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THE OPERATIONS OF THE 

GREAT TRIGONOMETRICAL SURVEY OF INDIA 
IN 1867-68. 

These operations may be classified as follows :- 

I. Trigonomefrical ; the Brahmaput,ra Series of triangles, on the meri- 
dian of 90". 

11. Trigono~nefrical; tlie Eastern Frontier Series. J 
111. Zi.iLgonomefrical; tlie Meridional Series connecting Jubbulpore 

with Madras. 

IV. Z'1.i~~onometricul; tlie Longitudinal Series west of Calcutta. 

V. Tri,qo~lometricnl; the measurement of a base-line of verification, 
at Banpalore. I \ 

TI.  Itiyonomet~.ical; the Bangalore Lo~~gi tudi~la l  Series. 

VII. , Topographical ; Himalayan Surveys in the districts of Kumaon 
and Gurhwal. 

VIII. Topograpliical; the Survey of the Province of' Kattywar. 

IS. Gcograpl~ical; exploration of Trans Himalayan Regions. 

X. Ceo1~rapl~ica2 ; a hlilitary Survey in connexion with the operations 
of the Abyssinian Expedition. 

XI. Astronomical; observations of the Total Eclipse of the sun on the 
18th August 1868. 

XI[. Astrononzicat ; determini~ig the latitudes of certain stations of t l ~ e  
triangulation between the ~neridians of 74" and 7 G 0 .  

XI I Miscclltnic.ozis ; I ~ e v e l i n ~  Ope~.atio~~s,  and arrangenleots for tlie 
? 

fiiture Letter 1)rotectiou of t l ~ e  stations of this Survcy. 

YIV. Ccodetic ; dctc>nnining at certain stations of the Grcat Arc, the 
~ ~ n ~ n b e r  of diurnal vibrations of two pendulums, the property 
of tlle ltoyal Society. 

YV. Ilfa,qnrfic ; determining thc clements of Dip, Declination and Total 
Force at Ilellra Iloon and ;tt certain stations of this Survey. 

XVI. Comnpzitations ; tllc final examination. reduction and publicstion of 
the Trigonon~etrical and Astrononiical Ob~ervat~ions. 

I C(~rfo.qrczppl!/ ; tllc pr~1)aration and publication of the various Charts 
and Maps. 



(2.)  The out-turn of work executed by the Trigonometrical and Topogra- 
phical parties only, may be briefly summarized as 
follows : T h e  measurement of a base-line of verifi- 
cation. Principal triangulation" with the Great 
Theodolites, 65 triangles, tlie errors of which, as well 
as the probable errors of the angles, are shcwn in the 
~narg in ;  they cover an area of 8561 square miles, 
and would if united form a chain of triangles 293 
niiles in length. Secondary triangulation wit11 tlleo- 
dolites of various sizcs, 6300 squarc miles, clefining 
the positions of 1479 points, of about 400 of which 
the heights mere also determined. Topographical 
surveying, on the scale of 12 inches to the mile, 
378 acres ; on the scale of 2 inches to the milc, 800 
square iniles ; and on that of 1 inch to the mile 
1348 square miles. Boundary surveys, 620 lincar 

miles. 

(3.) Several Officers have been deputed to itccompany the Abyssinian expe- 
dition as geographical explorers, and to take observations .of tlie great total eclipse 
of the sun for which the year 1868 mill long be celebrated in the annals of Astro- 
nomical Scicnce. As the performarices of these officers will be described at length in 
sections X. and XI. of this report, I need not allude to them further in this placc 
than to express my great gratification that, the Trigonometrical Survey of India has 
been able to take a share in the labors of an arcluous but most successful military 
cxpcdition, and to assist in the solutiorl of problcms n~hich arc of the higliest scien- 
tific interest, by undertaking investigations of the remarkable but rarely sccn phc- 
nomcna of n total eclipse of the sun. 

B"or3 of 
Triol161es' 

Series. 

(4.) I proceed as usual to report on the gcncral vpcrations of the rcslwctivc 
Survey Parties and Offices ; further dctnils will be givcn in tllc Appcndiccs, wliicll 
contain selections from the annual Narrative Reports of tlie Executive Officers, and u 
special Report by Captain T. G. Montgomcrie, on thc Trans-Himalayan Explorations. 

Probablo 
Errom of Ob- 
served Angles. 

* Tho Greut Tl~eorlolitea which nrc mmplnyerl for tlle rrincipnl I'rinupulnlion 1111vc uzilnuthal circlcs of 24 lo 31; 
~nchr s  in clinn~etcr, which src  rcnd hy 5 cyuidistunt microscopre, nncl rcrticnl circles of 15 to 18 inchcs in clin~nctcr, w l~ ic l~  
nrc rcnd by 2 n~icrorroprs. Tllc. s y ~ t r n ~  of observing the lirin(.ilrnl l~orieontnl nngles is ns folluws :-The lclcscopc is pointrll 
to son~e c~onvcnicnt signnl, will1 tho zero n~icroecol)e rrt to 0' 0' ; 1110 e~lrrounding stntions nrc llwn obscrvcd in ordrr rourl(l 
the horizon, an cntiro rcroll~lion of thr iuetr~lmcnt bringing thc tcleeropc: bnck Lo the rofcrrh~g-mnrk, \vl~iell is ngnin 
01,servod ; this completes o eingle rouncl of measures, at cnch of \vhicl~ ull thc 5 microaropcs nro rmd ; t l ~ c  roll1111 ir, as n 
ndc, rcpcntcd twice, but if the 3 nleunlres of nnp nnplo diikr by morc than 2", lhc obscnntions of lhnt ol~glc nvc rcl~rntctl 
as often ns mnp he consid~rcrl clcsirablr ; the telc~copc is t l~co turncd tl~rough a semi-revolution in nlt , i t~~do and in 
azin~nth, nnd pointer1 to the rrfcrring-mnrk ; tllr erro n~i(.roecopc is t l ~ n s  brorlgl~t ovor 180° on the wimuthnl c-irrlc, und lllr 
~ . ICC of t l ~ r  \.rrtirnl rircle bri,on~cs lrnnelinrrrtl hmm the ollee~.rcr'n left. to 11is right hand, or sice z'ersd ; 01rea rounds of 
ntcuureil nrl, t l ~ r n  fnkcn, nnd l l~ i r  cnn~l~lrtcs O I I  r111irr Fronp of nl~scrvntions of cuch tiignul, on " fnco right nnil f11w 11.ft," 
and ou 10 rqlliclisln~~t grndrl:ltirtns of the nxinl~~l l~nl  ~,ir(.li-. Fi11, complrlc Crougs of nleanurcs [Ire ~ I I T I I ~ ~ I I I I I J  n~ndc  in n 
~ i n ~ i l l ~ r  nl:illtll.r, I I I C  ertlinp of 1111. zrm) n~i(.rnr;,.ol~r hcinp sl~il'tc~l in cncl~ group, 80 as to bring 80 cq~litl ist~n~~t grallonl i o ~ ~ s  
l11111cr 1110. I I I ~ ( . ~ O ~ V O ~ I C B ,  111111 10 r11l.y the ) I O P ~ ( ~ ( O I I  or lllr nxi:. in it* rnckrt ns rn11rl1 ns poeeil~lc, in l l ~ e  conwr of 1111. wl~olr of 
111c clhs~~vnlions lo cnch eig~lnl. For this 1,11r11nae 111~ :IPC, 7Z0, hrt,wcc11 the n~icrusco~~cn, is n~ldcd lo tllo nrc, 7' 12', ~ r l ~ i c l ~  
rxp rcwr  ~ l ~ c  lilliclh pnrt, ol' the rirr11n1li.1.cncr of tllr rirrlr, to nhtnin t l ~ c  r~rl~~i.ail( .  c11111mgc of grnd~l:~lion ; ( I I U R  tllr P I I C P ~ R -  

~ i v r  N . ~ ~ ~ I I F . R  of tllc Z I T I ~  ~nicroecol~o n1.p 0°, 7!1° 12', 158' 24', 237' 8G' und 316' 48'. TIIC signlrln rnlli1.11 nrr cmployr(1 n1.c 
il~vnril~bly I I I ~ ~ I I ~ I I ~ ,  I~~ . l i o t ropc~  by tl:~y, nnd 111n1p.q by niglrt, most of tho obecrrntione 1)cing lnkrn by uigllt, nllc~n 1110 
t ~ t n ~ o q ~ l ~ c r t .  is ~ ~ ~ u u l l y  uloyt f~rvt~l.nl~lc. 

T l ~ r  rludity or tllc. ~lrirlr.ipnl t r i : ~ n ~ ~ ~ l : ~ t i ~ l n  nil11 tllc Grcnt ~ l ~ r n ~ l o l i t ~ ~ a  is Iralvrl hy l l ~ r  prolin1,lc rrrors of ( I I P  
a~hscrvrtl nl~:l~,.., : I I I C ~  hy t l ~ c  I r i t r r~p~~l :~r  i,rl.or*. ' ~ ' I I , ,  I I : I ~ I I ~ ~  of l l ~ c  ~nrc~l~~rhlu cnl.ror nlny br rlrlincil ns 111.ing RII I ' I I  11111t. 1110 
r~llnt~o~t~* ( > I '  111,. : ~ . I I I I L ~  vrt.IIr ~ . \ < , ~ , ( . t l i ~ ~ p o ~  01l l i11~ tl~ilrt 111*.r1.~~). i 1 ~ 1 .  V I I I I : ~ ~  ; it ir ~ l o t c r ~ ~ ~ i n ~ . c l  hg 11 I ~ P I ~ I I ~ I I  \rllil,ll I I I ~ C - 8  inlo 
, ~ ~ ~ I ~ ~ ~ ~ ~ U . I . : I ~ I I * I I  Il~r' :~(.citI , .~~l:~l I .V~I I I .  111' ciu.11 B ~ I I ; I ~ .  111 - I . ~ ~ : I ~ ~ I I I I ,  :IIICI of l l ~ e  g~.:~dru~lintte of 1111. ~-irt.lw OII  \\l~i,.ll ( I I C  nll.nnllrra 
v I TIIV ~ ~ I . I I I ~ ! I I I B P  r,rlov ill 111,. I I I ~ I ( ~ ~ I I I ~  11). \ + l ~ i c l ~  I11c ilu~ of 1111, O L I ~ C ~ O T I I  vnlucu of (110 t l~rcc U I I ~ ~ C Y  of II t r i l ln~lr 
(1, ,~,.,l. . , I  l,lll> .4110>1 I 0 1 1 '  1bOU I ~ 1 1 ~ ~  ~ l ~ l l l ~ l c : ~ l  XL.C?, . 
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THE URAHhlAPUTRiI SERIES, MERIDIAN 90'. 

5 .  From the L ~ n ~ i t u d i l r a l  Scries which trends eastwards, on the parallel , , - 
of 23", from the meridian of Calcutta to the 

PEPSOWNEL. 
Llcul. 11. H. T l ~ u i l l ~ ~ ~ ,  R.R., Stuvcyor 2utl Gmdr. 

frontier of British Tipperah, and was comple- 
,, E. 11. L ~ T I T ~ I I I ~ C ,   if., Assibtnnt Surveyor 2nd ted last year, a new meridional series has been 

Gmdc. 
Mr. C. J. Net~villc, Civil Auintaut 4th Qmde. 

commenced and named as above. I t  is required 

., F. W. I C ~ L I I ,  sub-~ssistnnt 1st G M ~ C .  in order to completc the basis which is already 
,, Q. A. Harris, sub-~ssistmt 2nd Gmtlc. supplied to a certain extent by the trianflla- 
,, W. J. O'S~~llivan, Suh-Assistant 3rd Grade. tion on the meridians of 884" and 91a0, and 

thc parallels of 23' and 2G0, for the surveys of the districts of Nuddea and Je~sore ,  
tllu divisions of Rajshahee and Dacca, and other po~*tions of Eastern Bengal. Were 
the triangulation 6f this tract of country to be made to conform strictly to that of 
wcstcrn Bengal and the North-Wcet Provinces, two meridional series would be - 
rcquircd for the arca remaining to be completed ; but thc accuracy of the topogra- 
l~lly of tlie present day is such that a smaller amount of triangulation will suffice 
for all practical purposes, and it is no longer necessary to have as many chains of 
triangles in a given arca as werc rcquirccl forinerly ; the topographical scquircmcnts 
of Eastern 13engal will bc amply met by one additional mcriclional scries of tri- 
:111glcs, running ill the ~~cighbourliood of tlic I3rahm:tputra River, thouglr at a suficicrrt 
~listal~cc to secure t l ~ e  stations from the cscnrsions of tlrc sivcr. 

(6.) This scrics has uow becn commenced by Licutcnant Thuillicr, who was 
8 lolls, cmployctl during the field scasorr under rcview in selectii~g stations of obscrv t' 

a i d  col~ll)leting all the rlcccssary prcliminarics. His opcrations lay in tlrc districts 
of l?urrccclpore, Dacca, Mymc~~sing,  and Pubnall. wi~crc thc ground is al~uost per- 
fclctly lcvel, covcrecl wit11 immcnse swamps, and ilrtcrsccted by innuitlcrablc nul1:ths 
:iud strcams. Tlrc villages are ge~lcrnlly eurronnclecl by valuablc groves of nlangoe, 
palm and other trecs, : l i d  all ground that is iiot directly uildcr cultivation is inore 
or lcss covcrcd by luxuriant vcgctation. Roads :uc vcry rarely met with, all the 
tr:~ffic of the colultry L)cing carried on by boats.' No hills or mounds csist on which 
lllc survcy statior~s might 1)c fixed ; encll station lras therefore to bc made by con- 
structing a towctr of' snficicnt hcigllt to surmount t l ~ c  curvature of the ground, then 
thc lincs bctwecn contignous towers arc clcarcd of' trecs and jungle, i11 ordcr to ob- 
t:~in thc necessary ruul11:il visibility. Under t i m e  circumstances Licutcnarlt Thuillier 
:uld 11is Assist:ults werc so fi~lly cnlployed in tllc preliminary opcrations of building 
towers and cuttillg lillcs, that it was necessary to postpone the mcasuremcnt of tlle 
l~incipal  anglcs lu~til next season. 

(7.) T l ~ c  cstcnt of tl-iailgulation laid out covers a dircct distancc of 81 
riiilcs, and an arca of 1293 squnrc nrilcs, by 22 stations arranged so as to form 4 
symrnctrical hcxngonal figures. Tliis opcration involved the clearance of 410 miles 
of narrow tri:~l lincs. and 296 miles of bro:id final lincs, mostly tllrough heavy 
.iuuglc ; 10 towcrn werc eoiliplctccl ill rcadincas fur tlrc future observationq. 

(8.) Licaten:~ut L~rniinie was dcputcd to colnmcnce a first class secondary 
t r i ;~~~gal ;~l ion of ihc v;~llcy of Ass:lnr, st;ding from tho principd stations in the 



neighbourl~ood of Gowliatty, which form the eastern extremity of the triangulation 
already completed on the parallel of 26". Two Revenue Survey parties are now 
employed in Upper Assam, and are much in want of trigonometrical points ; but 
the distance which will have to be crossed is so great that some time must elapse 
before their operations can be reached. Fortunately there are several hills which 
will serve as convenient sites for the stations, and materially facilitate the progress 
of tlie operations ; but the difficulties of moving across country are very great ; when 
once the neighbourliood of the Br:ihrnnputra River is left, the surveyor becomes de- 
pendent on the very limited resources of the district for the means of carriage, un- 
less he happens to be provided with elephants. These animals could not be obtained 
last season, and so many difficulties mere met with in securing coolies as carriers 
that Lieutenant Larmiuie reports that not less than 33 days were spent in total 
inactivity. Thus the season was entirely devoted to preliminary operations, and 
the measurement of the angles could not be commenced ; but 11 hill stations were 
selected, 10 of which had to be cleared of more or less dense jungle; and the 
operatiorls were carried over a direct distance of 80 miles, which under the 
stances is probably as nluch as could be expected. 

No. 11.-TltIGONOMETRICAL. 

THE EASTERN FRONTIER SERIES. 

(9.) By the close of the field season of 1866-67 this triangulation had been . . 
brought down from the western extremity of 

PBRSOXKEL. 

W. C. Roasenrode, Eq., Adsirt.  Survepor l e t  O d e .  
the Assanl valley through the Kossia and Tip- 

Mr. H. Beverley, Ciril Asmistunt 3rd Grade. perah Hills, and along the borders of the dis- 
,, W. C. Price, sub-~~eintal l t  3rd Omde. tricts of Chittagong, Akyab, and Arracan. to .. E. J. Connor, Sub-Asaietnnt 3rd Grode. the vicinity of Tonngoup and Sandoway. Dur- 

ing tile year under review it was directed into British Burmah, and crossed tlie 
difficult range of hills, uninhabited save by dacoits and outlaws, which intervenes 
between Arracnn and Protne. 

(10.) Though the physical difficulties to be overcome do not appear to have 
been nlaterially greater than in preceding years, and no extraordinary precaut,ions 
t , : ~ l  to be taker1 to protect the Surveyors from the attacks of the predatory tribes occu- 
pying the l~il l  frontier, there hne this year been a very marked falling off in the 
annuirl out-tarn of work, whetl~er measured by the direct progress in linear miles 
or by the area in square miles covered by the triangulation. This will be seen by 
the following figures :- 

Season. Dirrct progress Area triangulated in 
square miles. District of operation. 

iri mile*. 

1861 -62, . . 62 . . 1207 . . Kosqin Hills. 
18ti2-6.7, . . 49 . . 884 . . Tip~)erah, Britiqh and Independent. 
1Hci.3-6 l., . . 52 . . 76 E . . Ditto. 
I Sil.-fi.i, . . 80 . . 167.; . . Chittagong Hill Tracts. 
1Wi.j-66, . . 1.75 . .  2 1.1 9 . . <:liittagor~g arid Akpal~ TIill Tracts. 
1YfjG-Gi, . . 1GG . .  33 1 1 . . Akyah Hill  Frontier. 

Average of 6 aenrons, 91 . . 1 7 1 0  

1867-68, . . 38 . . 5 7.7 . . Sandoway to Prome. 



(11.) The falling off in the out-turn of work is entirely due to the difficul- 
ties which were met with in obtaining coolies to act as carriers, and to build the stations 
and clear the lines of forest and jungle. For irlstarlce the clearance of one of the 
lines which wit11 an ordinary supply of labor might have been done in 8 or 10 days, 
occupied not less than 21 months. As the province of' British Burmah is very 
thinly inhabited and covered with dense forest, the fiitiire progress of the operations 
must necessarily be slow; but I believe that similar dificulties to those which were 
encountered this year, in crossing the range between Arracan and Prome, will not 
be met with again, and I expect that under Mr. Rossenrode's vigorous and judiciou~ 
management no delays will occur that can possibly be avoided. 

(12.) During the season five new principal stations were fixed, forming a 
hexagon on the terminal side of the preceding triangulation, by which an area of 
573 square rniles is covered, and the series has been carried forward a direct distance 
of 38 miles. A line has been selected, with much trouble and after a prolonged and 
minute examination of the ground, for the ~neasurement of a base of verification. 
on the parallel of latitude, (18") in which the base lines of Beder and Vizagapatatu 
are situated ; 22 principal stations have been selected in advance over a direct dis- 
tance of 116 miles, and 50 miles of lines and 153 miles of road way 6 feet wide, 
were cleared through more or less dense forest. A series of s eco~~dary  triangles 
was carried down t.he coast of Arracan for a distance of 66 miles, fixing the position 
of the station of Sandoway en-route ; this series will as soon as practicable be 
extended southwards to Cape Negrsis, and the Alguada Reef Lighthouse. 

(13.) As this party was located at  Akyab during the recess seasons of 1666 
and 1867, Mr. Rossenrode was directed to avail himself of the opportunity to take 
tidal observations for the purpose of verifying his trigonometrical determinations 
of height, which had been carried over a distance of many hundred niiles without 
having been connected with the sea level. No  self registering tide guage being 
available, i t  became necessary to take observations of high and low water through- 
out an entire lunation. The guage was set up in the vicinit'y of a trigonometrical 
station at the mouth of the Koladyne river, within half a mile of Akpab Point. 
The waters washing the guage had a direct conimunication with the sea, and deep- 
ened rapidly from the bank to the guage. The site was sheltered from surf'. 

(14.) A11 requisite preliminaries having been completed. observations were 
commenced on the 04th October, by which time the rains were supposed to be ended 
and fair weather to have set in. Rut on the days on which Calcuttn was visited by 
the disastrolis Cyclone of 1867, the weather became very boisterous at Akyab, and 
from tlie 31st October to the 3rd November observations were irnpossiljle, artd tlte 
gauge co11ld r~o t  even be approached without danger. Observatiol~s wele  result~ecl 
as soon as the weather improved, but it was not until the 16th of Noveu~ber that 
they begau to be reliable, but from that date to the 16th of December tllcy ne re  
carried on witbont any 1)reak or disturbance. 

(15.) The average range of tlie tide was found to be 5.67 feet, the maxiit~uni 
being 8.60 feet and the nlinimum 2-27 feet. The height of the bench-mark station 
on the coast near the tide gnnge. as determined by the preceding tr iangulat io~,  was 
found to be only 1.94 feet in excess of the value given by the tidal observations, 
shewing that very little crror had hcen generated in the course of a chain of trian- 
gulation marly hundred miles in length. 



THE JUBBULPORE SERIES, MERIDIAN 809 

(16.) I n  my last report I shewed that a belt of about 2" lo', between t l ~ e  

PERSONNEL. 
parallels of 16" 25' and 18" 35', had still to be 
com~leted.  to connect the northern portion of 

U e o .  Shelverton, Esq., bspistnnt 3urveyor. 
Mr. )I. C. Hicliie, Civil Assistant 4th Grnde. this chain of triangles, which emanates frorn 
,, F. Bell, sub- mista ant 1st Grade. a side near Jubbulpore of the Great LongiQu- 
,. E. P. Wrixol~. Probstiouary Sub-.4~riqtnllt. 
,, A. C. I,oa, Probntionsry Sub-desistant. dinal Series, with the southern portion, which 

had been carried down to Madras in the course 
of the triangulation of the east coast. I had not ventured to anticipate that the 
connection would be completed in a single seaeon, as tlie distance appeared to be 
more than could be accomplished in the time ; I am therefore all the more gratified to 
be able to report that it has been completed in a very satisfactory manner Ly 
Mr. Shelverton during the field season now under review. The operations embraced 
the measurement of 23 principal triangles arranged so as to forn~ a double polygon, 
two quadrilaterals arld a pentagon, covering an area of 5634 square miles, and ex- 
tending over a direct distance of 150 miles. An nzimutli of verification was ob- 
served a t  one of t l ~ e  principal stations. The only dl.atvback to these operations is 
that while the principal triangulation llas been carried forward with unusual rapidity, 
the secondary t r i a r~gu la t io~~  has been neglected. and thus the charts are not so full 
of information as is desirable. 

(17.) I n  the interval which elapsed between tlle termination of the rainy 
season, and tlie time when the unhealthy forest tracts between the Nerbuddn and 
Godavery rivers, through which the triangulation had to be carried, might be safely 
entered, Mr. SLelverton employed himself in taking a series of observations, for 
determining the astronomical latitude of a trigonometrical station in the vicinit,y of 
.J ubbulpore. with the 18-inch vertiral circle of Trough ton's Great Theodolite. 
Eleven pairs of north and south stars were selected from the nautical alruanac, and 
12 circum-meridional observations were made to each star ; tlle awreement between 

b 
the results of each observation is very satisfactory, and does c red~ t  to the ob, ferver 
and the instrument. The final result shows t h ~ t  there is proba1)ly about 5" of 
southerly attraction at Jubbulpore as compared with Icalianpoor, the station of tlia 
Great Arc which is the origin of latitudes of the Indian Survey. 

(18.) The fiiture operations on this meridian will comprise the extension of 
the triangulation soutliaards along the coast, passing Pondicherry and Tranquebal-, 
ilrltil the Straits which separate the Island of' Ceylon from the Intliiin Peninsula, 
are reaclled. Here I tiope that it will be possible to conr~ect the Indian triangnla- 
tion with that of Ceylon, for when this is done the combir~ed operations will furriisl~ 
n meridional arc of' about 25" in length. extending from the Himalayas down to tho 
~outhernmost point of Ceylon, which should bc ;t vnll~able addition to geodesy. A t  
p r ~ s e n t  however the early completion of the longitu11iri:il series on tllt~ parallel of 18", 
wtlich will conr~ect the b a ~ e  line at  Beder (on the Grcat Arc\ wit11 that at Vizapa- 
p:~tam, is more immediately required for the operations of the Tncli:~~~ S~~rvc.y. Mr. 
Shelverton hns consequently been instructed to colrimence this triang~~lution ill t l ~ e  
approachng field season. 



No. rv. 

THE WEST CALCUTTA LONGITUDINAL SERIES. 

(19.) The revision of this chain of triangles, the reasons for which have 

PBIISOINPL. 
already been explained in para. 52 of my Ad- 
rnini~t~ration repoi4 for 1864-65. had been so 

H. Keelnn, Eeq., Surveyor 3rd Qrade. 
MI. H. E. T. Keelan, (2ivi t  Assistant 4th Grade. 

nearly con~pleted when last reported on, that I 
,. H. W. Peychera, sub-~~irtunt 2nd Qrnde. had reason to hope the operatioris would be 
,, J. Trotter, S u b - A d ~ i a t a l ~ t  2nd Qrndc. finislied in one more field &ilso11. I was aware 
,, A. Moore, Sub-Aaeiatunt 4th Qrncir. 

however that it would probably be fourid ne- 
cessary to clear the lines of trees which might have sprung up on tlieni since ttle 
stations were first built, arid also either to raise the stations, to enable tlieni to over: 
top any houses whicli niight have been subsequently erected, or to remove the 
houses, in order that t l ~ e  required rnutual visibility migilt be obtained. All such mea- 
sures would certainly retard the progress of the operatiorls in a much greater degree 
than is usual, for they wolild be carried on iri distl-icts ill tlie vicinity of' Calcutta 
the inhabitants of which are pro\erbially litiwions and iridolent, very ready to take b 
offence at what they may conceive to l)e an ~ ~ ~ f r i n g ~ t i e ~ l t  of their rights. aud very 
slow to assist the progress of the operations ritlier by accepting enlplognient as 
laborers, or by sellirig materials for the colistr*nctior~ of the slirvcy stations. 

(20.) Mr. Keelan reached R;wieegurige with his assistants early in Xo- 
vember, but found tlie country so flooded by tlie heavy rains tliat Itud iillen durirlg 
tlie cyclone which passed over Calci~ttn a ~ i d  the s u n o u n d i n ~  cou~itry on the 1st e 
of that month, that lie was obliged to halt for nearly a fortnight, until the inunda- 
tion had sufficiently snbsided to permit of tlie field wor.1; being conimencecl. I t  was 
long however before the grountl was snficiently dry t c ~  enable bricks to be Liirt~t 
for the constructiorl of statiolis in places wlrcre i.eady made bricks mere riot procur- 
able. -411 the lines between tlie old stations (b~iilt  ill 1830) were f o u ~ r ~ l  to he more 
or less blocked up by t,rees arid liouscs, and arr:~ngelttt~tits 11:ld to be rnade for clear- 
ing then1 and raisir~g tlie llcights of the towers ; also for constructirig the new 
stations which mere reqiiired to convert tho origillnl series of single triangies into 
a polygonal series, 2nd clearing tlie lines to tlieni. Mr. Keelan reports tlt:~t n~ircli 
passive opposition mas encouritered, and tllnt on two occasions tlio brick lnakiilg 
was stopper1 in consequence of the pi.eposterons de~nnnds wliicli were made for tlie 
rnnterials ; fortunately hc was cortlinlly ~s s i s t ed  by the district nlltlioritics. nil(] t1111s. 
and by escrr is i~ig n~ucli pntiencc and forl~enrnnrc. lie was able eventiially to c ; u ~  y 
on his operations without any break of continuity. Instead Iiomcver of t l ~ e  opera- 
t i o n ~  being completed in n single field season, tliere i~ still work e11oug11 left to 
occupy the partmy for tlie g:.lS(*atcr 1)ortion of the comitlg season. 

(21.) The final operations embracccl the observatiorr of tlie :111glca c)t' 8 
~xincipal  triangles, covcring an area of 1.326 srl~~;u.o miles. ancl extendiug over a 
direct distance of 72 miles ; C; new tower stntio~lu were built, aucl 2 tclegriiph towers 
mere raised and converted irlto ~tnt.ions ; 272 nliles of lines were clenr.ed, and 11 1 
milcs of trial lines were traced. 



THE BANGALORE BASELINE. 

(22.) The necessary preliminaries for the measurement of a base-line of 

Pns80mrs~. 
verification at Bangalore, having been comple- 
ted during the preceding field season, I was 

J .  B. N. Henneasey, Eeq., Surveyor 1st Grndo. 
Lieut. J. Herschel, R.E., Surveyor 2nd Gmde. proceed supervise the 'peration 
Captain Bran6Il. Surveyor 3rd Qrnde. when I was prevented by a severe accident from 
Lieut. W. M. C a p b e l l *  R.E.1 SmeYor 3rd leaving my head-quarters, Consequently I 

,, M. W. Rogen, Aseiet. Surveyor 2nd Grnde. 
Mr. A. W. Donnelly, Civil Assist. 4th Grsde. deputed Mr. Hennessey to take my place, and 
,. J.  W. Mitchell. S u b - ~ ~ ~ i a t .  2nd Grade. I have every reason to be well satisfied with 
,, Q .  Anding, Sub-Aseiutnl~t 2nd Grsde. 

,. A. Christie, Sub-Assistant 3rd Grnde. the manner in which he has conducted the 
,. 0. V. Norris, Sub-Aeeistant 4th Grade. operations. 
,, C. D. Potter. Sub-Assistant 4th Grade. 
,, J. Bond, Sub-Assistant 4th Grade. (23.) The measurement was executed 

with the admirable apparatus of compensated bars and microscopes which was de- 
signed by Colouel Colby, and brought out to India by Colonel Evereet in 1830, for 
the operations of the Great A c ;  it has been used, ever since, whenever a base-line 
has been measured in connection with the Indian triangulation; after having 
been transported over many thousand miles and employed at no less than 9 base- 
lines, (including Bangalore), it is still in nearly as good working order as when it 
was landed in India. 

(24.) To be efficiently manipulated, it requires as many officers and assis- 
tants as suffice for two or three trigonometrical parties, and consequently, whenever a 
base-line is measured, certain parties have to be diverted from the triangulation, and 
concentrated on the measurement, and thus the apparent annual out-turn of work, 
which is usually measured by the progress of the triangulation, is necessarily re- 
duced, as has happened this year. 

(25.) The new base-line is situated on the table-lands of Bangalore, at an 
altitude of about 3030 feet above the level of the sea, and within a short di~tance of 
Colonel Lambton's base which was measured in 1804. I had wished to remeasure 
Colonel Lambton's line, the extremities of which are still in good preservation ; but 
on ascertaining that it is now crossed by a railway on a high embankment, and by 
several tanks constructed for the purposes of irrigation, I was obliged to have ano- 
ther line selected in the neighbourhood. The two bases have however been care- 
fully connected by trianguld' ion. 

(26.) The new base-line is 6.84 miles in length, and divided into 3 sectioncl, 
which i r e  connected by triangulation on both flanks, in order that the measured 
length of each scction may be tester1 by comparison with the other sections. Cir- 
cumstances have int.erfered to retard the several ca.lculations and reductions, but I 
have recently been informed, by telegram, that the compl~ted length of the base- 
line, a~ derived from the Vizagapatam base and the triangulation down the coast to 
Madrae and thence across to Bangalore, a di~tance of 630 miles, differs by only a 
quarter of an inch from the length given by the measurement. A eimilar minute 
discrepancy, of a quarter of an inch in 6.55 miles, was found between the measured 
length of the Vizagapatarn base-line, and the length as computed through 480 milks 



of triangulation from the Calcutta base-line. Such close agreements between the re- 
sults of the linear and the angular measurements, though ncccsssrily to some extent 
fortuitous, are nevertheless very satisfactory indications of the accuracy of the 
operations. 

(27.) Lieutenant Rogers was employed in measuring 18 principal triangles 
which were required for the mutual verification of the three sections, for connecting 
the base with the main triangulation, and with Colonel Lambton's base and his 
astronomical station of Dodagoontah. All these operations werc completed to my 
entire satisfaction, and, as the performances of his first field scason, are very cre- 
ditable to Lieutenant Rogers. 

(28.) Meanwhile Captain Branfill proceeded to Cape Comorin, to select a 
site for a base-line at the southern extremity of the Great Arc, which I am arrang- 
ing to measure during the coming field season. The selection mas found to be a 
matter of no small difficulty ; for the ground in the immediate vicinity of the Cape 
is either studded with rocky and prccipitous hills, or covered wit11 a dense forest of 
palmyra trees through which a line could not be cleared witl~out great expense. 
Eventually a practicable line was discovered to the north-east, witl~in a short dis- 
tance of Colollel Lambton's astronomical station of Punnx, and aftcr considerable 
esertioils Captain Branfill succeeded in preparing the base-line stations and com1,lct- 
ing all the requisite preliminaries for the measurement. 

THE BANGALORE LONGITUDINAL SERIES. 

(29.) Little progress could be made in this triangulation because Lieutenant 
Can~pbell and l ~ i s  assistants were employed for the greater portion of the field scason 
in the operations connected with the measurement of the Bangalore base-line. But 
as soon as these were completed, Lieutenant Campbell took up the triangulation at a 
point about 40 miles west of Bangalore, and carried it 33 miles westwards, complet- 
ing a Iiexagonal figure of an area of 925 miles. 11 stations were selected in ad- 
vance, ovcr a direct distance of about 120 miles, as a preliminary to the operations 
of next season. 

THE SURVEY OF KUMAON AND GURHWAL. 

(30.) Captain Montgomerie was re-appointed to the charge of this Survey 
P R R S O N ~ L .  on the 1st May 1867, shortly after his return 

Cnpt. T. 0. Montgomoric, R.R., R~urvryor let Qrndo. 
,, A .  I'llIInn, KC., Aesint. R ~ l r ~ c ~ o r  let Grndc. from furlough to Europe. In May 1868 he 

Lirllt. J.  n i l ) .  R,.R., A~airt. 811rrrynr 21rd Grndc. was required, in addition to his ordinary duties, Mr. \F. G. Drrrrlry, Civil Aesietnnt. let. Omde. 
,, E. c. R.~nll ,  Ciril Arristnnt, 2nd Grnde. to assist me by Officiating as Superintendent of ,, J.  Pryton. Civil As~iatnnt 2r1d Qrotlc. 
,, J. LOW, Civil A P R ~ S ~ R ~ I ~  4th Cirndr. the Topographical Surveys in the ,~urveyor 
,, G. W. Atkinson, BIIII-Arairtnnt lrt. Gmdc. 
,, C. llrnilI~\vnitc, 811h-,\ani.utnnt 2nd Grado. General's Department, during C O ~ .  Thuillier's 
,, L. I'oro~.L, 811h-Aa~intnnt 2nd Gmdc. 
,, 11. Todd, S ~ ~ h - A ~ ~ i a t n l ~ t  3rd Qrnde. 

absence from India. 13e has further continued 
,, C. Urrnon, S u h - A ~ e i a l ~ n t  3rd Qrnclc. to supervise the arrangements in connection 

with tho gcographical explorations of tho regions beyond the Himalayas. Thus he 



llas 1)een rely frllly nccupietl, and I have every reasoil to aclrnowledge his valuable 
services, both as an Administrative and as an Executive Officer. 

(31.) The operations in Kumaon and Gurhwal have proceedcd very satis- 
factorily. The triangulation which is required to furnish a basis for the topogra- 
phical operations, was pushed to the north of Gurhwal, so as to cover the whole of 
the very elevated basin of the Kali or Mandagni river, one of the main sources of 
thc Ganges. Eastwards it was extended over a high and rugged range of forest 
clad mountains near Almorah, and south eastwards to Huldwani, over a tract of 
country at the foot of the Himalayas, covered with dense jungle which naturally 
adcled much to the difficulties of the Surveyors. The triangulation embraces an 
area of 2315 square miles, firing the positions and heights of 279 stations, and the 
positions only of 304 adclitional stations. 

(33.) hleann~hile topographical operations, on the scale of 1 inch to the 
mile, were being carried on in parts of the Alakanunda and the Pindur valley, in 
tlie ~nountains east of Almorah, ancl in the vicinity of the site of the new sanata- 
rilim of Rsnikhet, over ground of every altitude from 2500 to 13000 feet above 
the sea level. In the higher hills the Surveyors were constantly exposed to snow 
storms, and the severities of an alpine minter ; but arrangements were made to 
employ them whenever practicable in the ground which happened at the time to 
be most favoralle for field operations, in the higher hills first, then in the lower as 
the weather became more severe, and finally again in the higher, as the hot season 
commenced, when the Terai at the foot uf the Himalayas becomes unsafe from 
malaria. The area surveyed topographically during the present year was 1280 
sqilare miles. 

(83.) Captain hiontgomerie reports that the out-turn, both of triangulation 
and topography, mas very creditable, the ground tl~roughout being of an exceed- 
ingly precipitous nature, and nearly every day's work a matter of hard climbing 
fioni luorning to night. He  ~~ersonally examined the work of each detail-surveyor, 
ancl invariably found that the ground had been faithfully represented, and generally 
with considerable artistic ability. 130th in quality and quantity the worlz appears 
to be entirely satisfactory. 

(34.) Thc elevations of a large number of points, both in the valleys and on 
the summits of the mountain ranges, have been determined trigonometrically, and the 
~woportion of' these to tlie area iinder survey is very considerable. It is scarcely 
poesihlc to shew too many rletcrminations of height in the maps of a mountain 
region, where the variations of altit~lrle are frequent and oftcn very abrupt ; but on 
tlic other hand it would be impossible, without greatly retarding the progress of the 
operations, to determine all these hciuhts trigonometrically; many points are so 

9 ~itl~atctl ,  in the beds of rivers and ravlnes and in the gorgcs between mountains, 
that their heights could not he thus determined without executing a special triangi- 
lation for the purpose in each instance, which would be a very lshorioua proceed- 
ing. In order to dctcrrnino the altitudes of thcse comparatively depressed localities, 
Captain hiontgomerie 113s been employing aneroid baromcter~, instrilments whose 
compactness and portability render them an invaluable adjunct to Surveyors who 
liave the mean8 of controlling the errors to which they are liable. The aneroid8 
are cmplo~ed 80 as to give strictly differential results ; they are invariably read at 
a number of high and low trigonometrical points whose heighte have been accuratcly 



determined; the11 the height of any intermediate point is found by interpolation. 
I t  appears, from a variety of experiments, that the heights so deduced may be 
relied on as within 30 or 40 feet of the truth, which will probably be considered 
sufficiently accurate to give a fair idea of the differences of elevation between peaks, 
passes and valleys in a mountain tract where the variations of altitude are many 
thousand feet. 

(35.) I cannot conclude this notice of the operations of the Kumaon aud 
Gurhwal Survey party without observing that Captain Montgomerie and some of 
his assistants have been obliged to devote a good deal of time to the retracing of 
t,he original boundary of Mussoorie and Landour, because the simple precaution of 
demarcating this boundary by building pillars along it had not been taken in the 
course of the operations of the fiscal settlement. The only information forthcoming 
on the position of the line of boundary, is given in an old and imperfect map, exe- 
cuted on a small scale many years a.go, under the orders of the Board of Revenue 
of the N.W. Provinces; consequently it was impossible to recover the original 
boundary exactly. A sufficient approximation has however been made to satisfy the 
requirements of the Civil authorities ; pillars have been built along a portion of the 
line as now determined, and others will be built along the rest of' the line as so011 
as possible; their positions will be shown on the new maps of Mussoorie and Landour, 
the publication of which has been delayed, the adoption by tlie Civil aut,ho- 
rities of the boundary now under demarcation. 

THE SURVEY OF KATTYWIIR. 

(36.) I n  my last Administration Report, I described tlie early operations of 

P~nsowmr.. 
this Survey, and tlic measures that had been 

C'eptnin C. T. Hnig, R.E., Sorvcyor 2nd Gmdr. 
taken to increase its utility and accuracy by 

Mr. J .  Mcalll, C I T ~ ~  Ass~stnnt 1st Grade. providing for the esecution, pari passu with 
,, A .  J>'Souen, Civil Assistnnt 4Lll ~m[lc. the ordinary operations, of a boundary survey 
,, 3. aninn, Snb-beeistaut 3rd Grade. 
,, C. I\.ICA'I:~C, S L I ~ ? - ~ e v i s t ~ ~ n t  3rd and?. of all the Talookas or cliief sub-divisions of 
,, T. Rrndell, S I I ~ - ~ i s ~ i ~ t n n t  3rd Clrndr. the Native and Brit,ish States in the Province 
,, F:. N. Wyatt, Sub-Assistant 3rd Qrndr. - of Kattywar. I also explained tlie reasons 

h7(zt'i21itir SUTUC!~O/O~-S. 
Wieaoj~r Fhgoonntl~, Oopnl Nnryrn, and 7 otllcrs. 

which had inducecl me to enlarge the plane- 
table or field survcy sections. from the usual 

skale of 1 inch to that of 2 inches to the milc, in order to meet more adequately 
the growing requirements of the province. 

(37.) During the present year the operat,ions have proceeded very satisfac- 
torily and made good progress in all respects but as regards the boundary surveys, 
which have becn materially retarded, because proper stcps had not been taken by 
the local autllorities to demarcate the boundaries in the first instance. Certain of 
the Native States do not appear to be very anxious to have their territorial rights 
exactly defined, and woultl almost seem to wish to perpetuate the disputes and feuds 
which have prevailed from time immemorial on these subjects, and have frequently 
been tlie cause of violent collisions and bloodshed. On the part of the Gaikwnr 
States no stcps whatcver have yet bccn takcn towards demarcating their boundaries. 



Thus in scveral instances Captain Haig was compelled to push on the topographical 
operations in advance of the boundary traverses, in order to provide employment 
for his field sketchers. 

(38.) I have drawn the attention of the Bombay Government to this sub-l 
ject, and pointed out that the boundary surveys should invariably precede the 
topography, for they then become a most valuable adjunct to the general operations, 
and form a reticulated frame work within which the topographical details are subse- 
quently fitted; tlle numerous and accurately fixed boundary stations serving as points 
from which the field draftsmen can lay down the interior details, and sketch the 
features of the ground, more rapidly and accurately than they could if no such points 
were forthcoming. Whereas when the boundary measurements succeed the topo- 
grapiiical operations much of their ralue is lost, and for the purposes of the survey 
they become quite useless. The Government of Bombay has been pleased to sup- 
port my views and to move the Gaikwar Durbar to energetic action in the matter ; 
and the Resident at Baroda has recently reported that the " Durbar has been 
awakened to the importance of the work, and the absolutely necessity of its speedy 
completion ; His Highness the Gaikwar has consecluently ordered that officials of 
nrcight and experience be entrusted with the duty next season, under the direction 
of Lieutenant Prideaux." 

(39.) The last field season's operations comprise the following amount of 
work. Triangulation ; an area of 1041 square miles, in which the positions of 536 
poi~its and the altitudes of 83 of these points, were determined by observations at 
103 stations; this portion of the operations was almost entirely executed by Mr. 
hlcGill. ITopoyrapIty ; 800 square miles on the scale of 2 inches to the mile, and 
260 srlliare miles on the 1 inch scale, the smaller scale being resorted to for a low, 
marsl~y and almost uni~lllabited tract of country lying to the north of the Icalubba 
Rivcr, on the west coast of the Gulf of Cambay. Boundary traverses, and check lines ; 
G14 linear milcs of the former, and 89 of the latter. 

(40.) Captain Haig was employed for the greater portion of the season in 
instructing the natives newly entertained to be employed as boundary surveyors, 
ancl in directing their operations; he placed himself in communication with the 
committees who were appointed to demarcate the boundaries, and received weekly 
reports of their progress. H e  stntcs however that it mas not until several weeks had 
elapsed that he could form ally idea of the confusion of subdivision that exists, and 
of the uttcr impossilrility of getting the boundary survey in advance of tlle plane- 
tabling in one season. I have little doubt however that under his thoughtful and 
zealous eupervision, the difficulties that have to be grappled with will soon be satis- 
factorily disposed of, and the boundary surveys will soon become a uscful adjunct 
to the operations, and cease to be t l ~ e  embarrassment and source of delay that they 
have been hitherto. 

No. 1X.-GEOGRAPHICAL. 

EXPLORATIONS OF TRANS-HIMALAYAN REGIONS. 

(41.) The Trans-Himalayan explorations, under the direction of Captain 
Montgomerie, have during the last year been extended across the upper basins 



of the Sutlej and the Indus to some distance beyond the eastern watersheds, thue 
penetrating into that portion of Great Tibet which lies between the desert of' Gobi 
and the upper basin of the Brahmaputra river. For this purpose a third Pundit 
was added to the explorers and trained to the work by Captain Montgomerie. The 
operations have been successfully carried out, and the results will be found fully 
detailed in Captain Montgomerie's report. 

(42.) The route-surveys extend over a total distance of 850 miles, in the 
course of which the latitudes of 75 different places were determined, and the heights 
of 80 places were deduced by the boiling point. By these route-surveys the geo- 
graphy of about 20,000 square miles of Tibet has been roughly determined, a 
considerable portion of which is entirely new, and the remainder having hitherto 
depended on a very narrow basis of route-survey. The course of the Sutlej be- 
tween Shipki and Totling, hitherto unknown, has been roughly determined. The 
upper course of the river Indus has been traced south from the point where it leavee 
the Ladak territory nearly to its source. I t  has been definitely ascertained that 
there is a great eastern branch of the upper Indus, and that the said branch, known 
to the natives as the Singh-gi-chQ, is the main stream of the Indus, the branch on 
which Gartok stands being smaller and having a shorter couree and being always 
called the Gartung-chQ. Both these branches have had a route-survey carried 
along them ; the portion between Gartok and Ladak though indicated on all maps 
has never been surveyed in any way, whilst the existence of the great eastern 
branch has been denied by many geographers. 

(43.) The explorations extend up to the western gold fields of p e a t  Tibet, 
the Thok Jalling field, the largest that is worked at present, having been visited by 
the Pundits. Thok Jalung lies on the northern route from Rudok to Lhasa, and I 
hope that explorations may ultimately be extended from it  along the slopes of the 
northern water-shed of the Brahmaputra, and that the position and size of some of 
the great lakes known to exist in that direction may be thereby determined. 

(44.) These route-surveys have satisfactorily stood similar tests to those 
applied to the previous ones and described in para. 46 of my last report ; the values 
of the pace, as derived from the differences of latitude, have been throughout found 
to be very accordant. A further conclusive test has also been forthcoming, as the 
routes start from and close on points \vhicli had been previously fixed in the couree 
of the regular operations of the survey. The longitude of the terminal point, as 
derived from the route-survey, only differs from the G. T. Survey value of the same 
by about 4 miles. This, and other comparisons with points which have been accu- 
rately fixed, show that the work, rough though it be, is thoroughly reliable within 
narrow  limit^. 

(45.) Great credit. is due to the Pundit's for the way in which t,hey carried 
out their work ; for upwards of three months they were at an elevation of more 
than 12,000 feet above the sea, they crossed and re-crossed the Himalayan range 
three times, the Gangri range between t,he Sut,le,j and Indus three times, another very 
lofty rangc between the t,wo upper branches of the Indus once, and that between 
the Indus and Tholr Jalung twice ; each of tlie crossings involving the ascent of 
a pass Inore than 17,000 feet above the sea, the highest being 19,500 feet. 

(46.) A map showing the geographical results accompanies this report, from 
which it will be seen that a very emall portion of the upper basins of the Sutlej and 



Indue has been left untouched, and that the margin of the vast terra incognita, 
between the clesert of Gobi and Lllasa, has been penetrated. 1 am not without 
hope that a considerable portion of this region may ultimately be explored. 

GEOGRAPHICAL. 
. - 

THE MILITARY SURVEY IN CONNEXION WITH THE OPERATIONS OF THE 
ABYSSINIAN EXPEDITION. 

(47.) A t  the fiuggestion of Sir Robert Napier, instructions were communi- 
cated by the Goverument of India to the Surveyor General and myself to organize 
a survey establisll~llent for the Abyssinian expedition. Our instructions were re- 
ceived at  Mussoorie at the end of September 1867, and it was intimated that the 
Surveyors would arrive in good time if they reached Bombay by the 1st December. 
Three Officers of the Royal Engineers were deputed from the Trigonometrical and 

PBRSOKNEL. Topograpl~ical Survey Departments to form the 
Lieutenant Carter, R.E. survey party. the charge of which devolved on 

,, Dummler, R.E. the senior Officer, Lieutenaut Carter. All the 
,, Holdich, R.E. Officers reached Bombay by the I st December, 

but were detained there until the 13th before an opportunity offered for their em- 
barkation, aud then, by an unfortunate oversight on the part of the Quarter-Master 
General's Department, they were placed on board of a sailing vessel instead of - 
being forwarded by steamer ; on resching Annesley Bay further delays were occa- 
sioned in coneequence of the difficulties of obtaining carriage ; thus it was not until 
t.he 15th of January that they mere fairly in a position to commence work. 

(18.) The instrnments with which they mere furnished were selected so as 
to meet the requirements of a nlilitary reconnoisance executed in the course of a 
rapid march, as well as to enable a rough topographical survey to be made of the 
country around any places in which the army might halt for a few days at  a time. 
A transit instrument was supplied, to be ltept at  the origin of the survey and em- 
ployed in determining its longitude ; plane-tables were provided for topographical 
sketching along the line of route ; also barometers and chronometers, and G inch 
transit tlleodolites with complete vertical circles, for triangulation, astronomical ob- 
servations, and route-surveying. 

(49.) The latter instruments had been epecially constructed, at my request, 
by Messrs. Troughton and Simms, to be employed on expeditions of this nature, 
and deserve a brief description in this place. The eye piece is furnished with 
a pair of micrometers, fitted into a rcctangulnr frame which is capable of being 
turned round on a collar, so as to bring the micrometer wire0 into parallelisln with 
either the horizontal or the vertical wire in the fixed diaphragm plate. The primary 
object of this arrangement is to enable the angle ~ubt~ended by a pole of' known 
length, set up either in a vertical or a horizontal position, to be measured by the 
micrometers, aud thus to determine the distance be twe~n  the pole and the instrument. 
Knowing the run of the micrometer and the length of the pole, it is easy to prepare 
a table which will enable the distance corresponding to any angle to be ascertained, 
with very little labor of c:tlculation and sometirrles by mere inspection. In  these 
inetruments, a division of  the micrometer is equivalent to about 'L", so the anglee 



may be measnred with considerable accuracy, much exceeding what would be pos- 
sible \vith ordinary theodolit,es of tlie sanle size. Ttie micrometer and pole can thus 
take tile place of the chain or peramluli~tor which milst otherwise be used in a route- 
survey, while tlre angles of the traverse can be measured on the azimuthal circle, in  
tile same rnallncr as with an ordinal-y tlleodolite. To be able to dispense with a chain 
is a very great advantage in a route-survey of a tract of rugged hill country, more 

when the cllainmen are liable to be incessantly disturbed and impeded 
by the n~oven~ents  cf a large army on the line of survey. Moreover the micro- 
meters greatly add to the value of the theodolites as astroliomical instruments, by 
furnislling two additio~lal wires to the fixed l~orizontal and vertical wires, which 
iucrease tht: accuracy of observations of time and longitude, whether by the method 
of zellith distances, or that of rueridional transits, as they may be laid either hori- 
zontally or vertically at pleasure. 

(50.) Lieutenant Carter's instructions were, if possible, to make a plane- 
table survey on a trigonometrical basis, fixing the positions and altitudes of all the 
promitlent llill peaks visible froin the stations of observation, in order to facilitate 
the incorporation of geographical details acquired from native information. Should 
the army advance too rapidly to allow of such operations, he was to carry a route- 
survey along the line of march, and when the rapidity of tlie advance rendered 
even this impossible, he was to fall back on astronomical observations of the lati- 
tudes, and either absolute or chronon~etric differential longitudes, of the principal 
pli~ces ;ilong the litle of route. All absolute longitudes were to be determined by 
lunar ze r~ i t l~  distances measured with the micrometer theodolites already described, 
as in intertropical latitudes this method is probably better than any other for the 
determin;ttiotl of lllis difficult element. I t  was expected that differential longitudes 
might be determined with the aid of the line of' telegraph wllicll was to be put up  
along the route talten Ly the army, but this expectation was disappointed, as the 
telegraph wire was not carried beyond the point reached by the topographical 
survey. 

