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

GREAT TRIGONOMETRICAL SURVEY OF INDIA 

1 Describetl a t  ooms . - 
of the 

The following is a summary of the several operations of the year under 1 , 
review, given in the order in which they will be found described in this report. 

I. Trigono?netrical. The Southern Section of the Bangalore Meridional 
Series. 

11. T~.igo~zometrical. 

111. T~ligonometrical. 

IV. Trigo~zonzet?~ical. 

V .  Trigo~zonzet~-ical. 

VI. Syirit  Levelling. 

VII. Topog~*aphical. 

VIII. Topogvupl~icul. 

IX. Topog?*apltica 1. 

X. Topog~*ayhical. 

The Operations in the Assam Valley. 

The Brahmaputra Series, Meridian 90". 

The Jodhpfir Series, Meridian 72+". 

The Eastern Frontier Series, in Burma. 

I n  the Bfadras Presidency. 

The Survey of Kattywar. 

The Survey of Guzerat. 

The Surveys in Dehra Dfin. 

Himalayan Surveys in Kumaun and Garhmdl. 

XI. Tidal O b s e r v a t w ~ .  Determinations of mean-sea level in the Gulf of 
Kutch. 

XII. Cfeocletic. The Pendulum Operations. ...I 30 1 53-n 

XIII.  Geogvcqhical. Trans-Himalayan Explorations. 33 1 [:ig:lix 

XIV. Computing Ofice. Examination and final reduction of the observa- 
tions, and publication of the results. 1 1  35 ( 69-a 

XV. Cartography. Prcpwation and publication of various Charts and 
Maps. ] 1 36 1 66-n 



(2.) The operations carried out during the year under review have pro- 
tluccd the following out-turn of work;-of Principal Triangulation, with the 
great theodolites of the Survey, 70 triangles, embracing an area of 7,190 square 
luiles, and disposed in chains which, if united, would extend over a direct dis- 
tance of 302 miles, and in connection with which 3 astronomical azimuths of 
\-critication have been measured ;-of Secondary Triangulation, with vernier theo- 
dolites of various sizes, an area of 6,212 square miles has been closely covered 
~vith points for the topographical operations, an area of 3,650 square miles has 
been operated in pari pnssu with the principal triangulation but exterior thereto, 
and in an area of 12,000 square miles-in the ranges of mountains to the north of the 
Assam Valley which are inhabited by independent tribes-a large number of peaks 
have been fixed, many of which have already been found serviceable in the geo- 
graphical operations now being carried on with the Military Expedition against 
the Duf£las;-of Topographical Surveying,. an area of 636 square miles has 
been completed in British portions of the Himalayas, on the scale of one inch to 
the mile, an area of 2,366 square miles in Kattywar on the two-inch scale, and 
areas of 690 and of 63 square miles respectively, in Guzerat and in the Dehrs 
Dhn, on tht: scale of 4 inches to the mile ;-of Geographical Exploration, much 
valuable work has been done in Kashgharia and on the Pamir Steppes, in connec- 
tion with Sir Douglas Forsyth's mission to the Court of the Atalik Ghazi, and 
several additions to the geography of portions of Great Thibet and of Nepaul 
have been obtained through the agency of native explorers. 

(3.) The principal triangulation has been executed with the great theo- 
dolites, whose azimuthal circles have a diameter of 
24 inches and are read by 6 equidistant microscopes. 
The average theoretical ' probable error ' of the an- 
gles, as deduced from the observations, and the 
average geometrical error of the triangles-or the 
amount by which the sum of the three observed 
angles of each triangle differs from 180" + the 
spheroidal excess-are shown in the table given in 
the margin. I n  the course of the operations of the 
present year the northern section of the Brahma- 
putra Meridional Series has been completed, where- 
by two important circuits of triangulation formed 
by i t  mith the Assam and East Calcutta Longitudi- 
nal Series to the north and south, the Calcutta 
Neridional and the Eastern Frontier Series to the 
west and east, have been closed. The Straits of the Gulf of Manaar have been 
reconnoitered, with a view to connecting the triangulation of India with that of 
Ceylon, which has been found to be feasible. 

(4.) But the most important features in the operations of the principal 
triangulation of the present year are the resumption of the chain of triangles in 
13urma, and the completion of the Bangdore Meridional Series, for the revision of 
the southern section of the Great Arc. The triangulation in Burma was suspended 
in 1870, during the financial difficulties of the Government, for reasons which 
arc set forth in my Report for 1869-70 ; i t  is now urgently required, in order to 
furnish a basis for topographical and revenue survey operations which are about to 
be commenced in Burma; but to enable it to be undertaken without increasing 
the normal expenditure of this Department, one of the parties employed on the 
principal triangulation has been broken up, and thus instead of the Jive partics 
so employed last year there have only been four this year. The completion of thc 
revision of the Great Arc concludes the revisionary operations for certain impor- 
tant triangulations which were originally executed at the commencement of 
the present century with very inferior instruments, and are specified in my 
Report for 1864-65 as requiring to be repeated mith the best modem appliances ; 
thus I have now much gratification in expressing my conviction that no 
portion of the principal triangulation remains which will ever require to bc 
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rcvised, and that thc last of thc old links, in all the great chains of triangles, which 
might with any reason have bcen 011,jccted to as mcali and faulty, have now been 
made strong and put on a par with thc best modern triangulation. 

( 5 . )  Thc penduluin obscrvations llave been completed, and the final results 
are now being computed and preparccl for publication. 

(6.) Considerable assistauce has 1)een rendered to Colonel Tennant in the 
operations conizectcd nritli the obscrvations of tllc Transit of Venus; several 
astronomical iustriuucnts have been lent to Iiim, and tlie services of an officer of 
this Department; Captain Campbell, R.E., have been placcd at his disposal for an  
entire year. Tlle Transit was independently obscrvcd by Mr. Eennessey a t  
Mussoorcc, ncar the Office at  arhicll tlle Head Quarter's of this Survey are estab- 
lislied during the recess season; Mr. Hennessy's account of his observations is 
given at the end of tlie first appenrlix to tliis report. 

(7.) O~ving to the absence of Captain J. Herschel R.E., from India, and 
to the scrvices of Captain Campbell having been placed a t  Colonel Tennant's 
disposal, tile operations for nstronolnicnl determinations of latitude, and astro- 
telegraphic detcrmiuatio~zs of tlifferenccls of longitude, have been suspended. 

(8.) The opcrations for cletcriuining tllc tidal constituents a t  certain 
stations in tlle Gulf of lCntc11, with a viow to tlie iuvestigat~iou of tlie supposed 
variations in the relative levels of tlic lau(1 and sca, have been fairly initiated, 
as ~vill bc reportctl on in full rlctail in Scctioii XI. 

(9.) Tlic final rcrlnction of tlic triauyalation ancl of the pendulum opera- 
tions, tlie preparation of tlic results for p~l)licntion, and the printing of such 
results as are prepared, liave madc good progress, tlio~lg11 not as great as I could 
]lave wished, owing to so ~nucli  of nzy tilnc having been taken up with other 
mattcrs that I havc frequently been obligcd to set aside my own sllare of the 
~vork for nzontl~s together. 

(10.) During t,hc recess of 1974, the Snrvcyor General, Colonel Thuillier 
C. S. I., went to Englautl for tllrec montl~s, and I w : ~  clirccted to officiate for him in 
addition to pcrforllzillg nzy ow11 duties. I t  so linppencd that just a t  that time I was 
called on, as officiatiilg Survt.yor Gencral, to roport on several nlattcrs of great im- 
portance, ~;i;., tllc rcsult,s of tlic recent, rcorgnnixatio of tllc several branches of the 
Survcy I)rpartincizt, TI-orliing nizcler t l ~ c  clircct orders of tlic Government of India, 
whicll 11nd hecn carried ont \vit,Il dTt1ct from tho comnzcncement of the financial 
year 187 t-76 ; tllc rcorgnni~ntion of the hlatlrns Itcvclluo Surveys, with a view 
to arranging for tlic prcp:irntion of couiplete ]naps of thc Madras Presidency by 
topograpl~ical survcys of tllc unsurvcycd tracts lyi~lg hc.t~vecn the rcvcnue payiug 
districts ; the Cadt.stral Snrvcy~ in t l ~ c  North West Provinces, 'kc. Tliese duties 
al~sorl)c(l almost the nrllolc of 11zy time ~vliilc I mrns a~ t~ i i l g  for Colonel Tlluillier, 
and have led to corrcspoiltlencc ~vliicll 113s talien 1111 mucl~  of it since liis return; 
but as tllc snl),jccts under tliscnssion will lwesuiu:~l)ly bc cl\~rclt on in his Acluiinis- 
tration Report for t,llc prcsrnt year, :lux furtlllclr notice of thcln hcrc is unnec(>ssary. 

(11.) I liavc also llatl to rcn(1c.r nssistalzcc to  Captain Bnilcy, R.E., the 
Superiritcndcnt of tlic newly formcd Dcpxrtmcnt of Forest Surveys, in organizing 
his cstal~lisl~n~cnts and training t11~172 in such a manncr tllat their work may, on the 
one hand, satisfy all tllc rcq~~irt~nzcizt,~ or tlicir onril tlt~pnrtnzr)nt, for the purposes of 
forestry, and on tllc 0t~11er 11nncl 1~ so cond~~ctcd as to be suitable for combination 
~vitll t11e opcrntions of this 1)cpnrtincnt. Thcrc nrcrc larg-c. tracts of forest in the 
Drhrn Dim nhicll rc~qnircd to I)c survc~ycd by tlic Porcst Ucpartmcnt, ancl Captain 
Bnilcy was tlircctrd to conznlcncc Ikis opcrntions by surveying tllcm, as they are si- 
tua t,cd tvi thin a convc-nicnt distanco of my Hcad Q~~nr t t~rs .  The additional trouble 
wliicll this has causctl nzc has not bccn littlc, but it, 11as hccn nzore than repaid by 
tllc plcasurc I Ilavc t~xpcricnccd in assisting an officer so anxious to learn all that 
is ncctlcd to cnablc liini to do liis worli thoroughly well, as is Captain Bailey. 

(12.) 1 uom procccd as usual tJo dcscribe tlie operations of the several 
Survcy l'artics and Oficcs. Furthcr details, and accounts of various matters of 



general interest, which have been brought to notice during the year, mill be found 
in thc first appendix, which gives "Extracts from the Narrative Reports of the 
Executive Officers" ; while the second appendix gives accounts of certain Trans- 
Himalayan Explorations, in Great Thibet, &c., the details of which have not yet 
been published. 

NO. I.-TRIGONOMETRICAL. 

THE SOUTHERN SECTION OF THE BANGALORE MERIDIONAL SERIES. 

(13.) Of the southern portion of the Great Arc-the portion situated 
between the parallels of 8" and lBO,  which was measured by Colonel Lambton a t  
the commencement of the present century-a revision has long been deemed a n  
essential desideratum for geodetic purposes, and the execution thereof has been 
regarded as an object to be carried out whenever the general triangulation of the 
country had sufficiently approached completion to permit of the employment of 
one of the trigonometrical parties thereon; the revision has been proceeded with 
from time to time of late years, by triangulations emanating from the Bangalore 
base-line, which mere carried on whenever opportunity offered, so that a t  the 
commencement of the present year about five-sixths had been revised ; the gap 
remaining to be finished lay near the Cape Comorin base-line and was about 
108 miles in length. This gap has now been completed by Major Branfill and his 
assistants ; and thus the triangulation of the entire arc, from Cape Comorin to the 

Himalayas, has a t  last been brouglit to tlle same stand- 
P E B S O N ~ L .  ard of accuracy as that secured for the northern section, 

Mnj0rB.R. Bmfillp D9.Sllpdt. 2nd by the operations of Colonel Everest, in 1833-41. 
G r d e .  

hlr. C). Belchern Asst. Sur. 1st Grade. (14.) The revision was last taken in hand in 
Yr.C.D.  Potter 11 the year 1870-71, when it was brought down from the ,, J. Bond P 3rd ,, 
,, E. W. Laseron ,, 3rd ,, north to the Palanei mountains, which flank the great 

plain of Coimbatore. Here great difficulties were met 
with in extending the triangulation southwards, in asymmetrical manner; the coun- 
try had to be minutely examined, and many a promising design had to be abandoned 
before a practicable one mas discovered. Colonel Lambton liad met with similar 
difEculties, and they had baffled all his attempts to secure a station of observation 
a t  an obligatory point on the Palanei mountains, and he had been obliged to 
content himself with erecting a flag on that point-the Permaul Hill-and taking 
observations to it from the surrounding stations, and thus he mas only able to  
measure two of tlie three angles in all thc triangles (five in number) of which i t  
forms a station. I n  the present instance the difficulty was surmounted, but only 
by giving one of the triangles a sidc of wllicll the l e n ~ t l i  is 64 miles, exceeding 
the lon~es t  side of any prlncipsl triangle yct mcasurcd in India ; on so long a 
siclc observations can only be taken when the atmospliert: is unnsually clear, and 
this mas fortunately the ease when Najor Branfill commenced operations this 
year, though when he first attempted the observations, at  tllc end of the season of 
1570-71, the atmosphere was unfavorable and he was compelled to return to his 
reccss quarters leaving the work incomplcte. 

(15.) The operations of this year were intended to close on a side of the 
polygon around the Capc Comorin Base-line which liad been completed in 1868-69, 
immediately after the measurement of the base-line; but i t  was found that one 
of tlie two stations on the side of junction liad disappeared. This station was 
situated on a remarkable group of Eed Sand Hills, ~vllere, in 1808, Colonel 
Lambton had constructed a station by driving long pickets into the drift sand ; 
in 1869 Major Branfill, finding no trace of these pickets, had caused a masonry 
well to be sunk to a depth of ten fect, where it reached what mas believed to bo 
firm soil below; but during the interval of 41 years this well had been undcrmincd, 
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and nothing remained thereof but some scattered cleb9.i~. It would appear that the 
sand hills travel progressively in the direction from west-north-mcst to east-soutll- 
east, rnhich is that of the prevailing minds in this locality ; if Colonel Lambton's 
station nras situated on the highest point of tlic hills and in a similar position 

to tllc general mass as Major Branfill's, then the hills must havc travelled 
a distance of about 1,060 yards to thc E.S.E., for the results of tlie triangulation 
show that this is the distance between the positions of the two stations; thus t,lit. rate 
of progression would be about 17  yards per annum. From Major Branfill's Notes 
on the Ticnevelly District, which are apprnded to tlie General Report for 1868-69, 
it appcars that certain measurements of the eastward drift liad made it as much 
as 440 yards in the four years 1845-48; but the distance between tlie trigono- 
metrical stations of 1808 and 1869 probably affords tlie most accurate mcasurc 
which has hitherto been obtained of tlie rate of progress of this remarliable sand- 
wave, which gradually overwhelms the villages and fields i t  meets wit11 in  its course, 
and llas ncver yct becn effectually arrested ; numerous attempts have been made, 
by gronring grass and creepers and planting trecs on the sands, to prevent the 
onward drift, but tlicy liavc l~itherto bcrn unsuccessful. 

(16.) During the field season Mr. Bond had thc good fortune to encounter 
a couple of the wild folk mlio livc in the liill jungles of tlie Western Gliiits ; he 
lias written an interesting description of them, nrliicll will be met n7itll in tlie 
extracts from Major Branfill's report, at  page 5-, of the first of tlie app~ndiccs 
to this report. 

(17.) On the complction of the principal triangulatioc, Major Branfill 
proceeded to tlie Straits of Manaar, wit11 a view to ascertain tlie practicability of 
carrying a triangulation across them, to connect the survey of India ~vitli tliat of 
Ceylon ; the conncction nTas found to be feasible, and the sltetcli facing tliis pagc 
was prepared by Major Branfill to shonr how it may bc accomplislied. Tlie Straits 
vrcrc first examined a t  Adam's Bridge, mliere they are narro\vest; but tlie islets 
composing tlie bridgc were found to be sand-liilloclis whicli for tlic most part are 
covered by the sea a t  lligli-nrater, and arc only accessible a t  low-water during 
fine meatlier ; they are thus most unpromising positions for tlie construct,ion of 
suitable stations, and it was soon found necessary to abandon a11 idea of crossing 
over theill. Higher up, 011 tlic linc betnreen Hamesmeran~ and Jaffnn, there are 
scvcral islands 1vliic11 are coinposed of coral and santl~t~one and on which stations 
can therefore bc ercctcd. Of tlicsc the nearest to tlie Indian coast is I<aclii-tivu, a 
small island not more tliari a mile ih diameter, but standing well out of tlie water, 
and visible from tlie island of Ran~esweram on one side and tliat of Neduven-tivu on 
the othcr ; here it mill bc quite feasiblc to construct two stations-which need not 
be high ones-at a distnncc of about a milc apart, and to fix their positions by obser- 
vations at  t,hem and at tlie Rameswcrain stations ; tliey will tlien serve as a basc from 
nrliicli to determine thc positions of tllc two next stations, xvhich will have to 
bc ercctcd at tllc cxtrcinitics of the island of Neduven-tivu. Tliis island belongs to 
Ccylon and is about 7 milvs in lengtli ; it is covered with a densc grolvtli of palm 
trccs, and tJic Cvylon Gover~unent l~ns nntlertakcn to construct towers of a suffi- 
cicwt height t,o o~rcrlooli t,licso trees, and to command the requisite view all round, 
and scrvc as stations of tlic triangulation. It has been proposccl that the positions 
of thcsc towers, as ~vell as of tlic stations on the island of ICnchi-tivu, should be 
fixed from tlic side of India by Major Branfill, with onc of tlic first class tlleodo- 
litcs of this Survcy, as tlie acutcncss of several of tlic angles mllich are involved 
in the triangulation nccessitatcs the employment of the best instruments wliich 
can 11c provi(lcd for tlie measures of tlic angles, and thc instrumental equipment 
of tlic Indian Survcy is much superior to that of Ccylon; on the other llancl tile 
more symmetrical triangles, bcyond thc towers on Nccluven-tivu, will be measured 
by thc oficers of tllc Ccylon Survey. Colonel Pycrs, R.E., the Surveyor General 
of Ccylon, llas talccn great intcrcst in tlie proposcd operations, and do~ic all in llis 
pomrr to co-operntc with mc in the matter; and :~rrangemcnts are now being 
madc by Mr. Twynam, the Government Agent of the Northern Province of Ceylon, 
who rcsidcs at Jaffua, for thc construction of the two towers on Ncduven-tivu. 



(18.) On the completion of his reconnoissancc of thc Straits, Major 
Rranfill proceeded to lay out a longitudinal chain of triangles on the parrallel of 
8" 16', which mill run eastwards from the Great Arc to the coast, and thence 
across to Neduven-tivu, and from which a chain of triangles must eventually be 
carricd up  the Coast of Coromandel to Madras. 

(19.) The general out-turn of work has been excellent. The principal 
triangulation, by which the revision of the Great Arc has now been completed, 
extends over n direct distance of 108 miles, is polygonal throughout, and covers 
an  area of 3,239 square miles. Star observations, for determining the azimuth, 
were taken at a station a t  which the latitude had been determined astronomically 
by Captain Herschel, and pendulum observations had been made by the late 
Captam Basevi. An important chain of secondary triangles, 62 miles in length, 
fixing 51 secondary points, sonie of which are high and important hill peaks, was 
executed, in  continuation of a series wl~ich had bcen commenced a t  Mangalore, and 
carried down the Malabar Coast for some distance, and was then diverted eastwards 
and brought through the PLilgli5t gap in the Western Ghhts, and has now been 
made to close ou tlie triangulat,ion in Coimbatore. 

(20.) On returning to recess quarters Major Branfill and his assistants 
took in liand the reduction of the observations and the calculations of the usual 
preliminary rcsults. The difference between the measured value of the base-line 
a t  Cape Comorin and tlie computed value brougllt down by tlie triangulation from 
Calcutta, vici Maclras and Bangalore, n-as found to be barely appreciable, being 
slightly more than a quarter of an inch in 1.7 miles, or more exactly 2.23 millionth 
parts of thc length measured. Geodesists will be gratified to learn that no serious 
errors have been met with in tlie values of the tllrec sections of the Great Arc 
comprisecl between the parallels of 8" 9' and 18" 3', which mere deduced from 
Colonel Lambton's observations at the commencement of the present century ; 
the final values will be greater, in each section, than those hitherto adoptcd, but 
probably by not more than 160 feet in any section, nor than 320 feet in all. 

(21.) Major Branfill's duties cluring the recess liave been much increased 
by his having hacl to take temporary chargc of the two extra parties a t  Bangalorc, 
during the absence of the officers in permanent charge who liad been transferred 
elsewhere, and pending tlie arrival of otllcr officers to take tlieir places. I have 
much reason to be satisfied with thc excellent manner in which Major Branfill 
performs every duty assigned to him, thc interost he takes in  all parts of his work, 
the training lie givcs to his assistants, and thc constant supervision which he ex- 
ercises ovcr thcm. 

NO. 11.-TRIGONOh~ETRICAL. 

TIIE OPElC.4TIONS I N  TIIE ASSARI VALLEY. 

(22.) A full account of the history of these operations, and the difficulties 
Psnsosxs~.  ~rliich have been met with in their prosecution and 

w. a .  Dsverlcy Eeq. org. Assistnot havc SO greatly retarded their progress, was given in  
Si~prr i~ i lrnt le~ i t  1st Grnrlc. 

Mr. U ,  A. Hnrr~s  Surveyor 4th my report for last year. I n  the prcsent year the tri- 
Grntlr. angulation has been advanced a distancc of 47 miles, 

Mr. a. O'slluivnn surveyor 4tr1 tl~rougll thc forcst clad plains on the eouth bank of Orarlo. 
Mr. J. 0. Hughes Aosiat. Surv. 4th the Bralimapntra river, the operations terminating 

Grade. within a few miles of the Civil Station of Sibshgar. 
(23.) The nmoiint of progrcss made ~voulcl be considercd small in most 

parts of India, but for this tlifficult country, ~vhcre cvery line has to be cleared of 
trees and thick jungle with great labor, and the population is so scanty that la- 
borers arc rarely met with on thc spot and kavc usually to bc irnportcd from e 



distance, and where food for the surveyors and laborers and materials for the con- 
struction of the stations have also to be imported from a distance, i t  is as much 
as could well be expected, and it is materially greater than the progress which 
was made in either of tlie two preceding years. 

(24.) Considerable advantage was derived from a modification in  the 
construction of the stations which I had directed Mr. Beverley to introduce ; 
instead of the usual central masonry pillar for the theodolite, surrounded by s 
platform (generally of solid earth work) for the observer, both raised to a sufficient 
height to overlook all irremoveable obstacles in the lines, a small pillar has been 
built, which is merely sufficient to indicate the site of the station permanently, 
and over it a tripod stand has been erected for the theodolite ; the stand is formed 
of three stout logs firmly braced together, with the ends buried in the ground, and i t  
is made sufficiently high to give the required command ; around and isolated from 
it, a platform is constructed, of bamboos or timber, for the observer; these have 
been found to suffice very well for all practical requirements, and Mr. Beverley 
reports that " from the rapidity with mhich they can be constructed they hare 
helped materially to advance the survey ". Hitherto the signals under observation 
have also been set up on these tripods ; but as their mounting does not require to 
be as firm and rigid as that of the theodolites, I have directed a further modification 
to be introduced in the construction of the stations, whereby the signals will be 
set up at a considerable height above the theodolites, and mill thus be visible over 
the top of the long grass and jungle, the clearance of which has usually been 
found to be a very formidable task ; I trust that this expedient will be found prac- 
ticable, and that in future the line clearing will be restricted to the cutting down 
of such trees as are too high to be looked over. 

(25.) During the season Mr. Beverley was able to fix several additional 
points in the DuMa Rills to the north of the valley, which will be most valuable 
aids to tlle oficers who have been attached to tlie Duffla Expedition in order 
to make a survey of the country. A number of points mrere also fixed on thc 
Naga IIills, to the southeast, which should be of much value to the officers 
now engaged in making a topographical reconnaissance of those hill tracts. 
Connections have also been made with the stations of tlie Revenue Survey in tlie 
valley. The aggregate length of the lines which had to be cleared, in course of 
the construction of thc principal chain of triangles, was 178 miles. 

(26.) Towards the conclusion of the field operations Mr. G. A. Harris was 
compelled by failing health to return to the recess quarters a t  Shillong ; he had 
suffered much from fever, against which he struggled bravely, remaining in the 
field-far from medical aid-longer than he should have done, in order to complete 
his share of t1hc operations ; at last he was obliged to desist from work and to 
return to Shillong, where he died a few days after his arrival. IIe nras a very 
painstaking and worthy mcmber of the Department, and his loss is much re- 
gretted. 

NO. 111.-TRIGONOMETRICAL. 

TIIE BRAHMAPUTRA SERIES, MERIDIAN 00'. 

(27.) This important meridional chain of triangles lies wliolly between t l ~ c  
Calcnt,t,a and tho Assanl Longitudinal Serics. I t  nras commencccl a t  the soutll 
end, in 1867-68, ant1 ~ ' 3 s  conlpletrd during the present year, having been executed 
tl~rollgl~olit as n clinin of s~lccessire polygonal figures. Lying nlmost wllolly in 
alluvial plaius, lofty towers l ~ v e  had to be erected as stations of observation, in 
ncarly every instmcc, and almost all thc lincs bet\vccn thcse towers havc had to 



bc cleared of trees and jungle; thus though tho labor entailed has been very 
considcrablc the progress has been comparatively slow, averaging 30i milcs per 
annum, the cntire length of the series being 220 miles. 

(25.) At the commencement of the present year a gap of 54 miles remain- 

PEESONNEL. 
ed to be completed, in order to connect the principal 

Cnptein Cnrter, Officiating Deputy 
triangulation from the south with that to the north ; 

~ u l i d t .  2nd grade. all the intermediate stations had however been select- 
Jlr.L.H.Clnrke,Sume~or2ndgmde ed and built, and the lines between them had been ,, Collins, Asst. Surveyor 4th grndo. cleared, and thus during the present year there was 

little to be done in  the way of preliminaries before the commencement of tlie 
principal triangulation; a t  a few of the stations bamboo scaffoldings had to bo 
erected for the support of the observatory tent, and a fern lines, in  which junglo 
had grown up since they were f i s t  cut, had to be relcleared. 

(29.) Captain Carter took the field a t  an early date, being anxious to 
complete the triangulation before the month of March, when tlie villagers usually 
begin to burn the grms and bamboo jungles, and the atmospllcre is so pervaded 
with smoke and haze that all distant objects are altogether shut out from view 
for weeks together, until the periodic rains commence to fall ancl clear tlie atmos- 
phere. Fortunately he was successful in finishing the requisite observations by 
the 6th March, but he found the field season a particularly trying one, for tliougll 
i t  mas short he was all the while working against time. 

(30.) Captain Carter deputed Mr. Clarke to execute secondary triangula- 
tions for the purpose of fixing the positions of points of importance in the vlcini- 
ty of the series rnliicli could not be seen from tlie principal stations. Mr. Clarkc 
was more particularly instructed to fix as many as possible of t l ~ e  stations of tho 
Revcnue Survey wliich had been completecl in the Rungpore and adjoining clis- 
tricts before the triangulation was commenced ; but no station marlcs were niet nritli, 
presumably because the reasonable procedure of constructing permanent pillars 
a t  the points of junction of tliree or more villages-whicli prevails in tlie Nortli- 
West Provinces and the Punjab, and furnisl~es a certain number of pcrmanent 
marks for future reference which are invariably incorporated among the stations 
of the Revenue Survey-has only commended itself to the approbation of tlie 
Bcngal Government very recently, and at tlie time when the surveys of Rung- 
pore ancl the ac1,joining districts n7ere being carried on, no sncli pillars v-erc erect- 
etl ; thus the only means of malting a connection between the trigono1netric;rl nncl 
t l ~ e  rcvcnue operations was by fixing the positions of a11 tlie temples mliicll vrcro 
met with, and also of the banyan trees unclcr n~liicli tlie villagcrs Iiold thcir marltets. 
On entering the GoBptira District 25 permanent marlts were fixed by Mr. Clarke, 
and these should be of much use to the Revenue Surveyors wlio are now em- 
ploycd in that clistrict. 

(31.) The conncction of the triangulation of tlic Bralimaputra with that 
of thc Assam Series lias completed a cliain of trian~les-bct~~veen the Calcutta and 
the Sonakliocla base lines-of wliich tlie l~n,rrt\l is 420 rnilcs, and nrliicll forms with 
thc Calcutta Jlcridionsl Series a circuit of 660 milcs. Tlle errors at tlic close of tho 
circuit nrere only Oa"18 in l:itit,udr: and 0."23 in longitude, and may 1)c considcrcd 
immaterial. On the otller linnd tlie linear crror gcncrated hctmecn t l ~ c  1)ase lines 
was as much aa 4-4 inches per 'mile, wliicll is larger tlinn any linc.ar crror 
Iiithcrto mct wit11 at tlie closo of cither of thc principal chains of trinnglcs of 
tlliq Survey ; it is probal~ly clue to the circumstance tlrat tlie t r ian~ulat ioi~ was 
nrholly carried over plains which \rere covered with jungle and troplcal vcgcta- 
tion, and consequently tllc necrssity arosc for opening out lincs in every instance, 
in order to secure mutual visibility mitllout incurring the expense of raking tJhc sta- 
tions to a grcnt elevation ; tllcre is almay3 a tendency to lateral rrfraction in rays 
which graze the surface of tllc qround or the sides of glades, and this may cfl'cct thc 
ohsclrvations very sensil~ly. Bnt errors arising from lateral refraction tend to 
cixncc~l cncll ot,llcr in the lone run, nnrl tlic smnll cryow at thr: closc of tlic circuit 

7 intlicatc: lliat iu tllc prcscllt ~nstaucc this lias probably hoppcncd. 
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NO. 1V.-TRIGONOMETRICAL. 

TIIE JODHPUR SERIES, &lERIDIAN 726O. 

(32,) This chain of triangles-which was commenced last Year at a side 
on the north flank of the Karhchi (Kurrachee) Lon- 

PEUSONNEL. gitudinal Series, by Lieutenant M. W. Rogers-has 
c ~ p t .  J. n m ,  RE, Offg. Dcpnty this year been advanced a considerable distance north- 

Snpori~itcndcnt, 3rd grnde. \v. C. P,.lce, Asst. surreyor, wards, by Lieutenant (now Captain) Hill, who mcceed- 
lst grn[l~. ed Lieutenant Rogers on his dcparturc to Europe on 

Mr. C. P. Torren~, Aest. Surveyor 
3rd gmrle. f ~ l o u g h .  

Blr. W. Oldham, Asst. 8urveyor 3rd (33.) The operations of the present year lay 
grade. in the desert of Marwar and Jesdmer, through the 
tract which is called "the region of death," in Greenough's General Sketch of the 
Physical and Geological features of British India; happily i t  mas this year found 
to bc undeserving of so dire an epithet, for the survey party enjoyed excellent 
health, on tlie whole. Tlie region is however much dreaded by the people of tllc 
surrounding more favored districts, probably, as Captain Hill reports, " on ac- 
" count of its desolate appearance, the frequency of its famines, and the distress 
" and disease that are generally prevalent among the poorest classes of its inhabi- 
" tants, owing to tlle miserable food and unwholesome water on which they are 
" compelled to subsist". 

(34.) The dcsert is covered with sand hills "which are generally flat 
" topped, low, and of about equal altitude, so that the advantages of a hilly 
c c  country are lost, and short sides are unavoidable." On the other hand however 
the absence of vegetation relieves the surveyor of the necessity of building tower- 
stations and clearing the lines between them, which is a great advantage, and 
enablcs tlie operations to be carried on far more rapidly and ecouomically than 
would be possible in Eastern Bengal, in Assam or in Burma. Special arrange- 
ments have to be made to provide the surveyors with food and nrholesolrte water, In 
this region lvliere neither the one nor the other is procurablc ; but camels are plenti- 
ful and rcadily obtained, and thus, nritll a little forethought and a t  a slight 
expense, there nced be no risk of failure in the supply of the necessaries of life. 
Occasionally observations arc delayed when the atmosphere is pervaded with dust 
and sand, but not to any thiag like the extent which happens in the forcst and 
jungle tracts of India, when the grasses are fired and a tlrick pall of smoke and 
hazc obscures the atmosphere, sometimes for meelis together. 

(35.) Tlie out-turn of tlle field season's work is very good and credita1)lc 
t o  Captain IIill and his assistants. The principal triangr~lntion was carried a 
distance of 00 milcs aloug thc meridian, by a series of consecutive polygonal figures 
which clnbracc an arcs of 1,552 sqllare miles. An astronomical azimuth of vcri- 
iicntion was mcnsiurccl at  one of the principal stations. Tllc prelillziunry opcra- 
tions for tllc sc~lc~ction of tllc sitcs of the stations mere carricd over a distance of 
102 milcs and Irnvc? brcn kcpt ~vcll :~l~clacl of 1l1e fi~lnl trinngulntion. And 
socorit1nl.y cl~nins oT trinnglcs llnvc bccn cxtcndcd from tlle lnnill series, ill tire 
colirsc of' ~vlric!i tl~t: positions of upwards of 80 points, and the llcigllts of 29 of 
thcsc points, lrnvc 1)cc.n fixcd. 

(36.) Wl~cn tllc net TVOFIC system of triangulation, ~vliich lrad bccn ndopt- 
ctl by AInjor Laml~ton for tllc operations in soutlicrn India, was superseded 6 y  
tllc matltod-introtluccd by Colon~l Evcrest-of mcridional and longitudinal 
cl~:~ina of trinnglcs, it nlnq int,cntled tllnt t l ~ c  meridiounl chains sllould bc placed 
at nl)orlt 1" apart, :~ntl tied togctJllcr by longitnclinal cllaius at  convenient intervals ; 
ni~tl tlli4 into~ltion TV:L~ c.nrrictl out over tlrc cntire cstcnt of countcry lying to 
tlra nor111 of 1llo pnrallcl of Calcutta ant1 brtwccn the lncridians of 74"and 89". Of 
lntcl yc'nrq llo~vcvcr it Ira5 1)cacn det:mcd unncccssary to cxrcute so largo an amount of 
p'incbi[)nl t r in~~~ulnt ion,  ant1 conscquontly tllc intervals bctmccn thc main meri- 
dionnl chains havo bccn uadc about twicc as groat as for~ncrly ; thus bctwcCU thc 



Indus Series and the Gurhhgarh there mill be only two principal series-the Jodh. 
p6r and another on the meridian of 70"-instead of five, the number originally 
contemplated. But this reduction in the amount of the principal requires an  
increase in that of the secondary trianpulation, otherwise a sufficient numher of 
fixed points of reference will not be provided for the use of topographical and fiscal 
surveyors and the public generally. Arrangements are therefore being made to 
run longitudinal chains of secondary triangles, a t  intervals of about 1" apart, 
from the Indus to the Jodhphr Series ; these will be carried on rapidly with light 
and portable instruments, as soon as the stations have been selected and perma- 
nent marks built a t  them for future reference. 

NO. V.-TRIGONOMETRICAL. 

THE EASTERN FRONTlER SERIES, IN BURMA. 

(37.) This chain of triangles emanated from the Assam Longitudinal 
Series, near Gowhatti, in the year 1861-62 ; in the following years i t  was carried 
through the Kasia and 'lipperah Hills, and then down the east coast of the Bay of 
Bengal, through the districts of Chittagong, Alcyab and Arracan, to the vicinity 
of Toangoup and Sandomay ; it was then diverted eastwards, into British Burma, 
over the range of hills which intervenes between Arracan and Prome ; and by 
the year 1869-70 the principal triangulation liad been co~npleted to a short 
distance beyond Prome, and stations liad been selected in advance across the 
northern portions of the British districts and down the eastern frontier, to the 
vicinity of Moulmein. Tlie operations were then suddenly arrested, in conse- 
quence of tlie financial embarrasrnents of the Government of India, wliicl~ neces- 
sitated large reductions of expenditure in all directions. The expenses of the 
triangulation-as well as of all operations requiring a large amount of local labour, 
though only for a short time-are vastly greater in Burma than in any part of India 
proper ; as the country is very thinly populated, the wages of conllnon daily laborers 
are increased fourfold, and tliose of the regular native establishments have to be 
more than doubled ; the country is covered wit11 dense forests, up to the very 
tops of the hills, and consequently extensive clearances have to be made and long 
lines cut, and that frcquently in uninl~al~ited or very sparsely inhabited localities, 
to whicli laborers have to be brought from great distances ; local allowances are 
necessarily granted to all the surveyors ; and all this raises ~vllat may he called 
the contingent expenditure, or the excess above tlie normal pay of the surveyors, 
to about three times what ordinarily prevails in India proper. Tlius mlien reduc- 
tions of expenditure mere called for in 1870, the series in Burma mas naturally 
selected as the one to be stopped, for thus the largest savings which could bo 
made wit11 the least iqjury to private individuals were effected. 

(38.) This year I was directed by the Government not only to resume the 
P X M O ~ ~ W B L .  trianaulation in Burma but to push it on with all 

- - 

W. C. Rossenrorle, Esq., Deputy 
possi&le vigour, though withoutAany increase of ex- 

Suporintmrlent 3rd erede. penditure over the amount provided in the Budget. 
Bfr. H. Dsrerlr?. Rurrc~or  l a t  grade. Happily the services of Messrs. W. C. Rossenrode , J.  V .  M i t l ~ e l ,  , 4th ,, 
,, J. C. Clnncey, A W ~ .  Surveyor and II. Beverley, who had been carrying on the tri- 

4th grade. sn~ulat ion when i t  was susnended. were available for 
its resumption, wit.hout detriGent to the operations & otheE quarters; for tho 
Bilasplir Jieridional Series, on which thestl gentlemen had lattcrly been employed, 
was completed last year, by tlie junction of its two sections, one of mliich had 
been brouglit up from the south by Mr. Rozscnrode ant1 his party, and tllc otlier 
carried down from the north by the party under Mr. Keelan. I n  order to meet 
the expenses mhicli mould now be causecl, RIr. Kerlan mas transferred to do duty 
a t  Head Quarters, his party was brokcn up, and the funds wliich had been provided 
for its employment elsewhere were placed at Mr. nossenrode's disposal. 



(39.) The fist thing Mr. Rossenrode hnd to do was to induce a sufficient 
number of tlie trained native subordinates to re-engage for service in  Burma, and 
to fill the places of the large number of mcn who were unwilling to commence a 
life of barlisllment from their native country. These difficulties surmounted, and 
a party forlned which pronlised to be efficient, Mr. Rossenrode embarked with it 
on board a steamer at  Calcutta, and reached Rangoon on the 7th November. 

(40.) Meanlvllile arrangements llad been made to obtain a supply of 
elepllants for the party, as \vitliout tlie aid of tliese serviceable animals the opera- 
tions could not be carried on. Ten wcre procured a t  hloulmein, under the orders of 
the Chief Commissioner, and they arrived at Rangoon a few days after the party; 
they were found to be very fine animals but uutrained and shy, and they had 
never loads ; thcy nrerc imlnediately put under training by the mahouts 
wllom Mr. Rossenrode had brought with hill1 for the purpose from Bengd. But  
i t  mas long before tlicy could bc made use of, and in the interim a few elephants 
mere obtained on loan from the Comiilissarint Department, and then Mr. Rossen- 
rode collllnenced his march nortli~vards, and oil the 4th of December reached 
one of tile stations in tlic l~lains of tlie IIenzada District, down to which the 
principal triangulation llad been brouglit in previous years. 

(41.) I may hcrc observe that in the original design of the triangulation 
provision mras made for the measurement of a vcrificatory base-line in the plains 
of the Renzada District, on tlie same parallel of latitude as the base-lines already 
measured at Bider and Vizagnpatam; a suitable line was selected and cleared, and 
tomrcrs mere built at  its cxtre~nities as stations of the principal triangulation. But  
this is almost tlie only instance iu ~vliic11 tlie princip.al triangles have been 
brought down from the hills into tlle plains, for the plains are invariably covered 
with luxuriant vegetation and frequently with dense forests, and consequently 
high towers have to bc built and llcavy line-clearances made to render the 
stations mutually visible ; and tlie lclss tliere is of this sort of thing the better, 
everywhere, and in Burilia more particularly. 

(42.) Mr. Rossenrodc conzmcnced operations by clearing the lines of the 
jungle that had gronrn up on tlicilz during tlle four years which had elapsed since 
thcy wcre first cut. During the rnoutlis of January and February he took the 
necessary obsrrvatioils s t  three stations on tlie plains and a t  four hill stations. 
On tlic 10th hlnrcli he rc.nclied tlle hill station of Kaneingdong, which is about 50 
miles north of Pcgu. Thc siclcs of tlie txiangles ~vhich convcrge on this station 
are of various lengt,hs, ranging from 22 to 43 milcs, longer sides than usual 
having been introduced in order to cross over tlic Sittang valley by a single span, 
and thus avoid bringing the operatioils do~vu into a flat and densely ~vooded country. 
Unfortunatcly t l ~ c  bnrning of tlic jungles llad commcuced, and tlie tliick haze 
and smoke shut out all view of thc surrounding stations ; even liills which were 
only fivc milcs distmt vrcrc cntircly obscnred. For liearly two months Mr. 
Rosscnrode had to renlai~l at  tllc station, watching ' by niglit and day ' for glimpses 
of the lamps and heliotropes, but in vain ; eveatually, in  tlie first week of &lay, a 
shomcr of rain fcll and cleared tlic atinospliero, after which the observations were 
speedily complct~d. 19r. Rossenrode tlicn proccded to his next ststion, Mynya- 
benglzyo, T~IOI'P, on the 11th May, thc lilonsoon sclt in wit11 sucli violence tllat dur- 
ing thcbrcaks 11c \\.as only ablc to coinplctc tlio al~glcs to the back stations, which 
mere comparativcly near and lo\\. ; t l ~ c  fornrarrl stations were far off, and one 
of them was so cl[~vatcad that it n-as constantly capped with clouds or enveloped in 
mist, and so tlic siguals could not bc ol)sclrvctl. l Ie  had therefore to close work 
and procecd to his recess quartcrs at  Moulmcin. Tlle march was performed "with 
" much inconvcniencc and diificulty, owing to thc wllolc country being submerged, 
"the depth of water varying from one to four feet, tliroughout cach stagc ". 

(43.) '&'hat 11as been statcd will sllmcc to sllow the great difficulties of 
carrying on the triangulation in Umma. Whcn tlle stations are situated in the 
plains, a t  comparativcly short distances apart, the progress of the work is much 
lcss deprnrlcnt on tllc condition of tllc atlnospllcre than when tlley arc on hills 
far apart from cach other, and tho final observations can be completed with great- 



er rapidity; but, on the other hand, the preliminary operations of selecting sites, 
building towers and clearing lines, are very laborious and expensive and cause 
great delay; thus, as a matter of economy of time and money, the plains are 
never entered when they can be avoided. Even the hills present many difficulties, 
as they are always covered with forest and are frequently flat topped and do not 
afford a commanding view all round from a single point ; thus on one occasion it 
cost even so skilful and practised an officer as Mr. H. Beverley three weeks of hard 
labor to find a suitable site for a station, on the low and undulating ranges to the 
south of Shoaygheen. 

(44.) The out-turn of work comprises a double polygon, covering an area 
of 1,29-1( square miles, by which the principal triangulation has been advanced 
a direct distant of 60 miles. The preliminary operations mere carried over a 
distance of 112 miles, in which the stations liave all been selected and built in 
readiness for the principal triangulation of the next year. Stations have also 
been selected for a secondary chain of triangles, to connect the important towns 
of Rangoon and Pegu. Considering all the difficulties with wliicll Mr. Rossen- 
rode had to contend in this first year of the resumption of operations in Burma, 
that he had to form a new native establishment for the work, tliat much of tlie 
best time of the year was necessarily devoted to preli~ninary arrangements, and tlias 
the operations were seriously retarded by causes which were altogether beyond liis 
controul, I think that lie is entitled to mucll credit for what has been done; his 
arrangements have been very judicious and satisfactory, and I believe he has 
done his best to carry out my instructions to economize the funds placed a t  his 
disposal for the prosecution of the operations. 

NO. VI. 

SPIRIT LEVELLING OPERATIONS IN THE MADRAS PRESIDENCY. 

(46.) A suspension of the astronomical and geodetic operations in the 

PBRSOKREL. 
Madras Presidcncy, which are described in Sections X 

Liout. H. J. Hornen, RE. ,  Omg. and X I  of my Report for 1872-73, having been render- 
dmlt. supdt. 1st Omde. ed necessary because of Captain Herschel's departure to 

~ r .  0. v. Norrl9, Asst. Surreyor 2nd Europe, Lieutenant Uarman, R.E. was placed in  
Qrode. charge of Captain Uerscliel's party, and employed in 
in spirit levelling. His operations were carried on in a manner precisely similar 
to those in Sind, the Punj:~b, the North-West Provinces and Bengal, wliich have 
been briefly described in pl.evious reports, and in full detail in tlie introtluction to 
the Tables of Beiglits  it^ Sirzcl @c. Calcutta 1863, and also in Volunle XXXIII of 
the Netuoirs of the Boynl  Astr.oaonticul Society ; and tlieir object was the same, 
viz., to connect together ant1 reduce to a common datum the several lines and 
systems of lcvrls executc.tl for linilways, Canals and other Public Works, and to 
check the val~lcs of Iieigl~t of the principal stations of this Survey which have 
been dt~tcr~nincd by tlie trigonometrical method. 

(L6.) Tliis is tlic first year that I have becn able to employ a party, in 
the Madras Presidrncy, solely on levelling operations; arrnngemcnts had been 
made to form a special party for that Presidency in 1869, but t,llcy fell tl~rough in 
consequence of financial difficulties; and thus hitherto tlie work of this nature 
which has been done there, by this Survey, consists of short lines of levels, to con- 
nect the Capo Comorin base-line with the tidal station at Tuticorin, and the 
Bangalore base with the railway levels from the sea at Madms. 

(47.) The several systems of levels for the Public Works in the Madras 
Presidency are so numerous that it was difficult to decide where to commence our 
operations. Major Branfill had, at  my request, obtained from the officers of that 



Department a Skeleton Map of Southern India, showing the lines of levels which 
had been taken by the several Railway Companies and the Canal Officers, each 
of which mas referred to a scparate datum. I t  mas necessary to refer them all in  
turn to the mcan sea level, as deduccd at stations ~vllere systematic tidal observa- 
tions, continued over a long pcriod, had been or would be takcn. There was 
then, and still is, only one such station, Tuticorin; but the establishment of 
others, at  various points on tlie east and west coasts, mas contemplated, and 
tile first of these mould probably be a t  Karmar, the well known port on the 
west coast. A line from Tuticorin would not have been immediately useful for 
combining the several existing systenls of levels ; conscquel~tly Lieutenant Harman 
decided on commencing operations at  Ghti (Gooty) and working mrestmards through 
Bellary, Dharn~ar and North Kanara, to the port of l<arnlar. 

(48.) This line was completed very satisfactorily, and is 304 miles in length. 
One of the sections traverses tlle Arabail Glltit, and n7as found to be " almost in- 
tolerably hilly for the work," thc sun1 of tllc rises and falls aggregating 11,261 
feet. Two trigonometrical stations, and thirteen points on the railway and 
irrigation lines were connected ; sixteen bench-marks werc laid down, and up- 
wards of three hundred other points were fixed for future reference. 

(a9.1 A site nras selected and marked for tlie future tidal station at Earwar. 
Every effort was madc to ascertain wl~etllcr tllc tidal observations which had been 
talrcn several years previously at  tliis post, by officers of tlie Indian Navy, had 
been referred to some permanent point of reference on tlie coast ; but none such 
could be found, or Licutcnant IIrtrman ~vould llave connected i t  with his line of 
levels. Under tlie circumstances it was necessary for hini to malte an approximate 
determination of the mean sea lcvel by a few days observations of the tides; 
these, when reduced to tlle " mean of tlle ycar" nrit,h tlie aid of tlle local tide 
tables, mill furnish a very fair prcli~ninary dcternlination of tlie mean sea, to scrve 
for immediate reqnircments, pt:nding the completion of the systematic observations 
to bc taltcu hereafter \\-it11 a self-registering tide-gauge. 

(60.) Lientenant IIannau llas labored with great energy and self devotion 
during tliis his first year of indcpcndent employment. He  was unfortunately 
unable to co~nplete thc br ingi~~g up of liis fitxld boolts and tile preparation of the 
results for publication, for bcfore he could do so I was obliged to send him 
away, with scant notice, to a part of India vcrp distant from the scene of his 
operations. IIe is nonr conducting tllc Assam Valley Triangulation, with orders 
to join the Survcly Party at,taclictl to t l ~ c  nlilitary expedition against tlie tribe of 
Dumas ; this tribc occnl~ics a tract of hills to the north of the valley, which has 
hitherto appcnrerl on tlie maps as a tel-ra iucog~zitcc, but which I trust will soon be 
thoroughly explored and mapped. 

-- - - 

NO. VI1.-TOPOGRAl'HICAL, 

THE SUltVEY OF KATTPWAR. 

(51.) The operations of this important topogm.phicn.1 survcy 11nve been 
P~n.qoxsnr,. cal-ricd on (luring tllo present year under the executive 

Cnr t  A .  PIIIIIIII, S . ( ! .  O Q .  Dri)u(y srlpc~rint,rudenc~ of C,apt,ain l'ulhn. Good progress B u l i ~ r i n l c n c l r ~ ~ l  3rd Ctl,nrlr. 
J. RlcOill, E ~ ~ ~ . ,  ~ ~ ~ i ~ l ~ ~ t  sul1d. 211d I I ~ S  been luade, bob11 in the field work and the map- 

Qrndc. 
Mr. T. nrll, Rurvrpor 3rd Grntla. 

ping, and the completion of tho survey of the entire 
, T I I  ,, 41.11 ,, Province of Katt.ywar, mitliin the next five years, 
, I  N. C. G w ~ n l l e ~  Asst. Surrryor may bc confiilcntly looked forward to. lst, Grnde. 

hfr. E. wyntt., A~qist,.Sur. 2nd Qrndc. ( 5 2 . )  Tllc final topographical operations em- 
.* ". FirlBing. 9, 3r11 ,. braced an area of 2,201 square miles, ~vhich comprises ,, 11. Corkcry ,, 4.1.11 

Trianji ~n~nn~lill nnd 12 Nativo gur- portions of the Districts of IIallar, Machu Icanta and 
rcyora end Apprcnl.irce. .Jhnlnn.nr and of the principal Native St,ates--Nawa- 
nagar, Morbi, liajkot, Wakanir and Gondal-which are includcd in those Districts. 



The entire area was sWveyed on the scale of 2 inches to the mile, by the usud  
method of plane tabling on a trigonometrical basis, but with the addition of a 
large amount-1,23b linear miles-of traversing, to lay down the boundaries of 
the talukas and furnish checlis on the operations of the plane tablers. A survey 
of the town and cantonments of Ra,jkot was made on the scale of 12 inches to the 
mile, in  doing which all tlie principal roads were travcrsed with chain ancl theodo- 
lite and stone bench-marks mere fixed a t  a number of important points on the 
traverses, for future reference. 

(63.) The triangulation executed in advance, for the topographical opera- 
tions of next year, covers are area of 2,174 square miles, in which 578 points 
have been fixed, and tlie heights of 309 of these points have been determined. 

(54.) The mapping comprises 20 sections, each 32 X 1 7  inches, on the 
2-inch scale, drawn for reprodcction on full scale and also for reduction by plioto- 
graphy to tlie 1-inch scale, and a degree sheet on the 4-incli scale, drawn for re- 
duction by photography to the a-inch scale, for incorporation into the Indian 
Atlas ;-also a map, 44 x 35 inches, of tlie Rajlcot Town and Cantonments, on 
the 12-inch scale. Owing to an unfortunate oversigllt which has been made in  
the mapping, the breadth of tlie tal6lta boundary lines has been very ur~nccessnrily 
increased on one of the 2-inch maps, the appearallce of which has been much 
deteriorated in consequence. 

(56.) The delays attendant on the demarcation of the boundaries of the 
Native States, prior to surrey, liave in some instances bccn so great that the 
survey of the country lint1 to be carried on ~vitliout waiting for the demarcation 
of the boundaries, tlie directions of ~vhicli could tllerefore only be sliown approx- 
imately on the maps ; Capt,ain Pullan rcports tliat most of tliese detaclied bits of 
boundary have now been definitely settled and marked out, and that they will be 
surveyed next year. 

(56.) The Rattywar Survey Party has been much weakened this year by 
the deaths of two of the assistants, and tlie loss of a third who lias become lunatic. 
Mr. J. Wood died suddenly, and most sadly, sliortly after liis return to recess 
quarters in May; he liad served in tlie Dopnrtment for nearly fourteen years, 
was very intelligent, :tnd liar1 always wor1cc.d willingly and well, and given every 
satisfaction to eacl~ of tlie officcars under ~vllom lic liad bcen employed. Mr. E. 
Wyatt liad been corupellc~d by ill hc:lltli to take lcave of a1)scncc at t l ~ e  close of 
the field season ; he was never nblc to rc:join, a~ id  tlicd in tlic following November ; 
he had served for nine years, and l ~ a d  become a very skilful draftsman, as well as 
a useful surveyor, and his loss is much regretted. 

NO. VII1.-TOPOGRAPIIICAL. 

THE SURVEY O F  GUZISRAT. 

(57.) I n  section VI I I  of my report for 1872-73 I have sho rn  t l~at ,  from 
PFRIOSNFT.  the vcr-y conlinc:~~ccnlcnt . . ~ ... 

Alnjor C. T. Rnig, R.E., Dal?r~l.y 
aupdt .  211d Ctrode. 

Lieut. J .  E. Oibbs, R.E., Aeeiatnnt 
auprlt. 2nd Qrndr.  

Mr. J. Prgton, R ~ ~ r r c y n r  1.4 Qrulo. 
(Durinp the  r r c w  o l ~ ~ y )  

,, A. I)'Yourn. 8nrvegor 2nd  ,, 
,, A. D. L. Cl~rietie, S~~rscyor  4th 

Grade. 
MT. C. H. McA'Fee, Asst. Survrgor 

1st Orsde. 
(bring a pnrtinn o f  the R ~ l d  n p u m  only) 
Mr. E. J. Connor, Anst. Yurreyor 1st 

Qrnde. 

Mr. J. IIickie, As~i-tont.Sl1rrpyor2nd Of Our in Gu- 
a rlll~,!. zcrat, thc importance of 

