greatest amount of authority 
of all the Khans in the Bajaur district, and is styled by the people Haji-Sahib-Zada. 

The party halted a t  Miankilai for 2 days in  order to  talre star observations for the determina- 
tion of its latiturle. While halting for the purpose, a plot to  loot tho party was made by a gang of 
thieves ; this fortunately mas rcvealed to the Sapper by the owner of the house they occupied, and conse 
quently by extra caution and vigilance on their part the danger thus threatened was warded off. 

On the morning of the 20th August they left Mianlcild t o m  and arrived a t  Kanbat village 
eituated in Jundul. This village is dotorious for thieves, and they had to adopt great precautions for the 
the security of thcir bagqnqe. On the 21st they reached the fort and village of .Jaubnttai after crossing 
the rr~ountain of the naine name. The ascent to  the pass of Janbattai from either side is stiff, but for- 
tunately ~everal uprings of water exist on the way and help to allny the iinmoderate thirst produced by 
the  ascent. The northern slopes of this mountain are covered mith dense Pine forest while thc southern 
slopes are ouly partially covered. I t  rained for half the day while they were on the Jannbattai mountain. 

Here the Sapper mct Feroza-Khan (brother to  Faiz Tnlah Khan of Jundul), who is the possessor 
of a small tract of country inclndin,n sevcral villages in the Bar:w111 district. H e  appeared friendly 
though anxious to  find out the real object of the Sappcr's jo~irner ; fortunetcly the latter managed to:\vard 
off all suapicaion as to  the real state ofaff:~irs hg out that he was going to Chitral in the hope of 
getting Home preilents from the Badahah, mlio.se reputation for suc.11 wag proverbid, arid nt the same 
time to obtain some f:~l(*ons for which Chitrsl is far famed and which f'ctc.11 s i~ch high prices in the 
Puri.jab. E'eroza-T<l~nn has a great pnrt,inlity for fire-arms of all descriptions and showed a large 
number of guns of English manufacture which he had been a t  great pains in collectiug. 

On the 221111 they reached, towards evening, the villnce of Soorl~at sitrintcd in the district of 
Dir. Half-wnv on thin marlah they rn,rnc! across thc fort and village of Bm~tlai sit,uated on the frontier 
of the Barn\vul district. On the 2Yrrl they arrived at  the villnqe of Dir which contains about 400 
houses. The p r e s ~ l l t  ruler of Dir is R,a~natnnlnll Khan, son of Gliaznn Khan who (1uri11g his life time 
ruled the largo tract of lno~~nta in  land which a t  preacnt conrtit~ites the district of Dir. Qlinzan 
Khan was n pomrrfi~l chivt' his nutl)ority n.as very groat., for even the B~~dslinll of Chitral 
was tribntnry to  this clliefinin. H e  left nine sons, all of whom mpircd to thc vacant (;uddc(? and 
bloodslletl alnong t,ht,se l~rothcrs c~~suc t l ,  till a t  last. Rnmntoolah JChxn, t,ho eldest o~t:~l)linhed h i l n d f  
prrmanentlp as cllir~f. The brot11c1.s thrll d i ~ ~ c r s e d  t h e m ~ l v e s  over the count,ry but are still jealous 
and impatient of Rau~atoolall Iiilnn's authority, e~ldc~nvnliring to throw the co~i~ l t ry  into a stat0 of 
disnffection and anarchy by quc~tioning their cldest brother's right to  the Khanship of Dir. 

Rnmntoolah Khnn is in person ahand~ome,  manly young chief, ~ i x  feet in height, and i~ mentally 
well fitted to  rule in such a country. Hi8 administration of justico is the theme for praise with all the 
people. 

The road from Dir to  Chitml is infeqtcd mith Kafir robbers, who are mnrh drcndcd 117 trwellcro. 
It Cm bO to be open for ollly 3; ruontlla of thc year, from the llcttcr end of May to the u i i d d ~  of 



August. TWO reasons make the road impracticable during the mmdning months of the year, viz. the 
snow during the winter and the dread of the Knfirs during the warmer months. 