(51.) Operations were commenced by tlie measurement of a base-line near 
Rooma.ylee, t,he first halting place on the march from Zoola to Senafe, and the  - - 

deternlinnlion of its latitude and azimuth ; similar operations were subsequently 
performed at Senafe, Antalo and Asliangi, and the country around each base was 
triang11l;lted ; but tlie advance of the army was too rapid to perrnit of the triangu- 
lation beinm conr~ectcd otllerwise than by tlie route-survey ; the latter was fortu- 

3 
nntely cnl.r~cd witlioot srly Lrenk of continuity, from I<ootnaylee to Magdala, and 
subsequently connected with the port oE Zoola, in Annesley Bay, on the ret,urn of 
the fijrce. Up  to Ant:~lo, a corlside~~able breadth, 10 to 15 miles of country, on both 
flanlts of the line of nlnrcll, was surveyed topographically, on the scale of 1 inch 
to 4 miles, but further on the breadth necessitrily diminished as time would not 
permit of a protracted survey. The planc-tabling ceased altogetller a little beyond 
Ashangi, and it was only after very great exertions that Lieutenant Carter was able 
to complete the route-survey to Magdala, arriving there on the morning of the 13th 
of April, the day of the assault. 

(52.) While tlie army remained a t  Magdala Lieutenant Carter made a survey 
of about 70 square miles of the surrounding country on the scale of 2 inches to  the 
mile, to accompany Sir Robert Napier's despatches. 



(58.) The oubturn of work may be summarized as followa. 6000 square 
milee reconnoitered and mapped on the scale of 4 inch to the mile; a survey of 
Magd.l. on the scale of 2 inches to the mile ; 400 linear miles traversed with the 
micrometer theodolites ; 2 determinations of absolute longitude, 1 4  of latitude, 5 
of mimuth, and 50 time observations ; 5 base-lines were measured, 58 points were 
fixed trigonometrically, 30 heights were determined trigonometrically, and 50 by 
boiling point observations. 

(54.) Performed in the short space of 4 months, by 3 officers only, who 
labored from the outset under numerous disadvantages, and latterly euffered great 
privations from the want of proper or even sufficient food, and the absence of all 
' stimulants', such an amount of work testifies most forcibly to the energy and ability 
with which these officers devoted themselves to the arduous duties that fell, to their 
share. 

(55.) Lieut.-General Sir Robert Napier, in his despatch of the 1st June 1868, 
notices t.heir services in the following terms :- 

" The Officers of the Trigonometrical Survey, Lieutenants Carter, Director, and Dummler 
and Holdich, Royal Engineers, Assistants, by the most strenuous exertions, and at the cost of 
great fatigue and privations, succeeded in surveying nearly 6000 miles, and carried their work 
horn the coast to Magdala. The labour of these officers, two of whom have been obliged to 
return to England, from loss of health, will prove very valuable." 

(56.) On the termination of the expedition, all three OKcers went to Eng- 
land where they have been employed hitherto in reducing their observations, draw- 
ing maps, and preparing a report of the results of the operations. 

No. XI.-ASTROR'OMICAL. 

OBSERVATIONS OF THE TOTAL EC:I,IPSF: OF THE SUN. 

(57.) The year 1868 has been signalized by the occurrence of a total solar 
eclipse, which had long been looked forward to with peculiar interest, not only 
because it would be the first opportunity of applying the modern discovery of spec- 
tral analysis to investigate the physical nature of the corona around the snn's 
photosphere, and the red flames which appear to issue forth from the photosphere 
when the sun is totally eclipsed, but also bedause the period of totality would be of 
almost the greatest possible duration, and would afford more leisure than usual for 
euch observations as can only be made during an interval which at its longest' is 
but very brief, not more than 6 to 7 minutes. On the recommendation of the Royal 
Aetronomical Society, Major Tennaut was deputed by Government to make observ- 
ations of the eclipse, and was supplied wit11 all the instruments necessary for the 
purpose, including a spectroscope, polariscopc, and photographic apparatus. More- 
eyer the Royal Society. anxioils to make the most of the opportunity and increase 
the chances of success by multiplying the number of observers,. offered to place 
certain instruments at my disposal to be used by Officers of the Trigonometrical 
Survey at different places along the central line of the eclipse. I readily accepted 
this offer, in anticipation of the sanction of Government, which w ~ s  subsequently 



most cordially conceded, with an intimation that the Government " was prepared to 
do everything in its power towards securing fill1 and accurat,e observations on thie 
rare and important occasion." 

(58.) As ]lone of the officers of tLis department had ever had an opportu-. 
rlity of acquiring a practical familiarity with the manipulation of spectroscopes and 
polariscopes, it was fortunate that when I received the proposals of the Royal 
Society, one of our officers, Lieutenant John Herschel, R.E., was in England, on 
leave of absence. H e  placed himself in communication with the Society, and had 
an opportunity of studying the subject of spectral analysis in the Obeervatory of 
Mr. Huggins, whose name is so well known in connection with this most interesting 
branch of physical science. I determined therefore to entrust him with the duty of 
carrying out the programme of operations proposed by the Royal Society. While 
in England he interested himself in the preparation of the instruments, and on his 
return to India, brought them out with him. They comprised, let, an equatorially 
lnounted cloclr-driven telescope, of 62 inches focal length and 5 inches aperture, 
with a spectroscope having a single flint glass prism, arid a micrometer Ecrew for 
measuring the position of any lines observed. CLnd, four portable hand-spectres- 
copes. 3rd, a telescope mounted altazimuthally, and fulnished with a double image 
prism and a Savart's polariscope, for the purpose of analyzing the light of the 
L b  corona" and " red flames," for polarization. 

(59.) Lieutenant Herschel was to use the eqmtorial instrument, a i d  lie pre- 

P E ~ S O ~ E L ,  
pared himself for the purpose by examining 

Lieutanent J. Herechel, R.E. 
the epectra of the principal southern Nebulz, 

Csptsin C. T. ~ ~ n l g ,  R.E. the 1Eo;yal Society having suggested that these 
('aptain B. R. Branfill. observations would not only enable the ob- 
1,ienteunnt W. If. Calupbcll, R.E. server to acquire the necessary familiarity with 
the instrument, but "would be of very great value in the present state of our 
knowledge, and would certainly repay the entire cost of the instrument, should 
bad weather, or some unforeseen accident, render the primary object, the investi- 
gation of the sun, impossible." Lieutenant Herschel's observations of the southern 
Nebulre have been published from time to time in the proceedings of the Royal 
Society. The polariscope was allotted to Lieutenant Campbell, and one of the hand 
spectroscopes to Captain Ilaig, the rest being lent to persons who do not appear to  
have had an opportunity of using them. Captain Branfill was attached to Major - - - " 

Tennant's expedition, where he made the observations for polarization. 

(60.) The eclipse mould occur towards tlie close of the rainy season, in the 
clistricts under the path of the totnl phase across the Peninsula of India. At such 
a time favorable weather could not be espected; on the contrary there was much 
reason to fear that clouds would be so p-evalent as to conceal the eclipse from view. 
I t  was necessary tliereforc to mabe minntc enquiries regarding the localities along 
the central line which offercd the grcate~t  ndvnntages in point of climate, and the 
best promise of an llncloltded sky. For t l~is  purpose a circular was prepared calling 
for inform:~tion on tlie weather to be expected, the average rain-fall in the three 
first weeks of August in preceding years, ant1 otlier matters the knowledge of which 
might influence the sclecdion or recicction of' any particular locality. As the path of 
totality wo~lld cross portions of tlie Madras and Bombay Presidencies, and of the 
Nizam's I)otninions, copies of the circular wcre sent to the Governments of Madras 
;incl Holnhny, and lo the Resident at the Court of the Niznrn. t o  be trnn~~nitted to 



the several Officers in charge of Districts, and to all persons who might be able to 
contribute the necessary information. Enquiries were also made regarding the 
weather prospecbs in the Province of Tenasserim, on the.east coast of the Bay of 
Bengal, where the duration of totality would be greatest, and the sun nearly in 
the zenith. 

(61.) From the answers to these enquiries it appeared that very unfavor- 
able weather might be expected at Tenasserim and on the Bombay Coast Line, that 
the most promising localities lay in the belt of country between the Madras Coast 
and the Western Ghats, and further that in the neighbourhood of Jamkundi (lat. 
l G O  30' long. 75" 22') and Beejapore (lat. 16" 50' long. 75" 48') there was a better 
prospect of fine weather than any where else ; Jamlrundi was said to be notorious 
for its small rain-fall. These places were selected by Lieutenant Herschel and 
Captain Haig as stations of observation. Major Tennant and Mr. Pogson, the 
Government astronomer at Madras, had decided on stationing themselves at points 
on or near the east coast. Thus the observers were distributed along the line of 
totality, and widely separated, and there was all the more probability that some of 
them would have an opportunity of making the requisite observations, though others 
might be unfortunate and see nothing. 

(62.) As matters turned out, all the Survey Officers had the good fortune 
to witness the eclipse, and make the observations which had been specially allotted 
to each ; but clouds prevailed to a greater or less extent in every instance, and it 
was only through the clouds or openings in them that the phenomena were visible 
from time to time. The weather was very much more favorable at Guntoor and in 
the neighbourhood of the east coast of thc Peninsula, than at Jamlrundi and Beeja- 
pore ; but it mas so unfavorable, at all the stations of observat,ion, on the days im- 
mediately preceding the eclipse, as to occasion great anxiety and discouragement. 

(63.) Detailed reports of the observations have already been forwarded to 
the Royal and the Astronomical Societies, by whom they will be published wit11 a11 
the accessories for furnishing complete information of the results which have been 
secured. I need therefore only quote the descriptions given by each of the Survey 
Oficers of the leading phenomena which they individually observed. 

(64.) Lieutenant Herschel, who was stationed at Jamkundi, reports as 
follows :- 

" About ten minutes before totality commenced, I took up my position at the telescope, 
and occupied the i n t c ~ a l  in final measurcs of the solar lines, to which any snbsequcnt measure- 
ments might be referred. As I mas thus engaged the spcctrurn of what remained of the sun 
grew rapidly narrower, and I was watching eagerly, and i t  may he guessed how intently I for 
the final disappearance which mas to revcal, in place of thc solar spectrum, that of the corona, 
when the lattcr faded prematurely through tllc intcrvention of a cloud, and t l ~ e  prccious momcnt 
was lost. 

I wcnt to the finder, removcd thc dark glass and waited, how long 1 cannot say, pcrhaps 
half a minute ; soon the cloud h~ur icd  over, follolving the moon's direction, and tllercforc rc- 
vcaling, first the nppcr limb with its scintillatir~g corona, and thcn thc lomcr. Instantly I 
markcd a promincncc near tllc nccdle point, an ohjcct so conspicuous that I felt therc was no 
nced to take m y  precautions to sccurc idcntificntion. I t  was a long fingcr lilrc projection from 
the lower lcft hand portion of circumference. A rapid turn of the tlcclination acrcw covcrrd it 
with the ncede point, and in another instant I was at t l ~ c  spcctroscopc. A singlc glancc and 
thr problcm was solved. TIIREE V I V I D  LINES, RED, ORANGE, DLUE ; NO OTLILRS, A N D  NO TRACE OF 

A COSTINUOUE BPECTBUSI. 



From that time until the end of thc 5 minutes I was endcavoring to  seize the fitful 
glimpses of these lincs for purposes of measurement. I succeeded with the orange and blue, 
but there was not sufficicnt time for the 3rd. The field became suddenly re-illuminated and 
the total eclipse mas over. Nothing more could be done except to check the mcasurcments 
against those of the solar spectrum." 

(65.) Lieutenant Campbell mas with Lieutenant Herschel at Jamkundi ; he 
reports that he only saw the eclipse fitfully through openings in the clouds, for an 
aggregate period which he estimates at somewhat less than half that of totality. 
The alter~late appearance and disappearance troublcd him greatly, but he can still 
spcak with certainty on the following points :- 

I' 1st. When using the double imagc prism, thc strong difference iu color of the two 
images of the corona, and the absence of such diffcrence in the case of tlie most prominent red 
flame. 2nd Wit11 the Savart's polariscope, the bands from the corona were decided. With a 
low powcr, they were wanting in intcnsity and colour (excepting alternate black and white) 
making it difficult to specify the nature of the centre,-and their position was a t  right angles 
to the limb, exte~lding over a space of about 30" of the circumference; mhcu the polariscope 
was turncd, the band travelled bodily round the limb, mitliout otlicr changc in position or ar- 
rangement, as if indeed they were revolving round the centre of the sun as an axis. With a 
liigller power, when a smaller portion of the corona was embraced, the bands were brighter, 
colorcd, and seen in a diffcrent position, viz., as tangents to the limb." 

(6G.) Captain Haig was stationed at Beejapore. The sky mas so heavily 
laden with clouds that he had given up all hope of witnessing any of the pheno- 
mena of totality, when a sudden opening disclosed the eclipse. With the aid of a 
tl~eodolite, on which he had mounted t l ~ e  prism cap of one of the hand spectrum 
telescopes, he observed two red flames on t l ~ e  left of the vertex, 

" Separated from cach other by a small interval, so that their spectra, which mere iden- 
tical, mcrc estended over tlic darlc back ground of the moon's disc, and stood out in most 
marked contrast with tlie feeble but continnous spectrum of the corona. I n  their spectra mere 
two broad bright bands quitc sharply defined, onc rosc madder, and the other light golden. 
Thcsc spectra mcre soon lost in the spectrum of thc moon's edge just before emergence, which 
11atl also two ~ re l l  defined bright bands, one grcen and one indigo, about a quarter of the width 
of the bands in tlie spectra of the flames ; this spcctrum being again soon lost in the bright 
sun-liglit." 

(G7.) Captain Branfill was stationed, with Major Tennant, at Guntoor, and 
took observations for polarity. H e  reports as follows :- 

" With tlic fiiltlcr I dirrctcd to the hightest part (the S.E. quartcr) of the corona, and ex- 
amincd its light rarcfully with the Nicoll's prism and crossed quarts, which gave 'brilliant light 
dark and colourcd bands (Sa~,art's). I noted thc position of thc maximum white band, and the 
points of disnppcnrnnrc on cach sidc. I t  was directly clear to me by several trials that the 
corona n aq plc~itifully polarized in all the plancs ~~xss ing tlirough the s~in's centre. The double 
imagc prikm g a ~ ~  the samc rcsults as thc plain Nicoll. Tllc polarized light was most where the 
corona mas br~gl~tcst ,  lcast whcrc faintcst. Satisfictl of this, I turned to csamine the light of the 
llor~~-lilic rcd flnmc ; tlic corona scemcd fainter bcllintl i t ;  but though I contracted my field I 
could not of course cxrlllde all corona light. I could not dctcct tlie prcscncc of polarized light 
on the red flan~c. ]Tit11 tlic double imagc prism thc flamc did not sccm to vary in tint a t  
all ; with tllc Sarnrt 1 could not gct rid of bands altogetlier, and I noticed that though extremely 
faint the l)nll(lg wcrc continued upon thc moon's snrfacc. I was still strailling to sce and note 
any tliffcrcrlccs in brilliancy with the plain Nicol, when a flood of light in the ficld told me that 
all was over". 

(68.) Thesc observations arc pregnant with interest ; they lead naturally to 
thc conclusion that thc ' corona' is vcry slightly, if at all, self-luminous, but owes 



its brilliance mainly to the light of the sun ; while on the contrary the ' red flames' 
are self-luminous, and composed of intensely heated gaseous matter. 

No. XI1.-ASTRONOMICAL. 

LATITUDE OBSERVATIONS. 

(69.) During the preceding year, the astronomicai circle employed in these 

PE~SONNEL 
operations had occasioned much embarrass- 
ment. I t  was one of the two sister instru- 

ticut. W. J. Henviaide, RE., Arintsnt Surveyor 
1st m e .  ments, with double vertical circles 3 feet in 

Mr. J. wood, Sub-bsai~tant 2nd Grsde. diameter, which were constructed for and ma- 
,, Q. B e l c h ,  Sub-hiatant 3rd Orsde. terially modified by Colonel Everest, and are 

described in his account of the great arc. From the year 1839, when it was first 
employed, until March 1866, its performances had always been highly satisfactory ; 
but after the observations in the field season of 1566-67 had been reduced, it 
wae found that they gave large discrepancies between the latitudes deduced from 
stars to the north of the zenith, as compared with those deduced from stars south 
of the zenith. The results from north stars agreed very closely inter se, as did those 
from south stars, but the former exceeded the latter by an amount averaging 6 9  
a t  the five stations at which the instrument had been set up, and at neither of tllem 
leee than 5."3, showing that the instrument had acquired the very disagreeable pro- 
perty of measuring all zenith distances in defect of their true values. This must 
almost certainly be due to some injury which it must have received on it's return 
journey to head-quarters after the field season of 1866-67. A moat careful exami- 
nation of every part failed to show the locus of mischief, and consequently the in- 
strument was discarded, and its sister circle (No. 2) was employed instead, in the 
operatione of the present year. 

(70.) The system of observing to pairs of north and south stars ha8 invari- 
ably been adopted in these operations, each of the two components of a pair being 
ae nearly equidistant as possible, compatibly with the selection of the best deter- 
mined stars in the Greenwich catalogues. Thus the instrumental defect above 
indicated should be eliminated from the mean latitude deduced from a pair of stars, 
and the final results ought not to be sensibly affected thereby. I t  appeared desir- 
able however to establish this point decisively, by taking observations with circle 
No. 2 at one of the stations where circle No. 1 had been employed. This wa8 done 
during the present year ; the same stars were used as had previously been obsrrved 
to ; no appi-eciable differences were found between the results from north and ~out l l  
stare, by circle No. 2, and the mean result was found to differ by only 0."ll froln 
theb previously given by circle No. I .  Thus i t  was clear that the final results of 
aeaaon 1866-67 were thoroughly reliable, and that the observations at other stationa 
need not be repeated. Consequently Lieutenant Heaviside proceeded to determine 
the latitudes of additional stations of the triangulation on the meridian of 75". 

(71.) The astronomical latitude of I~snpur ,  the northernmost station of thiu 
chain of triangles, is almost itlentical with, differing by only ."06 from, the value am 
computed through the triangulation from Colon~l eve rest'^ origin, the station of 
Kdianpur on the Great Arc, with the elements which havc alwaye been employed 



hitherto in tlic c;~lculntions of tllc 1:ttitwles arid longiturlcs of the trigonornetrical 
st;~tiuns, and in whicL tlic ellipticity is u~aimcd as ,kW: Tho station at wllicl~ tbia 
close coincidence b e t ~ c c n  thc a~t~ronomicnl and gcodct~c vducs of latitudc occiirs, 
is situatcd near the northern li~uits of the grcat plains of the Punjab, and is ratl~cr 
closer to thc Himalayas than the ilorthernmost station Icaliana, of Coloncl Evcrcst's 
arc, which is also situated in an extensive plaiu ; but the astronomical latitude of 
Kaliana is 5".2 less than the geodetic value brought up from Icalianpur, suggesting 
a cleflection of thc plumb line towards thc I-Timalayas. As tlic mountain masses 
arc probably quitc as great on tlic meridian of 75" as on that of Kaliarla 78", i t  
would appear that the northerly attraction of thc mo~intnins is more fully compen- 
sated in thc wcstcrn than in the eastern plains. In  order to obtaiii additional light 
on this point, Lieutenant Henviside mas dirccted to observc thc latitude of a station 
of the triangulation on meridian 7G0, between Kaliana and Isanpur, the linc joining 
the three stations being ncarly parallcl to the direction of the mountain ranges :- 
the value was found to bc 3".9 less than the geodetic latitudc, a smallcr difference 
than occurs at Kaliana, but larger than at Isanpur. 

(72.) During thc field season Lieutenant Heaviside determined thc latitudes 
of four new trigonomctrical stations, and re-determined one of the latitudes of last 
year, as already stated. At each of the new stations 35 pairs of north and south 
stars, within 30" of thc zcnith, were selected from the Grecnmich 7-year catalogue, 
and each star was observed on the meridian on six successive niehts. The probable b 
errors of the final results in no case exceed f "-06, a very satisfactory indication 
of the performances of thc obscrver and the instrument, as well as of the accuracy 
of the catalogue from which thc places of the stars were taken. Observations have 
now bcen completed at 7 stations of the trianaulation on meridian 75", over an arc tl 
of rather more than 5" of latitudc, and the differences between thc astronomical and 
gcocictic values arc surprisingly small, rather less on an avcragc than l", indicating 
that thc cxtcnsivc plains of the Punjab and Rajpootana, over which the operations 
liavc becn carried, arc admirably adapted for the measwcment of a gcodetic arc. 

LEVELING OPEI1A't'IONS, AND AltRANGEMENTS FOR THE PILOTECTION OF TIIE 
SURVEY STATIONS. 

(73.) Mr. Lanc was cmplqyed in carrying a linc of lcvcls from the Trigono- 

PERRONNE~,. n~etrical Survcy Ccnch-mark nt Mcerut thro~~gl l  
Mr. C. Imnr, Surreyor 211d ~mtlc. Rohilkund, viA Ghurmu1;tcesar Ghat, Moora- 
,, L. 11. Clnrkc, Civil A~airtnnt 3rd Qradc. - dnbad. and Bareillv. to Pilibl~it. Thesc levels 

wcrc intcndcd for i h c  purpose of checking thc 
tri,rronomctrically dctcrminccl hcights of the 

mrvcy ~tatio~lcl at thc nortllcrn cxtremitFes of' the mcridional chains of t;anglcs east 
of tlic Groat Arc, and for conuccting the sevcral lincs of lcvcls which have been 
c.xccntct1 in llullilkuncl, wit11 3 vicw to furnishing data for thc chclrlu of lovcls of the 



North-West Provinces, which are now being prepared in this office.-228 miles of 
main and branch lines werc levelled independently by Messrs. Lane and Clarke, in 
conformity with the rigorous method of procedure which has been described in 
former reports, connecting 6 principal trigonometrical stations, and fixing 382 
bench-marks, bridges, mile-stones, or other permanent marks in the vicinity of the 
operations. 

(74.) Mr. Lane also deputed a native surveyor to repair all the stations on 
the southern section of the portion of the Great Arc between Sironj (lat. 24") and 
Beder (1st. 18"). Upwards of 30 years had elapsed since these stations had been 
constructed in the course of the triangulation under Colonel Everest, and meanwhile 
no special arrangements had been made for their protection from wilful injury or 
from the action of the weather. They were now ascertained to have fared on the 
whole far better than could have been expected. Out of 52 stations, 2 were found 
to  have been wholly destroyed, a temple having been erected over the site of one 
of them ; at another station all the mark-stones had been removed but the platform 
still remained; at 10 stations the upper mark-stone had been removed, but tlie 
lower ones were found in good preservation ; while at 39 stations the upper mark- 
stones were uninjured and had evidently not been tampered with. 

No. XIV.-GEODETIC. 

TFTE PENDULUM OBSERVATIONS. 

(75.) These operations have been prosecuted very rigorously durina the P 
PERSONKBL. 

present year, in conformity with the or~ginal 
Captnin J. P. Bnseri, R.E., Surveyor i s t  Grade. programmeof observationsof vibration in vacuo 
M;. W. M. Lemnrchand, Sub-Assistant 3rd Grnde. at stations of Colonel Evere6tYs Arc, 
,, J. W. McDoogall, Sub-hoistant 3rd Grade. with the two pendulumcl which were supplied 
by tlro Royal Society, and have been described i'n previous reports. ~ r o c e d i n g -  
southwarcls from the IZimalayas, Captain Basevi had in the two preceding years 
completed observations down to the station of Ehmadpur, lat. 23-36. This year tlie 
pendulums were swung at no less than 5 stations, Badgaon, Somthana, Dalnargida 
observatory, Kota Kodungal, and Namthabad, bringing the operatione down to lat. 
15" 6' ; thlw about two thirds of the pendulum observations on the Arc have now 
been completed. 

(76.) At the commencement of the field season, Captain Rasevi had to visit 
the Bombay observatory, in order to test his magnetic instruments by comparing 
their results with those of the standard magnetometers in that observatory, for 
reasons which will be explained m the next section. H e  availecl himself of the 
opportunity to take the pendr~lums with him, and determine their weights and speci- 
fic gri~vitiee, with the ail1 of the apparatus which is employed for such purposeR in 
tho Bombay hlint. Thc r e s r ~ l t ~  tllr~s obtainccl will probably be of muck value in the 
final reduction of the observ a t' 1 0 ~ 8 .  



(77.) Captain Basevi has continued to devote much attention to all points 
the investigation of which might tend to improve the accuracy of the results of the 
operations, by bringing facts to light which have any bearing in the performances 
of a, pendulum. For instance, the accuracy of the temperature corrections depends 
on the thermometers truly indicating the temperature of the pendulum; it was un- 
certain whether they actually did so, under tlie ordinary conditions of observatioil 
for several consecutive hours of the day, in a uniformly varying temperature, always 
hotter at the close than at the commencement of the observations ; under such cir- 
cumstances the temperature of the pendul~trn might lag behind that indicated by the 
thermometere. To ascertain whether this is actually the case, at Damargida Cap- 
tain Hasevi took complete sets of observations with both his pendulums, lasting over 
8 or 9 hours of the night, from about 8 P.M. to 5 A.M., in addition to the ordinary 
diurnal observations mhicli are of similar duration;-thus the night observations 
mere taken under a falling temperature, and the day ones under a riaing tempera- 
ture. The results seem conclusive as to thc fact that lagging exists to an amount 
which, though very minute, is still sufficiently appreciable to necessitate its recogni- 

a Ions. tion in the final reduction of the observ t' 

(78.) In  my last report I described the steps which had been taken for 
determining the factors of expansion of the two pelldulnms, and pointed out that 
they lcd to the singular and unexpected conclusioll that L L  expausions determined 
by the vibrations of pendululns under a very low presfiure are materially greater 
than those obtained by vibrations in the air, or by direct measurement." I added 
that " whether this is due to an actual increase of expansion for a dccrcase of pres- 
sure, or to the action of other phenomena wllicli are at prcsent unknown or only 
imperfectly known, is a problem for future solution." I have invited Ihe attention 
of some of the most eminent European savans to this point, but as yet nothing 
conclusive has been established. The following suggestiolle have howcver been 
received from Professor G. G. Stokes :- 

" I cnn see one cause acting in such n clircction ns t o  explain the cffcct observed, but 
whether the amount named be sufficient t o  explain the result, I am not prrparcd to say. Ac- 
cording t o  Maxwell the viscosity of air increases with the tcmper:~ture. Now what would be 
thc efl'ect of a n  increasing viscosity? I n  a pcndl~lum si~rroundctl by free air, doubtless t o  
incrcase thc time and diminish by dcgrces the arc. But  if the pcndulnm is closely invested I)y 
a rigid envclope, tllc cffect is not the samc. Evidently wllcn the viscosity i~ very grcat, tlre 
iustantaueous motion of the  air tends t o  dcpcnd solely on the  instantaneous motion of the 
l~cndulam, and consequently thc cffect of resistance, so far as viscosity is collt-e~.ned, tends t o  
fill1 7oholly on the arc. With  a hampered pc l~d~l lum (I mean one round which the air mas ham- 
pe~'ctl, the pendulum itself being frec) I shol~ld cxpect the effect of increas i~~g  viscosity to  be, 
l i n t  to incrensc, and afterwards t o  diminish tllc time, the  rate of diruination of the arc iu- 
creasing all along." 

Professor Bnlfour Stewart writes ;- 

"I  feel certain in  my own mind that  i t  is not due t o  all act11nl illcrease of cxpausion for 
a rlccreasc of pressure. To  what it  is due is a tlifferellt qllcstion. I hazard t l ~ c  follomiug remark. 
I fancy it  will he uhown that  tin: effect of air is of two fluids, one vnryi~rg wit11 the 
density, the other independent of the density, but varying with the temperature of the air. I 
cam imagine that thia may, nay that  i t  must mnke the ternpcrature in  air so~newllat different 
t o  that in vacllo, but wl~ether it will account for such a differeuce as you have obtained, I am 
not preparcd to say." 



(79.) During thc last two years magnetic observations havc bcen taken in 
connection with thc operations of this depart- 

PERSORREL. ment, with unifilar magnetometers and decli- 
Cnptain J I?. CWCVI, R.E. nometere, and dip circles, whicli were con- \v. 11. Colo, Esq., M.A. 

structed for the Indian Survey under the 
supcrintondence of General Sabine and Mr. Balfour Stewart, and were tested at the 
Kcw observatory. But the resulting value of the ' horizontal intensity' at Masoori, 
cliffcred very nlaterially from what had bcen obtained at the same station (though 
not on exactly the same spot) by the Messrs. Schlagentweit in 1855, our value 
being 7.286, their's 8.125, both exprcsscd in British units. Thc diffcrence seeqed 
to be very much larger than could be due to any secular variation in the amount of 
the intensity that could possibly have taken place in the interval of 11 years be- 
tween the observations. In  order to ascertain whether there were any errors in 
our instruments or our modus operandi, Captain Basevi was directed to take an inde- 
pendent set of observations with his instruments at the Bombay magnetic observa- 
tory ; this was done last November, and the result, horizontal force = 8.068, was 
absolutely identical with the value simultaneously iletcrrnined, under Mr. Chamber's 
clircctions, with thc instruments appertaining to the observatory. Moreover thc 
mean annual valuc of this element at the Bombay observatory was 7.943 in 1847, 
and 8.025 in 1857, with which the value now obtained in 1867 is satisfactorily 
accordant. I havc thcrefore much reason to believe that our results are quite 
correct. 

(80.) Our value of thc total intensity at Masoori is 1.06 less that that given 
by the Messrs. Schlagentweit in the 1st volume of their scientific mission to India 
and High Asia." Cut thc differences between our values of this element and those 
givcn in the Messrs. Schlngcntweit's chart of Isodynamic lines arc less, and appear 
to decrease as thc Iatitndc decreases; thus at 8 stations between 20" and 30" thc 
avcragc difference is -45, and at 6 stations between 15" and 20" it is ~21 ,  our valucs 
Lcing always smallest. 

(81.) The following is a synopsis of the monthly observations which havc 
bcen taken up to date by Mr. W. H. Cole, N. A*, at thc head-quarter's office in 
Dehra Doon. 

Station. 

Dchm 
, 

L " ~ ~ ~ d o  
longitutle, 

0 ,  

A 30 20 
L 78 G 

Month and 
reDr. 

Junu 1867, 
Jl~ly ,, 
August ,, 
8c11t. ,, 
Ortobcr ,, 
Nnm. ,, 
ncrr. ,, 
. J R T I I I ~ ~  G8, 
Fchrunry ,, 
March ,, 
April ,, 
8 r t 1 ~  ,, 
Junc ,, 
.July ,, 
Aueud ,, 
3cpt. ,, 
Orlobcr ,, 

' IcK , 

- 

M A G N E T I C  E L E M E N T S .  
- 

Dclination. / III;:~~: I Dip, 1 T Y ~ ~ I  ~ n t m .  
sity. 

-- 

0 I I ,  

. . . 

. . 

... 

. . . 

3 3 'G.1 E .  

3 2 l k 4 ~ .  
. . . 

... 

. . . 
, , 

3 3 ' i . 2  E. 
3 2 12,GE. 

7.2785 
7,285-1 
7,2830 
72870 
7.2964 
7 5 1 t  
7.2844 
7.29i5 
7,2!190 
7,2811 
7,2803 
7,2000 
7'3053 
7,2923 
i%4.'37 
7 . ~ 7 6 2  

0 ,  

4.1 3027 
41 31.18 
41 26.12 
41 29. 5 
41 27% 
41 29.613 
41 29.85 
(iL1 27.38 
41 27,1X 

, 41 25.19 
41 29.9A 
11 33.02 
41 20.28 
41 3$01 
41 2H.72 
41 32.45 
41 29% 

9.7187 
93"776 
9.7230 
9.7227 
9.7401 
9,7:367 
9.7328 
9.7322 
9.7336 
9.7216 
97281 
0.7317 
0.7622 
9.7333 
!).737'J 
9,7150 



(82.) The following is a synopsis of Captain Basevi's observations. Each 
result is usually the mean of two independant determinations, on as many days, the 
number varying from two to seven at each station :- 

D e a  ... 1 SO k0 1 
Meerut, ... ... 1 28 59 I 

Kalianpur, ... 1 24 7 1 

Agra, ... ... 
Pahargurh, ... 

27 9 

24 56 

d 
-2 # 

.4 Month and Year. b 2 
to R E X A R K E .  
a 
3 

- - - -- 

0 ,  0 ,  0 # 

78 6 Jniiuary 1867, . .. B 2 542 7,2877 41 27.57 9.7244 T h e  R. I. at Somtnnn waa 
determined from the mcan 

Badgaon, ... 
Somtana, ... 
Dumergidda, ... 

Sccundorabad, 

Kodungul, ... 

Kurnool, ... 

Namtliabnd, ... 

13angnloisc, ... 

20 44 

19 5 

18 3 

17 27 

17 8 

15 50 

15 6 

12 50 

77 94. March ,, . . ( ,, 2 10.0 1 7.7070 131 59.31 1 9.0868 I good dcnl of iron i8 m b d  
in the nciollho~uliood. the 

77 44 

78 2 

,, ,, . . . ,, 2 45.6 7.4062 39 7.2k 9.5463 of 4 observntions on tho 23d l l l l l  Ycccinber nnd 1st January 
February ,, ... ,, 2 46 3 7.5566 36 1.36 9.3430 all verj nrrordnnt. The clia- 

r~lrlcr of tlle rock is tran : s 

77 42 

77 43 

75 56 

No. XVI. 

77 39 

77 42 

77 43 

78 32 

77 41 

78 6 

77 36 

77 39 

T H E  COhlPUTING OFFICE. 

Mnrch & April 1867, 

April 1867, ... ... 

October ,, ... . . . 

(83.) The final reduction of any extensive system of triangulation, in such 
a manner as to secure entirelv consistent and 

Norcmber 1867, ... 
Dcc. 1867 Jan. 1868, 

Jnnuary 1868, ... 
Fcbruary ,, ... 
March ,, ... 

,, I I  . . . 
April ,, . . . 

June nnd July 1868, 

P E R B O ~ L .  harmonious results, and yet give it's proper 
.T. B. N. Ucnncnecp, Esq., Snr~ryor  1st Qrnrlc. 
Licut. M. W. Hogcrs, H.E., Sssistant Surrcror 2nd 

weight to every fact of observation, every 
Q ~ C I O .  measured ancrle and base-line. is a verv arduous 

,, 140.0 

,, 2 6.2 

,, 1 540 

0 

w, n. Cole, E3.11.A. *@sist. S l l r v T r 2 n d  (hado. and difficult undertaking,the more so tie greater 
Mr. C. Wood, Civil Assistnnt 4th Grade. 
Daboo Ciungn Pcr~hnd,  computer. the estent of the operations, and the number 
,, Dnnrlrannth nlltt. of facts to be recognized. The Indian trian- 

,, 0 55'1 

,, 0 28'1 

,, 1 29.4 

,, 1 3 4 1  

,, 1 28.8 

,, 1 20.7 

,, 1 10 6 

... 

u ,, Qopnl Chilnder Sircar. 

,, KaUy Mohmi Ghose, and 8 other computam. 
gulation is vastly more extensive than that of 
anv Eurouean state. but fortunatelv it has for 

7.8161 

7.7607 

7.9804 

., I 

the most part been cxecuted on n system which considerably facilitates the final re- 
duction of thc observations. Chain8 of triangles are carried along the principal 
meridians, and the course of the eastern and western frontier, and these are connected 
togctller by other chains, the northernmost of which follows the Himalayan frontier 
linc, while the others are carried along certain parallels of latitude, at convenient 

7.9704 

8.3900 

7.9955 

8.1239 

8.0635 

8.0726 

8.1113 

... 

30 17.84 

29 53.79 

25 42'41 

224099 

23 42.61 

19 33.04 

17 16.99 

16 36.44 

1342'79 

11 40'93 

7 7.44 

9.0872 

8.9520 

8.8570 

possible p;l.sence of 'l~irh 
mny nrco~~nt  for tlie discor- 
dance in H. I. and nip. 

8'6386 

9.1635 

8'4847 

8.5080 

8.4145 

83095 

8.2829 

... - 



intervals. Colollel Everest's Meridional Arc is naturally, from it's central position 
and it's intrinsic value, the axis of the system. Base-lines are measured at the extrem- 
ities of the longitudinal chains. and at  the points where the chains cross Colonel 
Everest's Arc. Thus tlie triangulation is divisible into large quadrilateral figures, 
with a base-line at each corner, and somewhat resembling gridirons, with their outer 
frame-work and intermediate bars ; and this arrangement offers certain advantages 
iu the reduction of t l ~ e  observations which are not met with in a net work of trian- 
gulation, as the points of jr~uction between the several sections of the operations are 
reduced to s minimum. 

(84.) At each junction there are necessarily two or more values of the 
lengths, azirnutls and co-orclinates of the sides common to two or more chains 
of triangles, in consequence of t l ~ e  errors gerlerated in the course of the operations. 
The probie~n to be solved is to harmonize these values by the application of certain 
corrections to every measured angle and base line, having due regard to the respec- 
tive weights of the observations and to certain esselltial tlleorctical consideratio~ls 
as well as to the imper:ltive necessity of restricting the calculations witl~in manage- 
able limits. With every assistance that could bc derived from the published ac- 
counts of t,he best gcodetic operations in Earope, and from Professor Airy, the 
Astronomer Royal, who llas taken much irltcrcst in the subject, it has bcen a nlnttcr 
of no small difficulty to elahorate a system of redr~ction which would satisfy ]nodern 
theoretical reqnil*cments, and yet Le suscepti1)le of practical manipulation, when 
applied to the very extensive operations of the Indian triangulation. This has at 
last been accomplisl~ecl, and the great quadrilateral figure whicli connccts De111.a 
Doon with Karachi, and comprises 4 base lines, and about 2500 angles appertaining 
to 8 chains of triangles, is now under treatment ; tlle area covered by the figure is 
nearly 300,000 square miles. 

(85.) A second edition of the tables which are used to facilita.te the calcu- 
lations of the trigonometrical and topograpllical operations has this year been yre- 
p r e d  and printed ; it contains a great dcal of new matter, of wllicll I may parti- 
cularize certain tables wllicll have been computed to facilitate the conversion of tlie 
spheroidal co-ordinates of latitude and longitude into plane co-ordinatcu, or vice z~e~*stP 
to convert plane into spheroidal co-ordinates, with sufficient. accuracy for the practical 
requirements of surveys of comparatively small areas. Tllese tables sliould enable 
Revenue Surveyors to makc ,greater use of the co-ordinates of the ~tatiolls of this 
survey tlian they llave done hitllerto, and conversely to compute the latitudes nncl 
longitudes of a certain number of tlieir points from the plane co-ordinates on rvliicll 
their operations are u s ~ ~ a l l p  I~ased. 

(SG.) Of otller matters doue in connection with the current opcralione of 
this office I may notice tlie magnetic observations the resnlts of whicti Il:~vc! already 
h(*rn gircn in para 81, metcorolo~4cal observations thronghout the yc:tr :kt I)cl~ru 
and d l ~ r i l ~ g  the recess at bfaunori, coml)arisons of standard tllermomctcrs :knd baro- 
lueters, nud tlre prepmation of provisiol~nl data of the results of the trinilgl~latio~l for 
publication, rvitl~ a ricnn. l u  ~ n c e t  inl~nccliatc rccluirclnents, 
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CARTOGRAPHY. 

(87.) Tlie map of " Turkestan with the ad jace~~ t  portions of the British 
and Kusliian Territories" which was stated in 

PEUSO~HKFI. 
W. H. 9cotl,  Eq., Civil Aaslstant 1 s t  Or&, and my last to be under com~ilation, has 

C111ef Drsilsmnu. now been completcd and published by the 
4 Nntire Draftsmm and 13 Native apprent~ces. photo-zincographic process. A great deal of 
valuable information has been incorporatcd into this Iual), from the Puiijab b 6  Re- 
port on tlie tradc and resources of the countries on ihe North Western Boundary of 
British Illdin." as to the routes from Afganistan zviLi Koknn and ILashgar, aild aid 
the Oxus River. the Pamir Steppe nut1 t l ~ c  Sari-kul or Tnshkurgan district, to Yar- 
Icnnrl ;-from Pcsllamur through Swat, 1';111,jIi0ra and Chitml, to tlie Pamir Steppe 
and the sources of the Osns ; and from T~ch arid Jskardo into Taslikurgan and Pa r -  
kuncl. I n  the regions beyond the British frontier, which no European could safely 
cnter iinless backed by a strong army, tliere arc lnany l~ i l l  peaks whose positiolis 
and liciglits liave heen determined with accuracy by tlie operations of this survey, 
in ~wcvions years. These points furnish the basis on which the geographical details 
as obtained from oral information. or trnvcller's itinernrics, or explorations by native 
surveyors, llnve bcen fitted ; wliere they are numerous the map i i~  probably fairly nc- 
curate, where tllcy are scnllty it is necessn~.ily lcss rclialle. The regions of which 
least is known are those lying between tlic? Osus and the sonthern frontier of 
Iiokan ; nothing is Icnown of the configuration of the Pamir Steppe, and very little 
of the positions of places on it. 

(SS.) The determination of tlie mucli qiiestioned positions of the chief towns 
of Altysl~al~nr. or little Hokhara, is approaching solution. The position of Ilchi, 
tlie capital of ILhotan, may be considered to 1i:lve becn definitely fixed by Mr. John- 
son, while that of Yarkund has probably becn very approximately fixed by Captain 
llontgomerie's explorer, Mohamed-i-Harnid. Adopting thesc positions, and collect- 
ing a11 the evidence available in this o6cc  as to it's distance and bearing from 
E'arkund and from Ilchi, Kashgar would :Ippenr to bc in lat. 39" 25' and long. 75" 25' ; 
tliis value of the latitude agrees with what has gcncrally been adopted hitherto, but 
tlie Iongitiide is 14' cast of tlic position adopted by IClaproth, Humholdt and Ritter, 
and no lees tlinn 3" 35' (newly two hnndred miles) cast of the value adopted by 
tllc hlcssrs. Scl~lagentweit. On tlie otllcr Iiand a new and entirely independent value 
of tlic position of 1C:lshgnr has been recently obtainccl. in the summer of 1867, by the 
Ilussiar~ Gcncral Poltnrasky, in the course of a reconnoisance of the regions to the 
sonth of Tlalre Issik-kill and the Nnryn River. down to the borrler of the plains of 
Altpslinl~nr ; thc rcsiilting position of 1Lashg;tr was Int. 39" 35', and long. 76" 22'. 
or di l l  morc to Ore east than thc vnlnc adopted in t l ~ i s  office. I am indcbted to 
Baron Ofiten Saclteri, Secretary t,o the llriperinl Geograpliical Society of Russia, who 
accomllaniccl General P o l t ~ m s k y ' ~  expcrlitiolr. for tlie :hove information. a8 well as  
for sevcrnl of tlie latcst and most correct maps of the regions on the south of the 
ltri~sian Fronticr ; they l ~ a v e  been of great assistance in compiling the new map of 
Tnrkestan. 

( 9 . )  Mr. Scott has also been cngagcd in tlic very laborious work of corn- 
p i l i ~ ~ g  C11al.t~ of Levels from the conibillcd operations of this survey and of the 



Canal, Railway and other Engineering Departments, in which all the levels are 
referred to the common datum of the mean sea level of Karachi harbour. Sollle of 
tllese charts are already published, as specimens to shew the Officers of the above 
departments what sort of information is required from them, in order that the charts 
may be made as perfect as the existing materials will permit of;  this I am sorry to 
say comes ~ I L  but slowly, and consequently the compilation of the charts is much 
delayed. 

(90.) During the year, 15 topographical and geographical maps have been 
photo-~incographed, and 20 preliminary charts of triangulation and 10 maps have 
bcc\n xi~~cographed;-7376 copies of these maps and charts, and 10,531 copies of 
f o ~ ~ ~ i ~  for calculations and office work have been printed, the former for issue to the 
public, the latter for employment in the department. 

(91.) An abstract of the out-turn of work executed by the Trigonometrical 
and Topographical Parties only, during the year under review, is given on the next 
page. 

DBHRA DOON, 

1st December 1868. 

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

Supdt. Great Trigonometrical Survey, 

and O f g .  Surtleyor General. 



ADSTRACT OF THE OUT-TURN OF WORK EXECUTED BY THE TRIGONOMETRICAL AND TOPO- 

QlL.lI'HICAL PARTIES OF THE O. T. SURVEY, DUBlNQ TEE OFFICIAL YEAR 1867-68. 

D E E C B I P T I O N  O B  D E T A I L ~ .  

Number of Principal Stations, newly fixed, . . . . . . . . .  

Number of Princii~nl T~iangles completed, . . . . . . . . .  

A r m  of Principal T ~ - i ~ ~ u l a t ~ i o n ,  in q u a l a  miles, 

Lengths of Princii>al Series, in miles, . . . . . . . . . . . .  

Average Triangular Error, in seconds, . . . . . . . . . . . .  

Averoge Probable Errors of A~~gles ,  in seconds & 

Azilnuths of VeriGcation, . . . . . . . . . . . . . . . . . .  

Num'ler of Secondsry Stations, whose positions and 1 
l~e ig l~ l s  llave been fixed, . . . . . . . . .  J 

Numher of Secondnry Statious, wl~ose positions only > 
have been tined, . . . . . . . . . . . .  j 

Number of Secondary Triangles, of which all 3 angles 
have been observed, . . . . . . . . . . . .  

Area of Secondary and Minor Triangulation in 
. . . . . . . . .  square miles, ... 1 

Nunber of Pointa fixed by intersection but 1101 visited, 

Length of boundnry line Surveyed in miles, 

Lenglh oE check lines in miles, . . . . . . . . . . . . . . .  

Area Tonocrnphicnlly Sorveyed on scnle of 1 inch 
= 1 I I I I ,  . . . . . .  

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

-- ------- 
7 9 12 16 . 63 

... 7 8 9 18 

. .  573 5.694 1,326 1,028 . . . .  1 . 8.561 

. . . . . .  

. , .  

. . . . . .  

... 

... 

... 

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

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

6 

... 

272 

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

19 

I . . .  

3 

. . . . . .  

. . .  

. . .  

8 

... 

113 

. . . . . .  

26 

... 

Area Topop~~aphically Survrseb on scale of 2 iuchcs 

. . . . . .  

Do. Plstrorm Ditto, . . . . . . . . . . . . . . .  

38 

0.41 

019 

6 

2 

2,659 

7 

= 1 mile, in sqoarrr m~les, . . . . . . . . .  

Area Topogrn.pl~ically Siuveyed on ecale of 12 inches ) 
= 1 mile, in Acres, ) . . . . . . . . . . . .  

Number of Principal Stations selccted in advance, ... 

Lengtha of Approximate Series, in miles, . . . . . .  

Number of Towcrs constructed, . . . . . . . . .  

Do. Plat foru~n constrt~cted for Principal Stations, 

Do. Pl~t forms for Socon4ary Statione, . . . . . .  

Do. Miles of Rnye cle~rred, . . . . . . . . . . . .  

Do. Miles of Roatls rnnde, . . . . . . . . . . . . . . .  
Do. Hil! tops clcnrcd of fo r~s t  and jungle, . . . . . .  
Do. Prinripal Stations whose olemo.;ts aero comyutcd, 

Do. Secondnry ditto, . . . . . . . . .  
Do. Preliminnry Chart6 of Trinngrllntion. . . . . . . . . .  
Do. PrincipalStal ionsplncrd uncler ollicinl protection, 

Do. Tower Stalions protected and closed, . . . . . .  

72 

0'28 

0.21 

. . .  

... 

... 

... 

... 

... 

... 

... 

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

6 

87 

1 

17 

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

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

28 

27 

26 1 4 

150 

0.27 

0.19 

1 

... 

, . . 

... 

... 

... 

. . ,  

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

" '  

33 

161 

10 

. . . . . .  
7 

678 

10 

20 

90 

... 
10 

33 

0.77 

019 

... 

14 

... 

9 

250 

6.1, 

. . .  

2 

. .  

. . . . . . . . .  

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

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

22 

116 

1 

6 

60 

163 

20 

19 

21 

1 

10 

9 

0.49 

0'26 

2 

... 

... 

. . .  

. . .  

. . . .  

1,34.9 1,2813 

830 

378 

60 

364 

260 

378 

. . . . . . . .  

. . . . . .  

800 

... 

298 

8 

380 

el 

186 

6,300 

1,078 

620 

89 

. . . . . .  

. .  

279 

. . .  

175 

2,316 

683 

6 

. . .  

I .. 

. . . . . . . .  

. . . . .  

81 

21 

... 

1,07G 

434 

614 

89 

31 

7 

800 

163 

750 

102 

976 

8 

. . . . . . . .  

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

720 

. . . . . . .  

336 

... 

... 

602 

1 





APPENDIX. 

E X T R A C T S  P R O M  T11E N A R R A T I V E  REPORTS 

E X E C U T I V E  O F F I C E R S  I N  C H A R G E  

T R I G O N O M E T R I C A L  S U R V E Y  P A R T I E S .  





ESTRICT FRObI THE NARRATIVE REPORT OF LIEUTENANT H. R. THUILLIER, R.E., SURVEYOR 

~ N D  GRADE, IN CHARGE B R A H ~ I A P U T R A  SERIES a. T. SURVEY, NO. 93, 
DATED 1 8 ~ ~  AUGUST, 1868. 

(2.) The party assembled at  Calcutta in the first week of November. Lieutenant Lar- 
minie had been lately posted to my party for special work in Assam. As this o5cer had had 
a very short opportunity of being trained in the special duties of this Department, and had seen 
no field work, I thought it prudent, before deputing him to take up the triangulation of the 
Assam Valley, to give him an opportunity of seeing some practical work of selecting stations 
and clearing rays. 

(3.) I t  was my intention on arriving at Calcutta to have sent a sub-assistant to Dacca 
to  procure boats for the conveyance of the camp to the field of operations, as they are more 
easily obtained there, and at cheaper rates than at Calcutta. But in consequence of the damage 
done to the boating by the cyclone of 2nd November, and the temporary stoppage of the Dacca 
steamer, I was unable to carry out this arrangement, and had to resort to what was obtainable in 
Calcutta. The loss and damage caused by the cyclone had been even more severe in the vicinity 
of Calcutta than at Dacca, so that it mas after great delay and trouble that I was able to pro- 
cure a sufficient number of boats, and these could only be obtained at greatly enhanced rates of 
hire, on account of their scarcity. I had previously made arrangements to send such a portion 
of the camp by land as the means of carriage then at my disposal allowed. 

(4.) After making the necessary arrangements for taking the field, the main camp started 
by boats on the 23rd November, proceeding through the Sundarbuns, vid Koolna and Kooshtca, 
to Furreedpore. This was a tedious and circuitous route, the greater portion of it.6eing against 
stream, but it was the shortest route open at that time of the year. It waa in order to avoid 
this delay that I intended getting boats from Dacca, to meet the camp at Kooshtea, which wol~ld 
have been reached by rail in one day. The numerous wrecks from the cyclone in the ncighbour- 
hood of Calcutta were another source of delay on the journey. The channels in many places 
are so narrow that their navigation was difficult, and the wrecka entirely prevented the boats 
from proceeding, as usual, by night, and consequently several tides were lost. 

(5.)  E n  route I dctached Messrs. Neuville and Ryall to take up the approximate series 
in the southcrn portion of the Fwrreedpore district, where three stations remained to be selected, 
aud gave them instructions, after completing this object, to work northward, clearing the final 
rays, Mr. Ncuville to work on the left flank, and Mr. Ryall on the right flank of the series. 

(6.) My camp reached Furreedporc on the 9th December, the portion which had pro- 
cecdcd 1)y land from Calcutta having arrived thcre a few days previously. After deputing Mr. 
Harris to take up the tower building, I startcd to take 11p the approximate series from the point 
where it had bccn relinquished the previous season. Licutenant Larminie and Mr. O'Sulliran 
accompanied me. 

(7.) On the !Mth Decembcr I directed Lientenant Larminie to proceed with his party 
to Kooshtea, for thc purpose of taking the steamer thencc to Gowhatty, in the vicinity of wlrich 
placc his triangulation was to emanate. Mr. O'Sullivan accompanied Lieutenant Larmiuie, to 
aid him in selccting s ta t io~~s in the first instance, and aftcrwards to continue the approximate 
scries, when Licutenant Larmiuie rcturucd to commcncc observations. 