Mr. a. D. Cussoli, Asst. Surveyor 
31.d Orndp. endeavoring to cffect a 

hlr. A. Dl.y~on, Best. Survryor 3rd combination of O U ~  work al.:~~lo. 
Mr. Ct. T. Rall, Asst. S ~ ~ r v c y o r  4th of tlic Rcve- 

~~~~l~ 
11 Il'atisc Bllrrryors nlld Apprentices. nuc Surveyors W ~ O  had 

prcccded us in that Pro- 
R R ~ E N C E  srnmons. vince, with a view to 

BIr. T. A. Lr3lep11rier. 
6 Notive Su r r e~or s .  

utilizing their work to 
the utmost possible ex- 

tent, had been fully recognized; I indicated the attempts which had bcen mado 



to do so, and showed that they had met with such varying xsults that whilc somc 
officcrs pronounced thc combination to be impossible, others tliought that it might 
be effected, and with very great advantage as regards the general value and utility 
of the maps. 

(65.) I myself had filom the first been inclined to takc the more favorable 
view, on the general grounds that i t  appcared impossible that the myriads of 
measwes rnhich had been macle for tlle purpose of defining the areas of all landed 
properties, down to the minutest fields, and which had been plotted together so as 
to form village maps on the large scales of 8 inches and 16 inches to the mile, 
could not be utilizcd to some extent in the course of the execution of a profes- 
sional survey of the country. 

(59.) Morcvcr utilization appeared to me to be most desirable, i n  that, 
if feasible, it would tend to improve the character of the professional survey. That 
survey was about to be undertalien by an establishment which had been formed on 
the old and long standing scale of establishments for the production of rapid preli- 
minary maps, and consequently contained a much larger proportion of tlle European 
than of the Native elemcnt ; for the ol~ject to be accomplislled was the attainment 
of a rapid but only fairly accurate survey of the country ; the method to be adopted 
was that of planc tabling, and each planc tabler mas expected to turn out a much 
largcr area in a given time than could possibly be obtained, of minute and close 
survey, in  the timc allowed; thus an out-turn of about 100 square milcs pe r  
nzelzseln, during each month that the plane tabler is actually on the ground under 
survcy, is even still considered a fair average out-turn for the scale of 1 iuch = 1 
mile, and formerly a much larger out-turn was expected. But the country of 
Guzerat is a rich and fertile plain, covered with trees and fences and habitations, 
and consequently very ill suited for a rapid survcy by the method of plane tabling. 
Tlius it appeared to me to be most probable tliat if the professional surveyors did 
not utilize the facts of measurement wliicli they might obtain from the reverue 
surveyors, either they mould have to do over again, a t  great expense, a large por- 
tion of the work of rninutc measurcnlent 11rliic11 had already been done a t  great 
expense, or their maps mould be fouud wanting in  accuracy of detail in  those 
parts of the country mhicli are nlost dcnsely i~diabit~ed and most rich and valuable. 
I n  the lattcr case the expcckztions ~v l~ ich  ~vould naturally be formed of a pro- 
fessional survey of tlic " Garden of TVestcrn India", exccutcd a t  the present timc 
and upwards of a ccntury after thc country had become a British possession, might 
be grievously tlisappointcd. 

(GO.) For t , l l~ ,  last two ycars tho survcy has been under tlle executive 
super;ntcndencc of ISajor IInig, who has sllared my bclief in tlie practicability of 
utilizing the fiscal mcnsureint~nts, and lias lnborcd carnestly and patiently in  
wol'lii~lg out tlie best inothocl of d o i ~ ~ g  it. IIc soon found that a certain amount 
of co-opemtion on l,llc part of the Eevcnllc Surveyors was essential to success ; tllis 
nras rcportcd to tllc 13oml)ay (;lovcrnmcnt, nrho rcadily accc~clcd to tllc proposals sub- 
mittt~d for snnct,ion, nnd stint a sini111 but slitIicit:nt, part,y of native surveyors-at first 
undcr Mr. A. Dnlzcll ant1 n~tt.r~\rnrcls under Rfr. T. A. LcRlcsurier-to assist Rilajor 
IInig ; tlris tl~(ly ~ ~ ~ t ~ r e  to do 1 y  giving lliln full tlctails of t l ~ c  fiscal measurcn~ents, 
alltl indicating tlla posi t8ioils of tllc 1~rincipnl pillars and marks of reference, the 
fixing of n 11ic.11 l)y JI:i,jor Ilnig's snrvcyors mas a necessary preliminary to the 
incorporntion of tJ1c fil;cnl dctnils into tl~c>ir maps. 

(61.) 'l'l~o S ~ i r v ~ y  of Guxt.rnt llnrl originally bccn commenced on the same 
~cnlc  3s that of I11c adjoii~ing Provii~cc of Kattywar, namely 2 inches t ~ i  tho 
mil(., or ,,kh, ; but it I V : ~  clear from thc out-set tlint this scale, tlloogh s e l l  suitcd 
for t l l ~  portions of Cuzclrat ~vllic11 arc nndrr Nativc St,atcs, and arc not directly ad- 
~niniqt(.l-c~tl 1)y t'llc. I3ri ti411 Govcrnnlcilt, and 11avc not becn brought under fiscal 
snrv(,y-:lu is I I I O  c : ~ r ~  wit11 1)y far tliv grtlat,cr portion of IZattywm-rnipl~t not be 
s~~l r~c ic .~~t ly  lug-I* for tllo tlislriats ~rliicli arc. dirrctly nndrr British adlnlnistmtion 
ant1 11:1\-(1 1 ) ( ~ & 1 1  iiqclnlly sivvc~yc~tl. IVllnt scnlv sllo~~ltl  l)c atloptcd Iras n matJt,tbr on 
wlliclk 110 couclic.siolls c:o~lltl 1)c arrived at, uiltil tlic pro1)lcm of tile practical)ility 
~f utilizing llic iiscsl ~ucasurcmcnts at  all, ancl if so to what extent, had been 



satisfactorily solved. In  my last annual report I had to acknowlcdge that, oming 
to circumstsnces which are there fully explained, it mas still premature to form any 
positive conclusions on the subject. I am now in a position to state that the scale 
of 4 inches to the mile may be adopted with advantage, and that Major Haig has 
succeeded in executing scversl excellent maps on that scale. 

(62.) The reason why an equal measure of success mas not attained 
previously is that, originally, a comparatively small number of the fiscal marks 
had been fixed, and an attempt had been made to join entire village maps together 
by thcir peripheries ; the maps however are 'often of considerable size, and it so 
happens-from the system of operation in the field measurements-that the peri- 
pheris are the parts where there is greatest accumulation of error ; thus when 
contiguous maps mere juxtaposed, large discrepancies mere occasionally met 
with, more particularly on lines of considerable length, and they were found 
to be unmanageable. But Major Haig has ascertained that, by £king a sufficient 
number of the fiscal marks to enable the village maps to be cut up into triangles 
mitll sides not exceeding three quarters of a mile, the details can be fitted on 
his mnps without any sensible inaccuracy. The greater number of the marks are 
fixcd by the triangnlation and the traverses, ancl the remainder by the plane 
tablers, who are required to pick up all obligatory points which had not been fixed 
by the surveyors preceding them. 

(63.) The village maps show with accuracy all the malls, fences and 
lleclges which form tlie boundaries between contiguous fields and properties i n  
enclosed tracts of country, and the narrow strips of uncultivated land which 
form the bounclnries in open country ; but, as is well known, tliey do not give 
topographical features a t  all, nor do they giva the roads and water courses mllich 
are exterior to the cultivated and cultivable fields with any attempt at  accuracy. 
Tlic system of operation whicli Major Haig introcluced last year mas to have the 
fitting in of the cletails wliich are given in the village maps effected on the ground, 
by the plane table survcyors, pnri pctssu with the survey of the topographical 
details. This year however he lias found it preferable to restrict the plane tablers 
to the survey of tlic topographical details, and to the fixing of such additionrs 
points as rn:~)r he nt>ccsqnry t,o enable tllc tltltails of the v i l la~e  maps to be sub- 
sequently plotdecl on tlieir tables, unclcr his immediate supervision. 

(64.) With tlic ol~jcct of obtaining a fair practical test on his system of 
con~bination, he carried on operations in two parts of the district, at  some distance 
from each otlicr; in thc Alimcdabad Collectorate, whcre tlie Revenue Survey 
operations had bwn carried out nearly n qllnrtcr of a century ago, and in the Surat 
District, w1ic.r~ thcy had been done recently. Tlie old work was known to have 
beta much morc rouglily cxecnted tlian t,llc modern, but the errors of tlie sections 
into which it is now sul)dividrtl, as alreatly explained, were found to bc easily man- 
ageable; on tlle otllcr hand in the new work the errors almost entirely disappeared, 
ancl Xajor IInig is of opinion tlint the new work is suitablc for reproduction even 
on the S-inch scale, should this be required. 

(65.) If tlie wliole of Gnzcrnt consistctl of lands wl~ich have been fiscally 
surveyed, I should l~avo no hcsitntion in concluding that tlie n-hole ought to be 
surveyed on the 4-inch scalr, as Jlajor IIaig has b c t ~  doing, wl~ercby a scrics of 
maps would be avnila1)lc for tliis n~glcctctl portion of India, on thc same scalc as 
tl~oqc whicli 11arc long ago 1)clcn coriqtructt~tl for tllc Rritisll Districts in Bengal, 
the North-Wrst Provinces, tllc Funjab, ant1 Outll~. But thc fiscal opcrations do 
not cover nlorc than n third of the arc8 of the province. Tlic lands sul?ject to 
tlie British Crovenlrurilt arr hrltl uridr~r tl~reo kinds of tcnure, known as IClililsa, 
'l'iiluliddri, and 1n:imi ; in tlic I<hrilsa villngcs rvery field 11x5 bccn snrveyccl fiscally, 
for the owner or" caul1 fieltl pays his rent clirectly to t l ~ c  Government; in tlio 
Tiilukdliri villages a Tlilukd;ir pays t l ~ c  rcnt for t,he wl~ole villagr, and conse- 
quently tlic fiqral maps usually givc only tlic boundary lines and the roads, and 
occasionally a little partition into firllds; 11-l~ilo of tllc 1n;imi villages generally no 
lunps arc fortlicoming. Tl~us tlie vnlnc of tlic fiscal work for topograpl~ical pur- 
poses is almost solclg rcstrictctl to the IZbAl5n 1:~nds. Conscqucntly it is of tllcso 



lands alone, with as much of the others as are interlaced with them, that binch 
topographical maps should be made; the remaining portions of tlie province, 
comprising the British TAlukdhi and Indmi villages, the villagcs belonging to 
Native States and the DAng Forests, should be surveyed on the 2-inch scale, as is 
being done in Kattywar. 

(66.) The triangulation of the field season under review embraces an area 
of 1,650 square miles, in which the positions and heights of 237 points, and the 
positions (without heights) of 337 points have been fixed, in advance, for the 
topographical operations. And this triangulation has been supplemented by 848 
linear miles of traverses, furnishing a large number of traverse stations, of 1,268 
of which the co-ordinates have been computed. 

(67.) The area embraced by the topography is about 690 square miles, 
which is a smaller out-turn than was accomplished in former years, when the 
scale employed was only half as great; but being the first season of work on the 
4-inch scale, and of successful combination with the fiscal materials, I consider it 
very satisfactory and creditable to Major Haig and his assistants. Major Hdg 
expects that with a little more practice, and a slight increase to his grant for 
contingent expenditure, the party mill be able to turn out nearly as much work 
annually on the 4-inch scale, as could be accomplished, in those portions of the 
district which have not been operated in by the Revenue Surveys, on the a-inch 
scale. 

(68.) Eight maps on the 4-inch scale, each measuring 32 inches by 17, and 
embracing 7' 30" in longitude and 3' 45" in latitude, have been completed and sent 
in to this office, and are now being photozincographed. They shorn all the walls, 
fences and other divisions between the fields; they also show the 'numbers' by which 
the fields are registcred in the fiscal records, and mhicli have thus come to be 
popularly used, by the owners and villagers and the public generally, as the 
names of the fields. They give all the details which are given on the fiscal map, 
and all tlie topograpliical information which is required to supplement those de- 
tails. They cannot but be most uscful to the local officials in  the administration 
of the country, to engineers employed in laying out lines of roads, canals, and 
railroads, and more particularly for local irrigation worlts, when i t  is a matter of 
great importance to have a map showing the fields which are brought under 
irrigation, and the owners of which have to be taxed in proportion to tlie benefits 
they receivc. The only regret I llavc felt in looking a t  these maps is that the 
excellent fiscal morlr rnllicli has been done by the Revenue Surveyors was restricted 
to the KllBlsa lands, instead of being carried over the entire province. Thus 
while some portions of the maps are elaborately detail(-d, otllcr parts-as for 
instance where a Tlilukdkri or Inrimi village comcs in anion!; a cluster of Hhhlsa 
villngcs-are comparatively meagre and deficient in detail. This is somewhat 
detractive from tllc artistic appearance of tlie maps ; but I am content to 
waive appcarances, and, be satisfied with tllc practical gain sccured by utilizing 
the work mhicli mas donc before we caine into the ficld, and wliich we have 
found rcady to ollr llnnds; I would not ndvocatc tlic, sccuring of uniformity 
ant1 supt.rior artistic finiali, citllcr by assimilating thc Tlilltktlliri and 1n:imi to the 
K h h l s ~  villaqcs, which ~vorlld cause macll add~tionnl expcnsc, or by suppressing 
tlic rcsnlts of tlic fiqcnl surveys in the lilihlsa villn.~cs, ~vhicll would be to abandon 
all tlie fruits of the laborious and expensive operations carricd out by our prede- 
cessors. 

(0.) Mnjor IIaig ~nakcs proini~icnt mention of t,hc serviccs of Lieutenant 
J. E. Gibbs R.E., wlio urns cmployetl in triangulating a portion of the Ddng 
Forcsts, nnrl mllosc interesting notcs on the lnnilners and customs of the inhabi- 
tants, &c., will I)(: found at pagc 32-, of tlic appclldix,-of RIr. T. A. LeMesurier, 
of tJllc 13omhay Rcvclzr~c I)c~pnrt~ncnt, ~vhosc ictclligcnt ancl cordial co-operation 
lias mncll contributed t80 tlic sncccss ~vllicli has been sttaincd in combining 
t,he fiscal nritll thc topogrnpliical dctails ;--and of RIr. A. D'Souzn, who was of 
great assistancc in training thc nativc surveyors and supervising their opera- 
tions. 



NO. 1X.-TOPOGRAPHICAL. 

THE SUHVEYS IN DEHRA DUN. 

(70.) Thc Himalayan Mountain ranges may, for geograpllicd purposes, 
be broadly divided into two portions, one lying to the east the other to the west 
of meridian 81". The eastern portion includcs the Nepaulese territories, Sikkim, 
Bhlitan, and the ranges to the north of the Assam Valley which are occupied by 
independent hill tribes ; in this portion most of the prominent peaks have long since 
been 'fixed' by the operations of this Survey, but only a very small area has 
been regularly surveyed, and under existing political conditions any considerable 
extension of survey operations is impossible. The western portion, on the other 
hand, has long been freely accessible to Europeans, and regular surveys of the 
entire area included between the plains of Hindostan on the south, the frontiers 
of Eastern Turkestan and China on the north, and the tracts occupied by inde- 
pendent hill tribes in the Vglley of the Indus on the west, have now been all 
but completed. These surveys have been executed on various scales, and a t  
various times, by members of this Department. 

(71.) First the districts of Kangra, Lahaol and Spiti, and the Native States 
of Chamba, Tiri and Garhwhl, which embracing an area of 26,700 square miles, 
were surveyed during the years 1849-54 ; thc maps mere drawn in the field on the 
scale of + inch = 1 mile, but evidently with a viem to publication on the 4-inch 
scalc of the Atlas Slieets and with the object of exhibiting the general geographical 
rather than the exact topographical features, for the average area turned out 
every field season by each person employed exceeded a thousand square miles; 
the opcrations mrerc carried on under the direction of the late Surveyor Gcneral 
and Superintendent of the Trigonometrical Survey, Sir Andrew Waugh, and 
furnished a serics of valuable preliminary maps of regions, including three British 
Districts, wliich had hitherto been unsurveyed. Then tlie survcy of the terri- 
tories of the Maharaja11 of Kasllmir was commenced, and an area of about 21,800 
square miles was completed in Kasl~mir and JanlmG on the $-inch scale, but with 
much more topographical dctail than hod been given in the preceding survey ; 
and aftcr this tlie opcrations were extendc~d ovcr tlrt: remainder of tlie Maharajah's 
territories, but on tlie smaller scale of 4 incli to thc mile, mliich was adopted for an 
arca of about 52,000 squnrc miles, comprising tlie whole of Ladaltli, Little Thibct 
and the regions up to thc nortliern bonntlary linc, and a portion of Cliinese 
Thibct bcyond ; these operations mere carried on during tlle years 3864-65, and 
wcrc initiated by Sir Andrew Waugli and carried out by Mqjor Montgomeric, 
mostly unr1c.r his directions. Lastly a survcy of tlic British District of ICumaun 
and Glarh\v;il was commenced in 1865, on the sc:llo of 1 incli = 1 mile, and it is 
now ncarly completed ; thc wcstcrn froiiticrs of Ncpaul liave bccn reachcd an(1 
~luvcycd to thc furtlicst points visiblt. from our own sidc of the frontier; t l ~ e  
arcn complctcd atnotults to 9,620 sqllnrcs ~nilcs witliin, and 270 outside, tlle dis- 
tricts ; thc nrcx rctnninin :. iliny be roll; lily c.slinlatc\tl as anloullting to 3,200 
squarc miles; it is situated for the iilo\t ])art ill t l ~ c  Iligllc~r rangcs and revions 

0. of perpetual snow, wliicli litb to tlie nortll towartls tllc frontier of Chincse Thlbet, 
and much of it nlny 1)r survcyc.d on :L \tnnlltlr scnlc. 

(72.) T l~as  when, in May 1 b7.3, I rcplicil to a call from tlic Govcrnmcnt 
to ~lictch olit a proqrammc of opcmtions for caoli of thc Triqonomctrical Survey 
partics for tlie nest five ycnl-8, I suyqc.stcrl t l~nt,  as it woultl not bc possiblo for us 
to operatc in t$lir ititrrior of Ncpaul uor in any l~ortion of thc Eastern HimalaSns, 
thc Rumaun ant1 C;arh~rlil parly sl~oultl I)( .  rtinploycd in rc.-s~~rveyiriq the tlistric,ts 
of Jnunsrir-n:in.a.r, Rnnpra, Killil and Spiti, wllicl~ arc undcr the direct a t l l~l i~~is-  
tration of tllcb Dritisli Govcrnmcnt, rnnliillr: n tl~tailcd survcy on a scalc suitnllJc 
for local rcq~~irc~inc~nts, to hnl)crsc~tl~b 1 1 1 ~  oriqinal sinall sc.alo qcoyrnpllicnl snrvc!r. 
RIy proposal.; n-c1.0 nppro~c-tl of by 1 1  I ( -  Covc~iarlinc~~~ t,  and l)y 1Ic.r Jlr?jcsty's St~c~rcli n1.y 
of Stntc for Indin ; niul t11(. oprrations I\ i l l  l)cl c~oninlc~~icctl nc so011 as is practicnl)lc. 



(73.) They will however necessitate some important modifications in  the 
of survey hitherto employed, and in the personnel of the surveyors. Until 

the year 1865 the object in view was to obtain rapid and slrilfully generalized 
sketches of the principal topographical features of the country, and therefore none 
but European surveyors were employed. The surveys subsequent to that year 
were executed on a larger scale, and are very much more minute and elaborate ; 
so much so that it has been necessary to publish the results in two sets of maps, 
one shewing all the hills and general topographical features and the principal 
villages, the ot,her in a skeleton form, omitting all hill shading, but showing tho 
water courses and the whole of the villages and hamlets and various details which 
could not be introduced into the shaded maps ;-these surveys have likewise been 
done by a purely European agency. But i t  has been shewn to be clearly advantage- 
ous to employ native agency also to a certain extent, and to introduce as many native 
surveyors into the party as can be efficiently supervised, in  order that the cost of 
the operations may be reduced as much as may be practicable without impairing 
the value of the results. Steps had therefore to be taken to train a certain num- 
ber of natives for the future operations. 

(74.) An excellent opportunity for so doing occurred during the present 
year. When Captain Bailey, the Superintendent of tlie newly formed Department 
of Forest Surveys, was temporarily affiliated with this Department, for the reasons 
already mentioned in para (11.) of this report, i t  was a t  first intended that he 
should make a survey of the whole of the Delira D6n District, a re-survey of which 
has long been much wanted, owing to the great increase of cultivation and tlie 
formation of extensive tea-plantations since Major Brown's survey in 1840. As 
the forest tracts are much interlaced 114th the cultivated tracts and the tea-plan- 
tations, a survey of both was necessary to complete tlie map of the District ; and 
as the area of the former considerably exceeds that of the latter, Captain Bailey 
might have surveyed both, without his own operations being very materially re- 
tarded ; and this was at first intended, for i t  would have afforded an admirable 
opportunity for imparting tlie requisite training to his establishment, to fit them 
for their work in  other parts of India. After a few montlis lio\vever the calls on 
Captain Bailey from all quarters became very numerous, so that it seemed uncer- 
tain whether he could even be permitted to remain to complete the forest tracts, 
and quite certain that he ought not to undertalte anytliing. exterior to them. 
Consequently I directed Captain Tliaillier to mrithclra~lr a portion of his assistants 
from tlie Survey of Kumaun and GarhmSl and employ them in the non-forest 
tracts of the Debra D6n, and also to commence training a body of native surveyors, 
to be employed on mcasnren~cnts of boundary lines and road traverses, and in  
various otbcr matters for which an expensivc European agency is not desirable. 

(75.) Commencing operations in the month of November, Captain Thuillier 
PEBSONNRL. was able to avail himself of the services of almost 

K ~ ~ ~ ~ ~ ~ , ~  o,,d ~ ~ , . h , ~ a ' l  party. the whole of the Kumaon and Garhwhl party-the 
Cnptnill R. R. ~~ ,~ i l l i~ , . ,  R.E., 0ag. exceptions being Mr. Peyton who mas employed in 

Depy. SIIIX~~, .  I ~ L  Grade. mapping, and Mr. Low who was still in the higher 
E. C. Ryall Esq. OUig. Aest. Supdt. 

2nd amdo. ranges, working up the valley of the Gori towards the 
Lieat. st. Ct. Gore, R.E. 0%. Assist. passes above Milam-for i t  would have been useless Bupdt. 2nd  Orsde. 
MT. J. Pej ton ,  Su l~egor  1~1, Grade. at  t l ~ a t  time of the year, with tllc winter fast setting 

B, J .Lowl  $ 9  3 r d  ,, in, to scnd mcn into the unsurveyecl portions of ,, L. Pocock, Aaet. Sur. 1st 
,, J. bfecdougnll, A S B ~ .  snr;hjor Kumaon and Garhwhl, which were all at  such great 

2nd Ctrsdo. 
Mr. H. Todd, Aeet. Sur. 2 n d  Ctrnde. 

elevations as to be only accessible during the com- 
,, T. Kinney, ,, 2nd ,, paratively warn1 months immediately preceding and 
91 E. wrirOn* j, 3rd 11 following the summer monsoon. Thus Mr. R p l l  and ,, E. Lit~llflold, ,, 31-11 ,, 
., I. P O C O C ~ ,  ,, 4th ,, two assistants were employed in the D6n until the end 

And l6 Nntivou llllder training of the month of March, when they proceeded to B~~rvapors. 
resume the operations in the higher ranges, as will be 

described hereafter, 
(76.1 The work in the Dbn being the survey of the non-forest tracts, the 

same scale had to be employed as tlrst which had already been adopted for the 



paripmsu survey of the forest tracts, viz., 4 inches = 1 mile*. This is the scale 
which has long been used for the British districts in the plains of the Bengal 
Presidency ; i t  is su5ciently large to show the boundaries of the smallest villages, 
the lines of demarcation between cultivated and uncultivated tracts, and all topo- 
graphical details required for the purposes of the district officer and the engineer. 
The numerous surveys which have been made on this scale have almost invariably 
been executed by native surveyors, working under close European superintendence, 
:and Captain Thuillier's first duty was to collect a number of intelligent young 
natives, who could read and write, and to train them, as it  was impossible for him 
to obtain trained men excepting on prohibitorily high salaries. 

(77.) Captain Thuillier has described his operations so clearly andminutely, 
in the portions of his narrat i~e report which are pointed at pages 36-, and 
37-a of the appendix, that it is only necessary for me to remark that, though there 
is no great show of topography-as was scarcely to be expected under the circum- 
stances-much good work has been done, the fruits of which will be more apparent 
hereafter than they are at present. An area of 529 square miles has been well 
covered with trigonometrical points as a basis for the future topographical opera- 
tions, 1,372 points in all-or about 2.3 per square mile-having been fixed, of 
156 of which the heights were also determined. The aggregate length of the 
boundary lines which mere traversed amounts to 848 linear miles. The topography 
embraces an area of 63 square miles. 

(78.) I n  running. the traverses, and in other portions of the operations 
which are rather mechan~cal than artistic, the native lads soon become fitted for 
rendering serviceable aid ; but to teach them the art of delineating the features 
of the ground by the method of plane-tabling was of course a far slower matter. 
While this was being done some portions of the district were plane-tabled by the 
European surveyors, and it  was found that skilful draughtsmen, who had turned 
out their 100 square miles per mensem in the hills of Kumaon and GarhmB1, on 
the 1-inch scale, were not able to accomplish more than 16  square miles, in the 
same time, on the $-inch scale, in the Dim. Thus-though the scale for the 
future operations which are mentioned in para (72), will probably not be the 4-inch 
but the 2-inch, which has already been employed in the Revenue Surveys of the 

I may here be permitted to observe thnt the fixing of a scnle, nt the outset, for the Forest Surreys, wns a matter of 
no small dimctllty ; the opinions of a con*idcrnble nurnber of fi)rest, oiliccr~, employed in different pn rb  of India, were 
tnken on the suh,ject, and t l ~ r r e  was n general concllrrence of opinion thnt two classes of m ~ p s  were required, namely, 

(1 .) Werking or detailed mnps on n large scnle ; 
(2 ) General maps on smell scnles. 

Bu t  there were conaidernblr rlifrcrences of opinion BR to the proper ~cn le  for tho working nlnps ; severnl scnles were recom- 
mended, rnrving from 4 to 13 incl~es to the mile, tho &inch being the I'nrorite. 

I t  ank do~~t,tI 'ui whether the offirrrs whose opiniona l~rtrl hren received wrro sulliciently cognizant of the techni- 
calitiesof surveying nnd mapping to be nble to appreciate rl~llv all thnt i~ involved in the qnrstion of scale, when the answer to 
that  question hne to goverll rutnre proccclore, nnd to decide wilcthcr t.11~ operntiona to be cnrrietl oa t  are to be rough, quick 
and cheap, or elnhor~~te, eln\v nnd costly, or some t l~ing in t e r~n~d in tc  bctween these two extremes. T l ~ a e  i t  an8 clearly 
aeoesunry that I sl~oulrl endcnvo~~r  to nscertnin t,he p~~rposes  of lbrestry for n l ~ i c h  tlro InnpH mere wanted, and to find out  
what details oT 1l1e config~~rntinn and zrnernl fan-ts of the gro~tnd were elrpccterl to be sl~own on t.hcm, that I might decide 
on the scnlr which w o ~ ~ l d  be most ruitnble. Cnptnin Bnilev drew I I ~  a preci.9 of tho opinions of all the officers who had 
been cons~~l ted on this point, frorn w11icI1 t,h? fullowing cnakerntion of t,hc rrqr~isite dctnils is taken. 

" The formntion of tho ground ns acc~~rutely aq pos~ible, cl~nina of mountuins, valleys, plntcnnx, preripices, delln,- 
" the  altitudes of penks, vallcys and other important places-railways, t,rom.wnys, roads, mctnllcd or otherwise, timber 
" roods and slrdes, cottlo pnt11.s nnd foot pn th~ ,  rnile~tonc* where erected,-river@, cnnnls, brooks, Inkes, ponds, wells, 
" springs, drninaoe c ~ ~ l s ,  a i t h  weirs, dnnw, bridges and fords,- t l ~ r  porenninl flow of rivera, the points from wl~ich naviga- 
Id tion, rufling and log flonting, cnn bo cnrried on,-hog., m n r s l ~ r ~ ,  rorko, field9 of boulders, ~ n n d ,  grnvel or k~mker, old 
" village sites, &one qunrrice,-towns, villng1.9, houses, Iiplds, rnenclnvvs, grnzing groonds, g s r d c ~ ~ r ,  wood drpot,s, campillg 

grounds, rest Ilouscs,-plnrea wl~crc wntrr nllry col l~r t ,  nnd o t l ~ r r  obstn<,les to division and export rands,-arena uuhject t , ~  
" inondntionr,-nll levels wl~ich are necmsnry to ort,ificial inunrlntinn. T l ~ e  mnps nro also required to form an official record 
" of the boundnry lines and ~nnrks, nnd nreas of foreat divi~ions, blocks and compnrt,~nents ; also of the exterior and 
" interior bou~~dnries  of divisions, rirclrs, rnngolr, blocka nnrl r:ompsrtmcnts ; t.110 positions and distin~nishing n~lmbers 
" of all pillars on  the b o ~ ~ n d n r i ~ a  of Rscnl divisions and jurisillirtions of privnte property or private rights in the forest: 
" t h e  poqitio~~s of eecd a11d plnnting n~~rerrien, and all blanka of any consirlerable extent, say from 1 to 5 acres." 

This is a very formidable list of forestry r rq~~ i re rne~~ t s .  an11 it i l lu~trntcs what a vnrict.y of t h i n ~ s  may be mhcd for 
when the proposerq hnrc only to exercire their brains in s t r i ne i~~g  together II number of reqnisitions, and not their bodies i n  
giving practical effect to l l~ei r  sue<estions by lendinq a hand to obtain whnt in wnntod. 

Thc qoestions of acnle and detnil arc nlill undecided, nncl they will have to be dispoeetl of on financial considera- 
tions, and with d ~ ~ e  reference to tllo cnpabilit.ics and value of envh of t.110 severnl forest,$ ; " tho cont must be cut 
according to the clot11 ; " h ~ ~ t  tllcae are maltcrs whicll are not in my province. T l ~ o  opcrntions in the DGn being of 8 
tentative nature, and reqllire(l for the purpose of orgnoiain~ nnd tmining tho forest nllrveyors ratlrcr than for pure forestq', 
I recommended the wloption of the 4-inch scale, t l ~ n  smnllrst of all suggeatecl ; t.11is scale wng npproved of by the Govern- 
ment and hss been c n q ~ l o y d  up Lo the present time, and all deteile here been ahown which it ie capable of representing. 



Hill Districts of Hazaya in the Punjab-it is clear that the introduction of a cheap 
native agency, into a party which has hitherto been framed on the old topographical 
organization of European surveyors only, is essentially necessary to secure economy 
in the future;-and it is a well known fact, from the experience which has been 
gained by the Bengal Revenue Survey parties who have employed natives largely, 
that the requisite economy may be sec~lred without impairing the quality of the 
results, provided always that the number of native surveyors is not greater than 
can be efficiently supervised by the Europeans. 

NO. X.-TOPOGRAPHICAL. 

HIMALAYAN SURVEYS I N  KUMAUN AND GARHWAL. 

(79.) For the reasons already stated in para (75), i t  was not desirable to 
PERSONNEL. resume operations until the commencement of the 

E. C. R ~ a l l  E S ~ .  spring of 1874. Early i n  April Mr. Ryall marched 
Mr. Mc A'Fce. 
,, E. Litclifield. 

frorn Dehra D6n with four assistants, and proceeded 
,, I. P O C O C ~ .  vid Almora to the ground to be surveyed, which lay 
,, MC. Cartl~y. among the upper valleys of the RAmganga, Sarju, 

Gori and Rhlam rivers. Operations were carried on until the beginning of July, 
by which time Mr. Ryall had triangulated an area of about 460 square miles, and 
his assistants had completed the topography of about 534 square miles, much 
of which mas closely supervised by himself. By this time the rainy season, which 
this year commenced at an unusually early date, had set in with such persistence 
that it was useless to remain out in the field any longer, for even in the breaks of 
rainfail tlle ground was mostly hid frorn view by mist and cloud-caps. The party 
consequently returned to Almora and recessed there, as tliat was the nearest point 
to the field of operations a t  wllicll houses were to be met with. Immediately 
after the cessation of the rains they returned to their field duties, and made 
excellent progress ; but as the subsequent operations appertain to tlie year 1874-75, 
and must therefore be described in the next annual report, tlicy need not be fur- 
ther noticed hcre. 

NO. XI.-TIDAL OBSERVATIONS. 

DETERMINATIONS OF MEAN SEA LEVEL IN THE GULF OF KUTCH. 

(80.) In  my last report I described tlie arrangements that were being 
P E ~ S O N N E L .  made for carrying out the Tidal Observations which 

RE, ,  Org. I had bacn directed to undertake in the Gulf of 
Supcri~~trnrlrnt. 1st grndr. lcutch, wit11 a view to ascertaining whether secular 

M r .  T. Rcndcll, Ass~stant Survcyor 
1st grade. changes were taking place in the relative level of 

Naraing D ~ s s  nnd Lhroo 0 t h  Sub- the laud and sea a t  tlie head of the gulf. The coasts 
Burveyors, &c. had been carefully reconnoitered by Lieutenant (now 
Captain) Baird, wl~o, after long searching, had found three places wllich appeared 
to be well adapted for the erection of tidal stations, being situated a t  points 
near which there is always a considerable depth of water and to which the tide 
has free access ; the foreshores of the gulf hat1 been found to be generally far 
from promising, consisting mainly of long mud banks, which often stretch for 
miles out into tho sea and are left bare at  low water, when they are intersected 
by innumerable tortuous and shallow creeks whose shifting channels would be 
very unfavorable positions for tide-gauges. But a t  Hmstal Point-near the head 



of the gulf,-at Nowanhr Point-half way up, on the northern or Kutch coast,- 
and a t  Okha Point, on the southern coast-opposite the Island of Beyt and on a 
line with the entrance to the gulf,-positions had been found which fulfilled 
the 'equisite conditions for tidal stations, and were believed by Captain Baird 
to be the only suitable points to be met with on the coasts of the gulf. 

(81.) It happens however that none of these points are situated in  ports 
or harbours, where the piers, jetties, landing stages or docks, which have been 
constructed for the requirements of the shipping, present great facilities for setting 
up  tide-gauges in  the vicinity of deep water, so that i t  is almost invariably the 
custom to erect them in such places ; these points on the contrary are all situated 
at some distance from the nearest inhabited localities, and present no facilities 
whatever; for not only building materials and food for the workmen but fresh 
water also have to be brought to them from considerable distances. It was thus 
imperative that the plan of operations should be of the simplest nature possible, 
so as to be carried out with the least cost and greatest expedition. 

(82.) A tide-gauge may either be set up  on a staging in the sea, over deep 
mater, or on shore, over a well which is connected by a system of piping with the 
deep water. Ceteris paribus the former position is decidedly the best of the two, 
and if any jetties or piers had been available for the operations I mould certainly 
have had the stations erected on them. But under existing circumstances i t  
mas only possible to set up the tide-gauges over deep water by erecting stagings for 
them in the sea ; and they would have had to be very strongly built, for they would 
be required to withstand the full force of the sea, without undergoing any dis- 
placement whatever, and that not for a short time only but for several years, so 
as to include both the first series of tidal registrations, taken to determine the 
present relations of the land and sea, and the final series, which will have to be 
taken to determine the future relations several years hence. The stagings would 
moreover have had to be connected with the land by piers, in order to permit of 
ready access to the instruments at  all times. The cost of such stagings and their 
connecting piers would however have been very considerable and have far exceeded 
the funds available for the operations ; I was therefore compelled, though with 
some reluctance, to decide on having the tide-gauges set up onshore, over wells 
sunk near the high water line and connected with the sea by piping. 

(83.) Captain Baird spent the recess of 1873 a t  Bombay in preparing 
for the operations of the field season of 1873-74. The several self-registering in- 
struments which were to be employed-the tide-gauges, the aneroid barometers 
and the anemometers, or anemographs-were overhauled and put into good working 
order. The gauges were tested by being employed to register the tides in the 
harbour of Bombay for several weeks continuously, and were set up over wells 
connected with deep vater by piping, in order that the experimental observations 
should be taken under precisely similar circumstances to the actual observations. 

(84.) The wells are iron cylinder$, witJh an internal diameter of 22 inches 
which slightly exceeds the diameter of the float; the cylinders were made up 
in  sections of 60 inches in length, the lowest of which is closed below with a n  
iron plate, and the n~hole, when bolted together, forms a water-tight well, into 
which water can only enter through the piping for effecting the connection with 
the sea. The piping is of an internal diameter of 2 inches, which has becn com- 
puted to be sufficient to permit of the transmission of the tidal wave to the well 
without eensible retardation. Iron piping is laid from the well to the line of low 
water; it is brought vertically up from the bottom of the well nearly to the 
surface of the ground, and is then carried down to the sea, where flexible gutta 
percha piping is attached and carried into the deep water. The outer piping ter- 
minates in  a ' rose,' which is suspended a few feet above the bed of the sea by a 
buoy, in order to prevent the entrance of silt as much as possible, and it can be 
readily detached from the iron piping whenever it has to be cleaned. 

(85.) The level of the water in the well should obviously always coincide 
with that of the sea, and if i t  does not do so the registrations of the gauge are 
worthless; thus an imperative necessity arises for comparing the inside and 



outside levels, fllom time to time, in order to remove all doubt as to tho efficiency 
of the communication between the well and the sea. For this purpose an  ordi- 
nary gauge was attached to a pile driven into the bed of the sea, and its zero was 
connected with that of the self-registering gauge over the well, by spirit levclling, 
and thus a comparison of the levels could be readily made whenever desirable. 
On taking these comparisons during the trial observations a t  Bombay, Captain 
Baird was surprised to find that, while t,he levels were generally identical, there 
were occasional large differences which a t  first could not be accounted for ; even- 
tually however he succeeded in tracing them to the accidental presence of air 
inside the piping. He  soon devised a simple method of expelling the air and res- 
toring the requisite identity of level, by fixing a stop-cock, for the exit of the air, 
at the vertical bend, where the iron piping-after rising from the bottom of the 
well to within a few inches of the surface of the ground-begins to slope down- 
wards towards the sea; this bend has necessarily to be made at a point a little 
below the level of the lowest high water tide, and consequently, on opening the 
stop-cock a t  high water, all the air inside the pipe is of course immediately expelled, 
and then the water inside the well at  once assumes the same level as that of tlre 
sea. But for this expedient i t  would have been impossible to carry on the ope- 
rations continuously for any length of time, as there ~vas  found to be a decidcd 
tendency for air to collect in  the pipes. It is most fortunate that this was 
discovered during the experimental observations a t  Bombay, for there stop-cocks 
could be readily constructed and attacllecl to the piping, whereas a t  either of the 
stations in the gulf i t  mould have been impossible to have had this done. 

(86.) While in Bombay Captain Baird also constructed three portable 
observatories, for erection a t  the tidal stations, which were made in such a man- 
ner as to be readily put together, or taken to pieces and re-erected a t  any other 
place where they might afterwards be required. 

(87.) On arrival a t  tlle stations where the tide-gauges mere to be erected, 
the first thing to be done mas to make an excavation for the iron cylinder. A t  
Hanstal firm soil was met with, which permitted of the hollowing out of a hole 
of sufficient depth, without any measures to prop up the sides and prevent them 
from falling in. But at  Olcha and NomanSr, where the soil is sandy, i t  mas neces- 
sary to sink small masonry wells of a sufficient diameter to receive the iron 
cylinders and the vertical slia€t of the piping; they mere sunk in much tile 
same manner as thc wells which are so frequently used in this country for 
the foundations of bridges and aqueducts ; the operations were considerably 
facilitated by tlre cmploymcnt of Bull's patent dredgers, for scooping out the soil 
under the sinking masonry, wllicll had been found so useful in the construction 
of the Oude and ltohilcund Railway that Captain Baird had bcen directed to pro- 
vide himself with somc for his operations. 

(88.) Okha Station-being ncar the mouth of the gulf and tlle nearest 
to Bombay, where a11 the prcliminarics were made-mas selected as the first to be 
taken in hand. There all the instruments and stores, and tlle European assis- 
tants-including Mr. Peters a skilled artificer employed on the Bombay EIarbour 
Works, ~vhosc scrviccs had bcen obligingly placed a t  Captain Baird's disposal for 
a short time-and tlrc native cstablisllmcnt, were sent direct from Bombay in a 
pattimar (or native sailing vessel). Meeting ~vi th  contrary winds, tlle " I<otia 
Romani" took such a long timc to perform tlrc voyage tllat Captain Baird 
bcgan to fear tlrat she must havc gonc do~vn with all l~ands on board ; a t  last how- 
ever shc arrivcd, wit11 her passengers and crew nearly starved, for they had taken 
with them only a meek's provisiohs for a voyage which lasted fourteen days. 
On the 6th November the landing of the stores and tlle sinking of the masonry 
well mas commenced ; tlle well had got down to the requisite depth, 25 feet, by tho 
4th Dcccmber, and by thc 20th the cylinder had been set up, the piping connect- 
ing it with the sea had been laid out into deep water, thc observatory was erected, 
and thc several self-registering instrumcnts-a tide-gauge, an anemometer and 
an aneroid l~aromcter-~vcrc all in position and ready for the prcliminarJ trial 
of their pcrfoormanccs. By thc 23rd cvery thing ms complctc, the instruments 



were a11 working well, and Captain Baird was about to proceed to the next sta- 
tion, when an  unanticipated mis-adventure occurred which, though intensely 
annoying a t  the time, was useful in indicating that i t  was essentially necessary to 
take special precautions for the protection of the piping. 

(89.) About 3 A.M. on the morning of the 24th, a large native boat mas 
seen drifting from her anchorage towards the station ; the crew were all asleep, 
and before they could be aroused by the sentry on guard, the boat had dragged 
her anchors across the flexible piping, broken i t  in two places, and carried away 
the buoys and the anchor to which they were attached. Being on the spot and 
provided with spare piping, Captain Baird was able to rectify tlie damage in a 
few hours ; he also made arrangements for protecting the piping by laying out 
and anchoring hawsers around it, to intercept passing boats and prevent them 
from drifting into miscliief. Similar measures were carried out a t  the other sta- 
tions, and these precautions were essential to tlie success of tlie operations ; for 
each station would ordinarily be left under the charge only of tlie native subor- 
dinate employed in winding the clocks of tlie tide-gauges and the other self- 
registering instruments, in changing the papers on their barrels and in generally 
looking after their performances ; consequently any injury to the piping would 
cause a suspension of the tidal registrations for probably a fortnight or more, until 
Captain Baird could either come in person or send a European assistant to repair 
the damage, and the break of continuity thus occasioned would greatly impair the 
value of the observations. 

(90.) While engaged in completing what 11ad to be done at Oltha, Cap- 
tain Baird sent his assistants in advance to Hanstal and Narvandr to sink the 
wells, erect tlie observatories, and get every thing ready for liim to set up the in- 
struments. Tlie extracts from his report, which will be found in tlle appendix, 
give full details of tlie operations at each station, and I need not dwell on them, 
as they mere generally similar to tliose at  Oklia of which I have given the prin- 
cipal out-lines. 

(91.) The operations mere carried on under many and great difficulties. 
No small amount of risk was incurred by Captain Baird and liis assistallts when 
crossing the gull in native sailing vessels, wliicli liad to be clone frequently, whenever 
their presence mas needed at either of the stations, both during. its construction, 
and afterwards when accidents occurred, or defects in the working of tlie instru- 
ments had to be rectified, which needed European supervision. On one occasion 
the pattimar, while under full sail with a stiff breeze, struck on a sand bank arid 
heeled over, and mould probably llave capsizetl altogetller but for tlie vigorous action 
of Mr. Peters, who immediately took command and directed tlie nacodn and crew 
to do whatever was necessary for the protection of tlie vessel. These rislcs would 
11ave been avoided llad I assrnted to a proposition frequently urged on me by 
Captain Baird, to accvpt tlie loan of a snlall steamer belonging to tlie Dcpnrt- 
ment of Public Works in Bombay, wllicli Iiatl been offcrcd, on tlic condition t,ll,zt 
me should pay tlie waacs of the Captain and crew and tlie cost of the coal ;- 
b u ~  this would pro1)al)ly have trebled the cost of the operations and tllerefore the 
proposal could not be entertained. 

(92.) Huts had to be built and iron nrater tanks provided at eacli station, 
for the native surveyor and tlie underlings wlio were placed in cliarge of tlie 
instruments, and for the men of tlie guard furnished by t l ~ c  Durbar of the Native 
State in whicli tlre station is situated. Srrangements had also to be made to 
supply these men with food and drinking water, wliich a t  IIanstal was no easy 
matter, for the nearest point whence tliese necessaries of life conld hc obtain- 
ed mas about 2.5 miles off. At eacli station a line of post runncrs Ilnd to be es- 
tablished, to tlie nearest point on the main postal lines of cumruunicat,ion, as i t  
mas essentially necessary that Captain Baird should receive daily reports from 
the men in charge of the observatories. 

(93.) A singular political difficulty arose at  Hanstal. The station is si- 
tuated in lands wliich are claimed by both the Rao of Kutch and the Cl~ief of 
NBmanagar; each of the Durbars vied with the other as to which should be the 



first to supply the requisite g u ~ r d ,  hoping thereby to establish an acknomledge- 
rnent on the part of British Officers to its claims ; the guard from Nhwanagar 
was first in  the field; but not long afterwards, and during the absence of captain 
Baird, some armed men landed from Kutch, apparently with the intention of 
ousting the Nhwanagar men ; but after much altercation and a slight scuffle, they 
re-embarked and gave no further annoyance. 

(94.) At short distances round each station three blocks of stone were 
sunk in the ground, to serve as bench-marks for future reference, and each of 
them was carefully connected with the zero of the tidc-gauge. Bench-marks 
were placed in  position on the lines over which, next year, the levels will be 
carried which are required to connect the tidal stations together and determinc 
their present differences of level, and again hereafter, wlien a sufficient interval 
has to allow of the rising or sinking of the surface of the ground to an  
appreciable extent. 

(95.) The regular tidal registrations were commenced a t  Okha by tlie end 
of December, a t  Hanstal by the end of March and a t  NawanLr by the end of 
April. I t  was hoped that they might have been carried on continously for a t  least a 
year, or perhaps longer, at  each station, in order to furnish tlie requisitc data for 
investigations of the separate influence of each as well as the combined of all of tlie 
principal tidal constituents, and the least that is needed for t l~ i s  purpose is a series of 
observations extending over a year. During this time the errors of tlie clocks for 
driving tlie barrels of the self-registering iastruments would have to be frequent- 
ly determined and the clocks corrected; the instruments mould also have to bc 
examined and cleaned, and possibly rcpaired also, and the relations between thc 
curves on the diagrams and their zero times mould have to be carefully redeter- 
mined, from time to time ; and all this would have to be done either by Captain 
Baird or by his assistant Mr. Rendell. 

(96.) A programme was therefore drawn up for the periodic inspection of 
the tidal stations, and Captain Baird arranged that he and Mr. Rendell should 
malce tours of inspection in turns. I t  was calculated that the time required for 
a tour, cmhracing all three stations, nrould be about a month, from the date of 
leaving to that of returning to the recess quarters ; thcse had been establislied a t  
Rajkot, the nearest town to the y l f  wlrere liouse nccomodation, suital~le for 
Europeans, could be obtained. Anticipating that during the monsoon months the 
wcather at  tlie tidal stations might bc found too cloudy to permit of astronomical 
observations for determining tlie clock errors, Captain Baird provided himself 
wit11 two portable clironometers (a siderial and a mean-time) which were rated a t  
Rajltot and carried about oo the tours of inspection, for comparison wit11 the clocks. 

(07.) The inspection of the obscrvatories necessitated a great deal of lrard 
marching, and entailed much exposure and privation. Even so early as in tlic 
month of May, before tlie setting in of tlie monsoon, the Runn of Kutch was 
covered mith \\.ater, from six inclies to a foot in deptli, nrliich had to be nratled 
tllrougll for many iniles distancc to reacli tlie station at IIanstal. At  suc l~  sca- 
sons travellers usually cross tlic Runn by riding on the camels of tlie country ; 
thcsc animals arc bred in large numbers along the borders of tlie gulf, and are 
accustomed from ttieir birth to wdnder aborlt tlie swamps, browsing on tlie man- 
grove 1)11shes, and thus they learn to ~valk wit11 ease, and ltcop their fcet, on 
grountl wlricll would be i~npassablc to most ot,licr camels. Of lris journey with 
Mr. Rcntlcll to IIanstnl in the inonth of May, Captain Baird writcs, " our only 
" land marks in tlic whole of tlic last 14 miles nrcre two small mounds of earth 
" t,~rromn up-when t,llere mere postal cliolvkces there-at 4 or 5 miles apart, and 
" the observatory itself; me both felt a curious sensation as if we wcre being 
66 C1. ,  : iiicd out to sea, which was occasioned by seeing small branches of scrub 
" floating on the surface of tlie water and being driven by the wind inland ; and 
" once, mith tlie exception of one of tlie mounds above mentioned in tlie distance, 
" thoro were no fixed objects visible to destroy this optical illusion." Later on, 
~\.ll('n tllc monsoon sct in, tho difficulties of locomotion wcre grcatly increased ; 
direct com~llunication with NawanBr, by crossing the gulf in e sailing boat, 



became impossible, as none but native vessels mere available for the purpose, and 
thcy could not venture to cross in  the s t r o n ~  gales of wind which then prevailed ; 
thus to reach the tidal station at that place i t  was necessary to make a very long 
detour round the head of the gulf, crossing the Runn a t  its narrowest point, 
opposite to Wawania. Moreover the common unrnetalled roads in a black soil 
country, as is the western portion of Kattymar, become all but impassable during 
the rains ; and thus Captain Baird was often unable to get over the ground more 
expeditiously than a t  the rate of a mile a n  hour. Between the 7th July and the 
8th September he mas actually 38 days in  the field, and marched nearly 800 miles, 
under most adverse circumstances. 

(98.) I mill now notice the general working of tlie tide-gauges at the 
three stations. At Okha tlie registrations Iiave gone on most satisfactorily up to 
the time of the latest report received from Captain Baird ; there appears to 
have been only a single brealc in the continuity of tlie record, and i t  only 
lasted for five hours and is consequently quite immaterial. At  Hanstal there 
have been several short breaks, caused, so,metimes by the driving clock getting out 
of order, but more frequently by the deposit of fine mud in tlre well and in the 
piping, notwitlistanding tlie precautions which had been taken to keep tlre rose 
a t  tlie extremity of tlie piping high above tlie mud banks ; this necessitated the 
occasional suspension of operations mliile tlie mud was being removed, and care 
mas always taken to malie tlie brealc between tlie times of hi$ and lorn water, when- 
ever possible ; thus the record of the Irigliest and lonrest po~nts  of curves has been 
secured in almost all instances, tlie brsalrs may usually be interpolated between 
them, and tlre instances in wlricli this lias not lrappened are so few that Captain Baird 
believes they will not sensibly influence tlre final results. The foreshore a t  Okha 
being sand and rock witliout mud, tlrcre lras been no tendency there for the piping 
to become clroked. Both a t  Olclia and I-Ianstal air was found to enter tlre iron pip- 
ing, whenever the latter mas laid bare by tlrc action of tlre surf, which frequently 
happened; but it was readily expellecl at  high water, by openinq the stock cock wlrich 
has alreatly been described as l~aving been attacl~ed to the piping for that purpose. 

(09.) At Namaniir liowever mattrrs went on less prosperously. At  the 
July inspection of tlris station, Captain Baird found every tliing apparently in  
good order; tire curves on tlie diagram of tlie ticle-gauge seemed a t  first to 
be ;%I1 that could be desircd ; but i t  was soon evident tliat they were erroneous, 
for the level of tho ~vater in tlre well differed very sensibly from the sea level. 
On oxamitling tlrc piping, tlre extremc cnd was found to be buried in sand above 
the lo\\. water line, at  a spot wlrere, n few weeks before, there 11ad been a depth of 
20 feet of water at  low tide, and which mas now left bare for some time daily. On 
further cxanlination it was ascertained tirat tlic configuration of tlre foreshore had 
entirely clianpr,rl, and an cxtclnsive sand spit liad fornicd on tlre line of tlie pip- 
i ng ;  this lrad hccn causatl by tlie drift from a belt of sand liills to tlrc south, under 
t l ~ e  inflnc~ricc of tlre strony winds wliicli blow from the soutli-west cl~lring the 
moonsoon, the rcgistcrerl velocities of wlricli were as much as 860 to 800 miles 
daily, for scvord clays prcccltlinq tlre misadventure. Tlrere is reason to cxpcct tlrat 
tllc oriyinal confiyurntion of tlie foreshore may be restored, witllin a fcw weeks 
after tllc? ces.;ation of t,lic rnonsonn. But tlie position has becu clearly proved to 
be 11nsuital)lc for cont inuo~~s tidal observations, extending over a long porioci ; for 
i t  is only tlnring tlre montlls of fine meathcr, betwecn November ant1 May, tliat 
oburrvntions can he carrird on there, otherwise than by setting up tlie t ide-gau~e on 
a staging erected for it out iu deep matcr, the cost of which would be inadmissrble. 

(100.) Tlie praliminary results of tho observations up to thc end of Sop- 
tember have 1,ecn morkcd out by Captain Baird, and it appears that thc greatest 
range of the tide is 

14.8 feet a t  Oklra 
19.6 ,, Nawanhr 

and 21.2 ,, Hanstal, 



or 2 to 4 feet more in each instance than the ranges given in tllc Marine Charts. 
Very fairly approximate values of the progress of the tidal wave, up and down thc 
gulf, have been obtained, shewing that 

High water occurs at NawanSr IIL 517t after Okha 
9 9 Hanstal 1 40 9, 

Low water occurs at Nawantir 1 36 9 9 

9, Hanstal 2 53 9, 

(101.) The curves of the self-registering aneroid barometers were com- 
pared four times daily with a mercurial barometer, and the differences met with- 
after allowing for index errors-mere usually so trivial and unimportant that every 
confidence may be felt in the general accuracy of the curves. The aneroids are of 
a delicate construction and are liable to get out of order, but as spare ones were 
available no break of importance occurred at either station. 

(102.) The anemometers were less satisfactory in their working, probably 
because they mere so much more exposed to the vicissitudes of the weather. The 
long continuance of winds coming from the same quarter caused the direction 
gcar to clog, and until this was discovered the recorded directions are to some 
extent incorrect. On the other hand the velocity gear was kept in constant action 
by the strong winds which mere prevalent. Several severe gales were recorded. 
The greatest velocities registered in 24 hours were 

620 miles at Okha on the 20th June 
890 ,, Nan~anir 26th ,, 

1130 ,, Hanstal Gth August ; 
on the latter date the anemometer at Hanstal recorded 270 iniles in three hours, 
between 9 A.M. and noon. Captain Baird is not entirely satisfied with the per- 
formances of these instruments ; but, considering their small size (for the sake of 
lightness and portability), and their exposure to fierce winds, to ~ n i n  and, worse 
than all, to the constant oxiciising influence of the sea, I thinlc it  improbable that 
any instruments would, under similar circumstances, have given much better 
results. 

(103.) Rain gauges were set up at each station ; the total rainfall during 
the monsoon was 

10.75 inches a t  Okha 
13.61 ,, Nawanjr 
18-40 ,, Hanstal 
21.91 ,, Rajkot (40 miles inland). 

(104.) It mill be seen that, so far, a greater range of tide, 8 greater velo- 
city of wind and a greater rainfall, have been registered at the head than at the 
mouth of the gulf, and intermediate values at the midway station of Namanbr. 

(105.) The scientific value of the tidal observations will be greatly increas- 
ed by tho contemporaneous observations of the barometric pressure, the velocity 
and direction of the wind, and thc amount of rainfall. I am not aware of any 
series of tidal observations which are better furnished than these with the requisitc 
data for separating local atmospheric influences from the true tidal constituents, 
which are caused by the varying positions of the sun and moon. 

(106.) Captain Baird has laboured most heartily and skilfully in carrying 
out the operations and doing all that could be done to secure their success ; they 
have proved to be so arduous, and have entailed so much exertion and exposure that 
I am almost disposed to regret that they were ever undertaken. The most trying 
of his duties was thc inspection of the stations during the monsoon, which was 
doue entirely by himself, as he generously gave his assistant leave of absence, on 
urgent private affairs, at that time. 

(107.) The latest reports state that all was going on well, at Okha and Hans- 
tal ; Captain Baird had proceeded to Nawanh to rectify matters there, after which 



hc mas to commence the line of levels for connecting the three stations. He 
has bccn instructed to dismantle the three observatories before the commence- 
ment of the monsoon of 1875, by which time it is hoped that upwards of a 
ycar's observations will have been taken a t  Okha and Hanstal, nrllich will suffice 
for an investigation of all the principal tidal constituents a t  those stations ; and 
some months observations will probably have been completecl at  the intermediate 
station of NamanLr, which should be of considerable value, though inferior to that 
of the observations at the two other stations. 

NO. XI1.-GEODETIC. 

THE PENDULUhl OPERATIONS. 

(108.) When my last report was sent in, Captain Heaviside mas in  England, 
PEBBONNEL. taking observations a t  tlie Kem Observatory, with the 

Captain W. J. Heaviside, R.E., Deputy 
Royal Society's and the Russian pendulums, in order 

Suporintondent 3rd Grade. to complete the original progralnrne of operations, 
Mr. H. E.T. Keelan, Surveyor 3rd and link the work done in Incha, by the late Captain 

( frdc.  Basevi, with that done in Western Europe, Russia, ancl 
other parts of the globe. General Sir E. Sabine, to whom the initiation of 
Captain Basevi's operations was in great measure due, took much interest in the 
work which was being done a t  Kern and rendered much assistance to Captain - - 

Heaviside. 
(109.) As the results by the pendulums of the Royal Society are differential 

only, and do not afford a value of the length of the seconrl's pendulum-tllc origi- 
nally adopted Imperial Standard for British measures of length-Sir E. Sabine pro- 
posed that such additional ' experiments ' sliould be made a t  Icem, as would be 
requisite for the conversion of the several comparative results, in  India ancl else- 
where. into absolute values. He ~o in t ed  out that bithcrto there mere in Britain 
only tmo localities-No. 2 ~ o r t l a h  Place in London and thc Royal Observatory 
a t  Greenwich-in which the absolute length of tlie seconds penduluin liad been 
determined ; the first of these had been sold into private hands, and was no longcr 
available for public purposes; and the second liar1 been appropriated for other 
purposes, so that the Astronomer Royal could not surrender it, nor indeed arrange 
to have the pendulum experiments conducted in any part of the Greenwich 
Obscrvatory, and consequently lic proposed that a temporary builtling shoulcl be 
crected for them, in the grounds of the surrounding Park, and pulled do~vn on 
their completion. But a t  Kcm provision ]lad long 1)een macle for snch experi- 
ments; the room mas available in which tlie Royal Society's differential pendu- 
lums had been swung before they mere taken out to India, and were tlicn being 
re-smung on their return. Sir E. Sahine suggested that tlic absolute pendulum, 
which had been employed by Captain Kater In his dct~rmination of the length of 
the seconds pendnlum,and which was then a t  tlie Kern Obscrvntory,sl~oulcl bc snrung' 
by Captain Hcaviside on the completion of his own operations. I felt bountl to 
assent to a sugzestion emanating from so high an authority, and conseqilcntly 
directcd Captain Heaviside to take the requisite swings with Captain l<atcr's 
pendulum, and thesc he has duly completed. 

(110.) I t  remained however to compare thc unit of length thus determined 
wit11 the Standard Yard, the present national standard of length ; and this could 
be no where donc better than in the Ordnance Survey Officc at  Southampton, 
where special operations have been carried on for somc years past for comparing 



the several standards of length, ancl all thc requisite apparatus is available. 
Lieutenallt Colonel A. R. Clarke, R.E., by m-horn tlie con~parisons of standards llacl 
been conducted, kinclly undertoolc to measure thc distance bctn~cen thc knife edges of 
the Kater in the condition in which it was made ovcr to him on the com- 
pletion of the swings a t  Kcw, and this has relieved Captain IIeaviside of what 
might have been a very troublesome and tedious d~l ty.  

(111.) On thc completion of his operations Captain IIeaviside gave back 
to the Royal Society the invariable pendulums, the clock and other instruments 
whicll llad bccn lcnt for the experiments in India, and-with thc approval of tho 
Secretary of Statc-he presented the Society with the air-pump and vacuum 
apparat~~s and other instruments wllicL1 had been subsequently obtained at the 
cost of thc Indian Government. IIe was asked by the Astronoiner Royal to 
accompany the expedition which was about to be sent to Kcrguelin Island, for the 
observation of tlle Transit of Ve~ius, and take pcndalurn esperimeilts on that 
islalld ; but, believing that the Indian Government had dolie qnite enough for 
pendulum science, and being anxious for Cal~taill Hcaviside's sl>ccdy return 
to collzplete the rcduction of 111s and Captain Basevi's observations, I demurred 
to his being scnt to Kerguelin Island, and suggested that an officer might be 
deputed by the IIome Government for the purpose, with tlie pendulums and 
apparatus \j~hicli had been used in Iudia, the practical manipulation of which 
rnigllt renclily be taught llini by Captain Hcaviside. Tlle proposal however appears 
to have fallen through, for I have heard no more about it. 

(112.) After taking a short leave of absence in England on the comple- 
tion of his operations, Captain IIeaviside returned to India and arrived a t  the 
Head Quarters in October last; he has ever since been employed in reducing the 
observatious, and preparing them and the results for publication, with the assist- 
ance of tlic Computiu~ Office. This work will entail a considerable amount of 
labour, bat great care is being talten to escllew all tlzcorctical rc.finement,s, however 
tempting, ~vllich arc liable to increase thc nurnbcr of the calculations witllout sen- 
sibly affecting tlie accuracy of the results, and in printing the observations to restrict 
the details to what is csscntially necessary for the verification of tlic deductions. 

(113.) The Secretary of State for Indi ;~  having exprcssccl a desire to be 
furnishrd with the rcsults of the operations as soon as possiblc, a table is given, 
on the following page, of the results of the ~vhole of the observations with the 
Royal Society's pendulums. Comparisons of t l ~ c  actual with tlie theoretical 
values-tllc !atter computed with an assunled ellipticity of &-are given in  the 
right hmzd column. I t  will be secn that at  the occan station aud a t  most of the 
coast stations, the actual number of vibrations exceeds tllc tlleoretical number, and 
that an increase has invariably been nict with in proceeding, along a parallel of lati- 
tude, from tllc interior of tlic main lane1 t,o the ocean ; conversely n marked decrease 
is mrt with in proceeding up tllc main land to the Himalayas, ancl it is very consi- 
derablc st tlie station of Mor6, on the table-lands of tllc Himalayas, a t  an altit,ude 
of 15,427 feet abovc thc sea ; there is tllus incontestible evidence in confirmation 
of the hypothesis of a diminution of density in the strata of the earth's crust 
whicll apc under continents and mountains, and an increasc of density in the strata 
under t l ~  bed of tlze occan, and it is clcar that clcvations above the mean sen level 
arc acco~npanicd by an attcnustion of the matter of thc crust, and depressions by a 
consolid* rL t' Lon. 

1 
(114) Tllc rcduct,ions of tllc swings with the Russian pendulums and 

Captain Katcr'S p c l ~ d u l ~ ~ n i  arc l i d  slifficicntly advanced to any 
conclusions to be drawn regarding the rcsults. 
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Pretimi~tary Abs t~ac t  of upproxie?,ate nzean j*esults with t?~e Royal 8 0 c i e t ~ ' ~  

It~val-iable Pendulunzs Nos. 4 and 1821. 
- - 

The 6mt observatione at the Kew Observatory were by Mr. Laevy ; the observations marked tl~ue* were by Captain 
Heavinide, and all others by Captain Bmevi. 

The resultn 'by observation' arc the corrected reeults, after thc application or tho neual reductione to the obaerva- 
tions, oir., 1st the reduction to rm infinitely small nrc, 2ndly thnt to n stnndard tenlpernt~lro (72' Bnhrenheif) Srdly 
thnt to 8 mcuum, and 4 t h l ~  thnt to the mean pea level. Tho 2nd and 3rd of these reductione l~nve been made with proli- 
minary vnlues of the fmtora of teruperabltre and pressure, which mag differ mmewl~at from the finnl values : consequently 
all thc rosulta are preliminary only and s i l l  have to be corrected, but the correctioue cannot materially d c c t  the dihrentinl 
resulte in Llle right Laud co1uu.1. 
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E T A T I O N E .  

Baae Station. 

Kew ObeervaLory, (1865) 
,# 8 ,  (IQJ) ] 

Indialb Arc Stations. 

Punnc~, . . . . . . . . . . . .  
Kudanhilam, . . . . . . . . .  
Mallapatti, . . . . . . . . .  
Pachapiliam, . . . . . .  
9. W. end ~ a n ~ a i d i e  Base, ... 
N. E. ,, ... 
Namtliabad, . . . . . . . . .  
Koclnngnl, . . . . . . . . .  
Dimorgida, . . . . . . . . .  
Somtina, . . . . . . . . . . . .  
Badgdon, . . . . . . . . . . . .  
Ahmadpur, . . . . . . . . .  
Knliinpbr, . . . . . . . . .  
Pahirgarh, . . . . . . . . .  
Usira, . . . . . . . . . . . .  
Datairi, . . . . . . . . .  . . . . . .  Kaliina, (y866 . 1 8 7  ... ] 

(1873) . . . . . .  
NO$, . . . . . . . . . . . .  
Dehra Dh, . . . . . . . . .  
Muesooree, . . . . . . . . .  

High Table-land Staliol~. 

MOT;, . . . . . . . . . . . .  
Coad Stations. 

Alleppy, . . . . . . . . . . . .  
Aden,+ . . . . . . . . . . . .  
Mangalore, . . . . . . . . .  
Mndm, . . . . . . . . . . . .  ... Cocanida, . . . . . .  
Colib~,* (Elombay)' . . . . . .  
Cdalttu, . . . . . . . . . . . .  

Ocean Station. 

Minicoy, . . . . . . . . . . . .  
Other Stationr. 

Meean Meer, . . . . . .  
Iemailh,+ ( ~ ~ ~ ~ t j "  . . . . . .  

GEODETIC 
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Lntitudc. 

0 I 

5' 

8 lo  
8 I I 
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... 
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N U N ~ E R  OF VIBRATIONS IN 
SOLAB DAY. 

By computation 

By I Observation. 

86114'o.3] 14-38 
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82'.35 
86-56 
91'2.3 
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NO. XII1.-GEOGRAPHICAL. 

TRANS HIMALAYAN EXPLORATIONS. 

(118.) The second appendix to this report contains three papers, the 1st a 
of an exploration of the Namcho or Tengri N6r Lake, by a native 

explorer, during 1872, drawn up by Lieutenant-Colonel Montgomerie; the 2nd a 
memorandum, by thc same officer, on the results of the same exploration ; and the 
3rd some extracts from the narrative by a native explorer of his journey from 
Pitoragarh (in Rumaun) v i i  Jumla to Tadum, and then down through Nepaul, 
along the Gandak river, to British territory. 

(116.) Of these papers the two first, wllich are illustrated by a map, 
were prepared by Colonel Montgonleric in England, from the original journals 
which he took with him for the purpose, as mectioned in para. (111.) of my report 
for last year; they describe an exploration, through an almost unknown portion 
of Great 'rhibct, from Shigatze across the Brahmaputra river to thc northern 
shores of the grcnt Namcllo Lalte, the furtliest point of which lies about 100 miles 
to the north of the tomn of LliAsa. The third, which is also illustrated by a 
map, gives an account of journeys through regions some of which were unknown 
and others known only from the information contained in rude itineraries ; thus 
the route from Pitoragarh to Jumla was over new ground; that from Jumla to 
Muktinrith and Tadum over ground of wliicll rude information was already forth- 
coming, but it required additions and rectifications ; the route through Nepaul, 
from MuktinSth clo~vn tlie Gandak river to British territory, was practically new 
also, and is a useful contribution to our knowledge of the geography of the 
Nepaulese Dominions. 

(117.) But the quarter in which the most extensive and valuable geogra- 
phical acquisitions have been made, during the present year, is in Rasligharia and 
the western portions of Eastern Turk~stan, in the Pamir or Bhm-i-dunia (Roof 
of the World), and in the regions of tlie Upper Sources of the Oxus. I n  my last 
report I stated tlint, having bcen called on to depute an officer to accompany Mr. 
(now Sir Douglas) Forsytll on liis mission to tlie court of the Atjlik GhSzi, I had 
selected Captain Trotter for tlie purpose, supplied him with all the requisite 
instruments, sent four of tlic Pandits-the trained native explorers-with him, 
and done all clsc that was in my p ~ \ \ ~ c i *  to secure the success of tlie mission from 
a geograpliicnl point of view. And tlie rcsnlt has becn that considcrabla additions 
and rectifications have bcen obt,aiucd ; and Captain Trotter may well be congratu- 
lated on tllc succcss wit11 ~ v l ~ i c h  his labours havc bccn cro~vned, notwithstanding 
tliat thcy were carried on ulitler numerous and great difficulties, in consequence of 
their having bcen ncccssarily conducted in mid-minter, n inost inclement season 
of the year for travellers in t,l~c liigllly c~lcvatcd plntcaux of Central Asia. 

(118.) To tjho nortlh of I<n.;\igllnr Cnl~t~ain Troltcr carried a survey through 
the Artysll vn1lc.y up to tllc Rnssinu frontier, at  Lalic Cllndyr R111, and, tliough lie 
was disappoint,ct\ in liis c>xpcct,ation of bring nblc to strilic off cnstn.ards to the 
Tcrckt,y pass and retllrn hy t l ~ c  road from tllcrc to Kasl~gllnr, he has sat,isfactorily 
succccdetl in connecting liis n~orli nrit,ll tllnt of tlic Russian geographers. He 
subscql~cntly m:~tlc a survoy of a consitlcrablc portion of t l ~ c  road tonrards 'Ijsh- 
Turfhn, to the north-cast, ant1 rcnclic~l tho  bolo\^ ti pass, ~vllicll is 1.50 miles from 
Kaslighar and a\)ont 90 ~ n i l ~ s  fronl us11 TurfAn. Rlrann~hilo Capt,ain Bitldulph 
survcyrtl tlio road from JCn.;l~~lrnr' cn.;t\~nrds to BIarlllbAslli. But no opportunities 
W O ~ C  nffot.drt1 for rc~coiinoit,t~ring any POI-1 ion of t l ~ c  long belt of alrnost unltnomn 
co1ult~1.y at prcscnt r111tbtl 1)y ~ I I C  Atiilili C;11:~zi-w11ic11 cx t~nds  castnrnrds for a 
distnncc of probnl~ly ovvr 700 n~ilcs 1)c~yontl t l ~ c  poi~lls rcnclictl by Captains Trotter 
and Bidth~ll~ll-nor of t l ~ c x  rontl to 111(1 I\ (.st. 1c:ttlinq into ICl~olinntl cici tllc Tt~rck pass. 

( I ! .  Cnptnin Trottchi. n rt(v*\\ nl-d.; 111:1tlo a S I I ~ T T ~  of tile rolltt> n.lricll pro- 
ceeds from Yangi lIissiir south ol Kclshgliar to 'I'cl~hkur~hiin, and then \vestwards 



vid AktBsli over the Little Pamir, and ascertained that  the lake on this table-land, 
called Barkut Ynssin hy the JIirza in liis journals-extracts of which are given in 
m y  report for 1869-7C-is one of the sources of a river wliich is here called the 
Aksh and after~vards tlie ITurglihbi, and which joins the Oxus near Whmur, and 
is in all probabilit,y tlie principal sollrce of that  river, as has already been conjec- 
tured by Colonel Yule. Captain Trotter continued liis survey down to Kila Panja, 
the  little town in  Walcllhn from wliicl~ one of the principal sources of the Oxus 
derives its name. This was tlie furtllest point reached by Captain Trotter to the 
west;  but  fort~ulately he was able to send one of his native surveyors down the 
Panja river for a considerable distance. The man first went to Islikashim, so far 
travelling a route 1~1iich is well known from tlie journals of Wood and the  Mirza; 
and then he struck nortll\vards into a region tliat was altogether unknown, and 
follo~red the do\\.n~vard course of tlie Panja river for a distance of nearly 100 miles, 
finding its direction to be in  reality very different from what has hitherto been 
conjectured ancl represented on the best inaps of these regions ; he reached Kila 
llT;i~nrrr, in Rosh An, but ~ v a s  unable to go down tlie river any further. An  explo- 
ration has l~onrever been since made from Fyzabad and Kolhb up  the  river, to a 
point wl~icli is beiieved to bc a t  no great distance from Kila Whmar, by Colonel 
h1ontgomerieYs IIavildar, who is now returning from Khbul with his journals ; he 
writcs that  he has sufferccl great hardships and lost some of liis papers ; but if 
enougl~  evidence is fortl~comlng to detcr~lline tlie course of the Oxus from Kila 
Whmar down to tile plains of Iiolib, a problem which is of the highest impor- 
tance, both politically and geograpl~ica lly, will be solved. 

(120.) From Panja Captain Trotter returned to  AlctAsh, vi4 the Great 
Pamir, passing tlie lakc which mas discovered in 1838 and named Victoria by Lieute- 
nan t  Wood of tlie Indian Navy. From Xktlisll he returned to Yarkand by almost 
the  same route that  he  11ad alreacly travelled. The Pandit wlio accompanied 
Captain Trotter as far as Taslikurghhn, on the outward journey, returned thence 
by a more direct route to Yarlcand, carrying a traverse survey along an  entirely new 
piece of road. 

(121.) It was not considered desirable to send the  (Hind6) Pandits into 
localities inllabited solely by a Jlahomedan population, and llitllerto they had 
been cllifly employed in  surveying various lines of rout,cs between Ladalch and 
Yrirlcand, some new, otlicrs old but requiring rectification. Bnt mliile Captain 
Trotter was alnent in  Wakllrin one of tliesc men, Icrislina, mas sent v i i  Sanju 
to  ICbotan, with inst,ractions tlo penetrate as far east~\rards as possible. He tm- 
versed the ancient road to China, as far as tlie Sorglililc gold fields, and tlien, 
returning to Rerin, struclc soutliwnrds alonq tlie road to li,udok, crossed the 
Knen Lucn rnn!gc and t l ~ c  great table-lands of the liigl~er IIimalayas on the west- 
ern c0nfinc.s of Cl~illcsc Tl~ibc:t, and reached the villagc of Noh, nrl~icli is about 20 
rni1c.s to t,lle nortlk of Rlltlok; l ~ r r e  he was stopped by tlie Cl~incse officials and 
nearly turllctl bnclr again 1)p t l ~ e  road he came, but eventually lie mas pt.rmittcd to 
go tlircct to Lell l)y tlic Yanpong Lnlce. I l is  work was very carefrllly executed, 
ant1 linq stood tlic ns~la l  trsts, fu~.nislicd by comparing t,lic route survey wit11 tlie 
ast.ronomica1 nnrl trigonomctrical detc~rminntions of position, most satisfactorily; 
and tlli5 is all t11e morc: importnn t in tllc present instance, in t,lint large corrections 
llavc l~ctw sl~on-n to 1)c necdcil in t,hc work of 1865-66, ~v\-hicll has hitl~erto been 
acccptcd, tliougl~ wit11 some mis~ivings. 

(122.) Captain Trotter 1s now a t  my IIead Qnarters, preparing a geo- 
grnpl~ical mc.moir for Sir Douglns Forspt11's Rc.port of the Mission, wliicll will 
contain full dctnils of l l i q  opc.rntions ant1 those of tlie officers associated with 
liim mlio had opportnliitics for visiting plnces wllicl~ 11e could not go to. The 
report will pro1)al)lp 1)c pal)lisl~rd a f ~ : ~ v  ~veelis hence, and therefore any further 
notice of Captain 'I'rottcr's Ial~ours is here unnecessary. 



NO. X1V.-THE COMPUTING OFFICE. 

EXARIINATION, FINAL REDUCTION AND PUBLICATION OF THE OBSERVATIONS. 

(123,) TIle Computing Office has been employed i n  its u s u d  duties of 
carefully examining and reducing the observations, PEBBONNEL. 
and of publisliing the ultimate results of such portions 

J. B. N. Henncssey, Esqr., Deputy 
supdt. 1st Grade. as have been finally treated, and preliminary results of 