Raving made arrangements the p a r 9  continued its march on the 25th and reached a village valled 
Kashgarai, from whence an escort of 25 armed men arcompanicd them on the 2Gth op the route t o  
Chitral. On the 26th they reached the village of G~ijor inhabited only during the Rurnmer monthn, on 
the  27th after crossing over the Lahori mountain they reached t l ~ e  village of Ashreth after a very te- 
dious day's journey. Immense quantities of iron are tbund in the bed of a  mall stre:~m which r i m  a t  
the foot of the Lrthori mountiin; the rocess adopted to obtain this iron is similar to that in the 
washing of gold dust f ro~n the atreams o f  other parts of the country. A quantity of s m d  from the 
stream is placed in a sievc and washed till thc iron is left behind. 

Ashreth village is the rcsort of scores of the Kafir robbers. It is the place most d reded  by 
the merchants who travel by this route. The Rafirs nsually keep up an incessant fire on travellers 
throughout the night. The exploring party was not spared in this respect and hence passed a most 
anxious night returning the firc of' the robbers, but with what effect the darkness prevented thmm from 
ascertaining. Leaving Ashreth on the 28th they reached the village of IJarosh at  night, after having 
dispensed with thcir escort at a village called Galatalc situated in the Chitral district. Darosh pos- 
Resses a fort which is the residelice of Kokan Beg, brother to Aman-i-mulk the Bdshah  of Chitral. 
This IChai~ lcvics on all merchants and others a toll or tax, but in rollwequellce of a letter I~a\,ing bccn 
sent to him by the ruler of Dir throl~gll one of his officials askmg Inn1 to exempt the party from, 
all tolls, they were not asked to pay anything. 

On the 29th they reached Fhu~hiclurm, a ~mnll village on the right bank of the Shushidurra river 
which throughout the year contains so large a volume of water that a t  no time is it fordable, and d- 
ways has to be crossed by a bridge. This river flows into the Koouur river. 

It is reported that in the neighbourhood of this village a silver mine eriats which is said not t o  
be worlted because the chief of Chitral fears that wero the fi~ct ltuo~vn to the Amir of Caubul, or t h e  
Maharajah of Kaslimir or the A~ni r  of 13adalrsh:1u, his country might be wrested from him. The silver, 
it is rurnoured by the people, mas acciclc~ltally discovered in a spot in this neighbourhood by a Fakir who 
in person reported the circumstance to the Uadshah of Chitral; the latter was then couductcd to the 
@pot and after satisf ing himself of the truth of its existence 11e1 is said to have imprisoned the dis- 
coverer and then to 1 are poisoned him. Tlie existence of silrcr hereabouts is not uulikely for the 
country is rich in copper mines, which are said not to be worked now for the same reasons a s  given for 
not working the' silver. " Orpimcnt" or yellow arsenic, called Hurtal, which is much used for dyeing 
cloth is also fouud in large qumtities in the country. On the 30th they left Shushidurra m d  travelled 
t o  Bruz village. 

On the 31st Augunt the party reached Chitral. On the arrival of any merchant a t  Chitral m 
official of the Durbar iinrnediatcl reports the circumstmlcc to the chief with a list of tho mercl~aodix~ 
with the merchant. The ~ a d s E 1 . s  W u i r  the11 rcprirs to the merchaut and in his mastcrts name 
inforlns Ilim that tho Badnhah requircs to exohnugo goods mith him to a largo amount. The arrival 
of tho party was reported ill duo CoUrSo to the U;ldshall, ~vho  sent an 11r"ual his T'r'azir with tho 
stereotyped request to exchange goods, but thinking that th(:y might avoid this i1n1)osition t,hey reqnest- 
ed time up to the next mornii~g to malce 111) thcir mind on the matter. Conaequentlv on tho morlling 
of the followiiig day the Snppcr went to the residcncc of thc B:tdshn.h in the fort. The Badshah then 
interrogated them an to whrw they had colue from, where bhcy \\lcre goinz, and a9 to the ob,jec-t of their 
journey. They answered that thcy h:d cotno from Peshn\vur aud Ivcre going to Rolthara where they hoped 
to reclover money from cert:iin of their coun1.rymc11 \rho h:bd aninnscd large fortllnes and mere settled 
in Bokhara. The rhief of Chitrnl ad\iscd not to attempt. the journey, for the r o d  was cloncd to 
travellers ou\vards from thc ri\.er 1-lnlnooil (the Oaun) by t,he it ulir of Bntl:~ltsl,an, Mir RIalimood Slid, 
in colllpliance with orclcl-s received by ~ I I C  1:bttcr fro111 Sher Ali, the An~ir of' Caublll who has considor- 
able autl~ority in B.zdalts11a.11. !Phe rcnson for thiv prohibition is that about a year and a half ago on the 
persons of throe tra\fcllcrs, I V ~ O  wrrc 011 their wry to Uolchnra and who were accidentally searched, 