(8.) For reasons statcd in para. 20 of my last rcport I determined, with your approval, 
to confinc my operations during the scnson to the approximate series. I therefore coutinued 
sclccti~~g stations and clcaring trial lines till the 1st April. 

(9.) 7'he triangulation follows tlic courae of the Ganges and Jumoona rivers. Owing 
t.o the brrndth of t h e s ~  r i v q ~ ,  and tlrc shifting nature of their banks, it was not always practic- 
able to sclcct sitcs suflicic~rtly far rcmovcd inlaud to cnsSlrc permanency. But such stations 



are f&, and these few have been selected with care in such places where the river was not 
cuttillg its banks ; so that I do not anticipate any immecliate loss of stations, and, after allowing 
a wide margin for the vagaries of the river, by far the greater number will remain for posterity. 

(10.) The districts through which the operations were carried are those of Fhrreedpore, 
Dacca, Mymensing and Pnbnah. I n  the Furreedpore district, where the series emanates, the 
county  is of a very low level, consistiag of immense swamps, intersected by small nullahs and 
streams. This part of the district is comparatively scantily inhabited, the village sites being 
raised on artificial mounds. Communication is most difficult, tlie principal means being by 
small boats, or canoes hollowed out of trunks of trees. Proceeding northwards the country 
gradually rises, and becomes clensely populatccl. The villages are of great extent, and surrounded 
by valuable groves of mangoe, palm and betel-nut trees. Such obstacles considerably impeded 
our operations. This part of the Furrecdpore district is richly cultivated, the principal crops 
being rice, dhall, sugar-cane, indigo, and tobacco. On the Ganges " chur lands') wheat and 
gram are also g r o w .  Procecding to thc left bank of the Ganges, in  the Dacca district, the 
country is low and inundatcd for the greater portion of the year. The surface soil is a mixture 
of sand and clay. Thcrc are no roads, the t r a6c  being entirely carried on by boats. The chief 
products of this part are rice, safflower, gram, indigo, and jute. I n  the portions of the Mymensing 
and Pubnah districts where the operations werc carried on, the count13y is of a similar nature. 

(12.) There was a grcat deal of sickness througllout the whole season in the Furreedpore 
and Dacca districts, principally from cholera, but I am happy to report that we mere compara- 
tively free from sickness. Five men died during the season, one from cholera, and four from 
ordinary causes. 

(13.) On the 4th April the chola bursat set in, ~ n d  heavy rain was experienced, accom- 
panied with severe storms. This weather continued daily for ten days, by which time tlie country 
wns nearly k b m e r p d .  As there appearctl no prospect of its abating, I closed work, and the 
camp started en route to Calcutta, where i t  arrivcd on the 27th April. 

(14.) Mr. C. J. Neuville was employed during the wl~ole season on the approximate 
series. He commenced work on 5th December, and selected two prirlcipal statio~is, clearing 
76 miles of trial lines, and 159 miles of final rays. The ground wliere he commenced work 
was extremely difficult for the selection of stations, and he was consequently much retarded in his 
operations at the commencement of the season. As I was unable to examine Mr. Neuville's 
work, I cannot report on its quality until I go over the ground next season, but considering 
the difficult nature of the coun ty  in which he was employed, I have reason to be satisfied with 
the quantity. 

(15.) Mr. F. W. Ryall was similarly employed on the approximatc series, and selccted 
one principal station, clearing 52 miles of trial lines, and 137 milcs of final rays. H e  was 
working in conjunction with Mr. Neuville, and had the same difficulties to encollnter in regard 
to  the physical fcatui-es of the COUII~I-y. The quality of his work cannot he reported on for the 
same reason as mentioncd in  Mr. Neuville's case. 

(16.) Mr. G. A. Harris was employed in erecting the towers. As these structures have 
to be made paka thrcughout, this part of our opcrations is by no means of a secondary nature. 
The difficulties in procuriug materials and conveying thcrn to the various sitcs in a country where 
communication is so diflicult, is a source of much trouble arid delay. Rfr. IIarris hoa worked 
well and successfully, and has had a hard field season's work, having had to rcmairl in camp till 
the middle of Junc, to complctc thc towcrs in hand. The works werc greatly tlclaycd on account 
of the heavy rains in April and l lay ,  and the difficulty in procuring lahor, the cailse of which 
is mainly due to the railway works of the Goalundo extension, for which all available lahor had 
been taken up. During the scason Mr. Harris completed 10 towcrs, two more being about half 
built, a r~d the materials for two others preparcd and collected. Mr. Harris returned to Calcutta 
on the 21th June. 

( 1 .  Agreeable to thc instructions conveyed in your 1etter;No. i:i, dntcd 23rd October, 
Lieutenant Laminie was f in ished with a suh-assistant and native establislimcnt from the 



Brahmaputra Scries, to execute the triangulation of the Assam Valley. For this object he left 
Kooshtea on the 31st December, and arrived at  

&SAM OPE~ATIONS. Gowhatty on the 11th January. Not having been 
Lieut. E. M. Larminie, R.E., A ~ e i ~ t a n t  Surveyor 2nd provided with elephants, he was totally dependent on Ctrnde. 
Mr. W. J. O'S~dliran, Sub-dssistaiit 3rd Grade. the local carriage that could be procured, this con- 

sisted merely of coolies; and, although Lieutenant 
Larminie received every' assistance from the local officials, the dclays and difficulties he met with 
on this account hampered him very considerably, and prevented him from accomplishing the amount 
of work wllicli 11e could otl1cr11-isc have perforrncd. Owing to the difficulbics experienced in ob- 
taiuing coolics for carriage of his camp, Ile was unablc to commence work till 25th January. The 
establisl~ment also with which he was furuishcd, and which was the largest I could apare him 
from my party, proved far too small to admit of being broken up into two detached partiee, 
and on this account Licutcnant Larminie was obliged to confine himself to thc approxim&b 
series, and give up all idea of taking observations till the followi~~g season. I have previously 
addressed you on thc sub,ject of thesc causes of delay, viz., want of carriage, and a larger estab- 
lishment, the forrncr has already been partially pro~idcd for, and next season Licuteuant Larminie 
mill have three elephants, and, with thc sanction of the increased establishment which I have 
recommcnclcd, I hare ercry rcasou to anticipate a large out-turn of work. Thc actual amount 
of worli accomplislicd collsists of 11 stations selected, 7 platforms built, and 10 llill tops cleared 
of jungle, tlie lcngtl~ of t l ~ c  scries bcing 80 miles direct distance. The country over which 
the triangu1;~tion was carried is Id ly  and wild in tllc extrcmc, and but thinly populated, which 
made the ditlicnlties greater. The follo~ving is extracted from Lieutenant ~armi&e's report :- 

" I t  had becn my original intention to carry on the approximate series for a short dis- 
tancc, and then return to t:~kc tlic final obscrvatio~~s, leaving Rlr. O'Sullivau to coi~tinue the 
selections of the stations ; but I found it necessary to change this plan, as I had not a sufficient 
r~urnbcr of men to arl~nit of thcir being dividcd into two partics of sufficicnt strength. The 
season was also far advancctl, and the burning of tlie im~llense jungle commencing in February 
would have caused grcat del;~p to thc final observations had they been attempted. %ere is also 
more fog and mist at this time of the year than carlier in the season. For these reasons I 
deternlined to confinc nlysclf to thc ap1)rosimate series. 

I' Commencing to tlie nrcut of Gowhatty from the old hill stations of Rlyang and Hati- 
mora of the Assam Lougitudinal Scrics, I carricd on a series of quadrilaterals in an easterly 
direction. All the stations selected, with the cxccption of one, are situated on hills 
of corisiderable cleration. 

" On the 2nd April, owing to bad weather, and the rapid increase of sickness in the camp, 
I was reluctantly obliged to close work. 

" In all cases roarls or paths had to be cut to the tops of thc hills, several days often 
being spent in cutting and bur11-ing the jul~glc bcfore the dcsircd point could be reached. 

" I rcgrct mucl~ I Ilave not a larger amonnt of work to show, but I trust that the diffi- 
culties I cspcricnccd in obtaining carriage, and the difficult nature of the conntry, will be taken 
into acconnt. Some idea of thc dclay occasioncd may be formccl from tlic fact t l ~ a t  out of this 
very s l~or t  ficld scason, 30 days were spent in total inactivity, from the impossibility of obtain- 
ing coolies. Thc time occnpicd in marching fi.om place to place was much increased by the 
nuinbcr of small rivers, kc., to l)c crosscd, and tlie scarcity of boats. 

" Till t l ~ c  cntl of hlarcl~ the I~calth of the party was very good, but from that time till 
leaving Ass:nn ncnrly t l ~ c  wl~ole camp was prostratcd wit11 malarious fever, from which two men 
dicd. The signal-mcu I found sufircd more than .thc others dnring the season, owing, I believe, 
to thcir segcutivy occnpation. The party rcturncd to Gowhatty on 12th April, where we em- 
barked on 23rd April. Procccdi~~g by steamcr and rail we arrived at Calcutta on the 28th 
April." 

(18.) Licutcnant Larminie reports w r y  favorably of Mr. O'Sullivan, Sub-Assistant 3rd 
Grade, for his cnergyy and zcal in carrying out all his instructions. I have always found this 
officer most diligent and activc during thc four ycars that he has been attached to my party. He 
has bccn now two ant1 a-half ycars in his present grade, and I cannot refrain from bringing 
him to your favoroblc notice for promotion. 



EXTRACT FROM A REPORT OF W. C. ROPRENRODE, ESQ., ASSISTANT SURVEYOR, IN CHARGE 

EASTERN FRONTIER SERIES a. T. SURVEY, NO. 1, DATED ~ T H  FEBRUARY, 1868. 

I have the honor to inform you that the mean level of the sea by tidal obsemations at 
Akgnh has been dctermined. The observations show a difference of 1.94 feet in defect of the 
coml~lted height determined by triangulation. 

(3.) The waters washing the gauge had a direct communication with the sea. The site 
was sheltered from surf, and the waters deepened rapidly from the bank to the gauge. The 
gauge was set up in 7 feet of water. It was driven into the bed of the river 6 feet and 9 
inches ; rocks at  the bottom prevented thb pile, to which the graduated scale was attached, being 
driven in deeper. The graduation extended up to 24 feet. The length of the post was 33 feet, 
and a foot square. The gauge post was isolated. No portion of the outer wood and bamboo 
work was allowed to come in contact with it. Four outer posts mere fixed 12 feet apart, 
forming a square, with the gauge post inits centre. Between these outer posts four others were 
driven in. The two corner and centre posts on each side of the square were connected with 
two beams nailed on diagonally from bottom (low water mark) to top; and four equidistant 
braces mere nailed and lashed on parallel to the surface of the water, and to one another, to 
secure the stability of the outer wall, composed of coarse strong matting half an inch thick. 
T l ~ e  mat wall, 124 x 14 feet, was then fixed to each side, and a floating stage was constructed 
for the obsemer. 

(4.) I obtained the Government schooner Do2phin from the commissioner, to drive in 
the piles, and personally superintended the entire construction of the gauge. With all my pre- 
caution to ensure firmness and stability I found that the resistance offered by the bamboo 
matting plrb 00 great that the outer portion enclosing the gauge was in a state of vibration during 
both tides, the vibration ceased only at slack and low water. 

(5.) The raine seemed to be over, and experimental observations were commenced on 
the 19th October ; but the water within tbe eellclosure was so agitated that reliable obsemations 
could not be taken. I removed the floating stage, which I supposed caused the agitation within; 
while without the enclosure the water was smooth. Two stagcs above high and low watcr were 
then constructed for the observer, resting on the outer work of the srlnare. I perceived that 
the rcmoval of the floating stage made no difference wliatcver. Tlie agitation within the cnclo- 
Nnre was still the same, and no satisfactory observatio~ls could be obtnincd. The mat walls were 
removcd, and with it thc agitation ceased, and obscr\.ations commenced on the 24th Octobcr. 

(6.) On the same dates on which the cyclone caused so much damagc in Calcntta, the 
we~thcr  became very boisterous at Akyab. From the 31st October to thc morning of the 2nd 
November it was impossible to take observations, in fact it was dangerous to approach the gauge. 
No boat coiild live ill the stream, which was like a boiling caldron. Thc sqnalls were so scvere 
that the timbcr was wrenched off from the square surronl~ding the gange, and the entire framr- 
work leaned over. Thc whole construction was again righted, and furthcr strengthcnccl with 
e s t n  cross pieces and braces ; and the obscrvatiolls were again rcsumcd. A successior~ of bad 
weather followed ; during the spring tides rain fell in torrents, sqilnlls were freqnent from the 
8th to the 15th November, nnd breaks in the obocrvations occurrerl. They were resumcd for 
thc third time on thc 16th November, and I am glitd to say a complete lullation was obtained. 

(7.) During thc stormy weather above alluded to, on thc 31st October Mr. Price was 
emplopcd at the gauge, and suffered very much from exposure. Mr. Connor rclieverl him ; in 
fact hc vol~mteercd to take thc remainder of the observations. Mr. Couiior commencer1 on the 
5th Novcmbcr, and for some days the weather was propitious, and he obtait~ed goorl res~ilts. 
Bnd \venther set in on the 8th, and continued until the 15th Kovcmbcr. During thcsc days, 
nuniindful of the l~cevy rain and srlualls, he visitctl the gauge at the l)l,opcr times, and tried his 
tltruoqt to ol)tain observations. As no umbrella conld be hcltl olcr him owing to the constant 
squalls, to protect the book, he recorded thc reading* wlth a pcilcll 011 ~10th.  EIe was drcncherl 



to the skin every time he wcnt to the gauge, and remained wet during the whole time of the 
ol~servations, exposed to the fury of the elements. His praiseworthy efforts to prevent a break 
in the observations were ineffectual. Two 11~caks occurred, owing to the boat having drifted 
away on one occasion, and the boat~ncii llaving refused to take him on the other, on account of 
tllc frightfully rough state of the river. Mr. C o ~ i ~ ~ o r  corumenced a fresh sct on the lGth No- 
venrber, and continued obse r r i~~g  until tlrc 4th December, \vlien he accompanied me to the field. 

(8.) I left Rlr. Price to coruplcte t l ~ e  remainder of the observations, which were satisfac- 
torily accomplislled on the 1Gth Dccenibcr, 18G7. 

Extract from Narrative Report A'o. 19, dated 13th August, 1868. 

I have the honor to submit the Narrative Report, detailing operations of the preceding 
reccss, and of the field season 1867-68, of the Eastern Frontier Series G. T. Survey of India. 

(2.) During the recess of 1867,- 
1 Double figure, composed of a hexagon and a pentagon, and six qu&ilateralu, 

completed. 
34 Principal triangles completed. 
53 Single deductions of latitudes, longitudes and azimuths of principal stations 

completed. 
53 Single heights of principal stations completed. 
51 Secondary triangles, 1st class, completed. 
12  Do., 2nd class, do. 
54 Single deductions of latitudes, longitudes and azimuths of secondary stations 

completed. 
36 Single deductions of heights of secondary stations completed. 
72 Tlreights of angles computed. 

I Preliminary chart, and a copy for the office. 

(3.) I n  compliance wit11 thc order conveycd in your letter No. g, dated 18th October, 
1066, tidal observations were taken at Akyab. The preparatory arrangements for erecting the 
gmgc wcre commenced on the 1st October, and the observations were finally and satisfactorily 
com1)lcted on thc 16th Deccmbcr, 1067. 

(4.) Tliere being only one figure (a pentagon) prepared for me the previous season, I 
determined upon dctaclring Rlr. Bcverley, Civil Assistant 3rd Grade, on the 1st Novembcr, to 
lrastcn on the approximate work ; a continuance of wet weather prevented my doing so until the 
l)~-c:tliing up  of the rains. From the 16th 110 more rain fell, and Mr. Beverley took the field on 
tllc "1st Novcml~er. On reaching tlre scene of his opcrations he found he could not obtain 
assistnncc from the native local autlioritics, tlrey being tliemselves powerless, owing to the un- 
~rillingncss of the inl~abitants to do coolie work; 11e therefore addresscd t l ~ e  myonk, the highest 
~rative official of Padong ; the following is tlrc reply :-" I n  reply to your lctter I beg rcepcctfully 
to  say that I havc not cntirc lJonrcr on tlre Thugces and Rajw~goungs to give such order unless 
1 Iravc an orrlcr from t11c 1)cputy Comniissioricr to do so. We cannot get any coolies wit11 
tllrir co1rr;cnt u111css ~ v c  forcc tl~cni to come. They said that their daily pay is too little for 
c*iglrt an~las." RIr. Ucvcrlcy next addrexscd Captain Watson, ~ r l ~ o  was then Officiating Deputy 
Couunissiorrcr of Promc, anrl thnt ofircr inimediatcly issued frcsh orders, and Mr. Beverley was 
:rblc to conlmcncc work on the 15th L)cccmbcr. 

(6.) Tlrc main party lcft Akyal) on thc 4(t11, and arrived a t  Thudday, in the Sandomny 
tlistric-t, on tllc 11th Dcccn~l)cr, nlicre tlre boats were (liscl~argcd. After arranging for coolies 
arrd 1 ~ 0 1  isions, I 1)rocccded to my first station, K ~ ~ l ~ e n t o ~ r g g r i .  On the third day the coolies 
tlcsc,rtcd, lcavinf me ill t l ~ c  jlmglcs. I rcportcd tlre circnmatance to the Deputy Commissioner 
oi' Salltlou ay, wllo (lid not I ~ I I I ~ R I I  tlle nrcw, or assist me. 1  as obliged to ext r ic~te  myself the 
I~ca*t w ny 1 ro111tl from this ant1 cvrry tli t t i c~ l l t~  which s l~bse~ucnt ly  occurred. I asked for aid and 
sougllt r,stl~.ess, but, rccciving none, I llladc my own nrrangemcnts for continuing the operations 



\rithollt %sin troubling him. Anticipating difficulty and disaster from my last season's ex- 
pericncc of the country, I toolr the precaution to entertain 35 coolies at  Akyab on monthly 
1,a~-; e t h  these and the nativc establisliment I managed to reach the station, the men going 
back\rru.ds and forwards until all the instruments, baggage, and supplies mere conveyecl up the 
]]ill. The desertion of tlic coolics at the beginniug of the season, and at my very first station, 
caused me much anxiety. To attempt work mitlront the full complement of men for convcying 
baggage and supplics in a wilderness mas to risk the lives of tlie whole camp. The coolies wlio 
tiad deserted spread unfavorable reports regarding the treatment they received, vide Captain 
Pcmbcrton's lctters ; I had therefore to make such arrangements as would enable me to move 
tlie wliole camp at  any time at a moment's notice, in orcler that thcre may be no further delay 
or interruption to the work. The five Government elephants attached to the serics had already 
t ~ ~ l i e n  Mr. 13evcrley, liis cstablisliment, and all my signal parties over these uninhabited mountain 
ranges, and werc now employed in conveying supplies to the depat, which had been established 
in a centrical position, from when the party and its detachments could easily be provisioned. 
Tliis dep8t a a s  stored wit11 rice, d h a R n d  o requisites, to some extent. A further supply was 
needed to make up the estimated quantity 9 could not therefore withdraw all the elephants. 
After some delay frcsh coolies were collected, and brought in by my people. On their arrival 
I wrote the namc of each man, and handed him, through his gong (the sirdar is thus designated 
in Burma), five rupees, or ten days' hire in advance. Before the time e?rpired fresh advances were 
made. By keeping them continually advanced, I effectually secured their services, and at  the 
same time satisfied them that the reports against my camp circulated by the descrters were 
false, for instead of withholding payment, each man was paid in advance. The coolies remained 
with me until I completed the obserrations at all my stations on the uninhabited Yoma range 
of mountains dividing Arracan from British Burma, and when I descended into the valley of 
the Irrawaddy thc men wlio mere inclined to go home mere permitted to do so. The provisions 
lasted until the last signal party left this inhospitable country. All the stations of the Modhi- 
tong hex'qou were completed by the end of February. There was much sickness in  February, 
mostly among the coolies entertained at Akyab, and as thcy wished to return to their homes, 
they gere permitted to do so. 

(7.) Having completecl the above hexagon, and the next figure not being ready, owing 
to the vcry difficult nature of the conntry, I had no other alternative but to close final work 
and t:ilie up the approximate triangnlation, which hlr. Beverley reported hc was unable to con- 
tinur single-handed, having rays to trace and clear in thc plains coverrd with densc forcst, and 
to build torers. The base-line mas also to be fixed. I reachcd Timulti village on the 5th of 
;\larch, nhere Mr. Beverley joincd me the next clay. I-Ie mas in tlrc vicinity of tllc abovenamed 
village, einploycd at this time in exploring the country, and from the information I obtained 
from him, and aftcr attentive inspection, I selected the base, and left Mr. Connor to clear the line. 

(8.) hIr. Beverley was directed to return to the hexagon hc had fixed to clear thc rays, 
and to build tlie tower at Kyangun station, so that thc fignrc may be ready for final obscrva- 
tious ; hnt on this duty he, and subsequently Mr. Price, were employed until the end of the 
senson, xhcn the tower mas completed. 

(9.) I took up the approximate work on the high range of uninhabited hills dividing 
Promc and ?tIpanoung from Tongoo and Shilgeen. The dense haze and smoltc from the burning 
jungle, whicli during this ancl the succeeding months is fired Ily the inl~abita~its, prevelltetl work 
being dotie until the lattcr part of April. A fern showers clcared the atmosplrere, autl tlie approxi- 
rnatc opcrntions progresscd rapidly on the hills, and I rctnrned to thc pI:linu to trace arid clear 
thc r a p ,  fix stations, and connect thc 112s~-line wit11 the hill work. At all times fi,rcst rays are 
tcdious aud lnhorious to trace and clear; they 1)ecomc dolthly so for want of labor. Ill Burma 
tllcre is no laboring class. Thc inIrabitants only cultivate tlieir ficltls at  the proper seasong, 
build thrir hilts, aud repair tlicm \)-hen actually ncccuaary. If  coolies arc ma~ltctl the native 
local autlloritics alonc can provide them-sho~lld tlicy ke l  disposed to do so-as 11as llitlicrto 
becn done ou this serics during tllc precious sc:~sous. All coolie work is executccl by Shans, 
Madrassces and Rengalces, mlro annllally come into thc country, and are cithcr engaged at  lrigh 
wages by the Public Works Dcpartmcnt for roacls, or, as a further ir~doccmcnt, and at  tllc same 
time to expedite public works of utility, a remunerativc contract is offered them, which latter 



they prefer. On questioning the men employed on the road nov being constructed hetween 
Prome and Rangoon, I learned that they earned twelve annas to a rupee each daily, working six 
hours, viz., four hours in the morning, and two in thc afternoon. 

(10.) There really being no labor in the country, and the native local officials being 
awarc tliat free trade and free labor prevails throiighout the province, never exert themsclvcs to  
supply the f~ l l l  con~l)lcment of coolies. A few incn arc now and tllcn providcd, as a matter of 
policy, to sllcw t l ~ a t  tllc Dcputy Commissioners' pcrwannahs arc attended to. Thc demand lion-- 
ever for coolies was I cry grcat I\ 1lc11 the rays lvcrc bciug traccd and cleared, but the supply fell 
far short of the demand. I therefore offered every inducement to respectable and iufluential 
Burnlans to act as gongs (sirdars or head-men) of gangs of coolics, and each gong mas required 
to supply twenty coolies. These mcn, with all their csertions, were unable to procure the 
above number, cach gong howcver brought in a fcw men. Very often coolies kept away for days 
together, in order that the rates may be increased to tn-elve annas and a rupee. I however re- 
maincd firm, for had I increased the rates, there w d be n a r n i t  to their demands. Every 
inducement and encouragement nas held out to the d gs, and, however small the supply daily 
brought in, the mcn were retained, and the work gradually progressed. 

(11.) Thc rate of progress this season was most unsatisfactory, from the want of labor. 
Mr. Connor was engaged for upwards of two months on the basc-line, and although hc exerted 
himself to the utmost, and tried liis best to  procure labor, he could not obtain tlle aid he so 
greatly needed. He was only able to clear a narrow gap for the base-line, and undertake two 
other trial rays. From the samc cause, want of labor, one of Mr. Bcvcrley's rays took two and 
a-half months to clear. 

(12.) Mr. Price took the field after the completion of the tidal observations, and after 
malting a survey of tlic coast on eithcr side of the gauge, he secured eight principal stations by 
crecting rectangular piers over them, and accomplished the secondary work shewn in thc chart. 
I1;iving fixed the positio~i of Sandornay, aud thrown out a few triangles on the Alguada light- 
l ~ o l ~ s c  minor series, he ci*osscd the Yoma raugc, and joinctl Mr. Beverley, under ~rliom he was 
rmployecl in clcaring rays and building towers, and wl~en that officer proceeded on privilep 
leave, Mr. Price took ovcr all his duties. 

(1 1) The ground fiscd upon for the base of rcrification is thc very best tliat corild be 
selectcd in that part of t l ~ c  country. The east elid of the basc stands on a swell, and there is a 
gmd~lal  slopc from i t  to tlic wcst end, tlic difference of lcvcl being 62.60 feet. T l ~ e  base-line 
runs tl~rough n dcnse forest, a ~ l d  it will, I belicve, talcc oile assistant to prepare it, build the towers 
at cach entl and clcar the my, anarrom gap only having becn cut by Mr. Connor. Tlle rays to the 
scctio~l stations on eitlrcr sidc of the base mill also bc cleared by him. T l~ i s  work will occupy 
him a whole season. 111 other parts of India cl~iffadars are able to clcar rays, receiving assistance 
fiso~n the nativc local autliorities, but in Burma no such aid is rendered to tllem, unless an 
assistant s i~pc r in t c~~ds  tlic work, or is close at hnncl to provide and send out coolics to lus native 
~ul~ordiuatcs. 

(15.) Thrcc trial rays wcrc carried on in different parts, in order that the very best 
ground may 1)c cl~oscn. Tlic site of tlic base-linc above referred to is in evcry way supcrior to 
t l ~ c  othcrs. Thc hoil of the snrroiinding country is black loam, cotton soil, or, :is i t  is some- 
times tcrmcd, rottcri soil, owing I bclievc to its itistiJ>~lity. Im~~le i i sc  cracks ant1 fissnrcs are the 
di.itiuguis11iug fc:~turcs of a country wherc such soil is found. Tlie ground selcctecl is firm, 
having a large proportion of gravcl and sand mixed wit11 clay for thc first portion, and the 
rcmaindcr is ncm virgiu soil ~vi t l~out  cracks or fissurcq. Tlie basc is through a dense forest, 
ml~i,:~ ~vill cel*tainly cost labor ant1 expcnsc, but this is in a grcat measure counterl~ala~iced by 
my selecting it ncariy i : ~  t l ~ c  position you wisllcd it to occnpy, i t  has therefore the advantage of 
ercry othcr sitc. 1 doul>t, ilolvcver, whcthcr any otlier site equally good could be found for miles 
arouncc. T l ~ c  ground is intcrscct~:l 1)y two water-courses, mllich cross and recross the line, but 
bcing narrow and sliallom, tllcy arc of no consequence. 

( I )  To select a bnsc-linc in a country covered with dense and extensive forests, with 
partial clcara~~ccs herc and there for villaze sites and fields, intersected with hill streams, 
nr~llalis and ravines, aud thc paddy fields b e i n  fissurcd and cracked dl over, was not an easy 



ulldertaki~~g. The selection caused mnch labor and anxiety. Oming to the above reasons, and to 

tllc country being clothed with dense jungle, a minute inspection could not be made until trial 
rays were clearcd and thc ground tested. This anxiety however was nothing compared to that 
eauscd by the slow progress of the operations for want of labor, everything was done that 
collld be done to obtain labor for tracing and clearing rays and building towers ; and although 
I ro~~t inucd in thc field until driven away by the rains having set in, still only portions of rays 
wcre clcared. I t  will thercfore be incumbent on me to employ permanent coolies to some 
extent, so as not to be entirely dependent on the country. 

(17.) I f  you assist me in obtaining the use of ten elephants from the Commissai'iat De- 
partment in Rangoon, where large numbers are stationed, I should be set up in a g e n t  measure. 
These animals are most useful in forest rays. By crushing and removing bamboos and the 
nrl1ucrou.s creepers which interlace and hold together trees, which cannot be felled bcforc the 
c:reepers are removed, they assist the coolics greatly, and do the work of many men. If each 
rap 11ad the use of three to four elephants the work mould progress rapidly. I shall however do 
my utmost to expedite the operations netwithstanding the difficulties I am beset with. 

(20.) The inclination of the series to the west became absolutely and indispensably 
~~rccssary,  to avoid the uninhabited country, which would have added considerably to the expense, 
allti delayed the opcrations, owing to there being no villages for several stages, and no roads 
wl~atcver. After mucll labor and enquiry the most favorable country was selected, and I laid 
U I I ~  the approximate triangulation, taking care to have the full use of the much frequented road 
used by traders and travellers in crossing over the range dividing Myanoung from Tangoo and 
Slrugeen. This road will enable me to establish dep6ts for supplies, and from i t  branch roads 
will be cut to the principal stations, which I shall endeavour to have on either side of it by 
rneans of quadrilaterals. I also ascertained that there are.villages scattered over this portion 
of the country from which assistance (homcver small) can be obtained. 

(21.) Mr. H. Beverley, Civil Assistant 3rd Grade, exerted himself, as usual, to advance 
t l ~ c  approximate work, but, owing to the difficult natwe of the country and scarcity of labor, he 
Lay uot been so successful as heretofore. 

(22.) Mr. Price, Sub-Assistant 3rd Grade, accomplished the secondary work allotted to 
him, and also constructed the rectangular piers, as already enumerated. His work entnilcd much 
labor, in visiting the stations requiring to be secured and made over to the local authorities, as 
well as to attend to his secondary operations. After accomplishing the above he joiued Mr. 
Bevcrlcy, and was employed under him. Mr. Price has always worked well ancl afforded satisfaction. 

(23.) Mr. E. J. Connor, Sub-Assistant 3rd Grade, has been very assiduous a1111 atteu- 
tive to  his duties in the office and observatory, and has afforded me much satisfactio~i. IIe has 
l ~ r r t l  hard work this season, and had he been assisted with coolies, he would havc made co~~sidcr-  
able progress on thc rays which he was directed to clear. 

(U).) The country traversed during the present season by the main party in thc bcgin- 
n i ~ ~ g  was over the ~~n i~ l l~ab i t c t l  chain of mountains dividing Arracan fronl British 1311~rnn, \ r l~ ic l~  
11iw been :~lreatly dcscri1)rd in m y  Ilrport of lant scnson. Thc interrncdinte co~rlitry l)c~t\\.rc~ii tl~t: 
timner ant1 the next r l~nir~  of monntairis divitling Prome ant1 AIynr~on~ig tlistric-ts fro~tl 'J'o~~gor, 
i111t l  S1111gt~11 i?i t l ~ c  viillcp of the Irrawatldy, t l ~ c  banks of wl~iclr r t~ag~~if ic~er~t  rivc.1. a]-c t11irLly 
~~ tq~u la tcd ,  but as the travcllrr rccetlcs from it he meets with fcwcr ant1 fewer vill;:~c~s, u ~ ~ t i l  Irc 
~ ~ n t e r s  a dcsolate niltlcrncss. This description niny IIC apl~ropriatrly apl)liod to t l ~ c  W I I O I C .  t s o l ~ ~ ~ t ~ . y ,  
wl~t.~.e the o~~irllrabited prcporttlcrntcs over t l ~ c  i~~Irnl)ited, a ~ ~ d  whcrc forc,~ts arc cnco1111tc1.ctL cvcry- 
wl~vre. Entc~~sivc  cultivated plains arc ncvc.r lnct mith. Sitrs of vill:~gcs, an11 vtnall 1)ortions 
~111.rount1ing tlrcm, snfficient tn grow grain for co~~nurnption, is clearcd ant1 C I I I ! ~ : . ; ~ ~ ~ ~ ~ .  IV;,erc 
tllc* means of export caiat paill is a l )~ulc ln l~t l~  cultivntcd, l ~ u t  ~ l l c r c  t l l c s~  f,tcilities :lrc w n ~ ~ t i ~ ~ g ,  
s ~ ~ l l i c i c ~ ~ t  for their walits is alor~c groan. 111 corlneclucncc of tlliw i ;~~~ i t c*d  SIIII~>~,, . ,  diHicll1t!. in 
atl\v:~yn c s p r r i c ~ ~ r c ~ l  in l)roc-l~rir~g rice, w11ic11 is vrvy re111ct:111tI; s l ~ ~ ) ~ ~ l i c i I ,  o ~ v i ~ l g  to t l l r ir  11;1vi11g 
I I O I I ~  to n~)arr ,  a1111 I)cin:" rll)ligc~d to rcplacc 1~11:rt tl~t'y s:,;l p~lrcll;~sil~g it t~lst~n.l~c~rc, :111rl 
t.olrvr!.ing it in t l~cir  owl1 carts. For this reanon t l ~ c  !,rice also varies co~~sidcr;~l)ly iu sl~ort  
t l i ~ t a ~ ~ c c ~ ,  ~ C ~ D U S C  the!. .7d(l 011 the cost of rarri:lgc to !hc (sclli~lg) pricc Of tllc 





river. At Mulirg there are remains of a fort, ancl traces of former prosperity. From Yell~puram 
to Pnnch Pmltlol we hat1 to adopt a most circaitou* r o ~ ~ t e  through a tl~inly inhabited country 
entirely destitute of cart tracks. The me11 of the establishment buffered a good dcal from dysen- 
tery in this locality. ' I  Bririjan*as'' graze their cattle in thesc forest lands as long as water is 
abundant. Latcr in the season they migrate with their herds to the banks of the Godavery river. 
The Gonds wlio inhabit these forests are very shy of strangers; they deserted their villages 
when they heard of our approach, but after a little intercourse they became very friendly. 
From Pauch Pandol the party marched to Inkurti, near the foot of Bolikonda H .  S., emerging 
from tlie forest at Gtwur, a large village on the banks of a streamlet whose source is the Pakllal 
lake, an extensive piece of water. At Bolikonda a fair is held annually on the 1st April, in 
honor of tlie god Ramasmami, whose image, carved in relief on stone, is to be seen in a rude 
enclosure open to the weather. The priests dcclare that the god will not abide under shelter, 
and he manifests this by destroying with fire a thatched roof that is placed over him during the 
fair. The miracle is performed without fail, ancl is a great attraction. The top of the Bolikonda 
hill is fortified, and the approaches to it are very steep. There are some caves within the walls, 
and plenty of good water (the accumulation of rainfalls) in  a natural cistern. 

(4.) The country south of Bolikonda to the banks of the river Kistna was suffering 
from drought. The numerous tanks up011 which the inhat~itants principally rely for the irriga- 
tion of their crops during the cold months were in nearly all cases perfectly dry. The cnltivatiou 
was restricted at each village to  a field or two, watered from rude gaping wells nearly as wide 
as they are deep. 

( 5 . )  At Anantagiri H. S., a hillock composed entirely of hard sandstone, there is a fort 
with an inner and outer wall, and water is to be found nearly throughout the year in the clefts 
and hollows of the rocks. At the foot of the hill there was a well with an in scrip ti or^ in the 
Telingi character, stating that it was sunk in tlie year 1510 of the Hindoo era of Salivahilna 
(about 251 ycars ago) by a " Cl~etri" raja, ancl, farther, that the sun was eclipsed that year. 

(6.) Between the stations of Anantagiri ancl Nialnmari tliere is a strip of British terri- 
tory numbering about 80 villages. A metalled road runs through it from Masulipatam on the 
sea coast to Hydrabad. There arc bungalows for travellers along this road near every encamping 
ground. 

(7.) The forts and fortifications to be met with in the portion of the IIydrahad terri- 
tories through which I worked are attributed by the inhahitauts to the Telingsna kings, who 
ruled the county  prior to its conqucst by the Mahommcdans, and who have left behind them 
traces of a high state of civilization. The present rulers have done nothing to improve tlie 
country. Their chief towns are simply a large collcction of rude huts, but the people are appa- 
rently quite content. As the Cioclavery river is now navigal~lc nearly up to Seroucha, I was told 
that HIS EIigliuess the Xizam's Government contemplates cutting a road from Hpdrabad eid 
Ailgandal to 3Iarlhopnr, a place of some importance near Seroncha. The old Tclirigana capital, 
Warangal, is full of interesting remains. The temples sacred to " bIahadeo," built of massive 
stone, nith cuqllisitely carved interiors, are conlmon enough in the country. His attendant 
bulls, some of thcnr of lifc size, are cut, ~ i t h  all their trappings, out of single blocks of stone. 
Hanimkonds, a city that has spriing up ontuicle the ruins of Warangal, contains a temple 
called the " bazar khamb", so named from the thousand pillars that support i t ;  this temple 
is also dedicated to hlahadeo, wlio is the principal divinity worshipped. 

(8.) Tlle banks of the river Kistna arc vcry littlo cultivated where the triangulation 
crossecl over; s!ate crops up througll tlie soil, rendering it unfit for the plough. On the left hank 
of the river, skirting this tract of slate, therc are some remarkable ruins, and cromlechs abound. 

(9.) On the 8th of April, 1868, the party entered the CJuntur district, in the Madras 
Preside~lcp, cross in^ the river Kistna nt the Kollur ford, whcre the bottom is shingly, ~ n d  the 
water at thin time of the year only knce-deep. At Xliadarsal 14.9, facing the delta of the Ki.stna 
river, I was dctairled for the first time r111ring the seaqon hp had signals. During my stay here a 
high wind prevailed from the south-meat, so laden with moisture as to make us feel uncom- 
fortably damp by midnight. The northern face of the Miadarsal hill is very precipitous; the 



southern face is fortified with a stone wall. From ~ i a d a r s a l  H. S. nre rnarcl~ed to Sarangpaili H.S., 
which is situated on a low plateau skirting the river Kistna, encamping half way a t  Govinrla- 
puram. The inhabitants of our villages near the Ilydrabad frontier are, as a rule, very surly, 
and present a marked contrast to tlie rest of the people in the Cuntur and Kistna districts, who 
seem attached to the British Governincnt, and ~ 1 1 0  were always milling to help uu in every 
way. I take this opportunity of recording the valuable assistance rendered by the Collector of 
Guntur to our Survey party during our stay of one month in his district. 

(10.) From Sarangpaili we marched to 1Ianiam H. S., one of the stations of our closing 
side. There is iron ore in the neiglihourl~ood, as they were working it at Gondlapaili, the village 
nearest thc hill. 'l'he furnace, which is shapcd like a cl~imncp, aud perforated at intervals, is 
charged with alternate layers of wood, charcoal, and ore, till it  is very ncarly full ; the lowermost 
layer of charcoal is then ignited, and the furnace is closed up for 16 hours ; the result is a lump 
of metal valued at two rupees, and weighing about twenty (20) seers. From Maniam we 
marched to Kachalboru, the central station of my last figure. Hcrc the natives of the establish- 
ment suffered to an alarming extent from an affection of the kidueys, accompanied with severe 
pains in the small of the back, and temporary stricture of the neck of the bladder, caused 
apparently by drinking the water of the village well, which must hare held some caustic alkali 
in solution. The panic mas indescribable, as hardly a mau escaped. I, mysclf, experienced all 
the symptoms, hut in a mitigated form, as, after the first day, I procured for my own use water 
from thc next village. Allout four miles south-east of Kachalboru there is a large fort on a hill 
near the village of Bellamkonta. To the north-east of the station there is a hill near whose 
summit a great block of quartz is to be seen ; it  was tlie more rcmarlrable as it did not Iiarmo- 
nize a t  all with its surroundings, but appeared as if i t  had been flung there ; i t  was worshipped 
of course. 

(11.) Vorakullu H. S. is built on a steep saudstone hillock overhanging the village of 
tlie same name. The country about liere is dotted with rocks of this uaturc, quite isolated from 
each other, and rising almost perpendicularly from the ground level. To take the iustrurnent up  
to the station, a strong rope ladder, with stout wooden rungs, was laid in zigzags, and well 
secured along the face of the hill. 

(12.) From Voralculla we marched to Dhulipala station, where the seasonJy work termi- 
natecl ou the 1st of Map, 18G8. Botti at Dhulipala and llauiam, tlie stations of the closing side 
of the Juhbulpore I\Icridional Series, t l ~ c  upper mark-stones were found in position, and the 
pillars shoved no signs of haviug been tampered with. I t  is also necessary to state l~c re  that, 
at tlie stations where work was resumed a t  the beginniug of every field season, the pillars and 
marks mere invarial~ly found uninjured. 

(13.) After closing operations the party marched to  recess at Waltair, iu the Madras 
Presidency, rcacl~ing it 011 the 25th May, 1868. The route adopted mas by Bczwara (where the 
Kistna river was crosscd by an " anicut"), Ellore, and Rajahmundry. This road mas well shel- 
tcrcd nearly tliroughout by an avenue of grand trees, whose branclics united overhead. From 
Bezmara, to Waltair conifortable burigalows 10 to 12 miles apart have been built for travellers. 

(I4.) Mr. 11. C. Ilickie was employed by me during the greater part of the field season 
in building platforms and cutting hill roads, and in revising some of his selections of the pre- 
vious ycar. Mr. Hickie's arraugcments were all good. 

(15.) 1Ir .  F. Bell was ordered to protect, with pillars of packa masonry and earthwork, 
thc principal stations of tllc J ~ i b b ~ ~ l p o r e  RIcridioual Series in the districts of Rlarldla, Jubbul- 
pore and Cl~antla, but he became so ill shortly after my return from Karaondi H. S. that he 
colild not take the field at all, and mas compelled on 1st January, 18G8, to apply for threc months 
lcavc on medical crrtificate; he was subscqueritly transferred to the Karnaon and Gurhmal 
party. Mr.  Bcll's native establislinient provided for the safety of 4 principal stations. Of the 
63 stations emlwaced by the Jhhbulpore Meridional Serics 40 hare been protected, as you desired, 
and have becu formally made over to the care of the civil authorities of the districts in which 
they are situated; I have also supplied the district ofticers with descriptive lists of all my 
stations. 



(16.) Mr. E. P. IYrizon mas employed in recordii~g my angles, and in assisting me 
generally. He is cliligcut, ant1 113s improvcd a grcnt deal since 11e cntercd as a probationer. 
He has been taught tlic use of thc vcrnicr tl~codolitc, and can observe correctly. Hc has taken 
a part in all our computntions. 

(17.) Mr. A. C. Low was kept in camp with mc to lcarn his duties. IIe was engagcd 
drving the field season in making duplicates of the angle books, and someti~nes iu recording my 
angles. IIe lins nlso improrcd very much. He has learned to observe wit11 a vernier theodolite, 
and l~os bcen practiucd in all our comput a t '  ions. 

(18.) As thc triarlg~lation of the Jubbulporc ndcridionnl Series has bcen brollglit to a 
close, I beg here to rccord tlie mluable lielp that has bccl~ rcndered IUC throughout by Mr. R f .  C. 
ZIickie, my hcad assistant, ~ l l o  laid out the greater portion of my approximate series, and who 
never failed in anything with which he was entrusted. 1 think that he is well deserving of pro- 
motion to the next Iligllcr grade of Civil Assistant. 



EXTRACT FROM THE flARI1ATIVE REPORT OF H. KEELAN, E8Q., SURVEYOR ~ R D  GRADE, IN CHAllQg 

S.~hlBALPORE NERIDIONAL SERIES Q. T. SURVEY, KO. g. DATED ~ G T A  JULY, 1868. 

(2.) The party left head-quarters on  the  3rd, and arrived at  Raneegungc on the 7th 
November, t o  r c s u ~ n e  the  revision of the  operations of the Calcutta Longitudinal Series east- 
ward. O n  arrival i t  was found tha t  the heavy rains during the cyclone had flooded tlie low 
country eastward of Radamadapm ; and in conseqilence i t  was dcemed advisable to  dcfcr march- 
ing thc  camp for :I fern days, o r  unt i l  such time as thc inundation had subbitlcd. 

(3.) Ou thc 17th November Mr.  Trotter was detachcd t o  undcrtalie the building of the 
new tomcru, and t o  rcpsir the old ones. O n  the 20th the camp broke ground, and proceeded to 
Radamadn1)ur hill station, this part of the district bcir~g high and free from iuundation, to  take 
up  the rays left uncleared last field season, ant1 also t o  ascertain if mutual vis~bility existed t o  
Dubrajpilr 1-1. S. l'hc two rays cleared passed through dcuse forests of skl, belonging t o  t l ~ e  
Ucngnl Coal ('omp:u~y. O n  complctiilg t l l ~ s  work t l ~ c  party movcd on t o  Nanagaon T. S., to  
ascertain if 3Zaluncha H. S ,  mere visible from thcrc, in  ortler that  the introdnction of Dul)rajpm 
might be dibl)er~s(-rl with. The atmosphere be i r~g  very clear on this occasion, and hlaluncha 
1)eing visible, Duhrajpur was rejected as a sl~pcrfluous station, which enablcrl me t o  complete the 
double polygonal figure round Beharinath and Radamadapur, closing on tlie side Knrasoli H. S. 
t o  Bhallri T. S. 

(4.) The party neat marcl~ed to Blialki T. S., to  see what proglSess was made with the 
towcr a t  that  stntiori, as \re11 as to  detach Mr. Sub-Assistant Peycliers to  clear tlie rap Bhalki 
t o  Knrasoli. \Vl~ilst these opcrations were in progress I proceeded, i n  company with Mr.  Sub- 
l lss is tal~t  11. 15. T. Keclan, to  clear the ray to  Bfadhpur T. s., situatcd across the Damoodah river, 
with t l ~ c  view of ascertaining whether this station, as well r s  Mobarakpur, wcre suitable for in- 
corporation iuto t11c opcrations, or mliether i t  wo~ild neccssitatc the formation of a doublc figure 
to  connect the side Icarasoli 11. S. to 13halki T. S. This ray was clcaretl with much trouble ill 
eight days, o r  about thrce miles per diem, owing t o  the  heavy c u t t i ~ ~ g  i n  it, the difficulty of 
procuring laborers, and the opposition of the inhabitants. As soori as t l ~ e  ray was clear, a 
bamboo scaffolding was erected round the old column a t  Iilatlllpur, t o  g:iin rtcccss t o  its summit ; 
and on  the  10th December a t  3.30 P.M. the Ullnlki Ireliotrope, a t  35 icet Iiigh, n a s  visible from 
the  top of the  old column a t  Rfatlhpur, 40 fcet high. I n  order liowcrer to  obtain mutual visi- 
bility a t  min imi~m refraction, the tower a t  Bl~a lk i  had to be raised to  ,1,0 fect, and the  new 
rectang~ilar tolvcr ercctcd a t  the station of fiindhl~ur built  up  t o  50 fect, five feet more than wa* 
reqnired for 1311allii, OII i~c'count of the  ray to  Mol~arakpur, wllich is likewise 22 milcs long, ant1 
secmii~gly not so favorable a rap as that  between Bhalki and RTadhpur. A x  soon as  it  was 
dccidcd that no c'11:mgc was necessary, arrangemc~lts were a t  oucc madc for tlre prcparatiori of 
matcrials for the puclta toner  a t  RTadl~pur ; il11d Mr .  Sub-Assistant Keclan was directed to  
rcturn t o  llllnlki, and tracc a ray from thencc to  t l ~ e  point l'arllnut, whilst I carricd on ouc to 
t l ~ c  salnc place from ItIadhpur, t o  form the polygou round it .  

( 5 . )  Tllc station of Sonakrlr bras nczt sc.lcctcd bv rap tracings from hladlrpur nncl l'ar- 
l ra i~t  by Mr.  H. E. T. keelan and n~yscl l ,  :rnd co11nect(~l wit11 Akistapllr, to  con~plete  the 
11olygon roiund i\iatll~pur. Althougli thc scason was now J\-\-(,II advarlcetl, the fit:l(ls wcrc still wet 
and miry, slid riec cl~ltivation covcred the whole country as f'ar ns the eye co~i ld  reach, so the 
rap tracirlgs ncross coimtry were re~~t le rcd  very tctlic)i~s and laborious. Mr .  Keelan was next 
tlirrctcd to  rlcar all the rays, and a t  t l ~ c  same time to superintend the  preparation of matcrials 
for the construction of the toners  nt the two new s t a t i o ~ ~ s ,  for the  supply of a l ~ i c l ~  arraugc- 
rncrrts and arlranccs t.o contractors had bccn ruxde by mpsclf. 

(6.) Whilst thrse stations wcrc being sclected to  the north, Mr. Sub-Assistant Pcychers 
was rmployrrl on tlie qoiith f l ~ n k  in clcnring thc rn! s Knrnsoli t o  Rhalki, and portion of Karnsoli 
to  (ianjua. ATr. Sub-Assivtal~t 'I'rottrr fiui>l~ctl t l ~ c  towcr at  Bbalki, except tlie step-ramp, aucl 
rarlp in Janil:~ry procectlcd to (::lrljna telc,rrrnl~lr tower atatiori, with instructions t o  remove four 
o r  five fcct of the old wall a t  top, nnd re1~~11ltl i t ,  to support the beams for the  pillar for tllc 
tl~eodolite n i~d  for the balancc-CI.~IIC, wit11 u boardcd stage on the top for the observatory tent. 



XIV 

(7.) On completing the ray traces as far down as Akistapur, the main party returned to 
&f&pur on the 15th of January, and on the following day the old cohmn there, about 40 
feet high, was blown up ; and at the base, level with the ground, a mark-stone was found, in the 
normal of which two new ones were carefully inserted. As I intended taking an azimuth hcre 
during the season, I selected the point for the referring-mark, and had a small puclia platform, 
with circle and dot for the referring-mark, built ; but as the tower was not ready for the ins tn-  
ment in time for a polaris, and subsequently the wcather throughout April and May continued 
cloudy, no azimuth could be taken. 

(10.) The main camp proceeded in Febn~ary to Ganjua, the telegraph tower station ; 
and the alterations and repairs made to i t  by Mr. Sub-Assistant Trotter mere found satisfactory. 
I then marched to Bhalki, to expedite the completion of the step-ramp of tlie tower thcre; 
thence I proceeded to Nawagaon, and up to Maluncha, where I began the final observatioi~s, and 
completed them at that station by the end of the month. Mr. Iceelan cleared the ray Soualiur 
to Akistapur, and commenced at the same time the construction of the two to~vers of Yarhailt 
and Sonakur entrusted to him. Mr. Sub-Assistant Peychers clearcd a ray and a-half, and c~llcctcil 
materials for the alterations and repairs to the Mobaralipur telcgapll towcr station ; aucl Mr. 
Sub-Assistant Trotter was unable to build up the Madhpur towcr liiglicr t l~au  30 feet for want 
of laborers, as he had great difficulty in procuring them in that locality. 

(11.) During March final angles were completed at the stations of Kan-ngnon T. S., 
Radarnadappur H. S., and 24 zeros at Karasoli H. S. The observatioils at this last statiol~ wcrc 
retnrded, owing to t l ~ c  tower at Madhpur not bcing rcndy. Mr. Sub-Assistant Kcc1;ln coml~lctcd 
both the towen at Parhaut and Sonakur. Mr. Sub-,lssistant Pcycllrrs completed tllc :iltcrittio~~s 
and repairs at hlobarnlcpur, and cleared the remaining half of tlic ray to iil,ihtnp~~r ; n~t tL Jlr. 
Sub-Assistant Trotter completed the tower at hladl~pur, built 8 fect of tlic ~\ l ,~*tnp~lr  t o \ \ c ~ ,  
and made arrangements for tlic preparation of building matcrinls for tllc .llin:ynu. tovcr. 

(12.) I n  the month of April fiunl observations were coml~lc tctl at tlic s t : ~ t i o ~ ~ s  of Jinrn- 
soli H. S., Bhalki T. S., Parliaut T. S., and Ganjua T. S. The ba~:~ucc-rrnr~c., of wliich n (Ira\\ i~ig, 
markcd B, is herewith submitted, was f i s t  used at Parhaut statiou, and n~~swcl.c~d vcry mcll ; but 
before raising the instrument to the top of thc tower, the men of the native cutablishnicnt were 
practised in thc use of the crane for a whole day in raising and lowering wcights corrcspontling 
with the body of the instrument, wl~icll is 23 cwt. The cranc weighs 74 cwt., and was convcyecl 
on the elephants attached to the Scrics. 