W. H. Cole, Esqr., M.A. Asst. Supdt. the 11rhicI1 await further materials before they 

1st Gmdc. 
Lieutellant st. a. C. ~ f ~ ~ ~ ,  R.E., can be fitially disposed of. Tlie 3rd volume of the  

 ASS^. supdt. 2nd Grade. c c  Accotclzt of t l ~ e  Opcl-atiojzs &c." has been printed and 
COYPUTINO BUANCH. is ready for publication, the 4th is all but  complete; 

MC. C. Wood, Surveyor 3rd Grade. but as these volumes contain little else besides the  
,, H. W. Peycllcss* Asst. Surveyor nulllerical details of the observations and calculations 1st Grade. 

Mr. J. m. Macdougnll, Surveyor and their results, I liave decided to postpone their 
2nd Grnde. 

Bnboo Gu~iga Pershnd, Computer. 
publication until the conlpletion of the 2nd volume, 

,, ~ i r ~ ~ y ~ ~ o l ~ c i n ~ ~ ~ o s e , ~ o ~ n ~ ~ u t c r .  mllicll is intended to give a brief liistory of the  opera- 
,, I<nl l~ C O ~ I I ~ R ~  Cl~~rt,tel:joe Com- 

puter and 11 othcr Computers, tions, ancl a full description of tlie procedure which was 
PRINTING BR.LNCH. adopted a t  the outset and of its subsequent modiiica- 

tions, of the instruments employed from time to time, 
Mr. I f .  J. O'Connol., Printer. 
21 ~~~~~~~i~~~~ alld ~pllreuticos. and of the formulae and metliods of computation 

PaoTozINcocin~Pn~c BnaNca, by whicli both the preliminary and the final results 
Mr. C, G, Ol,ellbnc,l, zincograllhcr~ have been obt,ained. Of this volurne about 250 pages 
,, C. Dyson, ~ ~ i o t o g r ~ ~ p ~ ~ c r .  quarto liave bcen printed, but much more remains to 

1 A p l ~ r c ~ ~ t i c e ,  ,, 
2NntireDra(tsmennndamapkecper. be done ; its preparation necessarily devolves i n  great 

DRAWING Bna~cn. nlcasure on myself, ancl has to be held in abeyance when 

Mr. G, W. E. Atkinsou, Surveyor 4th 
I cannot find time to devote to i t ;  but  I a m  in  hopes 

Qrnde. that  the volume will be finished by tlie end of 1875. 
Slleik Snidudeen, aid 5 otllor Drnfts- 

men. 
(124.) Good progress has been made with the  

5 dra i s tnn t  dmftsrnen, also sonlo publication of the Synoptical Volumes wliich give all 
apprentices nncl limp colorists. tlle data reqnircd by surveyors and geographers and 
the public a t  large. Of these tlie follonring have already been issued, No. 1, the  
Great Inclas Series; No. 2, the  Great Arc, section 24" to 30"; and No. 3, the  
Karticlii (Kurracliee) Longitudillal Series ; tliree more volumes are nearly ready 
for publication. 

(185.) Considerable assistance mas rendered to Captain Trotter, whose 
geographical operations I~ave been rcvic~\rctl in the preceding Section ; all his very 
numerous observa tioils for d,solutc and cliiFeren tial longi tudcs, and for latitudes, 
heights &c., have been rcdaccd in this office, aucl mrlcll other work has been done 
for him, whcrcby Ile has bocn enal~ltd to prepare liis maps and reports far more 
rapidly tlian mould ot,llcr\\.ise liave 11c:en possible. T l ~ e  completion of the pendu- 
lum operations has lilre~vise nccessitatccl t l ~ c  rendering of a large amount of assis- 
tance to Captain I-Icavisidc, in rcducing and printing the observations. I n  these 
and all tllc otlinr d ~ ~ t ~ i a s  of this olEcc RSessrs. Hcnnessey and Cole have laboured with 
tlie same skill, nssidoity and zcnl, which i t  has becn my pleasing duty to bring 
to prominent notice i11 prc:violls rt.port,s. 

(126.) On tlic drntli of Ca.l~t.ain Bascvi-from cxposurc incurred on t h e  
high tablo lands of t,lie XIim:~la.yns, wl~ilc IIC nrns engaged in the pendulllm opera- 
tions-a sul~scripliou was miscd amon: his brotllcr officers and associates for a 
memorial of 11im ; a suuz of ovor It. 2,000 nras sul)scribetl, and then the qrittstion 
arost: how i t  sllo111cl bc expentlotl, wllot,ller in a mon~lment or pnint,ecl window to 
bc crcctcrl in a c l ~ t ~ ~ . c h ,  or-ns I~ntl been sug~est,c:d-in n clock to be erected a t  the  
Head Ql~arters Olfic 2. TIis witlow mas consult,c(l on tlie sul~,ject,, and she was 
altogclllcr in favour of t l ~ o  clock, aq l,.?st scrvinq to  pcrpc:tunt,e his name among 
thnsa by whom his lal>orlrs would I)(: b::st n.ppreciator1. A nlemorial cloclc, with a 
suitablc inscription, was tllci*cforc: oht,ni~lt~tl from En:lnntl and i t  has been erect- 
ed ovcr tlie officc portico ; it strikes the quartcrs as wcll as the hours, and keeps 



sdmiraMc time, and i t  has altogether superseded the hand-struck gong by which, 
for very many years, the office hours have been regulated. 

(127.) An important series of Final ~ i a r t s  has been prepared to illustrate 
the several synoptical volnmes which have been specified in para. (124). These 
maps are drawn on the scale of 4 of an inch to the mile, for publication by pho. 
tozincograpliy on half that scale, and great care is taken to assimilate the spellings 
of the names in the charts to those in the volumes, and to do d l  that is necessary 
to enable them to serve as aids to a correct understanding of the i a t a  of the tri- 
angulation of former years. Five preliminary charts, of the triangulation of the 
current year, liave also been prepared, giving full numerical data to satisfy imme- 
diate local req~irements. 

(128.) lte-prints, with additions and corrections, of two of the four sheets 
of the 2nd edition of the Map of 'l'iirkestan liave been made. Preparations have 
also been made for the publication of a 3rd edition of this map at an  early date; 
each of the four slieets has been entirely re-drawn; a large amount of valu- 
able and recent information, \vith which I liave been favoured by Colonel Stu- 
bendorff, the Director of tlie Topograpllical branch of the Russian War Office, is 
being incorporatecl into them, and also tlie results of Captain Trotter's surveys; 
and I am only awaiting the return of Colonel 31ontgomerie's Havildar, now daily 
expected, to have tlie maps completed and scnt to press. 

(129.) I n  addition to the above, some progress 1las been made with the 
series of Level-Charts on wliich the systems of levels for Railways, Canals and 
other Public Works are shewn, after having been connected mitt1 tlie main lines 
of levels of this Survey and reduced thereby to tlie datum of the mean-sea level. 
The maps of IIussooree and Landour have liad tlie recently re-demarcated bound- 
ary lines sllomn on them, wliicll has been a very tedious and troublesome business, 
and lias been protracted over sevcral years. A map of Kurnaun and Garliwhl 
has been specially prepared for the Gazetteer of that district which is now being 
compiled by Mr. E. T. Atkinson, c.s., but tlie clclays caused by liaving to alter the 
spellings of tlle wliole of the names, in conformity wit11 tlie recent orders of the 
Government on the ortllograpliy of Indian names, liave prevented the publication 
of tlic map liithcrto. Much assistance has been rendered to Captain Trotter in 
the compilation of his new geographical information, the maps of which have 
all becn drawn in tliis office. 

(130.) I n  tlie typographic office 1,220 pages, mostly quarto, have been 
composed and 320 copies (on an average) of each liave been printcd. And in the 
pllotozinco~rnpl~ic officr, 61 maps linve bcnn pliotogrnplietl and put on zinc, anrl 
the number of prints ~vl~icll l~nvr: I ) (~I . I I  ' p~tll(\tl ' is 9,207 of ninps, 2,027 of charts, 
3,557 of diagrams, and 28,125 of prof~:s~ioti:~l and offico forms. 

(131.) I t  now only remains for inc to ackno\vledqe tlre valuable services 
wliicll have bccn renrlct-r.d hy my Personal Assistant, Mr. 11. Dullan, who lias 
relieved me of ~nrlcll official r o ~ ~ t i n c  ivorlc, mliicli mould otlierwise liavc taken up 
t i ~ l ~ r  I could ill spnrr for it. Of Mr. Rol~crt Scott-wliosc good servicos in tlio 
corresl,or~tlcncr ofice ant1 as pcncrnl stow-lc(<t~per, it lias al\vays bccn a plcasure to 
me to aclino\\rlcdge i n  rny annu:~l rcports liitliorto-I rclgrct to havo to state tliat 
tliis m~i s t  1)o my 1 : ~ ~ t  noticc; lie dictl on tlie 12th 8eptcmhc:r, aftcr a long and 
painful illnrss ; lit: liad scrvcd in the: D(bpnrt,mcnt for nearly 30 ycnrs ; hart1 nrorlc- 
.in:, simple tnindcd, and rcady to ol~.ligo evc~ryl)otly, 'good old ltobcrt' will long bo 
affectionatply raii~ctnl)crrtl and respected 1)y all wlio Ir~lciv liirn. 

(132.) An al~stract of tlic out-turn of work cxccutcd 1)y each of tlic Snr- 
vcy particls, thc rcsults of tlic opcrations of wliich can bc cxllibitctl in this form, 



is given on the following page. I consider thc amount of progress which has becn 
made during the year on all sides, by thc Survey Partics while in the field and 
also in recess, and by the Offices at Head Quarters, to havc bccu generally very 
satisfactory. 

J. T. WALKER, COLONEL, R.E., 
Szydt. Great Trigonometl-ical Survep. 

DEHRA DUN, 
Dated 15th Febrzcaly, 1875. 



Abstract of the out-tarn of work executed by the Great !Mgonornetrical 
Survey Parties, during the Survey year 1873-74. 
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APPENDIX. 

ESTR.\CTS FllOll TllE 1ARR:lTIl'E REPORTS 

OF THE 

EXECUTIVE OFFICERS IN CHARGE 

OF THE 

SURVEY PARTIES AND OPERATIONS. 





Extract fiom the Narrative Report-dated 16th July 1874-of MAJOR B. R. BRANFILL, Deputy 
Superintendent 2nd Grade, in charge Madras Party, 

(2.) The proposed work for the field season 1873-74, just concluded, was the comple- 
tion of the Great Arc (revision), Southern Section, mhich had 

Proposed field work 1873-74. been in abeyance for two seasons, and the commencement of 
the RLmnkd Longitudinal Series in latitude 9" 30'. 

(4.) l'he party marclied from Bangalore on 1st November and reached KutipBrei S., the 

Field work begun 2nd December. 
first station for observation, on 2nd December, mhen operations 
mere begun with a set of circumpolar star observations for azi- 

muth, this being a Zenith Distance (latitude) and also a Pendulum Station. Owing to  cloudy 
weather it took ten days to complete the observations, nearly double the usual time. 

(5.j It may be remarked here that one of the rays observed a t  this time, that between 
KutipBrei S. and Perumhl H.S., is the longest side of any ~r inc ipal  triangle yet observed in the 
Great Trigonometrical Survey of India, being 63.944 miles in length. It is probably due to  
the unusually clear atmosphere of tlie cloudy weather, that the Perurn61 signal-lamp, with a re- 
flector only a foot in diameter, could be bisected at so great a distance. I n  March 1871, mhen 
the corresponding observations were made oil this ray a t  Perum5.l H.S., a similar signal-lamp 
was not once visible in the course of several meelrs, arid even the heliotrope signal, with a full 
aperture of 8 iuches diameter was scarcely capable of heing observed through the hazy air of 
that season. 

(6.) Final observations mere continued without interruption, and with little delay, a t  

s. Section of series the twelve stations remaining, until the series was completed 
completed. before tlie elid of February, by closing upon the stations which 

had bcen connected mith the Cape Comorin Base-line in 18G8-69. 
(7.) I n  consequence of the disappearance of one of the two stations forming the side 

Loss of former station on the red of junction between the RBthLpuram and Valanid polygons, i t  
sand hills. mas necessary to re-observe at three of the stations already 

observed at and fixed. I t  had been necessary to occupy a point 
on the red sand hills or " t h h i "  (for an account of which I may refer to the notes on the 
Tiunevelly district appended to the general report of the G. T. Survey operations for 1868-69). 
Mr. Mitchell who built the station thcre, had becn directed to  construct i t  of masonry, like a 
well, which he was to sink through tlie sand to tlie firm soil below, mhich he reported was 
reached at ten feet below the surface of the highest sand hillock. This depth however proved 
insufficient, for during the interval of four years it liad been iiudermined and nothing remained 
but the debris to mark the spot. 

(8.) No other suitable spot being available for a station i t  mas necessary to  re-occupy 

Spot re-occupied with s temporery the site again this year : and this was done by means of a tem- 
stet~on. porary station consisting of wooden piles driven deeply into the  

sand. 
(9.) Colonel Lambton in like manner about the year 1808-9 used a similar temporary 

Relntivo site of Colonel Lambton's station, presumably on the highest part of the "thb i" ,  or  
Red HIII Station of 1808-9. sand waste; but i t  appears (from the computations) to have 

bcen about 1,061 yards to  the W.N.W. 4 N. of the present 
(1874) station and 13 or 14 feet lower. 

(10.) From this i t  seems as if the highest part of these sand hills had shifted about 

Probablo ecruler motion of the 1,060 yards to the E. S. E. during the sixty years elapscd, o r  
"thbri" to tho ctmtward. ncarly 17 yards a year. Moreover, the point occupied by Mr. 

Bllitcliell iu February 1869 was the highest point of this particular 
sand ridge, and of the sand hills in general. Wllereas tlie highest point of this particular sand 
ridge now (February 1874) is about 30 yards farthcr to the eastward than i t  was in February 
1869, having thus only travelled a t  the ratc of 6 yards a year, but in the same direction, to the 
E. 8. E., and it still appears to be the liigl~est point of tlie "tlrki." Some banian stakes have been 
planted on the chance of their taking root, arid so marking the locality for future reference. 

(1 1.) All the stations on a ~ ~ d  arouud the Cape Comorin Base-line were examined and 

Base-line stations put into good found generally in a good state of preservation. The towers and 
order. obscr\ atories rcceived the little repairs they seemed to require 

and the closing piles of stones and earth were restored after 
the five years' weathering they had sustained since first left. 

(12.) As soon as the final observations of the Great Arc were finished, I proceeded t o  

~onnoisaanceoEtheStmits of Manhr. utilize thc littlc clcar weathcr that remained a t  the end of 
February by rcconuoitcring the Straits of ManBr with a view 

t o  the practicability of a trigonomctrical connection with Ceylon. The resnlts of this recon- 
noissance which I reported to  you met mith your approbation. 



(13.) The  n e r t  work t o  be  done was t h e  RBmnfid Longitudinal Series which I now took 
Commencemellt tile u p  i n  person. I had sen t  Mr .  Belcham a t  t h e  end of December 

L O I I ~ I ~ I I ~ I I I ~ ~  Seriee. t o  reconnoiter t h e  country along the  parallel of 9" 30' and to 
commence laying out  t h e  Approximate Series. After a very 

careful and detailed examination he  reported this liue of country very unsuitable for the great 
t r i aug~~la t ion ,  i t  being a n  unbroken plain of black (cotton) soil, generally under cultivation, 

Gn~ltitnble nntl~ro of the count~g on with high standing crops, and plentifully wooded by groves of 
go 30'. fruit  trees (Tamarind, Mango and Palm), the  view being also 

every where obstructed by long lines of high bauks of tanks and 
irrigation channels. I t  was evident tha t  every rap must be tediously traced and cleared 
iu  the  regular manner, aud tha t  high towers would be required even for comparatively 
small triangles. 

(14.) I t  was impossible to  lay out and prepare any stations of the  new series i n  time 

Principal observing closed for the for observation this season. I therefore abandoned the inten- 
B ~ B J ~ I I .  tion, and sent t h e  large theodolite into store, whilst I proceeded 

t o  lay out the  series myself, directing the  assistants, after finally 
closiug t l ~ e  Great Arc  stations, t o  build the  new stations as soon as selected. 

(15.) After a careful examination of t h e  country I found that,  taking the  most favour- 

Rimnbd Series npproximatcly laid 
able line, namely tha t  bordering the coast-line and on  the paml. 

out on ~ ~ a l - n ~ l e l  of SO 15'. lel of 9' 15', where advantage of the  coast-line sand hills could 
be taken, I could not reach Rkmnhd, distant only 64 miles, 

by less than 16 triangles forming a single series. The nddition of three stations made this 
illto a double series, ~ v l ~ i c h  I propose for observation n e r t  season. A number of towers or 
1rigll nlasorlry pillars with temporary wooden platforms will be necessary. 

(l(j.) The party returned to recess a t  Bangalore c n  26th May after a tolerably healthy 

Close of field sewon. aud successful season's work. 

(17.) The out-turn of field work this season consists of 13 principal stations newly fixed 
by 20 trial~gles f'orming 3 quadrilaterali, a hexagon a d  two 

Grllrrol rtntrment of the fiald sen- 
son's wurk uccompli~l~ed. fifths of n peiitagon, covering 3,239 square miles and extend- 

ing  the (Great Arc) series, which is now complete, 108 miles . . 
t o  the s o ~ ~ t l ~ w a r d ,  eaecnted a t  a cost of k s .  12-13 (or about 2G shillings) pcr square mile. A 
set ot' s ta r  observa t io~~s  for azimuth has been taken as usual, and 51 seconclary points a11d 
rui~ior  stations have been fised, elliefly withill t h c  area of the  principal t r i a ~ ~ g l e s  above men- 
t i o ~ ~ c c l ;  hut an arca of' 1,113 square miles is ernl,rnced by the  secoudary t r i a ~ ~ g l e s  esterior 
t o  the ~ n a i r ~  series, 1)csidcs sonic 20  high and i r n l ~ o r t a ~ ~ t  hill peaks. 

l'he 1tAnl11:ld L o ~ ~ g i t ~ ~ d i n a l  Series has beeu al)prosirnately laid out for a distance of 64 
miles 1)p 19 st i~t ions f o r ~ u i ~ ~ g  two qr~adrilatcrals ant1 three hexagons, 6 of the  high masonry 
pillars rc~clnired for ~ v l ~ i c h  have bcen built. 

'l'l~c hInngnlore and Paniillni Minor Scrics has been completed and connected with the 
Coin11)otore Millor Scrics of lH(i9-70, by a lo~~gitnr l inal  hrnucl~,  through t l ~ c  1'6lghAt gap in the 
l \~e. i tc~rn Clhkts, thus coml)letiug a circuit for vcrifcation. 'l'he length of tlleve series is alto- 
g r t l ~ c r  212 miles, of \v l~ ic l~  62 has bee11 (lone by Mr. Laseron this season. Mr .  hIitcl~ell laid 
ont  nlltl ol~servctl a l )oi~t  120 of i t  dur i r~g  the two previous seasons, the remaiuirig 3 0  11avi11g 
becn dune by n~yselt '  i n  March nr~tl Apr11 1870. 

(18.) T l ~ c  objcct of this t r i ang~~la t ion ,  was t o  provide reliable trigonomctrical poi~lts 
irl n 1);~rt of thc co i~nt ry  which had i ~ o t  prcviouslj. heen tritln- 

MdObir 'liner gulatctl and tl111s till up  the  great gap left in prcvions charts of 
g ~ l l u t i u ~ ~ .  

the old (Col. L a n ~ l ) t o ~ ~ ' s )  and receut trigonometrical surveys. 

(I!).) Thc field searron has been an uneventful one, I ~ u t  the following particulars may 
11e thongl~ t  w o ~ , t l ~ y  of mention :-As was to  he espcctetl, on r111itting thc vici~lity of the West- 
ern (;hiit3 for t l ~ c  fl;it ]O\VIRII(IR of the South-East (:onst, \re met wit11 i r ~ s t a ~ ~ c c s  of terrestrial rcfrac- 
tioli sllcll as me l~atl I I O ~  secn for nornc yrars. ' ~ I I c  hcliotrol)c signals ncar the sea shore, ill C;rseS 
I ~ I I L * I I  tllc rays ~1irssc~1 too nrar  to  t l ~ c  g r o ~ ~ n ( l ,  o r  yraz(~(1 over IOIV vekc ta t io~~,  rcn~i~ltletl  me of 
t l ~ c  sig11:tlu 1 llatl scell in Sind a ~ ~ d  the lJ;u~;i1). S o ~ n c t i n ~ c s  an aftcrnoon heliotrope al)pearc(l 
like a 11il1;rr of tire, in l ~ c i g l ~ t  6 or  8 times its ~vi t l th;  and the same signal would ill a little 
while appcar as two or  more distinct, scparate sig~ials,  puzzling the observer which or which part 
t o  iutersect. 

(20.) O u  entering the black soil country, morning mirage wag t o  he scen nearly every 

Mirage common. clay about s u ~ ~ r i s c ,  such as I was familiar with in  the Indnu 
valley and also ill t l ~ c  Kistna aud Cfotlavery river deltas, but 

have seldom scen elsewhere. T l ~ e  rnoro cornmou aftcrnoon, o r  heat mirage was a matter of 
daily occurrence. 

(21 .) Some of the strangest instances of thcse phenomena were witnessed and noted 
on the ypot by Mr. Boud, who writes as f d o a s  :- 
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'(1 mas surprised to sce the curious phenomenon of mirage, the apparent unusual 
elevation and nearness of distant objects with an inverted 

I , - , ~ ( ; ~ I ~ C O  of pcculiw mkago. image suspended in air immediately above them, whole villages 
appearing thus and also as if built on an  islaud. 011e very close morning, about 6-30 

in >lay, on looking out for the heliotrope I expected to see on the tower station 
(a masonry pillar 19 fcct 11iglt) about B$ miles distant to the southward, I noticed a 
curious sight and called Mr. Belcham's attentiou to  it. The entire pillar was visible with a n  
iuvcrted image of i t  apparently suspended above, and instead of one heliotrope, five 
distinct images wcre sccn-onc at  thc top and base of each image of the pillar and one in  
the space midway bctwecn thcir tops. I n  tilittle mltile the signals became vertically lengthened 

tllcy coalesced into a pillar of light. I n  about half an hour the whole (signal and ~ i l l a r )  
had divappcared below tlie ground horizon some 3 miles oft'". I anticipate great iucon- 
vcuiellce from this source in  the futurc. 

(23.) 
Mr. Bond had the good fortune to procure an intcrvicm with a couple of the 

wild folk who live in thc hill jungles of the Western Ohjts, t o  
a d d  j~mglc fulk. tltc south-west of tltc Palauci hills, and took the opportunity 

to observe and note on the spot somc of thcir peculiarities. W e  had often heard of the 
of some strangc dwarfish pcople mlto occasio~~ally frcqueuted thc jungles near our 

statioll of Pdmalei, a few miles west of Strivilliputtlir, at  the north-west corner of the  
Tillllevclly district, but none of us, ml~eu visiting tlic Pdmalci liills for the purpose of selecting, 
building or observing at this station, ltnd secn any tracc of tltem, cxcept that whilst observ- 
ing tile final anglcs wc noticed some fires burning at night far off in the distant valleys, 
commonly stated to be entirely devoid of villagcs, and civilized inl~abitauts. When return- 
ing afterwards to Pdmalei, in order finally to closc and dclircr ovcr chargc of the station to the  
local oficials, Mr. I3ontl having hcnrd that the \vild men of the woorls occasionally came 
to Strivillipntt6r with ltoncy, 1~:~s anti sandalwootl to cxchange for cloth, rice, tobacco and 
betc l~~nt ,  induccd tlirec of the " Iio'vulkdrs" or hill watchers, through whom principally this 
bnrtcr is carried on, to attcmpt to catch a spccimcu of this strangc folk. What follows is Mr. 
Baud's account :- 

(24.) a Knomiug a locality thcy frcquentecl, whence they could easily steal the remains 

Mr. Dond's accou~lt of thrm. 
of food and pots left by the Ilerdsmcn, the three KBvalk5rs 
1r1cnt therc to 1001~ for them, and on tlic second day sighted a 

couplc, 15r11o at  once madc off tllrongl~ tllc jungle for the rocks, with great fleetness and 
agility, usi~rg ltantls ant1 t'cct in getting ovcr the latter. 

(23.) "After a difhcult and esciti~lg cltase and a very careful search they mere again 
cangl~t sight of, cronching bctweeu two rocks, the passage to  

Captorc of a conplo of t.hem. ~ r l ~ i c h  was so narrow that it cost their captors a severe scratch- 
ing to reach them and drag tltcm out onc at  a tinie by the lcgs. They were brought 
to mc in a. stntc of grcnt fear-a man nut1 a ~voman-as I mas descending the l~ill,  and began to  
cry on being led to my cam11 at n lnrgc rillngc a fcm miles out in the plains. After some 
coaxing liowcvcr, wit11 ~ ~ l ~ o ~ n i s c s  of rice nut1 tol~xcco, thcy couscntcd to accompany me willing- 
lg. 0 1 1  reaching nlp tent in tllc cveniltg I gave the man somc clothes, and ofl'crecl them a 
littlc moncy i r ~  small silrrr and copper coins. Each of t l ~ c m  selccted tlte latter, refusing 
tho silvc:r picccs of tcn times tltc vnlnc, sayi~tg that t l ~ c p  coultl get rice with the copper, and 
a l~ l~ncn t ly  hat1 110 idrn of t l ~ c  rn l~lc  of i.11~ f'or~ticr. I gave thc woman some pieces of cloth 
ant1 n f c ~ r  sm:lll tltings, for wl~iclt tllcy both sl~c~vcd tllcir tl~aiilts by rcpcatcd prostrations on 
tltc gro1111tl I~cforc ruc. 

(2(i.) " Thc rcst of thc day was spent in taking notcs ou this strange pair and in  
Tlrcir pcc~llinrilica nolcd. grttin;: from tllcili all tllc infornlntion I could through the 

11ill n.:~tc*llc.~.s, wl~o wcrc ablc to corlrcrsc with t h c n ~  to a slight 
cstcnt. They secmcil as grcat n curiosity to t.11~ \.ill:~gcrs tl~cmsclvc:~ as to myself; and a 
crow11 nssc~r~l~lctl to mntrl~ t l~em,  csprcssir~g t l~cir  sl~rprisc : ~ t  tlte cnsc and freedom ~vi th  wltich 
tl1ry sat ill my t c ~ t t  n i tho~ t t  sl~c\r-ing :LILY Scar or any dcsire to rull away. The following 
ol~scrv:~tions wcrc notctl on tllc slrot :- 

" 'L'llc nl:L11 i.3 4 f'cct, ( ih  ~ I I C ~ I C S  in I~cigllt, 26: ~ I I C ~ I C A  roil1111 thc cliest and 1st inchcs 

Dcec~.ilition of 111c 111nlc. 11orizo11t:dlp Y O I U I ~  thc hcntl over tllc cy&l)rows. I i c  llas 8 

r 1 
ro~nld l~rad,  co:~l'sc l)lnclr, ~ ~ o o l l ~  Lair and a dark brown &in. 

lllc forchcatl is low ant1 slightly rct,rcating ; tItc lo\\,cr part of t l ~ c  f:lcc projects lilre thc muzzle 
of a nlolllct'y rind tltc molltlt, 1v11ic.11 is snt:~ll :uttl oval wit11 thiclc lips, protrntlcs about a n  
il" ' l l  ' ) ( ' Y O I I ( ~  Ilis 1105(7 ; I ~ c  ll:l9 S ~ I O Y ~  b:ltltly I c ~ s ,  a compnrativc.ly lollg body and arlns that 
cst(:llcl :~ll'lost to  Itis knrcs : t l ~ c  I~acli just above thc buttoclis is collcarc, making the stcru 
al'llcar to I](: 1llnc11 1)rotrl1tlcil. T l ~ c  11a11tls ant1 fi11gcl.s arc t l u l ~ ~ ~ ~  altd always contracted, so that 

cmlnot  I)c mndc to str(:tcll out clllitc strnigllt a11(1 f1:ht; the p:llms nrlll fingers arc co\rcrcd 
with tlticl' skin (n1ol.c pnrtictllarly SO thc tips of tlte fingers), aird tllc llai]s arc small nncl imper- 
ft'ct; tllc f c ~ t  arc bro:ltl thick sliiniictl ;111 ovcr; t l ~ c  hairs of llis are of a 
~vllitc, sCallt,y aud coarsc lilw bristles hc ]las no bcnrd. 



The woman is 4 feet Ga inches in height, 27 inches round the chest (above the brea.sts) 

Deacription of the female. 
and 194 horizontally round the head abovc the brows ; the colour 
of the skin is sallow, or  of a nearly yellow tint ; the hair is black, 

long and straight, and the features well formed. There is no  difference between her appear. 
ancc and that  of the common women of that  part of the  country. She is pleasant to look at, 
well developed and modest. 

(27.) "There are said to  be five or  six families living about the PBmalei bills, men 
and women being about the same height, all the men having 

Number and general appenmce. the same cast of features and being built as the s~ecimen - - 

above described. 
" The dress of the man consists of a " langotiJJ or small piece of cloth tied round the loins. 

Drese. 
The women when they cannot procure cloth wear only a skirt 
of leaves. 

They both believe themselves to be 100 years old, but judging from their appearance 

Age. 
I suppose the man to  be 25 and the woman about18 years of age. 
They say that they have been married 4 years, but have had no 

children. 
" Their marriage custom'is very simple ; a man and woman who pair off, mutually agree to 

Marriage custom. live together during thcir life time, the conditions being that 
the man is to provide food and the woman to cook it, and tho 

marriage is considered to be binding after these conditions have been carried out for the first 
time, i .e.  after they have eaten their first food tog~ the r .  

(28.) " They eat flesh, but feed chiefly upon roots and honey. The roots, of which 

Food. the man nest morning went to the jungle and fetched me two 
kinds, are species of wild yam. I tasted both when cooked 

and found them far from unpalatable. 
" They have no fixed dwelling places but sleep on zny convenient spot, generally between 

Dwelling. two rocks or in  caves near which thcy happen to be benighted. 
They make a fire and cook uhat  they have collected during 

the day, and keep the fire burning all night for warmth and to keep amay wild animals. 
They worship certain local divinities of tlie forest,-RQlras or RQlrAri, and Pd (after whom 
the hill is named, PC-malei). 

"When one of them dies the rest leave the body cxposed and avoid the spot for somc months. 
Neglect of thoir dead. Whenever the herdsmen, wood-cutters or hill watcliers come 

across a corpse and tell the "grcim rnunsof ", or head village offi- 
cial, he sends men to bury it and reports the circumstance to the Tahsilddr. Thc grkm 
munsaf of this place (Mams6puram and Shiventipatti) told me that six had been buried ulidcr 
his orders. 

(29.) " As I detained this couple in my camp till late in the evening, they beggcd to re- 
main all night, as they were afraid to enter the junglcs so late for fear of wild bcasts unlcss they 

Cooking nnd feehng. had a torch with them. I then offered thcm food if thcy mould 
cook lt near my tent, and gave thcm what thcy askcd for, rice; 

but when a fowl and curry stuff wcre suggeuted they took thcm also. Tlic man woi~ld have Irillcd 
the fowl by cutting off its head between two stones, but I told my pcople to give him a knifc and 
shew him how to cut 1t3 throat, which they did, but he evidently disliked to use the knife 2nd 
begged my servant to do it for him, and turned amay his hcad as if he did not wish to sce it done. 

" Whilst the woman cooked the rice, the man cut up the fowl, by placing the knife bctmcen 
his tocs and drawing the meat aloi~g the edgc of' it. They seemed ignorallt of the use of salt and 
curry stuff as they did not use the condiments till told to do so. Morcovcr they wanted to eat the 
food whcn only half cooked. 

"The man having washcd his hands rcmaincd squatting on the ground till his wife scrred 
him, which she continlied to (lo, witllout cating anything hcrqelf, till hc sigrled to hcr that he 
liad enough : she then brought him water to mavh his mouth and hauds and afterwards atc her 
own food. 

" The fingers alone were uscd in eating : somc ricc mixed with the curry was collecte(l into 
a lamp and thrown into thc mouth, ant1 I noticed that they did not mix any of tllc mcat with the 
I .  What remained of tlieir food was put carcfullp away and carried off ucxt day into the 
jungle. 

(30.1 "Next morning I sent the man to fetch apccimens of the root;thcy ordinarily fcc(1 
Diamied. on whilst the woman remaincd at  my camp. 0x1 Iris rcturn  SO!^ 

after midday I dismissed them apparently not ill pleased 1~1th 
their involuntary visit. " 

(31.) I am happy to report that all my assistants have worked ~ i l l i ng ly  and well, sending 
Assidante of the pnrty. in thcir weekly diaries and their mollthly abstract3 and retur!lS 

with regiilarity. A brief account of the work donc by each assls- 
taut taken from his own narrative report is given here, 



(33.) Mr. G .  13elcham, Assistant Surveyor 1st grade, was transferred t o  this party 
from No. 1 Extra Party (Astronomicd) in order to practise the 

Mr. G. Belcham. usual field duties of a triangulatiug party, of which he had 
bitherto had little or no actual experience. During the first month of the field season, he re- 
mained with me as observatory recorder and office assistant, occasionally using a small theo- 
dolite for practice. During the next two months, January and February, he was employed in 
a reconnaissance of the country along the parallel of 9" 30', with a view to  the Rdmn5d Longi- 
tudinal (approximate) Series. He carried out this duty well, undergoing a great deal of expo- 
sure and thoroughly examining the country, without however being able to lay out any defiuite 
regular series, although he made a general scheme of triangulation, possible at the cost of 
tracing and clearing nearly all the rays and building high towers. H e  also, during this time, 
visited and observed at several points about the island of ltiim6sweram with a view to the Ceylou 
connection. 

He next took up a little minor triangulation with the 12-inch theodolite for the determina- 
tion of the position of Pandalagudi, Zenith Distance (Lat.) Station. The results of this, his first 
essay in independent triangulation, are satisfactory. The rest of the field season (seven weeks) 
mas spent in building two masonry pillar stations, one with solid platform 16 feet high, and the 
other19 feet high. - 

(33.) Mr. J. Bond, 2nd grade Assistant Surveyor, has been temporarily attached to 
the party, joining my camp on 19th December, when he took Mr J. Bond. up the duties of observatory recorder and office assistant, in 

performing which, during the ensuing two months, he gave me entire satisfaction. He next 
undertook the final closing and delivery of 8 of the principal stations, which he accomplished 
in 5 weeks, marching over 0 0  miles. IIe was next engaged, during the last six weeks of the 
field season, in station-building and ray-clearing on the R&mnBd Series, and nearly completed 
two stations. 

(34.) Mr. C. D. Potter, Assistant Surveyor 2nd grade, has done a good season's work, 

51r. C. D. Potter. having built two (23 feet) masonry pillar stations, 4 large plat- 
forms, and finally closed and delivered over 4 stations, besides 

inspcctiug and repairing or restoring the closing piles, &c., of 9 stations about the Cape Comorin 
Base-line. He also traced and cleared some 90 miles of rays carrying out my instructions with 
diligence. 

(35.) Mr. E. W. Laseron, Assistant Survcyor 3rd grade, has been employed throughout 

Mr. E. W. Loscron. the field season in the completion of the Malabdr Ifinor Tri- 
angulation. This triangulation was begun by Mr. Mitchell in 

1871-72, starting from a side of the principal triangles near Mangalore aud has closed at Coim- 
batore, on the closing side of the Coimbatore Minor Series, a short series which was done by 
myself with a 14-inch theodolite in March and April 1870, emanating from a side of the Great 
Arc Series. Tlie total lcngth of this series, between the sides of these two principal series, is 
about 212 miles. Mr. Laseron's triangulation appears to be as good as could be expected and his 
portion of the entire work compares favourably with the rest of the work. 

Extract from the Narrative Report-dated 1st August 1874-of W. G. BEVERLEY, Esq, Officia- 
ting Assistant Superintendent 1st Grade, in charge Assam Valley Triangulation. 

---------A- 

(2.) Thc rains having ccased earlier than usual, the party mas able to resume field 
work by the middlc of Novcmbcr. 

(3.) I n  ordcr to givc time for advancing the approximate work and constructing pil- 
lars, I visited SelS and KurwL principal statious to fix peaks in the Uootan Himalayas and fill 
111) t l ~ c  gap to thc wrst of Long. 92" 30'. The weather was llowcver very unfavourable, and t11e 
atrnosplicrc unusnally thick for thc time of the ycar, ancl no distant peaks mere observed. The 
position ant1 I~cight of tlic obrlisk in t l ~ c  river werc determined, also tlic Iieiglts of thc Church 
111 Goml~atty and of a rcrnarkablc tcmplc in the neiglbourllood, all of which bad been ovcr- 
lookcrl at the commcncemcnt. 

(4.) On Iny way to Nikori-Chapri T.S. to cornmencc final obscrvations, I visited the 
hill stations of Kaudali, Kl~olii (a stat1011 in Nowgong) and Yirraparbat in Tezpore, and 
was aide to fix the civil station of Nowgong, the permanent mark bcing the S.W. corner of 
the Jail mall. Sevcrxl ncw peaks mere also addcd and heights taken to nearly all. A better 
valuc mas also obtained for thc sidc from nhicli Tczporc Church liad been fixed. 

(5.) During I~cccml~cr and part of January, I took final obscrrntic?us from MadaigAon 
T.S., Nikori-Chapri T.S., 1todongA T.S., Belnguri I'.S. and Nigri Ting T.S. and carried 6 final 
rays. I also reconnoitred the country about Jorhrit, to takc steps for fixing it, and then asrend- 
ed tlic Urahmaputra up to Dibrligarh to examiuc thc nature of the country on either bank. 



On my rcturn I found the station of Majhulia ~.carly, and I toolc final observations from it, 
and from Bor Rhiti T.S., Bor-Chapri No. 2 P.S. and Phalcwadol T.S. 

(G.) Thc a d v a ~ ~ c c  stations not being built I marched to Sibsigar on the 18th February, 
and examined the ground a l~ont  with a view to fixing points in the civil station and the Revenue 
Survey per~nanent mark, eitllcr I)y traversc or triangulation. On returning I visited the selec. 
tious of (:aurisli,onr, Bor-Ali l'.S. and Si~~tanlnnigxrll T.S. and tool: up the trial and final rsys 
betaeell them. 

(7.) Whilc thesc were in hand I tooh ~ c c o n d a ~ y  observations to  peaks, ml~euever wea. 
ther permittcd, frorn them. I conlplcted the principal angles remaining at  Phakwadol T.S. 
and one angle at  Noc Ali T.S. by thc end of March. During April, I completed the principal 
ohservations a t  Noc Ali T.S. and Sintamunigarh T.S. and took secondary observations at 
Gauriskgar Templc S., selected and bnilt Oohaingiion P.S. and observed from i t  the Revenue 
Survey station arid 3 points in tlle civil station. 

(8.) SibsBgar has been fixed by direct triangulation but the values are for the present 
dependent on a basc-line measured in the station. These values mill be corrected in the 
erisuing season, when the principal side Gaurisagar to GohaingLon P.S. has been directly ob- 
tained. 

(9.) By the 24th April the low ground was all under water from the continuous heavy 
rain, and I closcd work and marched to DiId  Mukh, and left by steamer on the 30th on 
return to  recess quarters. 

(10.) Mr. Harris left Shillong on the 20th October, and marched to Gowhatty. He 
mas employed in entertaining Kl~lassics, masons kc. for his establishment and in looking after 
repairs of tents kc.  during his stay there. He  left by steamer on thc 8th and arrivcd at  Nigri 
Ting on the 14th November, where he commenced work by renewing the scaffoldil~g at  that stat~on 
and sending men aud materials across the Brahmaputra river. By the end of December he 
had completed aud built the pillars at Rodonga and Belaguri and the mascnry portion of that 
a t  Phakmadol. 

(I  I.) Mr. Harris had 3 parties at  work. By the end of illarch he had completed and 
built all the pillar and post statio~is that liad been allottcd to him. His progress was slolv, 
from his inability to visit and superiutend the d~ffereut parties at work owing to repeated attacks 
of fever and eulargemel~t of the splceu. H e  mas to  have selected and built Borghup station, 
and cleared the ray from Bor-Ali to GaurisLgar, hut mas so prostratcd by illness that 11c was at 
last unable to ur~dertalie ariy work arlcl liad therefore to  rctire from tlle field in the beginning 
of April. 

(12.) 1 had repeatedly deaircd Mr. IIarris to obtain a merlical certificate and retire, 
but he mas anxious to push on the work :~nd advance the progress of the Survey, and contiuuctl 
in the ficld longer than advisable. 

(13.) Jfr .  1I:rrris returncd to recess quarters at  Shillong on tlre 24th April. His con- 
stitution however was quite impaired, and he srllfcrcd from repeated attacks of fever alld 
tlpsentery, a ~ l d  dicd on the 12th May. Thc Dcpartmcut has lost in him n very useful and vdu- 
able lucrnbcr. 

( 1 . )  Rlr. O'Sullivnn arrivcrl at  C;oml~atty on thc 30th Octoher and soon after corn- 
plctcd all his arrar~gcmeuts for tlre fieltl. IYhilc wnitiug for the stc:~mer Ile visited MairangI<!l 
principal station to take sccontlary oI~scrvatior~s to pcaIcs, but rras urlablc to do any work 
because of thc unfnvo~~rahlc stntc ol' the mcatl~cr. 

(15.) Mr. OJSr~l!ivnrl lcft or1 the 8th November and met his estal)lislrmcnt at  Nigri 
'J'ing or1 t11c 15th ant1 comu~c~icctl nlork at  oucc. Ily thc C I I ~  of the mo~itli he had cut ant1 
clcnrcd 2 final rays, sclcctc:tl a stntio~l ou the r igl~t  l~anlr, :lrld ti~Iic11 a largc 11um1)cr of horizon- 
t:d alitl vertical nnglcu : ~ t  Kigri Ti~lg.  I u  1)cccml)cr hc carried 6 trial arirl cut 5 final rays, 
~clccted 2 stations arrtl tooli some seco~itlnry observations from 1l~I:l~ul.i and ltod0rig:i 011 

the AIa,jl~ili. 
( 1  At Belagrrri Mr. 0'811llivnn trictl what is Iinovn as n post station, ant1 foiind it 

snccccrl rcmar1ral)ly wcll. Tl~est: st:rtions consi.;t oC tlrrcc stout logs hnrictl in the gro~lnd, autl 
carefr~llp braced togctl~cr. Thcy hnvc hccn uxcd at  llclngnri, AIajl~ulin, 13or-Cl~al~ri No. 2, 
TirramArn, ltaurri[~lilc~~i, Soatt~ol alitl H ~ r - ~ \ l i ,  ant1 I'ron~ r.hc r:~pitlity wit11 which they call I J ~  
co~~structcd have l ~ c l ~ ~ c t l  n ~ a t c r i a l l ~  to ~dvnr~cc  lllc Survey. Tllc statiolls are tlcrlotcd 11y the llsrlal 
clot and circlc cl~gl.avcrl on a large roclc i~nl)utltlctl ill t l ~ c  groil~~tl, or 011 a sl:rb let iuto amasollry 
pillar 2!j to 3 frct ill dianrrter, i111tl 1 to 2 fcct ill I~cigl~t .  

(17.) Tile ~ o l ~ t l l  flank st:ttio~~s n.t\l-c :ill scli:~~tt~d l)y ;\TI.. O'S~rllivnn t11lri11g t 1 1 ~  pl 'c~i~ll ' l  
season 011 the lcft 11a11li oC t l ~ c  I31.:tl1nlnl)utr.:~. 1 Iraro ri-.it,c.;l tl~cnl all, n~ltl nrn ablc to state tll:rt 
better selcctio~~s co11lt1 not I~avc I~cen runtlc, Arr. O'SulIivan was tI~crct;)rc c~uployetl to select 
stations on t l ~ c  north flank ill co~urc-ction \\,it11 tl~osc. To avoit1 t l ~ c  f rc t lne~~t  crowing of .the 
river and to save time, Irc was tlirectc:tl to sclcct nrr~l hnild thc stations rccl~rircd on tllc r!dlt 
hank, to carry and cut the trial aiid liual ray*, alld also to h k c  tlrc principal ol,scrvatlous 
wit11 a 12-inch tl~eotlolite. 



Mr. OJSullivan has ably and energetically executed the instructions given him, and the 
following is  his out-turn of work : 

Miles of trial and final rays cut . . . . . . . . 180 
No. of stations selected . . . . . . . . . . 6 

Do. do. built . . . . . . . . . . 2 
Do. principal angles observed . . . . . . . . 10 
Do. do. stetions a t  which secondary observations were taken 7 

(18.) Mr. Hughes commenced work in renewing and repairing the scaffolding and pil- 
lars at Madaigiion T.S. and Nikori Cliapri T.S. H e  was then employed in building the pillar 
and scaffolding at Bor Bhiti, and in collecting materials for building a t  Noe Ali and Phakwadol 
up to the end of December. 

(19.) Mr. Hughes was afterwards employed in carrying and cutting rays for the rest of 
the season, both on the north and south banks of the Urahmaputra, occasionally under Mr. 
OISullivan, but latterly entirely by himself. H e  has shown zeal and energy in carryiug out his 
duties, and is becoming a good Surveyor. His out-turn of work during the season comprises- 

Miles of trial and final rays cut . . . . .. . . 48 
No. of stations selected . . . . . . . . . . 1 

Ditto. built . . . . . . . . . . 2 
I n  conjunction with Mr. O'Snllivan 

Miles of trial and final rays cut . . . . . . . . 3 1 
Yo. of stations built . . . . . . . . . . 2 

(20.) The triangulation has been carried a direct distance of 46.5 miles ; a fnrther ad- 
vance might have bee11 madc had Rlr. Harris continued in health. This extent of t r iang~~la t ion  
is in esccss of that of the preceding season, aud is duc to there haviug been a good number af 
stations in advance on one fla~lk. No rays had been carried but the sites were selected after 
reconuoisance on isolated mounds, old roads aud embankments. Tlie rays mere carried and cut 
last field season. 

(41.) The country traversed is generally low arid subject to inundations. On the north 
bank, 011 the RIa,jhuli island, the forest mas heavy and the reed jungle very thick, which caused 
considerable delay iu carrying rays through. On the south side the country was more open, 
large open low grass plai11s being met with, which very much facilitated ray cutting. These 
plaius are called Palhars and arc grazing g r o u ~ ~ d s  for cattle during the cold weather, being sub- 
merged during the raius. Numerolls villages also exist both to the north and soutll of the 
country over which the trinl~gulation was carried. This tract is onc of the healthiest in t he  
SibsRgnr District. lJron1 Noe Ali T.S. to Dibrligarh, the country ngnin gcts very unhealthy 
from the heavy jungle 011 both sides of thc river, and s~vamps, for which reason prol)ably scarce- 
ly any villages are found except a vrry long way from thc river, and hence the absence of 
ferries also, between SalmBrra (f11At and Dibrligarll. 

(22.) Tile weather t h ro~~ghou t  has been somewhat uufavourable. At  the commence- 
ment of the scasou, owing to the carly cessation of the rains, the atrn~sphere was very thick 
and prcve~~tcd a good view I~cing obtained of the peaks, while the heavy fogs also interfered 
wit11 t l ~ e  observations being ol)tained at proper times. At the end of December rain set in, and 
the season was nri nu~rsunlly wet one.* l ' l~c  grou~ld was t l~orougl~ly saturated with moisture, 
and milch inconvenience ant1 sickncss rcsnlted from pitcl~ing on damp ground. By the 23th 
April all the low g r o n ~ ~ d  w;ts cluite under watcr, in somc places to a depth of 3 feet; ray cut- 
tiug hat1 therct'orc to be givcn u p  and the work closcd. 

(23.) fl'llcre nrxs a lnrgc ~~ercerlt.:~gc of sick in cach camp during the past seasoil, but 
only 2 denths took placc ill tllc field. Every 1ncn1l)er of tllc csta1)lishment however has suffered 
more or lrss from tllc unl~r:~lt l~incss a~l l ic l~  prevailed tomartls the end of the season; several 
havc scarcely yct rrcorcred from tllc eticc-ts. 

( 2 . )  ICvery assistance 11as hcen afl'ordrd to the Survey party by the Deputy Commis- 
sioner of Sil)sAgnr; a little incot lvc~~ic~~~cc nns rsl~criencctl from the absc~ice of some Rlauzadirs, 
who were reportcd to, alld drnlt wit11 I,!., t l ~ c  rlistrict ofKcers : ~ t  onrc. 

(25.) I n  AIarch Captain Samnrlls thc oficer in ch:l~.gc of the R e v e u ~ ~ e  Survey party 
req~lcsted nlc to mnltc n cor~ncctiolr with t l ~ c  iuit,i:~l l)oiut,s of Ilis S~lrvcy a t  Jeypore, south-east 
of 1)ihrligarh. Thc o111y means of effecting tl~iu, was I)y carryir~g a Seconda1.y Triangulation 
along t l ~ c  lorn hills, start,illg from thc sidc S i ~ ~ t a m u ~ l i g a r l ~  to Gauris5gar of t l ~ e  Assam Valley 
Triangulation. I alqdied to tllc T)epr~t,y Commissioner for pcrrnissioll, and sent him a rough 
chart sheniug how far iuto the Lotlla N8ga territory it would I)e necessary to penetrate. R l y  
letter and c l~ar t  were sl~hmitted to the Chief (.!ommissioner, w l~o  desired that every assistance 
should IIC givcu me for the work, alld that the Dist,rict Supcrilltcndel~t of Police should be di- 
rected to accompany the party. Thc reply was howcver received too late for the work to be 
~lnrlertalten last sensor) ; tllc country at tllc foot of thc hills was reprcsentcd to be very dangerous 
from the malaria, and owing to the sickncss in the camps, I was unable to get up  a party 
for t l ~ e  work ; besidcs thc 01)servations had not ndsanced sufficiently to give the required data. 

- - - -- - - -. . - - - - - . . - . . - .... .............. -..... * Rnin rcll orb 83 dnyn or nighls bctaren 30l.lr 1)rccmbcr 1873 nnd 30t,11 April 187.1. 



Extract from the Narrative Report-dated 1st September 1874-of Captain T. T. CARTER, R.E., 
Officiating Deputg Superintendent 2nd Grade, in charge of the Brahmaputra Series. 

T h e  Native Establishment of t h e  Brahmaputra  Series had been ordered t o  rejoin at  
Bogra on  t h e  1s t  of November, and accordingly Mr .  Clarke, as senior assistant in  the  party, mas 
directed t o  arrive there by tha t  date  taking with him Mr .  Collins who had just  joined the 
department;  I myself arrived a t  Calcutta 011 t h e  1st  of November and after taking over charge 
of tlie 24-inch Theodolite from t h e  hlathematical Ins t rument  DepOt Calcutta and making 
other  a r ra t~gemeuts  proceeded on  the  4kh November t o  join m y  camp a t  Bogrs. 

By tlie lot11 Novetnl)er the  whole party had collected. 
Since tlie previous field seasou t h e  staff of t h e  party had entirely changed. Mr. A. W, 

Donnelly, Surveyor 2nd Grade, had succumbed during t h e  recess t o  a n  affection of the  liver, 
probably of long standing though doubtless aggravated by t h e  t rying work of the  previous 
field season. h l r .  C. J. Neuville, Surveyor 2nd Grade, was considered by t h e  medical officer of 
t h e  department as  unfit for work i n  Lower Bengal and M r .  Healy, Assistant Surveyor 4th 
Grade, had resigned. h l r .  L. H .  Clarlte, Surveyor 2nd Grade, a n  officer of long standing in 
t h e  department  and whose services were for disposal on  t h e  completion of the  BilBsplir Series 
and  Mr .  D. Collins, who had just joiried the  department., were t h e  new staff. 

After tlie usu:~l preliminaries had been settled Mr. Clarke mas deputed on t h e  14th of 
November t o  proceed t o  the  tower station of KSncliipLra aud erect the  scaffolding there for 
t h e  observatory tent,  on  completion of which he mas t o  proceed t o  t h e  tower stations of 
Kgslidoho, Boreil, Narsingbatij, (iobindpur and Alangjjrii  i n  turn,  clearing t h e  rays to  be 
observed from t h e  same and erecting the  bamboo scaffoldings for the  observatory tent, and a t  
t h e  same t ime t o  fix by traverse any paka buildings or  revenue survey marks within a radius 
of 4 miles round tliese stations, and failing these, t h e  hiits, tha t  is, places where the 
b:rzar o r  rather  niarliet is held once or  twice a week; these hiits have been held in  the  same 
places for years, their locality is  seldom chairged and they are  generally tlie site of some fine 
old Bariyau or  other t ree which affords protectiou from heat and rain t o  buyers and sellers; so 
t h a t  their position whcn fixed woiild probably approximate closely t o  tha t  &own i n  the revenue 
survey maps of  t h e  district. I had previously addressed tlie Superinte~ldent  of Revenue Sur- 
reys, Lower Circle, as t o  whether there were any revenue survey piliars o r  other marks which 
could be connected with tlie operations of the  G. T. Survey i n  tha t  portion of the  ltungpore 
district through mhich olir l iue of triangulatioii l ay ;  a set of survey maps of the  Rungpore 
district oti scitle of 1 mile t o  tllc inch was forwarded I ~ u t  no descriptions of stations were 
forthcoming; however 23 points, 8 of which mere temples and  1 5  hrits o r  market  places as 
show11 on  the  revenue survey maps were fixed in t h e  vicinity of the  tower stations named, aud 
a mark has beeu lcft in  each hbt for future reference, vide description of traversed points, 
season 1873-74. 

Having despbtched Mr.  Clarke on this work on the 14th of November, I left Bogra in  
company with M r .  Colliris on tlie 17th, arriving a t  KAnchipAra tower station ou the 20tl1: the 
machau or  scaffolding of bamboos, was ready for the  ol~servatory tent  and the  instrument set 
U ~ J  on tlie 24th. I t  mas tile 4th of December before observations were completed owing t o  
haze and c lo~ids  which cotitiiiued cluriug the  whole of the first week; this combined with a 
l ~ a d  form of fever ml1ic11 l ~ a t l  carried off two of t h e  heliotropers, prostrated the native tloctor, 
nip own servants atid several of the men, and in some parts of t h e  Hogra district mas almost 
1\11 cpideu~ic, mas 11ot a promisirig cotnrnencement of tlie ficltl season ; I)esides which the 
series lay, on its wester11 flauk, in  the I tui~gpore district wllere already the  price of rice was 
higll ntitl i t  was most tlesira1)le to  espetlite the work aud complete tlle series before any real 
scarcity came on, wliirli was to  be a~iticipatctl and ditl occur later i n  the  season. Tile district 
of  Goilp5r.i too, i n  which lay the hill atatiolls on  the  eanterli flank of the series, is none of 
t h e  I ~ e a l t l ~ i e s t ;  m:~ter is acarcc in  the IliIls and tile prcvious year the  men employed in bui ldi t~g 
tile platform stations had heen laid u p  with fever to  a man, tllough they were clear of t11e 
district by the 1st of April ; the ~ . a ~ s  too on  the  closirlg sitlc were long, the side l tangira  H.S. 
t o  Sknidi l~g H.S. I ~ e i t ~ g  over 21 miles, that  f rom Si~lginikri H.S. t o  Alang,iri~li T.S. ahout 20  
miles, and the dithculties I hat1 in seeiilg nly signals the previous season wit11 sides never over 
1 2  miles told me  wliat to  expect from these loug sides when the  illllabitaxits began hurlling 
tlie 1)anil)oo jungle oti tlie low GAro liills aboilt the rnitldle of March, and uilless therefore the 
series was finished early in  h I a r c l ~  there was tlle chance of its not being completed during tliis 
season, as delays of 6 weeks have heen known t o  occur beforc now i n  similar groluid nnd for 
similar reasons. I t  was therefore a hard and a n x i o ~ ~ s  time from the day I began work t o  the 
day I finished, the  6th of I fa rch ,  and though the field season was short i t  was a particularly 
t rpiug one worltillg as i t  were agnil~st time. 



After completing observations a t  Khnchipiira T.S., they mere continued a t  the tower 
stations as per margin. I t  was now necessary to  cross over in- 

~ ~ : ~ ~ ~ T " ~ T ~ ; ~ ~ ~  ~ ~ e ~ 9 ~ ~ t h  to  the G o a p d d  district and observe from the hill stations, my 
object being to complete the work there during the months of 

January and February (the two healthiest) and then cross back again and complete observations 
at the tower stations on the west flank of the series. 

The hill stations were taken up and completed in the order as shown in the margin. On 

GbropPra H.S. Doc. 20th t o  Dec. 26th 
the whole the weather mas favorable with the exception tlrat 

PesllkbrbllitnH.S.Dec2~tIltoJan. znd from the 4th to the 13th of January, at Rangira H.S., not a 
Rnngira H.Y. Jan. 3rd to  Jan. 16th single observation was taken owing to  a dense haze which 
Singimbri H.9. Jan. 17tll t o  Feb. 1 s t  was not dispersed till heavy rain fell on the night of the 13th 
86mding H.S. Feb. 2nd to Fcb. 5th of January. The delay a t  Singimbri mas owitig to the ray to 
AlangjLni being obstructed, which was not found out till I proceeded to take observations. 

On completion of observations a t  SAmding H.S., they were talcen up a t  the tower stations 
*lnngjilli T S. ~ ~ b ,  vt,, to ~ ~ b ,  lgth as per margin (an azimuth being observed at Alangjkni T.S.) 
Gobindpur T.S. Feb. 3 t l 1  to Feb. 26th and on the 6th of March the junction mas completed with the 
Nersingbanj T.Y. Feb. 2itl1 to  Mur. 6th A~~~~ Longitudinal Series. 

The result of the connection sliows an error of 4.4 inches per mile in  the side of junc- 
tion AlarigjBni T.S. to SAmding H.S. : though this is large, yet the elements of Latitude, Longi- 
tude and Azimutli, as deduced froni both series, approximate very closely, and i t  does not ap- 
pear to me that the agreement of the linear value of tlie common side is a severer test tlian the 
agreement of Latitude, Longitude and especially of the Azimuth at the terminal stations. 

The positions of the two stations as obtained from each series are as follows :- 
[By Brahmaputra Series. By Assam Longitudinal Series. 

Lat. 25" 69' 7".817 25" 59' 7".648 

Alnngjhri Long. 89 48 6 .629 89  43 6 -818 
Azmth. 293 0 4'7 700  I 9 3  0 46 .223 
Log. distance in feet, 4.996201 1 4.99623 i 3 

Height in feet 96 feet. 102 

I By Brahmaputra Series. By Assam Longitudinal Series. 
Lat. 25" 52' 4.2."990 25" 52' 42."801 

Stirncling H.S. Long. 90 4 4 5  719 90 4 45. 979 
Azmth. 113 8 4. 608 113 8 3. 161 
Height in feet 368 feet. 367 

I will now proceed to report on the work of the assistants attached to  the party. 
Mr. L .  H. Clarltc, Survcyor 2nd Grade, con~pletcd the I)uilditig of the bamboo scaffold- 

ing for tlie 6 tower stations on the western flanlc of the series 1)y tlie 1st of Fcbruary ; he had 
also at the same time connected, with a rigorous theodolite arid chain traverse, 8 paka buildir~gs 
and 15 h6ts or I~azars in tlie vicinity of the same, marking each statioli of the traverse with 
two marlr bricks and a mound of earth rniscd above them, the termitla1 station of each tra- 
verse (\vliere it mas not a paka builtling) mas sul)sequctitly marlred by a masonry pillar. Mr. 
Clarlre liar1 also to carry a ray trace b c t w e c ~ ~  tlie tower stations of Gobindpur and Narsingbanj 
T.S. and 1llallgj6ni T.S., and clear the final ray bet\veeu the same. S~~l)sequently, from tlie 
1st of February till thc 2nd of April, he mas engaged in tlte GoL1pAr.i district building the pro- 
tecting pillars over tlie hill stations, in accordatlcc ~r i t l i  Departmental Order No. 1 of the 15th 
of January 1866, and also on seco11da1.y triangnlntion. 

Tlie sccondary triangulat,ion was exccuted in the first place to  lay down points for the 
Revenue Slirvey of t l ~ c  (foLlpAri district, n, narrow strip of wliicll extends from the vicinity of 
tllc Itill station of Siimrlitig, so~itli bct\vecti the C+;iro Hills and left baiik of the Bralimaputra 
river till it touclies the bieytnensing district; tlie sllrvey of this portion of tlle Go61pR1-8 district 
as well as the laying down of a definitc ho~u~tlary line betweell it  and the G6ro liills will, I am 
let1 to belicve, bc talccn lip it1 thc ctisuing cold weather, alitl the points laid down by Mr. Clarlie 
mill I hope, I)c of grc:lt servicc to tllc officers clnploycd thercon; of these points 11  are at the 
foot of tlte llills of wllicll 5 are masonry buildings (3 tcmples, 1 old indigo factory, and 1 well) 
arid of the others 6 are \re11 known IlLts, ltachaliris, or Police Stations at the foot of the hills, 
tlie remaining 14 poitits are on thc lower spnrs of the GAro hills. The stations at the foot of 
thc hills l~ave I~eeri ma1.1tctl 11y palta masonry pillars autl froni tlie descriptions give11 by Mr. 
Clarke should hc easily rccogriized. 

111 executing tllc sccondary triangulation a connection was made with the GLro Hill 
Survey, executed by Lieutcrlant Mroodthorpe R.E. in the season 1872-73, the stations of Skm- 
ding, ILangira, Rorclli and Shekarpbra being common to both works. 

hlr. Clarke's total out-turn of work during the season was as follows nnd I think deserving 
of comrricndation. 



No. of miles of theodolite traverse fixing8masonry buildings and 15 hRts or market places 46 
,, ,, ray trace traverse and ray clearing . . . . . . 26 
,, machans erected a t  the tower stations for the observatory tent  . . 6 
,, secondary stations visited . . . . . . .. 11 
,, secondary points fixed . . . . . . . . . . 25 
3, ,, heights ,, . . . . . . . . . . 23 
,, hill stations protected in accordance with Departmental Order No. lof  1866 5 
,, platforms built for secondary statious . . . . . . 20 

Mr. Collins, Assistant Surveyor 4th Grade, mas appointed to  this Department on the 6th 
of October and consequently was entirely new to the work. H e  mas employed during the whole 
season as office recorder and in the current duties of the office. There were few opportunities 
for training him but he was instructed in the use of the 7 inch theodolite and after a short time 
he  was able to  compute out observations for time : he gives promise of turning out lvell with 
training. I have every reason to be pleased with his application. 

I t  will hardly be necessary for me to enter into the physical aspect, cultivation, natural 
history &c., of the GAro Hills, the whole of which have been traversed by Lieutenant Woodthorpe 
R.E. and flilly described by that  officer, vide the " General Report of the Topographical Surveys 
of India for the season 1872-73." 

The portion of the R u ~ ~ g p o r e  district through which our work lay this year mas very 
populous; being higher than the country described in my last year's report, i t  was not so much 
cut up with bl~ils or  swamps and consequerltly locomotion mas easier. The rice crop having failed 
there mas a certain amoul~t  of tlistress on the high laud, on the low land the villagers had sown 
a consider;tble quantity of wheat as an intermecliate crop before the '< Aus" or e&ly rice crop 
would come in June  and July ;  the cases of distress met by myself were chiefly where the person 
had no means wherewith to buy and whose credit mas bad. 

I n  concluding this report I beg to record the assistance rendered by Captain Williamson 
the Deputy Comlnissior~er of the GAro Iiills. 

The health of the party was not good, i t  suffered a great deal from fever from which 5 
men died. 

I n  my last year's report I stated that I had not bec:n aide to inspect the tower stations 
built by Mr. Healy, Surveyor 4th Grade, or the platform stations built by Native Surveyor 
Narsing DLs, the former's work was very good, and the platform stations and isolated pillars 
erected by the latter were of very good workmanship, and consideriug the circumstances under 
which they were built he tleserves much credit. 

Extract from the Narrative Report-dated 13th July 1874-of Captain J. HILL, R.E., Ofiiciating 
Deputy Superintendent 3rd Grade, in Charge Jodhpur Series. 

(2.) Lieutenant 1I.ogers llavir~g 11ee11 granted frirlol~gl~ to Europe, I was ordered to 
Poona to relieve him, alld received cl~;lrge of the party fro111 h i u ~  t l~cre  on t l ~ e  28th October 
1873. After openit~g out the axis of the 24-illch thcorlolite alld c l e a ~ ~ i t ~ g  it in my  pre- 
hence, and after giving me full iuforrnation regarding the mat~ip~~la t ion  of tlre instrument, 
Lieuter~at~t  Rogers started for ISngln~~tl, a t ~ d  tlre party ~,rocecdetl to t l ~ e  field via Allmedabad 
and l'alee, ant1 thence across coul~try to 1111gt1r H.S., ml~cre I commellced my observations on 
the 10th December. 

(5.) Thc country from D ~ ~ g u r  H.S. northwards, over 1v11ic:h the series had to I)e carried, 
is a sandy desert. Tlle sand l~ills :Ire ge~~ernl ly  flat topl~etl, lorn, anrl of al)ont cqu:~l altitude, 
so that the advantages of a I~illy c o ~ ~ u t r y  are lost, ant1 sllort aitlcs are ul~nvoitl;rl)le. IVl~en I 
comrnel~ced my work the weather was gootl for oljsrrving; hut lu~t'ortunately it tlitl not lollg 
remain s o ;  alld the scaaon on the wl~ole was, as rrgnrtls meatl~el*, decicledly u~~tnvoral)le. Tllerc 
was a grcxt deal of cloutl and mist, w i t l ~ o ~ ~ t  rain; alld except at the comn~cl~cctncr~t  of the 
field sea3011 the lan~ps  wvre all~loxt ~~se lc s s  as sig11:119. 1 cloaerl ~vo1.1i "11 the 3rd April, and 
daring the periocl of nly ob.icrvntio~~s, wl1ic.11 w ; ~ a  a. little leys thntr four mot~tl~v,  I fit~tl tllat by 
adding I I ~  the various ~ilorl~il~g..r, afterl~oons ant1 eveni~lgn when mol-I( ma3 stopped I,y bad weatller 
o r  bad ~ipnaln, the tlnys so lont anlo1111t to the I;trp: 1111rnher of tl~irty-four. At  OIIC station alone 
I was detail~ccl eleve11 clays. IInvillg f i~~is l~et l  rny ol)ucrv;ltiol~s on t11e (late ul~ove n~erltioned, I 
marrherl ~out l~wardu,  C ~ O S ~ I I ~  with the help of Messrs. Price and Torret~s the stations a t  whicll 
I 11~d worked d ~ ~ r i ~ r g  the season, atld arrived at Monut Ahoo otr the last day of April. 



(6.) The following is a general statement of  the season's worlc :-Observations were 
talten a t  21 Principal Stations, forming 3 hexagons and 2 quadri- 

Geuernl Season's Work. laterals, wl~ich erubrace a n  area of 1,552 square miles and  
a distance of 9 0  miles along the meridian. A n  azimutli mas observed a t  Jambo H.S., 

in  Lat. 27' 16') to  two circumpolar stars. The approximate series mas extended 102 miles. 
The positions of the  cities of Jodllplir atid Jesalmer, of the towiis of Phalaudi and Pokran 
and of several villages were fixed. The area of secondary and minor t r iangdat ion external t o  
the principal series was l,GG7 square miles. 

(8.) Mr. Price was i n  charge of the  Approximate Series, and extended i t  well into 
Biltallir through a very desolate a ~ i d  arid tract.  H e  had very 

Mr. W. C. Price. great difficulty in  selcctillg sites for stations and was often 
obliged t o  contract tlie sides of his triangles uutil they approached tlie minimum limit allowable. 
1'0 build towers i n  such a country, dest i t~i te  as i t  is of lime and almost destitute of water and 
of labour, would swallow up so much money and time tliat i t  mould only be permissible as a 
last resource. Mr.  Price worlzed hard aud intelligently: the  amoulit of his work, especially 
when tire difficulties he liad to  overcome are considered, is I think vcry creditable t o  him. 

(9.) Mr.  Torrens was employed on Minor Triangulation. H e  has determined t h e  
positiolis of Jodl~plir,  Jesalmer, Poliran, and of several vil- 

YT. C. P.  Torrcns. Iages, t e n ~ l ~ l e s  a1111 otlier iutersected points. H e  llas worked 
very satisf~ctorily ancl enelmgetically arid has a good out-turn to  s l ~ o w  for liis season's work. 

(10.) It may be as well for me to exlrlaln mp reasoris for directing Mr. Torrens t o  fix t h e  
position of Jesalmer, as that city lies nearer to the future series which will be carried along t h e  
meridian of 70" tlian to  the Jodhplir Series. Tlie position of the town of Poliran which lies i n  
about the latitude of Jesalmer, liad to  be determined from the  Jodhpcr Series. The  distance 
from Pokrali westwards to  Jesalmer is about tlie same as from Jesalmer on to the meridian of 70". 
Tile strip of country between Polcraii and Jesallner is exceptionally populous for tha t  part of t h e  
desert:  i t  has tlie advantage of bcing llilly and xdnptcd for triangr~lation, and a minor series 
carricd over i t  would necessarily fis scveral nsef~i l  poiiits, and could be cot~ducted without much 
trouble o r  expeuse. On tlie other hand, from Jesalmer m e s t ~ a r d  t o  the meridian of 70" there 
is by all accounts notliing but  an uninhzbited wilderness of the most desolate ltind. Mr. Torreus 
verified liis triangulation by observing an azimutll iu the viciuity of Jesalmer. 

(11.) Mr.  Oldliam acted as my recorder and oflice assistant during the  field season, 
and i n  both capacitirs rendered m e  very efficient assistance. 

Mr.  w. Oldhnm. After my ol)scrvations were complctcd, and while I was closing 
stations he made a recorded plane-table traverse of that  portion of the  Jodhp6r and Jesalmer 
bouliclary which crosses the series. T l ~ e  boundary ~unfortunatelp is a disputed one, so Mr. 
Oldham could only carry his traverse along w l ~ a t  seemed t o  him tlie most probable line i n  t h e  
strip of country claimed by I ~ o t l ~  States. Tliis picce of work will enable m e  t o  sliow a n  approxi- 
mate boundary on my Prclirniuary Chart. 

(12.) Witli the exception of tile approsimatc worlc, wliicli extended into Bikanir, t h e  
ficlrl operations of the season were confined t o  the  states of 

General Obscrrations on tllc Drscrt. ~ ~ ( 1 1 ~ ~ 6 ~  sllltl ~ ~ ~ ~ l ~ ~ ~ .  I n  the Jodllplir desert tlie triangulation 
trnversrd a sandy country, I ~ u t  towards the closr of the season the  series entered a part of 
.Jesalmer ~ v l ~ c r e  the ground is 11ard and strcmn nit11 dark shining stones. The reflection from 
these s tot~es is so~oetimcs like tlie rcflcction from water, and for this reason vertical observ:r- 
tions to  certaili of t l ~ c  I~cliotro~res gave a good (leal of tro111)le. Ibllrage was frequently 
observable in tlic mornings; but, excclrt iu oile or two instal~ccs, did not retard my work. 

(13.) All ova-  tlie country triang~llaterl, ant1 especially in Jesalmer, water is scarce 
and in general l~rackish. I n  niany cascs, accordi~ig to  the statement of the  people, well water 
which is drill1zal)le in the colt1 scason 1)rcomrs : ~ ( : t ~ ~ a l l y  P O ~ S O I I O I I S  in  the  liot weather. The 
villages ant1 wells arc few a ~ ~ d  far I,rt~recn. 'l'l~c formcr gcticrally consist of a collectio~i of 
circular thatclied wigwams, the ir~l!nbit:rnts of wllicl~ are a primitive, dirty ancl good-liumoured 
people, given, ho~rcrc r ,  to  l~ ig l~way rol)bcry ant1 othcr f o r n ~ s  of tllieving. The wells are very 
dcep. I rncraurred onc a t  the village of A l i l ~ n d ~ ~ a  near Nok in Jcsalmer (said by the  people t o  
bc 80 l)ltr?181t in drpthj wl~irh is 5 fret ill t1i:rmrtrr :ln(l 37.1, fcct deep. Thc water arrived a t  
after surh n laborious cscav:~tiorl was ~lnfortul~atc:ly 1)itter a.ntl quite unfit for use. The deepest 
mcll I havc srcn is a t  the villngc of  BAIcri in .Jotlllplir. I t  llas bcen bored throngh rock and I 
found it  to  1)e 6 fcct 4, ~ I I C ~ I C R  in  tlian~ctcr, and 4.50 feet in  depth. I t s  water is good, and I 
know of no o t l ~ c r  \re11 so dr rp  i n  ltajl~ootann. 

(14.) A rcmarliahle thing is that  O I I C  s c c ~  h ~ r d ~  of antelope living in districts which a r e  
totally mithol~t water, cxccl~t a l la t  is drawn from drep rrnlls o r  vill;rge tnltks. T l ~ e  people affirm 
that  tlicse animals in comnioli wit11 tlie rats, wl~icli exist i ~ i  myriads ill thc sand hills, uever drink. 



(15.) It is  a t  first strange t o  come across villages here and there i n  a milderness 
seems fitted t o  produce nothing but stunted, thinly-scattered bushes and coarse grass. Wheat 
has t o  be imported from Sindh;  bu t  near t h e  villages millet (jazuliri), and Indian corn 
may somet i~nes  be  seen, and in a few favoured localities n lit t le barley. The people also collect a 
kind of grass (which they call bhrBt), from wllich they obtain flour. The grain of this grass 
i s  about the  size of a pill's head, and is enclosed i n  a prickly husk which causes a great deal of 
discomfort to  both man and beast, as i t  sticks i n  t h e  clothes of tlie former and the  hair of the 
la t ter  and is vcry tlificl~lt t o  gct rid of. Although most of t h e  villages i n  t h e  viciliity of the 
season's operations are  slifficiently wretched looking, several seemed t o  be fairly flourishing and 
a re  presided over by sul~stant ial  Thbkurs. 

(16.) The  tomu of Phalaudi is a n  interesting place t o  come across in  such a desert country. 
Tlie stone tracery of the  houses i u  i ts  principal streets is very 

PIlnInodi. beautifili, and i t  possesses a large and well built fort, the walls 
of which a re  over 40 feet high. This fort has a small garrison and i ts  armament consists of a 
few antiquated field pieces which seemed quite unserviceable from rust  and general neglect: in 
t h e  centre of i t  there is a deep and capacious reservoir for water. The fort is commanded, but 
a t  a distance of 5,600 yards, by tlre E k k a  hill, on which one of m y  stations is situated. Mr. 
Torrens has furnished notes (which I append) on  the  country over wl~ ich  he  carried his Minor 
Triangulation. These notes include notices of the  cities of Jodhplir and Jesalmer and of the 
town of Pokran. 

(17.) The  natural productions of t h e  part of the  desert where my work lay are very 
few. There are  salt  works on tlie boundary between J o d h p h  and Jesalmer near the village of 
Agar. Near  Phalaudi fi~ller's earth is obtained, and a t  a place i n  the same vicinity a natural 
cement is  found wl~ich is much prized, and used i n  the  best class of buildings. The chief trade 
seems t o  be i n  sheep and salt. The banjn'ras who bring corn from Sindh load their bullocks 
for  t h e  return journey witli s a l t ;  they also carry away loads of the fuller's earth just meutioned. 
The  most useful animal i n  the desert, the camel, here seems t o  be litt le if a t  all i n  the  market. 
T h e  People breed their owu camels and keep them for their owrl use. Good, serviceable blankets, 
whicll a re  made i n  every village, also seem t o  be kept for home use, and are not a geueral 
article of sale. 

(18.) The  desert is  very heartily dreaded by the people of the  surrounding districts, 
probably on  account of its desolate appearance, the  frequency 

Health of tlio Party. of its famines, and the distress aud disease that  are generally 
prevalent among the  poorest classes of its inhabitants, owing to the miserable food and un- 
wholesome water on  which they are  compelled t o  subsist. Such causes of disease rcmoved, it  
would seem t o  I)e generally very salnhrious. A few cases of fever and Guinea worm occurred 
among t h e  native cstal)lishment; but the  party, on the  whole, erljoyed excellent health. I n  
order, however, t o  attain this result great care had t o  be taken t o  snp~) ly  the men wit11 good 
food and water, the latter ofteu llaving to be b r o l ~ g l ~ t  on camels from very remote wells. The 
coolness of tlie wcatlier, which mas probably due to tlie great amount  of cloud aud mist, may 
also have contributed to  the  healthiuess of the  party. 

(19.) I n  conclusion, i t  only remains for me  to acknowledge gratefully the assistance 
g i \en  by the Jodllp~ir,  Jesalmer and 131lcanir l lurbars  to  myself 

Conclusion. and my assista~lts.  Tile Jodllplir and Jesalmer 1)nrl)ar~ fur- 

nished ma with guards of scpops and sowars, and the  former seut a n  encelle~it vakeel ~ r i t l ~  me 
who 7vas of the grcatcst service t o  me all througli tlie season. Mr.  Price rcportetl to mc that 
every lielp w;~s  given to him in Bikanir, arid Mr. T o r r e ~ ~ s  bore testimony t o  the cordial 
assistnncc 11e received while working in Jesalmer. Without  such assistance progress in  sucll a 
region mould have been almost an impossibility; but with it, all  trouble mas removed cxcept 
what was inseparable from the  work itself. 

Note8 by Mr. C. P. Tmrens. 

The  city of Jodhplir lies a t  the  foot of the  hill on which the fort is situated, and a t  its 
southern side; the greatest length from north to  soutli is about 

JodhpGr City and Fort. 24 miles, and the  greatest brcatlth 2 of a milc. I t  is closed in 
o n  t h e  north side by the  fort, and on the east, noutl~, and wcst 1)y a high wall, capable of 
mounting guns, having sin gateways. I t  is a good specimcn of a native city and is kcpt fairly 
clcan ; t l ~ c r e  arc many wells, and thrce tanks, one of t l ~ e  latter, an artificial one (only completed 
last year) is vcrp finc and large, it- 1)cd and sides hcing of " pakh " masonry. 

Tlle fort is built on a Ilill, the llighest in the ~~c ig l~hourhood ,  risiug 4\20 feet above the 
surrou~lding country. There arc two roatls lcatlir~g up t o  the fort, which unitc a fcm yartls 
distant from the  gateway, and turn a s h a r p  corner bcforc reachiug the gate;  both roads are 



well protected by  guns;  besidcs this there are two other gates t o  be passed before t h e  fort is 
gained, the first a small yet strong one in a narrow pass between two rocks, and the  second a 
largc one approached by a stecp ascent, mell commanded by gulls, and lilcc the outer one made 
difficult by being placed round a corner. Access t o  the  fort from any otller direction wo~ilrl be  
impossible, as thc sides are  sheer precipices of from two t o  three hundred feet. The country 
below is commanded on  all sides by t h e  guns of the  fort. Thcre is a good sized tank i n  t h e  
fort. 

The city of Jesalmer is much smaller than Jodhpilr, i ts reported number of inhabitants 
being 10,000; hut from all I could see aud Ilear, the  place was 

Jesslmer City nnd Fort. once iu a f a r  more flourishing state, and the ruins of its formet 
greatness are yet  to  be seen. The water supply for the city is obtained from a n  adjoining lake, 
and when this fails, whic l~  is generally tlie case early in  June, good water has t o  be brought 
from the small village of Kisaii G l ~ i t  whiclt is about 3 miles distant. There are  numerous wells 
i n  the city but the water is not good. The city used to be closcd i n  by a rampart, now useless, 
as  the wall is rapidly crumbling t o  pieces, and has fallen in in  inany places. 

The fort, once strong, is now i n  a dilapidated state and would ill stand a n  assault;  it 
contains no tank but  many wells. T l ~ e  Jain te~nples  i n  the fort are  very fine, the  carving i n  
stone beiug exquisite; in  fact this may bc said of most of t11e houses iu the  city, the  doors, 
windows, and walls having more or less carviltg about them. The greater number of t h e  
inhabitants, who reside \vitliin the walls of the fort, consist chiefly of a mixture of B h i t i  
Kajpoots and Jains, and are as a rule great opium eatcrs. 

The town of Pokran is on low ground, closed i n  by lrills to  t h e  north, south, and west; 
a r ~ d  higli g r o ~ ~ u d  to the cast. Water  is very plentifrtl i n  t h e  

Pokmn. neigl~bonrl~ood, and very good; tlie town possesses three tanks, 
fine large ones, reported to  contain matcr tlirongliout the  year;  bcsides these tliere are  many 
wells. T l ~ e r e  is a small fort iri the  town mell burlt, and strong i n  appearance; but quite com- 
manded by the  adjacent llills. 

Close to  the town is a large salt mars11 about 5 or  6 miles i n  diameter, into which t h e  
drainage of the surrounding liills f i ~ ~ d s  its way during the rains. From the water of this 
marsh as :ilso from that  of ano t l~er  son~enliat  larger iu dimensions, near the  village of Lowah 
(8 miles S.E.) a small quautity of salt is rcportcd to  11e obtained. 

Tile entire tract of country throng11 which the Jesalmer Minor Series passes, with tlie 
exception of a few square miles of fairly cultivated ground 

Naturc of Country. round l'okran and Jesalmcr, is n o t l ~ i n g  but  a n  arid sand 
waste, collsisting of low sand llills covered \\.it11 scanty brush-mood. Villages, small and few i n  
number in  the castern portion, get yct smaller and fcmer as you proceed west. Vegetation 
also decreases rapitlly, anrl a t  15 or 20 milcs west of Pokran, even the  bhrrit grass refuses t o  
grow; its place being tnkcn by a kind of s111.ub (1)eculiar to  tlle dcscrt) called by the  natives lono; 
the  seed of wliicl~ is collected after tlte rains ant1 storcd array for tlie year's consumption ; i t  
is  far irifcrior t o  thc grain of the bhrtit, and is very bracltisli ; so muc11 so that  i t  is only eatable 
after being mell wnslletl in i'rcsl~ water, a ~ ~ d  even t l ~ e n ,  only when mixed with twice its quantity 
of good flour. From thc al)pearnnce of tlie gr:lir~, a11d from what I could learn from t h e  
natives, t l ~ e r c  is not n111cli nutrimcut to  be derived from i t ;  and i t  appears t o  be used hut  t o  
incrcase the qliantitg of food taker1 by eacli i~ttlividrr:rl. Most of the  villages have small ponds 
i n  which thc rain water collects, i n  a good season s l~f ic ien t  to  last for 7 or  8 ~nouths ,  but as  
a rule, owing to thc scanty f:dl of rn.io, t l ~ c  sulq)ly fails i n  from 4 to 6 months ; tlie v i l l i ~ ~ e r s  
thcn have to get matcr from long distances (16 to 18 milcs). I 11ave also been in forn~ed  t h a t  
some of the poorer classcs who canriot aR'ord to gct tlie water from a distance, d r i ~ i k  t l ~ e  brack- 
ish water (a nrell or two of wlticli evcry villngc posscsscs) mixing with i t  a little dahi (cr~rdsj  
the  acidity of wliicl~ in a measure counteracts tlic brackisli~iess of the  water. The average 
depth of wells is abont 250 fect, and the water in all more or less brackish, good fresh water 
having been procurable but twice in  the series, a t  Pokrau and Jesalmer. 

Extract from the Narrative Report-dated 4th August 1874-of W. C. ROSSENRODE Esq., 
Deputy Superintendent 3rd Grade, in Charge Eastern Frontier Series. 

(2.) I n  compliance wit.h your rcqucst I l~roccerlccl to  yonr Hnad Quarters, after com- 
pleting the Southern Section of the Bilkspur Meridional Series C .  T. Survey of India, with 
the party attached thereto. 