found lett,crs of great ~olitical iu~portanco ptclport,in~: to have been written by certain intriguing 
fiird.-a of Callbul to Al,dooll ltrhlnan 1ih:ln nel,be\v of the 1,rrrmt rldcr Shcr Ali of I!aubul. hbdool 
R,nlllnnn Kllml was said to be at. this timc in l-)okharn 11nd(~r thc protcct,ion of ille Russian Governmcrlt. 
TIlcRc tllrcc mcll on whom the letters wero found wcrc fhr\vn,rdcd on to Cal1h111 by ordcr of the Amir 
were blown aIvny fro111 guns. All t h c ~ e  ~uaitcsrs \rere told to tho Snpper dirrct by the Badshah of ClliL 
rnl himself, in order to i i~ r re  hi111 to i~~tcrchaugc tho goods ho 11:ld brought tvitll him, such as richly 
worked ~(t~lrfs ,  chudd~irs kc . ,  with such arlirlcn as he would or coultl give in rctum, and ~eeing his in- 
tention t.11~ Sapl~cr rcbplicd that a t  lcnst IIC ~ ~ o u l d  travel up aa fnr as the frontier (the Hamoon river) 
even that he could proceed no furthcr. 

011 tho Fith Scptcmher 1870, after making nrrnn,ne~ncnis for the onward march and disposing 
of a couljle of naws wlnch mcro of no firrlher uue, the party left Chitral and reached the village of 
Sl~ogoth townrds eve~ling. At thin placo they had to hnlt on the Gtl~ and 7th in order to  change 
carriers. On t l ~ c  8th they left Shojioth and reached Shali villago. On the 10th they marched to 
lIurkarri villnge where they stayed till tho 13111 Scptombcr. 

On the 14t.h they left H11rka.h nnd reached the village of Oweer ; tho road on this march for 
a milo ia vcry dangerous for laden animals and so thcy had to urilu.de the ponies and convey the bag- 



gage on men. On tho 15th by noon they reaclled the foot of the mountain called Nuksan ; after 
Fsfmshing themselves they comm~nced the ascent that snlne day, but had to encamp &bout 
up  the hill in  consequence of night coming on. The ascent of t l i ~ r  hill is attended with great fatigue, 
being covered with snow nearly from the foot of the mountain, the slope is great and a high, cold and 
.Ilaq wind alwa s bloas throughout the day, making i t  very diaagreable for tnwellers. The f a e l e  
of sllortnesa of {math is felt on this mountain and travellers eat raw onions on making the ascent in 
order to  counteract if possible the giddy feeling ithich comes over every one. 

On the I 6th they rose a t  about 3 A.M. and resumed their journe reaching the crest of the moun- 
t i n  a t  day break ; this was done 80 as to  avoid any likelihood of t t e party meeting with the Kafir 
robbers who from this point again begin to be dan~croua ; the party continued their much till they 
reached the village of Daigul m,~kin? ~ l t o g e t l ~ e r  a very long and tedious march. 

On the 17th they discharged the carriers who were with them and halted a t  Daigul (which is 
on t h e  frontier of Badakshnn), to  make fresh arrangements for carriers kc. On the 18th the arrange 
merits beiiig completed, they started and reached Zebak which is formed of eight villages scattered with- 
in  a small d~stance of each other. The present petty chief of Zebak, Mir Hak Nazar by name, has 

his authority direct from the ruler of Faizabad. Zebak is in a valley from 2 to 3 miles in  
length and surrounded on nll sides by mountains ; three streams, one flowing from Yarkund, one 
from Daigul, and the  third from Sanglech meet a t  Zebak and flow from thence in one united stream 
towards Faizabad. 