(13.) Mr. Sub-Assistant Keelan, aftcr finishing his towers, proceedcd to assist Mr. 
Peychcrs in removing several high houses in the midway village, standing on high ground in tlic 
my Medhpur to Mobarnkpnr, as delineated in the chart. Thcse houscs, which werc more than 20 
fcet high, and built subsequent to the old work, mere a great obstruction. After thcir rcmoval, 
the hcliotropc at hIoharakpur mas seen by refraction over the intervening high ground at 5 
o'clock in the afteruoon, and for an hour only aftcr sun-rise, whcn it disappearcd ; but I found 
no difficulty .~ubscquently in finishing the horizontal angles with 3Lobarakpur from Mndlipur 
station. Thc vcrtical observations will be taken on resuming operations during the cnsuing field 
season, with the aid of scaffolding. The telegraph tower of hlobarakpur, 75 fcet high, stantlu on 
thc left bank of the Dalkisore, and it is stated that thc tides come up the rivcr to mitllill 10 
miles of the station. Mr. Peychcrs  rho hat1 also clcared the ray from it to Akistapur, statrs it has 
nll t l ~ c  appearrnices of a refraction ray, having a village on high ground about midway, tllc huts 
in whicli will likenisc require to be rcrnoved, and compensation paid to the owners of thcm. 

(14.) Mr. Sub-Assistant Keelan next proceedcd to trace the ray Aknepu to Sattcn, a 
atation of thc Calcutta 3feridional Series, to connect it, if practicable, and to form the polygon 
round Aknaplw. I t  was on trial fouud to have only one obstacle. A high double-storied build- 
ing, about a q11artcr of a mile distant from the tower, intercepts the ricw to Aknapur, to ovcrtop 
which tlic towcr at Sattcn, which is only 84 feet high, will  have to bc raiscd 10 fcct morc, but 
aa it is in a very dilapidated condition, and will bear no superstnlctnrc, it will bc bcttcr to rare 
it, and build n new one over the station 45 fcet high, the hcight at which mutual visibility was 
obtaiued by means of a scaffolding raiscd on thc old towcr at Satten. 



(15.) Final observations were completed at  the stations of Madl~pur T. S. aud ,101iakur 
T. S. by the 23rd of May, when I marched the camp into Burdwan, to secure accommoct,ct~on for 
the public instrument, stores, and establishment, as I saw no prospcct of ertcnding the work, 
on account of the continuous wet and cloudy weather. Mr. Sub-Assistant Lieclan traced thr 
three rays connecting the new station of Dastanpur, which with the introduction of Satten, 
forms the single polygon round Aknapur. He then proceeded to the stations of Dilakas, h l a ,  
and Satten, and his memorandum, dated 1st June, on the state of the niarks of these st:~tiouu 
has been already submitted. Mr. Sub-Assistant Pcychers marched to Jlaluncha, and built up 
the rcctangular pillars of Maluncha, Radamadapur, Susinia, and Karasoli hill stations ; closed 
the arches of the towers at  Nawagaon and Bhalki, and joined me at  Burdwan. Air. Sub- 
-1ssistant Trotter built upwards of 30 feet of the Aknapur tower, and by the 7th of Juuc com1)lcted 
it, and joined the party at  your Head-Quarters on the 15th of tlie same montli. 

(lG.) Mr. Sub-Assistant Moore assisted me in the observatory in rccording angles. Ilis 
l~caltli during the early part of tlic, scason mas such as to lead mc to fear he could not bc trusted 
witli the important duty of rccordi~~g my obscrvatiolis ; but fortu~iatelg by tlic time his .crliccs 
\rrcre rcqnircd for this particular duty, lie had rcgniricd his healtl~, ant1 went through I~is nork 
vcry satisfactorily. 

(10.) On tlie al)prosiinatc operations ciitcrii~g tlic Ilooglily district, I waa iilformcd that 
tllc owncrs of trees were dissatisfied with the ratcs at wliicll compelisation mas made to them ; 
:111tl tllcy hiuted indirectly that the qucstion of compei~\ntion \ \ o d d  have to be settlcd by law. 
T l i  tlic l~irblioom, Bancoorah, and Burdwan districts t l ~ c  b111:ll)itnlits generally raised no objcc- 
tion on this score, but several landed proprietors scc~ncd to I i a ~ c  an idea that for the rcmoval 
of tlicir. trces me had not thc sanction of thc local nutlioritics, aid,  as a nlattcr of course, thcy 
rcfuscd to receive compensation on several occasioi~s, until they lind referred thc muttcr to the 
collcctor of the district. What thc result of tlicir rofcrci~cc m:lj Ilavc Lcen is not known, 1)ut 
as thcy all subscqnently came and received con~pc~ibatio~l withol~t rurtl~cr demur, I an1 induced 
to bclicvc that tlie collector xuust have snpportcd tlle operations of t l ~ c  .T)cpnrtmcnt, and that 
his dcci\ion was favorable to the survey, ancl t l ~ c  rccusauts must havc 1)ccn satisfictl that wc, 
liad not esccedcd our duty. 

(20.) Mr. Sub-Assistant Keelan entcrcd tlie district of Iioogl~ly in tlie montl~ of .A;rl) 
JIr. Sub-Assistant Trottcr preceded him by a fcn days ; and they botl~ cxpcricuccd grc%:~+ (11;' 
cnlty in procuring laborers, owing to the sickncsa and ruortality p r c v ~ i l i ~ ) ~  in tlic district, 01 

which the former sub-assistant reported as follows :- 
During tlic mintcr months a very peculiar and fatal fcvcr of n tgpl~oitl t y c  1,rcvniled 

throughout the Hooghly district, carrying off numbcrs uf tlic i~~hal:itauts, cac l~  \illagc- losiiig 
a large per centage of its population. I n  somc f c ~  cases cutirc \ illngcs 11 ere dcpol)ul.~tc.tl, tliacc 
being chicfly situated on the borders of broad and mnrsl~y ra\i]lc. cnllctl, locally, rlil~i'ill~', ipl~ich 
poisoncd tlie atmosphcrc with malarions exhalations. N a t i ~ c  tloctors :11id ~onipollndcrs \vcrc 
scnt by thc district otTiccrs to alleviate the sufferings of tllc pcoplc, but the) do not sccm to 11ave 
done much good, tlie rnvagcs of the fever having contiinicd 11n:rl);~tctl till tllc a11~1roxcl1 of the 
liot season, wlicn i t  seemed to have gradually lcft tlie distrirt, rcccdiilg iu n south-westerly dircc- 
tion. Tlic in1lnl)itants of the country round the stations of Rl,uapur, Bl~ola, and Satteri beemed 
to hnvc snffc'cred morc than those of any other plncc visited in thc district, cspccially the villngcs 
ncar Aknapiw, which, bring si~rronndcd by kl15lls rind marsllcs, wcrc affrctcd most, the hanks 
of the rnviiics being convcrtcd into vcritablc golgotllas from tlle rcmains of tlic unburicd dcail. 
Tlic poorer classcq hf~ving suffcrcd most, the ritcs of bnrinl ant1 crci~~atioii wcrc, in 11lost 
cnccs, ~inpcrfor~nctl, thcrchy intensifying the ~inl~calthincss of t l ~ c  SC:L~OII. Thc survivors, who 
arc now suffering from cnlargement of the splcen, the aftcr-cll'ects of the f'rvcr, aycr wit11 grcat 
persistency that the chicf causc of their continued illness m;rs the admiuistration of quinine, 
which they say had killed morc patients than the fever itsclf. Numbcrs of tlicm comc to the 
camp for medicines to remove the effccta of tlic quinine, which they fully Lclicrc has brongllt 
on their prcscnt illness. The inhabitants of this and the adj:rccllt districts arc noted for their 
disregard of the most ordinary aanitary precautions; thcir villages being dcnscly packcd, and 
buried in masscs of trees, smroundcd by numberless tanks cholted wit11 nosious weeds ; tlicse 
togcthcr with thcir banks, which are covercd with unburicd and unburut bodies, bcing thc chief 
causc of thc fatal cpidcmic." 



(21.) I have already stated that duriug the early part of the season the district of 
B u r d ~ a n  was for the greater portion under water; so much so, that in travelling it rras difficult 
to  distinguish jheelv from tanks and rice fields, all being submerged. The only dry spots 
were village sites, with barely ground enough near them to  pitch a fern tents on ; and as there 
were no facilities of any sort for travelling, the party suffered great hardships in marching across 
country from one place to another, a detour of miles often being necessary to avoid the jheels 
which abound in the district. 

(32.) Later in the season, when the preparation of bricks was undertaken for the new 
towers, laborers were not easily procurable. Whole villages were engaged in cutting their rice 
fields, aud on this plea they would not willingly work for 11s. One of the talookclars, to whom 
I sent a perwannah in tlie vernacular to furnish Air. Sub-,lssistaut Trotter with laborers, wrote 
me in reply an English letter, in which he stated that "all the inhabitauts about his talook 
consist entirely of tlie middle class, and depend solel? on the produce of the soil for their food, 
:tnd are not accustomed to work for moncy." For ray-clearhg burkindazes were scnt out the 
~~revious  evening to collect laborers from tlie surroundi~~g villages, and wit11 difhculty they have 
mustered 13 or 20 men by 9 o'clock next morning. 

(23.) 111 the course of the operations resistance was made several times by the inhabi- 
tants to t l ~ e  partics employed in clearing rays, and on two occasions they stopped the preparation 
of bricks for the towers, making the novel and unusual demand of 3 years' rcvenue for the sur- 
face earth used from the adjacent fields. On all occasions of this nature I always referred to the 
collector, who invariably issued notices to  the parties obstructing the work. 

(21.) On several occasions the camel-men attached to  tlie camp wcre severely beaten 
by the illhabitants whilst foraging for their cattle, and there appearcd no means of getting 
redress for tlrcm, without inconvenience and detriment to the work ; inasmllcli as, if these people 
complainecl, they would have to proceed to the magistrate's court at a distance, involving an ah- 
sence of several days, to the injury of their cattle, and tllc loss of their services in camp ; while 
there also remained the uncertainty of obtailling justice, the chances bcing that the mattcr 
would be disposed of by their being informed that there was no alteruative for thcm but to 
purchase their fodder. 

(25.) The weather this season was RO exceptional as to require cursory notice. Ih r ing  
April and Map, gcuerally speaking the driest months in tlrc ycar, it  uas  unsettletl. Strong 
south-westerly minds prevailed every morning after sun-rise, bringing 1111 masses of light clouds, 
which as the day ad\anccd bcrame dcnser, and by 2 o'clock i r ~  t l ~ c  aftcrr~oon, sometimes later, 
a heavy thunder-storm from the no]-th-west came on, attcnded with I r r a \ ~  rair~, flooding thc 
country all round. This weather I fo1111cl vcry unfarorn1)le for the verticr~l ol)qrrrntions, shnminp, 
as they do at some of the towcr statlous, diffcrenc-es betwccn the lcast alld grcatcst of 20 ant1 
30 seconds, thougli the sigl~alb ncrc heliotropcs taken a t  thc samc tinlc daily at n i i~~ imi~n l  re- 
fraction. 

(26.) Considering tllc r~at,ure of the difficulties the party lratl to ro~ltentl witlr, tlrc ob- 
structions caused by the people of the district, and other circumstancca, 1v11ic:h hat1 a trndency 
to  retard progress, the manner in which the assistants performed their duties is vcry crcditahlc 
to  all conce~ned. Throughout they exercised great perseverance ant1 forbearance, without which 
it would be impossible to eor~dirct the work at all ; and in closing this rcpo~.t I beg to bring to 
your favoral~le notice the scrvices of Messrs. Keclan, Peychrr*, aurl l'rottcr, who cxcrtcd them- 
selves to the hcst of tlrcir ability. J only regret that wc could not complcte thc revision of 
the Calcutta Lougitutliual Series rl~rring last Peason, as you desired ; but thc ~ o r k  has to be 
conducted wit11 so much caution, to avoid litigation, that I think we may congratulate ourselves 
that our eRorts have been attended with a fair share of success. L)uri~rg next scason every 
effort will be made to bring the operations connected with the revision of thc Calcutta Longi- 
t u d i ~ a l  Scrics to a succcssfu~l complction. 



EXTRACT FROM THE NARRATlVE REPORT OF CAPTAIN B. R. BRANFILL, SURVEYOR ~ R D  GRADE 

IN CHARGE MADRAS PARTY, G. T. SURVEY, NO. 84, DATED 2 4 ~ ~  JUNE, 1868. 

I resumed charge on my return from 20 months' f i~rlougl~ to England on medical certi- 
ficate, on tlie 28th January 1868, at Bangalore whcre 

Date of r@joining from furlough. I rcceived your No. 4, dircctiug me to do so, and, 
taking what portion of the party could be spared froin the Uangalore base-line, then in course 

of measnren~eut, to procced to Cape Comorin to select 
Ordered to eelect and prepare Cape Comorin 

bsee. and prepare a basc-liue for measurement next season, 
in accordance with the gencral il~structions issued to 

this party for the Vizagapatam and Bangalore basc-lines. Itlore particularly, the site of the 
Cape Comorin base was to be " on a level plain," 

General and detailed instructions. 
near the sea," and " fur from hills," and " its south 

end the southernmost point of the great triangulation." 

I was also directed to select a suitable point for tidal observations, and to consult the 
authorities east and wcst of tlie Capc for metcorolo- 

The most suitable place and for tidal ob. gical data from which to ascertain the most suitable 
oervations to be reportcd. 

place and time to take them. Knally I was to report 

upon the most suitable time for the base-line measurement and the best route for the apparatus. 

(2.) In accordance with these instructions 1 sent off a party of 15 classees by rail t o  
Caroor (KBrlir) a station on the south of India railway 

Party of 15 c188sces sent and 220 miles north of Cape Cornorin (Kannig Kfimari) mnrchen. 
directing them to procccd by double marches to Palam- 

cottah (PBliamkBta). The heavy baggagc I sent by rail to Beyporc on the west coast and 
thence by stcarner to Tuticoriu (Tlitl~klidi) 82 miles 

Camp equipage sent by rail aud eteomer, eavt of Yalanlcottah. I followed on the 13th Februarv 
by train to Trichinopoly and thence by 1111llock transit 

nnd executivo officer proceeded by rail and dnk to 
Palamcothh where all arrived by 23rd Feby. to Pallan~cottah, where I arrived on the 20th $cbruary, 

the party of classees on the 2 2 ~ ~ 1 ,  and tlic baggage on 
Reaching the Cape by 29th. the 23rrl. Thc ground in tlic vicinity of the Cape was 

reached by the end of t l ~ c  month, 18 days after the 
first party d classees left Rangalore. 

(3.) Finding the plain be tweq the  south end of tlic  cat mountain chain of western 
ghits and the Cape (Kannii Klimari) a distance of 

ahcinity of Cape Comorin unsuited for a base. about 12 miles covered with palmyra trces and studded 
with rocky and precipitous hills of various hcights 11p to 1000 fcct. I was ohligrd to seek for 
suitable ground for the base-line farthcr east. I thcrcforc enami~lrd cnrefullp all the ground - 

from tlie sea-shorc about eight miles inland proceeding 
Three of Lnmbtoll'a swrey eastward visiting Colonel Lambton's old swvep stations vieited and rcuorted on. 

of " M~~npotlia," " Punnce" and [' Koodankolttm." 

The pillar and side walls of the astronomical station at Punnae station remain in a fair 
etate of preservation and the local aiithorities have been reqnestcd to ensure their farther pro- 
tection, A station mark at " Munpotha" still exists on tlic line rock, and a loose mound of 

County open nbout Koodankolam. stone and earth alone marks the site of " Koodankolam 
station." Between Pnnnce and Koodankolam the cha- 

Oharactsr of Ihe const ridgo there. racter of the coast ridge changes and thc dense palm 
groves cease for several miles : the break being occupied by low rocky hills covered with dense 
thorn and cactus jangal. 

(4.) On the 21st March I reported a practicable line after several trials, and, after con- 
tinuing my search and examination of the ground as 

Prnrticable line reportrd 21st March and found 
to bo tho beat in the noighbourhood. far as 20 miles eastward. along the comt from the cape 

and to the recommencement of Palm forest, I returned 



to it on the 1st April as the best line to  be found. The south end is a point about a mile east 
from Colonel Lambton's 'r Koodanlcolam station" and 

The mnth end. is on the highest point of the roclry part of the coast 
ridge, having apparently the most suitable ground in the neigllbourhood between north west 
and north east, being near the sea, and as far from the hills as possible without entering the 

dense palm forest farther east. The north end is about 
The north end. l f  miles north east by east from the village of Ratha- 

on high open ground and bearing north f east from the south end, distance 74 miles. 

(5.) Mr. Norris Sub-Assistant 4th Grade, joined me on the 30th March having left 
Bangalore on the completion of the base line measure- 

Joined by %. Norria. ment there on the 16th March. 

(6.) I received pour sanction for the line reported on the 2 ls t  April, the interval having 
been spent in endeavouring to find a better line, and 

Line ~anctioned. failing in  sut-cess, in clearing and perfecting the line 
fist decided on and in dividing it into sections and laying out ihe minor triangulation on each 

flank. By the elid of April the founclatiou of an obser- 
Employment during interim. vatory had bccn laid at  the south cnd and a lower and 

upper mark-stone embedded in an isolated pillar. Aftcr the middle of April the heat became 
PiUer, marks and foundations at 9 end finished. extremely trying, but beyond a few bad cases of boils 
The hest. and some slight cases of fever and livcr con~plaint the 

party clid not suffer. 

(7.) I n  consequence of the heavy fall of rain in Novcmbcr and December rendering the 
country impracticable in those months', I determined to 

The lains of the N.E. monsoon prevmt,ing 
buildin in octoher ~~~~~b~~ olld ~~~~~~~b~~ lay the principal mark-stones and foundations at  once, 
oblige t i e  foundutions nod mn.k-stonesto be loid before tile burst of the south west monsoon, erprcted 
s t  onco. 

about the middle of May, and before quitting t l ~ e  ficld, 
in order that they might have time to settle morc permanently. 

I was unable to finish more than the tnro stations defining the ends of the base, and the 
foundations of the two section stations, in consequence of the carriage for the large mark-stones 

breaking domr~ and the impossibility of procuring any 
except in^ 2 spction stntion mnrk-stones nll  Otller witl,ont several rrccks delay. flnished aud left by m~ddle  01 3111y. 

By the 1 ltli May 
the upper (ground level) station marks at  both ends of 

the line were engraved, and together with the 8 referring marks by which they mere reproduced 
from the lower mark, covcrecl up and left in charge of the local nuthorlties. 

(8.) The party then marched northwards r e a c h g  Palamcottali on the 13th, Ma%a 

~h~ rnrty reaching ~~~~~l~~~ hy tho crld on the 20tl1, Trichinopoly on the 27t11, and illence by 
tho month. rail to Eangalore on the 23th Mag. 

(9.) The Cape Comorin basc-line is 7,Cj3G miles long (about 640 sets of thn compensa- 
tion bars and microscopes) as deduced by secondary 

P a r t i d a n  of the bme-line. triangulation with a scveu inch tl~eoclolite from two of 
Colonel Lambton's stations hIanpothi and Pannce, it has bccn cleared and in great part pre- 
pared for mcasurcment. 

I t s  south end is in, lat. 8'104' north, and long. 77'4.5' enst ao plotted on the Indian 
I3eogmphical poaition of 9, end. atlas sheet No. G.7 and it makes an angle of about + 6' 
Azimuth of line. with the meridian. 

A vertical section of tlie line has been taken by a series of lcvels shewing an extreme 
difference of height of 94 fcct, and of 8 f'ect between 

(Iradienla. the two ends, the north being the lower. The steepcat 
grndicnt in the line is 3.5 in 100. 

There is only about 450 feet over 3 in 100 
,J ,, 900 ,, f r o m 2 t o 3 i n 1 0 0  
J J  ,, 1100 ,, between 1 nnd 2 in 100 
JI ,, 37850 ,, under 1 in 100 



It is divided into three sections by two section stations which however will require towers 
to  render them mutually visible, and visible from both 

Towors required at section etations. ends. 
The sclcction of the minor triangulation on eithcr side of the base-line was very difficult, 

but thrce stations on eitlrer side have been selected 
Nrnor triangulation. fnvming a double hexagon, one of these require a little 

nlteration to  bring it within the limits of symmctry laid clown in the Department. About 18 
miles of ray clearing was requircd, most of it through 

Roy clooriI1g. cactus hedges and thorn jangal. 

(10.) The conucction ~ritlr thc principal triangulation is proposcrl to be effected by a 
per~tagon of which thc north end of the base line forms 

Connectlou with principnl trinnguln(io~r. 
thr  central station, nrrd tllc south end thc most soutl~crlp 

point, and including two of Colo~lel Lamhton's old Survey Stations. With the help of Colonel 
Lambton's charts fonr stations in t l ~ r  next figure have bccn sclccted. ( A  roll~lr  slcctch chart 
accompanies this report). Tno  of t l~cse Trirlrendur ancl Tuticorin, are the points on the 

coast indicatccl by you as necessary to be ronnec- 
P o p o ~ r d  ~ i d e  T11tic01.in to Trlch~ndur will PC. 

qulre towels. t c d .  The ray bct~rccn them 21 n11les over sea will 
rcqr~ire lofty towcrs to command the distance. A t  

Tuticorin the land is little above t l ~ c  sen lc1~1, but a t  Tricl~enclur there is a sand ridge - 
abont 23 feet above the scn, surmountcd I)y high t c m p l ~  
~ i s ib l e  15 miles out at sc:t. 

I t  happens that the Tutiroriu lialkt house is about to bc reisrd or rebuilt from 42 Ccct to 
- - 

a c o n ~ i d c r a h l ~  grcatcr lrriglit. I prollose by malting 
The new Taticorin light house proposed to be 

uaed. use of t l~ese buildings to ohviate the great expense ant1 
dclay of building tlre tolrers that would be required 

without them. 

(11.) Regarding the time for the measurement, from all I can learn I do not think it 
should commence before the middle of January, and 

End of January, best time to begin mensure- 
ment. evcn then I am informcd that the tanks are very full 

and the ground not dried from the effects of the heavy 
rain 22 inches wl~ich nearly all falls in November and Dccembcr, tllnt is during the height of 

the north-east monsoon. l t y  informant was an Euglish 
Heavy rnin of N. E. monsoon. resident of 26 years rcsidc~ice and observation, the rain 

fall mentioned being the average of 25 ycars observation. 

(13.) With rcspect to the contemplated tidal observations tlre land-locked harbour of . . 
Tnticorin seems the most snitnhlc place along the coast 

Tuticorin lln.-l>oiu., tho most suitnble plnce for 
tidel obscrrnLioils. near Cape Cornorin whencc it lies about 60 miles to  tlre 

north-east. and the fittest times for observation seem to 
bc about thr. 1st of April and the 1st of October when the sea is said to be le:~st affccted by the 

let  April, nncl 1 s t  Octobev, tho bmt. timrs. monsoons, and when the mcather is most modcrate. 
prom tllc pul,lislicd barometrical obse~a t ions  a t  Trivandrnm * (Tiruvandarrm) the 

mean atmospheric pressnre nt these dates secms nearly 
' 3tcl.c :>1.8:y1':1j (Tirnmnzndnpurnm .) coincident with the nlean annual pressure. 

CnptGin Phipps thc master attendant at Tuticorin has kindly undertalccn a series of obser- 
vations of t l x  1)arometer at that port,. 

1 nni ?lac1 to llavc a favonrahle report to givr yo11 of Mr. Norris nnho aorkcd willingly 
and wcll (ill- six a(.(>Bs during which he was cngagcd on the Cape Comnrin base line selection. 
I found Ilirn zcnlons and nttcutive to his duty arrd apparently desirous of improving his know- 
ledge of dcpartmentsl mattera and acquiring skill in observing. 
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38 B I ~ D  aRADE, IN CHARGE DONBAY PARTY a. T. SURVEY, NO. g, DATED ~ T H  JULY, 1868. 

I have the honor to submit herewith, my report for the past year, for the Bombay party, 

Sscceo work Madroe parb. of which I am in charge, and partly also for the Madras 
party, of which I held charge during a portion of the 

Fear, including the recess and the early part of the field season. 

(2.) The assistants of the Madras party during last recess, are named in the margin. 

Mr. A. IT. Donnelly, Civil Assistant 4th Grade. 
These gentlemen were all present at head quarters, and 

,, J. FV. II~trllell, ~ ~ b - ~ ~ ~ ~ ~ t ~ ~ t  2nd Grade. available for the ordinary office duties of the recess 
1, 0. y. Norrisl Sub-Assktant4th Grade. season. The computations in hand were lighter than ,, C. D. Potter, do. do. 

usual because : 1st) owing to the nature of the county 
in which the operations had been conducted, being unfavorable for the observation of an 
nziruuth there were no star observations to be reduced. 2nd, Very little secondary triangula- 
tion had been done, as the selection of the base-line had occupied an assistant, who mould 
otheiuise have been employed on work of that nature. 

The work was nearly completed by 1st August. 

(3.) I obtained privilege leave for August and arranged for the employment of the 
party during my absence as follows. Mr. Donnelly 

Offircr in cllnrjio on lcnoo in Auguat. Duties or saalatbut his Mr. Donueuy. was instructed to execute some field work on the base- 
line (reudcred necessary by a slight alteration I had 

made in the site) as the weather mould permit, atteuding ofice as usual when not so employed. 
Mr. Rlitcl~ell I deputed to close, and transfer to the local  official^, tlie stations of the 

grcat arc, at which I had taken final observation8 
Mr. Mitchell. during tlie field season. I chose the month of August 

for this plirposc, because it has the reputation of being the healthiest season of the ycar iu the 
district of the stations to be visited, most of which are situated in the Ghat country, lying 
brtn-cen hiysore, and the Coimbatore and Salem districts. This duty occupied Mr. Mitchell 
till 25th September when he rejoiued me at Bangalore, having closcd seven stations. The 

services of blessrs. Norris and Potter, I placed at the 
&feem. Xorris and Potter. 

disposal of Lieutenant Trotter, R.E., then in charge 
of the Bombay party, and also recessing at Bangalore. 

Lieutenant Trotter also kiudly took general charge of the Madras party during my tem- 
porary abecncc. 

( )  Lieutenant Trotter had almost more work than he could dispose of with his own 
strength, for, 1st-I-Ie and two of his three assistauts 

Fkcesa work of Domboy party. suffered during tlie whole rccess, more or less, from 
aicknesa contracted during the field season. 2nd-IIe had some arrears of work in hand, and 
3rd-,Is mcritioued by Lieutenant Trotter in his report for last year. Mr. Anding mas cmployed 
during the wliole field season, on minor triangulation, in tlie Indarpur Taluk, of tlic Poona dis- 
trict, for thc purpose of connectiug boundary, and other marks of tlie Revenue Survey, with 
the trigonomctrical stations in the neiglibourhood. The computations, and projection of this 
work oil a chart, took a considerable time. 

Licutciiant Trotter was therefore glad of the assistance rendered him by Messrs. Norrio 
m d  Potter, whose work I believe gave him cvcry satisfaction. 

(5.) Shortly after my return from leavc at the end of August, Lieutenant Trotter foilnd 
himsclf ohliged to apply for sick leave to Europe, being 

Lieutcnnnt Tmttcr goes on leave. totally nnfittcd for work, by fever wliich hc had con- 
tracted during the field season in the jungles of Canara. Iie obtained leavc for twenty months 

and sailcd from Madra.9 on the 26th Septcmher. On 
I tuke charge of Bornhny party. his departure I aasurned tcrnporary charge of tho Bom- 

bay party, which you afterwards directed me to retain, in adhtion to that of thc Madras party, 



until relieved of the latter by Captain Branfill, for whom I was acting thercin on his rctur~r 
from England, when I should remain in charge of the Bombay party. 

Mr. Q. A, Anding, Sub-Aeeietant 2nd Grnde. (6.) The assistants of the Bombay party are named 
,, A. Christie, DO. 3rd do. in the margin, AIcssrs. Christie arid Bond had hot11 
,, Jos. Bond, 4th do. suffered considerably from sickness during the rccesa. 

(7.) Office work mas continued replar ly  until the eitd of October, by which timc thc 
Work of recess season continued. computations werc very nearly completed. 

The Inrlarpur work, whcn computed, was projected on a chart a r~d comparcd with t l~o  
chart of the district, furnished by the Rcveuuc Survey Dopartmelit, the comparison showing 
a generally satisfactory agreement in the position of those points laid rlow~i by both surveys. 

(8.) On tlic 1st November I took the field, and procccdcd wit11 thc preparation of the 

Wold senson commences. 

. . 

base-line for measiirement, and the observation of tlic 
angles for its conncction with the pri~icipal triangula- 

tion, which latter I hoped to be able to c&upletc by the end of ~eccmber ,  mhEn I e?tpectctl 
your arrival with the party for the measurement. 

(11.) With a view to providing mork for myself after the completion of the base-lit~c, - 
\\,hen I hopcd to liavc time enough to csccute so~tlo 

Mr. *pprozimnto SeriesOf Mangalore principal triangulation, I scnt Mr. Aiitclicll to carry on Longitudinal Series. 
the aplwosimate work of the lo~~gi tudi~ia l  wries, to the 

west, from thc stations Hemagiri, ~ a n g a s a m i , - u ~  to which I completed t i e  final obscrvatioiis ill 
the early part of season 1866-67. 

An approximate series was esecutcd some years ago by an assistant of the Bombay 
party, x~,lio selectcd stations of the Alangalore AIcri- 

This work previously executed. cliol~al Scries, downi to thc latitudc of RIaugnlore, whcrc 
he converted it into a longitiidinal series, and carried his triangles eastwards as far as Bangalore. 

Unfortunately however, i t  was found, that the serics so selected, did not admit of sym- 
metrical connection with that already finally brought up from Madras, (as far as I-Iemagiri, 
Rangasami H. S., or about 40 miles west of Bangalore) without further complicating the co111- 
pound figlire surrounding the base-line, already so extensive as to involve great labor in reihic- 
tion. I accordingly directed Air. Mitchell to carry on his approximate mork if possi1)le to the 
western ghats, whcre the longitudinal is convertecl into the meridional series, and there to make 
a simple connection (by one side only) with the approsimatc meridional series already chosen. 
Also to build the stations of the first (most eastern) polygon selectcd. 

Mr. Mitchell snececded in selecting two polygons. The first of thcse gave a good dcal 
of tronble, owing to the nature of the ground. The 

Exccotion of worke. second is a large figure covering upwards of 2000 square 
milcs of country. The station platforms kc., of the first figure were also built, and Mr. Mitcl~ell 
partidly sclectcd a third polygon, which will close on thc old aproximnte meridional series, and 
complctr. the gap bctween the finally finisl~ed portions of thc Ma~~galore  Longitudinal and Mo- 
ridional series. IIc mas unable to fix definitively t h ~  two flank stations of the third polygon, 
as he mas oliliged to relinquish the mork to return to Bangalore, but lie saw enough to enable 
him to rcport, that no difficulty would be experienced in finding appropriate points. 

IIc returned to  Bangalore by native sailing vessel to Beypore, and thence by rail, arriving 
on 11th January, just in time to take his place a t  the commencement of the base-line measure- 
ment. 

(12.) There remained a few stations of the Longitudinal Series, between Bangalore and 
Madras to  be protected, and regarding the state of 

Mr. Norrir. others, I was uncertain, because as I mentioned in my 
last rrport, Mr. OJNeill, who was sent out on this duty in May 1866, absconded when he had 
partially performed it, and haa not been heard of eince, 



I instructed Mr. Norris to proceed to visit these stations, to close and transfcr tllose 
which he found nuprotected, and to transfer reg~ilarly with the propcr documents, those which 
he should find had been closed by JIr. O'Ncill but not transferred. This Mr. Norris carricd 
out sntisfactorily and rct~wncd to Bangalore on 24th Novembcr. Aftcr that, he mas cmployed 
on the work of the basc-line generally, and also built platforms over the end marks of Colonel 
Lambton's old base-line. 

(13.) Mr. Potter accompanied me as recorder when I first took the field, but later Mr. 
Bond relieved him of that duty, and I put him in charge 

Mr. Potter. of the work at onc cnd of the line, and the construc- 
tion of a small tower for one of the minor triangulation stations. 

(14.) When I first took the field Mr. Anding mas the only assistant of the Bombay 
party present, and I mas therefore obliged to keep him 

Mr. Anding. new me, for the office and current duties of the Bombay 

PW. 
I accordingly placed him in charge of the work at one end of the line, and I found a good 

deal of employment for him, in finishing the computations of the party. 

(17.) I did not succeed, as I had hoped, in completing the connecting triangulation 
duri~lg November, and Deccmber, but only obtained 14 

The connecting trinngulation. 
of the 18 angles rcquired, the remaining four being 

those at the two stations farthest from Bangalore. Both these stations, I visitcd, but at both, 
I failed to get the observations required, owing to unfavorable weather, combined with my 
inability to remain long absent from the work going on at the base-line, waiting for a change. 
Throughout these observations I found tlie signals so bad and uncertain, as to make the work 
very slow, and its quality inferior. I used tlie theodolite of the Bombay party (Barrods 
%-inch No. 2) with which I had not previously worked. 

(18.) Mr. lIennessey arrived at Bangalorc with the base-linc party on 20th Deccmber, 
from which date the two parties, undcr nly clrarge, 

Arrival of baee-line party. 
(Madras aud Boml~ay) were placed at llis disposal for 

the measurement. 

(19.) On the 28th January I made over charge of the Madras party to Captain Bran- 
Cuptain Branfill takes chnrge of Modroe party. fill, on that officers return from filrlough. 

(20.) The base-line measurement was completcd on 12th March, and after a fern days 
farther work, in making up the books kc., under Bfr. 

Completion of bwe-line. Hennessey, the Bombay party was frccd for other 
duty. 

(21.) On 24th March I moved westward, to take up the principal triangilation, com- 

Bcmmption of ordinary work. 

- 
menciug at the stations, Hemagiri, Rangasami, and 
thcnce to procecd with the final ol~scrvations, at the 

stations in advance, prepared for the purpose, by RIr. Jlitchcll, in Novcmber, and Deccmber. 

I commenced observations at IIemagiri H.S. on 29th Narch, and expcricncccl a good deal 
of rain, and m ~ ~ c l i  cloudy weather throughout April, by which the progrcss of the work ma3 
somewhat retarded. 

On 3rd May I finished observations at Nnghalli II.S., the seventh station visitcd, which 
Olmemotions cornpleterl. cornp~ctcc~ onc pol?-gon. 

I thcn closed mork for the scason and marched into 13angalore, mhcrc I arrivcd on 9th 
Map. 

(23.) The instrument used was thc thcodolite of thc hIarlras party (Troughton and 
Sirnms' 24,-inch No. 1) that of thc Rornl~ay party, 1)cing 

Instrument wed. in use by Lieutcnant Rogers, on the ~uinor triangula- 
tion &c. 



(25.) I did as much as I could towards fixing secondary points, chicfly aa to thcir licigl~ts, 
~vliicli arc illore wanted tllan thc gcograpl~ical l)ositiona, 

Sccoudnry trinngulntiona. 
tlie lattcr bcirlg truly enougl~ givcll ill t l ~ c  atlar shcets, 

for all practical purposes, in thc case at least of large villages, Dak Bungalows, kc. T l ~ c  posi- 
tions of these, as gircn in the prescllt atlas sl~ccts are as a rule very trust~vorthy, but natural 
fcatwes sucli as hills aiid the sinall clrainagc lines arc very uncertain. 

(28.) On tlie return march to Bangalore I had an opportunity for visiting one of the 
most intcrcstizlg features of Riysore, viz., the gigantic 

Gigantic Stntoc of Shra~nn  Bellngula. 
Jairi Statuc of (( Shravan 13ellagula" cut out of the liv- 

ing rock (gneiss) on the summit of a hill, some 800 feet above the surrounding country, from 
which i t  is visible for miles in every direction. I t  is the figure of a man, standing up clear of - .  

the summit of tlie rock, from a little above the mitldle o f  his tliigl~s, wliile from that point 
do~nmards,  the legs are slienn in strong bas relief, about half their tl~ickriess beilig sculptured 
on the face of tlie rock. For a native figure the p~.oportions are not very bad, but all horizontal 

- - 

dimensions are exaggerated, and the lcgs are dwarfed in height, as compared with tlie upper part 
of the body. The arms liang clear of tlie body, from the-shoulder to the wrist. Thc stone is 
cut smooth and partially polished, and:tlie color is so white a grey, as to give the appearance of 
white wash, at a distance of 3 or 4 milcs. With a small theodolite I took the following dimen- - 
sions of the figure, as accurately as the situation admitted :- 

ft. in. 
Height of upper part, entire form cut out, 39 0 

,, lower p x t ,  only half moulded, 21 6 - 
Entire height of figure, 60  6 

Width of shoulder 27 feet. Do. of head 10  feet. Do. waist 10' 4". Do. between arm pits 14' 2". 

(38.) I have great pleasure in reporting most favorably on Mr. I l i tcl lcl l~ conduct and 
worlr during tlzc past year. I-Ie was in the ficld during 

Mr. Mitchell. 
Allgllst and a part of Scptem1)er last, (see para 3) during 

which time hc must have experienced much discomfort if not hardship, as lie was working in a 
difficult country, mitli a wiliimu~n of baggage, and tcnts, during frequent rain. Again in De- 
ccmber, when 11c was ~rorlriug in t l ~ c  western ghats, I I C  must have hat1 a liard and ullcornfortable 
life. 011 both t l~csc occasions lic got tllroligli a large qllantity of ~vorli. ML JIitcl~ell always 
docs his morlc ill t l ~ c  ficld wcll, ant1 willingly, and hc is also a uscful assistant in office, regular 
in his hours, and carrful in liis work. 

(30.) Mr. Norris dirl good work in office during last recess, working hard and regularly. 
He also did mcll tlic duty allottcd liim in tllc early part of the field season (para 12). He com- 
plcted 2 years dellartmcntal scrvice in April last, and I should be glad to learn that he had ob- 
tained l ~ i s  promotion. 

(40) I consider Mr. Potter a, vcrv promising assistant, he tdws an interest in his work, 
arld evinces zcal i11 its execution. H e  has also consi- 

Mr. Potter. dcrablc ingcnuity and command of resources in dil3i- 
cnltics. 

(41.) hIr. Anding has givcn mc general aatisfaction since he came under my orders. 
IIis clutics I have alrcady described, and I need only 

Bo~nl~ay Pnrty Mr. Anding. add, that I coiisider he worked liard, and made good 
progress. 

(.1.2.) RIr. Christic I have found a milling and intelligent assistant, and consider that he 
he 11as worltcd mcll. The performance of the last duty 

Mr. Chri~tic. on which 11c mas employcd was very satisfactory and 
crcditnl~lc to 11im. 

(1.3.) Mr. Bond has provcd himself an cxccllent Recorder, accurate, attentive, and 
Mr. Bond. tolcral~ly neat. 

I l c  has also slionl grcat inclinatio~l to lcarn, and a considerable a i o u n t  of quickness 
in compreken~ling, and rctcntion in remcmbcring what hc is taught. 



EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN T. (3. MONTGIOMERIE, R.E., SURVEYOR 

1 8 ~  GRADE, IN CHABaE KUMAON AND QURHWAL SURVEY PABTY, NO. 290, 
DATED 2 1 9 ~  BEPTEMBER, 1868. 

(1.) On the 1st of May 1867, Captain Montgomerie resumed the charge of the Kumaon 
and Gurhwal Series which had been held during his absence on leave by Lieutenaht Carter. 

(2.) During tlie recess, all the computations of the previous season's triangulation were 
computcd out and the points deduced were pro-jected on the a-inch chart. Three sheets of the 
Kumaon and Gnrhwal map were completed and printed in the Photozincographic Departrncnt. 
Two sheets of tlie Mussoorie and Landour maps were finished, arid are ready for publication as  
moon as the boundary line of the settlement has been demarcated. 

(3.) The civil authorities having expressed a wish to have the original boundary of 
hfussoorie and Landour permanently marked on the grouud, measures were taken for re-pro- 
ducing the said boundary as closely as the records of the original demarcation would permit. 

The original boundary though clearly marked on Major B r o d s  map of 1840 appears 
never to have been indicated by permanent pillars of any kind, and the map in fact is the only 
record remaining, neither field book, notes of bearings, nor any other documents concerning the 
origin~l survey having been produced. 

Fortunately the boundary is given on Brown's map in connection with the natural features 
of the mountains and in conuection with various permanent objects which are still in existence. 

(4.) By distances taken from Brown's map between various points still existing and the 
main points of the boundary, all the salient and reentering points of the original bouudary were 
transferred to tlie new maps with as much accuracy as Brown's map itself possesses. The boun- 
dary transferred in this way to the new maps was examined on the ground, and i t  was soon ap- 
parent fi.r)m the natural festurcs that the boundary must have originally been very close to the 
liue re-produced as above. 

For instance, the line agreed in making the Billaroo-ka-pani ravine and the precipitous 
cliff along it the boundary, and farther westward a peculiar bend to the north obviously rcpre- 
sentcd a similar sliaped cliff which overhangs the low grouiid abovc the Aglar and would be a 
natural limit in that direction. Similarly the agreement of the liuc with vnriol~s other natural 
fentures north and south made i t  evident that the line thus reproduced substantially represents 
the o r i , ~ a l  boundary as far as it has hitherto hcen examined. 

(5.) During the end of the recess, Lieutenant Hill, R.E., and Mr. Ryall were employed 
on this difficult task. They succeeded in demarcating 5456 and 4.303 yards rcspcctively, a total 
of 07.50 yards with the sites for 40 pillars, 36 of which have suhscqncntly 11ccri built by the 
civil authorities. At the same time they finished the sketching on a scale of 12 incl~es to 1 mile 
of 378 acres of Mussoorie. 

Thc operation was a most laborious onc, great care being requisite in making thc transfer 
from the old map to thc new, arid the examination of the ground and thc searching for the ori- 
ginal sites of the main points iuvolved a great deal of Iiard work. Considcrable crcdit is due 
to Lieutenant Hill aud Mr. R y d  for the judgment and zeal with which they carried out this 
di5cult task. 

(6.) Towards the end of the recess the usual preparations were made for taking the 
field, plane-table sections were projected and fiesh instructions wcre given for extending the 
triangulation. 

Only a amall amount of triangulation being ready for topographical work, every endeavour 
wes made to sccure a sufficiency to  keep the topographical surveyors fully employed during the 



current season anrl at the same time to provide a good surplus for the next ficld season, a large 
esccss of finishcd triangulatio~~ bcing essentially uccessary to the economical execution of the 
topograpl~ical work. 

(8.) The triangulation was pushed to the north of Gurhwal so as to cover the whole of 
the very elevated basin of the Kali rivcr, oue of the main sources of the Ganges. This is the 
first portion of the highest part of Cfurhwal that has been triangulated in detail. Stations were 
establisl~cd close up to the highest Peaks of the Himalayas in spite of great cold and a scanty 
population. 

(9.) To the east, the triangulation was extended through a sparsely populated part of 
Ki~maon, more especially to the north and east of Almorah across a high and rugged range 
covered with forest. Subsccli~entlv a farther extension was made on the south, ant1 a series of 
triaugles was carricd eastward from the bordcr of Gurhwal to Ituldwaui south east of Nynee 
Tal a distance of 50 miles including a tract at the foot of the Himalayas covered with dense 
jurqlc which r~aturally added very much to the difiiculties of the surveyors. 

Ollc /Gird G' 
(10.) Two thirds of the ground triangulated was of an Alpine'nati~re and the work was 

exccutctl in the wintcr, wllcn the surveyors were esl)obed to co~istant snow storms, wlrilc t l ~ c  re- 
maining third formed a portion of the ?'erai, subjeEt to heavy fogs vhic l~  provcd even more de- 
trimeutal to progress than the snow. 

(11 . )  The total outturn of triangulation is 2315 square miles with 583 stations and 279 
hcights being s t  an avcragc of 2.5 points anrl 1.2 lreights irrespective of 7.8 hcights detcrmincd 
by ancroid barometers in 10 square miles. A large o u t t ~ ~ r n  considering the nature of the coun- 
try and the weather, which at the bcgir~ing of 1868 was unusually stormy in the mountains. 

(12.) Topographical operations were commenced by the sketching of a portion of the 
valley of the Alakununda ahove Kurnprag and of the lower portion of the Pindur VaIley with 
ground of every altitude from 2500 to 13000 feet. Tlie llighcr groui~d was taken up first, and 
the lower as the weather became more severe, the work was nevertheless several times interrupted 
by the snow. 

Subsequently the mountains east of Almorah were sketched, portions of them running 
up to altitudes of 8 to 9000 fect above the sea. The whole of the country up to Almorah was 
finishcd, including a very dcnsely populated part of tlrc liills mllcre thc villages were so numerous 
that  upwards of 200 were found in 80 squarc milcs, an average of 24 villages to each square milc, 
a grcater number than is gcnerally fonnd in England. The mountains near the new Sanatarium 
of ltaniklrct have h e n  sketched including all thc hills bctwecn that station and the plains. The 
shcet including Ranikhet is ilrgcntly requircd for the new projects for thc Sanatarium and the 
roads to it, and as all tlrc materials are available, measures have been taken to  complete the fair 
s l~cet  for publication as early as possible. 

(13.) Towards the cnd of the field-scason further sketching was executcd in the valley 
of the Alalrununda bctwcen Kurnprag and 1tndrl)rag and in the lower part of the Kali valley, 
thc surveyors advancing from the lowcr into the higher ground as the weather got warmer. 

(14#.) The work waa intcrr~~pted by the snow in the higher ground, and by clouds in the 
lowcr, tlrc whole country bcing hid from view for days at a time. The ground throiighout was 
of an esct~~clir~gly precipitous nature and nearly every days work was a matter of climbing from 
n~orning till tlight; not~~itlistandiling these physical difficulties the total area sketched is 1!UO 
sclnarc milcu. A highly creditable result for 4 surveyors, one of whom was employed for a 
portion of the season on other duties. 

(1 5.) With a vicw to the future extcnsion of the triangulation Captain Montgomerie 
rnnrcllc~tl from T)c.lrra t l l ro,~gl~ (>~~rlrw:d and m:de a reconnoissancc of the lower part of Kumaon 
~ I Y I I I I  t l ~ :  l~or(l(.rs of ( : I IT~IW. ;LI  111) to tllc frontirr of Ncpal on the G o g a  river. 

I \\.l~ilxt i n  C;l~rh~vnl lrc mas :~l,lc to rsnnlirlc a consirl(:rable portion of the previous 
sca?ru~~'s s l i c~c : l~ i~~g  :r~ld to visit various staliorls ucnr tLc liue of his route. 



(20.) Having reconnoitered the country up to Nepal, Captain Montgomerie cornmenred 
the examination of the current topographical work of the season. A portion of the g r o n ~ ~ d  of 
each topographer was examined in detail, the features were cl~eclred and the posit io~~s of vil- 
lages &c., tested from various high and low poi~lts. Tllroughol~t thc sketching was fonnd to 
have been done with p e a t  accnracy, none but inappreciable diflerc~~ces having bceli detected. 
The ground moreover was in all cascs represented both faithfi~lly and artistically the whole of 
the topograpl~crs employed having worked well and zealously. The qnality of the sketching 
was altogether first-rate, and the quantity aa much as the accuracy and detail required would 
admit of the surveyors doing. 

( 1  During the field season a number of new points were compiitrd out and projcrtcd 
on fresh plane tables for the use of the topogl-apllers after c o m l ) l e t i ~ ~ ~  the first portion of t l~c i r  
work; though involving a great deal of extra labor this wau affected without intcrr~iption to 
the current work of the field season. 

(22.) I n  order to examine the topographical work i t  was necessary for Captain Mont- 
gomerie to  march right through the Kumxon and Gurhwal mountaius, one-half of the topo- 
graphers bcing employed in the south and the other half in the north ; in this way he vras ; ~ l ~ l e  
to  see a large part of Kumnon and nearly the wholc of G u r h ~ a l  as after coml,leting his cxa- 
mination of the current season's work, he marched t l ~ r o ~ ~ g h  that portion which had heell 
sketched when the survey began. Here he fount1 the goi i~!d  to he ncll ~.epresenttsd though t l ~ e  
roads, cultivation &c., did not appear to have been laid down aitlr thc same care and attelltior1 
that has subscquently been attained in the later work yet  thc 1~a)rli on the arl~ole has I)ibcn ~rc l l  
done, and the improvcrnent in the new work was only such as x u  to bc cxpcctcd from illcrcascd 
experience. 

(23.) During Captain Montgomcrie's progress tl~roiigh the moontains, the opportunity 
was taken to determine the heights of a large ]lumber of ohligatory points 11y means of aucroitl 
barometers. I n  order to get some idea of' the a l r ~ o ~ ~ n t  of rcli;lhility of' tl~csc ir~st~.l irnc~~ts,  three 
of thcm were placed side by side in a box well 11acIied with cotton so as to I : I . C V C ' I I ~  :III rhnliing 
and all sudden variations in temperature, the box was providctl with a lit1 :u~tl I1i11qrs SO tlrat tile 
ancroids could be read off a t  once without distnrbiug tllem in any wily. 'llie 1101 ~vas carri(*(l 
carefully by a man, in addition to readings at thc ol~ligatory points reqi~il.ed, t l ~ c  n~~r~.oi(ln w r e  
read at a number of high ant1 low trigonometrical points of wl1ic.11 the I~ r ig l~ t s  ~vc1.c  know^^ ; 
from the readings at the trigonometrical points the value of t l ~ e  scale of the ancroi(l l ~ c t m c ~ u  
any t,~vo points was easily ascertained, and wit11 t l ~ a t  value the Ireight duc to any intcrn~ediatc 
rcadir~g could be a t  once obtained by proportion. 

From the readings a t  the various points it was easy to eee whether the aneroids rctaincd 
the same diffcrcnces a t  various elevations. 'I1hough thcy were all wid to 1)c coml~cnsntcd, the 
results show that they do vary to an extent which would seriously affect the rcsult if an attempt 
was made to dcduce a hcight from two readings very far apart. 

(24.) The experience with aneroids has hardly been sufficient as yet to lap down any 
nilcs, but it is evident that hy using them differentially for thc heights of points betnecn two 
known points whose readings have been taken, thcy map bc trusted to give the height of any 
intcrmcdiate point with an error of 4 or 5 per cent. of the difference, thc known heights shoilld 
conscqncutly not d i f i r  hy more than 1500 feet, and the height of an intermediate point might 
then Lc expected to vary 30 to 40 feet on either side of t l ~ c  correct value. 

I n  the present instance the height was always dcducrd from thc trigonometricnl station 
that wzs nearest in height to the point required. The diffcrenccs of height bctmcen the points 
determined consisted of thousands of feet where an error of 60 feet war a matter of no very 
great importance as the object was to give a fair idea of differences of height bctwccu the pcaks, 
passes and the valleys below, and this has bcen substantially secured by the system adopted. 

(25.) During the ensuing season farther experiments will be made and some of the 
detail surveyors will be supplied with aneroids in order to multiply the hciglrts on thcir sections 
and to enable them to show the differences in lcvel more correctly than they can at prcscnt even 
with the large number of trigonometrical heights that arc supplied to them on this serics. 



(26.) Reciprocal observations would of course add much to the  accuracy of aneroid 
ohservations, hut that was not possible on the prcaent occwion, nor iiidced is it  likely t o  be s o  
a t  nioet times, I)nt i r ~  more level countries, if reciprocal ohservations are  not t o  bc had, extra 
prccal~tiolis must 1)c tiike11 t o  see that there is RS little interval of time between the ohrrrva- 
tions at  the known a1111 u~llinown poiuts as possible, othcrnise t l ~ c  l~ourly and daily variations 
mill affect the rcs~ l l t  so as sonietimes to  mnlre tllc lower poiut appear the higher, kc. A pl~enom- 
enon \rllich has alrcatl!. hecn complsi~~ct l  of by tllose who have used tllcse i n s t n ~ ~ n e n t s .  A 
partial rcnlcdy for this (lifficlilty would be to take all ol~scrvations a t  the same apparent time, 
if tllcre \$-as 110 ntmo.rpheric disturbance going on a t  the time, the rcsrilt should be tolcrahly 
correct, but as tllc variation of the barometer between n~asimlim a i d  miuimum on any one day 
an~olluts t o  o v c ~  0.05 of an inch in latitudc 31' and to over 0.10 , in  latitude 23', reprcacnting 
fro111 60 to 100 fect, i t  is obvious tli:~t t l ~ c r e  is very little use in  stternpting to deduce a height 
from a rcatlir~g take,,' a t  10 A.M., a l ~ d  auother a t  4 P.M. wllen tlie diference of altitude is small. 

(27.) When the known poiut is close t o  the  tulknown point as ill the case of a station 
on the edge of a plateau tllcre or~gllt to be no grcnt difficulty ill observil~g at  the known point 
the11 a t  the u ~ l l c n o \ r ~ ~ ,  ant1 agaiu at  thc known poiut YO as to  get a mean and to see that  the 
inrtrumcllt rc tur l~cd to its first reading. 