(3.) All t h e  Principal compntations of the  above series mere brought u p  a t  your Head 
Quarters, and a good portion of the Secondary work had been completed when I closed office 
and left for 13urma) t o  resume the  field operatious of tlie Eastern Frontier Series. 

(4.) Agreeably t o  instructions, 1 left your Head Quarters; and proceeded t o  Chunar, 
took charge of all the  Government property appertaining to the  Srtmbalpur Series, deposited 
there, and  then started by rail to  Calcutta. 

(5.) I arranged for tlre passage of  t h e  men and tlie transport of the  Government pro- 
perty by steamer, and sent them under charge of Mr .  I Ienry Beverley. I followed by tile 
next  steamer, and on my arrival mas infornied that  cholera had I~rolien out  among the Native 
Establishment, that  2 men had already succur~~becl, arid a third man  had been attacked that very 
moruing and was immediately removcd into the  Rangoon Hospital. H e  died t l ~ e r e  that same 
night.  The men mere tlrc11 removed into tents some distance from their former locality, 
and  n o  fresh cases occurred. 

(6.) O n  arriving a t  R,angoon I made enquiries for the  10 elephants which were, a t  your 
request, t o  be purchased ill the  Province, for tlie use of the  party, and Ileard that  they were a t  Maul- 
mein and that  orders had been issued directing them t o  be sent on t o  Rangoou t o  join me. The 
elephants reached Rang0011 on the  17th, and on  the  18th November they were made over t o  me. 

(7.) These animals had never been laden. They were shy and timid of strangers, and 
were accnstomed t o  tlre Burmese words of command, and could only be controlled by the men 
of the  Province. Acting on the  Chief Commissioner's suggestions, I had brought drivers 
from TJpper India  for t h e  elephants. These men had no control whatever over tlie animals; in  
fact, they could not approacll them. The men ~ ~ 1 1 0  had driveu them from Moulmein to  Itan- 
goon could no t  be induced t o  remain a few days with the  elephauts, until  my men became used 
t o  the  auimals and learned the  Burmese words of command, which the  animals understood and 
obeyed. I now had no other alternative bu t  t o  engage Burman mahouts a t  once. I succeeded 
i n  employing two men a t  14 rupees each per mensem, and failing to obtain others, I wrote 
t o  Colonel Duncan, and he, through the Deputy Commissioner, sent me  two others after I had 
left Rangoon. These men werc employed by the  1)eputy Commissioner on 25 rupees each 
per  mensem, and as these rates were preposterously high, I returned them t o  Rang0011 the day 
t h a t  they arrived, adopting this precaution to avoid any intercourse between my men and tliem, 
for fear of the  former becoming discoutented. 

(8.) Being c o n v i ~ ~ c e d  that  the new elepl~ants  would be  useless to  m e  for some months, 
I applied for aud obtained the  consent of the General commaucling in British Burma, to  my 
being supplied with five Commissariat elephants on hire for a couple of months uutil  the cattle 
attached to the party became more tractable and mere trained t o  carry loads. 

(9.) With  tlie Commissariat elepllants a11t1 country carts, I was able t o  leave Rangoon 
on t h e  20th November, a week after the newly ~ x ~ r c h a s e d  elephants had joined me from Moul- 
meiu. During this week their pads and sadtllcs rrcrc made, tlie former a t  the Rangoon Jail, 
and the  la t ter  I)y t h e  elcpliant attendants. Tllc: ncm eleplriluts carried nothing. For  a month 
o r  more they mere a source of great anxiety t o  me. Tlrey were cor~s ta l~ t ly  throwing their 
drivers arid bolting into the  forest, and mere recaptured a t  m11cl1 expense, after long intervals. 
Two men were severely hurt  from falls, one died about a mouth after, and the other still 
complaius of pains iu his back from the injuries he reccivecl six months ago. 

(10.) The grant1 t runk  road from Rangoon t o  Prome, the only made road in the Pro- 
vince, bronglrt me t o  the  TVest Encl of the Base-line. Here the carts were discharged, as 
they could not proceed further, owing to the country being still too wet. Carts are used in 
t h e  interior iu the dry wcatller, only from the  midtlle of J a m ~ a r y  t o  the  end of April. The 
j:lngle requires t o  be cleared annually from the cart-track, and fallen trees, and other obstruc- 
tions are not removed hu t  avoided by fresh clearances of the jnngle : there are no made roads i n  
t h e  iuterior. The forest is cleared to t l ~ c  extcnt of 5 or 6 feet ill width, the most level country is 
selected and the carts so011 nlalte tracks and \rind, turn and twist tl~rougll this cut  ~ a t h ,  avoidirlg 
ravineu, swamps, and all s~rch  impediments which wl~cclcd conveyances are  una l~ le  t o  surmoant. 
These cart-tracks are  rnade from villagc to  village, and are most circuitous and tiresome. 

(11.) I arrived at  my f i r ~ t  station, the  \Vest End  of the Base-line, on thc 4th Decem- 
her. After inspecting the station and arranging for coolies for Mr.  Mitchell, I lcft him with 
instructions to  reclear the ray to  Ke11:rli 1)illar Station, and proceeded with RIr. Clancey 
t o  the Enst End Station of tlrc K:rsc-linc, a r r a ~ l ~ c d  for coolies, and started Rlr. Clancey on the 
rap from i t  t o  Kedau l'illnr Station. I personally took up the two raps from the East End 
Base t o  Kcin;l~inq.ec a r ~ d  Ton~ta111n.g Pillar Stations, anrl cornrnencccl thc corrstr~lction of the 
wootlt:~~ scall'oltling for tllc ol)sel.vatory tent and the ol)$crvcr at  thc latter station, as the ray to  
i t  apl)roacIlctl coml)letion. '1'Irc ncxt scafoI11i11~ I took up was Kedau, and I then proceeded 
t o  Kcingl)ingycc, ant1 c:onil,lctctl the scaffolding and the ray t o  that  station from the East  End 
and began Iny li11;ll obacrvatioi~s on t l ~ e  1st January 1874. 

(If.) JIcssrs. 3litchell anrl Clancry after co~nl,leting their ~mespective rays, took IIP the 
ray I<cdnu to Tongtalung, ouc a t  cacti cnd. I ordcrctl J l r .  Claucry t o  join me at Iieiugbingyce 



to  record in  t h e  Observatory, and Mr. Milchell continued the  ray and had it ready when I 
reached Kedau Pillar Station, after completing my observations at  K e i n g l ~ i n g ~ e e  Station. 

(13.) The paddy crop was uncut, tlie Iiarvest had just comme~iced ml~cri 1 took u p  t h e  

ray Coolies were obtained \vith difFic~ilty, but  the coolie contractors, wllo had worlted 
with me when 1 was before in  Burma, hearing of my arrival, offered the i~ '  services, alrd I 
gladly employed them ou the  same terms as tiiey mere formerly paid on ray clearing. These 
colltractors received 8 annas each per diem for s u l ~ e r i ~ i t e l ~ d i ~ l g  tlie cutsers they had provided, 
and an additional anna for every mati they supplied. I made over one col~trirctol' a ~ l t l  his men 
t o  Mr. Mitcliell, another to  Mr.  Clancey, aud i'etained two others mysrlf. As i t  was t h e  
interest of each contractor to  provide as rnany men as lie coultl, receiviug as lie ditl an arlna 
for eacli marl, he supplied the f ~ l l l  complement, aud 110 delays occurred in clearing tlre rays and 
constructing scnffoltlirigs surroundirig the pillirr st;ltions. The coolies were paid 8 armas each 
per diem, and came readily so long as the rays loelbe riear their villages; but, altliorlgl~ I tried 
my utmost to  induce the contr:~ctoi~s t o  accompany me to tlie hills, to  clear the  roads to  the  
st;ltiolls for conveying the tlieodolite and for the baggage elephauts, I c o t ~ l d  llot tempt  them 
t o  undertake the  cutting of tliese roads. 

( la . )  The Unrmans are corivi~iced that  tlie block, extending over 40 miles of direct 
distance, of the Pegu Yorne liills is exceedingly unhealthy. They believe that  the  men of the  
plains v h o  work on the hills, are sure to  colitract fever or lay iil tlie germs of se~.ious diseases. 
C;rptain Alexantler, the Assistant Commissioriec of tlie Tharrawadtly district, i n  which I was 
worlcil~g, says in  liis letter to  me, dated the 5th December 1873, " 1 could not send you a man 
"1 could trust on  12 1ts.a mo~it t i  to  act as peon, he would only be a common coolie it' he did go 

into the hills &c, away from his frieuds and exposed t o  fever &c. unless he was rcrnuiierated 
" highly. 

(( I Itnow by experience tliat i n  the villages away from the  i60:rd and east of it, t h e  peop!e 
have nothing i n  tlie shape of provisions for sale, they only grow and  buy sufficient for their  

" own c o n s ~ m p t i o n . ~ '  
(13,) prom the  above i t  will be seen, that  Captain Alexander alludes to  this ~inhealtlii-  

ness, and from tlie great siclcness in  camp tliis season I found i t  to  be the  case, for there were a 
greater number of  sick when working 011 tlie hills than i n  tlie plni~is.  

(16.) O\ving to the contractulas and their coolies r e f ~ ~ s i r l g  t o  accompany me, m u c h  
delay was experienced i n  cutting the roads to  tlie hill stations for the  elzpl~ants  and tl~eodolite,  
and especially for tlie former, whicli reqriircd riot otlly t h e  overhanging branches t o  be removed, 
but  all overliead up  t o  I 5  feet in  I~eiglit  to  bc cat.  

(17.) Althon,vli tlle roads were taken in hand early i n  December, t l ~ e y  were not  ready 
when required in  I+cbr~iary. I and Mr.  Clancey Iind to s~iperinteud tlie road cutters,  and t o  
I i~irry them on, followed I)y the elephants and baggage. Tlie p a t l ~ s  were difficult and very 
trying to tlie elephants, hut wit11 light loatls tliey got on bettell than I expected. This hard 
morli of c a r r y i ~ ~ g  lontls up ant1 tlowii hill for 8 aud 10 cousecutive hours daily, proved the  best 
training scliool for the new elep1i:riits. 

(18.) I am dcl~endent entirely on my elephants i n  this series, and they have t o  do al l  
the work; i t  is impossil~lc t o  01~taili tlic large nulnl~er  of men a survey party reqr~ires, t o  take 
up t l ~ e  baggage ant1 t e ~ ~ t s  to tlie liill stations wlien elephants caunot ascend tlieni, wlien too steep 
or  rocky. T l ~ e  cattle in  s~icl i  cases are  taken as fill. as tliey call go, and the  property is 
carried up i n  driblets by ttie establislimc~it assisted by the fern coolies I may succeed i n  
procuring. 

1 )  Tlie elephants of tlie party Ilart: hard work, tliey are seldom idle, they a re  ei ther  
carrying Ijaggage or convzying provisio~~s.  T l ~ e  c o ~ i t ~ t r y  is dcvoitl of laesotirces, and Surveyors 
hsvc to exercise theit. i n g e l ~ ~ ~ i t y  ant1 foretliorr~lit in  c o ~ ~ t l u c t i n g  tlieii* operations. T o  expect 
assistance, to calc~il;rte upon it o r  to  wait for i t ,  entls o l ~ l y  in disappoi~ltmcnt, disaster a11d 
failure. Tlie motto liere lioltls goo11 '( every man for Ilimsclf"; you m ~ i s t  do, slid be doing;  you 
must work, ant1 I~nve all ahont yo11 working ; yon can rely up011 no aid or assistance. T l ~ e  free 
trade and free labor sys tc~n  prevails tl~rorighorit the Province, ant1 tlie inliabitat~ts,  Iiavirlg the  
opt,ion to  work or not, drive t l ~ c  bcst l)argai~ls they can wlien their services are  needed. T h e  
Oficials are powerlcsu, and recolnmend tlie employment of permanent bauds of coolies o n  
monthly pay. 

(20.) Thc f ind  operationu progressed rapidly dnring the  favorable weather, until  t h e  
9th Afarcll, when the liazc set it1 and tlle hills were fired. The atmospl~ere tlien became so  
im11re~nated witti thc liazc and smoke, that  tiotliilig whatevcr could be seeti; eveti hills 4 and 
5 miles distant were entircly obsclrred. 1 coultl riot leave tlie station I was tIlen a t  until  t h e  
beginning of May, whcn p r t i a l  showers cleared the atmosphere and cnnhled me to complete t h e  
0I)scrvationa. I then procectlcd t o  Myayal)etigltyo, where tlie monsoon l)luolte on us with such 
violencc 011 the 11th ?day, that  during partial brcalts I was able to obtain my a ~ ~ g l e v  t o  tlie ]lack 
atations only. 

(21.) One of the forward stations, Thc-yc-kliu, waa so elevated, ahout 5,000 feet, tliat 
i t  was geuerally capped with clouds or  wau envcloped in mist j the observations t o  it could no t  



b e  taken, as neither day nor night  signals were seen continliously for 15 minutes. I was under 
tliese circnastances compelled to  close work, and return t o  recess quarters a t  h f o ~ l l m e i ~ .  

(22.) I a m  gltrd I did close work, for I found the country daily getting more and more 
under  water, f rom Shoayglieen to Moulmeili. 1 marched wit11 rnuch inconvenience and 
difficultjr, owing t o  tlie whole country being submerged, the  depth of water varyilig from one 
t o  four feet, t l i rougl~out  each stage. From the day I closed work t o  the  day the  camp reached 
M o ~ i l n ~ e i n ,  i t  rained daily ; there were, certainly, brealts for a few hours every day, but for 
hours  togetlier we were never without rain. The  signal-men who left their respective stations 
after me, were able ouly t o  rejoin a t  Moulmein, by erigaging boats for t h e  whole distance. 
Between Peg11 and Martaban the  country is one exte~isive swamp for seven montlis each year. 
M r .  Beverley found great dificulty i n  marching last year i n  t h e  first week of December. H e  
at tempted t o  go  across the swamp, but fai l i l~g t o  do so retired t o  the high ground a t  the foot 
of tlie hills and then ascended Kaneindong and Myayabengkyo Hill  Stations, and after selecting 
The-ye-khuand Kuladong, he  found the route h e  had first taken practicable. 

(23.) There was much difficulty this season, about collecting supplies a t  t h e  different 
stations, owing t o  induficiencp of carriage. I had only one spare elepliant for this purpose, I 
have already represented tliis t o  you, and I trust  you will be pleased to sanction the 4 addi- 
tional elepllants I have applied for. W i t h  these 4 and t h e  spare one already alluded to, I sliall 
have 5 elephants for  maturing my commissariat arrangements, and I shall be quite independ- 
ellt of  the  country, where carts are  procured with difficulty a t  exorbitantly high rates;  I had t o  
pay 6 rupees a stage for a cart. The dema~ids of the orvners of carts must be complied with i n  
th l s  Province, as well as t h e  demands of coolies and guides. 

(24.) T h e  season has been unnsually sicltly. I had a n  average of 18 siclc i n  camp 
when I ascended the  hills; there were 9 casualties i n  my camp, atid one in  Mr .  Beverley's, arid 
two men lost  their sight. They suffered from ophthalmia, whicli owing t o  the  intense heat, 
terminated i n  total blindness. One mas attended by the Hospital Assistant of tlie party, and 
t h e  other  was sent  t o  the  Shoaygheen Hospital, but both cases proving unsuccessful I was 
obliged t o  send the  men to their respective Iiomes, paying their passage aud  tlie passage of a 
th i rd  man  t o  see them safe t o  their respective villages. 

(25.) The  work accomplished this season has been the  completion of t h e  double figure 
containing t h e  Base-line. Owing t o  the  long sides and adverse weather, t h e  out-turn has 
beeu small, but, I trust  I shall be more successful during the ensuing season. 

(26.) M r .  Henry  Beverley, Surveyor 1s t  Grade, hzs been engaged t h e  whole season 
o n  approximate work. H e  Iiad t o  visit two O F  the  old stations, Kaneindong and Myayal~engkyo; 
i n  the former station h e  found the upper mark ant1 a portion of the  pillar destroyed by wild 
elephants. H e  excavated the  structure until  he came upon the lower mark,  and rebuilt the 
pier t o  its original height and secured i t  from being again destroyed by wild elepliants, by 
digging a trench r o ~ ~ n d  it .  A t  Myayabengkyo Ire fonnd the pillar arld platform totally tlestroyed : 
this  was dorie by the  Uurmaus from the plai~is o r  by the  Karens of the acl~oining Iiills. Every 
etone was removed arid flung t o  some distance from the  station. A large d e e p  pit was dug, 
with the  illtention of appropriating the t rearure which they slispected was secreted there; 
finding none, they returned t o  tlrcir villages without being detected. Both Mr .  Beverley and 
I instituted e l ~ q ~ ~ i r i e s ,  n o  clue however could be ol~tained regartli~ig tlie perpelrators of the 
mischief. A new station was co~~strncter l  on the de l~r i s  of the formcr, a~i t l  as  tliis station had 
not  bee11 conllected witli the back stations of the oltl work, it  e~itailctl no revision of angles. 

(27..j 31,. Beverley next selected The-ye-khn and I C u l a d o l ~ ~  Hill  Stations, formi~ig a qlla- 
drilateral, In order to  break up  tlie compound figure witli several cetitres which was formerly 
selected. These new stations entailed the revision of the  former worlr, and owing t o  had 
weatlier and difficult ground, he  did not progress a t  tlie rapid ratc  he usually advaiicev the 
t r i a ~ ~ g n l a t i o n .  Jungjungia Hill Station s i t ~ ~ a t e d  on a low undr~latitlg densely wooded range, 
extending over a great distance, caused considcral,le delay : he hat1 to search for the highest spot 
by erectiug several scaffoldy on tliis deceptive ur~dulat ing ground. His  search extel~dcd for 
three weeks of daily labor, until  Jungjungia H. S. was selectcrl. Tlic rays then required 
clearing, wl~icli for want of la1)or and the dificulty of removing tlic thorny 1)amboo jungle, 
interlaced and entwined together, atltled considerably t o  the clclay. All the rays from the 
s tn t io~ i  were successfnlly cleared, but the one t o  Sittang proving impracticable after the  com- 
pletion of the  ray trace, owing to the nnrlolatiog liilly ground between the stations being about 
here and there very nearly the same elevation as the stations themselves. The ray was al~arl- 
doned, Si t tang station re-jected, and KLimh6r1gkn, a statilbn i n  tile ~ la i t l s ,  fixetl by the tediolla 
process of ray tracing, and the rays from i t  to  the connecting stations werc cleared, but owing 
to the rains having set in he was unahle to  make arrangemeut for the  materials for construct- 
ing the pillar, w l ~ i c l ~  will reqnire a height of 15 feet. 

(211.) I n  addition to  the above, Mr.  Bcverlcy selected the stations of Snplitong, Chaiteo, 
Shonyoungbia, Cliaitleo and Kathahatong; of  tltere the first three wcre visitcd, cleared 
constructed in 1869-70, by Messrs. Connor and Bryson. Supli to~lg 11. 9. (formerly called 



Montbamatong) pillar was dug  up b y  villagers in search of treasure, and as the  original site of 
the station could not be used, owing t o  t h e  excavation, the  new station has been constructed 5 
feet from the  old spot. 

- 

(29.) The pillar of Chaiteo Hil l  Station was also found t o  be tampered with;  the upper 
\ * 

m a r k - s t o ~ ~ e  was rekoved, and tlie pillar partially destroyed by pilgrirds, w11o frequent-tile 
p g o d a s  and monasteries on the hill during the a n ~ i u a l  festivals. T l ~ i s  station was rebuilt. 
Shoayoungbia Pillar was visited and fo l~nd  in good preservation. Chaideo H. S. was selcctcd 
i n  lieu of Keylatha, and is on  the eastern extremity of the same range. A large pagoda 
occupies the highest portion of ICeylatha hill, and as n o  suitable site could be found fbr a 
station on its summit, Cl~aideo was substituted. Tlie hill station of Kathabatong was selected 
and prepared. The following is the  out-turn of approximate triangulation :-a quadrilateral, 
a compound figure and a tetragon ; of these the two eastern are  proposed stations, and have 
not been visited. The above fig~lres number 1 0  stations, selected aud prepared over a direct 
distance of 112 miles. Mr .  Beverley's progress has beeu satisfactory. 

(30.) Mr. J. W. Mitchell, Surveyor 4 th  Grade, joined me a t  Rangoon on  t h e  6 t h  No-  
vember 1873, from the  Madras Party. H e  accompanied m e  from Rangoon t o  the Wes t  E n d  
Base-line Station and toolc up  the  clearing of thc ray from i t  to  Kedau Pillar Station, which 
he completed on t h e  15th December. H e  then bcgan the ray Kedau to Torlgtalung. Whi le  
he vas  t t ~ u s  engaged, he mas taken ill with fever, and was completely prostrated by the  severity 
of tlie a t tack;  11e continued a t  his post, treating himself, and on  regaining l~eal t l l  and s trength 
after a fortnight's illuess 11e personally attended t o  the ray, which duriug his illuess, was con- 
tinued by the head man of his detachment. 

(31.) After completing tlie clearance of his portion of the ray, from Kedau to Tongta- 
lung Pillar Station, and forming the junction with the remailling portion brought up  by Mr. 
Clancey from the Tongtalrlt~g etid, Ile joined my camp a t  Kedau Station on  t h e  1 l t h  
Ja~ luary  1874, and after receiving my instructions both written and verbal 11e left on the  13 th  
January to  begin his secondary triaug~ilation, based upon a side of the  principal operations t o  
fix tlle important towns of Rangoon, Pegu and Henzada. 

(33.) hfr. Mitchell's secondary series exhibits 11 stations, forming 13 triangles; of 
which, 11e has visited 9, the  other two are cleared and marlred bu t  not visited, Ile was encamped 
i n  the vicinity and owiug t o  weakness and bad state of health a t  the  time, he  was unable t o  
ascend them. 

(34.) Mr. Rlitchell joined me a t  Rloulmein, by steamer from Rangoon ; he was s t i l l  
suffering in health. I hope witti better I ~ e a l t l ~  11e mill be able to  shew a larger quantity of work 
next year after this season's experience ill a difficult country. 

(35.) Mr.  J. C. Clancep, Assistant Survcyor 4 th  Grade, has been employed clearing 
rays during thc early part ot' the season. I i e  co~npleted the entire ray from the  Eas t  E n d  Base- 
liue S t a t i o ~ ~  to ICedarl Pillar Station, and half the ray from Tongtalnug to Kednu, hfr.  Mitchell 
having cut  the other I~alf  from the  1Cedau e ~ ~ t l .  After the co~nplction of the  nbove rays, he 
joined me, and co~itinucd the wl~ole season ill camp, recording ill the observatory and assisting 
generally in all office duties. I I c  has l e a r ~ ~ e t l  tllc use of t l ~ e  7- incl~ theodolite, and mas instructed 
t o  observe the sun for t h e .  H e  llas bceu of great assistauce to  me  iu  t l ~ e  observatory and 
office. 

(36.) To make llimself more efficient for t l ~ i s  scries, he  devoted much of his leisure t o  
acquiring the  Burmati language, and conld read prctty well when he returned to recess quarters ; 
as 11e is still continr~illg his studies, he mill soon acql~ire  as much kno\vledgc of Burmese as  is 
necessary for commt~nicating personally wit11 the irll~abitants in  their own la~lguage. 

(37.) Mr. Claucey afforded satisfaction, and promises t o  become a valuable assistant. 

Extract from the.Narrative Report-dated 9th July 1874-of Lieutenant H. J. HARMAN, R.E., 
Officiating Assistant Superintendent 1st Grade, In charge No. 1 Extra Party. 

--^r____l______l 

(1.) The camp and natives of thc  party left B a n ~ a l o r e  for G i t i  i n  the  Belldri Division. 
hy march, on October 2314 1873. Mr. 0. V. Norris, ~ s s i s t a n t  Movements of pnrty nnd ita oporn- 

(ions. Surveyor 2nd Grade and myself joined the  camp on  its arrival 
a t  GQti travelling by rnil from Bang:rlore. 

The main linc of levcln was opened on November 7th 1873 from a rock in sill1 a t  
Gdti on the Gliti-Bnngalorc 1ligh road ; thence thc line was carried through Bellkri, Hospetta 
and I-lampnAgram, across the ThngAbadra llivcr a t  Iicsarlir to  Gadak;  then on  by way of 
Behatti and EIlibli (near Dhhrwar) i t  was continued to Mindagod in Nor th  Kanara, from 



which place it wns t aken  due  west t o  Yellipur, and down the Aribail Ghlt  by  t h e  new cart 
road t o  the sea a t  the  port of KQrwar, Nor th  Kanara District. 

This  main line was completed on Rlay 10th 1374, and on  May 12th tidal observations, 
for  determining t h e  mean sea level a t  KBrmar approximately, were commenced and were 
extended over a period of 5 days. 

(2.) The season mas throughout a hot  one, for t h e  work ; instances of being able t o  read 

Wenther and Henlth Statement. 
the staves a t  greater distarices than 4 chains (88 yarda) betlveen 
9 A. M. and 3.30 P. M. were rare : over the black soil in  tlre Belljri 

Distr ic t  t h e  weather mas reputed un~isual ly warm for that  time of tlie year (Decr. slid Jany,) 
W e  experienced many wiudy days, while working between BellLri and Dlirirwar entalllng 

extra  labor and loss of time. 
From Noveml~er  7th 1873 t o  May 1874 work mas stopped only on three occasions by 

r a i n ;  between May 1st and 6 t h  we had storms of wind from the N.E. accompa~iied by torrents 
of rain;  sitbseq~ie~itly, a11t1 very fortunately, tlie weather lreld up fair unt i l  May 18th. I)own 
t h e  coast a t  pliices south of Kiirwar, much rain fell during tlie moritl~ of May. 

I an1 happy t o  say tha t  the  camp suffered but lit t le from sicltness during the 7 months 
it was out  on tlre work ; the  season i n  North Icar~ara was consideretl a healthy one. 

(3) For  many stretches along the  wlrole line, water was scarce, and this proved very 
Nature of the country pnsecd over. 

annoyi~lg, as tlie camp had t o  be pitched in situatio~rs, remote 
from the favorable positions for carrying on the work. Tlie 

200 miles of country, from BellLri t o  Hlibli is principally of black (cotton) soil, red soil and 
rock outcroppi~ig on tlre higher portions. 

Black soil is indescribably bad for Levelling work i n  every way ; t h e  red soil gives a 
good fouridatior~ for t h e  instrument, and the  air is always much steadier over i t  than over black 
soil, but  peg driving becomes a troublesome operation. 

T h e  above mentioued piece of country is  undulating, in places very wavy, and occasion- 
ally hilly. 

The  remaining   or ti on of the line from HGbli t o  Ki rwnr  mas found almost intolerably 
hilly for  t h e  work, as may be seen on reference t o  the  " S u m  of Rises and Falls passed 
over by the  Staves" given i n  t h e  table a t  the  end of this Report ;  only 1 4  miles of the main lilie 
led across country. 

The  River I-Iaggri mas crossed a t  Piiramadevenl~alli, there was litt le water i n  it, but its 
sandy bed stretclies from hank t o  hank over a width of nearly 2 of n mile. 

Tlie River TJngCbacIra mau passed a t  Hesar6r on February 1s t  1874, then i t  had a width 
of water of 11 chains, and was 1 0  feet deep in midstream. 

(4.) W o r k  used t o  be closed between 1 0  and 104 a. ar. and resumed as  soon after 2 P.M. 
Hours of &nd armnge~nent of as the state of the air permitted, so tha t  t h e  riiimber of statious 
the same. observed before arid after noon were about equal. 

The  lengths of line observed i n  a " Forward " direction (towards KBrwar) balance in 
amount  t h e  lengths of line gone over i n  n "Back"  direction (from KAraar! in  the 20th 
mile from KBrmar : in  the  last 20  miles t o  t h e  sea, tlie length of the  forward section is a little 
i n  excess of back section. 

(5 . )  The temporary Tirle Gauge apparatus used a t  K6rmar consisted of a hollow 

Tidal work at KBrwnr. 
iron Telegrapl~ Stantlard, put  dowrr a t  the head of K6rmar pier: 
the  t l i s t a ~ ~ c e  of the  surface of the  water from the zero of the 

Gauge, was measured by means of a large float, inside tlre post. Readings were taken a t  
equal intel.vals of time (solar ant1 luuar, Iiourly) of  a solar auci lunar  day, extentling over 4 
complete days : also set? of observations were taken on each side of the Higli and Low Water. 
A s  tlre rise of tide a t  Klirwar is small, i t  is prol~able that  the result ol)tair~ecl by taking the 
arithmetical mean of the series, observeil after this mctl~od,  will, wlien corrected by the  " mean 
of the  year" be found t o  be very approximate t o  tlie truth. 

(7.) The following Tables s l~ow the out-turn of work in detail. 

Main Line. 
Double liue of levels 

Gliti t o  Hlibli . . . . . . 
Do. do. do. 

Hlibli to Ki rmar  . . . . 
Branch lines, also double 

Totals . . . . 

3um of ~. irrs nnd L~l l s  passed 
over by the stuves. -- 

Feet  

7,774 

11,251 
845 -- 

Numhrr or  
stoliona. 

1,962 

1,930 
239 

200 

104 
1 9  

4,131 I 19,8iO 

75 

45 
. . ---- 

323  1 2 0  



The G. T. Stations of Namthahad near G i t i  and Kindgorl near DhSrwar were connected., 
The height of top of rails in the Gliti, Glindalcul, Viripur and Be116ri Stations on the  

rrNortll Western LineJ' of Madras Railway was determined. 
S i r  points of the Khrwar-Belliri Railway Survey were picked up, also 3 points on  

Irrigation Lines of Levels. 

I Number of Number of pokl  points and rocka duly 
imbcdded B. X. 8. prepared a ~ ~ d  inscribed. 

Mark mounds of stones set in cemeut were erected in  the vicinity of some 50 of the 
above points. 

Gliti to Hlibli . . . . . . . .  
Hlibli to Kirwar . . . . . .  

Total . . . .  

Extract from the Narrative R e p ~ r t ~ d a t e d  29th July 1874-of Captain A. PULLAN, S.C., O5oiat- 
ing Deputy Superintendent 3rd Grade, in charge Kattywar Survey Party. 

Cnlltain A. Pullnn, 9. C. 
John Mcaill, Esq., Asst. 8updt. 

13 
3 - 

16 

Sttr~eyor~ and dsst. Surn~yors. 

' 217 
98  -- 

315 

Mr. F. Brll. 
,, J. Wood. 
,, N. C. Gwgnnc. 
,, T. Rcndcll. 
,, E. Wyatt. 
,, W. A. Fielding. 
,, H. Corkery. 

Head Sd-Suwyor.  

Vienji Ragonnih. 

&tb- Surveyors. 

Bovindji nfnhnlay. 
Nnrsu Uinknr. 
Kriahna Cfovind. 
Sl~ridl~nr Sncc&vnm. 
Visl~nu &Iorrsl~war. 
Bl101:lji Bl~orrekrs. 
Nilknnt. Vitnl. 
Keslio Vital. 
Tookernru Chowdry. 

Apprentices. 

Gnnesl~ Rnnicl~nndrs. 
Vis1111n Bt~lwant. 
Mul~udeo Rsgouath. 

The Party was constituted 
as per margin. Of the Survey- 
ors Mr. F. Bell joined me in 
the field during February 1874. 
Mr. T. Rendell was transferred 
t o  the Tidal and L e s e l l i ~ ~ g  
Party from the 1st of March 
1874 and Mr. Corkery joined 
me from Poona on the 6 th  of 
December 1873. 

During the recess of 1873 fair copies of Sheets 10, 11, 20, 21 and 22 were prepared 

Recese work, fair copies. 
on the 2-inch scale for reduction and publication on the 1-inch 
scale. 

Degree Sheet No. VI, comprising Sl~cets 15,16, 17, 18, 25,26, 27 and 28 of Kattymar, 
was fair drawn on the t inch scale; this work was commenced Degree Sl~cct No. VI. 
by Mr. N. C. Gwynne during recess and completed in tlie field. 

The map will be found in my opiliion higlily creditable to Mr. Gwynne. 

The out-turn of work during the past field season has been very satisfactory. 2174 square 
miles ot coliutry have been trigonometrically surveyed pre- 

Out-turn of Field work. paratory to next year's topographical operations, while 2201 
eqllare miles of country, exclusive of overlap, have beeu 

topographically surveyed and 1236 linear miles of Tt.averse Survey have been run over 
that arca, dernarcatiug t l ~ e  boundaries of States and checking tlie details of the Plane 
Table Survey. 

The Partv started for the field on the 22nd October. The subordinate Native Estab- 

Departure of tbe Party for tho Field. lisllrncnt marched from Poona to Bon~bay, which place they 
reaclled 01) the 27th. On the 28th they sailed by " patirnar" 

(native hoat) for Gogo and lnndcd at that port on the 7th and reached Wadman on the 15th 
Noveml~cr. With the Native Rstaljlishment was the heavy baggage together with the horses of 
myself and my aqsistnr~ts. The rest of t l ~ c  Party proceeded by rail to Wadmau in Kattywar 
and I opened ofice there on t l ~ c  18th Novcmber 3873. 

Five or six days were spent in coruplcting the projcction of plane tables, mending 
perambulators, testing chains, &c., and nt tlie end of that time tlic various plane table and 
traverse partics dispcrscd to their different boards. Mr. McG111, Assistant Superintendent,, 



proceeded on the 20th of November to  take up the triangulation which I had assigned to him. 
H e  was accompanied by Lieutenant Gibbs, R.E., of the Guzernt 

Lirnt. Qibbs~ R.E.l Party, as Major Hnig was aiixious tlrat Lieutenant Gi\,bs s\rould Queeret Party. 
have the advantage of some weelcs' training under an observer 

of Mr. McGill's skill and experience. Lieutenant Gibbs, remained with Mr. McQill for a 
molrth and s t  tire end of that  time he proceeded to  Wadman aud thence to Sanand to join the 
Head Quarters of the Guzerat Party a t  thrlt place. 

As I had receivedinstructio~ls from you to make a survey of the city of Raikot togetller 
with the British cantonment, on the scale of 12 incl~es = 1 mile, 

Ceptain PuJlm. I proceeded from Wadwan to  Itajkot and took the necessary 
measures for commencing the survey of ltajkot, examining the ground, ascertaining the position 
of existing boundary s t o ~ ~ e s ,  and comparing tire map of catitolime~lts as issued by tlie Quarter 
Master Geueral's Department with the station as it now stands. 

Bench-marks were erected a t  important points of the 
SECT I O N  Survey. These bench-marlcs were of stone 12 in. x 12 in. at top, 

*-- w?--3 6 iricl~es of dressed stone appearing above ground and 2 feet being 
firmly built in below. On the margin is a diagram of one of these 
bench-marks. The figures below the central dot denote the number 
of the station in Guzerati. 

Besides superintending the progress of this survey and 
personally examinillg the projection of the field chart, I surveyed 
the environs of the town of ltajltot, with the plane table, on our 
usual topograplrical scale and also examined, in the field, the work 

- - 
-r- --= of Native Surveyors Govindji Mahalay, Shridhar Saccaram, Vish- 
-- -. - nu Moreshmar, Nilkant Vital, and Keslru Vital who were working 

P L A N  in adjoini~ig boards. I n  the month of March I moved northwards, 
examining the work of the plane table surveyors en route to Jhin- e\Fl j11ra 6 c on the border of the Gulf of Kutch. Here finding the 

niangrove" swamp and treacherous sand offered considerable 
f G  ol~stacles to the plane tabler, I took up L.  P. Table, N. W. Section, 

1 1874 Sl~eet  32, myself and surveyecl the edge of the gulf accompar~ied 

** ----- @-----+ 
by (fanes11 Ramcliandra, a very intelligent lad, whom I thus trained 
t o  this half land half water surveying, so that next year he will be 

able to work alone. Resides turtrirrg out t l~ i s  plane ta l~le  I examined the work of surveyors in 
adjoi~ling boards and corl t i~~ued my inspection until the 25th of April, wlren the season's work 
being with the exception of two check traverses completed, I moved in the direction of Wad~van, 
which place I left on t l ~ e  6th of May en roule for Poona, after having seen the field stores and 
equipment carefully housed for t l ~ e  rainy season. 

Mr. McGill on leaving my camp at Wadman on the 20th November proceeded north- 
wards towards the Etann of IC~rtclr to complete the triarrgnlntion J. McQiLl, Euq., desistant Supdt. 
of Sheet 31, left unfinisl~ed by M r  Wyatt, as he foul~tl that 

Mr.  Wyatt  had in many cases not taken reci;)rocirl vertical allgies. ~ i r ,  AlcGill was oldiged 
t o  tisit the major portion of Xlr. Wyatt's stations over again. On the 27th of Decemher Ile 
was able to proceed and take np the triairgulation of Sheets 42, 43,4-1, and 45 ; t l~ i s  triangulation, 
i l l  marly places difficrrlt and irltso~ne, owi~lg to tlre mud banks a r~d  salt creeks which intersected 
the western l~al f  of the work, Mr. AlcGill snccessfully com1)letcd by t l ~ c  2otl1 of April, and 
as he was then quite knocked lip by  the expou\u.e of tlie last ten days of work I requested 
him to proceed to Poona and be reatly to ope11 office t l~ere  on the arrival of those assistallts 
wlio completed their work first. I nray here m c ~ ~ t i o n  that Mr. McGill fixed tlre position of 

Tide Qauge builcl~ng at Hanetal. 
tlre T ~ d e  Gauge builtling a t  Hanstal and erected a station 
OII  the bench-mark west of the huiltling. H e  also fixed a I)er~ch- 

mnrk on Somartar Island in the ILann of Kntch. I t  is unnecessary for me to con~mer~t  on 
the work of so aide a trisrrgnlator as Mr. McG~l l  further thari to say that his work is as accu- 
rate anrl g o d  ns that of former seasons. 

Mr. Bell was transferred to the Kattvmnr Partv on the 1st of March from the Bombay 

Mr. F. Bell, Surveyor 3rd Clrde. Tidal ant1 ' ~ c v e l l i r l ~  Party, and proceetletl to take ul) the 
tria11~111;rtion of Sl~eets 40. and 4 I .  Mr. Bcll worked very well 

0 - -  - - -  ~ 

until the 30th of April, when he wrote to me that t l ~ e  heat mas very severe and the refraction 
and dense haze ret~dered it almost impossible to ol~serve satisfactorily; ml~ereupon, as the work 
be was engaged on was not of an urgent nature, I directed liim to close work. Mr. Bell 
requires some practice a t  supplying points for topograpllcrs. 

Mr. J. Wood left Poona 011 tlre 25tt1 0ctol)cr irr charge of the Nntire Esta1)lishrnent 
Mr J. Wood. Surreyor 4111 Qradc. ~ l l d  1)agg:lge of t l ~ e  party. I l e  es rc~~ tc t l  this Cll;lrge 

(dcceuaed). successft~ll~ ant1 worltctl steadily thro11g11 t l ~ e  ficltl season aud 
turned out his plane table in a very neat and ~orkrnalrlike nlanner. On the 2-l,tl1 of April h e  
proceeded to Poona, and on the 8th of May I received a telegram from Mr. iClcCfill givi~lg me 



the news of M r .  Wood's sudden and violent death. I have already had the  honor of communi- 
eating with you as to  the  circumstances of Mr.  Wood's sad eutt ; I w o ~ ~ l d  here mcrely record 
my (leep regret for his loss arid add my testimony to that  of otlier executive officers as  t o  his 
s t e d y  ilIdustry arld devotion to his worlc. 

Mr.  Gwynl~e  was employed from the middle of Novemher until  the  8 th  of January i n  
M ~ ,  N. C. Qaynne, Assist. Surveror c o ~ n l ~ l e t i ~ ~ g  the fair drarving of Degree S l ~ e e t  V I ,  of Kat tywar ;  

1st Grade. this work Ile did to  luy tliorougl~ satispdction. O n  the comple. 
ti011 of the  Degree Sheet MI.. G\vynne took up  to~~ograplricctl work a i d  turned out  3 plalle 
tables in a tlioronglily gootl and artistic style. Mr .  G w y ~ l n e  also trained Ganesh I{.an~cl~alldra, 
Sub-Surveyor, and this lad's subsequent work lias proved tha t  Mr .  Ci-wgnue is a clever and 
painstalti~ig instructor. 

Mr. Reiidell was employed on topographical morlc unt i l  the  middle of February and 
Mr. T. Rendell, Assistunt Surveyor ~Onlpletetl 2 accurate arld neatly executed plane tables. Mr. 

let Grade. Rentlell mas o n  t h e  1s t  March  1874 transferred t o  t h e  Tidal 
aIld Levelling Par ty  under Captail1 Baird. 

Mr. Wyatt  was employed on topographical work during the  entire season and completed 
M,.. E. N. wpott, Assistant Surveyor 3 plane tables of gootl quality both for accuracy of detail and 

i s t  G W ~ O .  artistic drawing. Captail1 Trotter,  R.E., my predecessor, 
particularly mentioned Mr. W y a t t  t o  me  as a very hardworking assistant arid I can t l~oroughly 
endorse tliis opiriion. 

Mr .  Fielding mas employed on topographical work during the  entire season. H e  executed 
M).. W. A. Fielding, Assist. surveyor 4 plane tahles and instructed Sub-Surveyors Vishr~u Balmant 

2nd Grade. and Rfal~adco Ragonat11 iri the  use of the  plane taljle, Mr. 
Fielding always turns ont a consideraljle amount a work and i t  is always accirate. H e  is  very 
painstaking aud his style of drawing is now very good. 

Mr. W. Oldhum, Aeeistant Surveyor Rlr. W. Oldham mas transferred t o  this  party on  t h e  
3rd Grade. 1s t  of J u n e  last. H e  has worked very steadily and ~ v e l l  since 
h e  joined me. 

Mr.  corkery  mas appointed t o  the  Department on the  20th November 1873 and joined 
M ~ .  H. Corkei.~, Assistant Surveyor my camp on the 6th December 1873. As i t  was necessary t h a t  

4th Grade. he  shor~l(l I)e trained, I seut  him in the  first instance t o  Mr.  
Fielding, and afterwards to  A4r. llrood, for instruction, and when t h e  la t ter  oficer reported 
him fit for independent \vorlt I sent him or1 the 18th of January t o  take u p  R. P. Table, N .  W .  
Section, Sheet 33; Rlr. Corlcery finished tliis plane table 011 the  29th March. He has worked 
steadily and well, and on the whole liis progress has been good. 

Visaji I l ago~ia t l~ ,  senior Sub-Surveyor, was employed i n  projecting .plane tables, coma 

Sub.Survryor Visaji Ragoiiat.11. 
pnting 1)oi1its, and also in  the  survey of Rajltot on the  12-inch 
scale ; lie worked during this seasou i n  tlie same satisfactory 

way in ~vliicli he has always done l~itllerlo. 
Govit~dji Mahalay worked very well througl~olit  t h e  season executing 34 plane tables 

Sub-Surveyor Qovindji &fallalay. i n  good s t j ~ l e  and very correctly. For  honesty and energy 
Govindji Malialay is a pattern to  the rest of the  Sub-Surveyors. * Q * X * * * * 

Having in view the  area triangr~lated by Mr.  RicGill, covered as i t  is by a very latge num- 
ber of ~vel l  selected intersected l)oint,s, aud the very co~isiclerable area of c o u ~ ~ t r y  t o p o g r a ~ ) h i c a l l ~  
snrvcycd, supplemented as i t  is by the 12-inch srlrvey of the town arid car~tonrnetits of Rajkot, 
on wl~ich the smallest dctails are plotted to  scale, also having consideration t o  the small 
trinnglllxr error of tlie triangles and the inco~isitlc~'al)le c l~a in  error of tlie traverses, I tlii~ik, I may 
fairly say that  the out-turn of worlc for senson 1873-74 is very creditable to  all hands. 

Townn. T l ~ e  principal towns contained in tlie sheets surveyed thia 
arason are as follows. 

1st. Ra,ikot on the 1)anlc of the 12ji Itivcr, tlie residence of a 2nd class chief and the 0%- 
cia1 capital of thc peninsrllu. The Political Agciit for thc state of Kattywai4 resides there and i t  
is also a military station for a small British force. 2nd. Morbi on the I~ ; l~ iks  of the M a c l ~ u ,  t h e  
principal town of t l ~ c  3lorl)i State  and resitl(ancr of tlie T l ~ b k u r .  Untler tlie able s l ~ ~ e r i ~ i t e ~ ~ d e n c e  
of Mr. Sarr~bn l'ersl~ad, the Extra Assistarlt Political Agent, tlie town with its wcll kept roads and  
neat public ofices i~ nn cxarnple t o  t l ~ e  other states. Tile roads t l ~ r o l l g l ~ o ~ i t  the  state of Morbi  
are in enccllent repair. 3rd. WAnlcaner tlic C:q)itxl of the s ta te  of that  name on the  b ~ n k  of 
thc Mach11 is a otrongly fortified towri and t l ~ e  residence of the  Tllrikur. Other  towns of lesser 
note arc Kotra SAngil~~i, Partll~ari, Lotlika, LRtil)llr :ind 'I'anlinria. 

Worthy of mention is the little fcutlal village of Kllirasra standing on a 11igl1 platenu 
about 1 0  milcs S.W. of Rnjltot : the vill:ige is s ~ ~ r r o n ~ ~ d c d  I)y a strong I~astioned wall, I)el~iud 
which nestle tllc 11orl~ca oC the " l3l1a~atl"-or hlootl r e l a t i o ~ ~ s  ant1 c o r ~ ~ ~ e c t i o n s  of the TllAkl~r- 
ant1 over all towers the "Kcc l~"  of the l'1i:ilinr. grim and lool~holctl;  outside the walls and 
close benenth thern arc the  h o ~ ~ s e s  of  the  cultivators low caste artisans, t l ~ c s e  also wit11 a 
atrong wall breast high t o  protect them. 



This  village vividly recalls t h e  not very remote times of S u r ~ s h t r a ,  when every manJS 
hand was against his neiglrbour, when cattle lifting was the  honored occupation, and the popular 
dictum was t h a t  " they may take who have the  power and they may keep who can." 

Of t h e  small rivers which water t h e  t ract  of country surveyed, the principal are the 

Riven. M a c h ,  Aji, Demai  and 6 n d .  The  Rfachu river, lvtlich is the 
most considerable, lSises among the  WBnkaner Hills, aud 

flqwing under  t h e  walls of l&r2'l~~lcaner and Morbi  discharges itself into tlre Ralln of Kutch Ilear 
MHlia. This  river is remarkable for its rugged and roclry clran~rel aud precipitous sides; many 
a long detour has to  b e  talten along its balrks ere  a place is found passal~le for carts. 

Sheet  35, the  most southerrlly portion of the  grourrd surveyed, is llilly, the  hills being low 

Ampect of the Country. steep and bare of vegetation, t h e  valleys between beillg well 
cultivated and very fzirly productive. This slreet is traversed 

from east t o  west by  t h e  very peculiar range known as I' Sirdl~Bri", which runs for over 30 
miles i n  a long low narrow ridge, varying from 4 0  t o  100 feet in  height alld from 12 t o  8 feet 
i n  breadth; n o  bends or  sinuosities occur througlrout i ts  length, arid it has tire appearance of 
having been "ruled" across the  country. The  geological formation of t h e  range is basaltic. 
T h e  g r o t u ~ d  i n  slreet 34 is irregular, rising into plateaux with rugged steep sides about 40 or 50 
feet high, notably so near  Rajkot. The  high ground is not  I~owever broken up into ridges as in 
sheet  35. Sheets 33 and 32 are level, t h e  country becoming, as one nears the  Rann, an almost 
unbroken flat, riclrly cultivated and supplied wit11 water from many large tanks and ponds. 

Tlre scenery a t  the head of the  Gulf  of Kutch is very peculiar; first, there is the dis- 
tinctly marked line of cultivation, cotton, wheat, ba,jri", making a pleasant variety of color 
and  ou t l i r~e ;  trees are  dotted about, and villages stand out i n  relief agaiust t h e  slcy, or sllor 
white  against the  green masses of t h e  "tope" of trees which almost invariably surrounds them. 
N e x t  comes the dry, salt  impregnated surface of the  Rann,  half sand half black ear th ;  here and 
there  a stunted bush o r  two dot  the  waste, b u t  as a rule  i t  is utterly bare and desolate. A low 
range of sandy hills shuts  i n  this Ilann from t h e  wide spreading smarnps, which extend as far as 
t h e  eye can reach and are covered with a dense thicket of almost impassable mangroves, m d  
intersected with a close network of salt streams. T h e  sea itself is  away beyond the  mangrove 
swamps, and a t  high tides the  waters of the  gulf roll up, covering tlie morass and washing up to 
t h e  very foot of the  sandy hills. A white sail dots the  horizon here and there, and the  observer is 
c l~ea ted  for t h e  t ime  into the  idea that  Ire is on the  sea s l ~ o r e ;  bu t  a few lrours aftcr the illr~sion is 
dispelled and tile sea might  be far away save for tlre cool salt breeze tha t  pours throi~glr the 
tents ,  and brings a reminder of tire viciuity of the  occan. \\'llile surveying the  country border- 
i n g  on tile gulf I witnessed some very bea~ctiful cffects of " hlirage"; a t  midday more especially 
t l ~ e  surface of tlre soil, glittering wit11 saline particles, seems c11;rnged t o  a glassy slreet of water, 
tire scattered villages assume larger proportions, l~ouses and walls appear gigantic, trees gain 
double height and bulk, while all appears reflected as i n  the  waters of a placid far stretching lake; 
but ,  while the  observer gazes in  admiration and wonder, t h e  beau t~fu l  vision fades, or rather 
passes on  t o  light np  anotller portion of the  (:onst i11 lrke manlrer. O n  another occasicn the 
smooth ~ a l t  surface of tile ooze hecame a still sulnmer sea, s l rcl~ as V:rnrlevelde lovcd to paint, and 
011 its bosom lay old dismar~tled boats, white gulls flitted hcre and tllcrc, and a far away grey line 
of coast closed the  picture in  t l ~ e  extreme clista~rce. I-I:ld I not knom~r tha t  the  gulf was six miles 
off, and hardly accessible a t  all from land, I sllould have t l~ouglr t  myyell within a few minntes 
walk of tile sea, so perfect was tlre illusion. Nothing g,rows on  thesc salt  morasses except man- 
grove and a long coarse grass in scattercrl ~ a t c h e s .  Var1011s s e ~  birds f'cetl a t  will, over the slimy 
ooze and a lo~rg  tire edges of the  salt strcanrs tha t  mint1 t l ~ c i r  way t l ~ r o u g h  tile swamp ; and in the 
early morrring herds of antelope may be seen hurrying birck t o  the borders of tlre cultivation, after 
having eaten their day's allowance of salt  on tlre cdge of tlre ltann. 

I may notice here the beautiful cryst;tls a l ~ d  agates ~ v l ~ i c h  a1)onncl over the portion of 
Kattywar which I have visitcd ; masses of crystal wllite and amcthyst togetlrer with " f'ortifica- 
tion" and other  agates are  scattered broadcast ovcr the  plouglied fields o r  sparkle amoug the 
debris of tire river's bed. 

Cotton is largely cultivated over all  this part of Kattywar and is a source of certain 
income to the  c~rltivators ; the principal grains grown are Cultivation. 
l$71~cat, " ,jowari7' n l ~ d  " 1);ljriJ1 and near some of  the villages 

a r e  fields of vegetables and patches of sugarcane ; wild intligo is found a11 over this part of 
Kattywar and I should say might be cuItivate(l with advantage. A ~ r o t c m o r t h ~  feature in tile 
c o u ~ r t r y  under  review arc the  tlense bclts of to(ldy p a l n ~  wl~ich occur a t  SigBlia, Sanosra, Chela, 
Jodpur  and Jorlpur Itohixala; there are distilleries a t  all tllcse plnccs. 

Tlre climate of this part of Kattywar is dry and warm away from the  sca coast, hut as 
one nears the is selrsiI)Iy affectcd by tllc cool sea hrecre 

Twpernture. wllirh I,lonrs llenrly all (lay. 'l'l~e mininrum tcmperatllre near 
Rajltot a t  I!! o'clock during the  r n o ~ t l i  of ,January, was G(i0.9 and maximum a t  12 o'clock 
during February i n  the name part of tile couutry, ~n iu imnm 72'.5, maxim~rm !40".0 ; during March 
in tire Morbi district, miuimum '7YU.9, maximum 100°.8 ; during April a t  the head of the gulf of 
Kutch, minimum 8 7 O . 6 ,  maximum 103".0. 



I was agreeably surprised t o  find tha t  clrinlia1)le water is pi~ocui~able even during summer 

Water. 
all along t h e  borders of the  Riltln. I-Ierc and there the  Sur -  
vcyor has to send several miles for good water, but as a rule  a 

little care and arrangement is all that  is required t o  c~ lab lc  the  traveller aud his people to  obtain 
dri~llcable water all t l ~ c  ycar ronnrl. 

A very large number of camcls are  I ~ r e d  along t h e  borders of the  gulf between J u r i a  
a t ~ d  Malia ; droves of them may bc seen wandering ],ere Anhnls. and there over the  swamps, browsing or1 t h e  mangrove ; inured 

from their birth t o  tlic treacherol~s slippery ground, they pass ; ~ l o l ~ g  safcly over the  ooze and 
swamp a h c r e  a Uiltaner o r  IIissar camcl wo111rl slip ant1 frill bef'orc i t  l~a t l  gotie fifty yards, i n  
fact where any camel but  this ~ c c n l i a r  Ijrecd n ~ o l ~ l d  refuse to  go a t  all. Great  horse breeding 
coutltry as Kattywar is, not niany llorses ;rye I~retl  ill the  part of Kattymar of wlricl~ I am now 
speaking. S l ~ e e p  arc very pletltif111 a ~ ~ d  their meat is particularly juicy and gootl. 

The rural  population of this 1):lrt of Kattywar arc principally Kolis and K a n l ~ i s  under 

Population. the  rule of J l ~ a r e j a  1t;ijputs ; a sprinkling of war~dering Waghers  
a l o ~ l g  the rivcr I)at~lis, ant1 t l ~ c  usnal complement of low caste 

Dhkrs t o  each large village. 111 the  towt~s  there is a Inrgc admixture of the  Mahornedan 
element, a r ~ d  along the bortler of t l ~ e  gulf alltl i n  t l ~ c  norther11 part  of Morbi, towards t h e  
Ranti, marly of the  villages are inl~abitetl  solely by " I I i n r ~ a "  hl~rlionicrlat~s, s t ro l~g ly  built  
black I~eardccl fellows, good f is l~ermet~ alltl bo:~tnien, h t  ~ l n ~ v i l l i t ~ g  to ~ o r l i ,  save for tllemselves 
and a t  their ow11 craf t ;  they I~ave  also the reputation of being accomplisl~ed thicves. 

Propo~cd arrnngcn~c~~ts for neat I 1)ropose tha t  the  work of next season s l ~ s l l  em- 
acnson. brace. 

1st. The triangulation and topograpliical survcy of the small portion of ICutch required 
t o  complctc s l~eets  4.9 ar~tl 31. 

2nd. The triaugnli~tion of the  iiortl~crri half of sheet NO. 1 0 n  on tlre Index Chart. 
3rd. The tri:lrr,vulxtio~~ of s l~ce t s  52, 53, 5% and 53 .  
4.th. The topogrnpl~ical sllrvcy of sllcets 4.3, 448, 45 and 31. 
5th. As there are  still mall? small dct:lchetl bits of b o n ~ ~ d a r y  s l~own approximately o n  

the  various ~)ul)lislletl sllcets ot' ICattynlar, and as these bou~idaries have IIOJV 

I~een  for the  most part. t lefi~~itely settlctl an(l ~narlced out,  1 purpose set~cl i t~g a n  
crpericnccd traverse Survcpor t o  take tllcni 1111 a ~ l d  surrey t l ~ e n i  correctly ; t l ~ e  
l ) o ~ u ~ d : ~ r i c s  ~vlrcn coml)letctl ~v i l l  bc laid d o \ r t ~  on the  office copies of tile 
difikrcnt s l~ce t s  a ~ i d  thus n o  bouudaries will remain approximate on  our 
sheets. 
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GREAT TRIGONOMETRICAL SURVEY OF INDIA. 



Extract from the Narrative Report-dated 23rd October 1874-of Major C. T. HAIG, R.E., Deputy 
Superintendent 2nd Grade, in charge Guzerat Survey Party. 

(2.) Owing t o  

Dnto of taking the field. 

PERSONNEL. 
Major C. T. Bnig, R.E. 
Lieut. J.  E. Qibbs, 1t.E. 
Mr. A. D'Soozn. 
,, A. I). L. Christie. 
,, C. H. McAfee. 
,, E. J. Connor. 
,, J. Hickio. 
,, Q. D. Cllfison. 
,, A. Bryeon. 
,, Q. E. Hl~l l .  

Native S~rrveyo?.~. 

Gopel V i s l l n ~ ~ .  
Ollnrsh Bapuji 1st. 
Rnoji N s r y e n .  
Lnxinlon Qhornnri. 

rather  largc amount of mapping I did not  leave m y  recess quarters a t  
Poona for Guzerat ti l l  the 1st  December; the party then con- 
sisted of t h e  s t r e n g t l ~  as per margin. 

At  Sura t  I mas joir~ed by 
Bnlwant Gorind. 
Milktlnd I ~ ~ I I ~ L I ~ .  Mr. T. A. Idei\iesurier, Assistaut 
G a ~ ~ c s h  Nnvnjen. Super in te l~der~ t  (fuzerat Revenue 
Qnrlcall Bopoji 2nd. Survey, as successor t o  Mr.  A. 
H h o ~  Cfovind 
Mollnjee Aboo. 

Ualzcll i n  charge of the  R e ~ e n ~ l e  
Triml~nk Sudnseo. Survey Establishment attached t o  

Revenue Sur~:ry. m y  party, t h e  la t ter  gerltlem:rn 
l ~ a v i r ~ g  been trar~sferred t o  the  

Mr. T. A. LeMesurier. Nassick ltcvenue Survey. 
Native Strrceyors. (3.) 0 1 1  t h e  16th March 

Knbcr Pnvbllr~dase. 1874 111.. McAfee left my Par ty  
1'11rbl1~ I<is~or.  alitl proceetled to  join t h e  Kunia- 
Lnl11 ~lrnbnrnm. 
Jog111 Al~unsl~kvam. 0 1 1  and Garllwal Party arid from 
Gopnl G~lncsh. t h e  1s t  of March 1874 till t h e  

end of the held season Mr.  cusson  was absent sick. 

(4.) During tlie season one sheet and a quarter,  i .e,  ahont 690 square miles, have been 
topograpl~ically s~lrveped or1 the scale of 4 i r ~ c l ~ e s  t o  the  mile. 

Work done. T\vo sheets hare bcelr prepared for topograpl~y, hy t r ia~lgulat ion 
and traversing, connecting all the  village t r i . j r~uct io~~s anrl other i n ~ p o r t a l ~ t  poi l~ts  011 the l leven~re 
Survey Maps with our  t r i a r ~ g ~ ~ l a t i o ~ ~ .  Two sl~cets ,  of wl~icli t h e  triar~gulation had been 
previously done, mere completed as above wit11 t ra re rs i l~g  an? one sheet was covel.et1 r r i t l~  a 
~ ~ ~ t - w o r k  of triangles wit l~out  ally trnvcrsiiig and also the t r i a r ~ g ~ ~ l a t i o ~ ~  for thc S I I ~ V C Y  of t l ~ e  
Dillg Forests i n  s11eet.s 62, 53, was commct~cctl I)y Lientenant Gib l~s ,  w11o covered ill1 area of  
about 500 sqllare miles with triangles of 10 mile sides I~esidcs f i x i ~ ~ g  a  umber of iuterniediate 
poiuts which can be made stations of a t r iangul; l t io~~ of sm:rllcr sides. 

( 5 . )  The area topograpl~ically s ~ ~ r v e y e d  is m11c11 smaller t l ~ a n  nsual, and smaller tllan 
I I ~ a d  11ol)ed to I ~ a r e  con~pletetl;  b11t as it  was our  first scasoli 

Topogrup!~y. of m o r l i i ~ ~ g  ou the ll,-incl~ scille it  callnot be consitlered ur~satis- 
factory, especially as i t  t l~ rows  011 the  I~antls of the  party a larger a m o u ~ ~ t  of m a p p i ~ ~ g  t l ~ a n  
they 11ave l ~ i t l ~ e r t o  I~ccn able to  a t t c ~ n p t  in orle recess. 

(6.) I ~ r o c e c d e d  direct f r o ~ n  Poolla t o  Alimeda1)ad and thence I marched with my 
ml~ole staff' of topogrnpllers to RIoria, a c o ~ ~ r e ~ l i e l ~ t  villagc allout 

The stnrt. 13 miles OII  the road to Gogo, arid in p1a11e table No. I(; of 
sheet 80. On this plane t a l ~ l e  Ire c o n ~ m c ~ ~ c c d  \~or I i ,  all t l ~ e  Surveyors I~ciug for a time specta- 
tors, so tha t  they mig l~ t ,  whcn t l ~ c y  sepal-:itcd, ill1 nrorlc otl the same sy?tcm, m l ~ i c l ~  mas some- 
what different from that  to m l ~ i c l ~  they I ~ i ~ t l  hccn acc~lsto~nct l  ; a ~ ~ t l  t l ~ c p  t11c11 tlistribntetl t l ~ e m -  
selves over the 12 e a s t e r ~ ~ m o s t  plane ta l~les  of sllect 80 so as to  be all  near a t  I~and,  and 
I visited them all to  see that tllcY ~it~tlcl-stood thc pla11 of ~vorliing. 

(7.) I will 11o1v describe i n  detail tile ~notle  of wo1.1ti11g n l l~ ic l~  was finally adopted and 
wllicli all tllc Snrreyors now quite u l~ders ta l~d ,  t l ~ o u g l ~  we 

Mode of procedure. took some little time ill maturing it, duriug which the  work 
progressed rather slowly. 

(0.) I 11avc stated in  my last ycar's report that  in  designing the  project of the travers- 
ing, tlie end I kept i r ~  view TV:LS to  tletermi~le the p o s i t i o ~ ~  of a point closc to  every villilge s i te  
and t l ~ c  positions of all the village I)ou~~tlary t r i ju~~ct ious .  llcsitles these obligatory po i l~ t s  the  
traverses of course girc 11s ot l~crs ,  as for i l i s t a ~ ~ c e  t l ~ e  traverse stiitior~s b c t w c c ~ ~  t l ~ e  obligatory 
p o i ~ ~ t s  and many crossings of roitds a l ~ d  11n1l:is. Atltli t io~~al m e a s u r e m e ~ ~ t s  \rvl~er~ necessary a re  
also taken to euahlc all the obligatory poilits and ill1 t l ~ e  tralrcrse s ta t io~ ls  t o  be plotted on  the  
lteveuue Survey village maps. 

(9.) O n  d is t l i l~n t i l~g  t l ~ c  topograpl~ers I provide each with a plane table on whic11 is a 
graticule 3 3  minutes lol~gitutlc by 32 nlil~utc:s latitude, anrl ill1 the t r i a ~ ~ g r ~ l a t i o n  and t r a v e r s i ~ ~ g  
stntions and data points, a11d along with this a copy of the  l terenue Survey Map of every 
village (wl~olly o r  partly i ~ ~ c l u ( l c d  wit l~iu the gritticrlle) recluccd on semitr i inspare~~t  paper t o  
t h e  scalc of 4 illchcs t o  a mile. O n  t l ~ c s e  village maps are  also marlied all the t r i a ~ ~ g u l a t i o u  
and travcrse data  poi t~ts .  

1 0  A S ~ ~ r v c y o r  t l ~ n s  providerl, having mnrle all his points on the  gro~lnd  c o n s p i c ~ ~ o i ~ s  
with poles and brusl~es, wl~cre neccssary, sets up his tnhlc a t  the given point near some village 
site from which he traverses round the  village with his plane table and lays down t h e  actual 



l imits  of t h e  gronnd occul~icd by I~onscs and thc emanations of all  roads; then if the village 
i s  a small onc I IC sets 111) his tal)lc a t  ouc of t h e  data  points on the boulldary a r ~ d  traverses round 
t h e  bonndary, laying down all points where roatls cross it  ; he the11 I ~ a s  two poiuts O I I  eacll l)l~inci- 
pal road, one a t  the  village and t h e  other a t  the  bounda~.y, and with t l ~ e  air1 of a piece of ])lack 
leaded transfer paper I IC traccs in  t h e  road on  t o  lris ~ I : I I I C  table from the  village map. 1f the 
distance between t h e  village sitc and t h e  bo1111tla1.y esrec,tls three q11artc1.s of a rriile he tl.a$erses 
rolllid a n  intermediate c i r c ~ ~ i t ,  a l~ t l  si1cl1 of his ~ I I : L I ~ C  till)le s ta t io~ is  as are  important as beirlg near 
t o  roads or  other  topographical feat1u.e~ 11e plots on the  village map (I)y means of measuremellts 
t o  t h e  nearest corners of fields) as well as plotting t l ~ c m  on his ~ ) l a l ~ c  tnhle. H e  also sets 11p llis 
plane table  a t  every taiilc and morlis alollg thc  hanks of all streams, such items not being 
shewn 011 t h e  village map with nlucll accnracy of tletail b ~ l t  mcrcly as non-assessed spaces. 
I n  tlie course of this  procedure 11e mill notice any roatls w l ~ i c l ~  map have recei~t ly splnung up 
and  a r e  no t  shelvn o u  t h e  vill:~gc maps, and he sltetcl~es in t!~c undr~lat ions of the gro11~(1, and 
indicates i t s  c l~arac te r  a l l e t l ~ e r  \vooded o r  open. From tllc \.illage authorities Ile borrows 
t h e  local copy of tlie village map on wllicl~ all the l~ctlgcs are  s l ~ c w ~ ~ ,  and a s c c r t a i r ~ ~  
much  of t h e  land is assigncd or  " TV61lta" as i t  is ternlctl, and w l ~ o  the assignee or  i V \ . ' k ~ l t a ~ & l ~  
is, and what portions are  lyiug waste; and this i u f o r ~ i l a t i o ~ ~  Ilc indicates on his own copy of 
t h e  village map.  

(11.) Then  mhcn 11e sends his plane tahle t o  my Office completed and accomparlied by 
t h e  village mnps I have ~ i o t  merely a topograpl~ical survey of' the c o ~ ~ l l t r p  on the sc:~le of 4 inches 
t o  a mile, bu t  I have t h e  means of Iapi l~g down on i t  all the fiscal c1et:tils s l~ewing  whicll parts 
a r e  hedge-bound and ml~icli  open. The vill:lge maps :dso give t l ~ e  11ositio11s of :dl t l ~ e  n,el]s 
and the  names of all the  tanGs.-1 say I I~ave  the  n1e:llls of 1i1pi11g (IOIVI I  tllese n ~ i n u t i e ,  bnt 
it still  requires a lit t le mcthotl t o  accomplisl~, hecal~se if t l ~ c  vill:tge nlap I)e snperposetl in  
i t s  place on  t h e  plane table i t  will not always fit into its corrcct l i ~ l ~ i t s  ; i l l  fact we may say 
t h a t  if we take  any two points in  the  village map ant1 1~l:~ce t l~ern on t l ~ c i r  correct positiolls on 
t h e  plane table  we sllall f i ~ ~ t l  a tliscrepancy I)et\vrcn ally t l~ir t l  point a ~ ~ t l  i ts correct positio~l ; 
hut  i f  tile three points are  not  far  from C ~ L C I I  o t l ~ c r ,  say 3 of a lr~ile al~:lrt, the t l i sc rc l ) ; l~~c~  will 
be  so  small tliat i t  call readily he atl,j~~stctl l ~ p  an o r d i ~ ~ : ~ ~ . y  t l r : ~ f ' t s n ~ n ~ ~  i111tl t l ~ e  necessary correc- 
t ion applied t o  t h e  illtermetliate dctnil. 1l11t fro111 w l ~ a t  I l ~ a v e  jrlst sttltetl, ill regard to the 
process of morkillg in  the  ficltl, i t  mill he a t  o ~ ~ c c  ~ ~ ~ ~ d c r s t o o d  that,  wl~;lt  wit11 t ~ i : t ~ ~ g ~ ~ l a t i o n  
stations, traverse stations and plane tahlc s t a t i o ~ ~ s ,  tl~c:rc will l)c a net-worlc of p o i ~ ~ t s  corrlmoll 
t o  b o t l ~  maps by w h i c l ~  they can he dividrtl up illto t r i a ~ ~ g l c s  always l ~ : ~ \ , i ~ ~ g  sides less t l ~ a n  three 
qrlarters of a mile. l ' l ~ u s  by taking a t r i a ~ ~ g l e  a t  a t ~ r r ~ e  t l ~ c  fisc:~l tlct:tils of' the vill:tge map 
a r e  easily trailsferred t o  the  plane t a l ~ l e  mall, :u~tl in t l ~ i *  w:ry wc l ~ a v c  a topogr:tl)hical map 
011 ml~icli  the  l a ~ ~ d s  of every village l ~ a c c  ;~ssignctl to  t l~cn i  tl~c,ir cor~,cc:t limits : r ~ ~ c l  tlre i ~ ~ t e r i o r  
fiscal details being added i t  becolnes n cntl;~str:rl map  of t l ~ e  countr.y. Of collrse prollerly 
speaking a carlnstral map is one w l ~ i c l ~  slle\r?l a11 t l ~ e  I)~~il t l ings in t l ~ e  t o w ~ ~ s  to scale, b ~ ~ t  all 
t h a t  1 ]lave bee11 al)le t o  (lo in  that  di~.cct io~l  11as heell to  s ~ ~ r ~ e y  the  p l , i ~ ~ c i ~ ~ a l  t l ~ o r o u ~ h F w e s  
tllrough t h e  villagcs and till in the spaces \\,it11 co l~rc~r~t io l~ : l l  I~loclrs of l ~ ~ ~ i l ( l i l ~ g s .  

(12.) I must  now state  irl w l ~ a t  pnl.tic111nrs we ill ~)rnct ice r1rvi:ttctl from the above 
t1et:tiletl metl~oti.  111 t l ~ c  first place d l ~ r i ~ l g  the execution of 

Devintioils ill prctice. the first 12 11ln11e t:tl)lc$ I rli~,cctctl t l ~ c  S ~ ~ ~ , r e y o r s  to tranvfer 
t h e  fiscal cletaiis from the  village maps, cnc l~  011  t o  his olrn I I I : I I I ~  tnl)lc, as 11e progreased wit11 
his topography. This mas f o u ~ ~ t l  by xonie I1ar1tl.1 :I vc:~.y tlitFiclrit ant1 tctlior~s jell, :~rltl Nome of 
them execilted the job in  s u c l ~  a \tray that  i t  h;ltl t o  I)c t l o ~ ~ e  over ag:ii11 ; c o ~ ~ s c c ~ i ~ c ~ ~ t l y  I directed 
them only t o  furnish me wit11 the  nzeatlx of t ru~~sf ' e r r ing  the  det:rils from t l ~ c  village maps to  
t h e  plane tables i n  m y  office. 

(13.) T l ~ e n  as I I ~ a d  n o  separate staff of drnftsmcn in my OfFicc I l~a t l  to let tlre work 
of transference of f i x a l  details f1.on1 t l ~ c  village I ~ : L ~ I <  to  t l ~ c  ~ I : L I I C  t:ll)lcs st;ll~tl o v e ~ .  till we 
returned t o  Poona, w11e11 1 found it more nrlvnntageol~s not to t ral~sfcr  t l~csc  t1ct:rils on to t l ~ c  
original plane tahles a t  all, I)nt 011 t o  the fair col~ics, il11t1 for the l'ollon~ir~g I.(::ISOII~. 

( 1 . )  Before re tu r r~ ing  to Poona I ~ , c p r c s c ~ ~ t c t l  to Colorlc:l IJl.(+(.ort, S I I ~ , ( ' I . ~ I I ~ ~ > I I ( ~ I . ~ ~  
Gnzerat  Revenue Survey ant1 .lssessn~crlt, that  it  wo~ilil greatly acrrlc~.:~tc: t , l ~ ~ -  I ) ~ ~ l ) l i r . : ~ ~  1 0 1 1  of t l l ~  
large scale maps if I had tllc origir~:rl plane t,al)le rn:ll)* ~ ) I I ~ ~ ~ ~ ~ I I ~ ~ I ~ I . : L ~ I I I ( * , I  i l l  I , : I I I . S  1 1 1  1 , 1 1 1 ( , ,  :t~ld 
s o  save tlie labor of having them all trncotl 11y hantl wit11 t l ~ c  aitl ot' :I tl.:~('i!~;, ; : I , I ~ ~ .  : I I I I I  I alho 
represented tha t  my c o n t i ~ ~ g e n t  grant  wo11It1 not :~tInlit of nly ~ ) n y i ~ ~ :  for t l ~ i .  :II t l ~ c  o r t l~na~ .y  
rates, and I therefore aslted him to apply f i ~ r  l ~ c r ~ n i * s i o r ~  to  11:rvc t l ~ i *  \vorlc ~,trg;r~.tlctl :IS I ) : I I ~  of 
t h e  legitimate assistance t l ~ a t  s l ~ o ~ ~ l d  hc re~~tlerct l  I)? t l ~ e  1Lcve1111c S~~l.vcsy ill t l ~ e  utilia:.t io~~ of' 
their  mnps and charged to the  accoa~t t  of  t l ~ e  ncvcllllc SIII-vry. 'I'llia \ v ; ~ s  a t  orlc:e nccccletl to. 
Then the  Officer in  charge of the Pl~otoxinco. (.)lfic:c: :l~ltetl me to Ict l ~ i ~ r ~  u~ltlcrt,:rl<c the jol) as 
speedily as possiblc as Ile then 11:1tl h11t little morlc in ha11t1 I I I I ~  cspccteil soon to 11;rvc his I~alltls 
full. I therefore s e ~ t  him the plauc tables as they were, witllout ~vai t iug to  t r a ~ ~ s f c r  the fisctll 
details on t o  them. 

(15.) B u t  t o  retorn. ?he topography of shect 80 was riot cornl)lcted until ncarly 
Pmgrew of bpograplly sheets 80 end of March, aftc:r wl~ic:h I mover1 iuto the S ~ i r a t  Ilistrict 

nnd 14. aud took u p  a portion of sheet 141. 1 was anxious t o  take up 



a portion of this district because in sheet 80 t h e  Revenue Survey detail with which we had to 
deal was the  result of operations undertaken nearly a quarter of a century ago, whereas t h e  
detail i n  sheet 14 is the result of very recent work, and, as might  have been expected, t h e  
forciog which was necessary i n  slieet 80 t o  get  the details into their proper relative position 
almost entirely disappears i n  sheet 14. 

(16.) The  country along the  eastern margin of sheet 80 and extending a few miles 
iuto the sheet is t l~ickly wooded a ~ ~ d  closely I~et lge-bol~r~d ; I ~ u t  

Description of sheet 80. as we advaucetl west we got iuto a very oilen a ~ ~ d  bare looking 
country, the  trees and hedges be i t~g  almost elltirely cor~fined to the village sites o r  their imme- 
diate vicinity. This sheet includes a very remarkable lake called the Nnl (popularly spelt Null) 
coverirlg a n  area of about 18  square miles. T l ~ e  water I believe u o s l ~ e r e  exceeds 10 feet i n  
depth and for the  most part i t  is capable of being crossed by wadiug; during tlie monsoon t h e  
depth of water increases and I aln told there is the11 a water connection between the  Gulf of 
Cambay and t h e  Rann of Kutch rid this Nal. The  water of the Nal  is sweet during the  monsoon 
and early cold weather but  as the  hot weather advances i t  becomes more a r ~ d  more brackish. 

(17.) There a re  a number of islands i n  the  Nal  ilear i ts  margin. Most  of tlrese, and  
many parts of t h e  banks of the  Nal, are  covered thicltly with reeds wllich a re  used by the  na- 
tives for thatclliug their houses, and the  poorer classes live on  the  roots, which they clean, d ry  
and grind into flour callcd "Hir" : on tlie adjoilling tracts of salt  waste there is a short  kind of 
grass the  root of which is also eaten by the ilatives. 

(18.) The country ill the east half of the  slreet is very level and wooded; t h e  western 
portion is open, aliil from tlie low level mhny plateaus rise from 5 t o  15 feet, to  which tlie cul- 
tivation is mostly corlfir~ed. 

(19.) The sheet comprises portions of the  Sanand, Dholka, and Viramgam TIilr~ltis of 
the Ahmedabad Co1lector:rte and snlall portions of petty states undcr the  Kattywar Political 
Agency. I t  is traversed by the Alin~edabatl and Qogo :lud the  Ahmedabad and Viramgam roads. 

(20.) I n  sheet 80 t l ~ e r e  are four d i f e r c r ~ t  Icir~ds of tenure ui~rler which the  l a i ~ d  is held, 
viz. Khlilsa or Senja, TAlulrdBri, 1112imi, and Poreigr~ tcrritory under the  jurisdiction of t h e  
Political Agerit in Kattywar. There is  a n  iriteresti~lg and lucid explanation of the different 
land ter~iires under nr i t ish rule i n  Gluerat  in the Qer~eral Report on the  Administration of 
the Ilombay Presidency for tlie year 1872-1873. Here  i t  is sufficieilt t o  s tate  tha t  in  t h e  
Klrlilsa villages the ryot o r  tenant of each field pays his rent  direct t o  t h e  British Govern- 
ment ;  in  the TLlr~lrdkri villages a '1'8luktllir pays a rent  for t h e  whole village; while i n  tlre 
I n l m i  villages no rent  is paid a t  all t o  Government. I t  is necessary t o  mention this because of 
the  c o n s e q ~ ~ e n t  difference in  the village maps. I n  the map of a K11Blsa village me find the  land 
divided illto a llost of fields, sometimes almost too small t o  be properly shewn on the  4-inch scale, 
but of course sometimes as large as 1 0  or 12 acres, a ~ r d  every ta~ l l i  01- urlassessed space is indicated. 
A Tjllukdiri village map presei~ts very little partition into fields, the roads f o r r u i ~ ~ g  frequently 
almost the only divisio~i of thc map :u1d often they are not all slre~vn nor are  all the ta111zs. 
Of the Inkmi villages generi~lly there are no rnaps f o r t l ~ c o ~ n i l ~ g  a t  all, but  sometin~es a map 
exists g i v i ~ ~ g  merely t l ~ e  perip11cl.y or 1)onnrlnr.y of t l ~ e  village. Tllerc are  r ~ o  maps a t  all of 
the villages ill Ihoreign territory. T l ~ e  Kllilsa village maps are therefore by far the most  
valuable to  us a r ~ d  nes t  to  tlrcm tlre TQl~llidBri. 

(21.) Kl~rilsa \,illages are also very frequently divided into WAnta (a share) and Tal- 
pat (the reniaintler), the  1V;V:inta land bc i~ lg  licltl by some 1'61uktlkr; hut the  British Govern- 
ment let ont t l ~ c  fields, collect the rc~ i t s ,  and scttle tlie accoul~t  w ~ t l ~  t h e  TAlukdBrs. I mention 
tllis, not t l ~ a t  there is ally rlifcrencc in the map from that  of a village not so dividetl, but  be- 
cause i t  is au important division, and one that  I am tl~erefore ind ica t~ng  on our  final maps. 

(22.) The S. E. sectiou of s l ~ c e t  1 4  whicli was also surveyed during the  past season 
cornpriscs a portion of the  UlpAr (spelt also Ulphl r  and 01-pid)  

Description of chert 14. l 'A.111Ici  of the Surat  Collectorate, and of the  KBthor Pargalla of  
the Nowsaree 3IBhal in  Gailrwkri Territory. I t  is n. flat country, fairly wooded, hut  the  trees 
are for the most part small, ba1)ool trces predominating. The principal towns i n  this section 
are Ulplr ,  Kkthor, Sk~idh i r  and Variao. Tlle river Tapti enters this section a t  the S. E. cor- 
ner and passes close along its sonthern margill ; in the  vicinity of the  Tapti there are  marly 
ravines 50 fcet deep and more, several of wllicl~ are utilized as roads. T l ~ e  13. B. and C. I. 
Railway also crosses this section, entering i t  a t  allout 170 miles from Romhay and leavirlg i t  
in the 180th mile. T l ~ e r c  arc also several made roads traversing this section, viz. the  Sura t  
and DBndi road (DAndi is t l ~ c  village on thc coast from which the mail boat crosses the Gulf 
of Cambay to Gogo), the road from Surat  to  Illpkr and on t o  HAnsot in  the  Broach Collec- 
torate in sheet 13  (published), and the  road from Ulp i r  t o  the  Sayen (Sion) Railway Station. 

(23.) The villages in thia part of the corlr~try are  m u c l ~  more numerous than in t h e  
Allniedabad District; there the  areas of some of the  village 

Comparison bptwern tho mntpril~ls 
of t,he Revonrle Survcy in sheet 80 larltlv exceed 10 square miles, here one square mile is a corn- 
snd in sheet 14. mon area for a village, and the  holdings are small in  proportion. 

There iu also a n  absence of TklukdAri villages in t h e  Surat  



District, and only very few Inrimi villages, SO that  sheets 80 and 14 present the extremes of 
tile gaiu to be derived from the Revenue Survey Maps, and while even in the Ahmedabad 
District we may obtain a very satisfactory map on the 4-inch scale, shewing all tlie lloldings, 
lye-roads, foot-paths, wells &c., in sheet 14  it mould be quite possible to produce as satisfac. 
tory a map on the 8-iuch scale, if i t  were necessary. 

(24.) The right plane tables in sheet 14 mere completed about the end of April, and 

Cloae of the field sewon. I opened Office in Poona on the 1st May. 

(25,) I will now proceed to  report in detail on the work performed by each of my 
Ataistanta. assistants. As i t  was imperative that I should myself attend 

t o  the topography a t  the opening of the field season, it was 
impossible for me t o  ground Lieutenant Gibbs in the departmerltal metliod of triallgulatiorl, 

Lieutensnt Ct~bba. so I directed him to accompany Mr. McGill, Assistant Super. 
inteudent in the Kattymar Party, who left Poona 011 the 7th 

November. After keeping with him until he had acquired the knowledge of the practical details 
of triangulation that was necessary, he re-joined me near S a ~ ~ a n d  near the end of December, 
and on the 7th January he left with a party to  run a longitudinal series of triangles across 
the middle of degree Sheet 11, emanating from side Warsora-DhBmanma of the Aboo Meridi- 
onal Series and to  close on tlie Kattywar net-work triangulatioii. 

(26.) This turned out to be a work of great difficulty on account of the flatness of the 
country and the denseness of the forest, so that Lieutenant Gibbs had not even completed one 
triangle before I had to call him away to commence the triangulation of tlie DBngs, 
was a work of first importance but which could not be taken up till the end of Febnlary, on 
account of the deadly fever which closes the Dhng jungles to strangers throughout the 
weather. 

(27.) Had I anticipated the difficulties with mhich Lieutenant Gibbs met in degree 
sheet 11, I would have reserved that worlc for my most experienced triangulator who pertlaps 
might have acliieved a little more success; but i t  gave Lieutenant Gihbs an opportunity of 
seeing some of the greatest difficulties with wliich a tr~gonometrical surveyor has to contend, 
and i t  was owiug to no want of energy on his part that greater success mas not achieved. 

(28.) His initial s ids Warsora-Dhkmanwa lay through a dense jungle mhich, in the 
22 years since the ray was cleared and observed by Lieutenaut Rivers, had grown up so as not 
t o  leave a trace of its having ever been cleared. 

(29.) After several ineffectual attempts to select a couple of stations by mounting 
high trees, Lieutenant Gibbs was obliged to proceed to fix his stations by means of ray trace 
triangnlntion, and he had run a chain of 23 such triangles, of sides varying between 4 a mile 
and 34 miles and extending over a distance of ahout 16 miles, when on the 19th February 
he had to close his work and proceed to take u p  the D B I I ~  triangulation. 

(31.) On the side Pilwa-GhontwLl he laid out and observed a double series of triangles 
closing on K6pgarh h.s., using a 10-iuch theodolite I)y Trougl~ton and Simms and observing 
his angles on one pair of zeros. A reference to  the tabular statement of the out-tiiru of 
work will shew how successful Lieutenant Cfibbs mas in point of accliracy in this work. I n  
this series he fixed 8 new stations and 32 ir~tersected points. These latter arc all on l~il l  tops; 
he tried to  fix points in the valleys but did not s~~cceed,  on nccor~nt of the tliick state of tlie 
atmosphere whicli rendered the observations of opaquc objects 1);lcked by trecs impossible. 

(32.) Lieutenant Gibbs anticipates that therc mill be great difficulty in the topographi- 
cal survey of this district, for not only does the haze aiid smoke impede the view down from 
the hill tops into the ravines, but the ravines tl~emselves are so precipitous and tortuous that i t  
mill be very difficult to find spots in them from wliich the hill stations will be visible, and 
tlle amount of iron in the rocks will render the magnetic compass useless. I attach a very 
iuteresting report by Lieutenant Gil~bs on this district. 

(33.) Lieutenant Gil~bs, after compIetiug this worh, determined the position of the new 
Light )louse on " the Prongs," a shoal of rocks iu contiuuatiou of the Kolaba promontory in 
Bombay. 

(34.) Mr. D'Souza was ernployed early in the season in instructing new hands in 
plar~e tabling and afterwarrls in supervising arid e n a m i ~ ~ i ~ l g  the 

Mr. D'Souzs. work of tlie native Surveyors, and I f o u ~ ~ d  him so useful iu 
this work that I contemplate employing him in a similar way next season. He instnlcted two 
native Sllrvayors, AIona-lee il1)oo and ' r r i r ~ ~ l ~ a k  St~tlnseo, in t l ~ e  use of the plane tal)lc, i l l  tlrc: conrse 
of he \pith liis o\vu l ~ a ~ ~ t l s  cornl,letcd oric p l n ~ ~ e  tal~lc R I I ~  nearly half of tmo others or 
about 44 sqrlare miles 011 the 4-ilicl1 scale. hlr. DISouza l~atl ~ ~ ~ ~ t l c r  liim 5 plane table ~ar t ies ,  
eacll in charge of a native Surveyor, a ~ ~ d  Ilc exercised a rigorous s~~~)ervisiorl  over them 811, 
examinirig each plane table on the grouutl. The total area of the plane tables ml~icll he exa- 
mined omor~rits to 360 square miles. 

(35.) RIr. Christie startcd on his work from Broach on thc 15th Novemhcr and in the 
course of thc season covered ahcet 31 with a net-work of 

Mr. Christie. triangles averaging 2 to 3 miles sides, which ke cvccuted with a 



&inch theodolite by Troughton and Simms. 
(37.) Sheet 31 comprises about 140 square milcs of the Broach Collectorate and thc 

remainder is Gaikwfiri territory. Mr. Christie toolc pains to connect all his statious in British 
territory with the Revenue Survey " BLnds" at the corrlers of the fields in wl~ich they were 
situated. This completed the triatlgrllatiou of the Broach Collectorate; the traversing which is 

required to conl~ect all the village sites and trijnnctions mill be talten up by the Revenue 
Survey Party ll~lder hfr. Lei\lesurier next month. Mr. Christie progressed rn11cl1 more rlipidly 
over the western half 9f tlle sheet than ovcr the eastern, as the former is open the latter very 
woody, but he very satisfactorily covered the sheet with points. 

(38.) Mr. McAfee instructed Rfr. Rryson and (fane511 Naraycn in the use of thc 
plane table and exercised a supervision over ltaoji Narayen when 

Mr. McAfee. working on his first plane tal~le, and afterwards completed one 
whole plane table and half of another and a portion of a third which he had to give up on being 
ordered to join the Kurnaon and Garhwal Party. 

(39.) Mr. Connor, assisted by native Surveyors Gopal Vishnu, Ganesh Bapuji 1st and 
