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THE OPERATIONS OF THE

GREAT TRIGONOMETRICAL SURVEY OF INDIA

IIN 1873-74.

The following is a summary of the several operations of the year under

review, given in the order in which they will be found described in this report.
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(2.) The operations carried out during the year under review have pro-
duced the following out-turn of work;—of Principal Triangulation, with the
oveat theodolites of the Survey, 70 triangles, embracing an area of 7,190 square
wiles, 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
verification have been measured ;—of Secondary Triangulation, with vernier theo-
dolites of various sizes, an area of 5,212 square miles has been closely covered
with points for the topographical operations, an area of 8,650 square miles has
been operated in pari passy 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 Dufflas;—of Topographical Surveying, an area of 534 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 Dehra
Din, on the 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.

(8.) The principal triangulation has been executed with the great theo-
dolites, whose azimuthal circles have a diameter of

24 inches and are read by 5 equidistant microscopes. porrobable G;jometric?'
The average theoretical ¢ probable error’ of the an- sorved Angles) Tringles,
gles, as deduced from the observations, and the | B8eries |———\ - — —
average geometrical error of the triangles—or the 21 3 -g |
amount by which the sum of the three observed 21 8 [2! §
angles of each triangle differs from 180° + the

spheroidal excess—are shown in the table given in I 160|£0%14 |20 0”40
the margin. In the course of the operations of the I (42| 25 14| 83
present year the northern section of the Brahma.- v - 14 | 26 14
putra Meridional Series has been completed, where-

by two important circuits of triangulation formed v o|%0| 84104 0
by it with the Assam and East Calcutta Longitudi- —

nal Series to the north and south, the Calcutta |Average,.. .. |x0™22|..| 043
Meridional and the Eastern Frontier Series to the

west and east, have been closed. The Straits of the Gulf of Manaar have becn
recounoitered, 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
Burma, and the completion of the Bangalore 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
are set forth in my Report for 1869-70; it 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 five partics
so employed last year there have only been four this year. The completion of the
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 with the best modern 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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revised, and that the last of the old links, in all the great chains of triangles, which
might with any reason have been objected to as weak and faulty, have now been
made strong and put on a par with the best modern triangulation.

(5.) The pendulum observations have been completed, and the final results
are now being computed and prepared for publication. -

(6.) Considerable assistance has been rendered to Colonel Tennant in the
operations connected with the obscrvations of the Transit of Venus; several
astronomical instruments have been lent to him, and the services of- an officer of
this Department; Captain Campbell, R.E., have been placed at his disposal for an
entire year. The Transit was independently obscrved by Mr. Hennessey at
Mussooree, near the Office at which the Head Quarter’s of this Survey are estal?-
lished during the recess scason; Mr. Hennessy’s account of his observations is
given at the end of the first appendix to this report. .

(7.) Owing to the absence of Captain J. Herschel R.E., from India, an,d
to the scrvices of Captain Campbell having been placed at Colonel Tennant’s
disposal, the operations for astronomical determinations of latitude, and astro-
telegraphic determinations of differences of longitude, have been suspended.

8.) The operations for determining the tidal constituents at certain
stations in the Gulf of Kutch, with a view to the investigation of the supposed
variations in the relative levels of the land and sea, have been fairly initiated,
as will be reported on in full detail in Section XI.

(9.) The final reduction of the triangulation and of the pendulum opera-
tions, the preparation of the results for publication, and the printing of such
results as are prepared, have made good progress, though not as great as I could
have wished, owing to so much of my time having becn taken up with other
matters that I have frequently been obliged to set aside my own share of the
work for months together. .