(28.) The ancroids appear to  be of uneqrial elasticity, some when taken from one alti- 
tude to  ~ n o t l ~ c r  a1111 t l ~ e n  back to the firat ~ ' c t n r l ~ u ~ g  to their I I ~ ~ I I I : I ~  state very rapidly and others 
\cry slowly \rl~ilc o ~ ~ c  mas obscrved not to rcturn to  an! t l~u~g  llke its former reading, tl101lgl1 
tllc tclnl~cratnl.c llatl not varlet1 11:llf ;L ( I ~ g r c c ;  i r ~  :dl tames i t  \r;la fo1111d necessary to  let tlle 
nn[~roltl rc\t  at t11c IICW statloll f b ~ .  a t  Icoht n quarter of a n  hour otherwise they rarely assume 
tllc fi~lal posit~on due to t l ~ e  altitude they may be at. 

( 2 . )  Tlle r c s ~ ~ l t s  of t l ~ c  presrnt cxpcrin~ents llavc proved that aneroids are at  any rate  
r c r r  I~;(.SIII ill r ~ l o u i ~ t ; ~ i ~ ~ s  \\Irere tllc tlifli.rc~lccs of altit~ltle are grcat. Approximate llcigl~ts of 
I ) : ~ h ~ e s  I l a v i ~ ~ g  bee11 dc tc r l~~incd  \\-llicl~ could ]la\-e bccr~ got iu no o t l ~ e r  way crcept a t  considerable 

(30.) T l ~ c  programlnc propnscd for tllc ficltl srason was fidlp carried out with one small 
excc.ption, t l ~ r  t~.i:t~~;lll:rtion llns 1 ) c . ( ~  c ~ t c ~ ~ t l c t l  sulfc . ic~~tly to  pro\-ide work for the full n u n ~ h c r  
of t o l ~ . g r : ~ l ~ l ~ v r - :  t l ~ ~ r i ~ ~ g  tllc c ~ ~ > u i n p  field seaRon. 1Vitl1 ordiuary ezcrtion i t  will now be possible 
always to  11avc a Ilrollcr aml)uut of triar~gr~liition iu l~and .  

(31 .) T:IIII(- s l l o ~ i r ~ g  the amount of triangulation and topography executed during the  
scaaon al>~)e~~(lc~t1 to this 1~'l)ort. 

(32.) Capt:rin Pullan was emp1oyc.d dnrirlg the whole season i n  the mountains of Gurh- 
\ v : ~ l  t.ilicHy on the Al~ tkru~unda  and its hrancl~cs. I-Iis 

Cnptain P~~l lnn .  first scction e n ~ l ~ r a r e d  l~i l ls  of e\,cry altitude from 5000 
13,000 f(.ct nl,ove the sca. nrrr i~lg the first :ind inat part of t l ~ c  scnson 11e was able to  make 

progress, I n ~ t  r l n r i ~ ~ g  l:eb~.uary all11 3Iarch he was much dclayetl by severe weather and 
011 scrcr:ll occ:lsio~~s his c:11111) w;~s  co~nl)lrtely s~lo\rrtl 1111. 'J'hc g r o u ~ ~ d  sketched by him wm of 
a vc!rv I l r ( : t - i l ) i to~~s ~~aturc:, t l ~ c  o~rly ~ P P I Y ) : I C ~ I I  to I(x\.el 1)c:ing ~ O I I I C  narron- strips aloug the course 
of tllc Alal tu~~undn.  'I'lie csecutiou of the work consequently involved a great deal of hard 
work. 

(33.) A portion of thc ground s l ~ t c l l c d  by Captain Pullan was examined in detail and 
the site3 of a large number of villages were tcstcd. The details were found to be accuratley 
fixed and the gro~ulrl t l~roughont was well and nrtjstically rel)resented. The quality of the work 
was excellcut, the total out-turn belng 390 square milcv in  G t  months with 990 P. T. fixings. 

(34.) Lieutenant Nil1 was employed on the triangi~lation of the  mountains north and 
east of Alrnorah including a high and rugged range 

Licutcnnnt Hill. covercd in most parts with a dense forest. 

(36.) Being employed on  the Mnssoorie Settlenlcrit boundary up to  a late date he did 

not reach his till ])eccrubcr. 1)uring the first part of the season he was ablc to make 



q e a t  progress but in February and March his work was for a time brought to a complete stand 
etill as the clouds regularly settled down on the mountains for days at a time. S~low storms 
were frequent and the wcatlier generally bad ; notwithstallding good progrcss was made and a 
very large out-turn of triangnlation would have been completed had liot Lieutenant Hill unfor- 
tunately got a vcry severe attack of illness as he was bringing the work to a closc. This attack 
prerented him from observiilg at the few remaining stations he required to complete his work. 
H e  was laid up at Blmorah for nearly two months. 

(36.) The total area triangulated is 766 square mile with 86 heights. The work has been 
thorougllly clone and the points are well distributed. l'lrc heights of a number of high and low 
obligatory points have been clctermined as wcll as those of peaks kc. Considering the weather 
and the short time available Licutcnant Hill's progress was vcry good. His mauagemcnt of 
the portion of tlic uative cstablish~i~cnt nntlcr 11iv orders has heen good ant1 llis arrangements 
for supplies and the carrying on the mork in a difficult country have proved very eficient. 

(37.) Mr. Ryall starting early took up the trianglation of the verv elevated valley of 
tlie Kali river, the highest pirce of Gurllwnl that llas as 

Mr. RJRU. 
yet heen triangulated in detail. The wcather being fine 

he was able notwithstanding the extreme colt1 to finish the work vcry rapidly before the heavy 
falls of snow bcgao. FIe then desc~e~~ded towards the lower ground arid took up fresh work in 
the south-east part of Kumaon, there the wratlrer though troublesome at tinlcs did not altogether 
etop progress and he was ablc to push on the work rapidly, carrying his triangulation some 50 
miles east. 

(38.) The total area triangulated by Mr. Ryall is 1550 square miles with 193 heights. 

(39.) Mr. Ryall executed his triangulation in a most efficient and rapid manner. He 
also arranged and computed out in the field a large portion of his triangles which added very 
much to his work. His management of the portion of the native establishment under his orders 
has been good and his arrangements for supplies aud the clearing of station sites in the forest 
clad parts of lower Rumaon were well carried out and enabled him to make an amount of pro- 
gress that could not have bcen secured without much care and forethought. His progress has 
altogether been excelleut. 

(40.) Mr. Peyton was employed for some time on the hill shading of one of the sheets 
of the map of Turkistan and consequently a shorter time 

Mr. Peyton. 
than usual was available for field mork. At first Mr. 

Peyton was employed in sketching a section embracing Almorah, a portion of the hills so densely 
populated that i t  was hardly possible to introduce the whole of the village sites on the scale of 
1 inch to the mile. The amount of detail in such a dcnscly populated country prevented rapid 
progress. Subsequently Mr. Peyton mas employed iu sketcl~iug a very wooded tract of rough 
ground between the Kosillr and Ramguuga rivers. 

(11.) The whole of Mr. Peyton's work was examined in the field, the ground has been 
artistically delineated and the detail was found to have been laid down with great accuracy. 

Area eketched 240 square miles with 340 plane table points. Progress very good. 

(42.) Mr. Atkinson during the recess assisted Captain Montgomerie in the translation 
of the Pundits Trans Himalayan route survey, diary &c. 

YL. Atlinon. and also in the computatione connected with the same. 
This troblesome work he carried out  most satisfactorily u d  in addition did a large ehare of 
ordinary computations. 

1 L.7.) nilring the field smgon Mr. Atkingon as~iated Cnptnin l l ~ n t ~ n m c r i e  in  the com- 
pntntionr. r r roF,~i l l~  nllll ypllernl tltlticn co~lnrc.tt-cl wit11 ~ I I C  I):trt!.. ~\111i111~nt, Ot11~r I T I : L ~ ~ C P S  I I C  

~ I I ~ ~ X I ' I I  tllc 11 I I I I I ~ '  ,,I' t l tv r o n ~ ~ ~ ~ ~ t n t i o r ~  shwt*, a work t11:lt hi19 I I I I ~ ( . I I  J'n~ilit:~tcd tllP c.o~~st:~nt 
rc~l;~r+~rlc.rs rc.,llllrl-tl f.rc911 t r i n l ~ ~ ~ ~ l n t i o ~ ~ ,  tol~oyr:ll)l~ifd n.nrk kt-. Ile al.-o took Irorieo~~tal 

a~rtl vcrtical ul,zt:~.\lrtio~ls wit11 811 8 iuc11 tllc~dvlitc fur dctcr~r l iu i~~g t11c llcigl~t of the I'utli 



Doon. Subsequently he took a large number of observations with aneroids for the heighta of 
various obligatory points that were milch required both for the old and new portions of the work. 
These werc done very carefully and will prove a valuable addition to the maps. The amount of 
computations which Mr. Atkinson carricd out wl~ilc in the field was very large and it was only 
by his great exertions in this matter that tlie topographers wcre kept fully employed. 

(44.) Mr. Atkinson's diligence and good busincss habits were also most uscfull in dis- 
posing of a large amount of miscellaneous work which naturally arises with a large party, 
widely scattered over very difficult mountains. 

(45.) Mr. Braithwaite starting early sketched the upper feeders of the Ramgunga river 

Mr. Bmithwnite. 
and the lower part of the Pinilur valley including some 
vcry precipitous ground. Subsequently he was em- 

ployed on the Alakununda and Kali above Rudrprag. From the examination of his work the 
sketching was evidently very acciirately done, and the ground has bccn well represented, his 
style of shading showing g c a t  improvement on the previous season. Though interrupted by 
snow and clowds Mr. Braithwaite's progrcss has been very good. His area is 390 square miles, 
with 507 plane-table fixings, a very creditable seasons work. 

(46.) Mr. Pocock for some time was employed in learning how to sketch but owing to 

Mr. Pocock. indifferent health was not at first able to make much 
progress. Subsequently his health improved and he was 

employed on the triangulation with Lieutenant Hill, observing from auxiliary stations, taking 
heights kc. Mr. Pocock observed well and made good progress, with the work assigned to 
him. With a little more practice he will be able to take up independent triangulation in 
the hills. 

(47.) Mr. H. Todd was ernploycd in sketching the lower part of the Kosi vallcy and the 
mountainous tract between that river and the Ram- 

Mr. II. Todd. 
gunga, embracing the site of the new sanatarium of 

Rauikl~et. Owing to detention on other dutics and subsequently to sickness Mr. Todd had less 
time for sketching than usual. Ilis work has been very accurately done, all the villages and 
natural features that wcrc tcsted having provcd to be correct. The ground is well represented 
and his shading shows stcatly improvcmellt. His progrcss for the time available was very good. 
Area 260 square miles with GOO plane-table fixings. 

(48.) Mr. C. Bryson was directed to carry out a piece of triangulation in continuation 
of his last year's work but owing to inexperience, in- 

Mr. I31.yson. 
ahility to control the natives undcr his orders, and to  

want of proper arrangements hc was unalde to do any wqrk. Signals were not erected and 
Mr. Dryson, instrnd of proceeding to havc them put up under his own directions did nothing, 
and ultilnalely lost a11 tlie early part of the season. 

(49.) Mr. Dryson being eviilently unfitted for independent work was placed under the 
order8 of Mr. ltyall for thc rest of thc season for the purposc of observing at auxiliary stations 
&c. I n  this way hc did a fair amount of work. 

(50.) Thc native establishment waa composed as before partly of men from the plains . , 

NJive Estnblishmcnt. 

A - 
and partly of mcn from the hills. They have worked 
wcll and given satisfaction. 

(51.) The small rlctachment of hill men sent from this party with Lieutenant Carter, 
to Abyssinia have donc good service. 

(62.) T l ~ e  llraltli of thc riatives generally has been good and there has been no severe 
illness of any kind among thcm. 

(63 . )  Dl~ririg the scaon thc party has rcceived every assistance from the Civil autho- 
rities and t l c  arrungcmcnts made by thc Commissioner havc faciliated progress verg much. 



With aimilar hearty cooperation in future seasons, the survey ought to progress satisfactorily, 
notwitlistanding the physical difficulties of the county. 

(54.) The country surveyed this season embraces every kind of mountain land from 
the low hills covered with dense forest up to the bare spurs of the great snowy range, it also 
embraces a level tract at the foot of the hills for the most part covered with forest. The variety 
of arrangements necessary in surveying such very different styles of ground and the difficulties 
ns to money, supplies &c., can easily be imagined; but these and the physical difficulties of the 
country were all successfully met by the zeal and energy of the surveyors employed. Their 
devotion to the work has throughout been most praiseworthy. 

(55.) With reference to future operations the reconnoisance made by Captain Mont- 
gomerie, eastward shows that the lower part of the 

Future operetiona. 
country in that direction is even more dificult than 

what has already been surveyed. The forests me denser and the inhabitants fewer, indeed 
population may be said to be wanting except at the two extremities, the breadth of level forest 
is moreover very much greater estending for nearly 20 miles into the plains, while the forest clad 
ranges which throughout separate the well populated part of Gurhwal and Kumaon from the 
plains are to the eastward of much greater breadth than they are in Gurhwal. I n  the lower 
ground there will consequently be increased difficulty. 

(56.) In  Gurhwal the ground remaining to be surveyed is all high. In  Kumaon about 
one-half of the middle ranges have been triangulated, while the higher and most of the lower 
ground has not as yet been touched. 

(57.) Captain Montgomerie intends to have such of the higher part of Gurhmal as was 

Futurc opentione. 
triangulated this season sketched early during the next 
field season. At the same time a farther portion of higher 

Gurhwal wi l l  be triangulated for future operations. As soon as the fine weather comes to an 
end, the surveyors will be transferred into Kumaon. There the inner hills and the lower 
ground will be taken up according to the means available. The lower ground will be done 
gradually at the best season of the year, as being all very feverish Terai-land, it can only be 
surveyed during a very short part of the winter. 

(58.) A sufficient amount of detail triangulation is ready to keep the topographers 
fully employed, and further triangulation will be executed so as to have in ha~ld rather more 
than what is required for the next season's topography. 



EXTRACT FROM THE NARRllTIVE REPORT OF CAPTAIN C. T .  HAIa. R.E., SURVEYOR 2 1 ~ ~  GRADE, 

IN CHARaE KATTYWAR PARTY, NO. S45, DATED 1 6 ~ ~  OCTOBER, 1868. 

(2.) The party commenced recess duties last year about the 1st May, and conduded on 
the 15th October. 

(3.) Owing to the great amount of triangulation which it mas necessary to lay down 
during the previous scason and owing also partly to an unneccssarv (as I afterwards learnt fro111 
you) amount of labour having heen expended in compr~ting tlre spherical coordinates of every 
intersected point, the computations were thrown much in arrcsrs and were not completed on 
our again taking the field, but Mr. D'Souza being incapacitatetl by a malady, from taking the 
field I directed him (in accordance with your sanction) to bring up the arrears with tlie assirt- 
ance of Mr. J. DaCosta. 

(4.) During recess the following computations &c., werc completed in duplicate :- 

Triangles (3 angles observed) . . .. . . . . 267 
Do. (2 do. do. ) . . . . . . . . 903 

Latitude, longitudes and back azimuths of stations . . .. 139 
Do. do. iuti-rsected points . . . . 363 

Thcre werc also prepared description of a fcw stations for ~ e n e r a i  Report. 
Synopsis of latitudes, longitudes of stations as above. 
Alphabetical lists of stations as above in duplicate. 
Alpliabetical lists of intersected points as above. 

Do. do. of villages. 

(5.) Tllc following maps were also prepared. Tlie 9 plane-tables survcyed during the 
previous field soason were copied on the full scale of two inches to a milc, and reduced to the 
scale of one inch to a mile. Four plane-tables mere hirtl~er reduccd to the scale of inch to 
a mile (exaggerated.) 

(6.) The computers were Lieutenant Dummler, Mr. McGill, Mr. McAJFee, Wissajee 
Ragoonath, and Govindjee Mahalay. 

The mappers were Mr. D'Souza, Mr. Gminn, Mr. T. Rendell, and Mr. Wyatt. Mr. 
McGill also rendered assistance. 

(7.) During the recess, for the purpose of training the new native surveyors, I traversed 
with theodolite and chain tlie whole of th(- Poona cantonmtv~t boundary. Native surveyors 
Krishna Govind, Gopal Vishnu, Nurso Dinkar, Krishna Dinkar, Vishnoo TvIoreshwar and Raoje 
Narayen, accompauied me on this work, each of thcm keeping a field book as well as myself. 
The total distance traversed was 12 miles. 

(8.) Of these the first four were also practised in the reduction of a traverse to reptan- 
gular coordinates and the other two were practised in drawing, Vishnu Moreshwar shewing 
considerable aptitude. 

(9.) The following is the amount of work done by Mcssrs. D'Sonza and DaCosta io 
office in Poona during the past field season :- 

Descriptions of 169 stations in dr~plicntc. 
Abstract of observed angles and approximate azimutlls at 171 stations in duplicate. 
One copy of synopsis of latitnde, Ibngitudcs, and azimuths of 267 stations, form G. 
One do. alphabetical list of do. do. do. of 675 stations, form I.  
Copy of 1160 triangle computations into form H, 2 copies. 
Computation of heights of 43 stations, 2 copies. 

(10.) Owing to Mr. D'Souzals inability to  accompany me and to Lieutenant Dummlcr 
being detached for duty in Abyssinia, the party took the field considerably weakened 



(11.) On returning to Kattywar I marched the party to Sonpuri the head q~larters of 
the Assistant Political Agent eastern district for the purpose of gathering all possible informa- 
tion regarding the taluka bouudnrics which were ill the course of being settled by committies 
al)poi~lted for the purpose. 

(12.) I then intended if possible to put all hands on the boundary survey so as to bring 
it in adrauce of the plane-tabliug and it was some little time before I found out how utterly 
impossil~le it would be to do so in one season. 

(1%) Prom the al,se~~cc of any reliable map of the country it was impossible to obtair, 
a n y  iuforut;itiou as to the approriluate sub-division of the district among the numerous petty 
t ;~ l~~kdars .  

I . )  SliorLly before retuning to Kattywar the political agent had appointed boundary 
comnaittees composcd of respectable and well known natives to settle boundary disputes betweell 
j.alukdar~, under the political agency, and two such committees were started in the eastern district. 
' I ' l~es~ committees of course had no power to deal with disputes in which either of the litigants 
n-cbi-c srlhjects of His Iiighness the Gaikwar or under the jurisdiction of the British Govern- 
311ellt. Still the report of their work would give much information which could not otherwise 
be obtained and would shew where Gaikwar or Cfogo villages cut in. I therefore requested the 
Asnistarlt Political Agent to direct the committees to send weekly progress reports to me which 
ilr did, I ~ n t  it was not till sevcral weeks had elapsed that I could form any idea of the confusion 
uf sub-division that exists, and of the utter impossibility of getting the boundary survey in 

111 one season. ;~dvonce of the plane-tablin, ' 

(15.) I therefore determined on letting the boundary work and plane-tabling go OII 

indcpe~ldently of each otllcr, except that wherever a boundary was surveyed the interior of 
wl~ich had not been surveyed. I had the boundary plotted on its proper plane table. Suhse- 
q11r11t1y llowever I abandoned this plan as I found the plotting took up too much time. 

11 6.) Tllroughout the season I contrived to lieep my camp in the vicinity of the boundary 
sllrveoru ~vllorn 1 had to kecp following the track of the boundary committees and to whom I 
c.o~rld not nl)portion ruorc than a few days work at a time. 

1 . )  The following talllc shews the number of ta1uka.s and villages embraced in the 
area a-llich has been topograpl~itally s~uveyed. 

~Varne of leluka. No. of villages. No. of district boundaries. 

Gogo lmrgana of the Ahme- 
dabad rollectorate, 

} .. 
3Ionp11r, Gaikwar, . . . . 
Damnagar, Gaikwar, . . . . 
Rhomnugger, . . . . 
Walr, . . . . 
Palitana, . . . . 
Ilathi, . . . . 
I~imbra, . . . . 
Pachigam, . . . . 
Ratanplu, . . . . 
Waori Dharwala, . . . . 
Gadhali, . , . . 
Uarnal, . . . . 
K ariana, - .  . . 
Rhadli, . . . . 
Nowanagar, . . . . 
1 Iata, . . . . 
Woori Wachani, . . . . 
Torda, . . . . 
Single village talukaa, . . . 

Total, . . 



fl8.) Out of these the following have not been surveyed 

Monpur (Gaikwar), . . 
Damnagar, Do. . . 
Bhownugger, . - 
Rhadli, . . 
Data, - . 
S ~ n g l e  village (Patna), . . 
Palitana, -. 
Waori W.achani, -. 
'l'aoda, . . 

Total, . . 

6 . . 1 not settled. 
5 ., 2 Do. 
1 . . 1 Inaccurately surveyed. 
2 . . 1 not settled. 
6 . . 2 demarcated but not reparted to  me as such. 
1 . . 1 not settled 

48 . . 1 Do. 
2 . . 1 Do. 
3 . . 1 Do. 

74 .. 11 

(19.) Of these the last three are confined to sheets 16 and 17 which I am not aending 
in this year having only completed a portion of them. No inconvenience therefore will arise 
from their not having bee11 yct sarveycd. 

(20.) I n  addition to the above, a great portion of the boundnry of the Dhanduka par- 
gana, Ahmedabad colledorate, that portion which falls within sheet 5 which I intend taking up 
31cxt season, has also becn surveyed. I t  oonsists of two isolated villages and a co~~tinuous 
l~o~~ndr t ry  of 60 miles. 

(21.) I n  reckoning the number of distinct boundaries, in paras. 17 and 18, the same 
boundary is nevcr reckoned twice ovcr, so l3liownugger which is by far the largeqt taluka has 
only two " distinct boundaries" ; these are two isolated villages entirely surrounded by territory 
of other talukau, the main Bliovnugger boundary being made up by those of the adjoining 
tnlukas. 

(22.) I append hereto a tabular statement shewing the whole out-turn of the season 
.and thc relative value of each surveyor's work. 

(24.) As nearly the whole of sheet 6 north of the Kalubha river is a marsh or mud, 
and very thinly covered with trigonometrical points and as the part to the south of the Kalublia. 
hall heen previously filled in (in 1863-64) on the 1-inch scale, I resolved to complete the shect 
$on that scale and I gave it to Mr. T. Rendell. 

(25.) During the field season I had the whole of the stations of the old Kattywar trian- 
gulation within the area embraced by our minor triangulation covered with masonry pillars as 
laid down in D. 0. No. 1, dated 15th January 1866, and I had similar pillars erected over the 
sites of all the stations of our niinor net work triangulation, but I postponed the covering up 
wit11 earth until the stations will no longer be required by the plane-table surveyors as the white 
pillars afford such capital marks. 

(2G.) The field operations were brought to a close by the 30th April, but shortly before 
that in compliance with your instructions conveyed in letter NO. of 26th August, 1867 1 
came in advancc of the party to Bombay with Mr. Gwinn and with a 14-inch theodolite con- 
ncctctl t l ~ c  Bon~bay triangulation with one of Captain Ducat's stations on the S.E. corner of 
thc new Cnrnac Dnudcr, the Iieight of which referred to  the Town Hall Datum is 91.17 feet 
:LIIII Iiavc sinrc dctcrmiiletl therefrom that a correction of + 0-463 feet is necessary to be ap- 
~)lic-J to the hcigllts of the stations of tlie Bombay triangulation, as reported to you in my letter 
No. S.39 of 29th ultimo. 

(27.) During the past recess, the following maps, computations, &c., have been prepared 
.or will bc completed w r y  shortly before taking the field :- 

Four Preliminary charts of triangrdation, each embracing lo in latitude and a0 in longitude, 
cont:~i~~ing principal, secondary, and minor trinngulation, with intersected points, complete 
np to date, sc,zle 1 ruilc to an inch. Sheets Nos. 6, 7, 8, 9 and 15 have been prepared in 
quartcr sheets or sections on the scale of 2 inchee to a mile. 
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. Triangles 3 angles observed computed in duplicate, . . . . .. 109 
%angles 2 angles observed computed in duplicate, . . . . . . 354 
Latitudes, longitudes and azimuths of stations, . . . . . . 51 
Latitudes, longitudes and azimuths of intersected points, . . . . 224 
Heights of stations, . . . . . . . . .. . . 90 
Heights of intersected points, . . . . .. .. . . . - 2 
Fair copy of angle books of past season's work. 

One general skeleton plan on scale 2 miles = 1 inch for General Report of season 1866-62. 
One do. do. for season 1867-68. 
Abstract of angles and approximate azimuths for season 1867-68. 
Synopsis, in dnplicate, of latitudes, longitudes and azimuths of 51 stations of past season's 

work, arranged in Sheets, vie. 7, 8, 9, 13, 14, 16, 17. 
Alphabetical list of latitudes, longitudes and heights of stations, in duplicate, arranged io 

Sheets, viz. Nos. 7, 8, 9, 13, 14, 16, 17, 18, containing old as well as new points. 
Alphabetical list of vilIages arranged in sheets, viz. Nos. 6, 7, 8, 9, 15. 
51 Descriptions of stations. 
463 Triangle computations and elements copied into Form H. 
Fair copy of the field books of 614 miles of boundary survey into a form adapted for incor- 

poration with the General Report. 

(28.) The above completes the whole of the charts, computations and general report 
forma of the last two season's work, with the exception of the filling in of form 0. the Abstract 
of computations of heights, no supply of that form having yet been received in this office, and 
includes the computation, in duplicate of 26 heights of stations of the net work triangulatiorr 
of season 1863-64. 

(29.) In  addition to the above 22 heights of principal stations of the Sind series, have 
been computed in duplicate, to comply with the requisition of your No. $, dated 10th Septem- 
ber, 1868 and fair copies are being made of the vertical angle books of the 4 minor meridional 
aeries, on Meridians 70°, 70' 30f, 71" 30f, and 72" and of the horizontal angIe books of the 72' 
minor meridional series, and of the north Coast and east Coaat Secondary Series, and of the 
general west Coaat Series from S~lrat to Cambay, and of Sundry Secondary triangulation con- 
nectod with the 4 minor meridional series in Kattywar and the Kutch Series. 

(30.) The following atatement shews how each individual has been employed during the 
r e w .  

Captain Iiaig-General snperintendence-absent 10 days on expedition to obierve the 
eclipse on 18th August. 

Mr. McGill-Making preliminary charts, a very laborious work, and printing names &c. 
on maps. 

Mr. DISouza-Assisted by Messrs. McA1FeeJ I-Iickie, fielding and Cusson computing. 

Menare. Owinn, T. Rendell, Wyatt and J. Rendell mapping. 

Native Suneyon-Copying boundary survey field books. 



Tabular Statement of out-turn of work during the Field Season 1867-68. 

Plane Tubling. 

R E X A E K S .  

-4ho took vertical angles at 10 statione of 
the Knttymnr conat series, the height of 
which had not pre~iously been deter- 
mined. 

MEAN DISCREPANCY PER NILE DEIlITED FROY COYPARISONS O F  COMMON SIDES. 1 
30 of in- 

O P F I C E ~ ~ .  I I I 0  of 1 
I I stations, I tersected 

R s x a s ~ s .  

Chiefly emplojed in instructing others, and in plotting boundaries on the plane tables. 

Includes 95 square miles on 2 inch scale, avernge 6.6 stntions per sq. mile, and 260 sq. miles on 1 inch male, 3 
stations per sq. mile. 

Joined 30th March, nnd left on 12th June 1868. 

Joined 29th Februnrp, closed work on 10th April, on account of a fall from his home. 

Exclusive of trial work-Employed also in computing, and other miaeellaneous duties. 

 NAME^. 

Mr. Gwinn, . . . . . . . . . . . . . . . . . . . . .  

-,, McA'Fee, . . . . . . . . . . . . . . . . . . . . .  

,, T. Rendell, . . . . . . . . . . . . . . . . . . . . .  

,, Wyatt, . . . . . . . . . . . . . . . . . . . . .  
,, C. Low, . . . . . . . . . . . . . . . . . . . . .  
,, J. (3. Rendell, . . . . . . . . . . . . . . . . . .  

W k j i  Bsghunath ,... . . . . . . . . . . . . . . .  

Instru- 
ments 
used. 

Menu tri- 
angular 
et.1.or. points. 

... 

11 

423 

3 nngles obsen9ed. 

Gobindji Mahalay, . . . . . . . . . . . . . . . . . .  
Vishnn Moriehwar, . . . . . . . . . . . . . . . . . .  

Plain Tabling. 

- 

44 

215 

355 

223 

40 

40 

10 

I---- 

3 

4 

98 

2 angles observed. 

No. of compnrisona. 

... 
3 

39 

I 

Stntions per square 
miles. 

5.09 

6.24 

3.96 

484 

1053 

4.78 

9-10 

No. of compnrisous. 
pp 

... 

10 

112 

Inches. 

... 
3.1 

11.2 

Captsin Haig in Bomba~ ,  

in K a t t y ,  

Xr. McGill, . . . . . . . . .  

14 inch 1;; 

73 

60 

Inches. 

... 
11.6 

17.3 

'Yq. miles. 
35 

33 

1008 

6+ inch 

6) inch 

ditto. 

5.48 ditto. 

8.75 

17.3 



C. T. HAICI, Captain, B.E. 

X A X E S .  

Gopal Viahnu, . . . . . . . . . . . . . . .  
Kwsu Dinkar, . . . . . . . . . . . . . . . . . .  
Bholuji Bbosckar, . . . . . . . . . . . . . . .  
Krishnn Gorind, . . . . . . . . . . . . . . .  
Gancsh Bapuji, . . . . . . . . . . . . . . .  

K r i ~ h n a  D i h r ,  . . . . . . . . . . . . . . .  

Rnoji Narrayen, . . . . . . . . . . . . . . .  

Captain Hnig, . . . . . . . . . . . . . . . . . .  

Mr. Mcd'Fer, . . . . . . . . . . . . . . .  

,, T. Rendell, . . . . . . . . . . . . . . .  

,, Wyatt, . . . . . . . . . . . . . . . . . .  

1 I 

I Ordcr of 
merit. 

1 

2 

3 

4 

5 

6 

7 

... 

... 

... 

... 

R E M A B K ~ .  

Sick for 3 months, subecquently clkharged. Learnt plane tabling at beginning of eeaaon. 

Linear nlilca of Linenr milea 
bomldary. 1 I h c i k  YI 1.8. 

7012 

118.58 

159.73 

125.37 

31.38 

60.04 

40.78 

20.76 

6.78 

i.19 

8.56 

6.87 

1 614.11 

28.48 Learnt plane tabling early in the seeson. 

1 Sick for 39) montbe-subsequently dieiseed for fudging-Learnt plane tabling early in muon. 

---- 

Instructing Bholuji Bhoeekar. 

88.52 



EXTRACT FROM A REPORT BY LIEUTENANT T. T. CARTER, R.E., ON THE SURVEY OPERATIONR 
IN CONNECTION WITH THE ABYSSINIAN EXPEDITION. 

The Survey party to accompany the Abyssinian field force was organized at the desire 
of His Excellency Sir Bobert Napier, Commander-in-Chief, and was composed as follows:-OWcer 
in charge, Lieutenant T. T. Carter, R.E., Surveyor G. T. Survey of India, Assistants, Lieute- 
nant A. E. Dummler, R.E., Assistant Surveyor G. T. Survey of India, and Lieutenant T. H. 
Holdich, Assistant Surveyor Topographical Survey of India with a Native establishment of 
40 (forty) classies. 

The first intimation of the survey party being required, and my having been selected 
to the charge of the same was made to me about the middle of the month of October. Lieu- 
tenant Holdich and myself were at the Head-Quarters of the G. T. Survey at Dehra DOOR 
Lieutenant Dummler at Poonah with the Bombay Party under Captain Haig, of the Royal 
Engineers; no time was lost in making the necessary armngments, and i t  having been intimated 
that the party need not be at Bombay till the 1st of December 1867, up to the l l t h  of Novem- 
ber I was employed with Lieutenant Holdich under instructions from Lieut.-Colonel Walker, 
R.E., in taking astronomical observations and practising with the view of accustoming ourselvee 
to the astronomical work which would form part of our Survey operations. 

On the l l t h  of November 1867, I left Dehra, accompanied by Lieutenant Holdich and 
taking with me 10 (ten) classies, natives of the hills, and accustomed to the Survey work in the 
Himalayas, Captain T. G. Montgomerie, R.E., the officer in charge of the Kumaon and Cfurhwal 
Series, having kindly permitted me to take such men of his party who were willing to accompany 
me; the services of these men I subsequently found most useful. 

I proceeded by rail from Meerut to Jubbulpore, marched across to Nagpore and thence 
by rail to Bombay, arriving there on the 30th of November. At Bombay I was joined by Lieu- 
tenant Dummler and the rest of the classies; these latter were with few exceptions men new to 
to the work and entertained at Poonah. 

I t  was the 13th of December before the party embarked, so that ample time was afforded 
for such equipment as I thought necessary to take with me, and providing the cllrssies with 
warm clothing &c. 

Tl~e instrumental eqnipment consisted of- 
A portable transit instrument. 
Two 6" Thedolites fitted with micrometers in the eye piece, with the view to using 
them for traversing in hilly country and 2 prismatic compasses with the same 
micrometer arrangement; 3 plane-tables and stands and a battery of 4 chrono- 
meters as well as aneroid barometers and boiling point thermometers for detw- 
mining the altitudes of different places. 

The chronometers were rated at the Bombay observatory before starting. 

The party arrived in Annesley Bay on the 4th of January and disembarked on the 8th; 
i t  was the 15th before any carriage  auld bc fwnished, all available carriage at the time being 
required for the conveyance of provisions to the front. I n  the mean time having reconnoitered 
the country at the foot of the hills, I determined to measure a base-line near Koomaylee, the 
f i s t  march towards Senafe; the ground here was level, but free from healy jungle, though much 
mit 11p with ravines, but by means of the subteiise instruments, a base-line of 5146.9 yards was 
measured, and from the extremities of this base two points on the lower spurs of the hills a J e  
fixed, 8 miles apart, and on this aide, the triangulation was extended fixing several commanding 
peaks at distances from 10 to 20 miles off. Observations were taken at one extremity of the 
base-line to determine its latitude, arrd also the azimuths of the other extremity. These obser- 
vations having heen worked oat ,  1 was r n ~ b l r d  to project a plnne table and to  lny down on ~t 



the points I had fixed by triangulation, and I directed Lieutenant Holdich to take up the plane 
tabling of the country from Zoola to Senafe, and to sketch in as much of the same on either 
side of the line as circumstances permitted. I also requested him to take a Theodolite and 
when visiting those peaks already fixed, to extend the triangulation; by this means I hoped to 
connect this portion of the triangulation with the new base I intended measuring near Senafe; 
but to make certain of having a connection between these two base-lines I directed Lietenant 
Dummler to carry a traverse from one end of the Koomaylee base and to join on with the Senafe 
base. By the 1st of February Lieutenant Holdichhad left me on independent work and I proceeded 
to Senafe, arriving there on the 5th of February, measured the new base-line and fixed several 
points in advance, projected a plane-table and took up the sketching of this portion of the 
country. On the 10th of February Lieutenant Dummler connected the base-line at Senafe 
with the Koomaylee one by the traverse. Some delay was occasioned here, on account of work- 
ing out the traverse, Lieutenant Holdich having written to me for the same, and reporting that 
the weather was so unfavourable, cloudy and rainy; he had ascended a few of the higher peaks 
on either side of the line of march but always to find himself surrounded with clouds ; he had 
tried remaining on the peaks all night, but with no success, the clouds always rising with the 
sun and shutting out every thing from his view. His Excellency the Commander-in-Chief had 
written to me for a sketch of this portion of the country, being most anxious t o  find a route 
from the High land to the coast, by which to turn the di5cult defile of the Looroo Pass. 
Lieutenant Holdich suggested leaving this portion of the country to be done later, but for the 
reason above mentioned, and also because I thought it unadvisable to leave any gap in the work, 
depending for its completion on such opportunities for survey work as the return march would 
allow of, (no such opportunities were afforded, on the return of the army) I directed him to  
remain and complete the sketching of this part of the country as the weather permitted, and I 
am happy to say that by the 12th of March he had completed the'survey of-square miles of very 
difficult country up to Senafe, and had been instrumental in finding a road by which the Looroo 
defile was turned; by this time I had completed the survey of about-square miles beyond 
Senafe, and I now requested Lieutenant Holdich to continue sketching from the point I left 
off, towards Adegerat, while I proceeded to Antalo to measure a third base. Lieutenant Dummler 
had in the meanwhile continued the traverse to Antalo and I now intended him to plane-table back 
to meet Lieutenant Holdich; this was ultimately done, and a continuous survey of the line of 
march shewing the topography of the country on either side for a distance of from 10 to 15 
miles, was fiuished by the 6th of April, completing the survey to Antalo. The march of the army 
was so rapid and i t  being impossible to carry more than a few days supplies on account of 
scarcity of carriage, prevented a coutinuous series of triangles being carried on ; the system I then 
adopted was measuring base-lines at distances of about 40 mile from each other, building one or 
two figures on these bases and fixing points, and connecting the bases by traverse. I hoped in 
this way to have pplnc-tabled a large portion of the country on either side of the line of march 
but the nature of the country beyond Antalo prevented ourgoing off the line; o lane-tabling 
was carried on to a point 20 miles beyond Lake Ashangi, though the amount of the country 
sketched in on either side was considerably less than what was able to be done up to Antalo, on 
account of the plane-table having to accompany the traverse. 

On arriving at Antalo on the 19th of March, I found IIis Excellency the Commander- 
in-Chief advancing so rapidly on Magdala, that I proceeded at once to Lake Ashangi leav- 
ing a gap of 50 miles to be filled in subnequently by Lieutenants Dummler and Iioldich. 
At Ashangi I measured a 4th base and having fixed a sufficiency of points proceeded to 
sketch in the country in advance; at Ashangi, the continuous hard work without the amount of 
stimulant and food to which one was accustomed, began to tell, and I found I could not do the 
same amount of walking kc., as 1 had hitherto done; and after plane-tabling as far as Murawur, 
the 3rd march from Ashangi in advance, I was obliged to abandon the plane-table, and carry on 
the travcrsc alonc. The Commander-in-Chief was now close on Magdala and I had neither time 
nor was I able single-handed to do more than traverse. I succeeded in carrying on the traverse 
as far as Magdala, arriving there on the morning of the 13th) the day of the assault. After the 
taking of Magdala and up to the 20th, I was employed at Sir Robert Napier's desire, in making 
a plan of the psit ion and neighbouring country on the scale of 4 a mile to the inch, (thie plan 
wan completed and made ovcr to Sir Robert Napier on his arrival in England). 



Virtually the expedition was now at an end, and the Medical Officers being of opinion 
that I should for the present give myself a rest, I proceeded on the return march to the coast, 
a few day in advance of the main column. At Ashangi, I met Lieutenants Dummler and Holdich 
who had completed a route survey between Antalo and Ashangi. I made over the charge of the 
party here to Lieutenant Dummler, requesting him to extend the work if possible on the return 
march ; but no opportunities were afforded of doing anything more, and the survey party arrived 
at Zoola on 30th of May. Lieutenant Dummler endeavoured to connect the end of the base-line 
at Koomaylee with the harbour at Zoola, by traverse, and when doing so received a sun-stroke 
which disabled him from doing any further work. 

No observation for determining a longitude had yet been taken, and this piece of the 
work devolved on Lieut. Holdich who was kindly assisted by Captain Darrah, R.E., (an officer 
who was employed on the British Columbian boundary commission). A Longitude of Zoola was 

Zoola Enst of Greenwich determined by the method of moon cul- 

June, 1st 2 38 50.41 minating stars with results as stated in 
Obaervcd before full-moon. the margin, and I dare say the result 

,, 3rd 2 38 5 2 4 7  
,, 4th 2 38 58.66 will agree more closely when corrected 
,, 5th 2 39 15'73 Observed after full-moon. for increase of moon's right ascension 

determined by actual observation at Greeuwich observatory, where i t  is proposed to send the 
computations for final correction. 

Several observations of moon's zenith distance were also taken for Longitude, but these 
havc not yet been worked out. On the 30th of May a t  the recommendation of a Medical Board 
I left for England; on the 5th of June, Lieutenant Dummler also left, and we were followed on 
the 12th by Lieutenant Holdich, with the records &c. the Government of India having sanc- 
tioned our all proceeding to England for six months with the view to the completion of the 
work, and Her Majesty's Government having approved of the same. 

The native establishment, with the instrumental equipment, were sent to Bombay in charge 
of Captain Pottinger, R.A., of the Quater Master General's Department ; the instruments were 
consigned to care of Captain Ducat, R.E., Executive Engineer Bombay 

The hurried nature of the cxpedition, the difficulty of moving off the line of march, and 
the weatllcr were all unfavorable for survey work, and it was only by very great exertion that the 
party was able to complcte the survey of as much of the co~mtry as it did. 

I n  conclusion I would beg to bring to the notice of the Heads of their different Depart- 
ments the services of both Lieutenants Dummler and Holdich. 

Out-turn of Work. No. 
Longitudes measurcd by moon culminating stars, . . 
Longitudes mcasured by moon zenith distances', . . 
Basc-lines measured, . . . . . . . . . . 
Triangles observed all three angles measured, . . 
No. of Intcrsected points fixed, . . . . . . 
No. of heights observed with Theodolite, . . . . 
No. of heiglits determined by Boiling Thermometer, 
Latitudes determined by Circum-Meridian altitude, 
Latitudes by observation to the Pole Star, , . 
Azimuths observcd, . . . . . . . . . . 
Miles of traversing with subtense Instrument, . . 
No. of square miles surveyed on 4 inch scale, . . 
Plan of Magdala position on 4 mile to inch, . . 

1 
1 
5 
8 
50 
30 
50 
8 
6 
5 

400 
7000 
70 square miles. 

Connected with the Astronomical Latitude, Longitude, and Azimuths were some 60 
time observations. 

The party are at present doing office duty at the Topographical Department of the War 
Office London, but results of their operations will be compiled in one Report on the completion 
of the work. 



Y. 

EXTRACTS FROM THE REPORTS ON THE TOTAL ECLIPSE OF 1 8 ~ ~  AUGUST 1868. 

Lieutenant Herschel's Report. 

(3.) I t  is ~ e r h a p s  necessary in the first place to explain the circumstances under which 1 
became connected with these observations as an employ6 of the Royal Society of London. At- 
tention was drawn to this eclipse as important to science by Major Tenant, R.E., early in 1867. 
I was at  that time in England on sick leave, and in May of that year, a proposal was made to 
me, on the part of the Royal Society to undertake certain observations of a definite character 
(the nature of which I shall have occasion to describe presently) should my return to India 
and other considerations make i t  possible. As you are aware I accepted the proposal subject to 
your approval, and accordingly the Royal Society decided to purchase instruments suitable to 
the occmion, while I turned my attention to the branch of science i~lvolved-that of " spectral 
analysis".-and addressed you with a view to ascertaiqing how far I was justified in accepting 
the position. 

(4.) I t  thus came about that on the expiration of my leave I returned to India in 
charge of certain instruments entrusted to me by the Royal Society ; and with a paper of in- 
~tructions, indicating the character of the desired ob~ervations, in my pocket. I landed at 
Madnu on the 8th December and the eclipse was to take place on the 18th August. The inter- 
vening time was in great measure devoted to my professional duties as a member of the Sumey 
department-first in assisting at the measurement of the base-line at Bangalore, and afterwards 
in the computations arising out of i t  but the whole of my leisure was spent in practising 
with the instruments and in preparations and arrangements. As these were necessary rather 
than interesting I need not enter into details about them, further than to show the precautions 
requisite to ensure, if not actual success, at least a reasonable probability of it. 

(5.) I t  is necessary however, before proceeding further that I should sketch the nature 
of the observations proposed. That light may be separated into its constituents and those 
constituents sorted and arranged according to their colours, in passing through a wedge or tri- 
angular prism of glass, has long been known ; also that solar light so distributed produced a 
"Spectrum" of a definite character was also known, and its peculiarities had been closely 
observed; but it wns only within the last 8 or 9 years that a theory was propounded, which has 
since been very generally accepted, that these peculiarities viz :-Fraunhofer's lines-mare due 
to a solar atmosphere, which, according to the theory, absorbs a portion of the light emitted by 
the body of the Sun. This theory was based mainly on the observed identity of position in 
the spectrum, of these lines with those of light known to be emitted by certaiu definite 
elementary substauces when intensely heated; the only difference being that the latter were 
b ight  lines while the former were dark. And the explanation of this difference was that they 
were dark by comparison only. So that if the sun were supposed to be enveloped in vapours 
of the elementary substances-intensely heated indeed, and luminous perhaps, but less so than 
the central body-certain portions of the light from the latter would be absorbed, in favour of 
light of precisely the same kind, only less luminous, and therefore by comparison with the 
unobstructed light, dark. 

(6.) The use of the prism in analyzing light is of very much larger application than 
any thing I hare sketched here, and it would be quite out of place to attempt to explain the tests 
which it appliee. Suffice it to say that the appearance of the spectrum may or may not indicate 
the source of the light as weU as the chemical and physical constitution of that source. 

(7.) The appearances presented during an eclipse, as seen through telescopes, had sug- 
gmted all manner of theoriea as to the constitution and nature, both of the corona and red 
prominences. At the last great eclipse-that of 1860-spectroscopes were unknown. I t  waa 
not till two yearn later that sufficient adrance had been made in thia direction to enable Mr. 
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Huggins, whose name is so well known in carmection with this mast intevesting branch of physi- 
cal discovery, and Padrc Secchi of Rome, to commence the spectroscopic examination of celestial 
ohjccts. To thcir discoveries I need not refer further except to point out how they naturally 
excited a lively interest and a strong desire to apply the new implement to the solar appendages 
(luring n total eclipse, when the comparatively blinding light of the sun's body should be 

To make more clear the special questions which a spoctroscopicd examination of the 
corona &c., was expected to aid in solving, I should add that a "spectrum" has of necessity 
one of two characters. I t  is either continuous or discontinuous, i. e. the series of colours is 
either unbroken, or is only a series by courtesy, one or more representative colours only occupy- 
ing their proper places, the rest being absent. These characters indicate whether the light 
emanates from a lumilious solid or liquid, or from a lumiuous gas or vapour, and in the latter 
case may, and some day no doubt will indicate certainly from what gas or vapour. 

On the supposition that tlie " corona" was a solar atmosphere, the questions arosc, is 
that atmosphere a self luminous vapour or mixture of vapours? and in that case of what 
vapours does it consist ? or is i t  a non-luminous vapour rendered visible by the reflection of the 
solar light from its rnatcrial particles ? or, again does it consist of strata shewing both these 
characters ? and others of a like kind. 

Again, there was a still grcater curiosity, if possible, to learn something about those 
strange appcarances called, for want of any knowledge of thcir rcal nature, " protuberanccs" 
# r  prominences" " flames" and tlie likc. Werc they really flamcs 7 and if so flames of what ? 
On all these points the spcctroscopc, if it spoke at all would certainly spcak the truth; and 
science seemed fairly able to interpret thc oracle by thc hclp of late discoveries in terrestrial 
physics. 

The event, which so far as I was concerned in it, I now proceed to relate, has in great 
measurc answered thesc questions, thercby, as in all cascs of scientific search, limiting specula- 
tion and pointing the way to fresh questions, to be answered, i t  is hoped, on some future 
occasion. 

The instruments placed in my hands for these observations-as well as for another kind 
which I sliall advert to presently-were 

1st. A finc cqnatorially mounted telescope of 62 inchcs focal length and 5 inches aper- 
turc, with clock-work driving machinery to ensure an automatic maintenance of direction upon 
a moving objcct : and in connection with it, though an indepcudcnt instrument. 

2nd. A spectroscope containing a sirigle fliut glass prism for the separation or analysis 
of wkatcver light might hc collected and thrown upon it by thc above telcscope. 

The latter of these two I shordd observe, acts the part of a large, and in some respects 
inconvcnicnt, eye-picce to the former, with this difference as compared with m ordinary eye- 
piece, tliat whereas thc lattcr prcsents to t l ~ c  eye a magnified image of thc object towards which 
the telcscope is dirccted, the former offers no such advantage, but only receives and ~ o r t s  the 
light and preseuts tlie rcsulti~lg arrangement for inspection, quite devoid of any form corres- 
ponding to tliat of tlic rcal object. I t  will therefore be understood that I had to make up my 
mind to see nothing of tlie cclipse as a spectacle, with tlie finc telescope at my command. Nor 
did I : were i t  otherwise I should confinc myself in this rcport to a dcseriytion of a more gene- 
rally interesting charwtcr than I am now cnnblcd to offer. 

lIrvi~ig now givcn Rn outline of thc proposed objects, and sufficiently indicated the 
nature of thc instrumcnts, I nccd not dncll on tlic preliminary arrangcrnents-among which 
howcvcr I should mention tlic constrnction of n portahlc woodcn ohservatory (which I contem- 
plated making usc of afterwards for sluvcy purposes) and the choice of a station of observation. 
Witli regard to the last, I may tnkc this opportunity to 6ffer my grateful acknowledgment of 
yo.ur ei~crgctic assisbancc in procuring though tkc local Govcrnments tLc necessary information 

to cliuatc and wcatkcr at numcrous stntions along thc liue of eclipue ; and of your warm 
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support, and concurrence, in a11 my cndeavours to  obtain for the Royal Society the best chances 
of success ; more especially in procuring the sanction of Government for the necessary expendi- 
ture ; and in giving me the assistance of Lieutenant W. Maxwell Campbell, R.E. 

The station selected, with your approval, was Jamkandi-a small town notorious on the 
Bombay side for the small rainfall which characterizes the district i n  which i t  is situated. I t  
is the residence of an independent native chief well known in those parts for the enlightened 
taste which he displays in surrounding himself with the products of European skill and refinement, 
as well as for other reasons. I was, perhaps unduly, biassed in this choice by the spontaneous 
offers of assistance made through his secretary, when the question of a suitable position mas 
first mooted. I wish I could add that I had reason to congratulate myself on my choice. I n  
point of fact, it was by no means an easy thing to decide. There seemed a strong probability of 
cloudy weather, wherever we went, at  that season ; and access was not equally practicable to all 
places. The main road through Dharwar and Belgaum might reasonably be expected to be 
passable even in August, and Jamkandi mas distant from i t  only 80 miles. Nevertheless I was 
unwilling to risk sending my camp such a distance except in charge of an assistant. I had 
received your permission to avail myself, to the full extent of my requirements, of the services 
of Lieutenant Campbell's assistants at  Bangalore. I proposed to enlist one of these gentlemen 
as a recorder and observatory assistant, and a second mas required to take a series of indepen- 
dent observations of the intensity of the chemical action of sun-light during the progress of 
the eclipse. I believe Lieutenant Campbell mas a little doubtful whether the nature of the obser- 
vations with which he was entrusted would be such as to require an assistant, but other consi- 
derations-arising out of his professional work, and requiring the detachment of an assistant in 
that direction-which will no doubt h d  a place in his regular report, induced me to consent to 
this further increase to the strength of the party. 

Mr. G. Anding accordingly went as Lieutenant Campbell's personal assistant, and as the 
senior, in charge of the party. To Mr. A. Christie I entrusted the photo-chemical apparatus, 
and instructed him in the use of i t  : while Mr. J. Bond accompanied the party to act eventu- 
ally as my assistant. 

The party left Bangalore on the 7th July and reached Jamkandi on the 9th August, 
having made a very creditable march of 392 miles over very bad roads, in 34 days, including 
halts. 

Lieutenant Campbell and myself followed later arriving at Jamkandi on the 14th. On the 
evening of the same day, the observatory was up and the instrument in position, but unadjusted. 

Before proceeding further I will endeavour to describe the nature and object of the 
special observations which Lieutenant Campbell was about to secure. I have said that some of 
the questions which i t  was desirable to have answered if possible, had reference to some re- 
maining uncertainty as to whether the corona was or was not a solar atmosphere, or whether i t  
was not possibly of the nature of a terrestrial atmospheric halo. This question appeared to be 
susceptible of solution by the help of the polariscope".-An instrument for indicating the plane 
of polarization of light. Light being always more or less polarized by reflection it was surmised 
that if the corona was reflected solar light, i t  should show some traces of this peculiarity 
when viewed with the polariscope, which instrument would at the same time indicate the plane 
of polarization and therefore the probable position of the reflecting surface, with regard to the 
source of light. I t  is hardly necessary to add that the polariscope is mcrcly an adaptation to  
a telescope, of one or other of certain peculiar combinations of crystalline plates. This instru- 
ment does not, as in the case of the spectroscope, materially affect the form or appcarance of 
the object. I n  one case it presents two distinct fields of view, identical in every respect except 
that they are differently tinted when polarized light is prcsent : in the other, one vicw only is 
presented crossed by more or less faintly shaded and coloured parallel bands, the direction and 
arrangement of which give the rcluired information m to polarity. SO much of explanation 
seems necessary iu connection with Lieutenant Campbell's rcport, copy of which I enclose. 