Ganesh Bapuji 2t1d, prepared sheets 78, 79 for topography with 

Mr. Connor. triangulation and traversing. hlr. Connor himself executed 
the triangulation and gave the necessary instructions to  his three native Surveyors-each of 
whom was provided with a traversing party for the running of traverses starting from and clos- 
ing on his triangulation stations. Mr. Coltnor did not cover these two sheets with a net-work 
of triangles but ran a circuit of triangulation round the margin of the two-sheet-space and ran 
a meridional chain across the centre of the space, and so gave out the traverses as to  fix the 
positicns of the sites of all the villages and of the trijnnctions of all British village boundaries 
as well as of conspicuous trces and other points useful to the plane-table Surveyors. There is  
in these two sheets a considerable portion of Gailtmiiri territory in which the village boundarirs 
not being demarcated, the traverse Surveyors fixed the village sites and a sufficiency of useful 
points for plane tabling. 

(40.) Mr. Hickie was employed the entire season in my Office, chiefly in prqjecting 

Mr. Hickio. plane tsbles and charting and miscellaneo~s current work of 
wllich there mas an unusual amount, so much so that his hands 

were always full as well as those of the two native surveyors I also ltcpt in my Office. 
(41.) Mr. Cusson mas employed in plaue tallling and he altogether turned out 53 

Mr. Cusson. 
square miles very neatly ; illlless compelled him t o  abandon 
his plane table on the 20th February: and he came to  my 

camp where I employed him in my Office until 1st March, when it became apparent that Ire 
would not be fit for hard worlc for some time and therefore for the remaiuder of the field season 
he went on privilege leave. 

(42.) Mr. A. Uryson was employed all the season in plane tabling. Having always 

Mr. Brynon. before been engaged in triangulation, I placed him u~ider  Mr. 
McAfee for instruction for a short time. His draftsmanship 

was not good, and I am sorry to say he did not inspire me with m ~ t c h  confidence as to the 
accuracy of his work as I hat1 to reject one of his plane tables. 

(43.) Mr. Hall was also employed the whole seayon in planc tabling, and I am well 
Mr. Hall. ~)lcascd with his diligence and accuracy, it was only his secoud 

field season but he has now become a valuable assistant. 
(44.) The tabular statement nppenderl to this rcport will slletv in detail the aruount ant1 

'Isbuler Statornent. relative value of work turned out by each of my Assistants aud 
by the native Surveyors. 

(45.) I have now to  mention the Revenue Survcv Establishment under Mr. T. A. . . 

&venue Survey Estsblishmcnt under LeRfcsuricr; he joined me i t  Surat on the 3rd Deccmber and 
Mr. Leblesurior. at  once proceeded with me to Ahmcdabad, and after receiving 

his instructions Ile took his Establishment into shect 82 the 
traversing of which he took up, connccting every village sitc and tl~ijunction with the triangu- 
lation. Hc finished this ahoilt the middle of Jannary, and the11 toolc his :ICstnl~lisl~rncnt illto 
eheet 14 and completctl the traversing in tllc nor t l~er t~  portion of the s l~eet  \ r l~ i c l~  i t  had not 
been possible to finish during t l ~ e  previolis scnson, nnd tl1e11 11e took up t l ~ e  traversil~g of sheet 
15 which he finished ahout tllc midrlle of April and t11c11 proceeded to Poona. 

(47.) D ~ ~ r i n g  tho past rcccss Mr. I~c\ fcs t~r icr ,  who is a very good draftsman, has heen 
rendering va11lal)le nssistancc in thc tlrarni~~g of' the )naps ; six scctiolls (tlon1)le elrpharlt shcets) 
have heen tlrawn by him. Elis Snrvepors 1vn.c c~nployetl c1uri11~ tile first part of the recess in 
the reduction of their trnvcrscs ill shcets 82,  1-1,) 15, coml,llti~lg the rcctnng~~lnr co-ortlilratcs of 
the stations with reference to thc centres of tllc rrspcctivc sl~ects, and at'tern,nrtls ill transfer- 
ring the field details from the Revcntle S11rrey ~illitgc malls to thc 1)luc pl~otoxincographs of 
the plane t:~l)lc sections. Thcse I)l~lc photozincograpl~s are f ~ ~ r ~ ~ i n l r e d  nie in d~~p l i cn te ;  on onc 
copy the nntivc: S~lrveyors transfcr t l ~ c  ficltl details in bold black lil~cs, the other is taken 11p as 
the final map for sublnission to your Officc, and on i t  thc ficld details arc traced with tlie aid of 



a tracing glass from the first copy. 
(48.) I n  a few days I hope to  be  able to  send you some of the sections of sheet 80 for 

publication, when 1 have no doubt you will be thoroughly satisfied as to the advisability of 
completing the Survey of British Guzerat on the 4-inch scale. W e  are not in full working 
trim, yet but I expect that with but very little more assistance (in the shape of an increased 
grant for contingent expenditure), besides what has been already given me in the Revenue 
Survey Establishment uuder Mr. LeMesurier, to be able to turn out annually nearly as much 
work on the 4-incfi scale as mas expected from us on the 2-inch scale. 

(49.) I should perhaps here menti011 that the scale of Slrrvey being the same as that 
of the published maps, and tlie large scale of 4 inches requiring a softer general tone than maps 
on the 1-inch scale, my draftsmen have been required to draw in a style altogether diKerent 
from that  to  which they have Iritl~erto been accustomed. 'l'he drawing of tlie maps on the 2- 
inch scale for reduction by photography to the 1- i~~cl r  scale had to be coarse and bold, where- 
as in t l ~ e  maps I am now prepariug every tlring has to be drawn as finely as possible. Doubtless 
it will be noticed that there is room for improvement in the maps but I cannot but think that 
considering that they are the first of the kind produced in this Office they must be considered 
very satisfactory. 

Notes on the portion of the Dhzgs visited in March-May 1874 by Lieatenant 
J. E. Gibbs, R.E. 

(1.) The portion of country, to  which my report refers, comprises parts of the Dha- 
ramyur, ~ B n s d a ,  Barorla and S11lgi11a native states, and of the Dings which are for the present 
under the charge of the Collector of Khandeish. 

(2.) Tile general aspect of the couutry is a mass of wooded lrills and valleys. 
(3.) The hills are for the most part isolated, rugged and steep. Towards the east 

Hills. 
however they become more and more conr~ected, plateaux being 
formed, which are again sometimes surrounded by higher 

maoses. I n  the line of the Gl~Bts, to the east and south of the DBogs, huge and fantastic 
masses of rock tower above the rest. The spurs of the liills almost invariably rise in steps, aud 
the  summits are generally flat. 

(4.) The valleys till they reach the open country are narrow and very winding, with 
Valleys. steep sides, countless short steep ravines runnir~g into them 

down the hills. The beds of the streams are rocky, and the 
streams are during the dry season naturally bunded up in many places, witl~out which provision 
the  water supply would soon run short. During the rainy season they become torrents. 

(5.) 'the water of the streams is very bad for drinking purposes, as is often the case in 
Water. thick jungles; but here the irlhabitants make matters worse 

by tl~rowing in poisonous hark to stupify the fisl~, which then 
rise t o  the top, and are shot with arrows if large, or caught in the men's clotl~ing if s~nall. 
l'he people ill cor~sequence always tnlre care to drink f ion~  spririga, or from excavatio~is at tlre 
sides of the river beds. To\ra~xls ttlc entl oC t l ~ e  llot weirtl~er most of the water gets putrid. There 
is a rlcep well wit11 good water at \V:tg:~i, a ~ ~ d  ar~otller at Glirvi. At Blipgar11 tliere is a peren- 
nial spring at the top of the hill, supl~lying a ta11lc in tlre old fort arid a Iiollow in a cleft in the 
northern scarp, with water mlrich is at any rate better than what is obtaiuable a t  the foot of the 
hill. At  a f e w  otlrer places the water was palatable, but in most varied from the nasty to the 
nauseous. At U116e &l i t5  tlrere is a celebrated ]lot spring, which according to my informnllts 
cools suficiently once in 15 days for people to hathe in i t ;  Cirptair~ Mcltae tells me that it is cool 
only on one day in the year, during the annual fair. When I visited it the temperature was 
123 to F. that of the air in t l ~ e  slrade I)eing 89'; an analysis of some of the water 1 brougllt 
away with me gives however nothi1lg abnormal in its composition. I t  would be interesting to 
detect the meaus by which the priests divert the hot water on bathing days before i t  emerges 
from the shrine. 

(6.) The slight amount of information as yet collected about this hill coiintry leaves a 
wide field for research in ethology, zoology, botally, and geology; and as it is unlikely that any 
one, whose duties do not compel him to enter tile cou~itry, will do so, except perhaps for a few 
weeks' sport, i t  would be well i f  those who have to enter could be induced to take note of, and 
report on the mnrly points of interest that milst necessarily fall under their notice. 

(7.) The far greater number of the i~~ l~n l ) i t a l~ t a ,  ar~tl all t l ~ a t  live in fixed villages belong 
Inhabitanto. to the Kltnll)i, Wnrli, or Ilajl)lit castes, all tl~ose in one village 

ge~~crnlly bclor~gir~g to the sanlc caste. These villagers till the 
ground to  a small extent, and for food supplement the small animals, whlch they shoot with 



arrows, with fruit, coarse rice and nigl;. Though their  food is scanty, they drink very hard, 
the Parsees having a good trade i n  toddy and mahwa liquor. Tliis latter tastes and smells 
somewhat like Kirsch-masser, and the  first batch of each I~rem is above proof, tlie second quality 
being about as strong as 8 gin and 4 water. Such is the  liquor of which a man will consume 
large quantities i n  a day, with the thermometer rising above 100" i n  the  shade. While  t h e  
mahwa flowers a re  falling, the people distil for themselves, bnt have n o  idea of collecting a 
private store. T h e  people wear very litt le clothing, except i n  the  neigl~bonrliood of the  larger 
villages of the  plain. Every man carries a small sickle shaped knife i n  the  string of his /angoti. 
Their huts  have wattle malls of the  tall  boru grass stalks with a roof of t h e  same covered with 
"pullies" of hay;  t h e  latter they seem invariably to  place stallc ends down-wards, while t h e  
fan shaped part lies above ; this arrangement looks as if i t  must hinder the  rain from running 
off; indeed I do not  think the  people attempt t o  lceep o a t  the  nret effectually. They are  a 
miserable looking lot, ugly and weak, witli stringy limbs arid potbellies, tha t  made m y  khalasies 
remark mith contempt that  all  the  men had " aurat  Ite pet ') ( t l~ereby showing a profound 
ignorance of what often talces place i n  the  ranlcs of luxury). Lung  and chest complaints, 
and t h e  skin diseases, due t o  poverty of blood and clirt, secm common among them. 
Fevers too are of course very prevalent. Tlle statistics I h a m  collected about t h e  villages I 
visited seem t o  point out that  t h e  population is rapitlly decreilsing, the  proportion of children 
t o  adults being as 31 i s  t o  59. Indeed tlie small number of cltildren met  with is  striking. 
I n  practice the  people seem t o  be  monogamous. They nre very shy of strangers, occasionally 
flying as if panicstricken, bu t  as a rule they soon come back, and are  very civil and obliging. 
Their curiosity i n  some matters is as rcmarlcable as their apathy in otliers. A crowd of men  
have frequently sat and gazed a t  m e  steadily, x-atcl~iug my every movement, bu t  of t l ~ a t  crowd 
several probably had never been 10 miles from their village, except in  t h e  direction of the  
nearest town. Sometimes however they mill suddenly desert tlleir villages and migrate after 
t h e  manner of t h e  Bl~ils.  The  aborigiual Bl~i ls  are  now very few ill ~ iumber ,  and rarely m e t  
with escept i n  the  retinue of tlieir chiefs, since if warned of the approach of a stranger they 
will desert their habitations a t  once, arid if surprised i n  t l ~ e  woods will flee and hide almost 
before one is aware of tlleir presence. They are slighter and smailer than t h e  other races, and 
are chiefly noticeable for their extreme blackness, \vild nl)pearance, and scantiness of clothing. 
They live chiefly i n  bough I~uts ,  nlliich map often be met  wit11 deserted. The Bhils having strange 
superstitions, and a t  once inigrating if they tl~inlr their locality is unlucky o r  haunted. They 
will seldom remain a fortnight i n  one place. They feed on all sorts of vermin and garbage- 
many roots, and all  fruits coming xvitli t l ~ e m  under the hcad of food. They are  a dirty and most  
degraded race, having no notions of equity or honour. Their one l~appiness is  t o  get  drunk. A t  
Pimpri I saw tlie Bliil RLj& or na iq~ie  of that  D h g .  H e  is said t o  be the  best of the  lot, b u t  
even he is only sober i n  the early morning ; he possesses an elepl~ant ,  but  the  s tate  he  keeps up  is 
very small. Besides the inhabitants propcr t l ~ c r c  are parties of Hindoo and Mussulmkn traders, 
called Banj&rits, mlio are continually bringing i n  salt and taking out  rice, nitgli, and the  like, 
carried in  double bags by large droves of bullocl~s. Thc nrliole of a family marches together, 
and they encamp a t  night nitliiu ~val ls  built up  witli the  bags. The  women a r e  very well 
dressed and have a sort of head dress pealted a t  the  back over which t h e  skri passes. Also 
there are  the people employed by the  Forest Department. All the  cartmen I met  with were 
Musulmitns. 

(8.) The language spoken on  the  western cdge of the hill c o u n t q  is Guzerathi, bu t  
soon cllangcs t o  a corrupt Rfarathi which is  very difficult t o  

Langungo. undcrstnnd. 
(9.) Any one who has plenty of spare time may amuse l~ilnself very well here. Tigers, 

pant l~ers ,  bcars, boars, bison, sAmbar, bekre, and i n  t h e  low 
Animals. ground hares are all t o  be mct  mith if suitable arrangements 

be made. 
(10.) The birds, are  i n  large numbers, 2nd of all sizes and colours from t h e  large black 

Birds. and wliitc eagles to  tlle tiny hnmming birds. Avery  interest- 
ing collection might hc made, and I regret tha t  I am unable t o  

give the namcs of the  many varietics that  I was able t o  notice. A list  of the  local birds 
would wit l~out  d o u l ~ t  be of great valuc to  t l ~ c  ornithologist. 

(11.) I saw some very fine rock snakcs, one couple about 9 feet long. Lizards, small 
Reptiles. and largc, are i n  grcat variety. 

(12.) Scorpions aud centipcdes arc common, cspccii~lly the  latter, so  tha t  one has always 

Inaacts. t o  be on onc's guard against t l ~ c m .  Tlic small black centipede 
seems t o  be thc most conlmon. Of insects proper the lepidop- 

tera  make a beautiful show. Often during the llcat of t h e  clay pairs of gaudy butterflies have 
chased each other round and round my observatory tent  on t l ~ c  hill top, and rested on  the  ropes 
within my reach. Bectlcs too of every colour ant1 size, locusts, trce suckers (which drive 
their long probosces through thc  soft white bark of ccrtain trccs) and two or  three sorts of 
mantis arc  vcry common. I saw somc vcry finc spiders, notably one large variety of a light 
grey colour with haudsomc black markings on the body and along t h e  thighs. 



(13.) The  trecs t h a t  s t r ike t h c  eyc most arc  :-tllc ta l l  Saoumar or Red Sillc cotton 
Botnny. trce, Uo~nOax Malabarica (Iioolter), with i t s  magnificent show 

of crimson flowers, followed by  seed pods containing the silk 
cotton ; t h e  Bhils gatlier this when t l ~ e  pods a re  half ripe t o  make into tinder ; it also makes 
good stnfliug for pillows. 

T h e  Khando1 (Stercztlia urcns) a bare white t ree  with gaunt  leafless arms, looking 
ghostlike by  moonlight ; i t  lias tufts of velvety,. puce-coloured, star-shaped flowers ; the 
soft white wood is  used for malting into platters, as i t  does not  warp i n  drying. 

T h e  Sagwanor Teak t ree  (Tectona grandis),  with tall  straight t runk.  
There were few large trees i n  t h c  parts I visited, the  P i ~ n p r i  valley having been cleared of 

t h e m  for  building the  Bombay navy. Towards the  interior of the D i n g s  there a re  very fine trees. 
T h e  Sisoma o r  blacltmood tree (Dalhergia latifolia) I found in large quantities in the 

neighbourhood of Ghnsmke IfAti ,  and to the  northeast, growing t o  a thickness of 18 inches; 
for upl~olstery and cabinet work i t  is of course very valuablc. 

The  ICl~air t ree  (Acacia catechu), valuable owing t o  t h e  terra  japonica obtained by 
boiling the  lleartwood aiid unripc seeds. T h e  heartwood is  cu t  into chips by the men, alld 
t h e  boiling is  super i~ l tc~ lded  by the  women; each womali has i n  front of her  two rows of 6 
pipkills each i n  mllich the  cliips are  boiled ; i n  the  centre are  two largcr pots, irito whicli the 
conccntrated ' kAtli' f rom t h e  smaller pots is collected; here i t  is  allowed t o  thicken still more, 
nnd finally is  evtrnctetl i n  portions as large ar can be taken up i n  the  fingers, and left to dry 
in  tlie suri. There a re  scveral manufactories i n  the  D i n g s ;  t h e  people who make the k i th  
a rc  of a lorn racc, and filtllily dirty ; there is  snpposed t o  be some secret i n  the  process. The 
te r ra  japonica is  used ill bctel chewing, and also esported for tanuing purposes. 

The  A m  (Mangifera Indica), t h e  Jungle Marlgo. 
T h e  Amli  (Tanaarindus Indica), valuable for i ts  f rui t  and giving good wood for building 

purposes. 
Tlie Panas, o r  Jack  Tree [Artocarpus Intcgrifolia), with i t s  huge fruit  with peculiar 

shagreen exterior. 
T h e  Bar  (Ficus BenghaIen.sis), the  well known banyan trce. 
T h e  Mallwa (Bassia Iatifolia), FPsm t h e  flowers of ml~icll t h e  ' daru ' liquor is made. 
T h e  Dhari (Grislea tomentosa ?), a low tree with tliorny stem, and beautiful bunches 

of tubular  scarlet flomcrs. 
The  Waras  [Heteropl~ragma Roxburghii), a small t ree with buriches of scalloped and 

crimped white flowers. 
There were several kinds of trees from which, if monnded, red sap exudes, from which 

s trange sight the  idea of the  enchanted wood of Tasso, and of otlier similar wonders probably 
sprang. 

(14.) The  whole of the  hill country consists of ' Deccan ' trap. The  hills are all 

Geology. cappcd with thick s t rata  of dark basalt, varying in texture 
1)ut generally finely crystallir~e, and containing much iron. 

It is  occasionally slightly columnar in structnre. T l ~ e  sides of t l ~ c  liills bclo~v the precipitous 
capping are  covered wit11 dcl~riu of the rocks above; I ~ u t  where rock masses project from 
t h e  loose stnff, they generally appear to  be lcss compact than those above. As I have already 
mentionetl, t h e  spurs of t h e  l~ i l l s  rise in the  cl~arncteristic steps. I n  the  beds of the rivers 
I generally noticcd that  thc  rock was cor~sidcral)ly apcckletl with small felspar crystals, 
ant1 also showed much I~ornl~!cnde m l ~ c n  fractured. T l ~ e  I~oultlers wcre of marly different 
Icinds, most of thcm close grained a r ~ d  crystallir~e; some however being very 
some full of tlie magnetic ovitlc of iron w l ~ i c l ~  r~iqts  in  the  cracks into the  and 
some very full of slcuder prismatic crystals of what I believe t o  bc natrolite. Iionever I 
]lad not  tlie menus hy me for detcrrniuing tlie miueralogy, and I could not afford t o  carry 
about  specimens with me. 

Looking down from a high hill, i t  is a t  once evident tha t  all t h e  configuration of the 
ground is siruply due to  tlie erosloli of matcr, b ~ i t  a t  t l ~ e  same time thc  s t r~~cri t lous result is 
almost bemilrlering; no other r~atriral agcnt co111tl l ~ a v c  carved out  tlie steep, deep, and narrow 
valleys through thehorieorital s t rata;  h11t the amonr~t  of power and time rerluircd for tllc process 
cannot I)e calcalntcd. Tl~iu docs not of coursc refcr to  the  strangely tilted peaks in the ghhts, 
above referred to, which shorn u~imistakcal)lc signs of t l ~ c  imrnctliatc proximity of volcar~ic fol'cc. 

Having been warned prcvio~isly to  my c r~ tc r ing  t h e  hill conritry tha t  the water, even if 
boiled a ~ l d  filtered, would be lunfit f o r ' d r i n l c i ~ ~ ~  pnrposcs, ant1 that  those who drink i t  waul? be 
aure t o  suEer from fevers a~l t l  tliarrhcea, I toolc wit11 me a, l)ortnl)lc still, wl~ich with very. 114tle 
trouble supplied mc and thc  Cl~ristialis and i\Iahomedans of the  party with water for drlnlclng 
and cooking pnrposcs. The I-lintloos 011,jcctetl to  nsing it ,  and i t  would have been of little 
good giving it  to  t l ~ c m ,  as on the march t h y  driuk from any pool ncar. I belicvc that i t  is 
principally owing- t o  the nsc of the tliqtillcd water, t h a t  my servants and I wcre very free from 
sickness, while all the pcous and lilialasics had scvcral attnclcs of fcver ant1 rliarrhma, although 
I made t l ~ r m  take q a i ~ ~ i n e  almost cvcry day. I therefore strongly rccommend the use of a 
portable still  in  districts where tkc  matcr is  known t o  bc bad. 
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Extract from the Narrative Report-dated 20th November 1874-of Captain H. R. THUILLER, 
R.E., Officiating Deputy Superintendent 1st Grade, in charge of the Kumaun and Garhwal and 

the Dehra Dun Survey Parties. 

(1.) During the recess of 1873, while Lieutenant J. Hill, R.E. was in charge, the party 
was employed on computations and in  preparing the fair maps Rece~s of 1873. 
of Kumaun, surveyed during the previous field season. Four shaded and two skeleton sheets mere completed and sent for publication before the party took 

the  field. - -.- 

(2.) On the 1st October 1873, I received charge of the Kumaun and GzrhmQ Party 
from Lieutenant Hill, R.E. 

(3.) The only portions of Kumaun and Garhmiil which then remained to be surveyed, 
embraced some of the highest ground in the great Himalayan 

Port,ioos of Kumaun and Cfarkwbl 
remaining to be surveyed. range. TO attempt surveying such elevated regions during the 

winter months, mould in all probability end in failure. Such 
ground can only be attempted with a fair prospect of success during the autumn and spring 
months. I mas therefore instructed to postpone the prosecution of t l ~ e  Kumaun and Garhmil 
Survey until the spring of 1874, and in the interim to employ the party in making a survey, 
on the scale of 4 inches to a mile, of such portions of the district of Dehra Dlin, as are not 
included in the Government Forest lands which were being surveyed independently by Captain 
F. Bailey, R.E. of the Forest Department. 

Dehra Du'n Surveg. 

(4.) As there mas no separate demarcation establishment to precede the Survey, the 
Superintendent of the Dlin mas referred to for assistarlce regarding the clernarc~tion of the 
village and other boundarics, as soon as the Survey was determined on. The last settlement of 
the district was completed in the year 1864, ant1 though the bou~~daries are tolerably well dernar- 
cated with permanent pillars, they are not suflicie~~tly numerous to define the boulldnries for 
the  purposes of a Survey. The Superiuter~derit promised cordial support and assistance, and 
orders were promptly issued to Zamindkrs and Grant holders to define their boundaries by 
temporary marlts at  bends and turns, where not otl~erwise defined by natural features, and to 
have the lines cleared between t l~em ready for the Survey. 

(5.) On assuming cliarge of the Kumaun and Garhw61 Party, the organization consisted 
Orpnizntion of the Party. entirely of European Surveyors. For t l ~ e  large scale Survey 

of the Dlin, the system of plane-table surveying which had 
been the only method made use of for the small scale Surveys on which this party had hitherto 
been employed, required modification. For the flat grol~nrl, of wl~ich therc is a considerable 
amount in the DLill, in which boundaries are t l ~ c  chief ohjcct, the ordinary nietl~od of chain 
surveying had to be resorted to. For this proocss i t  mas riecessary to employ native agency, 
otherwise the cost of such operations, which iuvolve co~isidcrahle additiorlal labour, would be 
materially enhanced. 

(6.) One of my first duties therefore was to change the organization hy having a pro- 

Reorganization. per proportion of Native Survcyors to the Europeans. I found 
however i t  was impossible to obtain traincd men, and I mas 

therefore forced to entertain men who were entirely ignorant of surveying and to have them 
instructed in the special work which we required. The lal~ours and difficulties attendant in 
training a large number of men need not he expatiatcd on; i t  is sufFicient to say that without 
an exception all the men were perfectly ignorant of the rl~dimente of surrcying, and were 
generally unacquainted with English, which increased the difliculties of instruction. To teach 
such men the use of drlicate instruments would have bee11 a lalmur involving considerable (lclay 
and in many cases perhaps failure; and as the worlting season was passing on, it mas all ol,ject 
of importance to utilize aa far as possible the services of tllcse men while the field scason 
lasted. 

(7.) I decided therefore to have them taught the use of the simplest instrnment for tra- 
versing, viz.,  a circular protractor (ordnance pattern) monnted on 

Method of Burvcying. a plane-tahle. This method of traversing had been introduce~l 
by Lieutenant Hill with success in the Bl~Rbar and Tarki tracts of Kumaan. A circular card- 
board protractor, graduated to quarters of a degree from left to rigl~t, commencing from the 
southJ is mounted on an ordinary plane-table, and the magnetic meridian linc, found ill the 
uaual way at  a trigonornetrical station, is marked on it. For tl.ave~.sing, the pIanc-tahle is pet 
up by the long magnetic needle, the azimnths of back and f o r n ~ r d  stntions are talter~ by placfng 
the edge of the sight rule over the centre of the circle, intersecting the ol).iects, nnd t l~en readlng 
the  bearinge off the graduated circumference. The azirnuths having heen rrntl off 3 r'il'r.lr '!' 
large diameter, are eusceptible of considerable accuracy, and being rcfcrriblc to tllc tl,llr n ~ ( ' ~ ' -  



dian are all the  more quicltly plotted on  an ordinayy oraticulc, than  magnetic bearings, and 
require n o  correction if i t  is necessary t o  compute t h e  t ra )  ,. - Thc  observations also can he 
talcen more quickly t h a n  with t h e  prismatic compass, as i t  is  noL J --essary t o  wait between 
them for the  needle t o  come to rest. 

(8.) The  field operations commenced early in Novembcr and the  members as per mar- 
gin mere employed for various periods d u r i t ~ g  the  season i n  t h e  

E. C. R p l l  Esq. 
Lieot. St. Q. Gore, R.E. D 6 n  morlr. I l ieutena~lt  Gore R.K. mas deputed on  special 
Mr. J. Low. worlc t o  f ix  trigonometrically two stations a t  1toorkee, selected 
,, L. Pocock. hy  Colonel Tennant, K.E., for t h e  ol)servations of the  Transit 
,, J. Macdougall. of Venus. Mr. l tyall  mas entrusted with the  duty of training ,, 13. Todd. 
,, T. Kinncy. t h e  Native Surveyors and super in te~~ding  thc boundary surveys; 
,, E. Wrixon. Dlessrs. L. Pococlc and Icinney wit11 triangulation, and t o  
,, E. Litcllfiold. Messrs. Litchfield, J\Trixon and I. Pocock mere consigned the  
,, I. Pocock. 

16 Nativc Survcyore. main  circuit travcrses. 
(9.) Owinz t o  our  t a l t i n ~  t h e  field late. t h e  new nature 

out-turn of work. of our  kdrlc and t i e  difficulties and delay in  tikining the  zvhole 
of the Native Surveyors, t h e  out- turn of work has been small, bu t  I t rus t  will be considered 
satisfactory, considering that  me had to initiate a ncw system and tcach all  t l lr  Native Survey- 
ors i n  a body. T l ~ e  area topograpl~ically surveyed on  the  scale of 4 inclres to  a mile was 40,051 
acres, o r  about 63 square milcs ; the  triangulation has coveretl an area of 529 square miles: 
271 linear miles of main theoclolite traverses and 577 miles of boundary travcrscs have I~een  run. 

( 1 0  T l ~ e  Eas t  E n d  D e l ~ r a  Dlin Base-Line Station was adopted for the initial o r  starting 

Origin of Survey. 
point of the  Survcp, and I~e ing  \\re11 and centl.ically placed will 
be  maintilined as the  origin for the  wl~ole of t l ~ c  DGII Survey. 

(11.1 The  traverses, i r~c lur l i r~r  tllosc of tlrc bo~~nrlnr ies ,  mere all rednced i n  tile field . , 
and f i ) ~ ~ r ~ t l  to  stnutl t l ~ c  nsnnl t r s t s  i n  a satisfactory manncr. 

Theodolite trnverses and thcir errors. E r e r v  ~)recnutiou Isas taltcn t o  iusnre accuracv of results. T l ~ e  
d .  

lines mere i n  all  cases traversed with t n ~ o  chains of a different unit, whose lengths were from 
time to time tested wit11 the  standard, and corrccted accord i~~gly .  Thc directio~rs of the  n1:lin 
traverse lines were laid out  wit11 the  object of connecting bonntlary pillars a t  sulficientlg close 
intervals so as t o  form proper cl~eclcs on t l ~ c  village bountlary traverses. I t  was found that  tliis 
could be done in most cases by r u n n i ~ ~ g  thcru along tlre 1nai11 rontls, streams, kc .  so that  i n  
addition t o  establisl~ing check points for t l ~ c  minor t r i~rerses ,  they inclutle a large amount of 
topograpl~ical detail which mas plotted on the plane-tal,les before t l ~ c y  were sent out to  the 
Plane-Tablers. 1 1 1  addition to  these cl~eclts, 51  I)ou~~rlary pillars were fixed. trigonon~etrically, 
so that  the boundary traverses arc  i n  all cases ~vc l l  ticd in. T l ~ e  ~ n a i n  tl~eodolitc traverses were 
i n  all cases run  between tl*igonon~ctrical s t n t i o ~ ~ s .  On 1.efcrencc t o  t l ~ c  ta l~n la r  statement a t  
page 41-a i t  mill be seen t h a t  in 55 travcrscs, t l~cuui tc t l  Icngt l~s of r l ~ i c h  amonnt t o  271 miles, 
tllc average difl'erence from the  corrcspontling trigouomctrical values is 0.74 per 1000, and t h e  
average closing angular error 21" per station. 

(12.) T l ~ e  b o u ~ ~ d a r y  traverscs cornp~.isc 156 villages and cstates. Tllesc mere done en- 

Boundary traverscs and their errors. tirely by t l ~ e  Native Survc!.ors, rnl~om me had trained a t  t h e  
c o n ~ m e ~ ~ c c o ~ c r ~ t  of t l ~ c  felt1 scason, ancl consitlcring their in- 

experience, and the dclays met  with in  p rosccn t i~~g  t l ~ c i r  ~rorlc 011-ing t o  the ~ v a n t  of demarca- 
tion of t l ~ e  bounrlaries, the  result I t l~ in l i  is as mncll in quantity as could be expectccl, and i n  
quality very crctlital)lc, consic1e1-ing the  rough gronntl ~v l r ic l~  nlnrgc portion of t l ~ c  I)dn consists 
of. I have classifietl these travcrscs ~ ~ n t l c r  t\vo 11c:ncls accortling t o  the  nature of the ground 
traversed. I t  will bc sccn from t l ~ c  tabulntctl statcmcnt that  in  fair level ground in 124  traverses, 
the united lcngt l~s of which amount to  403 ~nilcs ,  the avcrage closiug crror is 1.97 per 1000. 
I n  the r o u g l ~  n11d l~i l ly  g ro~~ncl ,  in  58 traverses \\fit11 a unitcd Icng t l~  of 174 miles, the  average 
closing error is 4b.71 per 1000. Tliis crror, tllo11g11 al~parently Ia~.gc, is ~ronderful ly good for the  
nature of the gronntl traversed over. As t l ~ c  ll611 cl~iefly consists of I~road platea~rs intersected 
by deep ravincs, i t  is a natural n~.rrn~gcment t l ~ a t  the I)nnntl:~rics of villages k c .  sl~oulrl be defined 
by such natural feiitures. T l ~ i s  is thc  case in t l ~ e  majority of I)our~daries, and in the nortllern 
portion of the vallcy a t  the foot of t l ~ c  Ilim:~lay:~s, t l ~ c  grol~ntl is very hilly, rugged and broken. 
Cl~a in  m e a s ~ ~ ~ , e n ~ e n t s  in  s u c l ~  ~ I ~ O I I I I ~ ,  unl,:ss rc-tlrlccd t o  the I ~ o r i z o ~ ~ t a l  level, would be quite 
untrustwortl~y. I thcrcforc providctl t l ~ c  Snrvcyors wit11 rough mootlen cliuo~neters, graduated 
t o  degrcca, hy whicl~ they ohscrvcd ant1 rrgistcrcd tlln angles of inclination. I n  many cases 
incliries of from 20' to  50° I~ave l~ecll cl~niuril  oIrcr; adding to this the ronghness of the gronnd, 
cspccially in thc  ravincs ~ e l ~ c r e  Inrgr bn~~l ( l t -~ . s  are n ~ r t  wit11 in grrat  a l )nnda~~ce ,  the  error of the 
work in Iar~d of this c11ar:tctcr will not I)c wontlrrctl a t ,  '1'0 sl~owv the intricacies of the  bound- 
aries, I l ~ a v e  appended a colnmn in t l ~ c  dctni! of \vorl(, giving thc nnmbcr of traverse stations, 
a8 tlley i n c r c ~ s c  the labour of t l ~ c  work ant1 adtl t o  t l ~ e  probabilities of crror. This gives t h e  
average distance betwceu each station t o  be  only 68 cl~ains. 

(13.) T ~ I C  boundary mork, owing to thc tlclay in  training thc Native S ~ ~ r v e y o r s ,  cannot 
Obt,ructions nnd dclays. be said t o  l~nvc bcen f'tirly startetl till the end of Decembel*, and 

as  these prelimiuary traverses mere required to be surveyed, 



reduced anrl plotted bcfore t h e  topography c o ~ l c l  bc  t aken  up, t h c  plane-tabling was not corn- 
menced till  tlle beginning of 1\4arcll, and the  out- turn of topograplly therefore has been neces- 
sarily very small. T h e  progrcss of the boundary traverses also was considerably retarded fro,,, 
causes bcyond o n r  control ;  t h e  chief cause of delay I ~ e i n g  due t o  inefficierlt demarcation. 
Alt l lougl~ orders mere issued on  tlle sul)ject by t h e  Superintendent of the  DLin i n  October, i t  
mas found t h a t  they had not  been carried out  and consequently t h e  n o n - a t t e n d a ~ l ~ ~  of tile 
Zamindiirs o r  properly qualified men t o  point out  t h e  boundaries mas a source of m u c l ~  trouble; 
complaints were constant and progress slow. T l ~ e  Surveyors i n  rnany cases found that  no steps 
whatever had been talcen for preparing t h e  boundaries for t h e  survcy, and i n  order t o  prevellt 
fur ther  delay, often had t o  clear their own liues. T l ~ e y  mere generally entirely dependent on 
t h e  attendance of t h e  PatwAries for marlring the boundaries a t  the  actual t ime of survey, a 
system which naturally would cause delay under t h e  most advantageous circumstances, bu t  when 
combined with t h e  ignorance and ilidolence which most of tlre Pativiiries of the DLin evillced, 
proved fatal t o  t h e  rapid progress of the  work, and much valuable t ime mas thereby lost. Boun- 
dary  disputes, which were numerous, tended t o  cause fur ther  delay. Some of these mere 
however amicably settled a t  t h e  t ime of t h c  survey through tllc aid of t h e  Peshlriir o r  Ciin6ngo, 
mllose services had been kindly placcd a t  m y  disposal hy t h e  Superintendent of the  Dhn;  
others howerer were beyond his powers, and as there mas n o  settlement officer a t  hand to adjn- 
dicate and acl.just them, they I ~ a d  t o  he abandcned. Such disputed portions I, a t  one time, had 
surveyed as  claimed by each owner, but  this 1 found was waste of time, as generally neither of 
t h e  claimants mere right.  

(14 . )  The  amount  of triangulation and traversina completed i n  advance of the  oortion . * 
t ~ & ~ r a ~ l i i c a l ~ ~  surveyecif covers a n  area of 1 9 8  square' miles. 

TrinngulntiOn tc"ersing in This embraces 18 planc-table sections wlrich are  therefore quite vance of the detail Survey. ready t o  be topograpl~ically fillet1 in, and will be taken i n  haud - -  - 
a t  t h e  commencement of t h e  field season. 

(15.) I now proceed t o  report separately on  each Officer's work, t h e  details of which 
a r e  tabulated on  page 41-0 

( 1 6 . )  Mr.  Hyall was entrusted with t h e  duty of training the  Xative Surveyors for the 

E. C. Ryell Esq. 
boundary traverses, and took the  field on t h e  10th November. 
Messrs. Litchfield, Mrrixon and I. Pocock were also attached 

to  him temporarily for t h e  purpose of being employer1 in main circuit traverses. As 
stated, t h e  natives mere t l ~ o r o l ~ g l ~ l y  ignorant of any Icind of ~rorlc connected with surveyirlg; 
t h e  assistants also were inexperienced 110th i n  this metlrotl of field worlc and i n  the  reductions, 
and  t h e  task of ins t ruc t i~ lg  some of them nr~d  t h e  whole of t h e  Native Surveyors tlevolved on 
M r .  Ryall, who mas c o ~ ~ s e q u e n t l y  not able t o  take any very active slrare i n  the actual survey 
o p e r a t i o ~ ~ s .  Early i n  December, five of the  Native Survcyors who had been trained, mere trans- 
ferred t o  Lieutellant Gore, R.E., for employment under him. W i t h  the  remailring men, Mr. 
Ryal l  mas instructed t o  talce up  the  village boundaries i n  the Western Dlin, north of the main 
road  running  from Delira t o  AmbAri. 

(17.) H e  reports tha t  n o  actual 1)oundary worlc was cornmcnced till the  first week in 
December, and  tha t  omiiig to  the  inexperience of the  Native Surveyors, much that  was done 
dur ing  tliat month  had to I)e revisetl, so that  the  out- turn of mark in December mas very small, 
only three or  four villages being s~iccessfnlly survcyctl. The  worlr done by tlre Native Surveyors 
ill January,  t l ~ o u g h  still unsatisfactory, was foulid to  bc a n  irnprovemcnt on their formcr attempt. 
On 14th February, Mr .  1ty:~ll transt'erretl scven of the Native Surveyors t o  Messl.s. Kinney and 
Litchfield t o  assist tllem ill filli~rg in t l ~ e  interior details, and proccedetl further west carrying 
011 the b o ~ ~ n d a t . y  trarcrses. A t  tlte elrd of J,Inrclr, 111.. 1:yall was rclicretl from Iris dutiej 
connected wit11 the  DLin Survey, i r ~  order to  carry 011 tlrc Iirrrnn~tri alld Garlrmi'il Survey which 
had heen suspended dur i~rg  tlre minter. I am n1uc11 indcl)tc:tl to  Mr.  ltpall  for lris exertions in  
t raining a large uumber of men and rendcricg them practically useful in  a few mor~tlts in a 
difficult country. 

(18.) Lieuter~arit  Gore, R.E. mas posted to the  party on 1s t  Angiist 1873, and mas sent 

CS. C. R,E. a t  the  comrncl~ccment of tlre field scason on some t r i a n g ~ ~ l a -  
tion to  fix poi~itv a t  11001~ltec, in  anticipation of the ol)scrvations 

of  t h e  Transit of TTenus. Licntennut Gorc stnrtctl on tlris dnty on Gt l~  November. Two sta- 
tions selccted hy  Colonel Teltn:~nt,  I1.R. ivcrc fixctl I)?  ol)scrva~.ior~s to  a11t1 froni tlre principal 
stations of CI~L~rtlipal~i'ir and L)oin,;ila, wlricl~ are  sit~latctl  in t l ~ e  Si\vLlilc Hills;  other p e r m a n e ~ ~ t  
objects viz. t l ~ e  Dornc of the Collcgc, Fountlr~r (:l~irnr~cv, k c .  wcrc also fixctl. 

(10.) Or1 thc  coml~letion of tlris urltlcrtaltir~g, carly in  I)cccn~l~cr ,  1 sent I~ieutenant  
Gore wit11 a party of five Natiro Srirvcyors wllo l~at l  I)cen trainetl by Mr .  ltyall, t o  take up the 
Burvey o f  thc  villngc l)ountlarics, comrnc~~ciug  from t l ~ c  I)el~ra and Sliorcpur road anrl ~rorlting 
westwards. Lieuteuant Gore contiuiietl on this duty dr~r ing  t l ~ e  remair~tlcr of tlre field seaqon, 
auJ by lris energetic a ~ ~ t l  systematic arrangements protlucetl a large amol111t of ho~rndn~.y work 
o u t  of  his 11ativeg. I n  arltlition to  t l ~ i s  he madc a largc scale survcy of the IIarl~answAla and 
Arcadia Tea plantationcl, on the  scale of 20 i l ~ c l ~ e s  = 1 milc, cornprisilrg an arca of about 640 
acrcs. H e  closcd work on  27th hlay. Lieutellant Gore has become thoroughly acquainted 



With the practical operations of thc  Survey and has rcndcred m e  much valuable assistance. 
(20.) Mr. Peyton mas not employed in t h e  ficld, his services being required i n  the  draw. 

ing  branch of the  I-lcad Quarters' Office where he also supervis- 
Mr. J. Peyton. ed the Nativc Draftsmen 1)elonging t o  this party, who remained 

in Quarters t h e  slrclcton s l~cc t s  of ICumaun aud GarllwAl. Mr.  l'eyton was transferred 
to the Guzerat Party from t h e  1 s t  M y .  

(21,) Mr.  Neuville mas a p p o ~ ~ ~ t e d  t o  t l ~ i s  par ty on  1 s t  November, bu t  owing t o  t h e  s tate  
of l ~ i s  health ml~ich tllc Civil Surgeon of Dehra certified mas 

Mr. C. J. Neuville. quite unequal to  out-door morlc of any natnrc, and that  any  
exposure would be  attended with consideral)lc rislr, l ~ i s  scrviccs were utilized i n  t h e  head camp 
ill carrying on  the  current Office work and i n  t h e  comijutations of t l ~ e  triangulation and traverses 
Which involved a consideral~le amount of labour. 

(22.) A t  tlle end of the  field scason of 1872-73, M r .  Low had received orders from 
llieutenaut I-Iill, n.110 was then i n  charge of t h e  party, t o  con- 

Mr. J. Lorn. t inue his field operations i n  Kumaun th rongl~out  t h e  summer 
and autumn months. This portion of his morlc will be reported on  under head of the  Kumaun 
and GarhmAl Survcy. H e  returned t o  D e l ~ r a  about 20tl1 December, and after a few days' r es t  
commenced operations in the  D6n. U p  t o  t h e  nliddle of Fcbruary he  mas employed i n  travers- 
ing and tllougli his progress mas not  rapid a t  first, owing t o  want of experience i n  work of this  
nature, the  results were good. H e  was afterwards employed on triar~gulatiou i n  t h e  SiwAlik 
Hills, east of the  Mohan Pass. This nndcrtalting was talren u p  cl~iefly for the  purpose of 
furnislling *oints for  Captain Bailey's Survey of t l ~ c  Sim;ililes. M r .  Low commenced observa- 
tions on the 7 th  Afarch nut1 closed worlc on 27th May, conipleting an area of 83 square miles. 
The details of his aorlc mill be found i n  the  t?. ..bulated return a t  page 41-a. His  observations 
were hindered by t l ~ c  l ~ a z y  weather m l ~ i c l ~  invaria1)lg prevails dar ing April and May, and his 
progress was further retardetl I)y t h e  1)hysical difficulties of the  SinAlilc Hills, the precipitous 
nature of which caused much dclay in  niovil~g from point t o  point. RIr. Low bad thus been 
for 18 consecutive months on field clnty and 11:ts norlred hard a ~ ~ d  well. 

(23.) Mr.  L. Pococlc toolr the  field OII 8 t h  Novemher and mas employed throughout t h e  
season in t r i angula t i~~g .  H e  esccuted a ~rct-work triai~gulation 

Mr. L. Pocock. coveriug 2G7 square miles, consisting of 104 points visited and 
451 fixed by intersection, t h e  hc ig l~ ts  of 103 of wl~ ich  were determiued by vertical observations. 
Mr. Pocock is a rapid and escellent ol~server and has t l~ roughout  given me evcry satisfaction. 
Unfortunately his health is far from good and lie cannot stand much esposllre. His  progress 
was somewhat retarded on this account, but  he  worked hard till  tile bcg i r~n i~ lg  of May when 
his health broke down, and on submitting a medical certificate, h e  was permitted t o  proceed to 
recess quarters w l ~ c r e  lie was eml)loyed in bringing 111) t l ~ c  compl i ta t io~~s  of l ~ i s  work. 

(24.) Mr.  llacdougall \vas transferretl t o  this party on  1st January, but  as his services 
wcre rcquired i n  the  Computing Office, 11e did not  join til l  t h e  Mr. J. W. bfncdougnll. end of that  month. EIc mas employed till  the  end of April i n  

the office in cornpntations. I was n ~ r i c l ~  plcased with his stcady apl)lication and industry. H e  is 
very energctic anrl hardmorlring, bu t  his ~ r n n t  of accuracy is a grcat dra~v1)aclc t o  his usefulness 
as a coml)nter. ]luring Rlay he  was cmploycd ill travcrsing ill :lnd al~ol i t  the  station of Del~ra .  
The results of his work were very satisfactory and will be found detailed in  tlie tabular state- 
ment. 

(25.) Mr. Todd mas cmplogctl i n  quarters til l  23rd Fcbruary in preparing one of t h e  
dcgrcc s l~ccts  of I < u o ~ a ~ i n  ant1 Cfarl~w;il, ant1 in  the ci~rrel i t  work Mr. H. Todd. 
c , :~nccted wit11 the p~tblication of tltc one inch sheets. H e  

joined my camp a t  the  eutl of l '< l ) r~~ary ,  ~ v h e n  I i ~ ~ s t r n c t c d  him t o  talie u p  t l ~ e  topograpl~y of 
section 17 aud the n-cstcrn 11alf of scctiou 28. IIe co~nmcncctl pla~le-tabling on  the 121h 
March ai~t l  coml)lctctl the  al~ooc scctions singlc I~nndctl, thcre bcirtg IIO Native Surveyors avail- 
a l ~ l e  a t  that time to assist I ~ i m .  0 1 1  4th 3I:ly he took 111) the  topograpl~g of section 1 6  wit11 two  
Native S ~ ~ r v e y o r s ,  each wit11 a pl:lr~c-t;~l)le, onc of wllom I~owcvcr I~atl received no instruction i n  
plane-tabling. Mr .  Todtl l~a t l  tl~crct'orc t o  trili~l Ilii11 ah iuilio. 1Vitl1 tlle escept iol~ of a small 
110rtio11 in t l ~ c  S .  W. corner, this section was also con~l)lctctl. Tlic portion of country in  which 
Air. Todd worltetl is a lcvcl  lain in, part,ly c~~ltiv:llctl a ~ ~ t l  pnl-tly nrnste and forest land, with a fair 
a r n o u ~ ~ t  of tlctail n~ l l i c l~  llntl to  I)e dc1ilicntt:tl princil):~Ily I)g the l:rl~orious process of chaining. 
A t  the entl of Marcll, I irinpccted 141.. Totltl's worlr a11t1 fonnd i t  vcry cnrefnlly (lone. His  total 
arca comprises 22,507 arrcy, w11icl1 was csccr~tcd a t  t l ~ c  ratc  of 16 sqllnre miles per mellsem. 
Mr. Totltl is a vcry carcfnl n11tl acc!nrntc Snrvryor x ~ ~ t l  tllo11~11 l ~ i s  heal t l ~  was not good towards 
the cntl of the scnson, hc cont i l~i~ct l  asnitluo~~sly :it l ~ i s  wot.lc till 28rd Rlay aud has proved him 
self to 1)e a val~lnl)lc nsqistant b o t l ~  ill the ficltl a i~ t l  in  ofice. 

(26.) Rlr. Ki l~ncy  tool< tllc ficlld 011 2T,t,l1 No\wnl)cr and vns  first crnployed in triangula- 
Mr. T. K i ~ i n e j .  tiltg in t l ~ c  ~ ~ c i ~ l ~ l ) o ~ ~ r l ~ o o c ~  of 1)clira. On  the  15th Decernher, 

oli the con ip lc t lo~~ of this picce of  work, I attachcd him t o  Mr. 
R.yall to  assist him in thc training of t l ~ c  Nativc Surveyors aud in t l ~ e  reduction of t h e  b o u n d a q  
traverses. On lGtll January, 11c was deputed to co~lnec t  certain boundary pillars with trigono- 



metrical stations s o  aa t o  furnish checks for t h e  village traverses. H e  wur employed in this 
witli M r .  Ryal l  t i l l  t h e  middle of Fcbrnary, by  mlricli t ime t h e  p r e l i m i r ~ a r ~  work was sufficient- 
l y  advanced for t h e  topograpl~y t o  be  talien up. T O  Mr .  ICinney mas allotted the mestern half of 
section 38 and tlie eastern 11;~lf of section 2 8 ;  he  mas provided wit11 three Native Surveyors, all of 
wliom liolvever he  had t o  t rain in  plane-tallling, thcir  previous work having been confined to 
boundary traverses. H e  commenced tlie topography on  10th Marc11 and on closillg worlt for the 
season ou  27 th  May,  had completed a n  area of 13,530 acres which was a t  the  rate of 14; sqllare 
miles per mensem. ?'he greater portion of this piece of  country is very highly cultivated and 
a large amount  of detail, aud c o n s i d e r i ~ ~ g  that  a great portion of his t ime mas taken up  in training 
th ree  Sub-Surveyors, his out- turn may I tllinlc be  considered very creditable. 

(27.) Mr. Wrixon mas transferred t o  this par ty from 1st October and was employed 

Mr. E. P. Wrixon. t l~ roughout  the  greatcr par t  of tlie field season in carrying main 
traverses for fixing trijunction pillars, so  as t o  form proper 

checlts on  t h e  boundary traverses. I-Ie subsequently, for t h e  same object: executed some minor 
triangulation near  the  foot of tlle hills where t h e  ground mould not admit of traverse lines being 
r u n  bctwecn trigonometrical stations. H i s  morlc will be found detailed i n  the tabular statement 
and  stood t h e  usual tes t  very satisfactorily. I am glad t o  be able t o  report favorably of Mr. 
Wrixon's exertions. H e  still  requires a good deal of supervision, bu t  his system of working has 
considerably improved since he has been attached t o  this party. 

(28.) Mr. Litchfield took t h e  field o n  24th November and after a few days' instruction 
Mr. E. Litchfield. 

i n  traversing, h e  was sen t  t o  carry on  main circuit traverses 
over ground t o  t h e  N. W. of Dehra. These circuits embraced 

comparatively r e r y  rough ground, t h e  traverse lines ~ w n n i t ~ g  into and over numerous (leep ra- 
vines. Under  t h e  circumstances, t h e  results of his labour ml~icli  will be found i u  the tabulated 
return,  a re  very crerlitable. O n  t h e  completion of th i s  piece of worlc, he  mas employed for a 
month  and  a half i n  assisting l I r .  Ryall in  tlie reduction of traverses, arid subsequently in the 
beginning of March, took 11p t h e  topograpl~y of section 3 7  which he  was employed on till the 
4 t h  April, when, on  account of his services beiug required for the  Kumaun and Garl~mil  
Survey, h e  closed worlc i n  t h e  Dlin. H e  completetl a n  area of 4,014 acres a t  the  rate  of about 
11 square miles per  mensem. H i s  ground mas much more intricate than the  portions surveyed 
by Messrs. Todd and Kiuney, hence t h e  slower rate  of progress. 

(29.) M r .  Pococlc had l~i t l ier to  clone n o  independellt field work, having been employed 

Mr. I. Pocock. i n  t h e  Office during the  previous (his first) field season; he 
had therefore t o  be  instructed i n  t h e  method of traversing and 

connecting traverses together. I n  t h e  bcginnilrg of December, he mas deputed to carry a 
serics of traverses from tlie E. E n d  Base-Line t l ~ r o u g l ~  t h e  valleys of the Asan and Jumna. 
H i s  progress, owing t o  his inexperience, was a t  first slow and was further mnch retarded by the 
bhhbar grass and lihyr jungle tltrough which his lines had t o  be cleared. Mr .  Pocock applied 
himself very diligently t o  his work and promises t o  become a useful member of the  Survey. 
Having been told off t o  accompally the  party into Kumaun for the continuation of 
t h e  survey there, h e  closed work i n  the  Dlin on  4 t h  April. The  detail of his work will be 
found i n  t h e  tabulated return.  

(30.) T h e  Native Surveyors have as a body done well and worked diligently, and consi- 
dering they were all new hands, have done as much as could 

Native Surveyors. be  expected of them. I n  flat even g r o u ~ ~ d  some of them have 
already done independent work i n  putting iu  tlie features, and with more practice, 1 have no 
doubt  mill improve and tu rn  out  good wo~.k ,  A fcm of the  more intclligcnt men, I am in hopes, 
may be  utilized i n  surveying the  niore rnggecl and l ~ i l l y  ground ncar t l ~ c  foot of the hills, but I 
fear  i t  mill take sometime t o  train them for worlt of this uature, mhicll cannot be tebted by the 
system of partdl lines. 

(31.) As the  topogrnpl~y had t o  be  talien in  hand during the  season, and checlc points 
furnished for the  village 1)oundary traverses, a very largc amourit of  c a l c u l a t i o ~ ~  Irad to  he done 
i n  t h e  field. I a t  first tl~oliglrt that  the system ot' plotting the bonntlary traverses by protrac- 
t ion would have answercd eyery purpose, 1)ut as the  Native Surveyors were all u l~~rac t i sc t l  llands 
*nd no t  good a t  t h e  work, ant1 the  l~oundaries  as a rule were very intricate, i t  was f0111ld that 
t i m e  wonld be saved by reclueing all thcsc traversrs in  t h e  first instance. Tliis lal~orious duty 
devolved clriefly on the  Head Office and occ~r~) ied  a very c o ~ ~ s i d e r a l ~ l e  portion of my time. I 
lrave now homevcr four nati\  cs t l r o r o ~ ~ ~ l l l ~  trained iu  these computations, which will relieve the 
European assistalits of t l ~ i s  irksome task. 
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~ R A E O N  1873-74.1 

DEHRA DUN SURVEY. 

Tabular statentegzt of out-tzcr~z of w o ~ k .  Seusolz 1873-74. 

Details of Triangzllutio~z. 

Details of topop+upl~y. Scale 4 i12ches = 1 nzile. 
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KUMAUN AND GARHWAL SURVEY. 

(32.) T h e  extent of country which remained t o  be  surveyed i n  Kumaun and Garhmal 
mas estimated a t  about 3,600 square miles and consists of ground Arrailgrmonts for the contiliuntion 

of tho Survcy. of very great  altitude, physically t h e  most t rying and formida. 
ble t o  Surveyors. A considerable portion of this tract about 

t h e  high ranges, probably one half, may be said t o  be simply impracticable and can really be 
only reconnoitred. I t  was arranged tha t  this unsurveyed portion should be placed under the 
charge of Mr .  E. C. Ryall, who by his long and varied experienccs i n  mountain surveyir~g mas 
specially fitted for  such a n  arduous undertaking. 

(33.) The  period during t h e  gear  i n  which actual field operations can be carried on in 
Limited period of field operntions. such high altitudes bcing very short, i t  mas arranged tliat the 

party shonld recess close t o  the  scene of its operations, in  order 
t o  avail itself of as  much of the  clear and mild v c a t l ~ e r  as possible. T l ~ e  probable working 
period was estimated a t  -1.5 days before the  rains and about the  same ~ i u m h e r  at'terwarcls, tl1011~h 
t l ~ i s  of course depcncls a great deal upon t h e  nature of the  season. Almora being tlie nearest 
s ta t ion t o  their  o p r r n t i o ~ ~ s ,  was selected for recess quarters. 

(34.) Tlie mcmbers as  pcr margin were told off for the  operations i n  Kumaun and 

IT. C. Ry1111 Esq. Garlinvil, Mr .  Afcil'Pee having been transferred t o  this party 
Mr. BICA'FCQ. from the  Guzerat Survey i n  April and Mr .  McCarthy from the 
,, LitrI~ficld. Head Quarters' Office i n  February. The  party assembled in 
,, I. Pocock. 
,, McCurthy. 

Delira early i n  April and after making their necessary arrange- 
ments  for t h e  campaign, started for  Almora on 12th -4pril. 

(35.) At  t h e  close of t h e  field season of 1873-74, Mr .  Lorn mas directed by Lieutenant 

hIr. J. Low. Hill, 1t.E. who mas then i n  charge of t h e  party, on the com- 
pletion of his topographical work, t o  carry a minor series of 

triangles from the  base H 6 m  1I.S. t o  Punya  H.S. u p  the  valley of t h e  Gori t o  the Passes 
a l~ove  BIilam. Mr.  Low however owing t o  unavoidal~le delays, as stated in  Lieutenant ,Yillls 
l~nrrat ive report for last ycar, ditl not fi~rish Iris plane-tabling work till thc  end of June. It 
was not  til l  the  beginning of Ju ly  therefore that I IC  could commence his observations, which 
proved t o  be  too la te  ; for owing t o  clouds and bad weather Mr. Low after remaining one month 
a t  his first station Hlim H.S .  did not  succeccl in  getting half a day's worlc. The statc of his 
l~eal t l i  then compelled him t o  apply for a morith's privilege leave t o  proceed t o  Naini Tal for 
medical treatment. H e  recommcnccd liis observatior~s a t  his first station 011 27th September, 
and from tha t  t ime till 1st  December he  mas steatlily engaged in pushing on the  triangulation. 
Dur ing  this t ime he visited 21 statious rangiug in I~ciglrt from 4,000 to 13,800 feet above sea 
level. Tlre scason mas a particularly severe olie, the  first l~cavy fall  of SIIOW talting place so 
carly as t h e  lot11 Octobcr. l 'licestal)lislin~cnt all snffcretl more or  less in  consequence, and six 
o f  the  natives were severely frost bitten, one of ml~om I regret t o  say, lost all the toes of one 
foot ;  t h e  o t l ~ c r  men recovered. Mr .  Low had severe weather to  contctid wit11 and his work 
iiivolred a good deal of caposure. Altlrougli his area cmbraccd a portion that  had been pre- 
viously triat~gulated, he  fixed n n u ~ u b c r  of additional points which reudered matters more easy 
for  t h e  plane-tablers. 

(36.) Mr. Ryall has submitted the following report of the  operations under his charge 

Out-turn of work. up  t o  t h e  t ime of returriiilg t o  recess quarters a t  Almorain 
Julv. 

"My camp left D e l ~ r a  on l"2th April reaching KLl;id61igi on 26th and Almoraon 2nd 
of M a y  wllcrc I mas tletaiucd till tlre 7tl1. I n  the meantime I was pusl~ing on wit11 the com- 
putations, while t h e  Assist:ints under mc  were going on with the  projection of their boards. 
A t  Bagesnr, two marcl~cs out of Almora, I tl1o11~11t i t  advisal)le to  split u p  my camp into two 
ant1 march t o  our  grol111(1 in scparatc tlctachme~its by ditrcrent routes. 13y the  time I got to  
t h e  groulid I hat1 f i ~ ~ i * l ~ c t l  all the conlpr~tation of thc t r iangl~lat ion required for our work. When 
rnarcl~irlg from Naiui Tnl to  our  ground the  party suKcred somewhat from t h e  great heat in 
the valleys. 

" O f  the  four Assistants, ~: i r . ,  Rfessrs. Mc:i'Fee, Litchfield, I. Pococlc anrl RlcCartby, 
none, w i t h  t h e  exception of Mr.  Litchfield, 11ad llad any training in Irill sketchi l~g;  i t  devolved on 
me theref o re  t o  train tlrese three. I n  this d ~ r t y  Mr .  Litcl~ficld hclped me greatly by taking 
Mr. I. POC ock in hand. I deputcd Mr .  Ric,l'Pce t o  fiuisl~ u p  about 1 4  square miles of l'.T. 
section N o .  57 and Mr. Pocock a l ~ o ~ ~ t  28 square milcs of thc same section lying to the north- 
csat. After thcsc portious mcrc complctctl, Air. RIcl l ' l~cc was tlirectcd to  take up P.T. section 
No. 6 3  a ~ ~ d  t l ~ c  wcstcrn parts of s c c t i o ~ ~  No. Gf?. I ar~ticipntctl t11;rt t l ~ c  trigoriometrica~ points 
lying t o  t l ~ c  mcst of t l~csc  sections m o ~ ~ l d  not pcr11al)s bc sufficient t o  extcnd the sketcl~irlg i n  
them much t o  the  eastward. I provitlcrl Mr. JIch 'Fec t l~ercforc with a 7-inch theodolite to 
ennl~ lc  11irr1 to lay tlowr~ ciolnc atltl i t io~~al points sl~oultl  he decm i t  nccessary t o  do 30 and could 
f i ~ ~ c l  t l ~ c  tirnc to e s t c ~ ~ t l  t l ~ c  t r i a ~ ~ g ~ ~ l a t i o ~ ~  in that  direction. M r .  Pocock, I arranged, shollld 
assist AIr. Litcl~field I)y talring up  tic cr r s tc r~~  parts of P.T. scct io~ls  Nos. 6G, 48 aud 40. To 





naturally anxious about his work. H e  has to  visit places and climb mountains that an ordinary 
traveller never attempts. The former has to  pass most of his nights on high ridges ; the high- 
est point that the latter ever visits is a Pass, and to that he has invariably a fair road and seldom 
pssses a night a t  wliat one would call a very great elevation. Survey officers while worltiug at 
very great elevations are much exposed to the distressing influences of rarified air and a cold 
temperature, which I cannot help thinking must be injurious to the constitution. To the hard- 
ships that  tliey are exposed might be added the risks they constantly incur when journey- 
ing  from mountain top to mountain top, for tliey very rarely have the luxury of using f o ~ t - ~ ~ t h ~ .  
The work of carrying loads tllerefore becomes singularly harassing to the irillahitants wlro are 
summoned to act as coolies ; and at elevation averagilig over 12,000 ft. it  becomes impossible for 
them to carry the standard weight of 20 seers per cooly. Guides of the rlistrict of Bllot in Kumaun 
and Garhsirl are only acquainted with such localities as shooting and grazing grounds. I t  follows 
therefore that the Surveyor has to rely mainly upon his own judginent as to the line of route he 
is to  adopt when going up to tlie top of ridges and spurs, exceeding 13,000 feet above sea level, 

"Accompanying is a statement shewiiig the amount of work done I)y the snow party. 
"From the two points ou the ridge over which the Uttar Dhurra Pass crosses, I obtained 

a good view of the country to a distance of 12 or 14 miles to the north-west, about 10 
miles to the north and a few miles to the north-east. The characteristic features of the whole of 
this part of the country are precisely the same as those of the northern parts of Ladiik. The 
quantity of snow about it is very small ; even at a height of 18,500 feet in many places there is 
not  a vestige to be seen. The spurs and slopes are generally of a soft and undulating character. 
The only drawbacks to  it are its great altitude, the difficulty of moving a survey camp, and the 
increased contingent expenses that would have to  be incurred. I t  mould be better, though not 
strictly speaking actually necessary, to connect the Niti with the hlilam triangolation, but from 
all I could see, I think the main difficulty in doing so mould be found in tlie neighbourhood 
of the Niti valley sod I am disposed to look upon such a jnuction as impracticable." 

The area topographically surveyed on the scale of 1 inch = 1 mile, comprises 534 square* 
miles nnd the country triangulated covers 859 square miles. Considering the very unfavornble 
weather experienced owing to the monsoon setting in so early and that two of the party were in- 
experienced hands, this out-turn is I think very crcditable to  Rlr. Kyall and the assistants 
employed under him. 

I 

KUMAUN AND GARHTVAL SURVEY. 

Tabular Statenzent of ozct-turn of  zuo?*k, Seaso~z 1873-74. 
Details of  T~~iangzclntio~z. 
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Extract from the Narrative Report-dated 30th September 1874-of Captain A. W. BAIRD, R.E., 
Officiating Deputy Superintendent 3rd Grade, in charge Tidal and Leveling Party. 

(1,) Rly last annual  report informcd you of all t h a t  had been donc i n  altering the 
Self Begistcring Title Gauges for adaptation t o  arly scale 

Allinst,ruments be sent required, and tha t  all the instruments, material, &c., for carry- off to the Gulf of Kutch. 
itig out  the  operatious a t  t h e  Tidal Observatories were ready 

for despatch by boat from Bombay. 
(2.) A large Put t imar o r  Bnggalom mas engaged 1)y t h e  month from t h e  1 s t  October, 

and this evcntnally turned out  to  be a very economical arrange- 
Loading up Puttimar. ment. Loading mas a t  once commenced, and although I had 

relays of coolies, i t  took 10 days for all the matc~.ial to  be stowed away. 
(3.) Aleanwhile a small boat Ilad been sent off to  Gogo from Bombay, with a detach- 

Small Puttimnr despatched to Gogo. 
ment of the men, t o  march thence to  Wadwin  and meet me. 
Calassics and putti~vallahs had been engaged in Bomhay. 

(4.) Every thing being ready Mr.  Bell, Survcyor attached t o  the  Party, and Mr .  Peters  
of the  Harboar  Defence Works  (whose services had been tem- 

Large Puttimar leaves Bombay. porarily placcd a t  my disposal by the  Government of Bombay) 
along mith G Sub-Surveyors and about 24, men cmbarlicd in the large Put t imar and sailed on tlre 
13th 0ctol)er for their dcstination, viz., the  site of Okha  Tidal Station, opposite t h e  Island of 
Beyt, a t  the m o u t l ~  of the  Gulf of I<ntcll. 

(6.)  Having now see11 every t11i11.g rcquired despntcherl by boats, and the  remaining in- 
s t rumel~ ts  carefully stored away in the Harbour Defence Work-  

Rcmninder cf Pnrtr oilice sl~ops,  I left 13ornbay \)y rail for Wadwkn and arrived a t  Rajkote stores lcuves Bombay for Rujkote. 
on  the 24th of October. 

(8.) I called on the  acting Political Agent a t  ltnjliote and arranged several matters with 
hinl regartling the assistance I sl~or~lr l  require from t h e  Native 

Armn~emcllt urit,h *gent Statc  in ~vhose territories t h e  Titlal Ol~servatories and Bench for wsistn~icc horn Nntive States. 
Marks were to  be made. I i c  furuishcd me wit11 Purwanas, for 

use i n  Kattywar. 
(10.) Ilaving bcen joined by thc sowars from His  FIigl~ness the  GaekmarJs contingent I 

n ~ w c l ~ c d  xi(?! Dnrarlia to  Oltlra Tidai Station, talting with me  t h e  
RnjkOte Ohha cl~ronomcters and s11cll instrumel~ts  as I required, and I arrived 

SLntion. 
a t  the  station on thc  21st November. 

(11.) Captain Jacltson, the Assistant R.esidcnt a t  Ilwarlta, 11ad lcindly come ont  to  settle 
matters on t l ~ c  spot wit11 the  native officials of Bcyt, so tha t  

Thc Assistant Rcaidcnt., D~vnrlin, vi- 
Olrlln to armnge fol. supplies t l ~ e r c  might be n o  tlelay to  the p1.ogress of the  work : Ire met  

for the camp. mc a t  Arnmra a11o11t 4 milcs from Okha and t l ~ c  nearest village 
on the  main land to the station, and accompanietl me to the camp. 

W e  found i t  mould 1)e more convenient ant1 ec01101nic:11 to gct all s~rpplies aud even driukiug water 
by boat fro111 the Island of Bcyt immeiliately oppositc t l ~ c  station. 

(12.) The Puttimar had arrivctl safcly nrith Mr.  Ucll and his rlctachment all the stores 
hnd I~cen  landcd a,llich were requirctl for this station, and 

of 'IIhira On nrriva' at ata. \vorlc I ~ a d  bccn cornmc~~ced  on  tlre 5th November, in  sinltiug tion. 
the  masonry mcll. 

(14.) The well sinking went on steadily, 1111ilding 111) one day and thcn allolving 2 o r  3 
Progrcss of the well sinking ~ ~ 1 1 ' s  days to  dry, and cxc:~vatit~g insitlc by 13u111s clredgers : 1 1  feet 

drcdgere u ~ d .  9 incl~cs I ~ a d  I~ccn complctctl by the 24th Novenll~er. 
(15.) On the days that  norlr had to I)c stol)l)cd a t  thc rrcll to  allow the masoury just 

IIonee for tho men at tho stntion I ~ u i l t  t o  dry the masons were cmplo!led ill crectiirg a house 
constr~~rted. for t l ~ c  mcll who mcre to  hc left i r ~  charge of the station : t h e  
calassies ant1 coolies in  bringing stone autl mud for this purpose also, aud in clcariog away tlre 
junglc cloac to  tlrc camp. 

(16.) TVc found that  I31111's drctlg-crs actcd atlmirnbly in  soft sand, 1)11t when we came 
across any Irard strata, t l ~ c n  the man stantling on the opcncd bnclcct, causrtl i t  to  get a hcttcr 
grip in bcing liftcd t ~ p ,  nnd so l)rougI~t up more material;  also this man tampetl all round wit11 
his fcet close t o  the woorlcn frame as tach I~ncLet wns t:~licn up, tItcrcI)y not aIIonir~g a tlcep 
11ole t o  be cxcavatcd in the rc l~ t rc ,  w11iIc tlro sand rrrnnii~ctl a t  i ts side* : ot11cl.a.ise from the  
t renchcro~~s  nature of the grolurd, a sntltlcrr sinlii~rg of tlrc wcll might Irave occurred, which 
would ~ r n d o ~ ~ b t e d l ~  11nrc c~~t lc t l  i l l  n sm:~s l~ .  11y tlrc ?!It11 NovcmI)r~r wc I ~ n d  got so far down, 
tha t  the water insirlc thc ~vcll conld 110 1o11gor 1)c licl,t st~flicicntly 1111r1er to  allow the man t o  
go down t o  worlc a~i t l  tamping from thc to11 hy a long votl \\.as co~n~ncnccd .  By t11c evening of 
the 29th Novcml)cr I i $  fvrt had I)rrn conlplc-trtl, a~rtl '5 fret \isno t I ~ c  total required. Some 
rock llavirlg 1)ecn ohscrvctl c r o p l ) i ~ ~ g  1111, a t  low water, a s l ~ o r t  distance o f ,  I was afraid we 
might come across i t  before t l ~ c  p~.ol)cr depth wan reacl~cd. I had a l o ~ l g  iron bar driven 





(26.) The self registering Tide Gauge was started on a preliminary trial m t h e  20th 
December: the  float band was altered after one day's work t o  

The S.R.T.G. started On 'prelimi. allow the pcncil wheu ncar the  centre of the barrel to agree nary trial. with mid title. 
(27.) The  cylinder had bceu pumpcd dry and t l ~ e  stop cock opened and shut  scveral 

Leakage in pipes discovered. times to  t ry a t ~ d  csclurle all the air. T l ~ e  temporary Tide G a u g e  
was connected by leveling with t h e  top of the cylinder for  

of level of water inside and outsidc : aud after a couple of days' trial it was apparent 
tllat air mas coming in somcml~ere in  the pipes. 

(28.) The  last three lengths of pipes mcre taken off and the brass connecting piece a t  

Iron pipes tested for lcukago. 
tile ettd having becn plugged up  firmly, the  pipes were filled 
with water, and raised vertically, thus getting a pressure of 

about an atmosphere and a 11alf) w l ~ e n  i t  was found, that  there was a considerable escape be- 
tween the cast iron flanges and the pipes screwed iuto them, and also i n  the  brass piece itself 
water oozed out sheming h o v  badly i t  had bcen cast. These three lengths were replaccd by  
others which stood the test, and thc  brass mas hamulered 1v11ere the  flaws occurred (as i t  was 
imperative t o  havc this part of the  system air tight, the othcr parts being well buried in  t h e  
sand, or in  the water beyond did not  require t o  be so  carefully constructed) and the  whole 
relaid again. 

(29.) The  bed plate of the  self registering Tide Gauge was connected by leveling 
wit11 13cncl1-marlcs A, D and C, as  t o  this level of the  bed plate 

Every for filln'mensure- all measurements for height of water in the c y l i ~ ~ d e r  would be ment &c. 
referred; and on the evening of the  23rd December every thing 

seemed to be in  good order and ready for the final measurements t o  be taken, clocks t o  be rated 
kc. previons t o  learing the station. 

(30.) About 3 A. nr. on  the  morning of the  24th December tlie puttimallah on  duty a t  

Dianster to flexible pipo. the  observatory saw a boat which had been sent the previous 
day t o  be fillcd up with stone, drifting down from her ancl~or-  

age some distance above: he  callcd out lustily to  the crew, but they were all asleep : the  boat 
dragged 11er ancl~ors  across the fleviblc pipe, smasltcd i t  in two places, aud carried away buoys, 
anchor, &c., ant1 mas brougl~ t  t o  m a r  S a i ~ ~ i a  Island 4 a mile off. After considerable trouble 
(its anchor having got fised among some pro,jectit~g ledges of rock) t h e  boat was taken back 
and the at~chor atld buoy wit11 the  c l~n iu  attacl~ccl wcre saved but a good deal of the  flexible pipe 
was quite uscless. Some of the  piping for the other stations was immediately landed and al l  
the necessary repairs effected by thc night of the 24th December. 

(31.) Some time before this u ~ ~ f o r t u ~ ~ n t e  disaster occurred, I had asked tlie Assistant 
R e s i d e ~ ~ t  to  warn all boatmen a t  the different Bundet,s in  Okha  

not to coluo 'lear "lo Mr~ntlel not to  conie ~v i th in  100 yards of tlte red buoy nt the red buoy. 
Ticlal Station. Later on ill tlie season I had printed circulars 

in  Gazerat l~i  i s s ~ ~ e d  t o  all the  D11r1)al.s for distribution a t  thcir different Buuders caut iot~ing all  
boatme11 p l y i ~ ~ g  in the Gulf of K u t c l ~  not to  corne near the red buoys a t  Olcl~a, Nawanjlr o r  
Ilanstal Titlal S t a t i o ~ ~ s  a11d the  g~iartls a t  the stations l ~ a d  strict orders to  malce prisoners of 
Tindals wilfr~lly infringing tltese rules : also by your orders I made certain arrangements for 
protecting the pipe in case any boat s l~ould  again drag 11er anchor across the  flexible pipe. 

(32.) 011 tile 25th and 26th l)ccen~ber comparisons mere made to compare the level of 

Bfmqnroment mndo lor connecting the sea watcr outsitlc, as i~tdicated by the temporary Title Gauge 
poritlon of prllcll Y R T c). wit11 that  of t l ~ c  mater in  the cylinder : and they were found t o  
dlstunco of sntcr ~ I . ~ I I I  Drd ~,Ir~te-l{nt- agree exactly. Tlle cloclcs of the self registering Tide Gauge 
il'g 'locks T c m ~ o r l r r ~  'I'ide aud aneroid baromrter were rated Inany times and the pendu- 
Quuge cornpariaon. 

lum of eac11 altcred as neccssary till they appeared to be going 
very well : the anemomctcr cloclc mas al~parently going it1 prctty good time. 

3leasr1remettts I V C ~ C  talien a t  I ~ o t h  risiug o ~ ~ d  falling tides to  determine t h e  distance of 
the water ill t l ~ c  cylir~drr from tlie bed plate mlticl~ ngrced with tlic pencil being on the central 
line of t l ~ c  harrcl, and from w l ~ i c l ~  of  course t l ~ c  corrcsl)or~ding depth for the zero line could be 
cleduccd. T l ~ c  m r a a r ~ r c m c ~ ~ t s  were matle very, csactly by meaus of a tape t o  the  end of which 
was nttacl~ed a flat piece of wood al)out 4 ~ n c h c s  square wit11 a thin cake of lend 2 inches 
squarc fitted to  its centre. A t  t l ~ e  instaut of contact with the water, the position of the pencil 

1 
was marlced on the barrel and the dcpth from the bed plate rccorded t o  t h e  40 of a n  inch : and 

1 
the distance on c i t l~er  sidc of thc  central line of the  barrel also taken to the  i 5  part of an inch. 
This mas rcpcated about 20 times and t l ~ e  mcau value of the set taken as the value for the  rising 
or falling tide as the case I~nppcncd. 

(3&) O n  the 23rd Docember I sent off Nursing Dnss, Sub-Surveyor, t o  lay down Bench- 
marlcs aud P~l la r s ,  one a t  about every 10 miles from Olcha Tidal 

Aoh-S~~rrryor aont oB to Iny down 
Be~~rli-marks and PllIars. Station alottg tltc road to I-Ianstal and thence to  Nawanirr i n  

Kutch across the Runn.  I had ordcred him to lay down these 
Bench-marks also with reference t o  tkc nearest G. T. Stations. 



(33.) A guard of 4 S e p o ~ s  and 1 Naique mas supplied from thc Battalion of His  Highness 
tlie Gaekmar, for t h e  protection of the  Station-their duties 

~l~~~~ 
r'1nners9 Snpp'iesj h.y being principally t o  see that  no boat came near the buoy, SO far for the Tidal Stntiou. 

as they could prevent it .  Three post runners mere engaged for 
carrying the le t te r s  t o  and from D r a r k a  (the nearest Post Office) arid by this meaas I could 
receive a daily report of the  morlting of the  station wliicli the  Sub-Surveyors had to fill in  from 
t h e  printed forms supplied t h c n ~ .  Tllc food for the  men of tlie station was to  be sent ? o r 3  
times a molltll f r o ~ n  Beyt : the  Tllar~adar was responsible for t l~ i s ,  and their drinkingwater 
(as tlie number of nleli including the guard was now 0 1 1 1 ~ ~  9) could be procured from amell 
allout a mile axid half ofF; coolies being engaged twice a month  t o  fill a n  iron water tank left 
a t  the  station for this purpose. 

(36.) Every t l i i~ lg  being now apparently in  good morliing order and a supply of stones 
filled lip i n  one of the  bcats, the party embarked on the after. 

Exnbark for Hauetd Tidal Station. noon of the  27th December for Hanstal. 

(37.) I sliall now describe the Okha  station as left on  the  37th Deceml~er  1873. The oh- 

General Position. 
servatory is situated on  tile s l ~ o r e  of the  Ol t l~a  Nandal  mairiland 
almost exactly opposite the tomt~  and islatld of Beyt, about 300 

yards s o u t l ~  of the  nortlienstcrn corner of the  la~itl ,  and mliich is called " Oltha PointJ' in some 
old cllarts. Tlic flag of the plincipal temple of Beyt has a hearing of 151' from tlie observatory; 
t h e  pole i r ~  the  temple OII  S:iinia is la l~d bears 7'30'. The  latitutle as deduced from G. T. Survey 
t r i a ~ ~ g u l a t i o t ~  charts is 22' 28' 11" N. ~ ~ e a r l y ,  and lorlgitude 69' 7' 0" E. 

(38.) The  observirtory is a wooden ercctiou constri~cted so  as t o  he  essilv taken to . , 

The observatory, cjlindor, &c. 

" 
pieces and fixed on three cross beams fitted on h e  tops of 
6 1;rrge piles in1l)etlded 8 feet i n  the  sa~lcl. A brick masonry 

well 4 feet i n  diameter mas sunk to a depth of 5 or  6 feet belorn low water spriugs, the 
sand excavated a t  the  I~o t tom I)ei~ig very 11:lrd and to all appe:rrances in  close proximi- 
t y  t o  rock. Sever1 ler~gtlrs of cylinder each al)out 4 feet 2 il~clles long, and composed of 
\vrought iron, with cast iron flirllges carefully f'accd by tu r~ i ing ,  so as to  fit exactly, wcre 
c o n ~ t e c t ~ t l  toge t l~cr  11y Ilolts autl 11uts so as t o  be perfectly water tight alld lowered inside this 
well. Tllc i~ l te r io r  tliarnctcr of t l ~ e  cylindcr was 22 i~lclies-the level of t l ~ e  top-flange being 
nl)oiit 6 fcet nljove high water spring title, and :~botit 2 feet G iricl~es al~ove the floor of the 01)- 
scrvatorp-a I~oartl f i  ttetl on a~ i t l  screwed to the top of tlle cylinder, with l~o les  for tlie float band 
t o  p:iss t l l r ~ i ~ g l t ,  prevclitetl any t l~i l lg  fallillg accidc~itally i~is idc t l ~ c  c y l i ~ ~ d c r .  

(39.) Nine i r ~ c l ~ e s  from t l ~ c  bottom ot' tllc cylil~tlcr a 2-i11cli iron pipe mas talten up 
vertically being coniiectetl I)y a small 1)end :ri~tl carrietl up to 

Iron pipefrom r ~ l i l l d c r  to low mtcr witliin 12 feet (i i ~ ~ c l l c s  of the top of the  cylinder where there 
mn1.k. is another be11t1 ~vitll  a stop cock fitted into it. Tliis 2-inch 
iron pipe in  lellpths of allout 14 fcct wit11 cnst iron f l a l ~ ~ e s  a t  eacll end mas theti talten out 
( I ~ ; ~ v i ~ l g  a sligllt i ~ l c l i l l n t i o ~ ~  dow~lrvards) 111itil i t  met the  11:rtnral surface of the sand close to 
low w;~tcr nl;u.k, :r11(1 tllis pipe \vas exte~ltlecl till ~ ~ r a r l y  t\vo lerlgtlls apllcared to be ur~der  \vi~ter 
at even tile l o w ~ s t  s l ) r i~igr ,  the tot:ll le~lgtll  f r o n ~  the c ~ l i t ~ d c r  I)c:il~g 175 fect. 

(40.) A t  the end of the rigid iron pipe a brass connecting picce, made ns sllemn in the 
sIietcI1, was tittcd, Iravirig two onter cxtrcmitics, to  one of wl~ich 

Brnss connecting piece a flcxil)le 2-incli suct io~l  1)ipe mas fixed and the o t l ~ c r  closet1 1 ) ~  
pipe. a brass disc \\-it11 a good wasl~er. Two lengths of this suction 
pipe wcre tnkcn o i ~ t  to  deep water : 
nt tlle end of tile outcr leligtlt 

~ .- - -- - - - . - - . 
a coppcr rose of a1)ont 15 incl~es ~ ,,, - 

Ie11gtl1 2 i~lcllcs diameter a ~ ~ d  I~av-  
iltg al~oilt  150 l~oles  bored in i t  

- - - - . . . . - 
was screwctl on. This rose was 
n ~ t s t n i ~ ~ e t l  about 6 feet from tllc - -. - -- -- - -- - - - 
I)otton~, lleing attached to a s ~ ~ i a l l  
nun-11uoy by a cllail~ and sliacltle 
with swivel, the wllole being lleld 
i n  position in  deep water a t  a 
place w l ~ c r e  tliere is nearly 2 0  
feet of water a t  low springs I)y a n  

b 
sncllor. T o  the  top of this small y 
nun-buoy a c l~a in  was attacllcd, 
t o  w l ~ i c l ~  was fixed tlle largc 1111oy floating on the  snrface wit11 p l c ~ ~ t y  of slacli chain to  allow 
for rise and fall of tide, and this buoy also ni:rrlts the position of  t l ~ c  f1cxil)le pipe. 

(41.) Tlie observatory is nl)ont 12 fcct x !I fcet x 9 feet, the cylilltlcr beillg about 

Interior of obserratory and fittings. 2 fect from tllc cas tc r l~  c l~ t l  : tllc sclf rcgivtcring Tide Oallgc 
beirig of coursc as ~ ~ c a r l y  as  possil)lc in the ccntre of tl1e 

building. The aneroid barometer is  placcd carefully on n shclf on onc corncr. The ane- 



nlometer is fixed t o  a sllclf so that  the  upriglit pipc passes tltro11g11 tlic roof close t o  t h e  
ridge a t  the  western end (the Rain Gauge being close to  i t  on  the  o ~ ~ t s i d e ) .  A platform mas 

t o  get a t  the  anemometer easily and tliis served a double purpose, as i t  was also t h e  
framework for a guard to  protect t l ~ e  pendulum, and clock of t h e  8. 11. T. G., arid clot11 
having been fixed all round i t  kept  any wind from getting t o  thc  pendulum. Steps mere fixed, 
collve~lient for access t o  t h e  platform. A long boa to lccep the S. I t .  T. G.  papcrs o n  a ~soller 
preparatory t o  puttillg them on tlie barrel and which also held diagrams for tlie o ther  in- 
struments, &c. Also a table made expressly for size t o  suit t h e  S. It. T .  G.  s l~ee t s  being prepared, 
were on  one side of the observatory. 

(44.) The  self registering Tide Gauge was carefally put  i n  i ts  position, so tha t  t h e  
band allowed the float t o  b e  3 inches from one side of t h e  

9. R. T. Q. in position. cylindcr, while it  mas tlie same distance itself from t l ~ c  other  
side. The instrument having been carefully leveled by wedges, t h e  trestle was secured with 
screws to the floor; a hole was cu t  in  the floor and a small box let down (properly fittctl so as 