(10.) During the reeess of 1874, the Suarveyor General, Colonel Thuillier
C.8.1, went to England for three months, and T was directed to officiate for him in
addition to performing my own dutics. It so happened that just at that time I was
called on, as officiating Surveyor Genceral, to report on several matters of great im-
portance, viz., the results of the reeent rcorganization of the several branches of the
Survey Department, working under the direct orders of the Government of India,
which had been carried out with effeet from the commencement of the financial
year 1874-75; the rcorganization of the Madras Revenue Surveys, with a view
to arranging for the preparation of complete maps of the Madras Presidency by
topographical surveys of the unsurveyed tracts Iying between the revenue paying
districts ; the Cadestral Surveys in the North West Provinces, &c. These duties
absorbed almost the whole of my time while I was acting for Colonel Thuillier,
and have led to correspondence which has taken up mucl of it since his return ;
but as the subjeets under discussion will presumably be dwelt on in his Adininis-
tration Report for the present year, any further notice of them here is unnecessary.

(11.) Thave also hadtorender assistance to Captain Bailey, R.E., the
Superintendent of the newly formed Department of Forest Surveys, in organizing
his establishments and training them in such a manner that their work may, on the
one hand, satisfy all the requirements of their own department, for the purposes of
forestry, and on the other hand be so condueted as to be suitable for combination
with the operations of this Department.  There were large tracts of forest in the
Dehra Diin which required to be surveyed by the Forest Department, and Captain
Bailey was dirccted to commence his operations by surveying them, as they are si-
tuated within a convenient distance of my Head Quarters. The additional trouble
which this has caused me has not been little, but it has been more than repaid by
the pleasure I have experienced in assisting an officer so anxious to learn all that
is needed to cnable him to do his work thoroughly well, as is Captain Bailey.

(12.) I now proceed as usual to describe the operations of the several
Survey Partics and Ollices.  Turther details, and accounts of various matters of
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general interest, which have been brought to notice during the year, will be found
in the 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. L—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 18°, which was measured by Colonel Lambton at
the commencement of the present century—a revision has long been deemed an
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 were carried on whenever opportunity offered, so that at 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 are, from Cape Comorin to the
Himalayas, has at last been brought to the same stand-
ard of accuracy as that secured for the northern section,
g Injor B. R. Bruafill, Dy. Supdt. 2od by the operations of Colonel Everest, in 1833-41.

PERSONNEL.

Mr. G. Belcham Asst. Sur. 1st Grade. (14.) The revision was last taken in hand in
Mr.O.D Polter — w y o» the year 1870-71, when it was brought down from the
" 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 was discovered. Colonel Lambton had met with similar
difficulties, and they had baffled all his attempts to secure a station of observation
at 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 was only able to
measure two of the three angles in all the triangles (five in number) of which it
forms a station. In the present instance the difficulty was surmounted, but only
by giving one of the triangles a side of which the length is 64 miles, exceeding
the longest side of any principal triangle yet measured in India; on so long a
side observations can only be taken when the atmosphere is unnsually clear, and
this was fortunately the case when Major Branfill commenced operations this
year, though when he first attempted the observations, at the end of the season of
1870-71, the atmosphere was unfavorable and he was compelled to return to his
recess quarters leaving the work incomplete.

(15.) The operations of this year were intended to close on a side of the
polygon around the Cape Comorin Base-line which had been completed in 1868-69,
immediately after the measurement of the hase-line; but it was found that one
of the two stations on the side of junction had disappeared. This station was
situated on a remarkable group of Red Sand Hills, where, 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 feet, where it reached what was believed to be
firm soil below; but during the interval of 4 years this well had been undermined,
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and nothing remained thereof but some scattered debris. It would appear that the
sand hills travel progressively in the direction from west-north-west to east-south-
east, which is that of the prevailing winds in this locality ; if Colonel Lambton’s
station was situated on the highest point of the hills and in a similar position
relatively to the general mass as Major Branfill’s, then the hills must have travelled
a distance of about 1,060 yards to the E.S.E,, for the results of the triangulation
show that this is the distance between the positions of the two stations; thus the rate
of progression would be about 17 yards per annum. From Major Branfill’s Notes
on the Tirnevelly District, which are appended to the General Report for 1868-€9,
it appears that certain measurements of the eastward drift had made it as much
as 440 yards in the four years 1845-48; but the distance between the trigono-
metrical stations of 1808 and 1869 probably affords the most accurate measure
which has hitherto been obtained of the rate of progress of this remarkable sand-
wave, which gradually overwhelms the villages and fields it meets with in its course,
and has never yet been effectually arrested; numerous attempts have been made,
by growing grass and creepers and planting trees on the sands, to prevent the
onward drift, but they have hitherto been unsuccessful.