I should also state that the Royal Society furnished me with 4 small instruments called 
" hand-spectroscopes" for distribution according to  circumstances, 1 wae at some pains to give 



these instruments a fair chance but up to the present time I have received no reports from which 
any thing material can be gathered. 

Two other instruments which I brought out myself-of a like nature-and which I lent to 
Mr. C. S. Chambers, Government Astronomer at Bombay, were rendered useless in his hands 
by cloudy weather. On the whole these instruments have fared so badly that there seems no 
occasion to describe them here. 

I may now return to the principal subject of this report, to which the greater part of the 
foregoing remarks must be considered as necessary an introduction, as the actual preliminaries 
were to the event. The interval from the 14th to the 18th August was occupied, as may be 
supposed, in anxious preparation and uncertainty. The weather was far from promising, being 
persistently cloudy ; but we entertained hopes each day that i t  mould be the last of an unusually 
protracted interval of such weather in that country. The uncertainty as to the phenomena to be 
witnessed combined with the uncertainty as to the space of time which the clouds might allow 
for observing them, rendered i t  almost impossible to lay down a definite course of action, and 
greatly heightened the nervous apprehension otherwise so natural to the occasion. To this cause 
I must attribute the almost complete abstraction whose result is so evident both in my o m  
personal rccollections of that morning and in the absence of any observations of a generally 
interesting character which one might fairly be supposed to have made. I was closely imprisoned 
from 10 minutes before to nearly the same time after the total phase, and was sensible to nothing 
external but the hum of voices around me. 

About 10 minutes before totality commenced I took up my position at  the telescope and 
occupied the interval in final measures of the solar lines-to which any subsequent measure- 
ments might be referred. As I mas thus engaged the spectrum of what remained of the sun 
grew rapidly narrower, and I was matching eagerly-and it may be guessed how intently ! for 
the final disappearance which was to reveal, in place of the solar spectrum, that of the corona- 
when the latter faded prematurely through the intervention of a cloud, and the precious moment 
mas lost. 

I went to the finder, removed the dark glass, andwaited how long I cannot say, per- 
haps half a minute. Soon the cloud llurricd over, following the moon's direction, and therefore 
revealing, first, the upper limb with its scintillating corona, and then the lower. Instantly I 
marked a prominence near the needle point, an object so conspicuous that I felt there was no 
nee11 to take any precautions to secure identification. I t  was a long finger like projection from 
the lower left hand portion of the circumference. A rapid turn of the declination screw covered it 
with the needle point and in another instant I was at the spectroscope. A single glance and the 
problem was solved. THREE VIVID LINES, RED, ORANGE, BLUE ; NO OTHERS, AND NO TRACE OF A 

CONTINUOUS SPECTRUM. 

From that time until the end of the 5 minutes I was endeavouring to seize the fitful glimpses 
of these lines for purposes of measurement. I succeeded with the orange and blue, but there 
was not sufficient time for the 3rd. The field became suddenly re-illuminated and the total 
eclipse was ovcr. Nothing more could be done except to check the measurements against those 
of the solar spectrum. 

Of the result of this comparison I will say as little as possible, for obvious reasons. My 
impression is that the flame I was looking at consisted principally of sodium, and possibly 
hydrogen, in an intcnscly heated condition ; but it would plainly be premature to indulge in 
speculations, when a Little patience will supply other and independent data. 

The absence of any apcctrum of the corona is simply negative evidence, and nothing 
more can be hased on i t  than the presumption that it was faint and probably "continuous ;" 
which wodd imply reflcction of solar light rather than intrinsic luminosity. On this point also 
reserve is better than hasty speculation, although the conclusion to be derived from Lieutenant 
Campbell's observations of polarity-that the corona is not self-luminoua but only a reflecting 
agent-is irresistable. 



I was deputed to atcompany Lieutenant Herschel, on his expedition to observe the pllc. 
nomena of the total eclipse, and to use thc instruments supplied by the Royal Society, for the 
observation of Polarizcrl light in the corona and red flames. 

The instrumenks in question were as follows :- 

A telescope of 3 inch aperture, mounted on a rough double axis, admitting of motion in 
~ z i m u t h  and altitudc by hand only, unaided by any appliances for clamping and slow motion. 
The telescope was provided with t h e e  eye pieces of magnifying powers of 27, 41, and 98, and 
with i t  were furnished two Analyzers, for polarized light-viz., a double image prism and a 
" Savart's polariscope." 

The first gives two images of the object viewed, which when polarized light is present, 
become strongly colored with complementary tints, by whosc changcs, according to the position 
in azimuth of thc analyzcr, thc plane of polarization may he found. 

Thc second shows the prescncc of polarized light by the formation, across the image of 
the objcct viewed, of colored bands, which altcr in arrangement, and intensity accordil~g to 
the position of the polariscopc with reference to thc planc of polarization, and hence afford a 
means of arriving at a knowledge of the latter. 

With the former, slight polarization would probably be more readily recognised at a 
glance, whilc with the latter, the plane of polarization could be more easily and accurately 
determined. 

To carry these Analyzers, I had a pair of jointed arms constructed, so attacllcd by a 
collar and screw to the cye tube of thc telcscope, as to admit of the eye piccc bcing chauged. 

Each arm carried one of the Analyzers in a Cell, in which a rotatory motion could be 
given for analyzing purposes. 

Either analyzcr could in this way be brought instantly into position before the eye piece 
of the tclescope, or both could be turnctl aside and thc telescope used by itsclf, at pleasure. 

Immediately behind this apparatus, a circular piece of card-board of about 12 inchcs 
diameter, and neatly graduated, was firmly attached to the eye tube, and to each analyzer was 
affixed a long pointcr, by which its azimuth could hc rcfcrrcd to the grncluations on the card 
circle, uhould measurcs of position, or change of azimuth appcar desirable. I was also fur- 
nished with a hand spectroscope for direct vision. 

The point chosen for my station was on tllc northcrn slopc of a low range of hills, about 
la miles W. by S. of Jamkhandi. 

The Hntncsu of thc hills on top offcred no point, from whiclr an uni~itcrn~ptcd vicw rn~llil 
be obtained in all tlircctions, slid from my station I only obtained a vicw of thc northern hall 
of the distant horizon, over thc plains extending in that direction for many miles, above the 
general Ievcl of wliicli I was raiscd about 200 feet. 

Early on thc morning of thc 18t11, I proceeded to thc spot, having previously sent np the 
instruments, and a tcut for shclter in case of ncccssity. 

At sun rivc the sky wm bealltifnlly clear, except in thc northern Irorizon, where there 
were low clouds lying over tlrc river Kistna. There was a gcntlc I~reeze from W. by S.W. 

A little Inter, light flocculent clouds hcgsn to rise, and form in an arrh ovcrl~rad from w e ~ t  
to East, continnirrg to increase, as the morning wore on ; then a light scuil sct in and turned 

into broken masses of tlrirk [lark clo~lds. 
Refore tlre commcncemcnt of the I took observations for time with s urnall 

theodolite, from whit-11 I comp~ltcd error of my rl~rnnomcter (n mean time cl~ronomctcr by 
McCah~) to he l h .  1J.nr. 55.28. fnnt 0 1 1  loc:~l :~pparcrlt timr, a~icl 1 ) ~  tlmt tluantity I havc accord- 
ingly corrected all observed chrouometer times, ru the statements of time wliich folloly, 
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I observed thc first contact,, which took place at i h .  45in. 138. (local apparent t ~ m c )  
about 15' from the vertex, aftcr ~ h i c h  I rratclicd the progress of tlie eclipse, and r~oted the t ~ m e  
of occultation of three spots which were risible 011 the suu. 

During the progress of the eclipse, I obscrvcd no unevenness in thc moon's limb, uor auy 
war~t of sharpness in the cusps-using magnifying power 27. 

The followi~ig notcs mere talicr~ on thc spot. At first contact, Sun very slightly ub- 
scured br flying clouds. At 811. Om., clouds thick and gnthcriug, rising from S.Wr. aud IT. 

Wind higher and gusty. 

Clouds overhead, incrensirig and thickening, and rising s t ~ ~ l i l y  fro111 n c3t 
Sky nearly entirely ovcrcast, clouds thickest in neiglibourlrood of suu. 
A clear break. 
I tlio11g11t I could discern vcry faintly tlie dark limb of the rnoun, beyond 

that of the sun, arid at this time, making allowance for t l ~ e  general 
cloudiness, I did not perceive ally decrcase of light 011 the hIldSca1~e. 

But 10 miuntes later thc darlicning was clecidcd. 
Thick clouds well hrokcn r~p, still gathered most closely in tlic rcpion of the 

sun. Light becoming lurid, and increase of darkncss vcry z~ppnrent. 
Cusps pcrfect (magnifying power 27). 

Closcly hcforc totality, n bright line of light npprarcd to shoot out at a tangent to the 
moon's limb ;it its vertcs, as if run~iiug across the I~right crescent of the ~ u n ,  (tl~ougli uf course 
not visil~le against tlie supcrior light) and cstcnded beyond each cusp to a distance of nearly or 
cluitc 15 minntcs. Tlic corona bccamc visiblc immcd~atcly after, betwen the dark limb of the 
moo~i aiid thc hright liue. The cororla did not appear so briglit as the linc, the brilliaucc :ntd 
whitcucss of thc light of' whir11 was most striking. Tliis was seen t h r o n ~ h  n lightly sruoked 
glass. At this pcriod, probahly not more tlia~l 3 to 6 scconds before totality ensued, n thick 
cloud shut out cvcrything, and the rest of thc plienomcnon was only sceri fitfully through 
openings in the clouds-for a11 aggregate pcriod, al i icl~ I estimate at somc~l ia t  less than half 
that of totality. 

This alternate appearance and disappcarancr t ro~~bled mc greatly, and gave rise to ner- 
vouslless and cxcitement, for owing to the impcrfcct mounting of my telescope, I was apt to 
lose my place mhcncver tlie light was cut off by clouds, and waste the precious mon~c~i ts  of 
cleariicss in finding it agaiu. 011 the first o l~por t~~ni ty  aftcr the commcncerneut of totality I 
turned on t l ~ c  doublc image prisni, with tl~t: eye-piecc of 27 mapifyiiig polvcr, :ts recomnie~~derl 
in the " instn~ctions," which gave a fie111 of d ~ o u t  %5' dia~rictcr. A most drcitl(,tl difference 
of color m:rs at once apparent l)ctnccu tl~ca two i11i:~ges of the corona, hut I conltl not make 
ccrtai~i of any snch ditfcrcnce in the case of a remarknblc horn-like protul)era~~cc, of n l~right 
rctl color, situate about 210' from thc vertex ~.c:ckoncd (as I havc tlonc in nll cnscs) with refer- 
cncc to tlic ncti~al, not t l ~ c  inverted image, ant1 with direct mot io~~ .  I t l~en rcrnovt~tl the clouhle 
image prism and applicd tlic Savart's polariscope, which gnvc bauds at right angles to n t:luyeut 
to tlie liml), tlistinct 1)nt not I~riglit, and with little if ruiy appenrance of color. On t~lrrlilie thc 
~'olariscopc in its ccll, thc bands instcad of :~pycarinp to revolve on tlicir ow11 cc:ritrc, ~):~ssing 
tlirnligli various phnscs of' brigl~tncss, and arrangement kc. travelled boclilp alol~g tlic liml), nlvn!-s 
at right anglcs thcrcto and without much ch:ruge iu intensity, or any at all in nrrangemcut. 

Tlic point at which tbcy scemed strongest, was about 140' from vertex, arid I recorded 
them as \)lack ccntrctl. 

lklicving that with a liighcr powcr, a i d  smaller field, I should find it easier to fix my 
nttcnt~on on oric point of tlie corna, and observe thc phascs of t l ~ c  bands at that point, I changed 
cyc ~ ~ ~ c c s , a p ~ I y i n g  that of 4*1 powcr. 

Vit l i  this cyc-picce, thc first clear instaut showcd the hands, much brighter than before, 
colored, and as tangcnts to the limb, at a poilit ahout 200' from the vertex, but bcforc I could 
clctcmiue nnytl~ing furthcr, a cloud shut out the view, aud a few seconds later, cr sudden msh of 



light told, that the totality was over, though i t  was difficult to believe, that 5 minutes had flo\\,n 
by since its commencement. 

I experienced a strong feeling of disappointment, and want of success, the only points 
on which I can speak with certainty being as follows. lst,-when using the double image prism, 
the strong difference in color of the two images of the corona, and the absence of such difference 
in the case of the most prominent red flame. 2nd)-with the " Savart's polariscope." The bands 
from the corona were decided. With a low power, they were wanting in intensity and color, 
(excepting alternate black and white) making it difficult to specify the nature of the centre, and 
their position was at right angles to the limb, extending over a space of about 30" of the cir- 
cumference. When the polariscope was turned, the bands travelled bodily round the limb, 
without other change in position or arrangement, as if indeed they were revolving round the 
centre of the sun as an axis. With a higher power when a smaller portion of the corona was 
embraced, the bands were brighter, colored, and seen in a different position, viz., as tangents 
to the limb. 

The appearance observed with the low power seems exactly what might be expected, 
supposing the bands to be brightest at every point, when at right angles to the limb, in which case, 
the bands growing into brightness at each succeeding point of the limb, would distract attention 
from those fading away at the poiuts passed over, as the Analyzer revolved. 

After totality was over, the clouds cleared somewhat, and I watched the eclipse till its 
conclusion, noting the times of emersion of the spots, last contact kc. 

A Light shower fell at 9.30. 

During totality several stars and planets were seen by those who were with me, and a 
fowl, which I had placed near me out of curiosity, was observed to compose itself to sleep. I t  
was at no time so dark as I had expected; after the commencement of the total phase, I read 
the chronometer, and wrote notes in pencil without difficulty, and the light of a bull's eye 
lantern, when thrown on my paper, appeared somewhat dull. 

The brilliance of the light of the corona, when i t  burst out through the openings in the 
clouds astonished me. Also the very gradual decrease of light before totality, and the wonder- 
full flood which followed the instant of the sun's limb's re-appcarance (though behind a cloud) 
was vcry striking. 

I was too much occupied in watching the position of the sun, so as not to lose an 
instant of thc precious intervals of clearness, to see much of the general effect. I had no oppor- 
tunity of using the hand spectroscope. There was no one in my neighbourhood (except those 
of my own party, who had been warned to keep silcncc,) hut when totality cornn~enced a wailing 
shout was heard in the distance, apparently rising all round us, which was succeeded by silence 
after a few seconds. The di.tant features of the landscape disappeared, and I noticed one light, 
appnrently a village fire, some miles distant. 

I give below the different timcs I observed, as of ~ossible interest. 

Local apparent time is used. 
h. m. a. h. m. 8.  

Sun and moon, 1st contact, 7 4.5 13 last contact, 10 21 59 

Spot No. 1,{ lSt 7 67 39 
entire disappearance, 7 59 5 entire re-appearance, 9 7 5 

Spot No. 2, 1st contact, 8 40 28 ditto, 9 54 39 

,, NO. 3, 1st ,, 8 46 58 ditto, 10 3 25 

Latitude of station 16' 30' 10" long. 75' 20' 0". 

I cannot ~ ta te ,  with any approach to accuracy, either the instant of the commencement 
or termination of totality. 



Captain Haig's Report. 

I may state a t  oncc that I observed the spectra of two red flames close to each 
other and in their spectra two broad bright bands quite sharply defined, one rose madder and 
the other light golden. These spectra mere soon lost in the spectrum of the moon's edge just 
before emergence, which had also two well defined bright bands, one green and one indigo, about 
;L quarter the width of the bands in the spectra of the flarncs, this spectrum being again soon 
lost in the bright sun-light. 

I will now proceed to give a detailed account of tlie ol)scrvations in which Captain 
'l'anner (Bombay Staff Corps of the Nimar survey, who at my earnest solicitation accompanied 
me), and Mr. Kcro Luximon, Professor of Mathematics at the Deccan College took part, and 
during which Mr. Hunter, Bombay Civil Service, and Dr. Kielhorn, Professor of Sanscrit in 
the Deccan College were present as non-professional observers. 

Our instrumental equipment consisted as follows :-Mr. Kero Luximon brought an 
ordinary pedestal telescope of 2$ inches aperture and 36 inches focal length by Horne and 
Thornthwait which he temporarily mounted on a stand equatorially and had a scale fitted in 
the 60-power eye-piece, which howeGer, he was unfortunately not able to  use on account of n 
fall which his instrument sustained from being blown down by the high wind, he therefore, had 
to use another eye-piece of power 70 not furnished with a scale ; he also had a pocket chrono- 
meter beating 5 times to 2 seconds, by Arnold and Dcllt. Captain Tanner had an Everest 
theodolite by Troughton and Simms having a remarkably good tclescope of 1 i  inches aperture, 
and 18 inchcs focal length, and eyc-piece of power 4,6. I had onc of the Royal Society's small 
hand spectroscopes and a small 6-inch transit theodolite by Troughton and Simms, the cap of 
thc object glass of which I had cut so as to receive the prism cap of the spcctroscope and had 
fitted one to tlie other, so that I could at once shift the prism cap from its own telescope to that 
of the tlleodolitc and vice versa. 

The sky in the early morning of the 18th was very very cloudy, so that our hopes of 
success were very low, but as it afterwards brightened up for a while rather suddenly we were 
somewhat eucouraged to hope for a similar brightening during part of the eclipse; soon however, 
at about 7 o'clock, it darkelled again and remained so till after the total phase was over; occa- 
sional openings in the nimbi giving us glimpses of the sun through the cirro-cumuli which were 
floating very high up. At 7 o'clock we had reached our station of observation, which was on a 
large solid tower called the Upari Burj, 67 feet high and GO feet diameter at top, a most favour- 
able position from which to obscrve the phcnomena of the eclipse and the general aspect of the 
anrrounding country. On accou~lt of the prevailing high wind we planted our instruments on 
and near the top of the external stone staircase, so as just to be protected by the tower from 
the wind. Mr. Kero Luximon first set up his telescope on top of the tower, but it was blown 
down as I have previously mentioned. This accident much interfered with the carrying out of 
our preconcertcd plan of observations, which was as follows :-Mr. Kero Luximon and Captain 
Tanner wcre to take the timcs of first and last contact, thc letter by observing the actual occur- 
rcnccs, thc formcr by measuring several lengths of the common cllord soon aftcr first and before 
last contact, with tlie aid of the scalc in his 60 power eye-picce, and noting the times. Captain 
Tanner (an expert dclineator) was during totality to take command of Mr. Kero Luximon's 
telescope measuring the heights of the flames at times mkrich worlld be recorded by Mr. Kero 
Luximon, whose whole attention during totality was to be given to recording the times of occnr- 
rencc of any phenomena that he or eithcr of us might observe. Captain Tanner was also to 
make rapid sketches of all he saw, and I was to confille myself to spectrum observations. Un- 
forturlntcly contact was not ohservcd until about 50 seconds after the commencement when Captaiu 
Tanner at once made askctch of the obscuration, Mr. Kero Lrlxi~non recording the time. The sketch 
made the common chord=3' at 7h. 61m. 17s. local time, giving7h. 50m. 17s. as the timeof first con- 
tact. CaptainTanneralso afterwards tested that sketch by noting the time before last contact when 
the chord appeared of a similar length, which gave an interval of 45 seconds, so that taking the 



lnean between tlie original estimate an11 its verification, we have 7h. 50m. 25s. as the tiinc of 
first contact. Wl~ilc the obscwation was increasing Captain Tanner, during the few peeps we 
got at the eclipse, made drawings of the snnJs spots and sketched the mountains on tlie moon's 
edpc, of mhicli there wcrc two plainly visible even with my small theodolite. The darkness iu- 
creiscd wry slowly till just before totality, whcn the increase was very rapid and suddcll and a 
$enera1 spontaneous esclamat~ion "oh", from all of us, gave Mr. Kero Luximon the the of 
I ) rg i~i~~inp of totalitp, n,liicli lie rccordcd as 9h. lm.  49s. The eclipse was at that timc completely 
shut out from our view by tlic clouds-nimbi low down being rapidly carried past hy the high 
n-i~id-KC, therc>fore, felt at leisure to make our remarks on the degree of the darkness which 
n-c: were snr1)riscti to find so far from total ; we could easily m i t e  and read our writing and read 
the scconds of o m  matches without tlic nit1 of artificial light. VTe wcrc d l  lamenting our mis- 
fortune iu not being ablc to observe thc eclipsc and hat1 given up all hope of witnessing tile pile- 
nomena we had comc so far to see, and Captain Tanner had just noticed the faint rc-api~earailce 
of light in the mest, when contrary to all espcctation and to our interisc satisfaction, a slidden 
opening in tllc nimbi shewed us the eclipse, through the cirro-cumuli. We were cach at our 
trIcscol>es in an instant. I immediately saw through tile nakcd t~lcscopc of the small theodolite 
tllnt red flan~cs mcrc visible arid at once pointed the spcctroscope, using the theodolite telescope 
as a rcst ; 1 vcry fortunately directed the spectroscope with its " refracting edge" tangent to tlie 
moon, wherc two red flames mere protruding separated from each othcr by a small interval, so that 
tlivir spectra which were identical were extended over the dark back ground of the moon's disc alld 
stoorl out in most 11i:rrked arid brilliant contrast wit11 tlie feeble but continuous spectrum of tile 
corona, and in tlieir spcctra there were the two broad bright bands I have described above. Most 
fortunately also these red flames were on that part of the sun which first re-appeared, SO that just 
before or just at emergence, there appeared a t  the very part I mas intently obscrvii~g, ollc 
brilliant wide spectrum with the green and indigo bands before described, remainiug visible for 
:IT, iutcrval just long enough to enable mc to make quite sure of the position of the bands ~vhicll 
,~t:re the11 ol~literated by the bright light of the sun. Of course observir~g with the spectros- 
cope nlonc, it would have been impossihlc to say whether the spectrum with the green and indigo 
bands appcarcd just bcfore or just aftcr emergence; hut I think it must have beeu just before, 
lleca~rse Captain Tanner called out when totality was over, and I immediately remarked that I 
t l~oug l~ t  hc mas rather late, but lie mas tlnite confident about thc accuracy of his observatio~l. 
\\.lint struck me as being very rornarkable was the circumstance that though the liglit of the rctl 
flames was to tile nakcd eye so feeble as to bc out-shone to extillctiou by that of the corolla, 
~lcvertlielcss wlicn viewed with tlie spectroscope, the sl~cctrum of the corona mas vcry weak a11d 
that of the flaincs remarkably brilliant. On the first glimpse of tlie cclipse, Ilcfore looking 
tIiro11g11 tlie tclcscopc, the corona appearcd so bright that it gave mc thc ~nomentary irupl.essio~~ 
(us i t  ditl to Captain Tanner) of its beiug an amular eclipse. We are divided ill our cstimatc 
vf the Icngtl~ of thc interval duriug which we obscrvcd the totalitp. I t  apl~earcd to me very 
short, sn  n~ut:lr so that when i t  was over I was quite taken by surprise to llcar that I)otl~ Capt;iii~ 
'ra~irier nnd Mr. Kero Ll~imo11 had taken skctclics of the flamcs, and thcir skctcl~cs I)otli ;LS to 
I,ositioii and s t ruct~ue wcrc with one slight esccption remarkably coiilcide~it. Fron~ tlie timc 
(.I[ 111y lirst 11oillting thc ~pcctroscope, to the Imrsting oiit of thc sun's ligl~t, I never once wit11- 
drew In!- cyc, tlloligll it ww ruy illtention to hnvc shifted the prism cap to thc telecrco~)e of tlie 
tllctlolitc as Roon as I should hare carcfully notcd the spectrum of thc flamcs, I~u t  wllilc I was 
~ntcntly cnzirig on tlie two bright bantls, to imprcss thcir color wcll on my mcmorj-, thc I I ~ W  

s l ~ : t n i m  of the moon's cdge al)llcared, so that I mas under the iml)ressiou that tlie lengtli of 
t l ~ c  timc of ol)sen.at,iou was vcry short. On tlic other 1ia11d Captain Tanncr judging from thc 
arnoli~~t of work Iic did in the time, estimated it at  a minute. Mr. Kcro Lus~mon  estimatcrl it at 

or ~~5 scconds. Ilnmediatcly after totality, mc all thrcc mndc rough notes of our obucrvatio~~s, 
:krld (hptain l 'n l l~~cr  and Mr. Kcro Luximon's notcs agrcc togctlicr wo~idcrfully in tlicir tlescri1)- 
ti011 ( 4  the etrrictiirr of tlic flanlcs. 

.'111c f~)llowlnp 1s nrl cntract fro111 Cnl,tnin Tanner's notes mndc almost immcclintcly aftcr 
tile c.cllpsc "- 

" I :it firqt saw tluee proniliiences, one loug curvctl poiuted tongue, and ~ K O  close togetllcr, 
- t rn~g l~ t  I ) I I ~  flat topl)cd, :~l)out two-thirds the Iieiglit of the former. They werc of a rose ~natitler 
ccllor, nrrcl r r r e  dccltlcdly more likc flamcs than anything elsc, not only in their gclicral appear- 
-11c.r and color Ijnt I)! thcir 1)ci11~ eoruposcd of slualler tongues of finlncs parallel (or llcarly s ~ )  



to the gencral axis of the flame, so that they had a streaky appearance and n raggcd ctlgc. 'It 
first glance when the sun was somewhat obscured by clouds 1 thol~glit that thcy v r rc  Iioii~ogc- 
ncous and had hard edges, but this idea was at once dispelled when the clouds clcarrtl OR. Tllc 
two protuberances which wcre close together were not as far as I could scc joiqed by any 
smaller shots of flame. 1 afterwards observed one small protitherancc and mar1,cd thc pc~ ition 
of it in my sketch. I did not observe that it was streaky as the others WCIL., pcrlini,s on 
account of its being so small and perhaps because I had not sufficieut t l n~e  to examine i t  pro- 
perly. As regards the corona, when we just began to sec t l ~ c  cc4ipsc through thc clouds I \,-as 
undcr tlic impression that the eclipse instead of being total was only airniil:~r; so l)~-igl~t  w a s  
tlie corona near the moon's limbs. I could not detect any ~rrcgi~l:~ritics in ille s t ruc tur~  of thc 
corona, but the light appeared to be padually shaded off' all rom~d." 

Captai~z Branjll 's denzi-o$icia,? Report. 

Mre had a beautifully fine morning, but sometime before totality a film of cirro-strati~s 
spread overhead, and cumuli appeared in several quarters, enough to increase oiu allsiety :111cI 

nervousness to a terrible pitch. Tennant had not slept for many nights eaccpt in fitful snatcl~es. 
Ho~vevcr watching the progress of the earlier phases exercised a calming influence. Evcrythillg 
was ready on our part to do our best. I had no recorder, and think I must have lost at lcast 
a minute in recording my observations by lamp light. I had noticcd and recordcd the very 
serrated cdge of the moon and also the occasional blunting and cutting off of the cusps, both 
new facts to me, and at first sight rather unaccountable. I had also noticcd a rcry peculiar but 
distinct line of light, apparently upon the moon's surface, as if in colltirluation of the cusps- 
pcrhaps it mas caused by the telescope. 

I had matched for the first appearance of tlie moon's limb against a lighter back ground 
outsidc the sun, but only caught sight of it a few minutes before totality. I mas watching the 
fornlation of bright beads and bugles at the S. cusp of the de-crcscent sun, when sutldcnly, sonie 
scconds (15 or more I should think) before totality, I saw plainly a group of red flames-o 
gorgcous spectacle, and also a mondcrful hornlike prominence. Hearing tlie general shout of 
the town's folk and fancying totality must be on the point of commci~cing, I removed the palc 
dark glass I was using, 1)nt too soon, for I could not bear to look on thc last of the clisappcnri~lg 
sun. It mas only for R second, for on taking a second glance I found no sun left : only a splcu- 
did grollp of rose coloured flames and that horn, backed by a bright ficld of light of various 
intensity. I took one look and receivcd an indelible inlprcssion of the scene, and then set to 
work in earnest. With tlie finder I directed to the brightcst pa1.t of tlic corona (thc S.E. 
qnartcr) and cxamincd its light carefully with the Nicoll's prism and crosscd quarts, which gave 
brilliant light, dark, and coloured bands, (Savart's). I notccl the l~osition of the maximum 
white band, and the points of disappearance on each side. I t  was dircctly clear to me by several 
trials that the corona was plentifully polarized in all the plalics passing tlu0ug11 the sun's centre. 
Thc double image prism gave the same results as the plain Nicoll. The polarized light was most 
whcre thc corona was brightest, least where faintest. Satisficd of this, I turncd to esnmine tlic 
light of the hornlike rcd flame ; the corona scemed fainter behiucl it ; but though I contracterl 
my ficld I of course coitld not quite exclude all corona light. I could not dctect the presence 
of polarized light on thc red flames. With tlie double imagc prism, the flamc did not secm to vary 
in tint at all, although with the Savart I could not get rid of bands altogether, and I noticcd that 
though extremely faint the bands mere continued upon thc moonJs surface. I was still straining 
to sce nnd note any diffcrence in brilliancy with the plain Nicoll, when a flood of light in tlic field 
told me that all was ovcr, to  my intense disgust and disappointment. I was in dcspair at first, 
thinking I had done little or nothing, and that pcrhaps useless ; still unheeding every thing else, I 
went on writing down what I had scen, and it gradually came over me that I had seen and noted 
all that the prisms showed, ae well as I could, and could only do the same again. 



EXTRACT3 FROhI A NARRATIVE REPORT DATED   ST AUGUST 1868, BY LIEUTENANT 

HEAVISIDE, ON HIS ASTRONOMICAL OBSERVATIONS. 

(1.) In  my report of the operations for the field season of 1866-67, I pointed out, that, 
throughout the obse~~ntions, the latitude obtained from stars north of the Zenith, was greater 
thau that found from stars south of the Zcnith. The differences, denominated N - S, averages 
+ GU.18 for the four stations observcd at during that scason. After a close examination of tlie 
records of tlic observations, it becolne evident, that tlle cause of this large value of N - S, was 
not due to tlie method of reducing the observatious, and would be found, either in the instru- 
mcnt or in the method of observing. 

(2.) You therefore ordered the instrument, Astronomical Circle No. 1, to be brought up 
to rtlnsoorie, and between the middle of September, and the end of October 1867, a variety of 
~rietliods mere adopted for determining the cause of the error. I t  appears unnecessary to give 
details, here, of what was done, as the methods employed were carried out either with your own 
lrands, or under your direct superintendence: moreover a full report on the subject, was submitted 
towards the end of October. I t  may, thcn, suffice to say, that the error appeared to be due to 
flexure in the telescope of the instrunlent. As, at this time, the field season was far advanced, 
you considered it undesirable that the investigations should be carried further, and by your orders 
Astronomical Circle No. 1, was returned into store, and I proceeded into the field with Astrono- 
mical Circle No. 2, the instrument which had been used by Mr. Taylor throughout the previous 
field season. 

(3.) Before leaving, however, observations were taken by me on 4 nights, with Astrono- 
mical Circle No. 2, for the determination of the latitude of the Masoorie observatory. The 
resulting latitude differed from that obtained in 1866, with Astronomical Circle No. 1, by 0".2, 
aiid tlie value of N-S, in 1867 was about + 2 ,  whereas in the previous year it had been + 6Il.26. 
There was, therefore, much reason to hope, that whatever may have been the defects in Astrono- 
mical Circle No. 1, which caused the large difference between north and south stars, with mean 
result obtained by pairing north and south stars of equal zenith distances, would be uninfluenced 
thereby. 

(4.) That there might be no doubt on the subject, you directed me to visit one of the 
stations of 1866-67, and take a fresh set of observations, with the new instrument, to the same 
stars which I originally observed at that station. Sungutpur T. S. was considered the most con- 
venient station to test. 

(5.)  In your lcttcr No. A, dated 29th October 1867, you assigned certain limits within 
wl~irlr t l ~ e  new and old value of the latitude of Sungutpur might differ. If, however, the 
diffcrelicr slrould excccd that laic1 down by you, the whole of the observations taken in 1866-67. 
were to be rejected. 

(6.) Owing to the above circumstances, the party did not leave Dehra until the 2nd of 
Novrml~rr. Mr. 2nd Class Sub-Assistant J. Wood, had, howcver, started about a fortnight pre- 
viously, to build an observatory at Isnnpur T. 8. of the Rahun Scries. The camp arrivcd at 
Isaipur 011 the 17th of November, and observations were commenced on the 19th. After finish- 
ing work at Ismpur the camp marched through the Kupurthalla territory to Sungutpur T. S. 

(7.) The wcather at Sungntpur, was vcry unfavonrable for ohse~ing,  constant clollds 
311d rain, with heavy fogs in the early morning greatly retarded the observations. This, howevcr, 
WW of advantage in other ways : for, Mr. Wood being laid up with rheumatism, it enabled Mr. 
Bclcllanl aud myself to finish off the calculations, as the obscrviug proceeded. On the night of 
tlie 15th January, the ol),scrvations on one zero were complctcd, and on thc lGth the mean result- 
ing latitllde was found to be 31" 17' 35".2h; thc mean from both zeros iu the previous ycar being 
31" 17' 33'.3.',. 



(8.) This was well within the limits assigned in your letter No. &, and indeed, the two 
results do not differ from each other by more than half tlie sum of their probable errors. I t  
was, therefore, unnecessary to take any more obscnrations for verification, and I was at liberty to  
proceed southwards- 

(9,) Ram Thull S. about 150 miles distant, was the next station at which observations 
were to  be taken. As Mr. Wood, mas still unwell, I left the camp under Mr. BelchamJs charge, 
to  follow me at the ordinary rate, whilc 1 went on by double marches. By these means I reRclled 
Ram Thull about 8 days before the camp, and as I had previously sent on a chuprasaie to collect 
materials, I was enabled to get the observatory nearly finished in that time. 

(11.) Observations wcre finished at Ran1 Thull on the 4th of March, and I then proceecled 
with the camp to Garinda S, ill the Shckawattee stales. 

(12.) Thc t o m s  of Cheroo and Ramgurh, south of Ram Thull, are full of large \re11 
built houses, serais and temples, and standing, as they do, surrounded by a barren waste of con- 
stsr l t l~ shifting sandl~ills, strike one at first, with wonder. Their existence, is partly accounted 
for by tile block kunkur which unclcrlics the sand, and is dug out in large quantities, in the 
valleis, throughout the part of tlie Beekanir country, which I passcd through. This kunkur 
furllislles a good building stone and an admirable lime. 

(13.) After finishing observations at Garinda, I wcnt to Rewat, H.S. in the Jodhpur states. 
These stations had been sclcctcd by me, in the latter part of the previous field season, as suit- 
able for obscrving at, and a description of the country was given in the 2nd part of the niwrati.rre 
report for that season. 

(14..) Observations were finished at Rcwat on the 25th April. After making arrange- 
ments for protecting the mark-stone the camp marcllcd into Ajmere, arriving there on the 1st 
May. 

(15.) Messrs. Wood and Belcham and myself left Ajmere on the 4th May, proceeding 
by d%k and rail to heed-quarters. 

(16.) The health of the native establishment mas very good tllroughout the season. At  
Ram 'I'hull the water was very brackish and bad, but by employing the baggage camels a supply 
of good water sufficient for the whole camp was brought daily from a distance of about 6 miles. 

(17.) I am much indebted to  Major W. H. Beynon, Political Agent a t  Jeypur, and to 
Captain E. C. Impey, Political Agent a t  Jodhpur, for the assistance afforded me during the 
time the party was working in the States under their charge. Owing to their admirable 
arrangements, I had no difficulty in obtaining labor and supplies, and was able to prosecute my 
work without let or hindrance. 

(18.) The natives in these States, though naturally, somewhat more independent than 
those in British tcrritory, werc always very civil and obliging, and I found this more especially 
t l ~ e  case with the authorities at Futtelipur, Seekur, and Koochaun. 

(19.) Observations have bccn taken this scason a t  four stations, in addition to those 
taken at Sungutpnr, tlie station of verification. At each of thcsc four stations 35 pairs of stars 
have been obscrvccl without changing zcro. These stars gc~ierally estendetl ovcr 12 to 14 hours, 
and I usually finisl~cd the first half, which camc nearer and nearer sunsct each day, beforc com- 
mencing the seconcl half. This is, I think, a better arrangcmcnt, t l ~ a n  taliing 16 or 24 pairs 
and changing zcro. In the first placc it is gcncrallp easicr to obtain from thc Grecnwich '/-year 
ratnlogue, 32 pairs extending ovcr 12 hours, than 25  pairs estending over 8 hours and if the 
24 pairs arc obscrvcd on the same niglit ns mould be the case, 32 pairs observed on two nights 
give Icss, and perhaps cnongl~ observiug for each night. I n  the ncxt place, no change of zero 
is req~~ircd,  and thc flying rnicroscopcs ran be placed opposite thc fixed microscopes, at 0°0', 
mhcre they can be read with comfort. This position for the flying microscopes has been adopted 
a t  the four nclv stations ; but nt Sung-utpur, these microscopes wcre placed a t  60' of altitude, 
ns hnd bccn the case in the provious year, a t  all stations where the stars were observed on 
two zeros. 



Ia l l  

(21.) Tablc of rcsnlts. 

(22.) I t  will be seen from the above table that the local attraction at each of the three 
last stations is apparently less than 1". 

Nnmes of Stations. 

Isnnpur T. S. . . . 
Snnptpur T. S. . . . 
Ram Thul, S. . . . 
Garinda, S. . . . . . . 
Remat, H. S. . .. 

I have three stations selected for next season's work. Zethgarh, H. S.: Khamor, H. S.: 
Arumlia, S. The two formcr are about 35 miles apart and have been prepared for observations 
by having a collimator pillar, &c. built. Arumlia is about 80 miles from Khamor, and no pre- 
parations have been made there. 

(23.) During the field season five stations were protected and handed over to nativc 
05cials. 

(24.) Mr. 2nd Class Sub-Assistant J. Wood was employed during the field season in 
building observatories at Isanpur, Garinda and Rewat. He also made surveys with the theo- 
dolite of the hills on which Ram Thull, Garinda and Rewat stand. Whilst I was observing at, 
Ilewat, he went on to Jethgarh and Khamor. Hc prepared these stations for next scason's 
observations and made surveys of the hills around them. Mr. Wood was laid up with rhcuma- 
tisln for about a month, when the camp was at Sungutpur, but otherwise he has had good health. 
I nm glad to be able to repeat the good opinion I expressed of his work last year. After lcaving 
Ram Thull in February he did not meet me again until the camp reached Ajmere in May, and 
it is much to his credit that he not only did his work well, but had no difficulties with thc inha- 
bitants of the wild country through which he passed. 

series' 

Rahun, 

Gurllaprh, 

~9 

1) 

) )  

(25.) Mr. 2nd Class Sub-Assistant G.  Belcham actcd as my recordcr throughout the 
scrtson, which work he performs with grcat carc. He is a ncat, quick and accuratc comyutcr 
and has done more than his share of thc season's computations. I have evcry reason to be 
satisfied with the work he has performed. 

No. of 
pairs of 
stnra ob- 
servcd. -- 

34 

21 

35 

35 

35 

No. or 
zeros. 

1 

1 

1 

Mean 

- g 

+ 0.38 

+ 0.67 

- 
- 
- 0.34 

- 0-38 

Probablc 
crrora. 

-- 
I, 

0.OG 

0.10 

OaoG 

0.05 

0.05 

Ao-Ac 

,I 

- 3.93 

+ 0.49 

- 0'72 

- 0.77 

+ 0.58 

REWK~.  

A, indicntes the 01,- 
servcd latitudc of a 
station; A, thc value 
obtaincd by cnlcu- 
lation through the 
triangulation f rom 
Kalianpur station of 
the Grcat Arc. 



EXTRACT FROM THE NARRATIVE REPORT OF C. LANE, EflQ., SURVEYOR ~ N D  (IRADE, IN CHARGE 

NO. 3 EXTRA PARTY G. T. SURVEY, NO. 304, DATED 2 0 ~ ~  JULY 1868. 

The party marched from Deyrah Dhoon on the 11th Novcmber en-route to hZeerut 13zd 
Roorkee. On arrival at hleerut, the levelling operations were commcuced by myself and Mr. 
Clarke, assisted by native recorders, on tlic 25th November 1RG7, from the cross mark cut by Cap- 
tain Branfill on the surface of the stone slab opposite tllc north pillar of the central west doorway 
of the station church, towards Moradabad. 011 the may a branch linc mas taken to Sirsa toaer 
station of the Budhon meridional series. At Moradabad thc station church and scvcral paka points, 
including bench-marlrs of tlie cantonment levels werc connected, and aftcr that a branch line was 
carried to Bhataoli tower station of tlre Budlion meridional serics. At this stage to follow the 
straiglit course, i t  became necessary to carry tlrc line of lcvcls dircct to Pilibhit ; the attempt 
was made, but found irnpracticablc, owing to the eztrcmc unsteadiness of the moist ground 
across country arising from frequcnt and heavy falls of rain thronghout the cold meather, and 
overflomings of numerous gools or water courses of the adjacent rice producing district of Pili- 
hhit. I n  consequence, the detour along the G. T. road viti Bareilly was ado~tcd .  At Barc i l l~  
the  station clrwch was connccted, aftcr which linc of levels to P~libhit was continued from 
M. S. Bareilly 3, Moradabad 51,. Numerous bench-marks of the ltohilcund contour slwvey 
werc thus met with and determined, as also tltc towcr stations of Kalianpur and lTmrao on the 
southcrn flank of the north-east longitudinal scrics bct~vee~i the Rangir and t l ~ c  - h u a  meridi- 
onal series. After Kalianpur on tlle sout l~cr~i  flnuk it was intcndcd to connect Kliam Kera tower 
station on the northern, but the men deputed to csaminc the colldition of that station, as well 
as of the next, if required, Donao tower statioii, found no nppcr mark-stone at either, wliicli 
necessitated connection with Umrao tower station on thc same soutltern flank. Tltc towc~.s of 
Kalimpur, Kham Kera and Donao were being ~.rpaircd uudcr the ordcrs of the civil authorities. 
Umrao T. S. vhich had bcen built by myself al)oiit tlre scason 1841-45 was found in excellent 
preservation; the central pillar being perfectly sound; its surface as level as t l ~ e  day i t  mas 
completcd, and the mortar as hard as stone. At Pilibhit the Jamay Rfasjid, a large and re- 
markably durable building, and other paka points wcre determined. From here the linc of 
lcvcls might have been carricd across conntry via hiahomdy to Lucknom, or by the road via 
Shajchanpur, but from information dcrived from Mr. Ploricn, Assistant Engineer Oude Canals, 
either line would have entailcd great delay oomiiig to frcqucnt falls &c., whilst that from Barcilly 
to Shajchanpur by tlie G. T. road \rould not only save somc 26 miles of levrlling, but would 
afford a numbcr of check points for a new canal tlmtlcr contemplation; tire party therefore 
marchcd back to Bareilly, and from tlrencc rcsumcd continnation of tlie first main line from the 
station cliurch towards Slta,jchanpur. I t  was non7 bccomil~g late in tllc season, in conscquence 
of which it was intended to close field work on Kasrak station of tllc Raugir meridional series, 
about 264 milcs in advancc of Bareilly, hut on c ~ c a ~ a t i o n  of thc largc mud pilc, whicli is all 
thcrc is to indicate the station, the mark-stone was found cntomhcd in a horieontal position. 
I n  consequence of this disappointment thc norli was closed at Fatehgnrlj on the roadside at 0.94 
chain cast of tlic mile-stonc 51 Futtcl~gurh, 2G Slin,jcl~anpur, 21 Harcilly, on a brncll mark con- 
sisting of tlrc mark-stone of Kasrak, wlrich was lying nsclcss there and no o t l~cr  suitablc stone 
bcing available for tlic purposc. This mark-stonc is a cut stonc about 36 x Ci x Ci inches. Bcing 
slcndcr, a slal~ of a chaki or native grincliug stonr, of about 18 inches in rl~ametcr, was placed 
unclcrncath i t  a ~ i d  the additional precaution was also talicn of having under the slab a kanknr 
foundation, wcll watered and rammed, in ordcr to prcvcut any future sillking. After about 
somc 10 or 12 hours ovcr the fixing of the bcnclt-mark, wlnch has YAfs eneravcd on its head, it 
was conncctcd with the aforementioned mile-stouc, ant1 aftcr another similar interval the obser- 
vations werc rcpeated to test its stability: this condition being satisfied, a suitable space of 
grol~nd containing both thc bcnclr-mark and a brick ntnsollry pillar, coustructcd to  indicate its 
position, was surrounded by a woodcn fence as a protrctiou &xgainst carts, and the District 
S~~crintcnclcnt  of Policc was also addressed to issue thc ncccssary orders to the Police Officers 
located within a fcw yards, right oppositc, for thcir protection and preservation. 



LIV 

(4.) Native Surveyor Nursing Dass reports having, in conformity with Departmental 
Order No. 1, dated 15th January 1866, repaircd 43 platforms, constructed 42 rectangular ma- 
sonry pillars, and transfkrrcd to the climge of the Local Authorities 52 hill stations of the 
Great Arc Series. Of thesc tlie upper mark-stones of the following stations had been removed 
by the natives and ncw ones were fixed instead, viz :- 

(1.) G'vgaja 
Ehmudpur, 
Audar, 
Ladi, 

(5.) Samasgarh, 
Ikjera, 
Yenagapali, 
Bachapali, 
Sukli, 

(10.) Ashti, 

66.5 inches above the lower mark. 
64.6 ditto ditto. 
26.5 ditto ditto. 
32.5 ditto ditto. 
21.0 ditto above the middle mark. 
53.6 ditto above the lower mark. 
39.5 ditto ditto. 
16.5 ditto ditto. 
40.0 ditto ditto. 
14 fect ditto. 

Of the following hill stations the upper mark-stones were found intact viz :- 

(11.) S~wantal, H.S. Pardho, H.S. Handiaparo, I-I.S. Bhaorasa, H.S. N.E. End Sironj 
bme-line, S.W. End Sironj base-line, Kalianpur, H.S. Khamkhera, H.S. Gidgarh, H.S. Ranipur, 
H.S. Ner, H.S. Badali, H.S. Wirur, H.S. Mahur, H.S. Betergaon H.S. Bhesa, H.S. Dudala, 
H.S. Malgi, H.S. E. end of Beder base-line, W. end of Beder base-line, Damargida, H.S. Mu- 
ganal, H.S. Burgapali, H.S. Baktapur, H.S. Shevalingapa, H.S. Somtana, H.S. Terban, H.S. 
Sakri, E1.S. Kopdi, H.S. Pilkher, H.S. Badgaon, H.S. and Bllunbet H.S. 

Of the hill stations of Barn and Shemi the upper and lower mark-stones were not found, 
and the former station was transferred to the charge of the village official after merely repairing 
the platform. 

Of the hill stationof Yemsha no vestige of the platform or pillar remains these having been 
rlemolished and a temple built over the site about 15 years ago, by the late Ra*ja Ragpat Raddi, 
of tlie village of Saranpali in the territory of His Highness the Maha Raja of Indore, who died 
about 5 years ago. 

The rectangulm masonry pillars of the following hill stations having been previously con- 
structed by Mr. J. Mulhcran, Surveyor 2nd Grade in charge No. 2 or Central Provinces Topo- 
graphical Survey Party were simply transferred viz :- 

Tck, H.S. Morpani, H.S. Namargarh, I1.S. Dhnbadao, 1I.S. Jagdhar, I1.S. Alampur, 
H.S. Salbaldi, I1.S. Dhar, H.S. and Nilgarh, H.S. 



Supplement to Mr. Lane's Narrative Report for 1866-67. 

Mr. Civil Assistant L. I-I. Clarke, reports having in conformity with Departmental Orders 
No. 1, dated 15th January 1868, repaired 25 platforms of the Great Arc Series, transferring 
them after having rcpaired the platforms and erected rectangular masonrg pillars over Circular 
Pillars. 

Of these all thc lower mark-stoncs were found intact, but the upper mark-stones of the 
following stations had been removed by the natives and new ones wcre fixed instead, viz :- 

Ladpur upper markstone rcmoved and platform replaced. 
Alipw, ditto, ditto. 
Dimdimma, ditto, ditto. 
Dholpur, ditto, ditto. 
Pagara, ditto, ditto. 
Rnip~w, ditto, ditto. 
Dobi, ditto, ditto. 
Shergarh, ditto, ditto. 
Gurjapahar, ditto, ditto. 
Machi, ditto, ditto. 
Nuidhar, ditto, ditto. 
Juktipura, ditto, ditto. 
Mao, ditto, ditto. 
Nimdant, ditto, ditto. 
Iiatiapahar, ditto, ditto. 
Diadbei, ditto, ditto. 
Berkbei, ditto, ditto. 
Gugabara, ditto, ditto. 
Mimoni, ditto, ditto. 
Kasri, ditto, ditto. 
Cllilmani, ditto, ditto. 
Den, ditto, ditto. 

Of the following hill stations the upper markstones mere found intact viz :- 
Madliolli (mark-stone in s i t ~ ) .  
TJsira. 
Paliargarli. 



EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN J. P. BABEVT, R.E., SDRVEYOR ~ E T  
GRADE, IN CHdRQE NO. 4 EXTRA PARTY, NO. 58, DATED ~ O T H  AUGUST 1668. 

(2.) During August and September 1867 I made some experiments a t  Chiculdah on 
the correction due to the readings of a thermometer 

Experimcnte at Chiculdah on the correction to a 
thermometer on account of reduction of atmos- on account of the diminution of the pressure on its 
pheric pressure. bulb when placed in an exhausted receiver. For the 
purpose of determining this correction I had been supplied with a thermometer hermetically 
enclosed in a glass tube whose readings would of course be unaffected by change of pressure. 
This is placed in a receiver alongside of the thermometers to be experimented on, and the dif- 
ference of its readings before and after the exhaustion indicates the true change in the tempera- 
ture of the receiver; so that the difference between the above differences and those shewn by 
the other thermometers is the effect of the diminution of pressure on them. 

(3.) When at Mussoorie in the year 1865 I took some observations for this same nur- . , A -  

pose, using a small airpump and receiver borrowed 
Reneon of similnr Mussoorie obaewstione failing. 

from the Roorkee C. E. College, but obtained verv unsa- - 
tisfactory results, owing, partly perhaps to the smallness of the receiver, but chiefly to my not 
allowing a sufficient interval of time to elapse after pumping out the air. For the process of 
exhausting lowers the temperature, and on the contrary when the air is re-admitted the tempera- 
ture of the receiver is raised hy an amount equal to that by which i t  had been previously lowered. 
The ordinary thermometers rapidly assume the temperature of the receiver, but the* hermetically 
sealed one requires vcry much more time, so that unless a considerable time is allowed to elapse, 
the effect of diminution of pressure on the bulb of the thermometer is mixed up with the effects 
due to the exhaustion of the air. 

(4.) I n  my observations at Chiculdah I used the large receiver in which the pendulums 
are swung, and after exhaustiilg always allowed a long 

Reaulta s t  Chiculda. time generally as much as 24 hours to elapse before 
reading the thermometers. The results are as follows :- 

This correction most probably depends on the form of the bulb.+ 

(5.) The party consisting of Mr. W. 81. Lemarchand and Mr. J. W. Macdougall both 

No. of observa- 
tions. 

3 

6 

7 

6 

dmngornentu for Field Seneon 1867.68. 
Sub-Assistants 3rd Grade took the field on the 11th 
October, leaving Chiculdah on that date and Ellich- 

pore on the 16th of October. 

Pressure in 
Inches. 

1.8 

4.5 

7.8 

12.8 

(6.) From Budnaira I detached both my Assistants, Mr. Lemarchand marching ahead 
to prepare the observatory at Somtana H.S. near Nandair in Hyderabad territory, and Mr. 

R E M A R K S .  

Average atmospheric 
pressure at Chiculdah 26.2 
inches. 

C O R R E C T I O N S .  

- -  - .  