to  allow no sand t o  come in) i u  order that  the  couuterpoise meight might  be able t o  act  for 
the entire rauge of  t h e  i o s t r ~ ~ m e n t .  

The float band was made 33 feet 6 inches long and 33 feet of chain mas addcd t o  this, 
and fixed a t  its other end t o  the  hook under thc float, forming a continuous baud as  i t  merc. 
Tile of mheels adopted here is 5, the I)arlsel being 5 feet long, that  scale was thc  1:rrgcst 
that  coul(1 be used for a 14.90 fcct rirngc of title. T l ~ e  float has a, swivel t o  wllicll the bn~ltl  
is attacllcd, ant1 the bnnd also passes tl~rort;I~ 3 guitles fixctl to  a n  upright scale ou olle sidc, 
and througli another guide fixed t o  the trestle on t l ~ c  o t l ~ c r .  

(48.) The  temporary Tide Gauge, cousistil~g of a pilc firmly imleddccl in the  sand and 

Temyornry Tide Gauge. 

standing about 8 feet out  of the  
ground, mas placed about the  lcrcl 
of low water neaps ; t o  this was 
attached a box c o ~ ~ t a i i ~ i l l g  a cop- 
per float, and a deal rod was at- 
tached t o  i t  with a pointer about 
G t  feet above thc float. The box 
has a bottom t o  whicll is attncllcd 
a pipe (2 feet lollg) of small dia- 
meter, by means of which the  
sea l ~ a s  access t o  t l ~ c  float ; tllc box 
itself is a l ) o ~ ~ t  6 iuclics sqnarc 
a l ~ d  6 fcet I~igll : the back of it ,  
vi:., that  sidc attacl~etl to  t l ~ c  pile 
was 12 fcet long and has a gl.oore 
i n  ml~ich tllc ul,rigllt ]sod with t l ~ c  
irldex worlrs (vide skctcll) so that  
by having this uppcr part num- , ------ ------- 
bcred from a cert;~ill zero tlic lcvel - - - - - 
of thc scs below tliis zero could ----- 
be a t  oncc rcad off. I t  mas f o u ~ ~ d  
by caref i l l t r ia l  i n  a buc lcc tof  ------ 
mater that  t l ~ c  pointcr always 
recorded 6 fcct '2 iuches above the  
lc\.cl of the  water in  which t l ~ e  
float workcd-the scalc was matlc 
accordingly : levels were talcen t o  
connect the temporary TideGauge 
with the  top of thc  cylindcr, for 
comparison of lcvel of watcr iu- 
sidc and outside. 

(50.) The Puttinlar and other boat weigllcd anchor on  thc  afternoon of the 27th 
Dcc:cm\)cr but mc-had t o  anchor again OR' tlle tow11 of Ucyt on  Vopngo to Hanstnl Tidnl Station ; 

Putlllnar stock on snnd b1~11k. account of the titlc and remaill for thc rligl~t.  O n  t l ~ c  m o r ~ ~ i l ~ g  
of the  28th me again set  sail having a pilot on board t l ~ e  largc 

boat ;  aftcr being a b o t ~ t  l ~ a l f  a n  llour o r  so under full sail with a stiff breeze, we struck on  a 
sand bank, and lreclcd over trcmcndously and then stuck. The  tide was fnlling a t  t h e  time. 
On this occasion Mr.  Petcrs' serviccs merc invnluable, he a t  once assumed chargc of the vesscl 
ant1 ordcrcd the Nacoda and his men t o  do mllat Ilc thonght necessary for the  safety of t h e  
vcsael. IIcavy spars mcre lashed vertically to  the  sidcs of thc  Puttimnr t o  prcvcrit i t  capsiz- 
ing as t l ~ e  tide fcll, aud aftcr soluc collsiderable dclay ou  the part  of tlle llativc oficials at 13cyt, 



assistance i n  t h e  shape of some small boats was sent  t o  u s  bu t  I mus t  here record that it 
would have fared very badly with ourselves, t h e  men  of t h e  party and the  Government stores 
had not  M r .  Peters  used prompt mcasures and taken the  command of the  vessel out of the 
hands of t h e  Nacoda. A new pilot mas obtained from Beyt, and when t h e  boat righted itself 
in t h e  high t ide i n  t h e  evening me got her  ou t  into decp water. 

(54.) The  ground a t  Hanstal  being black soil, the  surface of which was covered by about 
Masonry neU not required at Hans- one inch t o  one foot of water, a t  extraordinary lrigh tides, for 

tal. Excavnting hole for the c~linder. miles i n  land, i t  was of course unnecessary t o  sink a masonry 
well, if we could excavate a hole deep enough for the cylinder. This excavation was begun about 
30 feet i n  land from t h e  usual high water line of spr i~rg  tides, and by the  14th January 16 feet 
had been fiuished. After  tliis however i t  was evident from tlie sides falling i n  that  we mere ex- 
cavating too perpenclicularly, and from tlie proxi~ni ty t o  t h e  water of the  creek that  a good deal 
of surface water came i n  ; on  the  23rd I abaridoued tliis site and went i n  land about 150 feet 

a 1011. and commenced t h e  excav t '  
(56.) B y  making tlie excavation of  considerable diameter and with a pretty gentle slope, 

i n  4 days we had got t o  t h e  depth required, vir., 254 feet ;  all available hands, coolies, calas- 
sics acd  peons, mere kept a t  this work, and from early morning till  dark, because the longer it  
took there was more chance of the gradual surface drainage carrying down tlie sides. 

(57.) Tlie i ron cyliuder was lowered into tlie hole much i n  tlie same way as had been 
Cylinder plnced in position. done a t  Oltha Tidal Station. 

(58.) Three Bench-marlcs, near one of which a pillar mas made, mere built similarly 
B~~CII -marks  and pillarsconetructed t o  those a t  Oltha Ticlal Station a t  different distances from the 

also houae for men. cylinder : also a house for the  men was constructed. 
(59.) T h e  Ohservatory was next fitted u p  and placed on its cross beams and piles : steps 

Oblerrstbry in position on aiid side retaini~rg malls haviug been constructed t o  have access 
its croea bssrns a l ~ d  pilcs and pipe be- t o  the stop cock. FIcre i t  mas riot necessary to  contend aqainst 
ing carried out. the  water percolating ill t o  tlie same extent as at  Olcha where 
t h e  foreshore mas simply sand. A small box was fitted over t h e  stop cock bend as before and 
a layer of stone and some cement prevented any great accumulatioi~ of water. A temporary 
Tide Gauge was placed here as a t  Okha. 

(61.) Some t ime before this one of tlie reports from Okha Tidal Station brought me . . 
~v~V.LEllmnkercnlledup fromBombaJ. information of thc  gritire stoppage of tile anemometer dock at  

that  station : some of the wheels Iiavinz become broltcii. Fiud- 
i n g  all  t h e  self registering Tide Gauge clocks dirty aiid t l ~ a t  the  an;mometer cloclrs wanted 
generally t o  be  loolied at, I foulrtl i t  necessary t o  get 11p a first ra te  ~vatclimaker from Bombay 
a t  once ; I kept  lrim hard a t  mork a t  I-Iar~stal ovcrl~anlirrg all the  C I O C I ~ S  u ~ i t i l  tlie station was 
cornplcted, a1ic1 then took him on t o  Olcha t o  repair the tla~nagc there. 

I t  was most fortunate I made tliis a r r a ~ ~ g e n l c ~ l t  wlren I tlitl, for lie founcl that tile clock 
of No.  7 Tide Gauge (viz. one of  the  escapcme~rt ba lm~cc  cloclts) mas qnite unfit for mork, 
some of t h e  teeth having bcen quite morri away : t l ~ e  t reigl~t  lie consitlcrctl t'ur too heavy. Also 
all  the  anemometer clocks Ilad t o  he carefully cle:i~~ctl up, for as YOII mill recollect, gold springs 
had orily just  been received for them a day or  two hcforc I left Bomllay ar~tl t l ~ e y  had been ra- 
ther  hastily pu t  in. I fountl this l'arsee watcl~maltcr a very gooil ~rorltniau indeed, aucl we collld 
no t  have got  on without having all the cloclts i n  good morltir~g ordcr. 

(62.) A s  I liave alrcady stated I fount1 t l ~ a t  t l ~ e r e  mas a great instrumental error in 
Back-laah woigl~t to overcome the the  sclf rcgisterirrg Titlc Ci~ngc ,  011 account of the large 

illltrumental error in t1leY.R.T.Q. amonnt of I)acIi-IasI~ 1)etwccn the w11ecIs :ittacl~cd to the difr- 
g ram barrel and those of tlre clock. BY a very siml,Ie plan I succcedctl ill quite getting rid 
of this error  and t l ~ e r e l ~ y  atltling very to  tile value of  tllc of the i~~strunrellts. 
A small pulley mas attached t o  the trestle 1)y n picce of wood some 6 i ~ r c l ~ e s  l o ~ r g ;  a piece of 
cat-gut cord fastened I)y a Iroolc a t  onc ~ 1 1 d  to tile clip wI1icI1 hcltl OI I  t l ~ c  pal'cr on the diagram 
and  wound round t h e  barrel, pas~c t l  over this grooved p~ll lcy ant1 I~a t l  a mcigl~t fixed to its 
other  end. I n  this rnanilcr the  1)arrcl was al~vnys l)cir~g tlralvri round, ant1 I~aclr-lasll was ~ f f c c -  
tually destroyed; not  only that, 1111t this wciglrt actctl ;IS a maintailring power, W ~ C U  the 
clock was being w011od up. Tlic weight had to I I C  diuconr~ccted, ant1 tllc cord r e - W O I I ~ ~  round 
t h e  barrel  once a clay, and i t  was so arranged that  tlierc was a free fall of quite enougll 
length for 30 hours. 

(68.) IIanstal Tidal Station is situate11 on the  Kattywar side of the  llanstal creek, 

General position. about a of a milc from its 111011th. The foreshore at  the s t~t lor l  
runs ncarly east and west, and, a t  nbol~ t  4 of a mile from where 

the creek joins the  gulf, i t  bcnds ro~lnt l  t o  a north and so11t11 direction. The opponite shore 
i s  par t  of t h e  Run11 of R u t c l ~  ant1 is a mll(1 flat, coveretl with mangrove I)nsl~ea. The creek at 
t h e  station is ahout  2 niilcs broatl. T l ~ c  whole l~ctmccn tlre station a t  Jilria is pcrfcctly 
flat, without a tree o r  bus11 to break tile n~orlotony of this Runn,  and wliicl~ has not eve? a 
blnde of grass growing 011 i t .  At extraordinary high tide i n  the  monsoon i t  is covered with 
about one foot (in some parts) of sea water. The only thing t o  mark the site of the obaerva- 





(100.) I lcft Nawankr Tidal Station wit11 a detacl~mcnt  of t h e  Par ty  on  the  26t.11 April 
t o  sail direct for Olrha Tidal Stat ion;  bu t  a t  this season of 

C)klln T1llnlStntion blloy~nl'cllOr "lrl t h e  year  the  mind hlows almost directly down the gulf, nud we guy lin~rsers Inid down &c. 
Hnwscrs at HnnstnI. had t o  make  for  SerrLyi Bunder  on  t h e  Icattymar coast and 

march thence t o  Okha. Rir. Peters  with the  remainder of the 
mcn sailed for RIandavie t o  pnrchase large coir rope or  hawsers ; after beiug nearly wrecked, he 
rcachcd R f a ~ ~ d a v i e  a i ~ d  got t h e  necessary supply of rope and crossed t o  O l i l ~ a  Tidal Station. 
I 1  l l ~ c  Observatory mas inspected, clocks corrected &c., while the  I~eavy  a ~ ~ c h o r  and large buoy, 

side llamsers a ~ ~ d  piles were I ~ c i n g  laid d o w ~ ~ .  RIr. Rendell and J l r .  Peters then left by boat for 
1Ianstirl on 3rd M a y ;  passing Namnnkr, tlie hawsers mere laid down as a t  Oltha; and they 
rcached I-Ianstal on  6 t h  May. H e r e  i t  was found tha t  t h e  hawsers (strong though they were) 
would no t  s tand t h e  drag  of tlie buoy from t h e  eiiormous current  domn the  H a i ~ s t a l  creek, so 
I ~ o t l ~  were p u t  on  t h e  same side of t h e  pipe, viz., the  side nearest t h e  gulf, as it  was considered 
t h a t  boats mould no t  be able t o  malre for the  station on t h e  other side. 

(110.) 1111 t h e  worlc having been completed Mr.  Peters  and t h e  men temporarily en- 

Mr. Peters lenvce for Bombay. gaged left Jrlria for WadmLn and Bornbay on  13th May. I re- 
ported very favoural)ly on Rir. Peters to  J la jo r  Alerewether as 

11e mas most energetic iu  t h e  performance of his duties and always worked most willingly often 
a t  night  long after usual morkiug I ~ o u r s  and on  Sundays when emergencies required it. Mr. 
I'cters had sen t  :ill t h e  bloclis, pump, kc.,  leut  me  from the  Harbour Defences, back by steamer 
t o  Dornbay some t ime before. 

( I l l )  Tlie stations being now all fairly established and apparently working well, the 
remaiuder of the field scasorl was occupied i n  i n s p e c t i ~ ~ g  them 

Gencrnl work of the Pnrty niter tlie as rcqllircd. stntlol~s hrrd been estnbllehcd. 

(1 12.) Nursing Dass left NawanAr Tidal Station on the  15th April t o  complete laying 
down the chain of Bcnch-marks from that  station round to 

*I1 nencll-mnrks Okha to mhzre lie had left off on  t h e  Kattywar side. The line crosses wnllir l u ~ d  d o w ~ l .  
the  R u n n  of Kutch  between Sl~ilriirplir on  the  Kutch coast, 

ant1 Jlallia 011 tlie Kat tpwar coast. Two B e ~ ~ c h - m a r k s  were laid domn actually in  the ltunn, on 
wl~ich  a t  the t ime there m s  al)out one foot of water, b u t  he mas told by the  people a t  these 
placcs t h a t  ill thc  months Noveml)er to  Fcbruary this route is quite dry and carts pass back- 
w;~rds  and formwtls. T l ~ e  total nurnller of I]ellch-marlis laic1 dowll was 38. 

(113.) All spare stores having beell collected ant1 placed in a large room in one of thc 
towers of t h e  mall a t  Jhria, I moved illto Rajkote with the 

!I'll? Pnrty more into recess q ~ ~ n r t e r s  
nt Hi~jliote. Party on  t h e  10 th  June. Mr.  R e ~ ~ t l e l l  however was still in 

the  ficld inspecting t h e  station a t  Oltha. H e  reached Ra,j- 
k ~ t e  on t h e  1 s t  Ju ly  wit11 the  rest of the  men. 

(114.) 1 l ~ a d  about  this t ime a great  deal of correspondefice wit11 the  Political Agcnt in 
Kutch  and the  Assi5tant I'olitical Agent in  charge of IIallar, 

Politicnl con~plicntions regnrdil~g 
IIanstnl T~tlnl Ytnt~on. I<atty\var, relative t o  the  site of IInnstal Titlal Station, althougli 

I avoided doing any thing which might bring al)olit Po1itic:ll 
complications, yet  t h e  fact of the  Tidal Ol~scrvatory being crcctcd a t  Hanstal seemed to be the 
occasion for the  DurbArs of Kutcli  and Nawariagar t o  raise the question of right t o  the groand 
on  which i t  mas s i t~iated.  I s ~ ~ p p l i c d  both t h e  Political officcrs with a rough sketch of the 
grou11d i n  t h e  immediate vicinity of  the  station ; I)nt the  line of  demarcation betmeen tllc two 
Statcs  seems t o  be vcry i ~ ~ d c f i u i t c ;  and as His  I-Iigl~ness the  Rao of Kutch is the sovereign 
of t h c  waters of the  gulf, his claim is  tha t  a11 the  ground up  t o  high water mark belongs 
t o  h i m ;  a i d  as this claim i f  held i n  its entirety w o ~ ~ l d  bc t a ~ ~ t a m o u n t  t o  the whole of the 
ground, covered by any e x t r a o r d i n a r ~  high water (luring t h e  monsoon, coming under the juris- 
diction of I I is  Highness of Kutch, t h e  D11r1);ir of Nawanagar disallow' it, and I believe tile 
nratter is t o  be referred t o  Governmc~it  for dccisiori. 

(115.) About thc  beginning o f  AIay t h e  Sub-surveyor a t  IHanstal reported that  2 native 
nont nrmrd from ~ l l t , . l l  vessels came and anchorcd near the Obsel-vatory at  ~ a n s t n l ;  the 

Inndrd nt the ZInnstnI T l d d  Stntfoli and men ~ 1 1 0  said they belonged to K u t c l ~  landed from thc boat3, 
pnrc SOIIIC trouble. most of tlicm b e i ~ ~ g  a rmed;  there was sorne altercation between 
them and t h e  guard of the  station and eventually a spear mas t a k c r ~  from one of tllc Kutcll 
men : after a short  t ime they re-embarked and set sail. I t  mould appear this was the second 
t ime  something of the  kind happened. Shortly after I had rcceivcd this information, I 
copies of lctters sen t  by  the  Durl);ir of Kutch  t o  the  Yolitical Agcnt, stating their case, ant1 
requesting rnc t o  ordcr the guard a t  IIanstal not to  interfcrc with their men ; RIRO c o p i e ~  of  
letters from the  Nananagnr  Durhkr t o  tllc PoliLic:~l Agent in Katty\vn~., s t a t i r~g  that unlesshc 
i~l tcrfcred,  tllcl-c mas liltcly t o  be n fight betwccn t h e  Kutch mcrl ant1 tlie gnard a t  Iinnstal- 
Ou receiving thcsc tlocuments I addressed tlie Political Agent i n  Kutch req~les t i r~g  him to allow 
mattcrs t o  rest as t11cy mcrc until  the work a t  the  station mas finished, and that  as a tentative 
Incwurc thc  guard autl ~upplicu fur the statiou skuul~ l  bc contiuucd the Namauagar 
Statc. 



(116.) Very littlc mork could bc donc in ofFicc during t l ~ c  recess : Mr. Itcr~dcll hat1 
WorkinOfice during tllerecCss. Ifr. gone on two montlls' privilege lcave from t l ~ c  3rd July. I had 

Rendell takce privilc~r leave. Inspcc- only Sub-Surveyor Nursing Dass to assist mc, also I had t o  
tion of stntions during monsoon. visit t l ~ e  Tidal Observatorics and inspcct tlre mork there. Bad 
accounts from Nawanfir Tidal Station were receiled about tlre C I I ~  of June which made i t  
imperative for me to visit t l ~ a t  station as soon as possible. Tlie il~spcctio~l of t l ~ e  Observatorics 
during the monsoon entailed a good deal of exposure and discoml'ort, Ijy llaving to make long 
marches in the rain. 1 was actually in t l ~ e  ficld 38 days between the 7th July and 8th September 
and had marclled ncarly 800 miles in that time. 

(117.) Fifty-five sets of observations to stars have been made and computed for rating 
the chronometers from time to time in the past year. During 

Observntions for rating chro- tlie monsoon tliere mere very few nigl~ts of course in mliich I nometers. 
could observe. As a rule I managed to rate the clocks previous 

to leaving for a tour of inspection and im~nediately on rcturnilig. I n  this way a very exact 
value of the time could be obtained in rating the observatory clocks, and for filial corrections 
for the diagram of the sclf registering Tidc Gauge sl~cets. 

(169.) Mr. T. H. ltendcll, Assistant Snrvcyor, mas transferred from the Kattywar Party 

Pereonnel of the Party. 
in March last ; I have evcry reason to bc satisfied with the way 
he I~as  performed his duties. I hare also to state that from the 

interest he takes in the work and his mecllanical turn he will be particularly useful in this party. 
Mr. Rendell had two months' privilege lcave during the monsoon, and tliis tied me down very 
much as I had to take up all tlie inspection dutics and during t l ~ c  most incle~nent season of the 
year for travelling. 

Nursing Dass, Sub-Surveyor, has been most useful to me in every way ; he is sharp, and 
hardworlting, and I quite endorse the character give11 him by tlie officcr under whom he served 
previously to joining this Party. I hope you will record liis name, for promotion to a higher 
scale of pay on the first opportunity. 

With regard to the Sub-Surveyors at the stations, tlicy have all done their duties remark- 
ably well. Although the work nt NawanBr has been almost entirely stopped during the monsoon, 
yet the Sub-surveyor in charge there has shewn on several occ;isions a particular aptitude for 
overcoming any difficulty which presented itself, that Rfr. Rendell having reported vcry favorably 
on him, I took the opportunity of informing all the Sub-Surveyors at t l ~ e  stations t l ~ a t  I should 
bring the names of those men who proved tliemselves hardworking and intelligent prominently 
to  your notice a t  the end of the operations. 

(171.) I n  conclusion I liave great i~leasure in recordinc the courteous assistance given . , 

Aeaistance from Political Officcre. me cy captain Jackson tlie "~ss is tant  Besidcnt a t  ~ m a r k a ,  
during thc time Oklla Tidal Station mas be in^ constructed, and " " 

since then, while mork has been carried on tl~ere. 
My acltnomledgements are equally duc to  Captain Goodfellom the acting Political Agent 

in Kutch for the assistance rendered me at NawanBr. To Colonel TV. IV. Anderson the Political 
Agent in Kattywar and the Assistant Political Agent in charge Bnllar ; I am also greatly indebted 
for their kind assistance on many occasions : I have to t l~ank  the latter officcr especially, for 
morc than once, having so strongly reprcsentcd matters to thc 1)urbAr of I-Iis IIigllncss the Jam 
of Nawanagar, that t l ~ e  difficulties arising from t l ~ c  native officials a t  Jllria being carelcss and 
dilatory in loolting after the supplies for I-Ianstal Tidal Station, were always ovcrcome, otherwise, 
tliere would in all probability havc been a ccssation of mork a t  that station from the men iu 
charge being actually without food or drinking water. 

Extract from the Narrative Report-dated 3rd November 1874-of CAPTAIN W. J. HEAVISIDE, 
R.E., Deputy Superintendent 3rd Grade, in charge of the Pendulum Operations. 

(1.) No report mas submitted by mc last year. This was partly due to the fact that 
the party had no reccss; and partly because I considerctl that an account of the operations 
undcrtalten for the complctiori of tile l'endulum cnperirncnts conlcl lnorc satisfactorily be 
embodied in orle report. I must tl~creforc now go back to the autumn of 1872; ~vhcn, having 
prcvio~lsly gone through a course of practice, I colnmcllced my first series of regular pendulum 
observations. 

(2.) This scrics mas talrcn at Mussooric in October 1872, jnst after the break up of 
the monsoon. The pcndulums mcre sw~lng a t  tlrc full atmospl~cric pressure in ordcr that tlrc 
results might be directly comparable with thosc obtaiucd tkcrc from Captain Ilascvi's obscrva- 
tions in 18GG. The rcsults wcrc as follows :- 



CS~rson 1873.74, 

TABLE OP THE RESULTS. 

(4.) O n  the 30th of Octoher the party went down to Dehra. From that  time ti]] the 
middle of January, I mas engaged in a series of preliminary experiments with the Russian 
Pendulums of which I Irad no previous experience. 

Scpnrate reports will be submitted, both on the operations with the Russian Pendulums, 
and also 011 tlrose mith Kater's Pendulum ; consequently details of the work done with those 
pendulums will not be found in this report. 

(5.) On the 21st of January 1873, I left Dehra for KaliRna, which is the base station 
for pentlulum experiments in Ir~dia.  Mr.  Macdougall had already been sent to Kalikna with the 
invariable pendulums and appnratus, with instructions to make the necessary preparations there, 
for a series of observations, both mith the invariable pendulums and with the Russian pendulums. 
After completing this mork, he mas relieved by Mr. Keelan and returned to Dehra, so that he 
might march out again to Kaliina in charge of the Russian pendulum apparatus. This change 
of duties mas necessary, in order that Mr. Keelan miglrt be present at  Kali6na when I corn. 
menced to put together the iiivariable pendulum apparatus. Mr. Keelari had not previously 
seer1 this apparatus, and as he  was to accompany me to England as sole assistant, i t  was requisite 
t l ~ a t  he should have as much instruction in the matter as possible. 

(6.) Although the results obtained with the invariable pendulums at  Mussoorie, were 
silfficient to show that the pendnlums had undergone no sensible changes in their travels to 
Tlribct arid back; yet i t  was considered adviaable to compare my reaults with Captain Basevi's 
still further. A short series of observations mas therefore talren with these pendulums at 
Jia1i;ina a t  a reduced pressure, during the course of the operations with the Russian pendulums. 
Comparing my results with those taken in 1866 by Captain Basevi I find 

O n s ~ r r v ~ a s .  

Captain Basevi, . . . . 
,, Heaviside, . . . . 

(7.) The party left KaliLna on the lo th  of March and marched into Muzaffarnagar. 
Such of the instruments arrd equipage as I considered it necessary to take with me, were care- 
fully packed in my presence in a railway goode van, wlrich was then locked up and despatcl~ed 
through to Bombay. With the exception of 8 men whom I took to Bombay with me, the native 
establishment was paid up and dismissed. Mr. niacdougall then returned to Dehra in accordance 
with your orders, taking with him tlre instruments and stores I did not require. During the 
time Mr. Macdougall was with me, he showed lrimself industrious, milling and most zealous in 
Iris duties; but in order to become a valuable assiatant he must endeavour to acquire greater 
accuracy in his mork. 

(8.) On the 15th of March I reached Bombay. Mr. Keelan who brought down the 
natives and broke the journey a t  two places, en route, arrived there on the 19th instant. On 
the 20th the instruments and stores were moved over to the Colaba Observatory. 

(9.) Mr. C. Chambers, the Superintendent,.placed at  my disposal an out-building in 
the Colaba Observatory compound, which mas well surted for the experiments. The building 
40 feet long, by 30 feet wide, with a solid stone floor, stone malla, and a tiled roof. Inside this 
again uprights sl~pported the roof and forrncd an interior space of 29 feet x 144 ft. This space 
was enclosed with bamboo matting and within i t  the pendulums were swung. The objection to 
the  building was its propinguity to the main road of Colaln from which the outer wall of the 
building mas hut 8 fcct distant. Although the pendulums were swung on ivolated pillars, yet 

Menns of both 
Pendulums. 
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86006.35 

Number of vibmtione in n mean solar day, re- 
cluccd to an infinitely small arc to o temperature 
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86056.77 

86056.54 



it mas considered advisable t o  guard still fartlicr against t h e  vibrations causcd by  passing vehi- 
cles. F o r  this purpose the  road was thickly covered for some distance with small bundles of 
stram laid close together. The construction of the  building rentlercd i t  zlet:essary t o  suspend 
the Shelton clock from a wooden framework w11icl1 was made for t l ~ e  purpose i n  Bomhay. 
Owing either t o  this method of suspension, o r  t o  the  clock riot being on an isolated pillar ; 
the clock, which generally goes very well, had a t  Colaba, a comparatively irregular rate. 
The effects of tliis on  the  observations, were i t  is considered, almost entirely eliminated 
by comparing the  clock Shelton a t  short intervals wit11 the  Observatory clock (by Th~vai tes  
and Reed) the  rate  of which was very c o ~ ~ s t a n t  and well Ici~own. These ccmparisons were made 
twice a day near the  commencement, and near the  end of each set of pendnlnm obscrvations. 

(10.) I am deeply indebted t o  Mr. C. C l ~ a n ~ b e r s  both for the  assistarice he afforded 
me in my work a t  Colaba, and also for his hospitality. I had beeu i n  correspondence with him 
on  the subject of the  preparations whicli were required for the  experinlents, and on  niy arrival 
a t  Colaba I found that  the  b~iildiiig hat1 been so carefully and efficiently prepared, that  it  only 
remained for me  t o  pu t  up tlie apparatus. Isolated pillars 11ad been built, t l ~ e  observing pit dug, 
and the  roof, doors, windows and interior space covered i n  with matting, so that  t h e  tempe- 
rature might be liept as eqriable as possible. A r n o o d e ~ ~  frame liacl also beell prepared for t h e  
clock, from a design I had sent. Transit observations were usually taken a t  the  Observatory 
3 times a week. B u t  Mr .  Chanibers Iciiidly arranged to have them tnlten every night  (Sun- 
days excepted) d u r i ~ ~ g  my pe~idul~uin ol~servxtior~s. Thus the  Observatory clock which was by 
Tl~waites and Reed, and had a very good rate, became a standard wit11 wlricl~ I could compare 
my clocks a t  any time. 

(11.) W h e n  I had got the vacuum apparatus together and began t o  pump, a bad leak 
showed itself. After some time the leak was traced to one of the wiurlows. I therefore took 
dowu the  cylinder and overhauled i t  thoroughly. The windows were repacked, and the  whole 
cylinder repainted. This took some time but  was a most succevsful job, as I had n o  flirther 
symptoms of a leak up  t o  the conclr~sion of the work a t  Kew. 

(12.) After t h e  quict of KaliAna the  noises a t  Colaha were most distracting. Carriager 
and people mere constantly passiug along the road. Occasionally there mould be a shout  of 
H o  ! R;rm Bak-ash ! l t a m  I3ak-as11 ! H o  !! the  prelude t o  a conversatiou between two natives 
carried on a t  a distance perhaps of 200 yartls. The ladies of Colaha too, were it  seemed t o  m e  
the most indefatigable musicia~is, and a t  first I mas sometimes puzzled to  determine whether I 
had compared the  clock with a bent of the  cl~ronoriieter o r  wit11 a note from Semiramide. I 
was lucky however t o  arrive a t  Colaba just a t  the  co~~clus ion  of the  annr~a l  artillery practice, 
which goes on a t  a battery just below the Ol)serv;ltory, aud which might otl~erwise have necessi- 
tated a cliange ~f hours, for s w i n g i ~ ~ g  tlre peudulllms. 

I have since I ~ a d  a gootl (leal of practice in  olwerving amidst noises, and any th ing  
moderate does 11ot annoy me. B u t  I 11ad not rcalixed before, t h e  enormous advantages we 
Surveyors elljoy in  India  a t  our st:ttiolrs, remote from s u c l ~  d i s t r a c t i ~ ~ g  calises. 

(13.) The ol)scrvat io~~s a t  Uomhap a c r e  f i ~ ~ i s l ~ e d  on the  lYtli April, and in accordance 
wit11 your ortlcrs the  party was transferred to Licutci~arit  ii. I\'. Uaird, It. E., Assistaut Super- 
intendent i n  clrarge of the  'l'idal opera t io~~s .  

A t  Uombrty I cngaged a Tiiidnl and 12 Lascars to  accompany me as far  au Egypt. I t  was 
some t ime before I could find a good Tindal, who was willing t o  collect t l ~ c  lascars, arid t rus t  
himself mith me. But  a t  l e n g t l ~  I obtainetl the services of one, Sl~ei lcl~ Uaod. This nlan and 
t l ~ e  lascars he brought, turned out treasures. A t  Bo~nbay  thcy learnt their duties in tlie Obser- 
vatory in a few days : their knowledge of ship board, and tlre assistal~ce thcy rendered iu shipping 
and  insh hipping the instruments were most va1ual)le to  m e ;  and t l ~ c y  gave me 110 trouble either 
i n  their conduct o r  mith complaints ahout food k c .  They were expensive certainly but well 
worth the money. 1 have rlcver bcfore met with  lat tires so intelligent and enterprising as these 
men were. When the work mas finisl~ed in Egypt  and I was s e r ~ d i r ~ g  t l~en i  back to Suez, i t  wns 
with some difficulty tha t  I persuaded t l ~ c m  to rcliuquisli a plan they had formed of going t o  see 
Cairo. 

(14.) Mr. Keelan left Bornhap on  the  21st of April. I gave him a letter t o  Lielit. 
Colonel Goodfellom, 1t.E. who was in charge of the milit:ll-y works a t  Atlen and he very k i ~ ~ d l y  
placed some worltmen a t  Mr .  Kcelnil's disposal, t o  build the  transit  pillar aud make other  
preparations necessary for t l ~ e  obsersntions thcre. 

(15.) I did not leave 13oml)ay until  the 28th of April. T l ~ e  interval between the  19th 
and 26th was fully occupictl in  cnrefi~llp packing every thing, and in making arrangements fo r  
ship~iing the i n s t r ~ i m c ~ ~ t s .  The Peninsular a ~ i d  O r i e ~ ~ t n l  CornpanyJs stcamers were very mucll 
crowcled a t  that  timc of t l ~ c  year ; 1)11t ncvertl~clcss Mr.  Parkcr, the Assistant Agent, kindly 
gave me a place for tllc instruments in  one of t l ~ c  mail rooms. I may licre s tate  that  my bcst 
tllanks are due to  the Company's Agents at  Romhay, a t  Atlen, a t  S w z ,  a ~ ~ d  a t  Alexandria; ns 
also to  the  oficcrs of t l ~ e  ~ t c a m  s l~ ips  l ) e c c a ~ ~ ,  Nul)ia ant1 Cnndia who ditl every t l ~ i n g  in their 
power to  assist me in a11ipl)ing and 1111~1iipping t11c i ~ ~ s t r ~ ~ n i e ~ ~ t s ,  and in stowing them carefully 
in  safe ~ ~ l a c e s .  I t  is chiefly due to  tlrcm tl~clt all thc i~is t rui l lc~i ts  travelled from Bombay t o  
Kew witllout rcccivi~ig thc  slightest damagc, aud cvcn the Sypllon Barometer when compared at 



Kew was found to be frcc from error. Mercurial Barorncters arc proverbial for getting out 
of order in travelling. This one was so fortunate as t o  travel with Captain Basevi illto Tllibet; 
t o  return thence, and to be used by me at  all the places at  whicll I observed betweell Bombay 
and Kew, where i t  arrived in good order. A description of i t  may therefore prove interesting. 

(16.) I t  is a Syphon Barometer of the Gay Lussac principle. 
The glass tube is tied down to n strip of wood, on wliich a paper scale is pasted. The 

scale is graduated to tenths of inches, and the readings are talcen with thc assistance of a de- 
tached sliding vernier. Three or four small pieces of cork are inserted between the tube alld 
the scale. The strip of wood is screwed down a t  the two extremities inside half a bamboo, 
through each end of which a string passes to suspend the barometer by. When travelling, the 
barometer is inverted; the other half of the bamboo fits on as a cover, and the wliole is secared 
a t  the ends by two leather caps connected wit11 straps, one of which is lollg ellough to allor the 
bamboo to be carried over a man's slioulder. This barometer has probably remained in good 
order so long, because, with the exception of two screws and the mercury, there is nothing 
metallic about it. 

To preserve the knife edges of the pendulums from rust, on board ship, I first oiled 
them well. I then rubbed off the oil with a piece of silk until the steel mas perfectly dry. 
Tin foil was next pressed down so as to cover completely the steel surfaces, and wooden casings 
were tied on over this. This method proved perfectly efficacious; but if oil be left on tlie steel, 
rust  will inevitably form. 

(17.) The instruments and baggage were shipped at Bombay on the 36th April on board 
the  S. S. Deccan. On the 28th I sailed, and on the 5th of May I landed at  Aden. 

Mr. Keelan had secured a store room there which was well adapted for the observations. 
It was single storied, solidly built with a " paka" floor, and but few wiudows. It mas near 
steamer point and adjoined the Prince of Wales Hotel.* A transit pillar had been built ill a 
convenient position between this room and the sea. The pendulums were not swung on isolated 
pillars a t  Aden. At Aden Mr. Keelnn executed a small piece of triangulation to connect the 
pendulum room with the light ship, the latitude and longitude of wliich were lcnown. He also 
took some circum-meridian observations of stars as a further clieck on the latitude. 

(18.) Distilled water is now pleiitiful in Aden, and the Garrison is not so dependent 
on  the tank water as mas formerly the case. During our stay the Brigade Major kindly permit- 
ted the establishment of the party to be supplied with water at  the Government rate of allow- 
ance. 

The weather mas of rather an unusual type at  Aden for May. High winds made the 
atmosphere pleasantly cool, and there were two or three apologies for showers of rain. The 
nights were rather cloudy, but otherwise every thing went srnootl~ly, and we left Aden on the 
26th of May in the S.S. Nubia. 

(19.) W e  arrived at  Suez on the 1st of June. I tried there to hire a steam launch in 
which t o  take every thing round to  Ismailia by the Canal, but I could not obtain one. I there- 
fore landed the instruments and baggage at  Suez. Some delay and difficulties occurred in 
passing the things through the Custom House, but eventually owing to the exertions of our 
Consul, Mr. West, we obtained the necessary permit. I then hired and loaded a Goods Van, 
and on the 4th we reached Ismailia. 

(20.) The observations at  Ismailia mere taken in a room on tlie ground floor of the 
Hotel Pagnon, a large double storied building. The peridulums mere not swung on isolated 
pillara, but the floor of the room was laid wit11 encaustic tiles ant1 was very solid. The clock 
hung from a steel pin firmly driven into the wall; and this method of suspension srlitcd it very 
well. 

For the transit instrument a pillar of stone-work was sunk one and a half feet in tlie 
sand in the garden of the Hotel. When the masoriry was dry, there were placed ou the pillar 
the  3 large triangular stones which were formerly used for the stand of one of the astronomi- 
cal circles, and which I had brought with me for this purpose. On the top of these the tran- 
sit instrument was set up. This extemporised pillar answered its purpose vcry well. 

(21.) The French officers, in charge O F  tllc Canal, at  I s ~ a i ' l i a  were particularly civil in 
their offers of assistance. They presented me with plar~s of tllc Canal and of the tomn from 
which the latitude and longitude of thc hotel coultl bc satisfactorily Inid off. llliey also gave 
me the height of the floor of the pendulum room abovc the sca lcvel at Suez. 

(22.) Ismailia is a most remarkable place, ant1 exemplifies very strongly the capacities 
of the  French for producing neatttess and beauty under difficulties. The tomn is situated on 
the  shores of Lake Timsah; a lake about 3 miles long by 24 widc, which was perfectly c1l.y be- 
fore the water was let into the Canal, but wl~ich now forms an admirable arlcliorage for passing 
nhips. Ismdlia is about 14 miles distant from thc Canal, and cxccpt for tllc waters of the lakc, 
the  town is surrounded on all sides hy thc most utter dcsert of sarltl : sand wl~icli is conatant- 
ly shifting, and which is only prevented from i~~vad ing  tlic tomu 11y successive lines of reed 

*Full detailed descriptions of tllc positions of the builqlings in wkicll tho pcndulu~ns were ewung at Colubo, at A J ~ ~ I  
and 8t I~lmailis, ad be found iu Ike peudulum observation books. 



fencing. Yet iu  tlie midst of this one finds good roads with avenues of trees : a town of solid- 
ly  built houses, many of them double storied, and several cf them with cor~sideral)lc arcliitec- 
tural pretensions. There is a public garden with a pretty kiosk and fountain in tlre centre, 

by beds kept i n  tlre neatest order, full of handsome shrubs, and ))right with gera- 
niums, zinias and oleanders. Most  of the private houses have bits of gartlens, and that  of 
M. Lesseps is a most perfect li t t le wilderness. A plentiful supply of water is obtained from tlie 
sweet water Canal which surrour~ds the  town, but  water alone will not make tile desert sand 
fertile, and t h e  soil of the  gardens is l~laclt earth w1:icb urlderlies tile sand and which has I,een 
dredged out of the  canal. At  one end of the town is a large urloccupied palace 11ailt by tile 
Viceroy, and adsjoining i t  are  the water-works whence fresh water is pumped t o  Por t  Said. 

Altliough the European populatiori might be counted hy tens, and is composed almost 
entirely of Carla1 officers; yet  there are  one or two caf6s chantatit in  the towu ant1 a ba th i r~g  
establishment by the  Lake. The  lake is most admirabiy adapted for bathing. The  bottom is 
all sand, and there is plenty of water a short rlistnr~ce from tile shore. Olvit~g t o  the  large 
amount of evaporation t h e  watep is intensely salt, a r ~ d  in consequence wonderfully I~uogant .  

The weather was remarkably fine during our  stay a t  Ismai'lia. I n  the  middle of the  
day, the  heat out  of doors from the glare and radiation mas cotisiderable; but within doors 
i t  was cool e n o u g l ~ ;  and tliough one or two of the days were somewhat sultry, yet the heat 
bore no comparison t o  that  of upper India  i n  June.  \Vhe11 me first arrived the  atniospliere 
was wonderfully clear, and the  l~ i l l s  near Snez, ~ r l ~ i c l ~  mere some 6 0  miles distant did not  
loolc more than 15 miles away. Later  or1 we had high minds w l ~ i c l ~  filled tlre air with sand 
and made i t  very murky. Tlie n i g l ~ t s  mere of tlre niost glorious description. Even a t  Mus- 
SOOI-ie after t h e  monsoon I have never seen the  heavens more brilliant than they mere a t  
Ismiilia, and the  milky-way shor~c  like patches of sun-lit  clouds. 

(23.) O n  the  25th of J u n e  we left Ismai'lia. I took 7 natives of the establisl~ment, 
on with m e  t o  Alexa~ldria to  assist in shipping the  instruments there. lllte remait~der  I sent  
back t o  Sues. I l ~ a t l  talreti the precaution t o  obtain t h ~ . o ~ ~ g h  N r .  Vivian, Acting Col~su l  
General a t  Alexandria, an export order wllicl~ enabled m e  to pass t l ~ e  i t~s t r r~ments  and baggage 
through the Custom IIouse there wit l~out  delay, and on the  26th every thing was shipped 
on board t h e  S.S. Candia. I then sent back the rest of the  natives to Suez, nltcre I had 
arranged for their passages back to Bombay, with Air. Sullivart, the Yellinsular aud Oriental 
Company's A g e ~ ~ t .  

(24.) 0 1 1  tile 3rd of July we left Alexandria for Soutliampton. R i g l ~ t  glad was I t o  
bid farewell t o  Egypt. The  Egyptians arc the most aggravating people to  deal wit11 that  I 
ever encountered. A t  Suez I was obliged t o  eugagc a dragoman as interpreter, one Ali, 
whom I have no reason to suppose was much belo\? tlrc average of his class. I lct~ew 11e was 
not t o  be trusted, and so wlien I had got a pass from t l ~ e  C~is tom House a t  Suez, I went up 
myself to  the  Statioti t o  arrange for a goods van. I paid for i t ,  anrl i t  was to  be scrrt dowti 
t o  the Custom Horisc that  evenittg. IVl~cn I went over uext morning it  11:td riot arrived so 1 
sent Ali up t o  the  station for it .  I l c  came back with tlre i~rtelligeuce " 15ngirle driver not 
bring waggon les he get 4 sl~illings." Time was impor ta t~ t  so I paid. The waggon arrived 
soon after but with the  door loclcetl. Ali was sent for the key, and came baclt to say " Mail 
not come and open door Ics 11c get Gd." \Vlren we had ~ lear ly  finisl~ed loading the waggon, 
a n  official came and tallced wit91 great volilbility to Ali, wllo said lie mas objecting to the  amouut 
we were putting into the wa,rrgon. Portrtnately 11e was a littlc I;ite, tile last box was put i n  
a r ~ d  I loclced the  door and poclceted the Itcy. T l ~ e  same sort  of thing went on when we were 
starting by the  train. Sl~rrout~tlctl  by 1o:~fers and beggars with every sort of hideous disease I 
was stowing the  thermometers atid barornetera safely i n  the  carriage, when Ali came up  with 
some half dozen attendauts to say " T l ~ i s  mall 11e not l a l~e l  luggage leu Ire get s i r  peuce." "Tllis 
" man he weigh luggage and malte him 200 t~nder ,  he want sllilling." " This man . . . . 11 

I thouglit, fortuuately, of the thermomcters arid said. " Here, take this Iialf crown and settle." 
B u t  a t  Ismai'lia when I had got all tlte instruments safely lodged, I was able t o  devote a little 
more attention t o  Bli,  and when on my ohjectiug to the price of some stone he  had brought for 
t h e  transit  pillar, he told me " 11im all c o n ~ e  from France by canal bnnt" I explained t o  him 
pretty fully that I could riot be callcd a fool so openly any longer. Ali improved very m u c l ~  
after this, though he never could get over his habit of giving a ready alrswer to  every question. 
B u t  I think the  only t rue thing I ever heard him say was " Every one in Egypt  him like money. 
N o  do nothing without money." The Egyptians have one good trait. 'l'lley can and do carry 
the  most wo~~derf i t l  loacls. A t  lsma'ilia we got the air  pump and box weighing altogether 374  
lbs. on t o  one man's back, arid be managed t o  carry i t  i n  the teeth of a fresh breeze a tlista~ice 
of nearly a quarter of a mile. 

(25.) O n  the  16th of Ju ly  we landed at  Southampton. I had written for a C ~ ~ s t o m  House 
pass, and for 8 Furni ture Van t o  meet the Steamer there. O n  t h e  17th tlie instruments were all  
packed in the  Van, and were sent t o  the  K e n  Observatory where they arrived and were unpack- 
ed on the  18th instant. 

(26.) Owing to General Sir  E. Sabinc's forethought, and kindness I found tha t  the  
pendulum rooms had been fully prepared for my arrival. The iuvariable pendulums were 



swllng in the  w ~ e  1)lace in  which they had been swilng by  ILIr. Loemy ill 1865, T - , ~  
tions 114th these pelldulums were finished o n  t h e  25th of ~ u ~ ~ ~ t ,  Sir E. sabine permitted 
M r .  G .  Whipple, t h e  Senior Assistant of the  Observatory, t o  take transits for m e  during the 
t ime  I was swinging t h e  invariable pendulums. This  work Mr.  Whipple performed to my 
elltire satisfaction. T h e  transits were observed directly by t h e  Shelton clock, the beats of which 
were plaillly audible i n  t h e  t ransi t  room through a tube  carried u p  from the  clock. ~h~ clock 
face coultl be seen from t h e  transit  room reflected i n  a mirror. 

(27.) 1 did not  leave Kew unti l  the  13th of J u l y  1874. The  interval between ~~~~~t 
1 8 7 3  and this  date  was spent i n  taking a complete set  of observations with the Russian ye- 
versible pendulums for t h e  determination of t h e  length of t h e  simple seconds pendulum at  
K e w  ; i n  reconstructing and swinging the  convertible pendulunl used by Captain Kater in 1817; 
and  i n  determining certain factors connected with t h e  invariable pendulums. 

(28.) I n  the  origirial programme drawl1 up  by you for t h e  cotnpletion of the  pendu- 
l u m  operations i t  mas intended tha t  t h e  iuvariable pendulums shonld be swung a t  Greenwich 
as  well as a t  Kew. F r o m  t h e  known length of t h e  seconds pendulum a t  Greenwich, as deter- 
mined by General S i r  E. Sabine, a value of the  length of t h e  seconds pendulum a t  the ludian 
Stat ions of observations would have been then obtainable. Owing, however, chiefly to  the 
extensive preparations which were being made a t  Greenwich for the  Transit of Venus parties, 
n o  space was available i n  the  Observatory for t h e  pendulum experiments, and the Astronomer 
Roya l  proposed t h a t  t h e  pendulums should be  swung no t  a t  t h e  point i n  t h e  Observatory a t  
which S i r  E. Sabine has swung his pendulum, but i n  a building t o  be erected temporarily for 
t h e  purpose i n  t h e  park about  300  yards from the  Observatory and pulled down on the  comple- 
t ion of tlre swings. Application was therefore made t o  t h e  British Government by the India 
Office fo r  a g ran t  of 8 2 0 0 ,  for this  building. 

The  grau t  mas eventually sanctioned, bu t  i n  the mean t ime a change had been made iu  
t h e  programme of operations. 

111 August  S i r  E. Sabine suggested tha t  I should undertake a series of observations 
with Captain KaterJs  convertible pendulum. You sanctioned this arrangement which by form- 
i n g  Kelv in to  a base Station makes t h e  Indian experiments independent of Greenwich. 

(29.) Tt~roughout  my stay a t  Kern, Sir  E. Sabine, wlro took great  interest i n  my work, 
was constant in  his enquiries as t o  my progress, and i n  his kind offers of assistance. H e  placed 
a t  m y  disposal the  occasional services of Sergeants Moore and Chadaick of the Royal Artillery 
whom h e  employed as  writers. These men were both neat  and accurate in  their work, ant1 
mere very useful i n  making ont  d~rplicates of tlie records of my observations and i n  assisting ill 
t h e  computations. I am also much indebted t o  Mr.  S. Jeffery, t h e  Superintendel~t  of tlie Kew 
Observatory for the  assistance he  afforded me, ant1 my best thanks are due t o  Messrs. G. Whipple 
and  T. Baker  for the numberless lit t le services they so  freely rendered me. 

(30.) M r .  H .  E. T. Keelau, Surveyor 3rd grade joined the party in  December 1873. 
M r .  Keelan was about  t o  take sick leave t o  Europe, when you offered hirn this opportunity of 
accornpanyiiig t h e  party t o  England on  duty. M r .  Keelan's services have proved most valuable 
t o  me, and although he  has occasionally suffered from severe headaches, yet on tlie wllole his 
heal th has been better t h a n  might  l ~ a v e  been anticipated. H e  possesses all the  qualifications 
whicll an assistant s l~ould  have aud is moreover clever a t  desigr~ir~g.  I-Ie made very satisfactory 
designs arid drawings for several things whicll I required a t  Kew for Kater's atltl 
I a m  indebted t o  him for many litt le s~rggestions i n  other mays. At  Kaliiil~a he  was instructed 
i n  the  methods, of observing coincitlencea, ant1 of clocli comparisons. T h r o ~ l ~ l l o u t  the opera- 
tions he  observed some of the  intermediate coincide~ices of the invariable pencllllums and took 
some of the  clock comparisons. Towards the  close of the work a t  Kew he  practised himself in 
t ak ing  s ta r  observations for t ime with the  Trar~s i t  Ins t rument ;  and his average probal)le error  
for t h e  mean time of transit  of a star  for t h e  last four nights of his observations was but + 0.03 sec. The  results of the  observations show him t o  be a very competent observer; and 
more especially is this the  case with the  cloclc comparisons which he  took a t  Kew for the deter- 
mination of t h e  rate  of the Sholton clock from telegraph signals transmitted from the ~ r e e n w i c h  
Observatory clock t o  t h e  Richmond Post office. A t  Aden he  executed a triangolation for the 
determination of the  Lat i tude of the perldulum room, and he took there some circum-meridian 
observations t o  stars for the  same purpose. Mr .  I<eela~l's work has been more than satisfactory 
i n  every respect and I cannot commend him too highly. 

(31.) Before I left Kew I handed over t o  Mr .  Je f fey ,  t h e  ~ u p e r i n t e n d e n t  of the  
Observatory, who had been deputed by the Royal Society t o  take charge of them, the  invariable 
pendulums and  the  whole of the  pendulnm apparatus. A great part of this apparatus had been 
constructecl a t  the  expense of the  Indian Government : but, acting on your silggestion, these 
portiolls, including t h e  vacuum apparatus, thermometers and syphon gauges, were presented by 
t h e  Indiau Governmerit t o  the  Royal Society. 

After leaving Kew 1 spent a week in London where 1 handed over t o  the  Director General 
of Stores the  boxes containine; the  records of my observations, and the  office books and papers - 
for despatch t o  this country. 

The  Russia11 pendulums were shipped under Mr. Keelan's superintendcncc and were 



despatched t o  St .  Petersburg, i n  the  same condition i a  which I had last used them a t  Kew. I 
have since heard from M. 0. de Struve, to  whom they were consigned, that  they appeared t o  have 
reached Russia in  good order. I11 accordance with a request I made, he  has deputed a skilled 
officer t o  take a series of observations with the  pendulums in t h e  condition i n  which they arrived, 
and I trust  t h a t  the  results i n  India  and a t  Kew will thus become connected with those made i n  
Russia. Such of the  few instrumeuts as remained, I transferred t o  the  India  Store Department 
for repairs before heing returned t o  this country. O n  t h e  20th of Ju ly  Mr .  Reelan availed 
himself of the  furlough, and 1 availed myself of the  privilege leavc which had been granted t o  us. 

I embarked for Bombay I)y tlie mail which left Southampton on  the  17th of September, 
and I reaclied Dehra  on  t h e  20th of October. 

Extract from the Narrative Report-dated 20th November 1874-of J. B. N. HENNESSEY, Esq., 
Deputy Superintendent 1st Grade, G. T. Survey, In charge Computing Office. 

Calculaling Branch. 

(2.) The  follomiug changes have occurred during the  year uncler review. 
Computing Branch. Lieutenant S t .  G. C. Gore who was posted to  this ofice a t  the  close 

of the preceding year, t o  be instructed in  the calculations of t h e  Department, hav i~ lg  gone 
through the usual course, arid I~aving afterwards done duty i n  tlie olfice, was, on the  1st  
August, transferred t o  the  ICumanu and Gnrhmdl Party. M r .  W. Todd, Surveyor 2nd Grade, 
joined on the  1st  January  1574 from t h e  same Party and on the same date Mr.  J. \V. I\lacdougall 
mas transferred t o  tha t  Party.  Mr .  AZcCartl~y, entered as a computer 011 the  11th June, and 
having su1)sequently passed tlie usual examination required of candidates for aclmissioil to  the  
Junior Department, was appointed a n  Assistant Surveyor, 4 th  Grade, on the 11th August. 
On the 1st  February h e  also was transferred to  the  K u ~ n a u n  and Garhrvlil Party. 

Drawing Urancl~.  Mr .  Atlci~isou was absent on two mouths leave f'rorn tlle 25th August, 
during which t ime h l r .  14. 17. W. Todd oficiatcd for him. 

3 . )  A large amount of t l ~ e  work performed bp tlie Computing Branch-being, as i t  is, 
closely connected with the other Branches of the ofice-is of 

S1lnlmn'y Of work performed ~ i e c e s s i t ~  of such a miscellaneous character tha t  i t  mould be im- Cornlil~tit~g Br~mcli. 
possible to  reduce i t  withiu tlie form of a slirninary. Such as call 

be so reduced, is detailed below ; brlt in  order to  ena l~ le  you t o  form a general idea of the progress 
that has been made I will first briefly capitl~late some of  t l ~ c  more i m p o r t a ~ ~ t  s~lbjects  tha t  have 
occupied the t ime of the  office. The ~ ~ r i n t i n g  of  VOIS. I11  a i ~ d  I V  o f ' t l ~ e  Accounl qf the Ope1.a- 
tions qc. which contain t l ~ e  nrlmerical data cor~rlected wit11 tlie Principal Triaugulation of the  
N.W. Quadrilateral, were, as stated ill my last report,  then practically i n  a complete state. 
They have been put aside in accordailce with your directions pendiug t l ~ e  completion of Vol. I1 
on which roil are  now engaged, wi tho~l t  which they would be to  some esteiit unintelligible. 
Of this volume about 250 p;rgcs havc already been passed tlirough the  press. N O  similar 
reason has existed for re ta rd i~ lg  t I ~ e  pul~Iication of tlie Principal and Secondary work of t h e  
same Quadrilateral (in the form prescribed I)y yourself) for the  use of local officials and 
others, engxaed on silrvcy or other worlc for which geograpl~ical data  are  requisite. The Qund- 
rilateral is d~vided into cight series of  cacli of mliicl~ a syiiopsis has been or  is  being prcpnrcd, 
containing the elements of all the priricipal ant1 secondary points colinected wit11 i t  a ~ ~ d  ticcorn- 
panied by charts of the  triangulation. Of tliese synopses, Vol. I, o r  tha t  of t h e  Great  Indus  
Series has been published ; Vol. 11, or that  of the section of the  Great  Arc between lats. 24' 
arid 30' is now almost ready for the biudcr; Vol. 111, o r  tliat of the  Karlchi  Loi~gitudinal Series, 
is very nearly eqr~ally adva~lced ; tliose of  the  Gur11:igarh and Jogi-Tila Meridio~ial  Series a r e  
complete with the  exceptiori of charts, and the Rahnn Meridional Series is uearly out  of t h e  
printer's hands bu t  also necds charts. The two remaining series i. e., the  Sntlej arid N.W. 
Himalaya are in  R somemhnt backward state, only the synopsis of t l ~ c  principal points having 
been as yet pr i~i ted ; the secondary data  of the  former are ready for the  pisess, and considerable 
progress has been made in preparing the data of the latter. The  reduction of the secondary 
triangulation into accordarlce with the principal trianglilation, prior to  the preparatiou of the  
synopses, necessitated by the final reduction of the  N.W. Quadrilnteral, l ~ a s  of course entailed 
much labour on the Computing Branch, as also has the  superintendence through tlie press of the  
publicationof the  result. I n  addition to  this considerable progress has been made wit11 the reduction 
of  the next Quadrilateral, i. e. the S.E., for which triangles, latitudes, lougitudes aud azimuths 
have been computed and the  absolute tcrms of tlie cqnntions found; also good progress has 
beeu made in dctcrmining the coefficients of tlic unkuowu quantities involved. Theue calcula- 



tions have had to  be set aside for the present, as several of the computers are engaged in the 
reduction of the observations made by Captain Trotter while attached to the Yarkund Mission, 
i n  accordance with your wish that every facility should be afforded to that officer, to enable 
him to complete his report and compile the maps connected with his work as soon as possible. 
Besides this, Captain Heaviside also has the services of a computer placed at his disposal. 

(4.) The details of the ordinary calculations are as follows :- 
Angle Books indexed . . . . . . . . . . 64 vols. 
Deduced Angles examined . . . . . . . . 32 angles 
Abstracts of Angles compared . . . . . . . 166 ,, 
Zero and general means computed . . . . .. 166 ,, 

Computations in Duplicate. 
(Weights computed . . . . .. 192 

I Spherical Excesses computed . . .. 221 
Simple Quadrilaterals reduced . . .. 14 

Principal Triangulation. ( Simple Polygons JY . . . . 29 
Compund Figures 9 9  . . .. 1 4  
Lats., Longs., and Azimuths computed 
[ (single deductions) . . . . . . 92 

1 Traverses computed . . . . . . 6 
Ray Traces ,, . . . . . . 8 

Secondary Triangulation. ,Trianfles I )  . . . . . . 1505 
adjusted . . . . . . 632 

Lats., Longs., and Azimuths computed . . 2258 

I Latitudes by Circum-meridian observations . . . . 121 deductions 
Explorations. Heights by Boiling Point . . . . . . 88  points 

Longitudes by Z. D. . . . . . . about 30 deductions 
(5.) The work performed in connection with the Typographic and Phot~zincogra~llic 

presses is given under two heads. 
For Typographic O#ce. 

Bpnopscs of the Operntions, kc. Compiled or otllernise prepared. 
Letter press . . . . . . . . . . . . 26 pages 
Principal Triangles . . . . . . . . . . 13  ,, 
Principal Lats., Longs., Azimuths and Heights . . . . 29 ,, 
Secondary Triangles . . . . . . . . .. 136 ,, 
Azimuth Tables . . . . . . . . . . 64 ,, 
Co-ordinates of Secondary Points . . . . . . 129 ,, 

Y )  Peaks (N.W. Frontier) . . . . . . 6 ,, 
Total 403 

For vols. I11 and I V  of the operations &c. 
Letter press . . . . . . . . . . . . 45 pages 

For other vols. of the operations &c. 
Lists, Descriptions and observed angles of 
Revised Calcutta Longitudinal Series . . . . .. 104 
Great Arc Series, lat. 18'to 24' . . . . . . . . 66 
Jabalpur Meridional Series . . . . . . . . 1 0  

Total 180 - 
The auxiliary reductions of the figures of the N.W. Quadrilateral have also been compiled 

for inclusion in  Vol. 11. 
For P?~otozincograpJlic Oflce. 

Data compiled for projection of Assam Series Chart 55-60 . . 1 sheet 
Numerirsl and other Charts. Compnrod or Examined 

Engraved proof of N.W. Quadrilateral Reduction . . .. 1 sheet 
S.E. Quadrilateral Chart . . . . . . .. 1 ,, 
Aesam Series Chart 1855-60 . . . . . . .. 1 ,, 
JodhpGr Series Chart 1872-73 . . . . . . .. 1 ,, 
Final Charts Cireat Indue Series . . . . . . .. 4 ,, -- 

Total 8 - 



Calculating Branch.-(Continued) . 
(6.) Observations for time were taken on 10 occasions during the year for thc pilrposc 

Inetrulnental Work. of showing mean time aud rating chronometers. Meteorological 
observations were made in the Dehra Observatory on every d:ry 

tlirougl~out the year, and the daily results were reducctl and commuriicated month by month, 
as usual, to tlie Rcporter on hlcteorology, N. W. Provinces. A table of monthly means is 
appeuded to this report. The difference of levcl between the uppcr mark of the Dehra Dome 
Observatory a ~ i d  the B. M. in the mall of tlie G.  1'. S. Ofice mas determined by Spirit Leveling; 
and the large Anemometer, wliicli had for somo tirnc beer1 awaiting a suitable place on wl~ ic l~  to 
erect it, mas put up ovcr the room wliicll surmonuts the portico of tlie office aud the clock work 
with registeriug barrcl placed bcneath within the same room. 

(7.) 1 noticed in my last report that on Captain W. J. Heaviside's appointment to tho 

Pcndulum Obaervations. charge of the Pendulum opel.ations, I mas able to afford him 
assistance in certain matters connected with his work : having 

more calculations than his own office could perform, hc coutinued to require the aid of the com- 
puting ofice for some time during tlie year under report. The work executed for him was the 
computation of the rates of the Russian and Er~glisli sidereal clocks in connection with his 
observations a t  Kalibl~a; tlie reduction of 81 sets of observations with the Russian Peatlulums 
at KaliAna and the preparation of an al~stract of tlic same; the bringing up of tables for the 
reductio~i of the measulsement of length for both pendulums; tlie recomputatiou of the Russian 
clock rates for the KaliBna obsel*vations ; the copying of 72 sets of observations a t  Kalirina with 
the ltussiau Peudulum No. 2 ; tlie computation of tllc observations with thc Russian Pendulum 
at More; tlie reduction of clock rates for tlie obscrvations a t  Dehra, and the reduction of 
thc observatioi~s with the Russia~i Pendulum at  the same place; tlie reduction of tlie observa- 
tions a t  Kaliiria made on tlle occasiot~ of the fourth visit to that s t a t i ~ u  : tlie bringing up of 
thc abstract of the results; the recomputation of t l ~ c  factor of expansion forthe Itoyal Society'e 
Peudulums aud tlie br i~ ig i~ig  up of the temperature corrections, &c. 

(8.) The preservation of the Principal Stations of this Survey is of course n matter of 

Protcction of Stntions. the utmost importatice and entails a good deal of correspor~d- 
ence 011 this office. lleplies to 233 letters on this subject were 

draftcd by Mr. C. Wood untlcr your directiou, arid 12 original, duplicate and supplementary lists 
inclutling 76 stations were issued to district officers. Owing to  the modcrri alterations in the 
l)o~lndarics of districts it is ofteu a matter of somc dificulty to aocertain what stations are situated 
in each district and to obtain n complete returri from the district offcials. Steady progress is 
l~omcvcr bci~ig made, ant1 I am glad to statc that sincc I last rcported 63 more districts including 
650 statious have bcen scttled, malting in all 291 districts of which the lists are now complete. 

Tlie check lists tiom incltide about 2,450 principal s t a t io~~s .  A statemcut mas also pre- 
pared shcming what district oficials had failed to send iu Annual Reports of tlie coudition of the 
stations iu their districts, aud reminders havc becu sent to  them, tlic result of wliicli has been 
in most cases satisfactory. 

(9.) A new form for the computation of trigonometrical heights 11~s bcen devised by 

Miscellaneous. which the labour of calculation is considerably reduccd and in 
coiincction ~vitll this form a ncw tahlc has bccn addcd to the 

Auxiliary Tables. Forms for official and dcpartmc~~tnl  usc mcre supplicd to 55 otficers, and 446 
parccls containing maps and charts wcre I~oolced and dcspntchcd. Twenty-nine officers have 
been supplied with data, that furnished to Captain Bailcy of thc li'orcst Departrnciit mas more 
over all reduced to the samc tcrmq. Ab~trac ts  of observed angles and ~pl~roximate  azimutlls 
were prepared for all the statioiis of the Uilkqpur hlcridiol~al Scries, Southern Section, visited 
during the seaqou of 1872-73. Lists of pargatla, patti, and village names in Kumar~n aud 
GarhmAl mcre prcparctl for srlblnission to the scttlemciit officcrs for correction of orthography, 
aud G candidates for the junior departmcnt were examined. 

Typographic Branch. 
(10.) Thc work performed by tile Printing Officc for the past 5 years is cot~cisely stated 

in thc following tablc. 

Pngcs composed, 

DO. printed, 

1860-70 

- - - - . . - - 

693 

106,231 

1870-7l I 1871-72 1 1872-73 / 18i3-74 

810 

234,828 

1,420 

273,157 

1,143 

241,348 

1,220 

388,450 



Typographic Branch.- (Continued) . 
The total pages composed last year may be subdivided thus, 

For volumes of the G. T. Survey . . . . . . . . 870 
.. For charts, memos., kc. . . . . . . . . 324 

For Annual Report . . . . . . . . . . 126 - 
Total 1,220 -- 

Drawing Branclr. 

(11 .) The work executed in the Drawing Office is exhibited in the table which follows 
this report. 

Pholozincogrophic Branch. 

(12.) The work performed by this office is shown in the following tabular statement 
under the heads of Maps, Charts, Diagrams and Forms. 

Maps. 

Bnbject published I 
Prints of maps published in former years . . 
Kattymar, sheet No. 20 . . . . . . 

Do. No. 30 . . . . . . 
Turkestan Map, sheet No. 2 (2nd edition) . . 

Do. N o . 3  ,, . . 
Do. No. 4 ,J . . 
Do. No. 1 ,, addendum 

Index to Mussoorie & Landour Surrey . . 
Do. to  Triangulation, S. E. Quadrilateral 

Guzerat, sheet No. 11 . . . . 
Kashmir Map (for Major Bates's Gazetteer) . . 
Index to Guzerat Survey.. . . . . 

Do. to Kattymar . . . . 
Forast Map . . . . . . 
Kattywar, sheet No. 13 (N. W. Section) . . 
Index to Kumatin & Cfarl~aiil Survey . . . . 

,, Main Lines of levels (reduced scale) . . 
Trans-Frontier Map No. 9 . . . . 
Kattywar, shcet No. 13 (S. E. Section) . . 
Turkestan MapJ sheet No. 1 (2nd edition reprint) . . 

Do. No. 3 ( ,J ,J 1 - -  
Kattywar, sheet No. 23 . . -. . . 

Do. No. 21 . . . . . . 
Do. No. 25 .. . . . . 
Do. No. 13 (S. 11'. Section) .. 

Guzerat, sheet No. 13 . . . . . . 
Doonga Gulli Forest Map (reduced) . . . . 
Trans-Proutier Map No. 8 . . . . 
Forest Map (Hazara district) W. Section . . 

Do. ( 9 J ) Central Section . . 
Kattymar, sheet No. 10 . . . . . . 

Do. No. 20 . . . . . . 
Do. No.22 .. . . . . 
Do. No.11 .. . . . . 
Do. No. 22 . . . . . . 

Guzerat, sheet No. 12 . . . . . . 
Kumaun and GarhmBI, sheet No. 25, contoured . . 

DO. 1 2  NO. 2G ,, . . 
Forest Map (I-Iazara district) E. Scction . . 
Kumann QE G a r h ~ ~ h l ,  sl~cet No. 3-4, coutoured . . 

110. No. 33 . . 
Forest Map (Khanpur ltange of Rakhs &c.,) E. Section 

Do. ( J )  ) Central Section 

..I .. ' . . May 1873 

- -  ,I J) . . I June )I 

, J 2, 

1.1 J, J J . . August ,, 
) J  ,J :: I September ,, 

. . J J J, . . ( October ,, 

* .  > J 9 )  . . ,J )) 

. . >J  JJ  . . 11 JJ 

. . December ,, 

. . JJ  JJ  . . ,J > J 

. . >J JJ . . JJ  9 )  . . January 1874 

NO. of 
parts 



Photorincograpltic Branch.-(Continued) . 
Maps.-(Continued) . 

Subjcct 

Kattywar, sheet No. 13 (N.E. Section) . . . . 
Index to Prelirniriary Charts (N.\Y. Quadrilateral) . . . . 
Kumaiin and Garhwlil, sheet No. 34, slteleton . . . . 
Guzerat, sheet No. 10 . . . . . . - .  
Kumaun & Garhmbl, sheet No. 32 skeleton . . - .  

Besides the foregoing, Blue prints 53 in number mere issued. 

Charts. 
Amua Series No. 1 . . . . . . 

DO. NO. 2 . . . . . . - .  
Assam Longl. Series, season 1855-60 Numerical . . . . 
Brahmaputra Series, season 1872-73 ,, . . . . 
Gora Series, Nu. 1 . . Y )  . . . . 
Jorlhpnr Serics, season 1872-73 J J  . . . . 
Bilbspur Series ,, ,, (N. Section) Nurncrical . . 
Great Iudus Serics, Chart No. I ,  Final . . . . 
Kadappa and Karn61 Minor Triangulation (1871-73) Numerical 
Great Intlus Series, Chart No. 2. . . I- . . . - 

Do. No. 3. Final . . . . 
DO. NO. 4. . . . . . . 

1,400 Alaps and 2,702 Charts mere issued tl~iring the ycnr. T l ~ c  forms arc always cxpended as 
fast as printed. Contrasti~ig the work pcrfornlcd siuce 1870-71 me ]lave 

Subjcct 

f 

1 Plates to illustratc Vols. I11 and IV and otl~cr diagrams, 

Professional and Ofice Forms, . . . . . . . . 

W i r n  
pnbl~ehcd 

February 1874 
Alarcli ,, 
April ,, 

JJ 9 )  

J P  J J --- 
Totals . . --- 

Afay 1873 
9 ,  Y, 

December ,, 
, J 1, 

) 9 9 ,  

Jan~iary 1874 
February ,, 
March ,, 

J ,  , J  

April ,, 
J J J J ----- 

Totals . . 

When published 

A f a ~  1873 
Ji~iie JJ 

July IJ 

Augnst J J 

October ,, 
November 
March 1&4 
April J J --- 

Total . . 

1873-74. 

Year 

1870-71 

1871-72 

1872-73 

1873-74 

NO. of 
parts 

1 
1 
1 
1 
1 - 

ti1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 - 

12 

Of 
printed 

710 
220 
160 
I GO 
320 
807' 

1080 
100 - 

3,557 

28,125 

T:ii2f 
printed 

-- 

5 5 
35 

105 
106 
105 -- 

9,207 -- 

66 
68 
65 
65 
65 
6 5 
65 

377 
65 

359 
375 
392 - 

2,027 

AIn11s 
- - -. - -. 

6,465 

10,131 

6,910 

9,207 

Charts 

830 

1,375 

2,206 

2,027 

Diagrams 

13,205 

4,937 

12,055 

3,557 

Forms 

10,482 

13,635 

12,519 

28,125 



An Abstract of the work executed during the past five years stands as follows. 
-~ - -  - -  

These tables speak for themselves as to  the value of this branch of the office when judged of 
only by the out-turn of work; but the nature of the work is in marly instatices such that tile 
convenience of having a small establishment of this 1tit:d a t  hand to esecrite it is illestimable. 
The accuracy of the data on the Prclimiuary Charts and the Cliarts of Levels alone, ml~iclt is of 
the utmost importance, could not be so well assured if this branch were not in direct conriection 
with the drawing arid computing branches, without entailing delay and correspo~~dence which 
~vould seriously impede the current work not only of the office but frequently of the depart- 
ment itself. 

Subject 

Maps, Charts and Diagrams, 

Forms, . . . . . . 

(13.) I n  conclusion, Mr. W. H. Cole, n1.a. has continued to  render valuable service 
in discharging the varied duties that are required of I~im. 

Mr. Wood is as eficient as ever. Mr. Peychers worlts steadily and to good purpose. 
Baboo Gunga Pershad contir~ues to  be an excellent assistant. Baboo Cally RTol~un Ghose has 
clone good service. Baboos Kally Coomar Chatterjee, Gopal Chunder Surcar and Tarapodo 
TvPulookerjee ,are deserving of commendation, and of the llew l~ands  Baboos S l ~ a m  Nath and 
ShosLee Bhoosl~nn Shome hove mostly afk'orrled satisfaction. 

Mr.  W. Todd has worked wit11 his well known accuracy, care and zeal. 
Mr .  Ollenbach and Mr.  Dyson have both clone well. 
Mr.  O'Conilor's zeal ancl professional ability are commenclable. 
Mr. Atliinson has couducted his duties as Chief Draftsman with success; his assistants 

hove given satisfaction. 

Number of Prints 

- 

1869-70 

12,313 

13,571 

1870-71 

20,509 

10,482 

1871-72 

16,443 

13,655 

1872-73 

21,171 

12,549 

1873-74 

14,791 

28,125 





Annual Return of work executed in the Drawing Branch of the Offlce of 
Superintendent G. T. Survey of India, from 1st may 1873 to 30th April 1874. 

Compilation. 

Number of 
sheets or 
diagrams. 

... Sheets Nos. 2, 3 and 4, Turkestan Map (2nd edition) ... ... Sheet No. 4, Turkestan Map (3rd edition) ... 
Addendum to sheet No. 1, Turkestan Map (2nd edition)" ... 
Trans-Frontier Maps Nos. 8 and 9 ... ... ... 

IS Map (containing Rakas Tal and MLnsoramer ... 
Lake) ... ... ) 

Map of Keshmir to illustrnte ~ a $ ;  Bates' ~tnzettee; of ... Eashmir ... ... ) 
Map of Xumaun and Qarhwbl to illustrate Mr. 'E.T. ~tkinson's ... Qnzet,teer of Kumaun and Gnrliwil ... ... Sheet No. 6 of Spirit-Levelled Heights ... ... 

do. ,, 13 do. do. ... ... ... ... 
do. ,, 25 do. do. ... ... ... ... 
do. ,, 26 do. do. ... ,.. ... ... 

Index Map to Mnssoorie nnd Landour Survey elleetu eliewing ... the position of Boundary Pillars ... 

scale 

Prelimitmy Numerical Charts. 

... Assam Longitudinal Series, Seesons 1855-60 ... ... 

... .. Jodhpur Meridiond aeries, 1872-73 ... ... 
Eadeppa and KarnG1 Minor Series (Great Arc Revision), ... Seasons 1871-73 ... ... ) 
Mangalore Meridiond and Medras Longitudinal S e ~ ~ e s ,  ... Seasons 1871-73 ... ) 
Bilbpur Meridional Series (Southern sec t ih )  Setwon 

1872-73 ... ... .. , ... ) . .  

Final C h a d .  

DPSCBIPTIO~ OP WOBP. 

Great Indw Series ... ... ... ,. . ... 
Great Arc ,, ... ... ... ... ... 
OurhLgarh ,, ... ... ... ... ... ... Jogi-Tila ,, ... ... ... ... ... ... ... ... KarBchi IP ... ... ... ... ... RahGn )I ... ... ... ... Sutlej I) ... 

1 inch 

Rough Chart of the South-Enet Q~iedrilaternl ... 
2 Charts of the eheina of triangles west of the meridian ) 

of Calcutta ... ... ... ... ) ". 
4 Copien of Star Charte ... ... , , .  ... ,.. 

Prepared 20 Forms professional and office on Transfer and Draw- 
lug paper ... ... 

Examined proofs ol 81 maps end charts 
Colored 6,862 wpies of different maps 
Prepared Diagram8 and Descriptions of Bench-Mark8 for sheet 

No. 26 of Spirit-Levelled Heighte 
Reduced and combined several sheets of levels 

do. do. several routes 
do. aeveral Russien and other maps for incorporation in 

Turkestm and Trans-Frontier Maps 
Prepared aeverel tracing8 for use of OEcers 
Examined and reported on 18 fair maps of the Kumaun end 

Qarhw61, Kattyaar and Quzernt parties end performed numerous 
other mieceUaneous dutiea 

For Photozinwgr~ph~.  
ditto. 1 

2 
2 

ditto. 
ditto. 

Miles. 

32 
32 
32 

16&8 

4 

16 

1 4  

1 2  
1 2  
1 2  

I 
4 
4 

4 

4 

4 

4 
4 
4 

1 4  

ditto. ( Sheet Vo. 9 for reduc- 
1 tion to t scale. 

ditto. 

ditto. Reduction to t male. 

ditto. 
ditto. 
ditto. 
ditto. 

ditto. 

ditto. 
ditto. 

ditto. 

ditto. 

ditto. 

ditto. Reduction to 4 acele 
ditto. ditto. 
ditto. ditto. 
ditto. ditto. 
ditto. ditto. 
dilto. ditto. 
ditto. ditto. 

20 ditto. 

ditto. ditto. 

ditto. 

For Zincography end Photozinco- 
graphy. 



Particulars of the transit of Venzrs ncross the Sun, Decemher 9, 1874, observed ot Mary 
Villa, Mussoorie, on the Himalaya Mountains, l'y J.  B. N. Hennessey, F.R.A.S., Deputy St~perin-  
tendent 1st Grade, Great Trigono~netrical Survey of India, in charge Computing Oflce. 

P A R T  I. 

Naturally sharing i n  the  great interest excited by the  transit  of Venus, I proposed that  
1 should observe the  event with the  equatorial of the  Royal Society which Captain J. Herschel, 
R.E. had temporarily placed a t  my disposal; and the project meeting with your approval and 
support, I was enabled to provide myself with 4 chronometers, a good alt-azimuth, a baro- 
meter, thermometer and other articles of equipment necessary for tlie undertaking. My es- 
pecial object in  view was to  observe the trausit  from a considerable height, and this condition 
was easily secured through the  circumstance, that  in  pursuailce of my professional duties I was 
located only some 14 miles from Mussoorie on the Himalaya hlountains;  no doubt a station 
on  these mountains would be very liable t o  an envelope of mist and cloud a t  the  time of year i n  
question, bu t  on the other  Irand, if really good weather prevailed, I should enjoy tlie euquisite- 
l y  clear atmosphere such as I have never experienced save on tlie Himalayas : add t o  tliis, t h e  
journey as already stated was merely an ordinary ride, the  necessary equipment for my purpose 
was a t  hand, and though failure mould i ~ ~ v o l v c  a waste of rio incoi~siderable preliminary labor, 
this latter I was willing t o  incur if need be. Arguing thus, I selected a station some 61 
thousand feet above the sea and proceeded to find my latitude, longitude and height, t o  observe 
for time and t o  rate  my chroi~ometers. hly numerical results are  given in Part  I1 of this  
Appendix. The remarks IIOIV made are restricted chiefly t o  wlli~t I saw mith the  eqnatorial. 

2. The telescope of the equatorial has a 5-inch o l~ jec t  glass of about 5 feet focal 
length and is driven by a n  excellent clock; the eye-end of the  telescope may be fitted a t  will 
with a n  eye-piece of 55, 85, 125, 200 or  300 power; o r  wit11 a spectroscope mounting a single 
simple prism : the polar axis may be shifted for latitude. The eq1i:rtorial was set up and ad- 
justed in  an observatory tent,  of ~vliich the canvas top mas removed during observation. 

3. I found from actual trial, that  the  most suitable eye-piece for both ingress (sun'g 
altitude 2" 24' t o  7'29') arid egress (suoJs altitude about 26') mas that  of 125 power: accor- 
dingly this eye-piece alone was employed a t  tlie coiitacts. I t  was llowever impossible to  adapt 
the  same dark glasses for both the higher and lower altitlides, without sacrificing defiuition on  
one of the two occasions; accordingly I selected for ingress two glasses which combiiied gave a 
neutral o r  bluish field, and for egress I changed one of these for a deep red glass so tha t  t h e  
field now presented a moderately deep red : the glasses were quitc flat and lay against one 
another in  intimate contact giving excellent definition. 1 may Iiere adtl, that  thanks t o  hfanrakan, 
Artificer, G. T. Survey, the clock bcl~avctl mitli perfect regularity, ]lor was there the smallest 
instrumental disappoiutme~it t l ~ r o u g l ~ o u t  the morlr. As regards procedure during transit, Mr.  
W. H. Cole, M.A. mith his usual Icii~dness counted seco~ids audibly from the  journeyman chro- 
nometer placed before him, while Baboo Cally hIoh1111 Ghose took up  a position by my side, pencil 
i n  hand, noting down sucli remarlcs as the pl~e~iomena,  viewed through the  equatorial, elicited 
from me. Nor, as we stootl informed, werc the events to  be recorded few in r~umber  ; a t  ingress, 
internal contact, the light betwcen the cusps was suddenly to  vary, the cusps were t o  meet ;  then 
should come the " pear drop ", the " ligament " ; what sliould be i ts  length, what its breadth i n  
terms of VenusJ diameter, what its shape and wliich of the known descriptior~s would i t  resem- 
ble; when would i t  break 7 Primed on tliese points, we settled on a programme whicli iucladed 
them all, and time aftcr time we went tl~rougli the necessary reheal.sals for perfecting o~irselves 
i n  our  parts. S o  much for what me had to cxpect, and now for a few words on the  ~veatlier. 

4. I moved up to my m o ~ ~ n t a i i i  station on the aftcr~ioon of the 1st  December; tlie day 
following I was busy fixing my station and ac!justing ios t r~~mer i t s  : 11p t o  this, the  sky had been 
sufficiently clear; but from the 3rd tliere set in ail alternation of weather, which without run- 
ning into extremes, kept me in a state of miserable suspense, t o  say nothing of the additional 
watching and toil in  obscrvil~g for time. Tliis state of affairs appearetl drawing t o  a climax, 
when the 8 t h  Dccember arrivcd and the clouds looked blacker than ever, while the  mist, which 
generally precedes snow-fails here, begall t o  settle d o w ~ i  on the internal and still more lofty 
ranges of hills; about 2 P.M. on this dny tliere were a few drops of rain o r  sleet, so few tha t  
they might almost liave been counted, ant1 later on as tlle sun began to set, the  lieavy cumuli 
evolved themselves into strati, whicli spreading their even canopy over us, left  lom me thing l ike 
decimal 0 of the sky visible; and this a t  10 o'clock a t  night I A t  4 next morning (9 December), 
when again reported on, the  sky was without speck or  cloud; the  air was still, and so clear, so  
brilliantly clear, that  even the most exacting of obscrvers could not liave desired more favor- 
able circumstances for viewing thc coming t ransi t :  i n  brief, I enjoyed most exquisitely clear 
weather during my observations, such as occurs not frequently eve11 a t  Mussoorie. I now pro- 
ceed to describe the phenomenon of the transit : in doiug this I s11all have occasion t o  speak of 
Venus a3 she appeared across thc sun's limb, when a portion of her limb is seen against t h e  sun  



and t h e  other  remains against tllc s k y ;  the  former portion I s11all call Venlls' sun-limb or brief- 
l y  V,, , the  latter Venus' sliy-limb 01. vk.  Again I shall reqrlirc t o  m e ~ ~ t i o ~ ~  a rillg of ligllt 
around Vk mliich 1 shall call Lk, the  corresponding r ing  nrour~d V,, being l l r l ~ l c r s t o o ~  L, . 
A ~ ~ o t l ~ e r  point is this ; any one who has watcllcd, say the  sun's limb, c ~ p ~ ~ i ; ~ l l y  a t  a lorn altitu(lc 
:utd ~vi t l l  11igh power, mnst  be aware of t h e  turmoil and cl,ullitiorl rnllicll thel l  al~pears ,.cry 
like as  if tlie l imb mas being boilecl : I sI1a11 denote this lcind of tarmoi! 1)y fl boiliug." 

5. W i t h  the  telescope well adjusted for focus, I watcl~et l for  tile first elterllal contact; 

Ingress. but  t o  n o  purpose, for I did no t  see Venus' l imb u r ~ t i l  after it  
had effected a n  indentation on t h e  sun's l i m b ;  the  latter boiled 

sensibly, yet  by  n o  means violeutly; i t  appeared jaggcd and as if with minute spilces projectillg 
innards,  all  of ~ v l ~ i c l ~  mere well defined i u  t h e  bluish field. Watclling Vn I found i t  also boiling 
slightly, b u t  i n  a manner  somewhat different t o  tlie sun's limb. Tile appearallce was that of 
boiling vapour coming round, and overlapping V,, from tlie face of Venus turned towards the 