One road leads from Zebak towards Yarkund, another leads t o  Daigul, a third leads to  Sanglech 
and fourth to  Faizabad. The trade in slaves of both sexes assumes no great proportions in either 
Chitral or Faizabad. I n  the former place i t  is monopolised by the chief and no one besides himself 
dares t o  sell slaves, while UI the  l i~ t te r  place merchants chiefly from Bokhara deal in them, the ruler 
of Faizabbsd taking no part iu tlie transactions. 

The party was delayed a t  Zebalr for 2 days in consequence of an attempt that was m d e  there 
t o  induce them to surrender their goods with little or no payment, which the Sapper on the other hand 
waa determined not to  do a t  any rate without the payment of their full value. 

On the 2 l s t  they reached Sufaid Durra village, on the 22nd Soofian villa:? The country about 
this village is very productive in fruit of all kinds; the  apple grows to perfection, and is so abundant 
that  for a single copper they bought about 50. On the 23rd they reached Yardar village; on the 
24th Robat and on the 25th September they arrived a t  Faizabad. 

On arrival a t  Faizabad they learnt that  the road through Kolab into Bokhara was closed by the 
order8 of the Amir of Caubul in  consequence of his being suspicious that  this road mas the one 
used in  the conve ance of letters to Abclool Rahman Khan from intriguing sirdars in Caubul, and that 
thcy, t o  avoid a& suspicion, had the letters conrcyed in the first instance to  Peshaaur and thence 
through Swat, Chitral, Faizabad, Rustak kc., into Bokhara. 

The present ruler of Badakshan, Mir Mahmood Shah, wns placed there in October 1869, by Sher 
Ali Khan and is tributary to the latter. He is in caste a Saiyud and is reputed to be alearned man ; the 
people of B'adakshnn, Iiowever, are averse to his rule as he oppresses them by demands for extra reve- 
nue &c. which is taken from the people on the plea of the same being demanded by the Amir of Caubul, 
but a large ortioil of which thcy are certain is retained by Mir Mahmood Shah for his own use. NO 
less n sum tgan R s  80,000, besides 500 horae~,  wm paid to  Sher Ali during the first ear of Mir Mah- 
mood Shah's n ~ l e  in Yadakshan. The former ruler of Badakshan was Jehandar ~ i a h  m intimate 
friend of Abdool Rahman Khan ; and when the latter fled to Bokhara, Jehandar Shah also left his country 
and followed his friend, the country being taken from him by Mir Mahmood Shah. The chief of B d a k -  
shan up t o  this time never paid m y  tribute to  the Amir of Gaubul. 

Jehandar Shall whenchief of B d a k ~ h a n  is  aid not t o  have o p p r e ~ ~ e d  his flubjects and though e 
drunkard and n di~solute character, JvaH able to  maintain his independence and never paid any tribute to  
Caubul. Traders from all parts of Turkestan, Bokhara, Cnubul, Candahar kc. resort to Faizabad and 
the Bajauri Pathans flock thither in large numberia to  barter and trade. 

The contrnst between the two durbars of Chitral and Fdaabad is very etriking in the matter 
of the authority of their respecti\-e .hieti, the manner in which the dnrbar iia conducted LC. The 
chief of Faiznbd i~ much re~pected In durbar, and the despatch of public business, the conduct 
of public worcrhip, the dress of the people and other public: matters betoken the prosperity of the 
country and t.he ~ c c u r i t y  from oppression which the people rcally enjoy. 

It wan cninmonly reporter1 in Faiznbnd that a Saheb who hrul t ra~el led a Ion? distance and had 
gone to Caubul rind rereived n lettcr from Amir Shcr Ali hwl found his may into Faizabad, where he was 
treated in a very cordial manner by Xir hlahtnood Shah who e.11.0 him a ~ ~ n a l l  escort to enable him to 
trayel to  Yarkund; he had left Fnizabnd but 10 days when the party arrived there. This Sa.heb carried 
quantities of medicines with 11in1 and gave medical aid to the inhabitants of the countries through which 
he pawed. It is reported that he found his way t,o Yarklrnd but that he waa imprisoned there, for 
unknown reason8, by the Khooah Begi or thc ruler of that place. During his s t q  in Faizabad 
t,he Sapper witne~wd the faie of three men on whmn letters, written by some flirdars of Canbul to 
Abdool Rrrhman Khan and Jehandar Khan, had been found. They were at  f i r ~ t  sentenced to be 
hnngcrl, but their liven were interceded for by gome l)cople and the sentence waR arcordingly commuted 
tu e d e  for two of the lesser otfcndere while the chief ozcnder was odercd to be thrown into the river, 