Whcn t ~ d i n p  tho freezing pointa t11~ ]lormetically sealed one requires at lesat one bour'e immersion in the ice, 
whilst the otl~em TnU to 32O in a quarter of tlie tlme. 

t NOTE.-General P~bino (Phil. Trane. 1829) obtained a correction of 0.7 of a deg-ree Tor one thermometer, and 
M much es lo for another which hed s bulb of unusuelly large diameter. In the preliminary Pendulum O b l e r ~ h  .( 

Kmi the wrrection to thermometen No. 712 md 714 was found to be + 0'43 from one 8-t -0  

Mean. 

0 

+ 0.29 

'25 

-21 

-12 

No. 714. 

0 

+ 0.31 

-24 

-20 

.11 

No. 715. 

0 

+ 0-27 

.25 

-21 

-12 



Macdougall went by rail vid Sholapore to Damargida near Beder to gct that obaematoy ready, 
he was directed to await there further orders from me, my intention bcing to reca!l him to the 
main party or send him further ahead according to the progress made by Mr. Lcmarchand. I 
myself marched to Badgaon, 16 miles from Budnaira, where the observatory had bcen built last 
eeason. During Mr. Macdougall's absence my wife recorded for me, but all computations made 
in the books have becn of course since examined. 

(7.) I experienced much delay at Badgaon in consequence of the bad going of the clock 

Dclajed at Badgaon H.S. clock out of order. shelton, and had to reject several days observations 
and replace them by othcrs, so that although I com- 

menced work on the 25th October, the observations were not completed until the 16th of 
November. 

(8.) I now, in accordance with your instructions, went down to Bombay for the purpose 

Magentic obwrvntions at Bombay on 11.1. 
of taking Magnetic observations at the Government 
Observatory and so comparing my rmults with theirs. 

I reached Rom1)ny on the 39tI1 Novembcr and took observations for horizont:rl intensity on the 
22nd and 2 3 ~ 1 ,  my result arc 

22nd November 8.0768 
22nd ,, 8.0618 
23rd ,, 8.0619 

Mean 8.0678 
The mean of two observations taken at thc Observatory on the 20th Novembcr (provisionally 
reduced) was 

8.068 
which almost exactly agrccs with my own determination. 

(9.) I also when in Bombay took my two Pendulums to the mint for the purpose of 
determining their specific gravities. A tin trollgll 

Det,eminntion of apocific grnvitiee of Pendulum was up for me, capable of the pen- 
st Dombay mint. 

dulnm, which was placed above one ecale pan of 
the balance, being supported independently from the g-round on boxcs ; cach pcndulim was 
suspended by wire inside the trough and weighed water was then poured into the trough until 
the pcndulum was complctely immersed and its weight again takcn. I noted the lcngth of the 
wire not immersed and measured and weighed the wire. The water uscd was Vchar water takcn 
from a large reservoir in the mint. A short timc bcfore weighing I weighcd by means of a 
specific gravity bottle equal volumes of the Vehar watcr and distilled water, noting the temper- 
atures. I n  all these measurements one of the officcrs of the mint most kindly assisted me. 
The results are 

No. 4 Pendulum 

RCBUI~S.  Weight in nir 95,6364 grains specific gravity 8.023 

No. 1821 Pmdulum 

Weight in air 91,723.4 grains specific gravity 7.929 at temperature 81" F. comparcd with dis- 
tilled water at 3 9 ~ ~ 2  F. 

(10.) These specific gravities arc both, I helicve, unusually small for brass, and I intend, 
if opportunity offcrs, to repeat the determination ; at  

Remarks on the smdneea of tho results. 
thc samc timc I have no other reason for suspecting 

their accuracy, and the 011ly omission that I can think of was the neglccting to notc the tem- 
perature of the watcr at thc time of mcigliing. As however the water was takcn from a large 
rescwoir and its temperature was obscrved a short timc before, tllerc cannot be an uncertainty 
about the temperature sufficient to producc any very appreciable effect on the specific gravities. 

(11.) I also in Bombay procured some icc and tested thc freezing points of my thermo- 
meters. I lcft Domhay on thc 23rd of Novembcr and 

l'hermometors telted in icc. 
reachcd Budnaira on thc 24th and at oncc marched 

for Somtnna. 



LVIII 

(12.) Observations were commenced a t  Somtana on the 20th December and corn. 
pleted on the 4th January. The going of the clock 

Somtaso. here was excellent and I am disposed to attribute its 
Erplsnetion of the going of the clock at bad behaviour at Badgaon to the presence of a small 

Bdgson. brass clamping nut which I had attached to the ad- 
justing screw of the pendulum in order to preserve an invariable length. I had never used this 
nut prior to Badgaon and I removed i t  before commencing operations at Somtana. I t  is difficult 
to conceive how it  affected the regularity of the clock's rate but I can see no other explanation. 

(13.) I marched from Somtana to Damargida and commenced observations there on 
the 22nd January. At  this station in compliance 

Damargida. with a suggestion made by yourself I took a set" 
Observetione to dotormine the mount of "1%- with each pendulum in a falling tcrnperature, the " set" 

.+g. commencing at about 8 o'clock P. M. and lasting until 
about 5 olclock A. M. The object of these observations was to ascertain whether the tempera- 
ture of the pendulum Iagged behind the temperature of the air to any appreciable extent. The 
thermometeis on the dummy pendulum are not in contact with it, and so only record tlie tcm- 
perature of the air inside the vacuum cylinder. If therefore any lagging exists, in a rising 
tempcraturc the pendulum will be always behind the temperatu~.e shewn by the thermometers, 
consequently too high a temperature will be imputed to i t  and the number of vibrations will be 
apparently in excess. I n  a falling temperature the converse will hold, the temperature of the 
ieildulum will be above the thermonieter readings and the vibrations will be apparently in defect. 
Tlic results obtained are as follows :- 

\'ibrations. 
Rising temperature 86,036.902 Range 70" to 76' 

Pendulum No. 4. Falling ,, 36.437 1, 76 I> 70 

Mean 86,036.670 

Results. C in excess I n  a { ~ ~ ~ ~ ~ g  } temperature, vibrations are 0.232 iu dcfcct. 

Dividing by 0.486 the temperature co-efficient the amount of lagging = 0'48 F. 
Vibrations. 

Rising temperature 85,935474 Range 69' to 7.1: 
Pendulum No. 1821. Falling ,, 35.127 ,, 74 ,, 69 

Mean 85,935.300 

In a {Rising } temperature, vibrations are 0.174 in cscess Falling in defect. 

Dividing by 0.470 the tcmpcrature co-efficient the amount of lagging is found to bc = 0O.37 P. 

(14.) These observations, though of course too fcw to be conclusive as to the amount 
of the lagging, still I think esta1)lish the cxistcnce of 

Ohrrwntions not miWcient to he ronrlusive but 
 hew the neocssib of CurtIier exnrni~iutiou. it, and shew tlic ncccssity of taking it into account. 

For since the duration of cach " set" is constant, it 
is obvious thnt the amount of the lag$ng must vary with tlie range of tcmperature, and conse- 
quently ohservations at different stations are not strictly comparable unless the rangc is the 
samc. I t  would have been undoll1)tcrlIy bctter to have so observed that thc effcct of lagging 
shol~lcl canccl at cach station, 1)ilt now thc only tliing to he done is to take special obscrvations 
in ortler to correct for it, for it wolild ncccssitnte the adoption of rr new system of observation 
which would be on many grounds ohjcctionable. 

(15.) Observations were completed at namargda on the 1st of February, nnd, having 
spare time the Kota Kodilnp~l obacrvatory bcing only 

Kotn Kodumgul. Mopetic obecmntions taken at 
Seruderobod. just complkted, I marclicd first to Sccundcra1)d wliere 

I took a set of mngnctic ohscrvations and also again 
tested my thermometers in ice not having been quite ~atisfied with my Bombay resulte. I 
reached Kodungul on the 23rd February where I was joincd by Mr. Macdougd. 



(16.) I finished off at Kodnngul on the 10th March and marched vi& Kurnool, where I 
took mbnctic observations, to Namtbabad station 

Mnpetie obeervations tden at K m o l  Ram- 
thabad. close to Gootty and one of Colonel Lambton's lati- 

tude stations. Observations were completed here on 
the 15th April whcn I procecdcd by d& and rail in advance of my camp to Bangalore, leaving 

i t  to follow in charge of Mr. Macdougall by the 
Return to quarters. 

regular marches. I t  arrived on the 30th April. 

(17.) The field season's work comprises pendulum and magnetic obsewations at five 

Out.t~un of work. 
stations viz., Badgaon, Somtana, Damargida, Kota 
Kodungul, Namthabad, and magnetic observations a t  

these and four other places viz., Chiculdah, Bombay, Secundcrabad, Kurnool. 

(18.) I havc now to report on my assistants Mr. W. M. Lemarchand preparcd the ob- 
sewatories of Somtana, Kota Kodurigul and Namtha- 

Mr. W. M. Lcmnrchnnd. 
bad and made a rough survcy of the Somtana hill. 

On the completion of the last station, having bccn offered tile appoir;trncnt of Local Fund 
Rngiuccr at ISllichpore, hc resirncd his appoi~itrnci~t in the survey, and was allowed to proceed 
to take up his new one in aliticipation of the sanction of Government. H e  is a great loss to 
my party in which he had done very good work. 

(19.) Mr. J. W. Macdougnll, as already stated, prepared the Damargida observatory 
for me, and afterwards partly assisted Mr. Lemarchand 

Mr. J. W. bfacdougall. 
ill building the one at Kodungul ; he recordcd for me  

at Kodung~l  and Narntlinbad, and brought up all the arrears of computations which had accu- 
mulated during his abscnce from t l ~ e  main party. I have no reason to alter tlie favorable 
opinion I expressed last ycar of Mr. Macdougnll, he is a valuable assistant and well up in all 
the computatio~ls. 

(21.) I n  appendix 111. is given a table of the probable errors of the various kinds 
which are susceptible of calculation for eacl~ station 

Probnble errors givon in Appendix 111. 
from the cornmcncement. The mean results from 15 

stations are 
Transit observations. 

Probable errors of star's transit ovcr - 
one wire, F - Extremes f -141 and + -061 

* 

Prohable crror of mean of 5 wires, = - + 0.041 ,, + .OG3 and f .027 
Probable error of clock rate deduced 

from 6 stars, ,, + -051 and & -016 

Pendulum observations. 

No. 4. No. 1821. 
Probable crror of observation of one coincidence, = + O.tl(72 + 0.'4,72 
1)cducctl probable crror of vibrations pcr diem, = + O."O%G ? 0."029 

Computed from results. 

No. 4. No. 1821. 
Prol~ahlc error of one " set" at a station, = + 0."167 + 0."14t9 
I'rol~able crror of result at a station, = + 0-"058 + 0.0054 

(23.) During tlic last two seasons I havc kcpt a register of thc readings of nn aneroid 
baromctcr at all places that I have visited. Appen- 

Bnromctric 11ci~hts of station8 on-route between 
MocruL nntl Uangnlore. dix VIII, gives the results of these observations from 

lfecrut to Bangalore. They are computed by table 
XVIII, of l3oilcan's tablcs, the observed heights being the difference of the tabular numbers 
due to 30.00 iuches and to tlie obscrvcd barometer reading. A mean correction is obtained 
from t l ~ c  diffcrencc between the thus computed and the trigonometrical or spirit leveling hcights 
of two stations including tlie other statione. For instance thc correction for stations between 



Qomtana and Damargida is obtained from the mean difference between the computed and trigo. 
nometrical values of these two stations. 

(24.) I have already alluded to the necessity of taking observations to determine the 
effect of " legging" ; there is another subject of equal importance to which my attention was 
also directed by yourself. I t  has been shewn that the temperature of the pendulum lags behind 
the readings of the thermometer; but besidcs this effect and after making due allowance for it, 

i t  is probable that the thermometers will still not give 
On the mean temperature of e pendulum. 

the true mean temperature of the pendulum ; for the 
thermometers have been placed on the dummy pendulum at two points equidistant from the 
ends of the bar and from each other, so as to give the temperature of the bar, but not the mean 
tcmperrture of the whole pendulum. Were the pendulum at rest its mean temperature would 
be found by the formula 

where m, m, m, denote the masses of the bar, bob and tailpiece, and t ,  1, t ,  are their respective 
temperatures. When however the pendulum is in motion, its mean temperature is that which, 
if common to the whole pendulum, would cause its vibrations to be performed in the same time. 

Supposing the pendulum hornogcneous i t  can be 
Mean " vibmting" tempedun, dobed snd for shown that the true mean temperature which may be mula 

called " mean vibrating temperatureJJ is given by the 
formula 

where m Ag denotcs the moment of inertia of one of the masses (m) of which the pendulum is 
composed, T the temperature of k its radius of gyration, and a the distance of its centre of 

gravity from the axis. Applying this formula to the 
Applicstion to Indinn pendulum. 

pendulum8 in use whose dimensions are very nearly 
the same, I find 

where t,, I,, t, are the temperatures of the bar, bob and tailpiece respectively, so that the ther- 

Rsdt. th-ometem .a ploeed giro mometers are in a very favorable position for deter- 
the mean v i b d g  temperahue with sufficient ep- mining the true mean vibrating temperature, unless 
pmximat ion. the differences of temperature between the bob and 
upper bar are large which is not likely to be the case in practice. The proof of the preceding 
formula is given in Appendix IX.  it is, I believe, a ncw way, but at the same time the most 
theoretically correct way of determining the mcan temperature of n pendulum. 



Abstract of heights of places visited during seasons 1866-67 and 1867-68, computed 
from the readings of an aneroid Barometer. 

; :. ., ; ' e  ' 

. . . . . . .  . . 
S T A T I O N S .  

. . .  ... ICl~nsknodn c~lcnmpiug grou~ld, 
... ... > >  
... ... P P  

... Bolundshahur ~8 . I... 
C ... ... Khoorjah ,I 
a ... ... Somna 1,  

... ... ,, 

...  asn nee 1, ... 
Hnttras ... ) I  . . 

... Saidnbad , I  

... ( Thehnra I B . . .  
... . . .  nlunil~ I 9 

... Dholcposc ,, . . .  

... Koosnbntl . . .  3 Dsalior near old ResidencYl . , . ... 
... Pnniar encamping ground, . . .  

L4 
Raiut . I P 

. . .  d . biohol~a 11 

... Choorpoora ,, . . .  ' Satambara . 1) 

& Seepreo south of cantonment, ... ... 
4 Do. tmvcller's bungalow, ... ... 

... Kolaras encamping ground, . . .  

. . .  Lakwasa south of vill:lgc, . . .  

Badurwas cncamping groand, . . .  ... 

... Pnhargrnrh H.S., ... ... 
Kala Rngh village, . . ... ... 

. . .  Coonnh cnntollmel~t, ... ... 
Arson large village on road to Scrorl,i, . . , 
Knlinnporc observ:ttory, ... . . , 

... Ehmadl)orc H.S., . .  ... 
' 

cT 
2 
.d, .+ 

o ' * 
4 
r, ' 

2 
b4 

2 

D ~ ~ T ~ I c T .  

bleenlt. 
9 1  

Bolandshahur.. 

1 9  

, I  

, 9  

Allyghur. 
I ,  

1, 

AP. 

I)Iwleporc. 
1 9  

, I 
Cwalior. 

1 1  

t 

7 I 
. , 
" 

9 1  

7 I 

11 

9 1  

91 

I ,  

I ,  

- 9, . 

)> 

11 

t 

Tonk. 
Gwalior. 

Bhopal. 
I ,  

I )  

P I  

I )  

1) 

11 

Nurbudda. 

1, 

1, 

, I  

9 )  

11 

I #  

, 

730 
G49 
667 
649 
693 
636 
GO4 
591 . 

622 
684 

GIG 
643 
687 
636 
670 
864 

1119 
1101 
1292 
1374 
1484 

... 
1374 
1420 
1447 

. . .  
1508 
1555 
1731 

... 

. .. 

1431 
1506 
1533 
1679 
1661 
1131 
1084 
1120 
1175 
1284 
1395 
1990 

2198 
2122 

PJhilsa south of town, . . .  . . .  
Rnisccn ,, ... ... ... 

... I3unchor village, . , . 
Chultloud ,, ... ... , , . 
IEnlliakhcri ,, ... ... . . .  
Choulci encamping ground, ... ... 
Jerrapor on N. bank of Nurbuddn, . . .  

... Hosungabad cnntonmont, ... 
Itarsee near tmvcller's bungalow, ... ... 
Knish village ... ... ... 
Dliar ,, ... ... ... 

. Nirnpanee ,, ... ... ... 
Bnd11ur civil stntion of Baitool, ... 
Kairree village N. of Tnptcc, ... ... 

, , 
Berar. 

P) 

-- . 

i 14 
693 
681 
667 
655 
622 
606 
589 
. . .  
... 

... 
. . .  
... 
588 
660 
948 
... 

1090 
... 

1338 
... 

151G 
... 

1461 
1492 

1G41 
... 
... 
... 

1765 
1681 

... 
... 
. . .  

. . .  

. . .  

... 
. . .  
, .. 
... 
... 
... 
... 

... 

... 

... 

... 

... 

2 $ 
a 2 o 
cc 

. Jl~ulnr ,, S. ) 5 ... ... 
~):Lw:I ,, . . .  ,.. . . .  
~lliclll,ur csutoumcut~, ... ... 

2389 
1746 
14.10 



LXI I 

AbrCtact of Height8 Continued. 

1 Berar. 

I ,  

Hyderabad. 

3721 
... 

1293 
1383 
1692 
1518 
1673 
1473 
1383 
1437 
1293 
1238 
1203 

1221 
1265 
... 

1210 
1318 
1210 
1201 
1236 
1516 
1435 
1489 

1699 
... 

1636 
1709 
1609 
1627 
1709 
1792 
1728 

1690 
1847 
21 25 
204 1 
1884 
1856 
... 

1836 
1938 
1389 
133.5 
1262 
1181 

Chickuldah, Colonel Prescott'e house, ... 
... Badgaon H.S., ... ... 
... ' Karinja traveller's bungalow, ... 
... Mungrool, ... ... 
... h i m  cloaa to cutcherry, ... 

Kinergeon S. bank of Paeen Gauge, ... 
... ... ... 

Nom-The heightr marked with an mterlk aw teken olT the Q-r M d e r  General's Map of the Msdru 
Pmidency (1863). 

3 4 . 
" 
2 a 

Hingollee cantonment, ... ... 
Nandapur S. bank of Khair Nuddee, ... 

... ... Sindaghee, ... 
... ... Korundeh, ... 

Mullaigaum, ... ... ... _ Nandair N. bank of Godavery, ... ... 
Moodkhaid, ... ... ... 

... Sindee, ... ... ... 
... ... Somtana H.S., ... 

2 
A 

Z 3 
9 3 ' '9 
71 

4 

... ' Kapei, ... ... ... 
... ... Manjeeram, ... 

... Salgera, ... ... ... 
y e ~ a r ,  ... ... ... ... 
Bichkoonda large place, ... ... 
B u m  koorupokul, ... ... ... 
KuUair, ... ... ... ... 

( Nimmpett large place, ... ... 
... Narainkhaid ,, ... ... 

Dmergida observatory, ... ... 

3 
&'$ 
1 E: . 
3 ' 
2 
Z ,  

... Sunkerrurnpettab, ... ... 
' Jogiepetteh, ... ... -.. 

Nawebpettah, ... .. . ... 
Bagumpettah, ... ... ... 
Ramachandnun, ... ... ... 
Cokutapilli, ... ... ... 
Secundcrabad cant. near traveller's bungelow, 

Boorhan sahib's doorgah near Hyderabad city, 
Shunlahabad traveller's banglow Kurnool road, 
Conntoor crone road to Koaaghi and Narrainpett, 
Mooj~nthpoor, 9 9  , 1 

Dhadapur, 11 1 1  

Hoseenabad, ... ... ... 
Kota Kodungul H.S., ... ... 
Doulatebad, ... ... ... 
Knungoortee on road Beder to Naminpett, ... 
Narrainpett large place, ... ... 
Palmamodi, ... ... ... 
Nirwab, ... ... ... ... 
Ammurohinta, ... ... ... 



Abstract of Heights Continued. 

S T A T I O N S .  

Venkatapuram on Hyderabad and Kurnool road, 
Pangtoor southbankof Kistna, ... ... 
Kurnool cantonment t ra~e1Ier 'abungaIow, . . .  

... 9, 

... 9 1  

... , I  

... 9, 

... Namthabad Station, ... 

( l'aumree t ra~e11er ' .bunga10~, . . .  . 
... d, ' Garraldinny )) 

... Hunily Anantapoor ,, ... 

... & Dadaloor ,) ... 

... ... cottoor I ,  

... . 

... ,, . . 

... . 

. . .  

... 

... Daaunidh~llly ,, 
. . .  . . .  Yrl lan~~nknl~  ,, 
... ... Bm~gnlorc, ... 

NOTE.-TIIP l & c i g l ~ t ~  n ~ a r k ~ d  w i t l ~  an nsteriak ore tub-en olT the Qunrtcr hlllster C3enernl'a hInl) of thr B ~ U ~ C R B  
I ' r c ~ i d r n ~ . ~  (1863). 

. 

1074 
976 

993 
1057 
llG3 
1416 
1708 

... 

1129 
....... 

1193 
134G 
lGOl 
2314 
2389 
2741 

....... 

....... 

....... 

2931 

... 

... 

... 

900" 
... 
... 

t2148" 
... 

1219 

... 

... 

... 

... 

... 

... 

... 

...  

. . .  

... 

... 

... 

3000* 

Hyderabed. 
JP  

Kurnool. 
9 ,  

,, 
t Prob~bly Hill Stn. 

9, 

Bellary. 

t, 

>, 
5 9 

, I  

pt 

9 

Mysore. 
,, 
11 

7, 

, t 
, I  



On the tnean Vibrating Temperatu~e of a Penduluvz. 

. ) I  ' % I  , 
Suppose the pendhum to be homogeneous and to consist of the several masses m, m, . . . 

mu whose centres of graiify-aFe distfi€ a, h, . . . a. from tlie axis of suspension, their mean 
temperatures 1, 1, . . . t ,  and moments of inertia at the zero from which the above temperatures 
are measured na, k,', m, k: . . . mu kU2. 

Thcn the lcngtli of the corresponding simple pendulum ad that tkmperaturc. . . 

Let T, T, . . . Tu be the temperatures of k, k, . . . k, which may he sibpose$ to hold 
also for u, a, . . . a,, then the length of ,the simple pendulum will be. 

I 

where f is the factor of expansion of the metal of which the pendulum is compovpd, the sccond 
powers of which are seglected. , . I 

Again if T = mean vibrating temperature mc must have 

whence . , 

S [ n z a ] X [ n z k ~  + + f $ [ m n ] S [ n z P T ]  + f T Z [ m a ] X [ m k 2 ]  = 
Z [ m a ] X [ r n k 4 ]  + f P [ m k 2 ] P [ m a  T I  + 2 f T Z [ m a ] P [ m , k 2 ]  

or 

-- 
---Applyingthis result to the pendulums whose dimensions are so nearly the same that thc 

valds  of T obtained for one will hold good for the other 

Bar - m, k,' = 3,880 m, a, - - 164 k, = 18.8 a, = 14.0 
Bob - m, k,e = 54,635 m2 a, = 1,352 k, = 40.4 a, = 40.3 
Tnilpiccc - m, k,' = 2,990 m3 a, - - 61  k3 = 4994 a, = 49.0 

Z [ m  PI = - - 
61,505 2  [ m  a] = 1,567 

whence we get 
T = .03 T, + 9 1  T ,  + -06 T ,  

But assuming the tcmpcratures t ,  t, t ,  of the bar, bob, and tailpiece to hold good for their rcu- 
pective lengths we find 

whence finally 
7 = 0.91 1, + 0.08 1, + 0.01 1, 



EXTRACT FROM THE NARRATIVE REPORT OF J. B. N. HENNESSEY, ESQ., SURVEYOR ]ST GRADE 

a. T. SURVEY, IN CHARGE COMPUTING OFFICE, DATED IST MAY 1SG8. 

(4.) Tlie ordiliary work of t l ~ c  twelvemonth is set forth in the following tablcrr :- 

Progress. 

Subject. Quantity. 

Examined indexing, . . . . . . . . . . 
Numbered pages of arid indexed, . . . . . . 
Micrometer readiugs, copied, . . . . . . . . 

Do. compared, . . . . . . 
Mean readings, computed, . . . . . . . . 

Do. esa~nincd or ron~parerl, . . . . 
Anglcs, computrd, . . . . . . . . . . 

Do. exnrnitied or coml)ntwl, . . . . . . . . 
General means and level corrections, (of vertical angle 

book) computed, . . . . . . . . 
no.  do. e\nmincd or compared, 

l- 
. . 

Abstracted observed angles, . . . . . . . . 
Abstract of angles, copied, . . . . . . . . 

Do. colllpared, . . . . . . . . 
M'ciglits of observed angles, computed, . . . . 
Spherical ewesscs, coml)utcd, . . . . . . . . 
Principal triangles, computed, . . . . . . . . 
Compntation of pri~lcipnl triangles, extendcd to  8th 

place of logs, . . . . . . . . 1 
Principal latitudes, longitudes and azimuths, computed, 

Computed corrections to figures, by the method of least 
squares, . . . . . . . . . . . . 

Made consistent to within 5 in the eighth place of logs, 
figures already reduced, . . . . . . . . 

Computed weiglits of sides of continuation, . . . . 
Computed azimuths observed a t . .  . . . . . . 
<:omp~itetl latitucles observcd at . . . . . . . . 
Compared proof's of, . . . . . . . . . . 
Lctters written and copicd during the year, . . . . 

298 volumes of angle books. 
118 do. 
694 openiligs of an angle book. 
52& do. 
224 do. 

49 1 do. 
464 do. 

G37 do. 

194 do. 

158 do. 
927 angles. 
279 do. 
126 do. 
597 do. 

78 tria~igles. 
4 4  do. 

6-12 do. 

294 single deductions. 
1 quadrilateral. 
5 simple figures. 
11 cornpou~~d figures. 
8 quadrilaterals. 

18 simple figures. 
4 compollnd figures. 

27 quadrilaterals. 
1 simple figure. 
8 compound figures. 

12 stations. 
2 do. 

4,73 pages. 
199. 

(5 . )  Auxiliary Tables.-I have also to noticc the ~~evision and extension of the old 
Tablcs to facilitate the computatio~i of a Trigonometrical Survey," publisl~cd m d e r  the title 

of Auxiliary Tables." The amount of addition to  the old tables may be estinlaterl from tlie 
circumstance, that while they mere included in 43 pages of type, tlie auxiliary tahlrs extend 
ovrr 83 pages of a largcr size. 

(6.) Miscellanrous Duties.-Prominent notice is due to a lnrgr amount ot' c:~lculation* 
made, in connection with the reduction of triangulation cxecuted on tlic Gridiron system, ant1 
more especially witl! thc view of making consistent the triangulation understood by the N.W. 
Qnadrilateral. I am obliged to contrut myself with this brief and general allnsion to these 
proccssee, on which the most earnest cfforts of the Computing Office have been expended, 
hecause a more detailed notice would involve the introduction of technicalitics that could not 
be made generally intelligible except by a lengthy explanation. It may be sufficient therefore 
to statc, that the suhject of such reduction having undergone an exhaustive iliscussion ~~ncler  
your directions, a definite process of working this georlesicnl problem stands established in 
:\Inlost every detail. 



(7.) Comparison of instruments and meteorological observations.-Forty-five thermo- 
meters were rigorously compared with the standard 4,246 at every 2' fahrenheit, and tables of 
corrections prepared for all the thermometers at each degree of temperature. The Dehra me- 
teorological observatory was organized and set working. A complete set of observations is take11 
there, twice a day, on every day of the year, and the results supplied to the Reporter on Meteo- 
rology, N. W. Provinces. Nearly similar observations were taken at Mussoorie for a portion 
of the year. Barometer tubes have been filled, and the index errors of the instruments deter- 
mined when required. 

(8.) Magnetic 0bsmations.-These obsen-ations have been taken in compliance with 
pour wishes by blr. I r .  11. Cole, &I. A., they consist of ~neasures of the followiug elemeuts :- 

D+.-Observed monthly, 2-k readings, at least, of each of numbers 1 and 2 ~ iced l~s  
taken on each occasion. 

Vibration.-Observed monthly. Two sets of observations taken on cach occasion. 

Dejection.-Observed monthly. One set of observations taken on each occasion. 

Declination.-Observed occasionally. 

(0.) Pholo=incographic Brn~rch.-The work performed by this office is set forth in tlle 
following table :- 

Maps Photo-zincogapl~rd. 

Path of Eclipsc for pamphlet, 
Kashmir Survey, section 11, 

9 I section 12, 
,, section 13, 
) I  section 17, 

Iiurnaou and Gi~rhwal, No. 1, 
11 NO. 6, 
9 1  No. 7, 

LC\-eling operations, Sheet No. 1, 
Bench marks, 

Leveling operations, S11ret No. 3, 
Bench marks, 

'l'urkestan, Slteet No. 1, 
,, Sheet KO. 2, 

Dehra Dhoon, 

No. of 
parts. 

No. of 
copies. 

Totals, 1,s I 2,445 1 

- 
Maps Zincographed. 

-- 

No. of 
parts. copics. 

Sk~tcl l  of Goqjrat, 
Map of tl~r world, 
Alap of Syr Daria, 

N o .  1) 
Canal charts for Captain 

Jeffrcys, . . . . 
Rails nnd telegral~lls of Intlia, 
Pu~~tlit 'a Route, 
Path of Eclipsc of Allgust 1868, 

Total, 



l?orms Zincographed. 

No. of 
copies. 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
60 - 

1,000 

Charts Zincographed. 

Eastern Frontier Scries, 1862-63, . . . . . . 
1863-64, . . . . . . 

3, 1866-67, . . . . . . 
liadras Meridional Scrics, No. 9, . . . . . . 

, ) NO. 10, . . . . . . 
Revised Calcutta Longitudinal Series, No. 3, . . . . 

> I  9 )  NO. 4, . . . . 
Coast Scries, No. 1, . . . . . . 

7 > NO. 2, . . . . 
J 7 NO. 3, . . . . . . 
J 7 NO. 4, . . . . . . 
9 9 NO. 5, . . . . . . 
J J  KO. 6, . . . . . . 
, , NO. 7, . . . . . . 
77  NO. 8, . . . . . . 

Preliminary Chart, Minor coast series, . . . . . . 
91 Chcrral~ooujee and Sylhet 1869 to 1861, . . 
> I  9, ,, 1861-62, . . 

East Calcutta Longitudinal Scries, . . . . . . 
Jubbulpore Aieridioi~al Serics, . . . . . . 

Total, . . 

... Office, ... . . 6,079 
Professional, ... ... - 1  1 4,204 
Professional for Abyssinian expedition, ... ... . . 24'8 

No. of 
parts. 

1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
I 
1 
1 
1 
1 
4 
1 
1 
1 

. . 

No. of 
subjects. 

Total, 60  I 10,531 

No. of 
copies. 

Diagrams of various ki~itls, ... ... ... 1,138 

Compariog the work of 1866-67 against that of 1567-68, it appears that,- 

10. I n  point of quantity, the norli pcrformcd is cjuite as good as that of thc preceding 
year, ulhilc this proccss of map printing is ycarly arqlliring n larger range of utility. 1 believe 
Iion~cver that the dcfinition of the priutu can bc f~lrther improvetl, and it is highly desirable that 
the proccss of transferring a subject sl~ould be pcrformcd with greater certainty. Every efl'ort 
is being made in these directions, and T trust hcrcafter to be able to report, that the improvr- 
ment in tllc quality of thc worlr kccps pncc nrith the quantity required to be discharged. I t  
will hc observed that thc annual dcmnrltl for forms by the 0. T. Survey department has in 
186748, for thc first t i~nc,  been mct entirely by the two presses a t  the head quarters of the 
Superintcntlcnt. This advantage will br thr more apparent, if it  be remembered, that the larger 
number of forma involvc the tahnlation of mathematical formulae, and that, unlees such forms 
can 1)c passed through the press under qunlifietl supcrvision, they are likely to contain errors 
which would detract seriously from their uscfulness. 

Increasc of 
work No. of 

prints. 

260 
5,379 

1867-68 
No. of 
prints. 

7,376 
10,531 

Subjects. 

hIal)s, Charts and Diagrams, . . . . . . 
Forms, " Professional" " Office" &c., . . . . 

1866-67 
No. of 
prints. 

- - - -. - - 

7,118 
5,152 



(1 1.) Printing Branch.-This office composed 641 pages (foolscap size), and printed 
126,296 impressions of them. Compared with the work of 1866-67, there were 145 pages fewer 

and 32,885 pages more printed. The duties of this branch have been discharged witll 
greater efficiency than during the preceding pear, and its utility in printing professional papers, 
proved, by the publication of several pamphlets. 

(12.) I gladly avail myself of this opportunity to  acknowledge the cordial assistance I 
have always received from Lieutenant M. W. Rogers, R.E., and Mr. W. H. Cole, M.A. 

(13.) I would also express my thanks to Mr. C. Wood for his milling and very useful aid, 
and to Baboo Gunga Pershad for the help he has afforded. Baboo Gopal Chunder Sircar con- 
tinues painstaking and anxious to prove efficient. Baboo Kally Mohun Ghose is gradually 
becoming a leading computer. 

(11.) I now turn to the measurement of the Bangalore base-line, which you directed 
Bnngnlorc baoe-line. me to superintend. 

(15.) Lieutenant 31. W. Rogers, R.E., took charge of the standard and compensated 
bars, thermometers and such other components of the measuring apparatus as were deposited at 
vour head quarters at Debra; and proceeded with them to Calctrtta; where I joiued the party. 

(16.) The heavy portion of the apparatus had already been forwarded to Lieutenant 
W. M. Campbell, R.E., so that it awaited our arrival at Bangalore. 

(18.) At Rangalore, I met Lieutenant J. I-Ierschel, R.E., and Lieutenant W. M. Camp- 
bell, R.E., with the assistants nnd native establishment appointed by you to take part in the 
measurement. 

(20.) Captain B. R. Branfill, returned from leave to ~ n ~ i a n d  and resumed charge of 
the Madras party during the measurement of the 1st section. Being under orders to proceed to 
Cape Comorin and select a base-line there, he took uo part in the measurement ; but he was good 
enough to leave the 4 assistants of his party, as well as the greater portion of his native estab- 
lishment at my disposal ; takir~g with him to the Cape, only a sufficient numbcr of natives to aid 
him in the required selection. 

(21.) The Bailgalore base-line had been selected under Lieutenant Campbell's direc- 
tions by Mr. Donnelly. The stations of the minor triangulation, as well as the section stations 
of the base had also been choscn by Lieutenaut Campbell. Hc had further generally prepared 
the ground for measuring over, and had also made the requisite arrangement for building the 
observatories at either end of the base-line as well as for thc construction of the section stations 
and those of the verificatory triangulation. Thus on my arrival at Bangalore, I found that the 
preparatory arrangements had all been effected with cvery desirable cflicie~~cy, and it otlly re- 
mained to instruct the sub-assistants in the use of the base-line microscopes, beforc commencing 
work. With the exception of Mr. Mitchell, none of these assistants had been present at pre- 
vious base-lines,-they however shortly acquired the necessary knomlcdge under instructiol~ 
from Lieutenants Herschel, Campbell and Rogcrs. 

(22.) The base-line in question runs over the undulating ground which lies, generally, 
north of the large military station of Bailgalore. I t  trentls N.E. and S.TV. being about 6.84 
miles in length, and its S.W. cnd is under 2 miles from the cs~~tonment.  The sum of tlre rises 
and falls in this line, is much greater than in ally of the preceding R Indian base-lines ; but con- 
sidering the height above sea lcvcl at which the line stands (about 3,000 fcet) and thc nature of 
the surrounding county, I am of opinion that the selection made is as good as could be ex- 
pected. I map here allude to Colonel Lar~rl,ton's bast-linc which lies some 7 milcs, gcncrally 
S.E. of that measi~rctl under your orders, and to your wish that the Bangalore line should cor- 
respond with the one chosen by the Colonel. 'rlris condition could not be securcd as tlre rail- 
way now runs across thc desired line. 

(23) After due consicleration, I decided on commencing to mcaaurc at t l ~ c  S.W. end. 
The comparing microscopes were set np there for bar comparisons on the 3rd January and the 
entire process of measurement and comparison, including tlre packing of the apparatua, va.s 
coucluded on 12th March 1868. 



(24.) The line, as measured, mas nearly 573 sets of bars and microacopcs in Icngth, or 
about 6.84 miles. This distance was divided into 3 sections. The bars wcre compared bcforc 
and after the measurement, and also about the middle of that process. 

(25.) The Boning Instrument and the two end microscopes were manipulated by Licu- 
tenant Herschel, Lieutcnant Campbell, and myself. We exchanged places at t l ~ e  commencc- 
ment of each scction, so that each observer occupied the three most important positions in the 
measurement successively, and thus acquired a practical knowledge of evcrp detail. Licutcnant 
Rogers had charge of the microscope in the middle of the set of bars for about a quarter of the 
measurement, when he was tcmporarily incapacitated for further work by an attack of illncss. 
On his recovery, lie mas deputed to proceed with the minor and connecting triangulations, as 
will be mentionecl hereafter. The other intermediate microscopes wcre manipulated chicfly by 
Messrs. Donnelly, Ancling, Christie, Bond and Norris, the trestles bcing laid for by far the 
greater portion of the linc by Mr. Mitchell. Mr. Potter's state of health excladcd him from 
nearly all the duties of the measurement. When able to resume work, tic was clnployed chiefly 
on the construction of the ohservatorics and tlie building of platforms. 

(26.) It has becn the practice a t  previous base-lines to fix tlie section stations at ari in- 
tegral number of sets of bars and microscopes (nearly) from the origin. This necessitated an 
approximate determination of the required points, and it mas unavoidable to fix the 1)locks of 
stone for carrying thc marks only a few days before the measuremcnt rcachcd tlicm. 11-it11 your 
permission this source of instability was avoided at the Bangalore basc, by fixing the section 
points in direction, i. e.  in the line, but without regard to their occupying assigricd positions in 
length. The blocks of stonc for the dots were thus fixed in line by Licutenailt Campbell before 
the rneasuremcnt was commenced, and the distances of thcsc points, fronl an cnd of the nearest 
bar whcn laid down, was taken off mith the aid of a beam compass. Thc hcigl~t of register 
above the dot on tlie tonguc, was determined, at your snggcstion, by marking thc nozzle at the 
hcight of the dot, and lncasuring from thc top of the rcgistcr to tliis mark. 

(27.) I n  compliance nit11 your nishes, the S.W. end of the linc was connected by 
spirit leveling with the railway bench-mark at Bangalore railway station. This l~cuch-n~arlc 
had been referred to " Coloncl l)'IIavelandJs mark ncar Fort St. (2e0rgc'~ by thc milway cngi- 
neers, and I was informed by the Deputy Chief Engincer that the bcnch-wr~~rk i l l  qlicstion was 
3,03397 fcct above tlic lncan sea level at Madras. Rir. Donnclly performed t l ~ c  rcquiretl spirit 
leveling, and as a prccaution against mistakes, I directed him to detcrmi~ic the difercnce of 
level by two independent routes. Thc resulting circuit agreed satisfactorily. 

(28.) The verificatory minor triangulation of tlie base-linc, thc trianpilation coniiccting 
Colonel LambtonJs basc with our main series, thc mcasurcmcnt of tlic al~glcs to Cololiel Lamb- 
ton's station of Dodngunta, and of the angles at Tirtapali and Ossur l'ri~~cipal stations, besides 
the determination of the azimuth a t  the extremities of the basc-linc by observations to stars 
ahout their maximum elongations ; these dutics mcrc all cxecutcd by Lieutenant Af. W. Rogers, 
R.E., mith Barrow's 244 inch tlicodolite No. 2. I le  thus set up his instriimcut at 16 stations, 
thrce of thcse being unavoidably visited twice ovcr, and mcasurcd 4.5 aiiglcs, bcsidce the dcter- 
mination of the two azimuths alrcady mentioned. Isis al-cragc triangular error is 0". 4'9 and his 
mean p. e .  = 0.26. Licutcnant RogersJ report is appended to this paper. 

(29.) Thc base-line apparatus, together with thc books of thc measuremcnt and the 
records of Lieutenant Rogcrs' observations mere all handed ovcr to Lieutcnant IIerschcl, B.E., 
in accordance with your directions. The closing of the marks on the base-linc was entrustcd 
to Lieutenant Campbell, R.E. 

(30.) I cannot conclude tliis report without expressing my acknowlcdgmcnts to Lieu- 
tenant John Herschcl, R.E., Lieutenant W. M. Campbell, R.E., and 

Conclueion. 
Lieutenant M. W. Rogers, R.E., for their cordial co-operation in the 

work wc performed. And I would further thank Licutcnant Campbell, for the very considerable 
and hearty assistance, which his knowledge of the country and his never tiring energy, enabled 
him to rcnder. 

(31.) I am also much obligcd to the sub-assistants who shared in the duties of the 
mcmurcmcnt. 



Mussoorie, 23rd June 2868. 
To 

J. B. N. IIENNESSEY, Esa. 

SIR,-In accordance with your instructions I left the camp of the base-line parties on 
the 11th February and proceeded to  the S. West end of the base in order to commence the 
minor triangulation of the base-line. My party consisting of detachments from the Bombay 
and Madras parties and my instrument being the one belonging to the Bombay party. Barrow's 
24-inch theodolite No. 2. 

After observing a t  two stations of the minor triangulation I proceeded to the old base- 
line measured by Colonel Lambton in 1804, which was to be connected to the new triangula- 
tion. This is effected by a quadrilateral on a side (T&akun&ta, S.W. end of new base) of the 
Base-Line figure. 

The old Base runs nearly north and south. The ground on which i t  lies being v e 7  level 
for that part of the country. The old mark-stones which were discovered by Captain Branfill 
]I;LVC been protected by kacha masonry platforms with mark-stones imbedded in isolated pillars. 
The villages mentioned by Colonel Lambton in his description of the Base-Line still remain. 

I n  accordance with your further instructions I next proceeded to Tirtapalli and Ossur 
two stations of the Base-Line figure the angles at which were required in order to complete the 
polygon connecting the Base-Line with the Main series. 

On the completion of these stations I returned to the S.W. end of the Bangalore Base- 
Line, where under your direction I observed the azimuth of the N.E. end of the Base : using 
for that purpose the stars 51 Cephei and h Ursee Minoris. 

I then proceeded to complete the minor triangulation which was finished on the 5th 
April and being then at the N.E. end of the Base I observed tlie azimuth of the S.W. end. 
This being the periodic time of polaris I arranged to use that star, but the weather proved un- 
favorable, the clouds seldom or ever settling down and leaving the pole clear until nearly mid- 
night. After severnl days delay I had recourse to the same stars with which I had observed 
the azimuth at the S.W. end. These, elongating one after another, about midnight I was able 
to get my observations generally without hindrance from clouds. The weather during the last 
month of my obsewations was cloudy with frequent storms of thunder, lightning and rain, and 
I was very rarely able to use heleotropes. Whilst employed in observing thc azimuth I receivcd 
instructions from Colonel Walker to find a~ id  conncct the old station of Dodnglinta at which 
observations for latitude had been taken by Colonel Lambton kc., which had been used by 
Captain Clarke in his determination of the figure of the carth. Having no data esccpt the 
latitude to guide me as to its wliereabouts. I had to apply to Colonel Walker and Captain 
Rranfill for information, and pending thcir rcplies, I madc enqiiiries in thc neighbourhood of 
Lambton's old Base and sent mcn to thc villages near. By this plan I was fortmate cnough to 
obtain a clue to its whcrcabouts, and aftcr somc digging and searching I found the station 
bencnth the surface of the g r o u ~ ~ d  in a ficld about 1 4  milcs north of Bangalore and about 1 milc 
distant from station 6 of the minor triangulation. 

The platform when exposed mas circular and about 10 feet in diameter, built of brick 
and stone, one eidc had bcen destroycd, evidently by somc one cutting into it to sce if anything 
valuable was contained inside. There was no sign of thcrc having been an ugpcr mark-stonc, 
m d  tlie one found was firmly imbedded in the masonry (which itself was very hard and com- 
pact from age) and waa evidently undisturbed. Tllc station was marked by a deeply cut dot 
without a ring. On leaving I requested Mr. Sub-Assistant Mitchcll, who was in charge of the 
Base-Line stations and marks to have tlie platform repaired and raiscd above thc prcscnt levcl of 
the ground, and to hare thc temporary isolatcd pillar which I had constructed for my instru- 
ment replaced by a permanent one with an uppcr mark-stone. 

The station was connectcd to the first section of thc new Base by a single triangle with 
the three anglcs observed. 

This work was finished on the 20th April and having my theodolite in the godowns 
of the Bombay party and handed over my men to Mr. Sub-Assistant Mitchell, I procecdcd to 
join head-quarters at Mussoorie. 
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NARRATIVE REPORT OF THE TRANS-HIMALAYAN EXPLORATIONS MADE DURING 1867, DRAWN 

UP BY CAPTAIN T. Q. MONTGOMERIE, R.E.,  OF THE Q. T. SURVEY, FROM THE ORIQINAL 

JOURNALS &c., OF THE TRANS-HIMALAYAN EXPLORINQ PARTIES. 

The Trans-Himalayan explorations made during 1865-66 from the Mansarowar lake to  
Lhasa supplied various pieces of information as to routes and places in Tibet of which the 
names were unknown in India. Tibetans had been heard to talk of their gold mines and salt 
mines, and the position of some of the latter was indicated rorrghly on European maps but our 
knowledge of all such places was vague in the extreme though the Tibetans certainly do bring 
both gold and salt. The 1st Pundit heard of these places whilst in Lhasa and the 2nd Pundit 
when at the Gartok fair heard various particulars from which he gathered that the route to 
those gold fields east of Gartok was likely to be feasible. 

It will be remembered that the 2nd Pundit made his way to Gartok in 1865 by one route 
and returned by another thus connecting that place with points in British territory 011 the south 
that had been fixed by regular survey. There however still remained a large gap between Gar- 
tok and the Ladak territory xrhich latter had also been surveyed. I t  appeared to me very 
dcsirable that this gap should be filled up, the more especially as it embraced a portion of what 
was said to be the course of thc great river Indus, a portion moreover that lrad never been 
traversed by any European. 

The information I received, during the prosecution of the survey of Ladak, as to the 
Iriclus lead me to think that there was a large eastern branch of that river and I was confirmed 
in that opinion by the reports of the Surveyors who sketched the extreme south-east of Ladak. 

Owing to the grcat jealousy of the Tibetans the Surveyors could not make their way 
very far beyond the frontier, the fact of their being engaged or1 the survey of Ladak arousing 
the suspicions of the Tartars so much that a regular watch was established the moment a Sur- 
veyor approached t l ~ e  frontier. Nevertheless the ground was sketched to same distance beyond, 
and peaks were fixed a t  a still farther distance by the theodolite. 

The natives pointed out the position where the eastern branch came in, and a gap seen 
in the mountains in that direction made its existence highly probable. Having this informa- 
tion it seemed to me very desirable that the question as to the existence or non-existence of 
this branch should be settled. I conscquently determined that the 2nd expedition of the Pun- 
dits should be in that direction, the first object being to settle various doubtful points as to the 
position of the IJpper ha& of thc Sutlej,-the 2nd object, the question of the eastern branch 
of the Indus,-the 3rd) the connection of Gartok with the regular survey in Lsdak, and the 
4th to explore up to the gold and salt mines cast of Gartok and as far bcyo~rd as the Pundits 
could get in an castcrly d~rcction. The latter being with a vicw to gain some kuowledge of the 
I nst terra incognita l y ~ n g  bctween the descrt of Gobi and Lhasa. 

Preparations for tlrc espcdition wcre made during the spring of 1867, a tlri-d Pundit was 
entcrtainccl and traincd to supplcnre~~t the place of t l ~ c  2nd Pnndit who had provcd to be some- 
wlrnt wauting in nerve. S t a r t i ~ ~ g  from Mussooric on the 2nd of May the party under the first 
P~urdit reacllcd Badrinath on the 21.tli of May and Mana on thc 3rd June. The Mana pass to  
the north had not heen declared ol)eii and the party had consequently to wait a t  Mana. \Vlrilst 
there scvcral heavy falls of snow occurred on the neighbouring mountains. 

The Pundit foiind that 1)cfore Iris party could cross into Tibet it was necessary that the 
opening of the paRs should be formally notificd by the Tibetan officials and before this is done 
the Jonmon (or Zungpung) of Chaprang makes inquiry every year as to the political and sann- 
tory condition of Hindnstnn. Tlre inquiry secms to be carried out with all that assllmption of 
lofty ~uperiority for wlricli Chinese oficials are famous. Looking down from their elevated 
platcaux they decide as to whether I-Iindustan is a fit country to have intercourse with. The 



decision come to appears not to be at all a dead letter, for as will be seen hearafter it ultimately 
affected the Pundits movements not a little. The especial enquiries are made as to whetller 
there is war, epidemic, famine kc., such as are in any way likely to affect Tibet. 

During his stay at Mana the Pundit made complete arrangements for their journey and 
he gave the 3rd Pundit some farther practice in route surveying. Whilst there he was also for. 
tunate enough to secure the services of three men, viz., of a Bisihiri trader, a resident of Bad- 
rinath and a Ladaki trader from Zaskar. All these men knew the routes to the gold and salt 
mines east of Gartok. They proved moreover exceedingly useful in collecting provisions, 
scrvants arid asses, the latter for the carriage of the small parcels of merchandize which formed 
the osterisible object of their journey. On the whole the halt at Mana was a decided gain to 
the party. 

At length on the 9th of July three men sent by the Jongpon of Clluprang arrived and 
having made all their inquiries declared the Mana pass open to traders from Gurhwal ; the party 
accordingly was able to commence its march on the 26th July. I t  consisted of 11 men, 12 asses 
and one poney, the men being all armed with weapons they had borrowed at Badrinath, as they 
were told that arms would be required to keep off robbers. On the 28th they crossed the Hima- 
layas by the Maria pass (18,570 feet) and on the 29th July reached Lumarti Camp. Here they 
wcre told to halt until more traders joined them, so that the Tibetan officials might be saved 
trouble by examining and taxing a number at the same time. The 2nd Pundit however was sent 
on ahead to intercede with tlie Ch~iprang Jongpon and he succeeded in gctting authority for 
the party to advance alone. Churkong is the place where traders are generally taxed but in this 
instance the examination was made at Barku. The Abtuk of ~ h u ~ r a n g '  searched the baggage 
fortunately n-itl~out discovering the instrunicnts and being satisfied that the party was a trading 
one he levied thc tases at the usual rates. 

On the 6th August the party reached Totling, passing the small town of Chuprang on 
their left (north). 

At Totling they put up in the monastery, the Monks (Gelongs or Dabas) allowing all 
travellers to do so. The monastery with its numerous dykes of stones is about one mile in cir- 
cumference it has 50 to 60 Monks attached to it, the head one bearing the title of Ling-Khambo. 

Retween Mans and Totling there is no cultivation of any kind but at Totling itself a 
grain called nai (barley) is sown in April and reaped in September. 

From Totling the party advanced direct towards Gartok crossing the Sutlej by a remark- 
able iron suspension bridge 76 feet span, 7 feet wide and about 40 feet above the watcr. Tlie 
chains are formed by links of iron of the shape of the figure 8 each about one foot in length, 
the iron being over one inch square. The bridge is said to have been built by Gyalpo Kesar 
or Sckundar Badshah (Alexander the Great) I The iron is in capital preservation owing to the 
very small rainfall, and to tlie care with which it is annually lubricated with butter (ghee.) 

After crossing the Sutlej the Pundit and his party all assumed the costume worn by 
Bisihiri traders. 

On the 9th August they crossed the watershed between the Sutlej and the Indus by the 
nogola pass 19,220 feet al~ove the sea and reached Gugti camp close to Gartok on the 11th 
instant avoiding the latter place, lest its officials sholdd in any way interfere with their onward 
progress. Continuing their journey they ascended the mountains east of Gartok and after 
crossi~ig the Gugtila pass 19,500 feet above the sea they found themselves on the 143th August 
in a vast dcsolate platcau, the lowest points of which they ascertained to be 15,280 feet above 
the sea. 

This plateau is called Chojothol or Antelope plain, from the great number of those 
animals seen on it. 

On the lGth thcy reechcd a small lake covered with ducks and other wild fowl. On a 

liead no signs of a path or of either houscs or tents were to be seen and the party became 



anxious as to fresh watcr which was said to be very scarce. It was not till the cvcning of the 
2nd day that they came upon fresh water. 

Several vcry brackish lakes were passed so intensely salt, that even the wild fowl avoided 
them. No potable watcr could be got till they found a glacier and melted its ice. 