s u n ;  moreover this boiling was not  restricted t o  the  edge of V,, but  extended 2" or  3" beyond, 
thus  forming a kind of boiling annulus i n  which there were minute sparkling specks daIlcillg 
and shifting a l ~ o n t ,  appearing and disappearing ; the  edge Vn was visible t/rrol'gh the boiliIlg : so 
much for  t h e  portiou of Venus seen against t h e  Sun. 

6. A t  84 minutes before the first internal contact, I llappened t o  loolc closely i n t o  the 
Ingress conti~rued. spot where tha t  par t  of Verius against the sky lay, and to my 

great surprise I found that  this portiou of her  disc mas easily 
visible, because i t  mas edged by a narrow r ing of l ight  o r  Lk ; a t  first I saw Lk o111y about 10' 
o r  15' on  either side of  t h e  point where t h e  cl~orcl of Venus' track woi~lrl cut Vk, or more 
definitely stated, this light-ring did not reach t o  t h e  sun's l imb;  but within 50"ater I saw the 
light-ring distinctly round t h e  whole sector of Vk, from edge t o  edge of t h e  su11's limb. The ring- 
l ight  was only moderately bright, l ike diffused light, and a t  first I estimated the annulr~s 
Lk a t  3" in  width;  i t  mas probably brightest about the part ~ v l ~ e r e  t l ~ e  chord above named cut 
Vk. A t  GI1' before 1st internal contact, I estimated Lk a t  5" i n  breadth, a t  t h e  same time my 
notes contain t h e  remark "definition excellent". A t  3 m  24s before 1st  internal contact I 
ren~arlced "light-ring quite distinct," and lm l G a  later I stated "light-ring quite bright." 
Indeed tlie a n l ~ u l u s  Lk was SO plain, tha t  after recording the  t ime of transit  for the dark edge 
Vk: I evcn made a corijectural record as t o  the  t ime ml~en  t h e  bright edge LR transited across 
t h e  snn's l imb;  of course this estimate was based on  recollection of the  width of Lk and not 
o u  any  visible fact, for as Lk came on  the sun's disc the  lesser light of t h e  former merged into 
t h e  latter. O n  t h e  ml~ole, I am of opinion t h a t  Lk mas lletneen 2" and 4" i n  width. 

7. " A n d  now for  t h e  pear drop, t h e  ligament, &c.", I mentally exclaimed as I 
Ingress continued. matched t h e  following limb of  Venus which had just transited. 

Prom what has been stated i t  will 11e seen, that  as Vk passed 
onwards from t h e  sun's l imb i t  mas immediately followed hy the light-riog Lk, SO that  ur~less 
Venus suddenly shot out bacfitua,.d across this ring of light, i t  mas t l ~ e r e  coul(l be no " pear 
drop" and  no " ligament." t'ully expecting this rc t rogress io~~,  I still matched i~l tent ly for the 
event,  mliile M r .  Cole went on  deliberately enumerating seconds, amid the  complete silence 
enforced on  all  otlrers around. B u t  I watched for any such event i n  vain. Venus glided 
resolutely onwards, and the streak of light she mas leaving behind grew wider and still wider, 
un t i l  a t  last when a 1)elt of light representing 10 or  15 minntes of time lay betmeeu her and the 
sun's liml,, I exclaimed, and I believe much to the disapl)ointment of all concerned, " there i s  
no pear drop and no ligament." W e  watclled Venus for some 4 hour aftcr this and then turned 
t o  the  spectroscope. 

8. T h e  sul~st i tut ion of spectroscope for eye-piece cannot Ile effected in  this erlua- 

The spectroscopo. 
torial without a considerable amount o f  acljustmeut. When 
this  had heen performetl, and me had talien a hasty brealcfast, 

I first placed tlie slit  across tlie centre of Venus' disc and found that  i t  gave a black 
band all  along the  length of tlie briglit solar spcc t r~ im ; i ,  e. Verins' face turned towar(ls us 
reflected n o  11ght. I next placed the  slit  tangential t o  Venus' disc;  this gave a faint glimmer 
of narrow light i n  place of the  I)lack band;  tha t  i ~ ,  this glimmer was  slightly brighter than the 
solar spectrum on which i t  appeared. I loolced intently for any Venus air-lines, but so far 
as  the  feeble iligpersion of t h e  prism moult1 shew, the  lines seen across the  glimmering from 
Venus' edge mere identical i n  all respects with the  solar lines. I repeated thcse experiments 
a s  long as time permitted, and then with Mauralcan's help reverted t o  t h e  a(ljustments and the 
eyc-end and eye-piece employecl a t  ingress. As already stated, i t  was now necessary t o  substitute 
a dark  red glass for one of those nsed a t  ingress. 

9. The  field now mas red and if anything sliglltly too dark t o  show faint ligllts; 
definition was illtensely s l~arp .  Again, I watchetl with the 

Egress. utmost care as Venus approaclled 11cr seconcl internal contact, 
bu t  ncitherpcar drop, lijomenl nor any other connection or shadotv appeared between her edge and 



that of the sun, until a t  last the two fairly touched.* Of course I again looked for the ligllt-ring 
aitd certainly saw i t  Im after this contact when i t  was far less bright than at  ingress : some tirne 
later I searched for the light-ring once more, but i t  was invisible; nor did I again see it, nor 
yet the disc of Venus against the sky. The remaining external contact needs no remark, 
excepting that i t  was seen with considerable exactness. 

10. As already stated no ligameqt was visible to  me a t  Mussoorie; i t  was however 
seen by yourself at  Dehra, and by some other observers a t  certain of those few stations of 
observation whence some accounts of the phenomenon observed have been published in the local 
papers. How far these reports may combine to support one another and lead to the authori- 
tative decisions which may be hereafter pronounced cannot of course now be predicted. For 
the present i t  appears to me probable, that height above sea level, inferiority of telescope, in- 
~ensibility of the eye to faint lights and shadows and other causes, are all likely to conspire 
together towards producing a ligament at  the internal contacts; but restricting myself to the 
first named of these causes, I venture on the following conclusions. 

(1.) I n  view of the light-ring L k  and of the peculiar boiling annulus around V, which 
may be called L,, I have no doubt that L, was in fact a continuation of the light-ring Lk, which 
latter beyond all question was plainly visible at  ingress and less distinctly but still decidedly 
seen a t  egress ; and under these circumstances i t  may be urged, that Venus is surrounded by 
an atmosphere or envelope, which at the time was made visible to the extent of 2" to under 4' 
i n  width. 

(2.) As a matter of fact the pear drop or ligament was visible a t  a height of 2,200 feet, 
but at 6,500 feet of height the ligament was invisible; the influence generally of height of 
station appears undeniable; but the phenomenon still remains to be accounted for definitely. 
I f  however an effective envelope or atmosphere of x breadth around Venus be conceded, this 
atmosphere may be supposed to stop a certain amount of direct light from the sun, produc- 
ing a slight shade around Venus corresponding to the breadth x ; this shade would I conceive 
be quite invisible when its outer edge is hacked by the sun's bright light; but could we 
contract the sun to a diameter equal to that of Venus plus twice x, and make Venus and the 
sun concentric, i t  appears liltely that we should see a shaded annulus right round Venus 
between her limb and that of the sun; further that the annulus may appear darker at  low 
than at  higher altitudes, and may become invisible when the observer is raised above a suffi- 
ciency of the earth's atmosphere. Should these suggestions prove tenable, the ligament 
seen would break when the outer edge of the shade, corresponding to x, transited across 
the sun's limb. 

(3.) Solar light shining through VenusJ atmosphere (if any) produces no alteration in 
the lines of the solar spectrum so far as the dispersion of a single simple prism shows. 
Also Venus' face turned towards us, reflects no light during transit, subject to the same 
instrumental test. 

PART 11. 

The instruments used were the following :-An Alt-azimuth by Troughton and Simms 
with an azimuth circle of 8 inches diameter read by 3 verniers, and a complete vcrtical 
circle also of 8 inches read by 2 verniers; the circles are divided to every 10' of arc and 
the verniers afford readings to lo", or by estimation to at least 5": the ~ns t rume~i t  is well 
provided with spirit-levels surmounted by scales-the Alt-azimuth was used for fixing the 
station of obscrvatio~i and for determining time- 

A mountain Barometer. 
A good Thermometer. 
Four Chronometers vis : Den: 2,047 used as a journeyman chronometer and packed 

in wool in R woodcn box bv itself; Barraurls 885, Dent 2,773 and Art~old arid Dcrit 758, mere the 
three,fi.rprl cllronomcters X I I ~  I V O ~ C  placed in the same care within a room, where the tempera- 
ture hat1 only a motlcrate dttlrnal rnrige (pl.ohably undcr 8') ; tlic case mas well padded with 
wool and hemp and the cltrono~nctcrs \verc never moved betmce~i 4th a ~ i d  10th December. 

Thc I3quatorial, 11ns already I~cen s~~f ic icut ly  described ill Part 1. 
The point over wliicli the Eqr~atorial stood is called Venus Station; its co-ordinates are 

as follows, and were determined by angles from two known points fixed by the Great 
Trigonometricbl Survey of India, viz., Camel's Back and Vincent's Hill Stations. 

Venus Stalion. 
78" 3' 3".2 

Lat. N. 30" 27' 36"-3; Long. east of Greenwicli Height above sea 6,765 feet. 
5 12 1;:2 ; 

1 1 1 1  
My notes stato a~lcceasircly, lhat when (Ilc two limb8 were a p a r t ,  6, ,4 and of Veuus' diameter, thcre 

wse no ligament or odhor connection. 



Time was determined from the zenith distanceg of a Tauri (east) and a Aquile (nest) 
when these stars were nearly on the prime vertical; as a rule 4 pairs of zenith distances 
were taken t o  each star, a pair consisting of one observation instrumental face east and 
another face west, taken in rapid succession ; the chronometer time for each observation was 
obtained from transits over five horizontal wires; the resulting chronometer error by each 
pair was computed. The journeyman chronometer was compared with the three fixed 
chronometers before and after observation; and the errors and rates of the latter thus deter- 
mined. Proceeding in this manner, and tabulating the mean of the results by the three fixed 
chronometers, it was determined 

Antronomical Chronometer Feet on local Daily 
date reading Menu time 

h. m. 
ruto 

m. 
6 47 l(lq'6 1 31% December 4 

1. 

+ 6.6 
>) 5 6 48 40.6 1 37.7 

+ 7.5 
>) 6 6 37 19.1 1 45.1 + 6.7 
J) 7 {64212.1) (Cloudy) {: 5::;) 

JJ 18 56 17.4 
23 17 19.4 2 3.5 

+ 7.3 
9,  9 6 37 52.6 2 5.8 

On the day of transit, the journeytnan was compared with the three fixed chronometers 
before and after ingress, and also before and after egress, and by e m p l o y i ~ ~ ~  the daily rate 

1. 

of + 7.3 and correcting the times of coutact determined by the journeyman cllronorneter 
we obtain, 

Local Mean time 
d.  h. m. 

1874 1st internal contact occurred, December 8 19 29 1;:3 
2nd ,, 1, 23 17 4.2'9 
2nd external 23  44 59.9 

(2) 
1, 

where the tenths of seconds come into existence through the arithmetical processes involved ; 
the original times were recorded merely to the nearest secot~d, and I have no doul~t  that the 
latter degree of rigour was much in excess of what the phenomena were s~isce~t ih le ,  so tlrat 
the procedure adopted for dete~~tnining time appears amply rigorous.-Spealring roughly, 1" of 
V ~ I I I I ~ '  diameter toolr 2fiVo transit, and supposing t l ~ a t  1 c o ~ ~ l d  see 0".1 of the former (wl~ich 
1 doubt) each contact sl~ould have lautetl, visibly, for say s5 .  Hut as regards tlre estimates of 
accuracy I nctually made iinmedialely afler tlre events, I find it recorded that I thougl~t my 
times might be true vit11i11 the followi~~g limits 

Time of 1st internal contact + 3O to  4' 
,, 211d ,, ,, + 2' 
,, 211d externs1 ,, + l* (3) 

I am now I~owever of opinion that these estimates (3) should be increased by one half. 
From what has preceded, the Greenwich mean times of contact are 

1st irternal contact I\ b ;:I 
2nd ,, ), 38 5 30.7 
2nd external ,, 18 32 47.7 

(4) 

t11el.e is however an incongruity in (4), for in this reduction the Long i t~~de  of Venus Station 
is taken east of Creel~wicl~ 11y 5'1 12.'" 125.2 = 11, the o r i g i ~ ~  for in dial^ longitrlde I)eitlg ntlopted 
a t  jh 20m 5in .3  E., for Matlras 0l)servntory; in reality however 13 refcr~ ,  not to the local 
meridian necessarily adopted in (3)) but to a compl~ted mcridian deduced from R concl~lded 
nleri t l ia~~ of origin adopted for the priucipal triangulation of the Great ~ r i ~ o ~ ~ o m e t r i c a l  
S ~ ~ r v e y  at Knliii~~plir, wlrerens the tinles (2) refer to tlre local meridian as nlready statcd. 
Denoting the value of H corresportdir~g to the local meridian by 111 we may firltl (llearly) 
111 -H=llB tltus. Let A, denote the azimuth of a terrestrial point P as determilled by ol~serva- 
tions to R c i r c ~ ~ ~ n p o I a ~ '  star al~out its elongation and A, the corresporlding value as 1)rongllt Ilp 
by tlte triartgulatior~ from the concl~~dcd rneridian of origin; also let A, - A, = an and let 
stand for the latitude of P I  then it cnn be seen that as a correction to (44) 

mV h' = -- 
15 

cosec A 



now a" is not  known a t  Venus Station, but at Bsnog atation distant 2.9 miles W. N. W, a" = - 14".54; adoptiug this value, we find he = + ln.9 and the  true Greenwich mean times of 
contact become 

h, m. 
1 s t  internal contact 14 17 $0 
2nd  ,, ,, 18 5 32.6 
2nd external ,, 18 32 49.6 

the results (5) of  course supersede (4). 

J. B. N. HENNESSEY,  

DEHRA DUN, 7 Depy. Superintendent 1st Grade, G. T. Survey, 

9th December 1874. 1 In charge Computing Ofice. 

Appendix to Notes on Trau~it  of Venus across the Sun. 

O n  12th December 1874 I received a communication from the  Reverend H. D. James  
~c.A. describing briefly what he  had seen a t  his station of observation. I n  reply I made en- 
quiry on some additional points, t o  which he  replied on 14th instant. Mr. James was located a t  
Chakrata on tlie Himalaya mountair~s a t  a height of 7,300 feet above the  sea, i n  Latitude N. 30" 
43' Lor~gitude E. 77" 44:; his station is distinctly visible from Mussoorie on  a clear day. T h e  
following facts are taken from his letters above mentioned, arid appear to  deserve being record- 
ed, more particularly from the  circilmstance that  but  few observers of the  transit  are  likely t o  
have been placed a t  considerable heights above the sea. 

Mr. James was attended by his son Henry, a young gentleman with plenty of intelligence 
and a commendahle spirit of enquiry. The instrument used was a telescope by Smith and Beck, 
t h e  property of Mr. James, object glass 34 inches and i ts  focal length 4 feet : a t  ingress, eye- 
piece 6 0  power and field a neutral t i n t ;  a t  egress, eye-piece 100 power and field red : for t ime 
piece, he  used his pocket watch which has a seconds haud;  t h e  watch "gained considerably, 
perhaps a minute iu  1 2  Iiours". 

Under date 9 t h  December 1874, Mr .  James states "when she ( i .  e. Venus) was about half 
"way on (at ingrcss) the sun, we both noticed a fringe of white light il luminati~lg that  rim, of 
" the  plaxet wl~ich was yet on the dark sky. When she went off, we noticed the same fringe of 
"liglit, but  for a m ~ ~ c l r  shorter time and when only about one eighth of her had passed t h e  
"sun's disc." His  watch times of contact were as follows. 

h. m. s. 
1s t  internal contact 7 4 1  2 0  
2nd ,, J )  11 30 15 
2nd external ,, 11 67 25 

After receipt of the preceding I wrote t o  Mr. Jnmes, as already stated. I stated briefly that  
my view reseml)led his ; that  I had seen a ring of light but  no " pear drop " or. other ligament 
a t  internal contacts. I gave him rough sketches of  some of the ligaments dcscribed i n  1 7 6 9  
and enquired if Ile harl seen ally t l ~ i n g  like them. I also asked him to describe the fringe of 
light Ile had observed, more particularly. 

I n  reply, Mr.  James states under date 14th December "when about half her orb had en- 
"tered (alluding to ingress) my attention was attracted to  tlie other  half yet  on the  dark sky, 
" t o  me it  was (lark, l~ence  I infer that my field was not so light as i t  ought  t o  have been. 
" I t s  outline up t o  this time quite illvisible t o  me, became now illrrniir~ed wit11 a fringe of  white 
"light.  I then also noticed u. much fainter thinner edging of light on the outline of the l imb 
"on  the suti's disc, whicl~ soon ceased to be visible. Tlre friuge external was rather less i n  

1 width t l ~ a r ~  of the planet's diameterJ '  * * * " The light somewhat resembled tha t  
rr  which we see so plainly in India  lighting up tlie dark side of the  moon 3 or  4 days old, b u t  i t  

was brighter, not diffusive as that  is, i ts inner edge bcing clearly marked. It remained visible 
" as long as there was any appreciable portion of the planet b e y o ~ d  the  sun's circumference." 

" As the time of tlie internal contact approached, that  half of the planet which was still  
"entering appeared to lose i ts  semi-circulor shape and t o  become oval. I compared i t  t o  tlie 
' I  thinner half of an egg, but since I have examined several eggr and find tha t  m y  comparison 
"would represent a distortion greater than I had intentled. J u s t  before the contact ceased t h e  
"end of the oval seemed as if i t  were adhering to thc sun's edge, and could not get free-render- 
" ing it  dif ic~l l t  to  decide when the  contact ceased. Anot l~er  impediment in  the way of accurate 
"timing was that  the  outline of Venus looked woolly and wave-like from a very annoying 
"tremor in  the  air. Hence the  notes we eutercd were "internal contact ceased 7h, 41n~ 203. 



quite clear 71. 42m. As to the ligament which seemed to knit the two edges together, I am 
disposed to attribute i t  solely to the billomr motion of the planet's outline, for i t  had a hairy 

" appearance and sun-light could be seen t l i ro~~gh  it." 
" I n  timing the remaining contacts tliere was no difficulty, for as the sun arose, Venue 

"appeared to diminish in size, her outline becoming sharply defined." 
" At egress the oval shape did not reappear, but just at the moment of iriternal contact 

"there mas a sort of flickeriug movement, as if  the plauet's edge had touclied, withdrawn alld 
"touched again. This was at 1 l h .  30m. 15s. At l l h .  33m. 27s. wlien nearly olie eighth of 
" 11er orb had crossed the border, its outline was for a brief while fringed with an edging of 
" light." 

"The flickering movement just mentioned, evidently an ocular illusion, induced by the 
"eye's weariness from iutent gazii~g, was again noticed at l l h .  577n. 25s. when the external 
"contact ceased." 

I t  will be seen that both Mr. James and I observed an edging of light around the dark 
limb of Venus and that we agree that i t  was quite distinct at iugress and less plain at egress. 
I saw this edging decidedly as an annulus and as stated in Part I, i t  was coriti~iued round the 
bright limb. The complete ring thus presented to view was plainly a visible atmosphere or 
envelope. Notwithstanding the somewhat conflictir~g statements, wliich have appeared since 
writing my Part  I, as to tile phenomena seen at certain strtioos; and pending the autlioritative 
decisions which may hereafter be pronounced, i t  appears to me probable, that l~eiglit of station, 
inferiority of itrstruments, insensibility of eye to faint lights and shadows, and other causes 
are likely to conspire towards producing a ligament (or pear drop) at the internal contacts, 
provided there is an atmosphere or envelope around the plauet to afford a first cause. 
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Narrative of an exploration of the Nanicho or Tengri Nur Lake in Great Tibet made by a native 
explorer, during 1872, drawn up by LieutrColonel T. G. MONTGOMERIE, R.E., F. R. S., b., 

Deputy Superintendent, G. T. Survey of India. 

Dur ing  1871 a party was organised with a view t o  exploring some portion of the unknown 
regions north of the  Tibetan watershed of the  upper Brallmaputra. The  party consisted of 
a Semi-Tibetan, a young man mlio had been tl~oroughly trained for the work, with 4 reliable 
assistants engaged from border districts; one of these la t ter  had been employetl on a former 
exploration i n  a subordinate capacity arid his experience, as far  as travelling in  such c o u ~ ~ t r i e s  
was concerned, mould have been exceedingly useful, I ~ u t  unfortunately he  was unable to  get 
more than a march beyond the frontier because the officials on  the other side of the  Himalayas 
were determined t o  arrest him if he proceeded further, tllough his ostensive object was trade. 
This being the  case there was nothing for i t  bu t  to  arrange for his return and t o  substitute 
another man  in his place. This mas managed satisfactorily after some delay. 

The  exploring party then passed from Kumaon into the Tihetan province of Hundes o r  
Gnarikhorsum. A t  first they got on very well but  towards the  end of July,  when in the neighbour- 
hood of t h e  M4nsarowar lake, their progress was for sometime irlterrupted by a band of mounted 
robbers who had made a n  incursion from the east :  they succeeded in evading the robbers but  had 
t o  take a circuitous route by Plirung, instead of going direct t o  Shigatze from MBnsarowar as  
first arranged. The  party reached Shigatze on the 24th November and remained there 12 days 
making inquiries as t o  the best route to  go t o  the Tengri Nlir lake a r ~ d  preparing for the journey. 
Sheep were the  only animals likely t o  stand the j o l ~ r ~ ~ e y ,  as the  roads were too stony for y i k s  
and t h e  country was too cold for donkeys, the  explorer consequently purcl~ased 50  sheep and 
pu t  all  t h e  baggage on their baclcs. Tlle party left Slligatze on the 6th Ilecember marching 
a s  far as the  " N a i s h g "  village; on the 7th they crossed the great Brallmaputra (or Sangpo) 
ltiver by  means of rafts and encamped a t  Peting village on  the left bank of the  river. 
Pet ing has about 3 0  houses. The  next day they put up a t  Cllua village. Here the explorer 
exchanged tlie silver rupees Ile had with him for gold which he put into hollow walkitlg sticks 
prepared for the  purpose. 011 the  11th Deceml~er they reached Dongdot-lo, a village OII  tlre r ight  
bank of the  Shiang Chu, a norther11 tributary of the I l rahmap~ltra;  here they found an official 
from Shigatze who rules over Dongdot-lo and the s~lrroundilig villages allich are numerous. O n  
t h e  13th December thcy reached "Chom ", a village of 5 0  houses with a B ~ ~ d d h i s t  monastery 
(Gonpa) on  i ts  west. This monastery or  rather nunllery is occupied by worneu only, of whom 
there were about 100. On tlie l a t h  tlley reaclled " N;imling " O I I  tllc right bank of the Slliang 
Chu river; here there is a large monastery wit11 about 500 Ldmas, all men : the monastery is on  
a high hill, i t  is a place of some importance hoasting of an iron bridge over the river and com- 
manded by a strongly situated fort which is tlie residence of the  Jongpo~l, o r  Goveruor, with 
about 500 Tibetan soldiers; Namling itself Iias ahout 200 houses surrounded by gardens with a 
small bazar in  the  centre. The"  Sokpo G i i ~ l i "  tribe-who bring salt-trade throllgh this hazar 
which produces all ordinary provisions. The nnnie of Namling is derived from the two Tibetan 
words " nam "sky and " ling " garden, the  monastery being on a high hill with gardens a t  i ts  foot. 
O n  the  17th Decernbcr the party reached E l ~ o l a m "  village on the left ba r~k  of the  Shiang C l ~ u  
river which was crosscd by means of the iron !)ridge: Kholnrn has about 5 0  houses; the  land 
round about is very productive. On the  19th they reached Gonkiring " a village of 6 0  houses 
with a well built moiiastcry on rising grolind. I n  this moliastery there Are al)out I00 Ldmas 
ruled by a LAma of l1ig11 rank, called Cl~liringbocl~c, who is very much respected by the  people 
round about. 

O n  the  20th Deccmber the party halted at  nnother monastery, called Rabdan Cliuling 
Gonpa, built about 80 years ago;  i t  is the resirlcl~ce of another high Lrima called " Shaptung 
Ilingboclle" said to  be 100 years of age who was both the founder and builder of this monas- 
tery. The  people of the  country say that  whilst out hnuting he heard a voice mllich told 
him to put down his gun and go to a certain spot wl~cre  he mould find ~~ll l i rni ted riches buried i n  
the  ground, with this he was commanrletl to I~nild a monastery : lie had ol~eped the inspiration and 
]lad ever since passed his life in religioun duties. " Ral~rlar~ " m e a ~ l s  honse, " chu " wisdom 
and "ling" garden. The L6ma, when the  explorer saw him, was evidently a very old man, his 
body so  small and shrunk thnt when sitting his kllees projected a great deal ahove his head. 

From thc  time thc explorer left Namling on the 14th December i t  was so cold thnt t h e  
mercury of his thermwnctcr did not rise out of the bulb till after 9 or  10 in the morni l~g.  
The streams were all llard froz.cn. The wind moreover blew so hard that  their tent was torn 
by i t  and they had conseql~enlly t o  make a halt of 5 days in  order to  repair the damage. On t h e  
26th December they marched on and renched Gunjc;  tlie people of this village said white hears 
called "Tik-tlnmba" were w r y  common from tliouce t o  Namcho lake and committed great 
havoc amongst their cattle. 



On the 27th December he reached Naikor which has about 30 houses and some cultiva. 
tion ; beyond Naikor there was no more cultivation, and the only inhabitants are nomadic, going 
by the name of DogpB ; t h y  graze sheep, goats and yAks. 

0 1 1  the 28th December the explorer encamped a t  " Chutang Ch6k.kQJJ where there are 
some 15 hot springs, whose water was found to be a t  a temperature of 166' Fahrenheit, boiling 
\rater a t  the same place only risiug to 186' Fahrenheit. There were 8 baths supplied by these 
springs, tllc baths were put a t  some distance from the springs SO as to allow tlie water to cool SUE- 
cieutly for bathing. The water has a smell of sulphur. There were a number of l lDogp&u 
tents a t  a short distance from the sp r in~s .  - - 

From the Brahmaputra river near Shigatze up to  these springs the country is called 
l1 Shiang Lune;baJ' and that  to the north " Lah6-Luneba." 

u -  
0 n  t l le29th December the " Chapting" encamping ground was reached; here there were 

more " DogpLJ) tents ; the road was so slippery with ice that one of the men fell and broke a 
thermometer. On  the 30th December they arrived at " Peting ChujajJ near which, on the 
right bauk of the Lah6 Chu river, there is a large stony place about 120 paces in length from 
which about a dozen columns of hot water issue, these rise to a height of 40 or 50 feet, and 
produce so much steam that  the sky is quite darkened with it, the noise moreover was so great 
tllat they could 11ot hear one another speaking; the mater of these jets was follnd to be 176' 
Fahrenheit. Similar jets of water were noticed issuing from the middle of the river, sllooting up 
to  1 0  or 50 feet in height and evidently a t  much the same temperature as those on land, as they 
produced clouds of steam, and the river was free from ice for a quarter of a mile below them 
tl~ough everywhere else both above and below it was hard frozen. The J&mar Gonpa monastery 
lies about 3 miles to  the east of these springs. The explorer went to  the monastery mhich he 
found had a number of highly ornamented idols, in front of which were arranged a number of 
petrified stones called Naidhowas, these are in various sllapes, such as hands, shells, &c., and are 
objects of worship as well as the idols. JQwar is the name the Tibetans have for Suket-Man& 
in  the Pa~litib I~ills, N. by W.of Simla. This according to a tradition was given in honor of a [laugh- 
ter  of a Rtija of Suket-Mantli who mas supposed to  have married " Laban ') one of the idols. 

011 the 31st December the encampment of Si~lung Sumdo mas reached, here they 
found some 40 tents. 011 the 1st January they halted at Sulung which boasts of 50 Dogp& 
tents. The Dogpiis said there were no regular encampments beyoud Sulung, the only people 
abont 1)eing tl~icves 011 the look out for plunder, against whom i t  would be necessary to be ou 
their guartl. 

On tlie 2nd of January the explorer reached, " Naisum Chuja." Chuja or chusa means 
source of hot ~vatcr  springs. The name is given to the place from the great number of hot 
springs which there are here on both sides of the Lahli Chu river. The water from these 
springs is so hot that the river is not froze11 for shout 3 miles helom them though every where 
else it was frozen over. 011 tlie right bank of the river there are two verp remarkable hot 
springs which throm op a jet of mater over 60 feet in height; the water in falling again freezes 
and forms pillars of ice which are nearly up to the f'~111 height of the jet. 'l'hese pillars are 
ahout 3C' feet in circumference and lookc like towers with holes at the sides just as i f  they had 
been made artificially. The water is thrown up wit11 great violence and noise. The thermo- 
meter when put in the water inside the pillars stood at 183' Fahrenheit the boiling point there 
being only 183'75. 

The party mas (1el;rped a t  Naisum Chuja for 3 days owing to one of the men gctting 
siclr ; i t  is said to I)e a great place of worsl~ip or pilgrimage. Owing to cloudy weather the es- 
plorer was n~lal)le to t;rlie any astronomical observatiol~s. 

Ou the 6th January they 1.cachei1 1)artg Cllhlth 16,700 feet above sea level where there are 
more hot spril1gs I,~lt not of such high temperature as the last, their water showing only 130" 
I.'nllre~rl~eit, alrile the I~oiling point was 18:5': about 10 milcs to  thc east there is a lofty snowy 

cnlle(l '1 JIlomo C;angnrJ' sonlcwl~at of the same shapc as the Kniltis pealc ncar the Mk~lsaro- 
\var ; it  is a noted ol)cject of worship being considcrecl as a female divinity. 011 the 7th January 
they e ~ ~ c a r n ~ ) ~ d  at t l ~ c  foot of thc K11ilaml)a LA crosqing over 011 the Bth, the highcst part of the 
11ass I,ci~lg 17,200 fect above the sea and ~vatcr  I~oilir~g at 180'. The c r o s s i ~ l ~  was ve1.y difficult 
o w i ~ ~ q  to a l~envy fall of snow ml~icli niade the descent on the opposite side vcry dangerous. ~ l l c  
o l l l  lirc tllnt t l~ey  co111cl make aftcr crossillg was from goats' d11ng with which they managed to 
mar111 111) a brelv of tea. Tile ncst (lay t l ~ c  eaplorcr r e t u r ~ ~ c d  to the pass in order to re-obscrve the 
IIoiIi~lg poillt, 11ot Ilcing rluitc satisfietl tll:it the mater was properly I)oiling thc first day that 
tllcp cro$sctl over. IIe mas a p i l i  troubletl wit11 snow and WIICII  he got back to camp was half 
(leatl lvitll tile iutcr~se cold, ant1 did not recover till he had drunk a bowl of hot tca. 'The en- 
campillg place is called Du11g Nagu Chkki; there were several hot sprillgs round ahout, 
the lvater in them raising tlle thermometer to  180°, while boiliug watcr only raised it two 
degrees Iligher. 

011 the 10th of January they reached Kiang LA and on the 11th Dokmar encampment, 
where the Dogpis generally kecp their sllccp, goats, &c., during the summer. On the 12th they 

encamped or, a plain and ou the 13th rcacllctl the " OhriikB" campiug place from whence they got a 
view ut a very large lake which they found was called by the Tibetan3 l1 Jkng Namcho Chidmo* 



and supposed t o  bc called Tingri Nlir i n  t h e  Tartar Ianguagc. A camp of several tents was 
seen t o  the  east a t  a placc called D~ingche. As a road was seen t o  branch off from this camp 
twoof the  men were sent in disguise as beggars i n  order t o  inquire about the road and as t o  
why a camp mas kept there; they found the camp a11 but deserted the  only occupants being a n  
old man and a woman who mere seated i u  one of the tents  : the  man said the  tents helonged 
t o  DogpLs who had concealed all their property, women, children, kc., while the men them- 
selves had armed and gone out  t o  meet a hand of robbers who thcy had heard intecded to 
plunder them. As t o  the road thcy said i t  went t o  "Ll~ i i s i "  by the  "NinjinthanglL" t o  
JIing - .  Hiangpa Chan Gonpa (monastery) and thence by the  Tulung Chubu Gonpa (monastery) 
t o  Ll16sL. 

One  mile north of Gh6ikk the  road crosses the  Ghkikk Chu a larne river mhich comina 
from the  west fldws into the  " JArlg Namcho Chidmo " lake about IS mileseast of the  road. Th; 
river though very wide was completely frozen over; i n  the summer i t  is said t o  rise very much. 

On the 16th Jannary after crossing the Gl~liikli C l ~ u  ~ i r e r  the explorer reached a place 
called Chikr i  which is surrounded by a 10 feet high wall enclosiug a space about 200 paces by 
200 paces. There were several houses of sundried bricks inside tlie wall but  they were all i n  
ruins ; the  place was said t o  have once been the residence of a man of some rank. As a great 
deal of snow was falliug the explorers mere very glad to  talic advantage of the  shelter which 
the  ruins afforded. O n  the 18th they arrived a t  Simjam where they found about 7 0  Dogpii 
tents ;  as robbers mcre known to be iu  the vicinity every tent  was guarded by a n  armed man. 
The robbers were said to  come from a district called JBmaiita Dc which lies t o  tlie north. JL- 
ma6ta D e  is said not to  be under L116sk ant1 the inl~abi tants  consequently plunder the LhLsk 
districts whenever they are  i n  want, as they often are  i n  ronsequcnce of the  severity of t h e  
climate mhich kills o f  their cattle whenever there is a n  extra l~eavy  fall of snow. Simjam 
being one of the nearest places to  tllesc freebooters has very often bee11 plundered. 

T l ~ c  party n e r c  dctained two days a t  Sim.ja~n owing to l~cavy snow and did not s ta r t  
again till the 21st of January, when they mal.chcd to " TBrB" -&the shores 

OH;( 
of the  great "Namcho " lake n~11icl1 was complctely frozen ovcr and scemerl to extend t o  a great 
distance eastward. The next day they continncd their march along the shores of the  great 
lake and reacl~ed the  monastery called " Dorkik L6gu Dong" situated on a small hill over- 
looking the  lalie. <( Dor " means a rock " Iligu " a sheep, " dong " a face. The monastery 
looking something likc a sheep's 11cnd : 

A chief 1,Blua lives hcre wit11 some forty ordinary L6mas. The monastery commands 
a splendid vicm of tlie lake and s u r r o u u d i ~ ~ g  snowy mountains mhich were more especially grand 
t o  the  southcast. 

The lake is a magnificicnt sheet of water and ncar DorlriA i t  has the  advantage of having 
a n  is lal~d close a t  hand nlllicll sets off the scencry. Thc island is about a mile long and half a 
mile in  breadth ; i t  has a llill ahout 400 feet l ~ i g l ~  in the ccntre which is cro~vncd by a temple 
of the godtless " Dol.,jc P l l i n ~ o  ". The explorer dctcrmi~led t o  make a complete survey of the  
lake r7.11d 11e conscq~rcntly deposited his property in the nlonastery witli 3 of his men, IIeiug afraid 
of  rol~bers, 11asi11g done this he started off witli 3 other of his men;  on the 24th January 
thcy reached I:.inga Do on tllc n i n r g i ~ ~  of thc lalio, here t l ~ c r e  is nuotller i s l a ~ ~ d ,  called "Kuhi N e  
Dobo" close to  the shore, which is n l ~ o ~ ~ t  1; miles in l e n g t l ~  by about 1 mile i n  breadth. 

011 tlic 25th thcy reachetl JAdor Goupa (rnonnstcry) licre they saw 3 pyramids or  cones 
of earth or sur~dried mud each allout 500 fcct in  cire~~mCcrence risiug t o  a considerable height. 
The explorer ~vcrit nudcr thcse mountls by ark artificial p:rssagc and found that  one of them 
was opcn in the ccntrc. Thc people say that  they merc originally all closcd and that  when a 
certain vcry devout L:'Lmn, a110 llsetl to worsl~ip 1111der onc of these mounds, died he mas taken u p  
into llcavcn tl~rougli t l ~ c  opening. T l ~ c  J;idor Go~lpa  l ~ a s  nbo~i t  50 Limas.  Near the monastery 
there are a grcat many fossil stones wl~icll ; ~ r c  held iu veneration, they are called " Naidhoma ". 
The cxplorcr S:IW a. gigantic doornray cut  in  the rock t l~ l*ongI~  ~vllicli tlie Limns say the god 
" Nilljil~tliarlglk)) passcs, its height is about 25 fcct. Owing t o  heavy snow the  explorer was 
detai~ictl two (lays a t  " Jbdor ". 

On thc 29th thcy rcacl~cd Nkng1);i Do w11icl1 ia also on tlie sllore of the lake close t o  
somc small llills 1~11ich nrc consitlcrctl to bc sacrcd. Tllc next day they I~al tcd a t  Lingdang " ; 
l ~ c r e  t l ~ e y  fo1111d thc " Shukpli" \)us11 very nl)~u~dnnt .  011 a low hill there is a temple of a god 
callcd Cllogo L i .  On  thc 30th they got to Dnlirnar ant1 pnssing Tliuigo Sumna shrine they reached 
Nai  Chu Sunina on thc 31st. 0 1 1  their way tllcj' crossetl the Nai  (:I111 wl~ich is avery large stream, 
being thc largcst that flows into the Inlic, i t  comes from the cast. A t  the time the  explorer 
crossed i t  was 40 paces in witltlr nuti complctcly froxrn ovcr. 

011 thc 1st Vcbruary tllc csl)lorer rcncllcd t l ~ c  Tashi Doche Gonpa, a monastery which is 
on alow l ~ i l l  ncitr thc I:llic, i t  hns 35 LAma mo111cs. To t l ~ c  soutli~vest of this monnstery there 
arc a num1)cr of mag~~if iccnt  snomy pcalts n11icl1 arc callcd t l ~ c  <' NinjinthanglB" peaks. The 
Lhmas say thc I~ ig l~cs t  pcak is a got1 and t l ~ n t  hc is surrouudcd by 360 smaller snowy peaks 
which act ns 11i.r s c r v a ~ ~ t s .  

To tllc cast of "Tnslli 1)ocllc" thcrc is anothcr mass of I1ig11 pcaks callcd Nuchin 
Chh which appearcd to the csplorcr to  rise higl~cr  abovc thc Namcho lake than the K a i l b  peak 



docs above t h e  M h s s r o w a r  lake. The whole of these peaks were very imposing as seen from 
t h e  nlonastery which also commands a full view of t h e  whole of the ~ h ~ ~ ~ h  the water of 
t h e  lake is so  salt as t o  be u ~ f i t  for drinking i t  is nevertheless quite frozen over in ~ ~ ~ ~ ~ b ~ ~ ,  the 
lake being about 15,600 feet above the  sea; when the  explorer saw i t  the surface looked as if it 
Was made of glass, i t  is said t o  remain in  tha t  s ta te  till l i a y  when the ice breaks with great 
noise. The  lake contains fish, and quantities of small shells are,found on the banks. ~h~ lake 
itself is  n great resort for pilgrims. 

011 the  3rd they halted near a small river; on the  4 th  they reached a n  open plain a t  
and were put  t o  great straits owing t o  a heavy fall of snow. They had left their tent  behind at 
Dorkili and n o  shelter being available they had to clear off the snow and lie on the ground 
without any fire; they thoilgllt the  cold would have lcillerl tlrem, hut  they managed to survive the 
n igh t  through ; i n  the morning they found they were well covered with fresh snow. On the 5th 
they went on t o  thc  GhiikR Cliu river ; i t  was snowing all the time and they were forced t o  camp 
out  again without any fuel o r  covering and pnssed another very miserable nigllt. O n  the 6 th  
they  saw the  sun again and were able t o  get some fucl and to make themselves tolerably comfort- 
able, bu t  whilst crossing a t  the  side of the lake near a small stream, (the Simjarn Chu) one of 
t h e  men fell through the  ice which was covered wit11 snow and would have been drowrled had he  
no t  got hold of auother man who pulled him out again. The man's clothes froze hard directly 
h e  got out,  and he  was only brought round by means of a fire which they a t  once lighted. 

O n  the  7 th  February they reached the  Dorltik monastery from which they originally 
started, having been 1 3  days in  m a k i t ~ g  the  circuit of the  lake. They halted 3 days a t  the  
monastery and started off on the  l l t h ,  getting that  day as far  as '' Ringa Do;  " on the  13th they 
reached the Jkdor Gorlpa before mentioned and on the  14th NBngbR Do. Here the  explorer 
heard there was a lake called Bul Cho about 6 or  7 miles t o  the north, Ile accordingly climbed a 
peak i n  that  direction and saw the Ixke. H e  estimated i t  to be about 6 miles by five. A kind of 
borax is folinclby and iu the lake, i t  is called " I3111 " and hence the name. This borax is used by 
t h e  inhabitants of Lhiisli and Sliigatze as a spice for meat, for tea and for washing clothes, 
bathing, &c. I t  is carried away by the  traders in great quantities. 

O n  t h e  15th they reached LQngdang, on the  16th Daltmar, on the 17th the  plain of 
ChRng Plikng Chujli where there are several hot springs in  which the  thermometer rose to  130'. 
0 1 1  t h e  18th as they were about t o  s ta r t  some 6 0  armed me11 arrived on horse back and began 
plundering their property ancl i n  spite of their elltreaties took away everything except the  
instruments wllich they said they did not care t o  keep in case the authorities should find them 
on them ancl ask how they came into their possession. After a great deal of begging the robbers 
gave them baclc a piece of cloth each with two sheep a i ~ d  two bags of food, a cooking vessel and 
a wootlen cnp t o  each man ; with these they had to be contented, the  robbers saying if they 
troubletl them any more they mould kill them. 

The  esplorer had intended t o  make his way from the  Namcho lake t o  the  north as far as 
t l ~ e  city of " S i o ~ ~ i n g , "  hilt after the  robbery there was n o  possibility of doing that and indeed 
they mere so far from habitations that  i t  mas a p e s t i o n  w l ~ e t l ~ e r  they could exist, and there was 
notliiug for i t  hut t o  march as quicltly as they could to  the  south i n  the direction of LhLsB 
where they were likely to  get illto i n l ~ a l ~ i t e d  grourld soonest. The day after the robbery 
they halted in  order t o  consult as t o  the best course to  follow. 0 1 1  the 20th Febniary they 
w e l ~ t  as far as the  banks of the " Nai Chu " river ; here olle of thc mcn got sick and they were 
o1)liged t o  remain there all the  21st, their food consistetl of one pou~ld  of flour and hot water, 
they had moreover nothing t o  cover tl~cmselves with, the robbers having taken the  tent, and 
were exposed t o  t h e  snow and wind whicl~ Idem very hard. 

O n  t h e  22nd they reached Dam NiRrgan LA. The explorer sajrs thnt he had got so 
t h a t  he took much shorter paces than 11e had hitllcrto done. On the 23rd tllcy ascended the 
Dan1 NiArgan LA pass, after ct,ossil~g tlley dccitletl to  kill one of their two slleep as they had 
exllausted all t l ~ e i r  flolir; a t  tile samc time secir~g tents in the neigl~bourhoorl all the men went 
ou t  t o  beg arid after a lorig rountl cnnle I~nck wit11 6 p o ~ ~ n t l s  of flour ant1 began to feel more 
hopeful, ou the 25th auo t l~er  nlan got ill anrl thcy were ol)ligetl to halt agairl. 

From Dam NiBrgall therc is snit1 to  be a road to Loh Nlir and to " Ji l l i r~g " or " Sinning." 
F r o m  ' [Dam NikrgnnV i t  is abotit 1 0  days journcy to N6ltch11ltl1A, a, 111ace that  has a bad repu- 
tation as t o  the rll1mher of rol,l,cra wl:o prey lipon t rave l lc r~ ;  from t l ~ e t ~ c c  it  is about 45 daysn 
journey t o  SOkpohuil which is quite n I)arren country i~~t 'cs tcd hovvcver I y  ro11I)ers; after passing 
Sokpolluil the  inhahitants are m!)rc civilizetl ant1 are snit1 to hc vcry k i ~ ~ t l  to travellers. 

The  Lob  Nlir (? Kok~llir) Inkc is in  the Solcpolmil territory, nrld closc to  it  is the town 
of Kharkb. I t  is al)oi~t 15 day*' journey fiqom Solcl)ol~uil to  " S i ~ l ~ ~ i n g "  city, where a Chillese 
Amha, a man of consideral~lc autllority rcsidcs. " Si~lning" is tlescrillcd as Ileillg very sul>erior 
ilLllliyB,JJ good horses, sl~eep, &c., are  procurable and the shops are  well supplied with silk1 
woolen articles, czrpcts, &c. 

On the 26th tliey I~altetl 11nder the C11ln:i L:ipass, the  co~in t ry  up t o  this ~ o i n t  maa called 
Dam Niirganmn Ol1 the 27th they halted a t  Angr l~usa  where they noticed Dogfl tents. 

O n  the 28th they reached "LQchu fjumnaJJ the  extremity of the "Bhdam" district which 
begins a t  Cliknk Lk. 



The ((Urirong" district extends from " L/hchu Sumna t o  "Dhog LL." O n  the 29th 
they reached Simalungi Ritu (Gonpa) monastery which has some 60 LLma monks. Here  
the  height was observed I)y boiling point, but owing t o  the loss of his quick silver, when robbed 
at ChAug PhAng, the explorer was unable to  take Latitnde observations he  however hoped tha t  
on reaching Ll16sti he  would be able to borrow s ~ ~ f i c i e u t  money t o  enable him t o  refit and t o  
return t o  this same place on his may north east t o  China. 

On t h e  1s t  of March he crossed the Dl~olc LL pass encamping on tlie other side, the  dis- 
trict of " Jiing Tblung " extends from the Dlrog LB t o  the Chalc LA pass. On the 2nd they 
reached the very largc monastery called " JBng Thlullg" which has 2 head LBmas with about 
a t h o u s a ~ ~ d  monks. l i e re  they I~al ted during tlie 3rd in  order t o  rest and examine the  monas- 
tery ; inside they found a large 11111nber of images carved i n  the malls the wliole of these were 
adorned wit11 gold. Tlle road from LhiisB to Lob Nlir (?) and " Jilling " (" Sinning 'I) passes 
about one mile soutll of the monastery. The Sluning Kafilas pass by this route with their 
camels laden with merchauclize. On the 4th march he crosscd the  Chalc LB pass and encamped 
a t  its foot on  the opposite (south sidc) near the village of " L6ngmo " vhere they saw the  first 
signs of cultivatiou that  they had met with since the 29th of December. On the 5 th  they reached 
" Jholcsr Cl~urtsn;"  011 the 6 th  N a i m j r  village which has about 20 houses surrounded by a 

of smaller clusters of houses. On the  7th they reacl~ed the monastery of "Nehlin 
Dik," on t l ~ e  8 th  after crossing the Pllembu Gong LQ pass they halted a t  Lingbu Jong. T h e  
Pllembn district ceases at  the pass of that  ilamc. 0 1 1  the 9th of March the party reached Lhiisii 
they mere cscessivcly glad to  get back to a c i v ~ l ~ z e d  place again where they would a t  any rate  have 
no chance of being starvcd as they merc a t  one timc likely to  be. 

Though the  LhAs6 people were hospitablc enough the explorcr found therc mas n o  chance 
of his being able to  borrow sullicieut inouey to er~able h ~ m  t o  march to " Sinning" as he  had 
intended; with the  greatest difficulty he managed t o  borrow 150 Rupees from a trader who was 
p i n g  to Gartolc, but he insisted upon the esplorer accompanying him and i n  addition took his 
alleroid barometer and compass as a pledge for the money, the aneroid which was a large one h e  
apparcntIy took for a rnagnifice~~t watch and a t  the cud of the journey the explorer's messenger 
~ 1 1 0  was sent with moncy to redeem the invtrumerits had some difficulty in  recovering them. 
Having the command of so little money the explorer decided upon returning t o  India and after 
a long and difficult journey reached the Head Quarters of the  Great Trigonometrical Survey in 
safety. 

Menzorn~zrlzcm by L1:elct.- Colojzc2 T. G. Bolztgonze~*ie, R.E., F.R.S., PC., on the re- 
sults of alz ex11loratio1t o f  the " Nanzclbo" or Telzgri Nth* Lake in Great 
llibet nzade by a Native Explorev. 

Amongst other attempts t o  explore the  various countries beyond the  borders of British 
India, I 11;tvc alnays bornc in mind the  necessity to cxplore the vast regions which lie t o  the  
11ort11 of t l ~ c  Iiim:tlaynn range, from E. L o ~ ~ g i t u d e  83' to  E. Longitutle 93', and I have con- 
sequently, from time to timc, tricd to  get more information as to  this terra incognita; but  
since t l ~ c  P ~ u ~ t l i t  made I ~ i s  n a y  from Kluuaon to LhAsk, I had not till lately succeeded in getting 
mnc11 advnncc m:~tlo to  the north of his 1i11c of cs~)lorntions, t l ~ o ~ i g l ~  a good deal mas done t o  
the nortll of t l ~ c  A4Anaaro\sar Lalce. Onc esplorcr made Ibis way from Rudolr on the Par~gkong 
Lakc to 'l 'l~oli-dal~lr~g a11r1 thence l)ncli to  tllc AI:i~lsarowar, passing quite t o  the  east of the  
grcat '' KailAs" peak. Thc same cxl)lorer s ~ ~ l ~ s c q u e n t l y  made his may to " Shigatzel', but  h e  
was 11nal)lc to pcnctratc to  tlrc north of t l ~ c  main course of the upper Bralimaputra. Though 
tlisappoi~~tc:rl with t l~ i s  I c o n t i ~ ~ l ~ c d  to t ry ant1 get an explorer to  penetrate into those regions, 
and aftcr many f'ailn~.cs 1 I~avc :it last the satist':lction t o  I)e able t o  report tha t  some progress 
has bccu matlc in  c a p l o r i ~ ~ g  t o  t11c north of SI~ig:~tzc ar~rl 1,116~6. 

1 1  l l l c  accoml)allyi~~g narrative gives tllc dctails that  1 was able to  g ~ t h e r  from the  explorer. 
As I IRII :L~ the party wits t ro~~l) lct l  a t  the frontier; hut once fairly in  Tibetan territory they 

had no dit1icnlt.y ill in:lkil~g t l~c i r  a n y  t lo~rn t l ~ c  upper 13rxl1n1ap11tra t o  Shigntze, a t  least had n o  
c l i f f c ~ l l t ~  tllat w o ~ ~ l d  not c q ~ ~ n l l y  11:tvc atTcctctl ordinary ir111al)itants of the country. They 
fonntl no good opportunity of pcnctratir~g to the 11ort11 till they reaclled "Shig&tze;" there 
they, as dircctcd, matlc inquiries allout t l ~ c  Tengri Nlir Lrrlce. Tllcy found that  there mas a 
rcgular route to  t l ~ i s  lalce frcqucr~tcd by traders in  borax, salt, kc., and also by pilgrims; 
they consequently decidcd to t ry and make their way there in the  character of pilgrims, 



taking with them a small supply of goods with a view t o  meeting their wants o n  the road by 
barter, t h e  ordinary custom of such pilgrims. 

They were told t h a t  sheep were the  only means of carriage that  would answer md they 
made their arrangements accordingly, purchasing some of tlie large long-legged the usual bags for loading. They marched dorm t o  the  Brahmaputra, crossing tliat great river by 
means of raf ts ;  this point was about 11,200 feet above the sea. Ascending the Slliang c h u  
t r ibutary of t h e  river the  party day by day got into still higher ground, until  they reached the 
Kh6lamba LB pass, 17,200 feet nbove the  sea, arid there crossing over from the basin of the 
Brahmaputra  they descended into the  basin of the  Tengri Nvir Lake, which was found to be about 
15,$00 feet above the  sea. 

F o r  8 days after leaving tlie Bralimaputra the  explorer marched from village t o  village, 
passing many Buddhist monasteries and some nunneries with numbers of small "illases sur- 
rounded by a good deal of rultivation. Naikor  was the last village with cultivation ; nortllmard 
they were informed they would find nothing except the  camps of "DogpLs", as the nomadic 
people of  tliat part of the  country are called ; and they were warned t o  be on their guard against 
t h e  white bears which were said t o  commit havoc amongst the  cattle, sheep, kc. TIle explorer 
was well acquainted mith t h e  brown bear of the  Cis-Himalayan districts and he  believed this 
white bear t o  be  a different animal and n o t  the  brown bear i n  its wiilter coat. 

During t h e  great part of his journey t o  the  Namcho Lalie the explorer found the streams 
all  hard frozen, and he  mas consequently much struck by t h e  number of hot springs that  he  
m e t  with and more especially by the  great heat of the  water coming from them, his thermome- 
t e r  showing i t  t o  vary from 130" t o  183" Fahrenheit, being generally over 150°ar~d often within a 
few degrees of t h e  boiling point, being i n  one case 183" when the  boiling point was 1832". The 
water generally had a sulphurous smell and i n  many cases was ejected mith great noise and 

i n  one place the  force was sufficiei~t to  tllr0m the water up from $0 t o  GO feet. These 
springs i n  some respects seem t o  resemble the geysers of Iceland ; i n  minter they are very re- 
markable i n  consequence of tlle water when falling being converted into ice ml~ich forms a 
pillar of ice  round each jet. The  quantity of warm water mhicl~ escapes from below must how- 
ever b e  very considerable, as  t h e  streams into which they drain were frce from ice for some 
distance below where the  warm water comes in, thongh every where else hard frozen. 

The  great lalre, mllich a t  distance was called the Te~igr i  N6r, mas found on nearer ap- 
p o a c h  t o  be called Namcho or  Sky-lake (Nam=slry and Cho=lalrc) from the great altitude a t  
which i t  is. I t  proved t o  be  a splendid sheet of water about fifty miles i n  length by from 
sixteen t o  twenty-five miles i n  breadth. I t  rcccives the  water of two considerable rivers and 
several minor streams, but  has 110 exit;  the  watcr is decidctlly bitter, hut  owing to intense cold 
it freezes readily sncl a t  the time the explorer saw i t  was one co i i t in~~ous  sheet of ice. 

T o  the south tlle lake is bounded by a splendid range of snowy penlts, flanked with large 
glaciers, culminating i n  t h e  magnificent peak " Jhng Ni~ljinthar~glh" n.llic11 is probably more 
than 26,000 feet above the  sea. The range was traced for nearly 150 milcs, running in a 
northeasterly direction. To  the  north of the  lake tlie mountaills were not comparatively 
speaking high, nor  were there any high peaks visible fa r t l~er  north as far as the exl~lorer 

see from a point whicll 11e climbed up to. Hc only saw a succession of 
rounded hills rnith rnotlerately flat-ground i n  bctmccii them. Immccliatelp north he saw a lake 
of abollt 6 miles in length which he  was told was called I3111 Clio from tlie borax (bul) which 
is produced there in large quantities, supplying both LhlisL aiid Shigatze with most of the 
borax tliat they require. 

The  ccNamclio" Lake is con~idcrcd t o  hc a sacred plncc like t l ~ e  Mhnsarowar TJalte, and 
although a t  such a very great distance from I iahi tat ion~ and so Iligll above the sea i t  I~oasts of 
several permanent monastcl.ies and is visited I)y largc nutnl~ers  of I~ilgrims. There are several 
islands i n  the  lake, two of them largc cnougli for monasteries: a t  the time the explorer was 
there the  Lgmas o n  the islauds l t c l~ t  IIP their communication with the shore by mcans of the 
ice, but he  did not hear as to  what mas done in slimmer. Fisli are sairl to  be abnnclant and 
modern lake shells were found on  t l ~ c  shore as ~ v c l l  as fossil shells, vllich mere very numerous 
and of all sizes; a few of thc  smaller ones have hceu examined by Mr. Oldham, tllc Superin- 
tendent  of t h e  Geological Survey; he  tliiuks they are  riot older than cretaceous and are 
probably, nummulitic "none of them actually agree with tlle Sind anti Pan,jhb nun~mnlitic 
l1 fossils yet  described, but  they colnc iicar them ; t l ~ c r e  is a small Furrus, two speciincns at  the 

upper whorls of a Vicarya or  Ceritliium mitli a cast of probably the  same species, also a cast 
o r  internal mould of a Tapes." Tlic spccimcris sent to  Alr. Oltlham werc llomcvcr too few 

and too badly preserved to enable him to give a dccitled ol)iniorl n l ) o ~ ~ t  thcm, I I~atl u l ~ f o r t ~ u ~ a t e -  
l y  started for J3ngland before I kncw this, otl~crmise 1 s11011ld llavc sclit him larger specimens. 
T h e  first opportunity will be taken to have tllcrn more tliorongl~ly cxamined ss also the few 
modern shclls tliat reached mc. Tllc Chi(:E Plindit on  his first joilrney rctnarkcd on the stone 
bOIICR, sllells, kc.,  that  be saw ill tllc Lll;i.r:i llnznr wllcre they arc soltl ill great qllalltitics for 
metlicinc, charms, kc .  l'lic explorer h:trl al5o noticctl them in otllcr parts, ant1 tllcrc is very little 
doubt but  that  Tibet will prove to Ile very rich in  fossils and will amply repay thc first Europcan 
t h a t  haa the  luck t o  penetrate iuto the country. 



The explorer was only able t o  bring hack some of t h e  smaller specimens. 
I n  most places t h e  margin of t h e  lake was utterly desolate, but  near LQngdang t h e  

ShukpB bush was abundant. I n  another place there was a little vegetation near some hot  
springs. 

The explorer's examination of the  lake was unfortunately brought to  a sudden close by a 
band of robbers from JiimaBta D e  the district north of the  lake. These robbers stripped t h e  
party so completely that  they were forced t o  make their way t o  LhiisB as fast as they could. 
They were very nearly starved t o  death and underwent very great hardships before they got there. 

I n  LhiisB they managed t o  raise a little money by pawning their instruments, t h e  
aneroid wliich was a large one proving very serviceable, as i t  was mistaken for a gigantic 
watcli and was valued accordingly. 

The proof of the  existence of a great snowy range t o  the north of t h e  Hrahmaputra is 
interesting, the  Himalayan system even at  that  distance, say 160  miles from its base in  the  plains 
of India  showing no signs of getting lower. The LBmas of the  Namcho Lake described t h e  
country to  the  north as being very much the  same as that  round the  lake, and that  i t  was only 
after advancing some 6 0  marches farther northeast that  there mere any signs of a more 
civilized country. Jiimaiita D e  (de means district) immediately north of the  lake is not  
under the  LhBsL Government. I t  must be even more elevated than the country about Namcho, 
as  the inhabitants are  said t o  have great difficulty i n  keeping cattle, losing numbers every few 
years owing to heavy and contitiuous falls of snow. The JfimaAta people are a lawless set and 
always t r y  t o  make u p  for any such losses by robbing their neighbours about Namcho, Simjam, 
&c., and where cattle thrive better. Lob  N6r  was said to  be 24 t o  3 months journey north of  
Namcho : i t  was riot clear from the  explorer's account whether this was the  Koko N6r  Lake or  
some other lalre more t o  the west. The route ran north from the east end of the  Namcho, 
leaving a t  a camping place called Dtrm Nibrgan. Prom this point Nikchukhh is distant 
10 days journey and has a very bad reputation as t o  robbers. From Niikchukhh i t  is 
14 month's journey, t o  Sokpohuil over a most barren country infested by robbers, b u t  
owning n o  regular inhabitants of any kind. Sokpohuil district is said t o  be not very far from 
L o b  N6r,  near which is the town of Khark i ,  the residence of a great LAma called Jipchun 
Ritlgbocl~e who rules over the  Sokpohuil country. Kharkii is said t o  be above 1 5  days 
journey from Jilling o r  Sinning-fu, the large city near the  nort l~nestern end of the  great 
wall of China. Jilling was well known t o  the  people about Namcho who admit that  i t  is  
larger even than LhAsB itself. 

The great northern road called the Janglam, which runs far north of the course of t h e  
upper Bra l~maput ra  river, passes by the  N a m c l ~ o  or Tengri N 6 r  Lake and from thence by  
Shellifuk Lake t o  Rudok on the  Pangkong Lake east of Leh the capital of Ladbk. The route  
followed 1)y the  explorer from Dam Nibrgan t o  L l~bsb  is the route by which Rfessrs. 
H u c  and Gabet must have approached that  city. The explorer thought 11e mould have been 
able to make his may along i t  by the  Koko N6r and thence through Siuning-fll to  China if h e  
had t h e  necessary funds. Another attempt will if possible be made to do this, as even t h e  
slight amount of information gained respecting i t  is encoriraging and i t  would be a great thing 
t o  get a route survey between Lhiisb and S i n n i n g - f ~ ,  SO as to  counect our Indian Trans-Himalayan 
Explorations with a place that  has been fixed by the  regular survey operations of the French 

, rles. Jesuit Mission? ' 

The route survey extends over 320 miles of w l ~ a t  ltas I~itlterto been veritable twra 
incognita. Latitude ol~servations were taken atkplaces, and hcigl~ts  by observations of the 
boiling poiut ant1 of the  aneroid a t  24  places. Tlle ,geography of at1 area of abollt 12,000 
square miles has been elucidated and one nortllern t r l b ~ ~ t a r y  of the ullper Brahmaputra has 
bccri t l~orougl~ ly  explored, thus giving us some idea as to  how far back the r to r t l~er~ l  watershed 
of  t l ~ i s  great river lies. 

'i'l~e Namcho is evidently the lake referred to  in old maps as the Tengri Nlir. TIle 
cxplol.cr actually went round i t  and found that it  I ~ a d  110 outlet t l~o~tg l t  fed by two large and a 
~iurnbcr  of rnir~or streams. 

T l ~ c  length of the explorer's pace has as usual becn computed by means of the differences 
of observcd latitude, kc.,  aud was found to I)o very fairly accordant on different sections. 

Thc tliffcrcncc of longitride between Shigntze and L11;ia:i as (leternlined by this route  
slirvcy is nitie ~n inu tes  less than tha t  deduced from the  Cl~ief  Pundit's survey. The latter was 
l~o~vever  n ml tc l~  morc direct line and the value therefore has I)CCII retair~etl. The difference 
bcing say 'J nlilcrc in 320 miles or aborit 3 per cent is a satisfactory proof of general accuracy. 

T l ~ e  heights by ol)ser\~atior~s of the I~oiling point mere satisfactory, but tllose by tile 
aneroitl show that  thc intlcx must l ~ a v c  sl~iftcd vcry m u c l ~ ;  for n l t l~ougl~  agreeing closely wit11 an 
ordiunry n~ercr~r ia l  I~arometer 11p to 7,000 or 8,OOOfect above the .ye;\, yet in the n e i g l ~ b o u r h ~ ~ d  
of Shigatze (at Pcting), which was previonsly known to bc about 11,000 feet above sea, the 
ancroid ol)scrvation i~itlicatrd an altitudc of ncarly 4,800 fect higher. T l ~ e  aneroid observations 
on thc avrrngc givc altitltdes 4,631 fect l ~ i g l ~ e r  than t l~ose  by boiling the tllermometer, a most 
disappointing rcs~t l t ,  thc ancroid beittg one that mas carefully tester1 under at1 air pump a t  Kew 
R ~ I C I I  i t  was fout~d to agrcc a t  evcry iticlt of pressurc from tltc normal l~eiglit  dowti to  11-inches. 



A similar difference was given by a n d h e r  aneroid tha t  was sent u p  to the Thek- 
Ja lung  gold fields ; this was snpposed t o  have arisen from some accidental fault. 

Captain Basevi when employed in the  elevated ground i n  tlte south and northeast of 
LadAk mas supplied with a similar aneroid and noted i n  his memorartda tha t  the observations 
t aken  with i t  mere qnite unreliable a t  great altitades, as  he found tha t  even by gentle tapping 
on the  case t h e  index varied its reading and mas always moveable i n  tha t  may n o  matter  how 
long  he  ~ ~ e i n a i n e d  a t  a point. 

The  only conclnsion tha t  can be come to, from the  three trials referred to, is that i n  their 
present shape aneroid barometers cannot be relied on alone a t  great elevatioris until  they have 
actually been tested, and they should always be a t  any rate  supplemented with either occasional 
observations of a n  ordinsry mercurial barometer o r  of a boiling thermometer, a t  any rate  until  
some satisfactory proof o f  their reliability has been given, the  errors apparently not  showillg 
when t h e  aneroid mas a t  rest and ltept a t  much t h e  same temperature. 

It will be  noticed t h a t  t h e  explorer actually went along a small portion of  the  great 
Brahmaputra  river below Shigatze, thus  adding t o  our  Irnowledge of its actual course; n o  iron 
suspension bridge mas however seen there such as If Turner  " supposed t o  exist near Shigatze. 
T h e  explorer mas much strock mith t h e  magnificent glaciers t o  t h e  south of the Namcho o r  
Tengri  N 6 r  Lake and they will no donht prove t o  be vcry extensive, as t l ~ e  man is a good judge 
of tlleir size being well acquainted mith I-Iimalayan glaciers near India. 

Altogether t h e  explorer has  done very good service, aud i n  this first altogether in- 
dependent expedition has shown a large amount of skill, observation, and determination. I 
t r u s t  hereafter he  will still farther distinguish himself. 

Extracts from an Explorer's Narrative of his journey $.onz Pitordgccrh if, 
Kumaon via Juntla lo Tadunt ancl back alof~g the Kali  Gafzdnk to B1.i- 
tish Territory. 

After receiving my instructions and the  necessary instruments I left Delira fur my home 
i n  Kumaun. While  there cltolera brolre ou t  i n  the village a~ t t l  attacked me and several 
members of m y  family, of whom my wife and 3 o t l~ers  dicd and I was prostratctl for 2 months. 

O n  t h e  1st J u l y  I startcd with m y  survey from ['itorkgarli ant1 on the 3rd day reached 
Askot. A t  Aslrot there resides a man nametl lJuslrar Sing Rnjwar whose people are fi~equeittly 
passing in to  N e p i l  and I went t o  consult him as t o  mllicli woulcl he t h e  hest place t o  
cross t h e  river KQli, telling him I was a pl~ysician on my may t o  Jainla. I learnt from 
h im t h a t  as the  rains had set in  the  ropes I)y ~ v l ~ i c l ~  the rivcr is crossetl mcre put away 
t o  lteep tltem from rot t i~rg,  biit tltat if I meut to  R;itl~i mhicll was 11igller lip the river I 
might  there have a chance of crossing. I accordingly did so and reaclrcd ltkthi on the 
6th.  A s  there mas only a rope by wlticlt t l ~ c  river is crossetl and mcn suspe~tcl tltemselves by their 
hands and feet artd bcar such Ioatls as are  to  l)e carried over on tlieir cltcsts, I l~at l  no nervc for 
it, so  had a sling made for myself and mas drawn across i n  i t  aud stol)ped a t  Jlargkon i n  the 
D o n  patti, i n  Nepal on  t h e  7th. BargAon has 6 0  Stouses arid is about tllc largest sizcd village 
in t h e  patti. 

O n  tlie 8 t h  I travcllcd throiigh a tract bu t  li t t le inhabitetl and along a difficult road 
and halted for tlie night wit l~ont  l)rovisior~s a t  a dcscrted s l~ecp  fold. 

011 the  9th after another yet morc difficnlt jourrtcy I arrived :rt Rtailtholi (2 houses.) 
O n  the 10th I reacl~ed Shipti village (30 I~onres) ltavir~g crosscd tlic Kotidlrar pass 5,793 

feet above sea, and the  river Tatigkr on tlic way. A l t l ~ o u g l ~  S l ~ i p t i  is in  t l ~ e  Don patti, on ac- 
count  of its size ant1 i m ~ o r t a n c e  i t  is usual to  includc tlie villages in  its neigllbourltood iir a pat- 
ti which is ralletl after it. 

O n  the 11th I wcrtt t o  S l ~ i r i  in the  Marma pntti. The villngcs of this patti  are all i n  
t h e  valley of t h e  Chamlia river. C~lltivatiort is ertensivcly carrictl or1 i n  it .  The villages 
a re  situated where tlre l~ i l l s  have gentle slopes ant1 the land mlticl~ is terraced is i r r i~a tc t l  by 
small channels from the  Cl~amlia. Vislt wllicl~ al)our~d in the  river, are calrght, dricd and 
stored by the villagers in  large quantities, for Ilomc c o n s ~ ~ m p t i o n ;  they arc c:~terl by all castes. 1 
liere intended crossing tlie river, 1)nt found thc roper l~rokcrt : I went a couplc of miles fnrthcr I I ~  
and found crossing ropes and passed over. The road for the 2 rnilca up  tlie river and I)ack to 
tlie main road on  thc  opposite side mas so (IifEc~llt that  i t  toolc me 11alf the (lay t o  go over 
it. Iialtecl a t  M a t i d  ; formerly a road from Doti to  Taglakliar led along the Cliamlia through 









this patti and by z pass across the Marma snowy range. It was given up n long time back 
t o  a dispute with tlie Taglakhar people. The snowy range is not more than 14 or 15 

 miles^. E. of-the river. 
On the 13th, I marched to KarBlB in the Bdngnang patti. This march consists of a 

difficult ascent to the Machaunia-lelrli pass, during wliicl~ no water is to be had, and of a descent. 
A t  the summit of the pass the birch and junipcr grow, and lomcl. down oak and "ringal" (hill 
bamboo) and "pangar" (horse chestnut). The lands of the villages in this patti are well cul- 
tivated. I halted a t  KaldlB 5,326 fcet above sea level on the 14kh owing to rain. On the 
15th, 1 started, crossing and recrossing the KarBlAgAr till it  joins tlie SangBr, a larger river which 
comes from the snow but which is callcd KarLIAgBr below the junction. I crossed the 
SangBr stream bp a wooden bridge and continued along the left till I came opposite to Batushers 
which is on the right bank of the KarAILgLr a t  its junction with the NabliagLr. A road 
from these parts to  Bias goes along the left bank of the SangLr and crosses the snowy range by 
a high pass.- 

I procured a pass to  Ba.jangayL from the Thanadar of Batusher& and by midday or1 the 
15th 1 got to the ICQIBgBr rivcr which joins the KarLlbgBr, and is crossed by the people of the 
country by ropes, but slings were at hand for those who, like myself, had no nerves for the ordi- 
nary may of crossing. I stopped for the niglit at Bipur on the other side of ithe river. 
From ICarAlii the road lies through villages and cultivated land but no forests. 

On tlie 17th, I crossed the Karha pass, and reached Jakhora village. On the ascent to  
the pass there are two villages ltanlclrh and ICBlLltAnB. 

On the 18tl1, I crossed the Kansia pass and put up for the night a t  Sain village in the 
Bajangayk patti. The road was good, not fit for riding but very fair for walking. 

On the onward journey aud a little short of a mile from Sail1 is a temple of masonry on 
a cultivated and irrigated spot a t  the junction of the SaingLr aud KhatiyarigAr both small 
streams, the former coming from a north-westerly, and the latter from a northerly direction. 
On the road about 4 a mile further on is PujBri, a small village of 5 or 6 houscs inhabited by 
brahmins, the priests of the temple. Crossing Iil~atiyarigAr and a ~ ~ o t l ~ c r  smaller stream of same 
name I a t  midday reached Biasi, a village consisting of 10 or 12 houses to tlle north of 
B11ajangayB al~out + mile. Bl~ajangayii is nu old fort out of repair. Biasi is 5,490 feet above 
sea level and on a level with BhajangayR Fort. 

The fort mas formerly of a circular form and about 2 of a mile in circumference. I t  
consists of dry stonc malls about 10 feet high witli two I~riclc and mud 3 storied houses, with 
sloping roofs, fornlerly the residcrlce of the ll.;ijA nncl mcmbcrs of liis family, built within the 
enclosure. There arc about 16 llouses witli mud 117alls and tl~atcllecl roofs built 011 the outside of 
the walls inhabitcd by the R;ijL's slaves: a small spring to S. and E. of fort about 500 feet 
below and another to \vest and a short distancc sul)ply d r i~~k i t lg  water. 

Slavcry cxists here a11c1 tllrongl~out Nepiil :dl castes bciug sold into slavery, tlie father 
having po\Irer to scll his cl~ildren; but on being sold individuals lose tllcir caste. I t  is reported 
however that Jung Ballarlur has intentions of snpprcssi~~g this limctice. On the 2211~1, I left 
BhajangayL and at midday came up to tllc Ilargl~jiil @At on the Seti river and about 44 miles 
from tire former place. The road from Taglnlcllar to SII-Gnrl~i a l ~ d  Doti mllicll follows the course 
of the Seti crosses a t  this place from the right to the left baulc by a rope bridge 180 fcet long 
and about 20 fcet above matcr. Tlle river comcs windil~g from a northerly dircction to this 
.place, and from the snowy rnonntai~~s distant al,out 3 days marcll. 13etwee11 this and the snoms 
1s I-Iulnla patti from mliicli l~awlis, black rninas and ~uuslc pods are brought for sale to Baramdco 
Mandi and Gola CfllAt Mandi. 

From thc gllAt niy road lay along t l ~ c  left 1)anli for about 24 miles, and to where the 
Channltl~ola, a riscr formed by spri t~g water, joiua it arld t l~cn  follomed up the latter, crossing 
ant1 recrossing i t  occasionally. 1 haltcd for t l ~ c  nigl~t  at Rinjli one of the five villages of Ghana 
patti, whicll i~lrlrltles the valley drained 11y tlle Cllar~alillola. 

On t l ~ c  231.~1, about mitlday I lcft the CI~a~~:~l tholn  ~vllcrc i t  is met by the JhalaragAr, 
crossed a pass ovcr the Than ridge whicl~ was covcrcd with oalc ant1 cllestnut and entered B$ru 
patti ant1 re~nniuctl a t  Dogra. B51r11 fort, ~vllcre the ItLj6 lives is on the summit of a hill 
nl~out 5 milcs from tllis ~ I I  a so~~tll-castcrly tlircbctio~l and on t l ~ c  same side of tlre Dogragkr. 
I t  is smallcr than l3lla,ial1gayA fort being al~out 500 paces in circunifercnce a l ~ d  contail~s one house 
and is surror~lidetl by oak trccs; no cult ivatio~~ was to bc seeu al)out it. There was a good deal 
of excitcmcnt in this placc, C : I I I S C ~  l ~ y  an order of Jung Dal~;idur for raisit~g troops. Places 
~vli icl~ fornicrly sulq~lictl 100 solt1ic:rs wcrc now rcquirctl to give 150 ant1 such as were not for- 
mcrly rcquirctl to furnisli tllc111 nrcl.c now to raise men accortli~~g to t l ~ e  revcnne pnitl in by 
them to tllc (llovcrrlment. Four 11111lilrctI men used to be qu:~rtcrcd at each of the 3 places 
Da~~dnlidhura, Sil-Garhi rind I)ailclcl~ ; thcrc are ]tow 600 me11 a t  each place, that is half as 
mauy again, alrd nt Sil-Garlli arms arc I I O W  I~c i l~g  ma~~llfncturctl. 

011 tllc 2-l.th, I cronsctl a ritlgc comiug from thc TII :~I  ridgc. Before leaving its summit 
I came uporl n dccp rollrld I~ollon fillet1 mith water, about f a mile in c i rcumfcre~~c~.  The 
wntcr is bluc nnd is snid to col~taiu fish tllo11~11 I (lit1 not scc any : thcre is no visible supply 
of watcr to tho tauk. To tlic cast and a t  tlic edge of t l ~ c  water is a small temple of masonry, 



called ThSbur Debi. I n  the montli of Auglist at tlie timc of full moon the temple is visited 
by people of tlie neighbourhood. The hills about here are covered with oak and rhododen- 
dron. About midday, having descended to  the Kunragir, passed through the village of Mbi- 
toli about 4 miles from tlie temple aud tank, and followed the stream I sigllted Kunragarhi on 
the wooded summit of the ridge to the south of the Kunraglr ; although called r r  garhi'' there is no 
fort and all that can be seen are two stone walled, thatched roofed houses where the R&j& resides, 
The hill is rugged and covered with oak and rhododendron trees and about 1,200 feet above 
the stream. The so called Rkj i  is rather a zamindLr who collects the revenue of the Kunra 
patti. I stopped for the night a t  Sudap in the Kunra patti, tlle road kept to the left bank 
of the KunragLr to  this place. This patti has a few villages far removed from each other, 
there being only one on the road between Mkitoli and this. The road was difficult. 

On the 25th, I left the Kunragkr, which flows eastwards into the Buri Ganga also 
Bhaunera about 3 miles and crossed the Pinalekh ridge, the boundary betmeen the Kunra and 
J u g l r i  pattis, and came into the village of that  name i11 the latter patti (25 houses) 5,781 feet 
above sea level. I left this on the 3rd August, and descended to  the River Bhaunera or Buri 
Gangs about 24 miles below. This comes from the snowy mountains which are seen to  the 
north-east about 16  miles distant. The river at this time of the year is about 150 feet wide, 
aud 8 or 10 feet dccp, with R rapid current. I t  is crossed at tliis place by means of a rope, a 
road following the course of the Bhaunera, goes to Shnpia ghQt on the river lower down. T~ 
the south of the place where I crossed tlie river is a high peak on a snowy ridge uiider which 
a t  the height of the ridge is Mallta Debi temple, well known and visited by pilgrims from 
Kumaun and GarhwLl as well as from Nepbl, during the time of full moon in August. There 
are approaches to tlie temple from all sides. From the river I crossed a spur about 1,000 feet 
high and encountered the Mbrtorigrir a tributary of the Bhaunera a little lower d o n .  This 
stream though riot containing any of tlie draiuage from the snows llas deep water and is crossed 
by wood being throlvli across it. About 64 miles furt l~er up the stream is Jili consisting of 10 
o r  12  liouses where I remained for the niglit. The village which gives its name to the stream 
consists of 100 houses and is about a mile from the stream on the opposite side at the place 
where1 descended into tlie valley. On the 4th I followed up the Mirtorigkr and halted a t  
Rajtoli. There were 110 villages on the way; Rajtoli coiisisting of 10 or 12 houses is sitlrated at 
the j u ~ ~ c t i o n  of two streams which malce up the Mrirtoriglr one of them is called the Rajtoligbr 
and the other the ParkhiagLr which takes its rise at the Parlchia-lekh hill. On the 15th I followed 
up the ParkhiagSr to  its source and crossed the Parkhia-lelch (about 8,091 feet above sea) which 
is on the boundary between the B;ijru zilla on one side and Jumla on the other, and 
halted fur the night a t  Kblripork village (50 or 60 houses) in the Kunralrl~ola patti. On the 
6th I followed the Kunrakhola to its ju i lc t io~~ with the Balarigjr about 3 miles from KklQporl 
about G,Oil feet above sea and crossed the latter, a river wl~icli does not take its rise in the 
snows, but is during the rains too deep, a ~ i d  raprd to be forded. T l ~ e  bridge by which I crossed 
is wooden aud betaeeu 40 and 50 feet in length; the depth of the water is about 5 feet. 
BalarigAr below its jrictio~i wit11 the Kunrakhola is called 1)y the latter name. The slopes 
on ei t l~cr side of the stream are cultivated and there are several villages. I kept to the left 
bank to  its junction with the Knrnkli river. Hereabouts there are more vil1;tges and culti- 
vation on the left bank of the Karnbli than on the right bank. Higher 11p the river, 
about 14 miles above Bhnda village I crossed the KaruAli at J ira ghAt by a rope bridge 

200 feet in length and 60 feet above water. 0 1 1  the 7th after going north along 
tile river for a short distance I t n r ~ ~ e d  nil the Kli6tiarkholagiir at its junction with the 
Karl141i and kept along the stream, c~wsuing alld recrossii~g by small mooclen bridges occas- 
sionally aud llalted for the night at a tleserted cow shctl ((;fal~n-ka-got). About 23 miles 
above this a small stream, tlie KatiwakholagBr, corning from a S. J1:. direction joins the 
Khhtiarkllola, my lap along the former. There is also a road along the latter which 
comes from a N. E. directioll to t l~ i s  junction, leading to nI6tlgfi Hl16t. 1 left the Karrwa- 
kllola about 24 miles above the juiictiol~ and asccr~decl the I~ill to the village of K(ll(lltl1at6 
(50 or 60 Ilolrscs) abollt 14 n l~ le s  al~ove the str,can~, ~11c1 .c  I remnil~ctl for t l~c  iiight, it is 
]2,-$84 feet tile sea. 0 1 1  tl1e gtll, 1 crossetl the KAl;ilillatk ridge-very high (a1)011t 
1$,528 feet)-orl mllicll tlle bircll a l ~ d  juniper grow aud errteril~g a ravine arrived at Lurkon vil- 
lage tile Sinjakholn or Himawati, a river corning fl'onl ~ I I C  sllo\\rS distaut ab01lt 13 miles, 
alld enterillg tile Tila river. I halted at Lurlcon on t l ~ c  10t.11. Tlle Silljakllola patti is con- 
sidered tile most prodllctive in these pr.rt8. Rice is the orlly crop, raised 11y mcalis of irrigation. 
~~~~i~~ nre IIrcd i l l  grcat ~lumhcrs ill this pxtti. 011 the I l t l ~ ,  I crosscd the Sinjakllola a 
little less tllan a mile above the village of Lurlton by a moodeli I)ridgc 2 fcet wide, 200 feet in 
lellgtll arltl 15 or 20 feet above water. The current is vcry rapill and 7 or 8 feet deep. The 
road tllell ascends by a ravirle a high ridge, (about 13,000 feet) with I~ircll al1d jllrli[)er growing 