a mode of uniqhmcnt milch prnckiwed there. Owing to tho rapid current of the river f lokng  over 
a 1"clcy be& this practicc reldo~n hi l r  to 1,rovc fa td  to the victim; in thi* axe, the ofcoder, thsunll efl- 
cnl)ing immetiiate death by being mashed to thc other ballk, yet died 10 days after of the he had 
rcceivcd from being dashed against the rocks. The place of exile to wlrich the other 2 men were sent 
is called Sarab, a spot so hemmcd in by dangerous and steep mouutains that once in the spot it ia 
almost impossible for the victim to escape. 

During their stay in Faiixnbad, the Sapper heard a rumour that Abdool Rahman Khan aseiflted 
by the Russians had marched on the city of ~ h a h r i - s u h ~ ,  but was repulsed. On learn~ng that the 
leader of the enemy's force had been shot down, they were said to  have returned to the attack m d t o  
have taken and plundered the city. 

On the 2Tth October they b e p n  their return journey and reached Robat village, on the 28th 
Ymdar, on the 29th SooEan, on the 30th Suffaid Durm, on t h c 3 1 ~ t  Zebak where they halted the nest 
day, the 1st November, m ~ d  mitne~sed the meeting of tile clriefy of Chitrd and Bndakshan who had 
ourneyed thither for friendly intercourse. The former had 700 sowars with him as his escort and 

latter 2,000, sonars or mounted men i t  war supposed that the meeting of the two chiefs w?q dictated 
from fear of their countries being talten from them by the Amir of Caubul, and hence negotlatlons for 
offensive and defensive dliance mcre entered into 011 the occasion. Prevailts were interchanged between 
the chiefs; the Chitral chief giving 21 slavcs of both sexes and also his daughter in marr iqe to the 
Faizabad chief's son and the latter presenting thc other with 60 Chogas of Bokhara manufacture, also 2 
swords and a horse. 

On the 2nd November they halted at  Zebak. On the 3rd they tra~elled along with the traders 
accompanying Shah znda Alir Walli to San~lech. On the 4th November they reached another village 
also called Sanglech. On the 5th they encamped in n desolate spot a t  the foot of the Dora pug-  
On the Gth they crossed the Dora ridge and encamped at  the foot of the paRs on the other side near 
the site of a hot spring the water of which is hot enough to boil eggs in a short while. 

On the 7th November they reached the rillage of Lotlro situated in the Chitral district. The 
Badshah and his follomcrs passed on this march on their return froin the interview with the chief of 
Badakshan. On the 8th they rcacl~ed Drosh rillage (not the Drosh mentioned on their first journey). 
On the 9th thcy reached Shogoth, the same place they passed on their first journey. Here they were 
detai~crl for 6 days in consequence of the t.raders in \~11osc com1,any t,he party travelled refusing to pay 
the higher rate of toll imposed by thc collector of the place by the orders of the Badshah. 

On the 16th they reached Chitrd and on the 17th the Sapper spin preeented himself to the 
Badehah, but his treatnient of hinl this 2nd time mar, cold, for he said that he had heard the Sapper 
was in the employ of the English and could not be persudod to the contrary. He however did not 
molest them in the least. 

On the 23rd they loft Cllitral and continued 'tllcir mnrch over the same r o d  they had gone up 
by, halting daily at  nearly all the smne p1;ll.e~ nu on i,he former journc? but from nnavoidable circum- 
stances they halted for 2 dajs at  lInl.0~11, 3 at  Dir ant1 2 at  Hotce Rlurdim. Tlrcy reached Peshatvur on 
the 13th of December 1870, and thcuce returncd to the Head Quarters of the G.  1'. Survey. 

T. G. AIONTGOMERIE, MAJOR R.E., 
O f j .  S11pe~i,1tc.ndc7lt G .  T. S~zirvcy of India. 

tr~td 11~cluzr~e Trans-lfimnlnyan 
Exploring Pa~tics. 
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