On the 10th they crossed the Pabha-la 17,650 feet above the sea and descended to the 
Giachuivff camp on thc balilrs of the Singh-gi-chu or Indus river 15,730 fcet. Aftcr the deso- 
late and arid table-land they had crossed, the sight of the river and its fresh water, and of the 
large camp bcyond was at first very pleasant to the Pundit's party; their pleasure was however 
soon damped as they found the inhabitants of the camp vcry suspicious as to the objcct of tlreir 
journey. Their progrcss 11cing for the first time impedcd by t l ~ e  officials. Gopa Tajam tllc 
head man questioned thcm as to the objects of their journcy and as to who and what they were 
&c. When told that they were Bisihiris who had come there solely to sell coral and purchase 
shawl wool (pushm) in exchange, he told them flatly that he did not believe their story. With 
great correctness he then proceeded to point out the proper country of each individual and said 
that if they had been really all BisBlliris and had been lately in Bisihir, they would never have 
dared to enter Nari Khorsum that year, as an order had been promulgated at the time of opcn- 
ing the passes, forbidding BisBhiris to enter the country on ally account, as tlicy had in the 
previous year introduccd small pox, which proved fatal to many of the inhabitants. The head 
man morcover hinted that the party had introduced Europeans into thc comltry. 

Thesc suspicions bcing so strongly expressed, alarmed the Pundits, morc especially as they 
never thought that tlie cliaguisc of a Bisihiri, which had served them so wcll on the route to 
Lhasa, would prove a hindrance on this occasion. 

The Pundit thought these suspicions were due to the jealousy of an acquaintance of his 
who lived near Badri~iath. However by repeated protestations be managed to bring the head 
man round to a partial belicf in their story, so that he at last consented to allow a portion of 
the party to proceed onwards provided the remaining portion was left as a hostage for their 
good faith. 

As the 2nd Pundit's nerves were again considerably shaken by the dreary mountains 
they had crosscd and by thc check they had received, the 1st Pundit decidcd to lcave him at 
Giachuruff whilst he and the 3rd Pundit pushed on ahead on the pretence sf selling their coral. 

Whilst preparations for this purpose were being made the head man's suspicions began 
to gather again and it was only after farther entreaties accompained by prescnts, that they were 
allowed to advance. Thc Pundit lcft the Giachuruff camp on the 22nd August with the 3rd 
Pundit; but the lattcr was very soon after starting detached with one sellrant to carry a route- 
survey up the river Indus as far as he could get. 

The Pundit himsclf made a very long march, so as to get well clear of the Giachuruff 
people and by night was far away to the east resting near the bed of a small dry strcam. On 
the 23rd August he hoped to have been able to cross the Chomorang range, but owing to a very 
heavy fa11 of snow, he was obliged to halt at a campillg place below it. Snow contilmcd to fall 
on thc 22th and 25th and he was not able to continuc his march till the 2Gth August, when he 
crosscd t l ~ c  Cliomorang-la pass 18,7G0 feet above the sea and after a vcry long march crossing a 
good deal of snow he reachcd the large camp of Thok-Jalung * the chief gold field of that 
part of the country. 

As the Pundit descendcd the Chomorang-la pass, the Thok-Jalung camp came in sight, 
he found it pitched in a largc dcsolate plain of which the prevailing color was rcddish brown. 
AS far as he could sce, it at first appeared to be like other Tibetan standing camps, except that 
i t  w.zs vcry much largcr. As he got closcr he made out thc noise of a grcat numbcr of voices 
aingirlg together, and on Itis arrival found that this came from the gold diggers and their families 
whilst tlie mcn werc nt work. 

Wk-Jdung htitudo N. 82' 24' 2G5, Longitude 81' 87' 38". 



The Pundit had armed himself with a letter from the Giachuruff Chief and this he pre. 
sented the next day to the Thok-Jalung Chief with a small present of the best Indian tobacco, 
which he had domehow discovered to be a particular weakness of that individual. 

The Chief received the Pundit in his large tent, he was much gratified by the present, 
but in spite of that and the letter i t  mas evident from his manner that he did not think that 
matters were quite right. He cross questioned the Pundit and then advised him to do what he 
had to do in Thok-Jalung quickly and to return to Giachuruff by the same road as he came. 
The Chief said that i t  was out of his power to allow the Pundit to stay long and that properly 
he ought to have sent him back at once as there was an order in force forbidding all Bisihiris 
to enter the country that year. 

Hearing that the Pundit had coral for sale he asked to see it. As soon it mas displayed 
the Chief's Wife who mas present, took such a liking to it that she persuaded the Chief to offer 
gold in exchange, the Pundit thought his only chance was to acquiesce and he did so, making as 
he afterwards found out, a very bad bargain. Having given up his coral, the Pundit was allowed 
to retire. 

The Chief was an inhabitant of Lhasa called Yoodak Mingrnb, about 4,s years of age. 
Ele had been master of the Thok-Jalung gold field* for some time. The Pundit saw him several 
times afterwards and always found him very civil. His usual dress was a red robe of Lhasa or 
Shigatze manufacture, his head mas covered with a brown felt hat of Chinese fashion 
a broad rim turned up all round. He told the Pundit that he and every one else wore furs in 
the winter, and that they could not live at that season without them which is no doubt correct 
as the Pundit's ohscrvntions make the gold field to be at the great altitude of 16,330 feet above 
the sea. His tent was a large circular one about 25 feet in diametcr with two poles, i t  was 
pitched in a wide pit some 7 or 8 feet below the surface of the ground and the descent to it was 
hy means of steps. Outside, the Pundit noticed one of the gigantic black dogs of Lhasa, this 
beast was tied unpleasantly near the door and was so savage that there was great difticulty in 
preventing him from flying on strangers. The Pundit had seen many of these dogs in Lhasa 
and he at once recognized i t  by its great size, deep jowls, and the white mark on its chest. The 
Ll~asa people call them Gya-ki or royal dogs. 

The tent mas made of black Yaks hair, i t  contained bales of shawl wool (pushm), leather 
packages of tea, strings of dried beef from the Yak and a few other Tibetan luxuries such as 
dried apricots, cu~Tants kc., the poles were garnished with several match-locks and a sword. 
The Chiefs seat was beside a small box in which there was a drawer containing paper, pen, ink 
and couple of cups or bowls, one for drinking tea and the other for Chung or Whiskey. The 
Chief's tent seems to have also been the shrine of the camp as behind his seat there were piled up 
thc usual images, small brass bells, tiny vases, books, picturest, lights kc., that are carried 
about by wandering R~~dliist  Lamas. IVhcther the Chief was also a Lama was not ascertained but 
llis red dress and the ritualistic il~strumcnts point to that conclusion. 

The Chief was constantly smoking a silvcr-mountrd Ncpalene hookah. Tea was forthcom- 
ing at all lionrs. He had about tcn pcrsonal servants who lived in small tents ronnd r~bout his 
own. Thc Chief was a very intclligcllt man and all things cousidcred the Pundit thought him 
~ ~ o l l  informed. His shrewdness there was no mistaking as instanced in the mattcr of t l ~ e  coral. 
I le noticed the Pundit's box, examined i t  carefully and then asked him how hc came to have su r l~  
a good box. The Pundit was fortunately rcarlp with llis answer and said he bonght it at one of 
the ' Saheh log~les' auctions to carry his coral in. Thc fame of these auctions had reached even 
this Tiljctan Chief and he expressed himself as quite satisfied, allowing the box to be removed 
without discovering t l ~ c  large sextant which was stowed away in asecret compartment. The 
cl~icf took a great liking to the Pr~ndit and used to send for him every now and then in ordcr 
to discuss over tea and tobacco the great country down below. 

From prerious inlormotion i t  npprnrs thnt gold was first discovered to be nbundnnt nt Thok-Jol~~ng nbout 8 or 9 
yeem ago. 

t Quaintly painted on clotl~, m a n  ol that kind can be wen in Lsdak at the Hemis and other monasteriec. 



The Pundit found the part of the gold field that was being worked to be a greai excars- 
tion from 10 to 200 paces in width and some 25 feet in depth, access to the hottom being by 
means of steps and slopes, the earth as dug out being thrown upon either side. The excavation 
at the time of the Pundit's visit was ahout a mile in leugth. 

The digging is carried on with a long handled kind of spade and occaqionally with an iron 
hoe, the iron for these implements is brought from Bisihir, Ladak &c. The camp had a hlack- 
smith who could repair these tools. 

A very small stream runs through the gold field and the bottom of the excavation is 
consequcntly rather a quagmire during the day time ; but the stream is put to good use for 
washing the gold out of tlic soil. Tlie diggers dam up thc water and leave a sloping channel 
for it to escape by. A cloth is spread at the bottom of tlic cl~annel and kept down by a number 
of stones so as to make the bottonl uneven. One man brings earth from thc excavation and sprin- 
kles it over the channel, whilst another man drives water down the channel by means of a 
leather bag. The water carries the lighter soil right away, but the pieces of gold fall into the 
uneven places and are easily collected in the cloth by lifting up the stones. The yield of gold 
seems to be large and the finds occasionally very heavy-the Pundit saw one nugget of about 
2 flss. weight (75 tolahs). The diggers say tliey can recognize the soil that contains gold at- 
once but judging from the large number of gold fields that have been used at one time arouud 
Thok-Jalung and are now more or less abandoned, the Tibetan gold diggers secln to be quite as 
capricious as those of Australia or California and the probability is that whenever they are a 
long time without getting good finds they strike their Camp and move off to what tliey think a 
more tempting field. 

From what the Pundit heard during this last expedition and tlte previous one to Lhasa, 
there is a ~vliole string of gold fields extending all the way from Lhasa to ltudok along the route 
which must run close to the northern water-shed of tlie Bralin~aputra, probably in the depression 
to the north of it. 

Tlie gold fields arc carefully matched by the Ll~asa  Authorities, a gold comn~iusioner, 
called Sarpon,* superintends the whole of them and each ficld has a separate master. Any indi- 
vidual is allowed to dig providcd he pays tlie annual tax of one sarsl~oo weight of gold which is 
about 4 a tolah or g t l ~ s  of an ounce. The greater part of the diggers con~e from the Cl11i11g 
province around Shigatzc. The gold commissioner malres an annual tour through tllc gold dis- 
trict, visiting each field and collecting the taxes. 

The Pundit says that in all his travels 11e never experienced suclr intense cold as he did 
at Thok-Jalung, owing as he thought to the high cold wind that mas alnays blowing, more tlian 
to the great elevatiori riz., 16,330 feet above the sea. 

Thc tents of t l ~ c  iliggcrs are always pitched in pits some 7 or 8 feet below tlre surface of 
the ground so as to kcep out tlie wind. Spite of the cold thc diggers prefer n~orlting in the minter 
and the numbcr of their tcnts which in summer amounts to 300, rises to ilearly ti00 ill winter. 
They prefer tlrc w i ~ ~ t c r  as t l ~ c  frozen soil thrn stands \\,ell and is not likely to trouble then1 
much by falling in. 

The water near Tliok-Jillung is so brackish that thc diggers cannot drink it till it has 
been frozen and then rc-mcltetl. Considcring these dificlilties about wutcr, the great elevatioll 
the total absence of wood, and tlie general severity of the climate, gold digging at 'l'hok-Jaliimg 
is carried on undrr very rnucl~ greater tlific.l~lties than in any o t l~cr  part of' thc worltl. N e ~ e r -  
theless the diggers appeared to be clleerful and mere cotrstantly sii~ging, their farnilies joini~lg 
in a sort of chorus, which colild bc heard at a grcnt distance. 

Argols of dried tlnng f rou~ the yaks, ponies and sheep, kc. form tht. only f~if*l. Tllc 
Tibetans cook and ent tlrrce times a day, thcir food consisting chiefly of boilctl  neat, barlry 
cakes, buttcr-milk and tra stcwcd with butter. 

711c Puntlit snit1 tlie 'l'~bctans all prrferretl ('hina tca and did not approvr of I Iu~ ia lny~n  
tea spite of its price, tliry Inned thc latter was too lrcatitlg for them ancl that ot~ly )cry poor 
folks take it. 
-- - - - - - -- - - - 

* 3ar is the 'I'lbrtn~~ linlne for gold. 



There was no attempt a t  masonry in  the whole camp, the only apology for i t  being a 
square churtan of dry stouc plastered with white carth and surmounted with a pole and flag. 

At the foot of tllc mountains round about, tlie diggers had collcctcd 7 or 8 piles of white 
stones (probably quartz) and on tlie bare slopes t l~cy  had also picked out with white stones the 
letters of the sacred sentence " om maui padmi hom," on such a gigantic scale that it could 
be read at a great clistance. Tlle sentence was repeated in this way over and over again. 

The diggers all eat yaks' fle3h and they are said to get over their Tibetan scruples by 
strangling their tame yaks, but they nevertlieless do not object to  wild animals, yaks, asses &c. 
that have been shot. 

The Tibetans say that eating roasted meat impedes their breathing and that fresh milk 
has the same effect, they consequently forbid both and invariably eat boiled meat, throwing 
away the water in which i t  is boiled and drinking butter-milk. They extract their butter (ghee) 
from the milk of yaks, goats and sheep. Their tea is invariably stewed with butter. The meal 
they use is generally barley meal. 

The position in  which Tibetans sleep is a most extraordinary one, they invariably draw 
their knees close up to  their heads and rest on their knees and elbows, huddling every scrap of 
clothing they can muster on to  their backs. Those who are better off rest in this manner on a 
sort of mattrass that rises towards the head and the poorer people in standing camps generally 
manage to  get a suitable slope on the mountain side, or to arrange stones and earth so as to 
rise in the same way; but rich and poor adopt the same position for sleeping. The Tibetans 
employed in Ladak by the Survey, though provided with tents (shouldaries) invariably slept in 
the may described above, arranging themselves in a circle round the tent. This position is most 
probably adopted in order to secure as much warmth as possible for the stomach, the thighs 
pressing against i t  and thoroughly excluding the external air. The gold diggers smokc a great 
deal, using brass, zinc or iron pipes the latter being most common. 

The Pundit mixed freely with the gold diggers and observed all their ways and habits, 
but  his time was limited. The Chief spite of his friendly conduct insisting that he could not 
let him stay beyond the 31st of August. 

H e  ascertained that the price of the gold a t  Tholi-Jalung was only Rs. 58  to Ra. 6 in 
silver per saishoo, (which weighs about a half tolah and 8 ruttees), or rather less than Rs. 30 per 
ounce. There were two tents belonging to goldsmiths in the camp, they came from the Chung 
or Shigatze province. 

Seeing no chance of extending his journey to thc east of Thok-Jalung the Pundit re- 
traced his route t o  Giachmuff, there hc found the 3rd Pundit who had made his way for a 
considerable distancc up the river Inrlus to a place called Jiachan. 

Though the 3rd Pundit had lleard that a large band of mounted robhers werc wandering 
aLout the upper Indus, he was in no way hindered by them till he rcached Jiachan. 

There howevcr, whilst he was down at the river, a couplc of armcd robbers fell upon his 
servant an oldish mau, and knocked him ovcr seizing a thermometer and the cocoanut contain- 
ing the supply of quick silver. Fortunately the Pundit was not for away and hcaring thc cries 
he ~ x s h e d  to  the rescue, seizing one of the robbers by Ilis pig tail he swung him rou~ld and took. 
back the stolen things. This 3rd Pundit being a tall, pomcrful man cornplctcly turncd the 
tnblcs and the robbers prctcndccl that thcy had only bcen joking with thc old man and did not 
really mean to take anything. The rol)bcr3 made off as soon as they conltl, and the 3rd Plindit 
thinking they might bring down more of thcir hrethrcn on him, clccirled to  retracc his steps.. 
l i c  was rcrp rehlctant to do tl~ia a3 from all Ile co~ll(l Ilcnr, 3 or .it ~narc l~cs  morc at the outside 
1vo11111 II:L\.c tnkcu him to tllc source of tlrp Indug, mllic]l at the fnrthcst poiut he risitcd was still 
a gootl sized stream. IIc was however ccl.tain that from the l~cculinr Ilcatl clresw of the robbers 
that tl~('y 11e10~1gcd to the armed band Ile harl been marnet1 :(gainst-tllc llcatl rlrcw bcing one 
~ ~ c c l ~ l i n r  to t l ~ c  nomadic inl~al~itants of thc Sllcllifi~k ant1 3Iaji1l districts who arc notcd as pro- 
t i . ~ s i o ~ ~ : ~ l  rol~bcrs. 



The whole of the Pundits party having bcen recollected at Giaclimuff he decided to trace 
the Indus domn to its junction ~r i t l i  the river upon which Gartok stands. S t a r t i ~ ~ g  on the 4th 
Septen~l~er tlicy niarchcd steadily down stream passing numcrolis camps witli thcir flockr~, ant1 
herds, but seeing no cultivation or rillagcs till t l ~ c  'ith, ~vlien they cnmc to a small villagc nitli 
the first patch of' cultivation. All along the banks thcre was a low bushy jungle. The grass 
appears to have been abundant and near one camp tlicre was a herd of 5 or 600 horses or large 
ponies running almost wild, mostly of a white or a greyish color. On the 12th Scpteml~er 
reached tlie junction of t l ~ c  Indus and Gartok rivers and crossing the latter encamped near the 
Lujari-Cl~umik spring. 

From Lujan-Chumik the Pundit sent the 3rd Pundit to trace the river down into the 
Ladak territory, whilst he traced it up to Gartolc. On the 14th September he reached Gar- 
Gunsa, the winter residence of the Gartok Authorities. H e  found only 3 large and 8 small 
houses in i t  and was informed that the rest of the inhabitants lived in tents. All along the 
banlcs of the river he found the grass tall and luxuriant. The valley all the way up was flat 
and wide. 

On the 16th September the Pundit reached Gartok * where he found a camp of about 
200 tents mostly bclonging to traders. On his arrival he was alarmcd to find that some one Lad 
been spreading reports as to his beiiig in Rritisli cmployment and he found i t  advisable to hasten 
his return. Choosing a new route he got separated from his baggage and tlie greater part of 
his party and had he not fallen in nlitl~ traders from Sliipki, he would have becn put to very 
great hardships. IIe crossed by the Laochia pass and marching by Shiang and Dunkhar reachcd 
Totliug on tlie 2Gth of September. Here they waited for the 3rd Pundit who joined them on 
the 29th of September, after having traccd the Iridus down to Demchok in Ladak. From 
Demchok he crossed from the basin of the Indus to that of the Sutlej by a vely high pass and 
carried a route-survcy dowu to Totling. t 

From Totling the 2nd and 3rd Pundits were sent down the Sutlej to Shipki tracing the 
river as closcly as they co~ild. Prom Sliiplci thcy carried a route-survey in'a southerly directiori 
crossing the Himalayas by a high pass and desccnding to Nilung on the upper course of the 
Gaugcs. 

The Pundit himself returncd from Totling to Badrinath by nearly the samc route as he 
advanced by, only making one small variation. 

Ultimately tlie 2nd and 3rd Pundits rejoined the 1st and they a11 made their way down 
into British territory by the beginning of November. 

Thc geographical results of thc exploration can be seen a t  a glance from the aecompany- 
ing map. Tlicy acco~unt for tlie geography of about 18,000 square miles, founded on 850 miles 
of routc-survey with 80 heights. Tlle routes are checked by 190 latitude observations taken a t  
75 different points. 

The coursc of the Sutlej rivcr has been ronghly traced from Totling domn to Shipki on 
thc bortlcr of 33ritisli territory. Hitlicrto therc has been no survey of any kind of this portion, 
and the route tliol~gh only actually touchi~lg the river for a short distance was carried near 
cnough to i t  to cnablc tlic Pundits to lay down its probable course very closely. 

Thc position of Gartok a3 dctrrmincd by the two routcs of tlic lnst crpedition has been 
confirmed hy a tl~ircl route carriccl up from Badri~lath. The mean of thrce givcs a vcry good 

Ohl-tok i. pnirl lo ho n rorr~~ption of Uhrtnd, tad nlrnning rlpprr, it i~ also rhllrd Ukr TBr-YhraB, Ylirsi mrnning 
snmmor nbodr, from Tird suinmrr nnd P;L nbodc. The winlrr qunrters nrc rnllrd Gir.Cl11l1s.1 from Oungd nilllcr nndah obodc. 



longitude of Qartok 'X as 11av been proved by the farther route-survey carrier1 from Ciartok to 
I)emchok, which latter had been previously fixed by the regular survey operations in Ladak. 
'Phe longitude by the route-survey only differing from that of t l ~ e  regular survey by 2+ mirlutes, 

very satisfactory result f i ~ o n ~  a route-sur\.ej7t traversing 160 miles direct over such a very rougll 
tract of monntains. 

The routes have also defined the courses of both the upper branches of the river Indus 
from near their sources to their junctiou and the conjoint stream from that point into Lad&. 
Neither of these branches had been previously surveyed in any way, except a small portion of 
the Gartok branch above Gartolc which had been roughly laid dowli by Moorcroft. 

The existence of the eastern branch was doubted by many Geographers1 as no Europe- 
ans had ever seen it : The Pundits route has now proved that this eastern branch is the main 
stream known to the natives as Singh-gi-Chu or Singh-gi-Khamba (Lion's mouth), the river 
ludus itself whilst tlie other branch hitherto generally supposed to have been the main stream 
i~ much smaller than the eastern one and invariably called the Garjung-Chu. 

The routcs extended beyond the eastern waterslied of the Indus as far as the great Tllok- 
Jalung or Thok-Samba gold field. Thok-Jalung was moreover roughly connectcd with various 
other gold fields and salt mines by means of information derived from travellers and the general 
correctness of this information was roughly established by a route to Rudok, derived fro111 
similar information which made out the position of that place tolerably close to that determined 
by the regular survey. 

A number of lofty snowy pcaks were determined from varions stations of the routc- 
survey, the most remarkable being the Aling-Gangri group north of the Indus, which, judging 
from the great mass of snow seen on the southern face during August, September must be 
upwnrds of 23,000 feet above the sea, possibly as much as 24t,000 feet. 

The line of perpetual snow on the southern slopes of the Ladnlc mountains approximaterr 
to 20,000 feet in the same latitude and it would require several thousand feet of snow above 
that line in order to be very imposing at 80 miles, a t  which distance the Pundit first saw it. 
Thc Aling-Gangri group had never as far as I am aware been heard of before. They appear to 
be a continuation of the range between the Indus and the Pangkong lake. The Pundit could 
see no farther continuation of the range to the east of Thok-Jalung. 

Another high group was seen to the east of the Medok-la, on the watershed between the 
Sutlej and Indus. 

Altogetl~er t l ~ c  Pundit and his brethren have as I predicted improved very much in the 
art of fixing distant pcaks, satisfactory proof of this has been forthcoming from their back 
bearings to well know11 peak*, such as Leo-Porgyal, Kamet &c. which gave very accurate posi- 
tions to those peaks, forming at the same time a valuable check on tlie route-slli*seys and 
proving that there 11ns been no large acc~lmulation of error. 

The numerous heights determined hy the boiling point give a good ides of the great 
clcvatiou of the country traversed and the consequrntly enormous tlitlic-ulties under wl~icl~ the 
route-surveys were made. From them it will be seen that the Pundits were for more than thrre 
months at an elevation of over 13,000 feet. 

'They crossed the great range hetween the Sutlej and the Indus t h e e  times, that betweell 

Oartok Longiturle E. 80° 23' 33", Latitude 3'. 31° 44' 4", nnd height 14,250 feel nbovo sen.-T. a. M. 
t The r e l u e ~  of the pace ns tested bp the di~erenecs  of latitude were very accordant thus :- 

DiKermce Dedured length 
latitude. of pace in feet, 

0 , I ,  

From Adrinet,h to Clnrlok, ... ... O 50 36 2,495 I?! l ~ t  l'11111lit. 
,, C).rtok to TboL-Jnleng, . . . . 0 40 23 2.612 ,, ]HI Pondit. 
,, Oartok to Demchok, ... . . .  . . 0 57 17 2.63 b ,, 1 ~ t  and 3rrl Punditn. 
,, Demchok to Totling, . . . .  . .  1 13 2 4  2.4915 ,, 3rd Pundit. 

T. O .  M. 
f I t  WM indicnted from Nntivo infommtion by H. S t n c h ~ y ,  on Ilia Mop of Ladak n ~ ~ d  Qnnir-Khorsunl. 



Gartok and Chajotliol once, betmeen Cliajotl~ol and Giachuruff once, the Chomorang range 
twice, and the Himalaya range three timcs, cacli of tlic crossings involving a pass of over 
17,000 feet, two of them being over 19,000 feet. 

The lieigl~t of Gartok 11y the nhore is oi~lp 15,250 fect instead of 15,000 as liad previ- 
ously been assigned to it. At tlie several points Totling kc. where Henry S t r a c l ~ e ~ ~ s  Ileights 
were taken the Pundit's heights are generally lover. A difference in tlie same directio~i was 
rioted in the results of the previous expedition at a point iicar the hfa~isaronar lake and judging 
from the following comparisons, i t  appears to arise from a coilstarit difference, prol)al)lp dlle to 
tlie thermometer employed :- 

By the G .  T. Sr~rt-cy.  By H. S/) ,nchey.  
IIanle, . . . . 14,276 f'cct 14,500 
Pangkong, . . . . 13,936 ,, 14,300 
Tankse, . . . .  12,791 ,, 13,000 
Diskit, . . . . 9,950 ,, 10,400 

The above shows that Captain H. Strachey's were generally higher than the G. T. S. values, by 
about 300 feet on the average, and the Pundit's values differing fi40m Captain Stracheyls by 
about the same amount, i t  may be concluded that they are tolerably near the mark, and at any 
rate not in excess. 

The Pundit's heights agree with those of Badrinath as determined by anotlier obsemer. 

During their journey from Mana to Thok-Jalung a total distance of 207 miles, they only 
met with cultivation once, vir., near Totling on the Sutlej, every where else the mountains were 
too high to'allow grain to grow. The mountains however produce plenty of coarse grass, suffi- 
cient to support large flocks and herds, the Pundit's coming across camps nearly every day. 

The weather until they reached the Chomorang range was good, there however the fall 
of snow was very heavy, though it did not extend in any great quantity on the Thok-Jalung 
side. At Thok-Jalung itself, only a little rain fell, though i t  was often cloudy. 

During the whole of the time* the Pundit was on the Upper Indus there was a dense 
bank of clouds in the direction of the Kailas peak and consequently neither he, nor the 3rd 
Pundit could ever get a bearing to that peak though they were on the look out to do so. 

In  spite of the desolate s p e c t  of the mountains traversed, the number of wild animals 
was remarkable, quantities of Tibetan antelopes, wild asses (kiangs), yaks, grey wolves, haree 
and marmots. Wild fowl swarmed on some of the small lakes and ravens used to visit the 
camp in pairs. 

The actual source of the enstern branch or main stream of the Indus was not reached, 
but the people between Giacl~uruff and Jiachnn said i t  rose at a place called Gangri-Goorgiap 
which may perhaps refer to tlie Gangri or Kailas peak ; but the direction of the course of the 
llldus as seen from near Jiaclian pointcd ratlicr to the east of that moui~tain. The whole dis- 
trict along the upper course of the Indus is called Bongtliol which is divided into the small 
districts (puttees) of tlie Singlitod and Singhmet. " Tod" signifying upper and " Met" lower. 

At the highest point visitcd tlie Indus mas still a considerable stream. At Giachurllff 
tile ford was always a difficult one and for 8 days after the fall of snow the Pundit experi- 
er~ccd, the river was not fordable in any way. Whilst it wm snowing on the Chomornng range, 
heavy rain fell at Qiachrlruff and tlie rivcr conscquently rose vcry much. The stream was 
generally very clear and full of f sh t  of all sizes, up to about 18 inches in length. 

The 3rd Puntlit though a wry tall poncrful man, hnd great difficulty in crossing mlie~i 
thc river was falling, lie crossctl over to catch thcir bnggagc animals which were out graziug, but 
being delaycd till dark hr. was u~lable to venturc back and wns conseql~ently kept ont all night 
with hardly a scrap of clotl~ing, he and his companions huddling together iii order to keep 
themselves warm. 

The rains were in f111l progem st thin tiluc on tllc outer IIimnlnynn rnnges. 

t The Dokpa peoplc cab these Beh but thoec Tibetans a110 liare read BuJluat boob  do not do ao. 



From Jiacl~an to Giachuruff thc Indus flows through a rather broad, flat valley and from 
Ginclnu.uff to its junction nit11 the Qarjung-Chu it fl0~1.s tlrrough a similar vallcy, tlrc barlks 
being lined in many placcs with long patchcs of low jungle. 

Tlre Indus above tlre junction was from 100 to 200 paces in  breadth with a dcpth of 6 
to 4 fect; ml~ilc thc Oarjuug-Chu was in places as much as 260 paces in width but with a depth 
of only 1 to 2 feet. 

The Garjung-Chu between Gartok and the junction flows through a particularly broad 
and flat valley. 

The Indus below the junction flows through a wide valley to a considerable distance 
belor Dcmcl~ok. 

TF'lien at  Thok-Jalung the Pundit made diligent enquiry as to the adjacent countries, lle 
waq infoi*mcd that a large district called Ma,jin extended for nine days journey to the east, and 
tlint a smaller district called Shellifuk lay to the south-east. The Majin country was said to be 
a d~flicnlt one to travcl in as no rivers ran through it. The Shellifuk district boasted of some 
strcams, but they dl run into a large inland lake. 

Immediately to the north of the gold fields there is no regularly inhabited country, as far 
as the ThoG-Jalung people are aware. They say there are some wandering thieves Champas or 
Klian~pas who live entirclp on meat and have had so little acquaintance with grain in any shape 
that, they get sick when they take i t  from thcir more southerly brethren. Tlre Pundit however 
seemed to have very little faith in this part of tlie story. H e  heard that at a considera1)le dis- 
tance to the north,east there mas a tract called the Whor country inhabited by Shalcpo people 
the same style of people as those who come from Jilung." Tartary is said to be to the north- 
east of Whor. To tlie north-west of Thok-Jalung lies Rudok, the route to whichA has been 
roughly indicated on tlie accompanying Map. Ting-Chu and Ralvung are the intermediate clis- 
tricts ; tlie first is a very cold place and has very little sweet water, though plenty of brecltish 
wntcr. Ramung has much the same climate as Rudok, only slightly colder, i t  has ho~vcver 
plcnty of Gesh water. 

There is said to be a direct route from Thok-Jalung, south-east to Tadam monastery on 
thc great Gartok and Lhasa road. This route crosses some comparatively low ranges but is 
said gcrrcrally to run over great plains. 

Such inhabitants as there may be on the north, east and south are all nomadic, living in 
standing camps, shifting cvery now and then according to the statc of tlrc pasture, time of tllc 
year kc. They are almost all addictcd to Irighway robl~cry. 

I 11ave already pointed out how well the Pundits have succcedcd in the difficult art of 
intcrscctilrg and filing distant ~enlts .  The may ill ~vhicli t l ~ c  Cl~icf Pundit quartcrctl his gol l~id  
nlld tlividcrl it, so as to accouiit for tlre geograpl~y of the wllolr, n-itl~ a few rontcs, is anotllcr 
great in~provcmeut, thcir ~ o r l i  coverilrg a muell greater breadth aud lcaving vcry little doubt as 
to the position of the iutcrmcdiate rangcs. 

As heforc, tllc Chief Pundit showecl gre?t tact in making his way among strnngcrs ni~d 
his contlnct of tllc mlrole cxpccl~tioll is highly crcditablc and tlre way in wlrich Irc l ~ a s  carried 
out my instructions is dcserl ing of all praise. 

T l ~ c  2nd Pundit provcd llscful in various ways. The 3rd Puntlit in his route-s~irvcy from 
1~1jan-Cl~nmili to 1)crnclrok ant1 tl~cnrr: to Totlillg l~rovcd that he mas tllorougl~ly up to his work 
and lilicly to prow a very valuablc addition to thc party. 

I t  is a mattcr of r c g c t  that tllc Puntlits mere not aldc to fix the hcigl~ts of the peaks 
thcr iutcrhectctl, more cs1)ecially of Ahg-Gangri ,  but as thcy have now auccectlcd so well in 
fixing tlrc poaitio~is, it only rcmaina for then1 to learn to talic altitndcs to thcm, in ordcr to 
cletcr~uinc their lrcights. 

They I~avc nlrcady hccn trainer1 to do this and I haye no doul~t but that thcir ncat cxpc- 
clitior~ will 1)roTe fruitful in t l~ is  rcsl~ect. 

* J~l tmg,  a b u t  ouo ruontl, north of L h w .  
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Name "la 'lumber 

of station. 

Latitude observations taken at  Badrinath near 
Temple. 

Cross IIimalayas by Chirbittia-la. 

Bearings of 
forward 
station. 

Observations for latitude taken a t  Lumarti 2,760 
pnces from station 12 on route to station 13. 

Dintanccs in 
pncc,a to for- 
ward station. 

Obscrration~ for latitude taken a t  station 14 
(Chirlrong.) 

Observations for latitude taken a t  station 17 
(Barlru.) 

Obsorrations for latitude taken a t  Totling. 

Rozlte-Survey-Totling to Thok-Jalung. 

Ob~crration for latitude talcen at  Nairding-Sumdo 
12,300 yaceu from Totliug on route to station 20. 

Obsrrraiions for latitude tnlren at  Khangiah camp 
32,300 paccs from station 20. 

Obsrrrntions for lntitudo taken a t  Gugti camp 
60,340 paces from station 20. 

Ob~crvntions for latitude taken a t  Dumlung-Sum- 
do, station 22. 

Obscmntions for latitude taken a t  Chojo-Gu& 
2,000 pnces and with a bearing of 250" from 
station 25. 



Route-Surv y-Totling lo Thok- Jalung.-(Contintlea). 

Observations for latitude taken nt Ginmcliicl~o 
15,300 paces from station 39 on route to ste- 
tion 30. 

and number 
of statiou. 

Observations for 1:ktitude tnken at  Kiangmnchu- 
rnik 35,500 paces from Giamchicho on route to 
station 30. 

Obserrntions for latitude taken a t  Ginclluruff 
5,000 paceu from station 31 on station 32. 

Observations for latitude taken at  Thok-.Jalung, 
4,000 paces from station 33 on route to end of 
bazar. 

 bearing^ of 
forward 
station. 

Distances in 
pares to  for- 
ward station. 

Route-Survey-Giachuru$ to Gartok by Lujan-Cliumik and 

Giachuruff, .. . 
2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Latitude observations taken a t  Shildung cnmp, 
station 2. 

Latitude obuervationa taken at  Giamrl~m~g-phu 
2,000 paces from station 4 on route to utntion 5 

Latitude obscrvationa taken at  Thanknr ~illnge 
8,000 paces from  tati ion 7 on route to station Y. 

Latitude observations taken a t  Pika village, sia- 
tion 10. 

Latitude ob~erva t ion~  taken a t  Bnrkung, 900 
paces from station 15 on route to station 16. 

0 I 

316 30 

300 0 

290 0 

24G 0 

291 0 

323 0 

289 0 

372 0 

225 0 

27G 0 

308 0 

212 30 

290 0 

259 0 

265 30 

258 0 

Latitllde observations taken at Marku cflmp, p t l ~  
tion l i .  

22,700 

19,100 

4,100 

5,700 

9,400 

4,400 

17,100 

9,800 

3,500 

6,300 

2,300 

2,000 

3,300 

3,000 

16,600 

11,100 

I IS7 (I 

10,000 



 cute-~urvey-Giachf to Gartok by L?$aja-Chumik and Gar-Gunad.-(Continued). 

25 

2 0 

Qnrtolc. 

Nnme and 
of station. 

1 226 15 1 5,900 1 Latitude obrcrrations taken at Ddc-Dlam, or at.. 
ti011 20. 

Latit.ude obserontiods tnlcen at Ralajung 10,900 
paces from station 21 on route to station 22. 

Bearings of 
forward 
station. 

Latitude ohserrationa talcen a t  Lqjnn-Chumili, or 
station 23. 

Distnnres ill 
paces to for- 
ward station. 

Latitude observations tnlten a t  J u  camp, or etati011 
24. 

Latitude observations talcen at  Gar-Gunsa, or 
atation 25. 

Latit~tdc obsct*vation~ taken a t  Lon-Gong canlp 
30,400 paces from Gar-Gunss 011 route to sta- 
tion 26. 

Latitude ob~ervntions taken nt Gartok. 

Route-Survey-hjan- Chunzik lo Denzchok. 

' Lntitucle observations tnlten nt Tn~hikang, or sta- 
tion.2. 

Latitude obaomatione taken a t  Dnmakolok same 
hs station 4. 

Latitudc observations tnkcn at Dcmchok. 

Route-Survey-Demchok to Totli l~y. 

Latitude obsrrvationn taltcll a t  Deinrhok-Phu 
6,390 pwem from  tati ion Y on route to atntion 9. 

Latitude ohervnt ion~ tnkcl~ at Dcboclle 4,000 
paces frolu station 12 on route to ntation 13. 



XIV 

Route-Survey-Demchok to Totling.-t contintled) . 

Neme and number 
of station. 

23 (same as station 
1 below,) .. . 

21 

1 (same as station 
23 above, ... 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

Totling, 

Bearings of 
fonvmd 
station. 

Distances in  
paces to for- 
ward station. 

Latitude observations taken a t  Medokding vil- 
lage, station 14. 

Latitude observations taken a t  Dilchachini-Sum- 
do 3,500 paces from station 16 on route to 
station 17. 

Latitude observations taken at  bank of Lamoche 
stream 6,200 paces from station 18 on route to 
station 19. 

Latitude obsemations taken a t  Jia-Sumdo, or sta- 
tion 20. 

Latitude observations taken at  Chokche'village, 
800 paces from station 23 on route to station 
24. 

Latitude observations taken a t  Rabgiding 5,600 
paces from station 24. 

Latitude observations taken at  Shangche village, 
7,600 paces from station 3 on route to station 4. 

Latitude observations taken a t  Tibuphu 4,900 
pacee from station 7 on route to station 8. 

Latitude ob~ervations taken at  Dunkhar village 
600 paces from station 11 on routo to station 12. 

Latitude obaematione taken a t  Totling. 

Route-Survey-Barku to Shipki. 



Route-Survey-Barku to Shipki.-(Continued) , 

Name and number 
of station. 

Shipki, ... 

Bearings of 
forward 
station. 

Distances in 
paccs to for- 
ward station. 

Latitude observations taken a t  Puling-Gongma, or 
statiou 9. 

Latitude observations taken at  Ri village, or stntion 1 22. 

Lntitude observntions taken a t  Lanjan-Samba 
(bridge over Sutlej) 8,500 paces from station 23 
on route to station 21. 

Latitude observations taken at  Dongkhang 3,100 
pnccs from station 25 on route to station 26. 

Latitude observntions taken at  Miang village 2,400 
ynces from station 26 on route to station 27. 

Latitude obsemntions taken at  Tiak village 600 
paccs from station 28 on route to station 29. 

Latitude observations taken at Kunk village 8,660 
paces Dom station 30 on route to Shipki. 

Lstitudo ob~ervatione taken a t  Shipki. 



Name and number 
of statioli. 

- . - - - - 

Shipki, . 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 G 

17 

18 

19 

20 

2 1 

22 

23 

24 

26 

26 

2 7 

28 

29 

30 

Bearings of 
forward 
statiou. 

Distances in 
p c e s  to for- 
ward station. 

- 

 REMARK^. 

-- - .- -. - - 

'Latitude obse~lrations taken nt Tiak village, or st* 
tion 5. 

Latitude obse~~tttions taken nt Kuane 9,800 paces 
from station G on route to statioll 7. 

Latitude obsemntions taken at  Sang 4,000 paces 
from station 9 on route to station 10. 

Latitude observations tnken at Snmna 5,000 paces 
from station 11 on route to stntiou 12. 

Latitude ohservatiofie taken at  Bisr 4,700 paces 
from station 16 on route to station 17. 

L~titllde obaervntions taken at Snrsng villnge 800 
pace8 from station 19 ou routc to station 20. 

0 I 

8 4 0  

135 0 

129 0 

302 0 

167 30 

179 30 

222 30 

205 0 

170 30 

160 0 

90 0 

133 0 

106 0 

36 0 

53 30 

101 30 

157 30 

126 30 

129 0 

152 45 

133 0 

137 30 

130 0 

141 0 

205 0 

156 0 

177 0 

1G7 0 

I 202 30 

193 30 

13,9CO 

3,300 

2,900 

500 

6,600 

4,500 

3,800 

1,GOO 

12,300 

2,000 

8,600 

3,20(Y 

3,200 

2,200' 

1,300 

6,200 

2,700 

4,500' 

2,800 

3,700 

1,700 

2,000 

2,300 

1,300 

2,300 

10,000 

6,900 

10,700 

1,900 

8,000 



Route-Suwey-Sl~ipki to Nilung and Mukpa.-(Continued), 

Name and number 
of station. 

Bearings of 
fonvard 
station. 

I 

Distances in 
pa( 'edo for- 
ward station. 

Latitude obscmations taken at  Chnnqjum-Sumdo 
1,280 paces from atation 32 on route to station 
33. 

Latitude obserrstions taken at  Nomm 1,600 paces 
from station 40 on route to statiou 41. 

Lat.itude observatioils taken nt Niluilg rillage. 
or station 47. 

I I Latitude daorratiom taken nt Mukpa. 

Roule-Sttrcey-Garlok lo Dunkliar. 

Latitude obaervatiom tnken at Ciartok. 



X V l l l  

Route-Sumy-Gartok to &nkhar.-(Continued). 

4 

5 

G 

7 

8 

9 

10 

11 

1% 

13 

14 

15 

16 

i 7  

Dunkhar, ... 

Name and number 
of station. 

Dunkhar, 

19 

Totling, 

Bearinge of 
forward 
station. 

Totling, 

2 

3 

4 

6 

6 

Chirkong, 

Di,~tances in 
paces to for- 
ward station. 

I 

Route-Survey-Dunkhar to Totling. 

16,000 

4,000 

Latitude ob~ervations taken at Totling. 

Latitude obsematione taken a t  Dunkhar. 

Latitude observatione taken at Mangnang village, 
or station 3. 

Latitudo obse~~atione taken at Chirkong. 

Route-Sumy-Giacliuruf to Jiachan up the river Indw. 

Latitude obeemations taken at Qiachuruff. 



Route-Survey-Giachumfl to Jiachan up the river Indi~s.-(Continued). 

Latitude obscrvations taken at Lapta-Robo, 
stat.ion 7. 

Name and 
of station. 

Latitudc obscrvations taken a t  N w o - S h m d o ,  
7,000 paces from station 8 on route to station 9. 

Latitude observations taken a t  Jiachan. 

Route-Survey-Milam to Gartok. 

R E M A E K E .  
Bearillgo of 

forward 
station, 

Distances in 
paces to for- 
ward station. 



Kame and number 
of stntion. 

Gartok, ... 
27 

9 

29 

30 

3 1 

32 

33 

34 

35 

36 

37 

39 

39 

40 

41- 

43 

. 43 

44 

45 

4G 

47 

40 

5 

4 

3 

2 

Ifilam. 

Bearings of 
forward 
station. 

Dista~lces in 
paces to for- 
tval-d station. 

Latitude observntions taken at  Gnrtok. 

Route-Survey-Gnrtok to Milam. 
0 I 

150 20 1 10,300 1 Latitude observations taken at Gartok, 

Namochi, mme as station 29. 

Dongpu village, same as station PO. 

196 0 1 3,000 1 Nag110 village, arilpc ra atntion 41. 

No. 5, 4, 3, 2 corrcapond wit11 rrnlnc n u m b s  ill 
route Milaln to Gtrrtok. 
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Ojservations for Latitttdc taken in Great Tibet, $c.-(Continued.) ! u 

mi 

2 z 
. a  

2 w3 $ 
2 
0 

20 

21 

22 

23 

24 

26 

27 

28 

29 

30 

33 

34 

35 

3G 

2 m  6 
4 5 

92 

o I 11 

66 16 0 

66 23 30 

66 30 30 

66 39 20 

55 25 30 

67 0 40 

67 9 30 

6716 0 

67 37 0 

132 13  0 

132 13  10 

54 33 30 

67 37 20 

133 1430 

d 
e 4 
$ 3 a 5 
3 

o r a  

... 

... 1 31 47 33.7 

... 

31 5 i  17.5 
... } 

32 1 54.1 

32 11 20.0 

32  14 34.5 

1 
1 
1 3 2 2 4 2 6 5  

1 
1 
1 D e d u c e d  

thermome- I t e r  60'. 

t d  
4 .G 
0 3 

.L'C 
a o 
oz, 

I Polaria. 

... 

... 

... 
(Fomalha~ct) 

Polaris. 

... 

... 

... 
Altain 

... 
(Fomcclhatrt) 

Polaris. 

Snn. 

$2 
a 3 

8 
0 1  n 

31 45 25.3 

31 48 18.7 

31 46 48.7 

315113.1  

31 57 21.9 

32 1 54.1 

32 11 20.0 

32 14 34.5 

32 25 5.6 

32 13  46.5 

3 2 2 3 4 1 8  

32 23 36.9 

31 25 1 6 8  

32 12 38.4 

I 

I k 
* 
.4 

$ 2  
k s 
PI' ; e  
3 

Upper 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

... 

d 
? 
;j 

1 .- 
a ai 
2 2 - 2 n 
; 

R E M A B K S .  

Pocket Sextant No. 12. 

Junction of two streams Dung- 
lung-Sumdo. 

Sextant No. 44. 

Chojothal District. 

Watch stopped. 

Do. 

District Sin,piath, bankof Sin- 
gi-Chu streem also called 
Thok-Somba. Sextant No. 
45. 

Sextant No. 45. 

One and half mile south of 
Giachuruff Camp. 

d 
a 
G 
6 Y s 

h nl 
5 10 ax. 

... 

... 

... 

... 

... 

4 0 1.u. 

... 

2 42 ,, 
9 30 P.U. 

9 5 ,, 
12 1 5 ~ ~ ~ .  

2 30 ,, 
12 5noon. 

e" w 
w 0) 

August 

,, 

,, 
9, 

,, 

,, 
,, 

n 

7, 

,, 
,, 
,, 

Septr. 

S T A T I O X .  

Dukte camp. 

Fort of Gugti-la. 

Do. 

G u s i  camp. 

Do. 

Nabipa-chm 

Kiangmachumik. 

Giilchun~ff camp. 

Thok-Jalung, near gold mine. 

Do. 

Do. 

Do. 

ThokJnlnng. 

Sinqmiath-Puttee. 

- I 
I- 

+ 5' 0 

+ 3' 0" 

- 7' 0' 

... 
+ 3' 0" 

- 0' 0" 

+ 3' 0 

... 

... 

... 

... 

... 

... 

... 

11 

12 

12 

13  

13  

16 

19 

20 

26 

37 

30 

30 

30 

2 
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Obst?roatio~z.~ of  the Boiling Point taken in Great Tibet.-(Continued.) 

I, 1SL.i. I / tn  
A~tgust 9 (; 30 P.M. On other nidc of Bogoln, . .. ... 

i 

2 1 1 9 0 rv. Gtigti-1:1, . . . . . . ... . . . 

23 13 I 5 15 P.N. (Cl~ojothbl) Gugti camp, .. . ... 

29 1 ... ... 

2 1 p ,  15 6 0 ,, Chojo-Cmnsa, ... . . . ... 

2 3 I)  16 6 36 ,, Xtlme not known, ... . . . ... 

26 , 19 4 23 ,, KianTna Churnik, . ... . . . 1 
20 j 9 0 A.M. Pabn-la, .. ... . . , . . . 

28 

27 ( :: 2 5 0 P.M. (In Pnttie Singmirth) BiachuruE, 
I 

20 1 , 1 21 3 53 ., Chomor:lo~la, ... . . . . . . 
30 23 6 0 ,, Chomoritug camp, ... ... ... 

I :, 27 7 0 I.X. Thok-Jalun:; (near gold mine), . .. 

I 
29 2 50 P.M. Do. . . . . . . 

13 I ,7 / Chomonog-lib, . ,. ... ... 

S o .  Boilin:: So. In Air. Point. 
- -  

30 186.50 38 45. 5 

,, 158.00 ,, 58.25 

,, 188.00 ,, 67.50 

,, 154.50 ,, 62.50 

,, 180.50 ,, 37.00 

,, 19% 0 ,, 58.25 

,, 186. 0 ,, 58.25 

,, 187- 0 ,, 53.00 

,,. 187.75 ,, 59.25 

,, 185.50 ,, 59.00 

,, 183.75 ,, 49.25 

,, 157.00 ,, 57.00 

,, 185.00 30 56.00 

,, 181.50 ,, 45.00 

,, 185.75 ,, 41.00 

,, 18600 ,, 55.00 

,, 1S2.00 ,, 53.00 

R E A I A I ~ K ~ .  

Foot of mountain. 

On bank of Gum& stream. 

Junction of streams. 

On crest of pass. 

On the other side of Gu,h-la, 

On bank of Lang-Chu stream. 

Do. 

Halting place where water is procurable. 

On crest of pass. 

Camp on bank of Singi-Chu stream. 

Foot of mountain. 

1 16,337. 
On top of mountain. 
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3 36 P.X. 

4 15 P.X. 

5 12 ,, 
6 2 A.M. 

5 35 P.Y. 

Septr. 
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37 
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39 
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41 

4!2 
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61 
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p7  

1~ 

19 

,I 

1, 

,, 
,, 
,, 
,, 
1, 

,, 
October. 

August. 

,, 
,P 

,, 
Septr. 

5 30 P.M. 

6 30 A.M. 

7 0 ,, 
5 30 P.X 

... ... Shildung camp, ... 

... Giamchung (Clopha), ... 

. . .  ... Thanker village, ... 

... ... Pika village, ... 

. . .  ... Do. ... 

Burkung village, (in ruins), . . .  

Ikfarku camp, . . .  ... ... 

Dak Maru, (red hill), . . .  ... 

... Do. ... ... 

Ralnjung, (on bank of Singi-chu), 

... Lujan-Chumik, ... ... 
On bank of Garjung-Chu stream, 

Garpnsa  village, near stream, ... 

Loagong, (Rebo) camp, ... ... 

Garyarsa monastery, ... ... 

Dunkhar village, ... ... ... 

... Totling (monastery), ... 

... ... Mangnang village, 

... . . . . . .  Gobarteja-rebo, 

... Chakrang camp, ... ... 
... ... ... Niarcher camp, 

... Jiachan Ghsa ,  (house), ... 

... ... Teshikong village, . . 

56.75 

40. 0 

64. 0 

57. 5 

58.25 

23.00 

58.50 

54.50 

53.00 

47-00 

49.00 

30.00 

51.50 

42.00 

supposed 30 

56.00 

40.00 

44.30 

47.25 

60.25 

Near stream. 

On bank of Singi-Chu about 12 feet ove 
the water. 

On bank of Singi-Chu stream. 

Do. 

On top of hill. 

On bank of Garjung-Chu stream. 

I n  puttee Singmiath. 

Near Monastery. 



Observations of the Boiling Point taken in Great Tibet.--(Continued.) 

S T A T T O Y .  

Barku village, ... ... .. . 
shmbt~ag-chu, ... . . .  ... 
Puling-Gongma camp, ... ... 
Rildighang camp, ... ... . . . 
Rivillage, ... . . . . . . ... 
Lnnjm-Samba, (near), ... 
Sirang-la, .. . . . . ... ... 
Dongkhang, (one house), ... ... 

Mimg village, ... ... ... 
Tiah rillage, ... ... . . . 
Shipki village, .. . . . . ... 
Kuak rillage, ... .., ... 

Kuang village, ... ... ... 

Pungang-che-lo, .. . . . . ... 
Sang vill.ye, ... . . . . . . 
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s la ,, 

6 6 ,, 
5 50 ,, 

5 , 
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6 37 P.M. 

6 25 A.M. 

5 28 ,, 
7 32 ,, 

12 24 P.M. 

16 

Baaing 
Point. 

101.75 

190.00 

189.50 
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1n b. 

-- 

34t 0 

36.25 

29.50 

17.00 

36.50 

39-75 

32.00 

30. 0 

36.50 

35.00 

37-50 

27'00 

34.00 
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12,503 

13,515 

13,801 

13,709 

13,634 

10,039 

16,491 

11,458 

9,592 

10,027 
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16,057 

13,715 

17,403 
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,, 
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15 

,, 

On bank of Butlej river. 

On top of mountain. 

The Mercury sunk eo low that the Ther- 
mometer could not be read. 

On top of a house. 

On crest of pass. 

Do. I 16 ,. 
l5 1 ' 

I242 P.M. ,, 
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