its summit, which it crosses. Oil the 12tI1, I descendctl into a ravine which joins the Tile 
below Chaughnn, and along which the road runs, anti arrived at Chaudlan (Jllrnla) situated 

tile llallks of the Tila river al)out 8,OlG feet al)ove Sea levei. Cllallgllan collsists of 

a of mud hollses fornli~lg a street occupictl by 5 Or 6 I)ulllliahg, 2 or 3 clotll mer- 
chauts from Doti, 40 or 50 priests of tllc c l r a ~ ~ d a n  Nhtli nIalladco tcm~)le, a few Paces to 



t h e  east of the  street are  located t h e  custom house people, 300 sepoys, 3 subhadirs and a captain, 
Debi Mins ing  Basaniath, who is also head man i n  tlie Jumla  Zillah. To tlie southwest of t h e  
street are  the  stores of guns, ammunition and provisions within an enclosing wall 600 feet east and 
west, and 400 fect north and south with a gate t o  the north, these are also of mud. Chaughan 
is  situated i n  a plain running north-east and south-west about 3 or  4 miles and about 1 h miles 
i n  breadth, surrounded by high mountains about 12,000 fect above the  sea. The wliole valley 
is  cultivated and there are  numbers of villages scattered over it. A road from Taglalchar passes 
through Chaughau and Dailelch and goes on to Lucknow. Having got a pass and letter of intro- 
duction t o  tlie Loh  Mantang Rijri I left Chauglian (Jumla) on  the  18th. 

O n  tlie 20th I left tlie Tila river and crossed the  ridge t o  the south by a pass, the  Mor-  
p h i  Lelch, about 12,458 feet above the sea, descet~ded into the  Kailehola valley i n  tlie Tibrilcot 
zillah, passed through Bliotia (7 o r  8 houses) aud halted for the  night a t  a temple betmcen 2 
o r  3 mtles further on  and a mile from the  Kailcl~ola river. A road goes from these parts t o  
LBng6 Bliot, distant 8 or  1 0  marches, by the  Kailehola. Next  day I crossed the Ralang6r 
L i p a s s ,  lower than tlie MorpAr~i LB, on which oak and rhododendron grow and reached Tibrikot. 
Tibrilcot is situated on the  right bank of the river Uheri where it  is joined by a small stream 
from the  snows t o  the  north and about 7,226 feet ahove sea level. To  the  south of the  villaga 
about 200 yards, on a hilloclc about 200 feet high, is a fort (Kot) which encloses a temple ant1 
8 or  4 houses. I was here shown the  Civil and Criminal Code of NepLI, which is taketi partly 
from t h e  SliAstras and partly from the  Indian Code of Civil and Criminal Pisocedure. I t  is  in  the 
Nephlese language. Haviilg obtained another pass from the TlibnadBr of this place I left Tibrikot 
on  the  27th. 

From Tibrikot I followed the  course of the  Blieri river and renclied Charka on  the  
4 th  September having passed some Lgmaserais on the road. One of them, called Barphang 
Gonpa, contains 4 0  or  50 LBmas. Near  auother, named Kauigang Gonpa, the  river has 
high perpendicular, rocky banks, and the  people have made a tunnel 54 paces i n  length 
through the  rock. There was originally a crevice and the  rock on either side of i t  was 
cu t  away sufficiently to  allow of a man with a load t o  pass through with a squeeziug, the height 
of the  tunnel  not being sufficient i n  all parts to  :tdmit of his go i~ :g  tlirougli standing. Cliarka 
i s  the  last village on tlie river Uheri. 011 tlie opposite side of tlie river is a Gonpa (LBmaserai) 
t o  wllicli tlie first-l~orn male of every family i n  the village, as is the  practice amoug the  Unddl~ists 
generally, is dedicated as a Lhma. I left Charka on the  5th,  and ascended the  Digi LB, ebout 
16,879 feet above sea level, called by Goorlclias Bbtali-PAtan, by a gentle incline. On either side 
of the  pass tltere are  snow covered ridges. The pass is  broad and there is a cairn on i t  at the  
watershed. Prom Digi L b  I d e s c e ~ ~ d e d  to the  jul~ct iou of tmo streams, one comirlg from a 
northerly and the other from a westerly direction, which together take an easterly direction and 
form tlie Kingi Ch6. O n  tlie 7th I reached KAgbeni crossing the KAli Gandalt by a woodert bridge. 
KAgbetii is situated a t  the jnliction of a strerim coming from RIuktinBtli, with the  Kbli Gandalc, 
and  is about 8,!)53 feet above sea level. It consists of about 100  Itouses and is inhabited by Bhots. 

From Charlca there is also a direct road to Ilabrartg Koja, near Tadum from which after 
crossing a high snow-covered pass, distant abont 2 0  or  25  miles from Charka, another road 
branches ot i  to  Loll Matitang. Laden sheep, goats and horses are  talten over these roads. 

From KBgbeni I made a t r ip  to Irfulctin6tl1, about 11,284 feet above sea, for a day, t o  
see the  temple and the  country about it. About a hundred feet t o  east of the  temple is a 
spring with a sulphuror~s smell whicli enters a cistern from whicli the  water r u n s  out from 
108 spouts, under each of which every devotee passes. The water collecting in a trough below 
passes oa t  in two streams which flowing to n o r t l ~  and sonth of the  temple meet to  the west, thus 
cncirclitlg the temple with water. About 6 o r  700 feet from the  temple, t o  the  south, is a 
small mound with a little still water a t  its base, having a slilphurous smell. From a crevice 
i n  this mound a t  the  water's edge, rises a flame about a spar1 above tlie s~irface. The people 
of the  place told me that tlie watcr sometimes increases i n  quantity snfficiently to  flow into the  
crcvicc, the flarncs tlieu disappcnr for a while and tliere is a gurgling noise, a report, aod tltc 
flames burst up  nud shorn agnil~. This spot is called Chume Giarsa by the Uhots. To  the north- 
west of  the temple, a l ~ o u t  350 yards, is a G o n p ~  with nbout 3 0  or  40 resitlent LBmas. To  the cast 
and sout l~cast  of Miiktiu6tl1, ahout 2 miles, are  lofty silo~vy , mo~tntaitis extending ill a nortli- 
east atitl ao~ttliwcst direction from whicli the stream takes its rise wliich flows by Mulititiklh t o  
the  north, takes ill the tcmplc water ant1 joins the K61i Gaudnk rivcr a t  KAgbeni. 

On t l ~ c  9th I returnccl to  KBgbeni, and on tlie 10th stnrtctl with my party, following up 
thc  river KAli Gxndak. About 6 ~ni lcs  from ICAgheni I crossed a small strcam coming from 
Damrrtlarklilltl, nlotlg wl~iclt the Loh Mantang boundary runs to  the east, and fi,on~ the junction 
with thc ILili Gantlalc follows up  the lattcr in  a northerly direction. 1 lierc lcft the river 
which allow this flows through n very confincd valley. To  tlic west about 3 miles is a snowy 
range. T l ~ c r c  are forests of cedar below the snows : no otlicr trees are to be t'o~ttid. 011 the  
11 th  I went to  K h a m l ~ a  Sarnbha village. The road which keeps to  tlie hill side, is broad and 
tlierc is a grcat deal of traffic on it. 

On  tllc 12th, I went to  Changrang village crossing the Chungi LL pass, a1)oltt 11,000 
fcct above the sea, on n spur f'rom the  snows. Changrang consists of 30 houses and a fort, t h c  



winter residence of the Lob itfantang RLjL. A road, chiefly used by pilgrims, from ~ ~ k t i ~ a ~ h  by Damudarkund, crosses the IiBli Cfaudalc by a ford about 2 miles east of this and joins the other 
from Kiigbeni to  l ~ o h  Mantnng Iiere. I t  can be ridden over on horse back ; the groulld over which 
i t  passes is not rugged ilOr Iiip11, but tllcre is a scarcity of water and 110 ]labitatiolls are met 

On  the 13th after a marc11 of 74 miles, I reached Loll Mantang. Lob Mantarig is situated in the centre of a plain, about 11,903 feet above sea level, betmeen two small streams 
which meet a little before entering the ICdli Gandak, distaut about 2 miles : the plain is irl.i- 
gated by channels. Lo11 Riantang is enclosed by a mall of white eartll and small stones, about 
6 feet thick and 1-i fect higl~, forming a square with a side of $ mile ill length, and llavillg an 
entrance I)y means of a gate to  tlie east. I n  the ccntre is the RhjAJs palace corlsisting 4 
stories, about 40 feet in Iiciglit, and the only b~iilding to  he seen from tile outside, the 
N.E. corner of the  enclosure is  n Gonp:i containing copper gilt figures aud 250 ~ b ~ ~ ~ .  
There are about 60  otlicr houses, two-storied, aud about 14 feet iu I~eiglit, fQrmirlg streets and 
lanes. Drinliing'watcr is brought in by means of a canal, a~lcl tliis overflomirlg the 
interior slusl~y; and since t l~c re  is almnys all accurnulatio~~ of filth tlic stnell is very offensive. 
Since no census is taken I cannot say horn many people there are in the place, but they vpeared 
t o  be numerous. 

Besides the permanent residents there are always numbers of traders from Thibet and 
NepQ, who either exchange their goods here or take tliem to dispose of at LIrisi or Nel)AI. The 
trade in salt and grain does nct extent1 very far north. Trade is cliicfly carried on lly fl T]lLltliu" 
a class of traders of miscd origin, ml~o havc the privilege of going to LhisC and tlley even 
go to  Calcutta for tlie purchase of goods. The Il;iji, who is a Bl~ot,  co!lects a revenue from all 
sources of about 10  or I2000Rnpecu a year, out of wliich he pays about 2 or 3,000 yearly to 
NepCl from the land revenue, ant1 10 per ccnt of the taxes levied on goods b r o ~ ~ g l ~ t  from across 
the  norther11 frontier, to the Ll15sL Governmeut. 

The Rlijh mas very mucli averse to my proceeding further, the orders of Jang Balladur 
tha t  no one should cross the frontier bcing very stringent; llomever I was determilied to pro- 
ceed a t  all hazards and succeetled at Inst ill procuriug a pass. 

I may Iiere mention a custom mhicl~ prevails i11 this part of Neplil. On a death occur- 
ring the held L ima  a t  the Goripa is consnltcd as to  the disposal of the corpse. On I)eing informed 
of tlie day 011 mliich the deatli occurrecl 11e consnlts l ~ i ~  ~vritings, ant1 gives orders accortliug 
t o  the directions therein contait~etl. T l ~ e  corpsc cither must bc I~uried as it died, or be cut up mid 
thrown t o  the birds, or  the arms ant1 lcgs being cut oft' ant1 tlirown out of tlre town, to north, 
south, east and west, the body must be I)ulictl, or lastly tlie body must bc I,urrit in asitting posture. 

Leaving Loll 3Iantaug on tlie 13th) I crossed the pass Pliotu Lhori the 20th, the boundary 
between Dsbaj6ng in Lhisri (Tliil)ct) and the Ncpil possessions.  lie pass is about 15,080 
feet above the sea. 'Chere is n. d c s c c ~ ~ t  of al)oot 230 fect from t l ~ c  pass on to the plain below. 
I passed thousands of kviltl 11orse.r grazing on t l ~ e  p1:rin ; t l~cy mere it1 l~ertls of ahout 100 e;lcl~, and 
are  not a t  all shy. 011 tile 213t I encn~npctl at Cl~urnil~gi:rlcdor~g, a sl~cepfold on tlic stream 
wIlich flows t o  t l ~ e  nest of the plain. L e a v i ~ ~ g  my t l r i~~gs  at C l ~ ~ ~ n ~ i l c ~ i i r k t l o ~ ~ g ,  I me~tt to 
Labraug Koja an e~lcarr~pment, distant 9 rniles. 'l'lre rivcr is hcrc about 250 feet wide ant1 has 

v e q  gelltle currellt. I t  is crossed l , ~  ho:its n~adc  of yak's lritles rnlliclr arc sewn at the entls at~tl 
are attached to sticl<Y a t  tllc sitlcs; tlicy arc kept dry arid t1111s rc'tail~ their sliapes. Aftcr 2 
or  3 crossings tlley are (11-awri on s l~orc  to dry. 'l'llcp arc propcllctl I)y 2 or 4, oars a11t12 01- 3 
men can cross ill cnch. ~norllirlg, t l ~ c  2.71~1, 1 startctl for Lo11 i\I:llltan,rr, alltl C ~ O Y S C ~  the 
~ l ~ ~ ~ l ~ ~  ~ h ~ ~ ~ ' ~  2 Iniles irl)ovc its jllrlction with t l ~ e  Brnl~nrnputra. 'l'lris stream is about 3 fcet 
in depth and (;U feet ,vitlc, a11(1 comes from a snowy ridge al)out 14 or 16 mi1cS 1101'tll of 
Malltang; I fortlcd it nut1 g o i ~ ~ g  3 inilc f r~ r t l~c r  on arrivctl at 'l':itlr~m. 

Tadnm collsistJ of 12 I~or~scs a11t1 :I L5111ascrai (Uonpn) sit~~:rtctl at t l ~ c  foot of spurs com- 
ing from tile sllows to !Ilc Il,)rtll. ' ~ I I C  li)rrncr 31.c O C C I I [ ) ~ C I I  1 ) ~  nicI1 I V ~ I O S C  dllty it is to for\val.d 
property or Icttrrs for tile Llr;ix;i ( ; o r c r ~ ~ m c ~ ~ t ,  or s ~ r c l ~  as t l~ey may receivc ortlcrs to foraard. 
For this purpose tllcy Il:trc I ) o ~ \ i c ~ ,  y:tli.;, go:tts ant1 sl~ccl), a11t1 t l~c i r  l)t:nt lics 2 or 3 marclres 
eitllcr may. 'rlley arc trot I . c ~ ~ ~ ~ ~ r ~ r r n t c ( l  tlircotly for tlrcir tr.o~~l)lc, Ijut cscnpc tnxcs, tllc l~cntl man 
of tach stntioll, 11 f~:l l : i l l l l l l~,  Oll lP l.(~Cciril~g a sn~:~l I  pcrccntngc OII  thc taxes. T l ~ e  " Gonl)a" 
only coutaillR 10 or 12 L;imas. T l ~ c  tl:~y followi~rg nly arrival tlre hrntl malt, " Gopa ", sent for 

me qlle3tiollctl rile as to tllc ol),ic*ct of my travels. I toltl Ilinl I wits a 1)llysici;lll 011 

way to LlrAs;i. and s]lclvctl lli1n m s  pnsscs. I i c  Ilomcrer refllsed to alloV' to pr~ccctl 
it would be at tllC I)cril of \ \ i n  os~lr lil'e. I mas t,lrcn lorlied np for the night. x c x t  mor11ing 
1 made an i l lcff 'cct l ln~ attcnlpt to scc tllc Cf-opa alltl nly mesSCllgCr rctllrlletl wit11 a 
who had orders to see me across tllc f ro~~ t i c r .  0 1 1  t l ~ c  second day at'tcr my arrival I I)ePll, with 
great reluctance allcl unc1cr tllrcats of pcrsonal violence, my return Journey rcaclled Loh - 
Mantang on tllc Z~t l r .  

I reachcd I<;igl~cni on t l ~ c  1st of Ortol~cr mid on thc 2nd startcd s011t1i following the 
course of tlic K5li Gantlnk. T l ~ c  roatl first Iic-c1)9 alo~ig t l ~ c  b : ~ ~ l i  of the rivcr for a11o11t 74 
miles ant1 tlrcn croqqcs by a aootlrn I)ritlKc 5.5 i'ttct 1o11g a~rd  10 fctat above water, dcl1111 of 
water 4 feet, and gocu to tlrc village of i\Iarm6li (100 Iiouscs) about 34 lnilcs further on where 
I remaiued for tlic n ig l~t .  



O n  the  3rd, following t h e  right bank of the  rivcr, I passed through the  ~ l l n g e  of TukjaJ  
consisting of about 100 houses, a t  wlriclz there is a custom ]louse and having crossed the river by a 
wooden bridge about70feet long, 1 recrossedthe river to Lidi village where1 remained for the night. 
On advaucing from the  first crossing of the river allout 2 milcs, 1 came opposite a large village 
situatcd on  the  right banlr of the  rivcr, callctl Tl~alr,  cor~sisting of about 150 houses. Lidi is a 
small village of 4 or 5 houses ; the  i ~ l l ~ a b i t n ~ ~ t s  of which are  tradcrs and do little in  the may of  
cultivation. 011 t h e  4 th  about a mile from Lidi, I passcd anot l~er  village of the  same name, 
col~sisting of about 6 I~onscs, aud a t  midday reacl~ecl G l ~ k s  Hllansiir where there is a custom 
house, I stopped a t  D a n  Banskr ~ v h i c l ~  also owr~s a custom house. 

011 the 5th no villagcs werc met  nit11 during the  march and the  road passed through 
jungle t h e  whole distance, crossing several small streams running into t h e  KLli Gandak. 1 
passed the n i g l ~ t  in t l ~ c  jungle. 

O n  the  morning of the Gth I crosscil the rivcr about 1 mile below the  last halting place. 
24 miles f u r t l ~ c r  dom~i  011 the  right I)nnlc is the 1t;illi Po \~ ,a  D11arms:ila ( rest house) ,  above 
which on  tlre hill side a t ~ d  to the  west is a large village. A f u r t l ~ e r  walk of 1 4  milev brought 
m e  t o  the  Itangkr river, ~ v l ~ i c l ~  comcs from a westerly direction from the snows and joins t h e  
KAli Gandalr. I crossed i t  a t  the  junction by a n  iron suspension bridge, constructed a t  t h e  
expense of the  RBui who built  t l ~ c  rest housc. The bridge is about 175 feet long, about 15 o r  
16 feet above the  water. Tlle bridgc c o ~ ~ s i s t s  of two tllick c11ai11s t o  wl~ich the  roadway of 
planlrs is suspended by iron rods, 11ut as t l ~ e s e  are  of equal lcngth the roadmay has the same 
curve as tlre c l ~ a i ~ r s .  N e ~ r l y  2 miles furtller, on  the  same side of the  ICAi Gandak, is Beni  
bazar, a village of about 200 I~ouses. 'l'herc is anotller village wit11 shops, on the opposite side 
of the Klili Ganrlali, called I)y the  same name. There is communication between t h e  two 
villages by a rope bridge ; and a road not fit for l~orscs  goes t o  Pokhra. To  t h e  west of t h e  
village on the  hill side is a copper nlinc w l ~ i c l ~  is worlted, and t l ~ c  copper is either sold and taken 
t o  Pokhra, o r  i t  is co~lvcrtcrl illto vesscls i n  the village, o r  coined. 

O n  tlre 7th I crossed the  river Mnidi by a n  i ron bridge similar t o  the  one over t h e  
RangBr, and marcl~ed t o  the  village of J361c11ing situated in  the  Brilil1i11.g Patti. I t  consists 
of 50 or 6 0  houses and 15 or  16 shops. There are  copper mines on the hill sides. A captain 
is  stationed here t o  look after tllc c o i n i ~ ~ g  of pice a t  this place and a t  Ueni and the  revenues 
from all sources. 

011 the  8 t h  I crossed t h e  river KAli Gandak 4 mile t o  the  east of this by boat, t h e  
current  b e i ~ ~ g  so gcntle as to  admit o f  i t  ~ v i t l ~ o u t  risli. T l ~ e  river is about 5 0  feet wide : the  
water a t  this time of the  year is uot clear and fills t l ~ c  channel. I remained the night a t  the H,ijVs 

Aresiderlce a t  P a n g l ~ n g  nr l~ ic l~  is 1 mile from the river. I l~nl ted on the 9 th  and on the 10th 
started, a ~ ~ t l  arrivcd a t  ICusnmcl~aor bnxar a t  the  jnuctiou of the RSoti Naddi wit11 the  KBli 
Ganrlak. This villagc w l ~ i c l ~  gives its llalne to  the Pat t i  t o  the  north of the Moti  and east of 
the  I(,iIi OandaL, consists of  nI)oat 100 I~ouscs scattered over a plaiu about 2 miles long aud 
about $ mile broatl. T l ~ c r c  are coppcr ~n incs  along tlre hills on the opposite side, but none on  
this  side. Moti  Naddi rises in t l ~ e  snows t o  tlre ~ ~ o r t l ~ e a s t  and flows in a southwesterly direc- 
tion, into thc KAli Gnntlnlr a l ~ o r ~ t  $ the q u a ~ ~ t i t y  of water the !atter contains above the  
j u r ~ c t i o ~ ~ .  It is crosscd 1 4  unilcs al)ovc t l ~ c  j1111ction I)y a11 iron s~lspension bridge 135 feet long 
and al)o~l t  12 or  14, feet al)ovc t l ~ e  n : ~ t c r  w l ~ i c l ~  is a b o ~ ~ t  7 or 8 fcct deep, similar t o  those over 
the  ltangkr a11t1 nf;~idi.  A road to Poltl~rn fit to  ride over starts along the left bank of t h e  M o t i  
from the britlgc : I~orscs II:LVC to  ford tltc rivcr. 

O n  t l ~ e  1 l t h  I t l ~ r o u g l ~  a largc villagc, DBmar, well cultivated, containing about 100 
houscs, on the lcft l ) n ~ ~ l i .  

011 tile 12th I \\,cnt to  P i l r t l~ i  Gl~:it on t l ~ c  rivcrls edgc about 2,036 feet above sea level. 
Pfil'tlli Cfllkt co~l t , i l i~~s  a1)ont 50 I I O L I S C S  nut1 15 shops a11t1 is in  thc Gillmi Patti .  To  the  west of  
tllis a l ~ o n t  2 milts on t l ~ e  l ~ i l l  sitlc are copllcr ~ n i n c s  \v l~ ic l~  nrc bc i l~g  \vorlicd in  5 0  places, and i t  
is snitl thcre is a l ) u ~ ~ t l a ~ ~ c c  ol' t l ~ c  orc a l o ~ ~ g  t l ~ c  l~i l ls  to  t l ~ c  right ot' the KBli G a ~ ~ d a k  between 
13Alt11irlg al~tl tllis. I rcn~:rinctl a t  Pt i r t l~i  (2l1:it 14, (lays wit11 t l ~ c  i l ~ t e ~ r t i o l ~  of s p e n d i ~ ~ g  the minter 
there n l ~ t l  t l ~ c u  111nltin~ nnotl~cr  st,nrt for t l ~ c  11ort11 to carry o11t the orders 1 rcccivecl, but c h a ~ ~ g e d  
my autl tlctcrlnillctl 011 goill: to  ])cllr;~, ill ortlcr to  s ~ ~ l ~ r n i t  W I I : L ~  I I ~ a d  succeeded in doing, as  
my timc wo111tl tl111r hc c~nl,loyed a ~ ~ t l  1 sl~oultl I)csitlcs avoid t l ~ c  risk of l o s i ~ ~ g  my notes i n  case 
of rliscovcry, to  n,llicll stlql,ic:ion on the 11m.t of t l ~ e  autl~oritics m i g l ~ t  lead. I left Plirthi Ghat  
on  tile 2(itll anti rcnclrctl T~rintl~ig;.:ion t l ~ n t  ~ l i g l ~ t .  Ncxt day 1 passcc\ ~ls len;k P l~edi  o r  AslewL TAT, 
a \,iIIsgc c o ~ ~ ~ i s t i ~ l ~  o r 4 5  h o ~ ~ s e s ,  in t.Iic (ililrni l'ntti, situntctl on a 1ilni11 nuti about a mile from the. 
KAli (fn~r~lal t ,  crossctl t,llc llil(lnr a t  1lacli;ir (ili:it, wl~crc  the  r i ~ c r  is about 1% feet wide and 5 o r  
6 fcct tlccl), a l ~ d  staitl for t l ~ c  11ifi11t a t  Ibiri I~aznr, allout 1,303 feet al)ovc sca levcl, a t  the junction 
o f t l l e  l<,iri l<llol:l. \ritll t l ~ c  1C:ili Gnut1;lk. l l iri  I)azar coutnins 3 0  s l~ops  lrept by Niwars, a 
min t  wllcrc arc  eoi~lrtl ,  x ~ ~ t l  a clt'ilon~ I~onsc. 'L'l~c pice, cnllcd Gora lchp~~r i  pice, a re  
formnrtlrtl  from tllis for c i rc~ l l ; i t i c~~~ i l l  t l ~ c  (:ornltl~prii~ district, mhcre t l ~ c y  are current amongst 
t l lc  l,cO1ll(: tllongll 1l0t rc*crirc(l a t  tllc ( ;ovt~rnmt~~rt  'l'~.c:rsl~rics. T ~ I C  only CopllCI' coil1 current 
i n  NepAl is n nliut l l re  of' i ~ . o ~ i  ant1 co1,pcr n~ntlc :tt lint~nA~ltlrl, 48 ~ < : I ~ I I I ~ I I ~ I I  pice go t o  the  
Ncl,:il " AIohllr " ~ I I I ~  2 Ilo1111rs a11,1 2 allilnz of thc Intlicun coinnge go t o  the  Iudian 
Rllpec. Two great roa(ls c l . 0 ~ ~  Ilcrc, onc c o m i ~ ~ g  from Sil-Garhi Dailcltl~ and Salena and going 



t o  ~ o k h r a  and Katmbndu, and the other from Muktinhth and Loll Ifantang in the north to 
Goraklipur in  the south: there are postal arrangements along these high roads, the runners 
being Brahmins who have this work made over to them in consideration of their caste, no 
other calls for worlc being made on them. There are stations along the roads at the distance 
of 3 kos or 6 British miles. 

On the 20th I halted a t  Tinsen, which is about 4,668 feet above sea level, and gives its 
name to the Patti. A t  TBnseu there is a fort, a gun foundry and manufactory of arms, 
40 or 50  shops andnumbers of huts in which the sepoys quartered here live. The fort is a 
square building about mile in circumference, the walls are about 12 feet high and made of 
brick and mortar with all entrance to  the north. Inside are two-storied houses of brick and 
mortar which are used as the Magazine, Court-house and Treasury, and to the west is thc 
residence of General Batlri Narsing, Governor of the district, nit11 an exit from the fort by a 
small door to  the west, through mliich the members of the Iiousehold go to the temple, about 
30  feet from the fort. Formerly 1,100 men used to be stationed here, but riow t l~ere  are 
1,600, who are drilled daily by 3 discharged subhadbrs of the Illdial1 Native Army : there are 
no barracks or lines for the me11 and they are accommodated ill huts. Guns as well as small 
arms are manufactured in a small brick and mortar building to  the south of the fort. To 
the southwest is the parade ground. During winter the place is deserted, the general alitI 
troops going t o  Batoli, distant 15 miles, tlie other inhabitants also rnov i~~g  to warmer quarters. 

On the 14th November I came to  Pilhua village, which gives its name to the l'atti 
and the next night to  ltatamati village in the Rbmp6r Patti. The valley here opens out 
for some distance to  the west, and tliere are numbers of villages of average size on either 
side of the river ; on the hill sides are forests of pipal, sfil, bar and other tropical forest trees. 
On the 15th I followed the course of the Kbli Gandak 011 the right bank, and 24 miles from 
Ratamati came upon the roads from Batoli and Deoniagarh wl~icli join here, cross the Khli 
Gandak a t  Kilri GhAt, and go onward to KatmLndu, joining the road from Polthra to KatmLndu 
a t  Chorkatiatar near Gorklia Darwar, from which another branches off and following up the 
Buria Gandak communicates by Nubri with Thibet. I remained for the night at Thalitbr. 
011 the 16th, still keeping to the right bank, I arrived at KGmalgLon or Ghumari, consisting 
of 25 houses inhabited entirely by K6rnhLrs, who besides cultivating the land make baked earthen 
pots which they dispose of in the surrounding villages. On the 17th I remained for the night 
a t  Tbrigion which is distant from the river ahout 1,000 feet on the slope and about 6 or 700feet 
above it. On the 18th I reached Naoakot by a gradual ascent of nearly a mile along the hill 
side. From Naoakot the road goes to Arkhali village, distant about mile, containing about 
15 houses, and t l ~ e r ~ c e  to  Bishartar village (36 houses) where I remained for the night. The 
KBli Gandak is about 1 mile distant, and about 7 miles lower down is joined by the nnited waters 
of the Tirsuli Gandak and Buria Gandak rivers. The junction is called Deb Ghht arid is held 
in  veneration by the Hiodoos, a temple being built there. Below the junction, tlie river is called 
the Naraini and has a southeasterly direction. On the 19th) I remained the riight at the village 
of M61cundp6r. None of the villages I passed through on the marc11 had any cultivation in their 
neighbourhood, but were merely surnmer residences of the people who d u r i ~ ~ g  the minter moritl~s 
take all their belongings to  the plains to the ~011 th~  where they have their rice fields. MY next 
halting place was Kunjoli. To the west of Kur~joli about 6 miles is Nawalpli~. where therc is a 
TllBnah with a captain and 25 sepoys wllose duty it is to looli after the timber floated do\v~i t l ~ c  
Gaudak or Narairli. On the 21st I went to Lir16w;rr village, containing 100 I~onses, tlistant 

miles, where 1 for the night. On the 2211d 1 iriterldetl crossing river at 
~ 6 l h , j &  Ghst  64 miles lower down, but  finding no boatmen 1 remaiued at K6111hA village for 
night and crossed the next morning. 

I remained for the night at tlle junction of the Narnini and a small strcam calletl tiic 
Panchperna and Saonmultl~i where tllere is a l~ricl; and mortar ternplc a r ~ d  rest l~onsc (Dl~arm- 
sbla) and 4 or 5 huts b c l o ~ ~ g i n ~  to the cnstoms o(ficinl~, I crowetl the river Ilp 1)oat next 
morning the "th. The river a t  tlie place of c ros s i~~g  is al)ollt 800 feet, at the ferry on the 
right are some huts to ml~icli tlic cal)tairi antl 25 ncpoys elnl)loyed in the f loa t i~~g  tin11)cr 
busil~ess come during minter. I merit 011 to (fitll~agiion distant al)orlt 94 miles in a ~011th- 
westerly direction. About 3 miles from this in the same direction I came ~ p o u  T3hojAgr:ionI 
a frontier village of NephI, where there is a c~lstom house antl passes are shown and luggage 
examined. A little l~eyond BllojAg;ion I crossed the l~ol~r~dary ,  and t11011gh disnppointetl at niy 
W ; L I I ~  of success ill Thil~ct, I felt tl~arll<ful I had been able to return toBritish territory witli 
S U C I ~  information as I lied got together. 
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