(16.) During the field season Mr. Bond had the good fortune to encounter
a couple of the wild folk who live in the hill jungles of the Western Ghats; he
has written an interesting description of them, which will be met with in the
extracts from Major Branfill’s report, at page 5—, of the first of the appendices
to this report.

(17.) On the completion of the principal triangulatior, Major Branfill
proceeded to the Straits of Manaar, with a view to ascertain the practicability of
carrying a triangulation across them, to connect the survey of India with that of
Ceylon ; the connection was found to be feasible, and the sketeh facing this page
was prepared by Major Branfill to show how it may be accomplished. The Straits
were first examined at Adam’s Bridge, where they are narrowest; but the islets
composing the bridge were found to be sand-hillocks which for the most part are
covered by the sea at high-water, and are only accessible at low-water during
fine weather; they are thus most unpromising positions for the construction of
suitable stations, and it was soon found necessary to abandon all idea of crossing
over them. Higher up, on the line between Ramesweram and Jaffna, there are
scveral islands which are composed of coral and sandstone and on which stations
can thercfore be erceted.  Of these the nearest to the Indian coast is Kachi-tivu, a
small island not more than a mile in diameter, but standing well out of the water,
and visible from the island of Ramesweram on one side and that of Neduven-tivu on
the other; here it will be quite feasible to construct two stations—which need not
be high ones—at a distance of about a mile apart, and to fix their positions by obser-
vations at them and at the Ramesweram stations ; they will then serve as a base from
which to determine the positions of the two next stations, which will have to
be erccted at the extremitics of theisland of Neduven-tivu. This island belongs to
Ceylon and is about 7 miles in length ; it is covered with a dense growth of palm
trecs, and the Ceylon Government has undertaken to construct towers of a suffi-
cient height to overlook these trees, and to command the requisite view all round,
and serve as stations of the triangulation. It has been proposed that the positions
of thesc towers, as well as of the stations on the island of Kachi-tivu, should be
fixed from the side of India by Major Branfill, with onc of the first class theodo-
lites of this Survey, as the acuteness of several of the angles which are involved
in the triangulation necessitates the employment of the best instruments which
can be provided for the measures of the angles, and the instrumental equipment
of the Indian Survey is much superior to that of Ceylon; on the other hand the
more symmectrical triangles, beyond the towers on Neduven-tivu, will be measured
by the officers of the Ceylon Survey. Colonel Fycers, R.E., the Surveyor General
of Ceylon, has taken grecat interest in the proposed operations, and done all in his
power to_co-operate with me in the matter; and arrangements are now being
made by Mr. Twynam, the Government Agent of the Northern Province of Ceylon,
who resides at Jaifna, for the construction of the two towers on Neduven-tivu.
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(18.) On the completion of his reconmoissance of the Straits, Major
Branfill procceded to lay out a longitudinal chain of triangles on the parrallel of
9°15’, which will 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 a 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 at which the latitude had been determined astronomically
by Captain Herschel, and pendulum observations had been made by the late
Captain Basevi. An important chain of secondary triangles, 62 miles in length,
fixing 51 secondary points, some of which are high and important hill peaks, was
executed, in continuation of a series which had been commenced at Mangalore, and
carried down the Malabar Coast for some distance, and was then diverted eastwards
and brought through the Pilghdt gap in the Western Ghats, and has now been
made to close on the triangulation in Coimbatore.

(20.) On returning to recess quarters Major Branfill and his assistants
took in hand the reduction of the observations and the calculations of the usual
preliminary results. The difference between the measured value of the base-line
at Cape Comorin and the computed value brought down by the triangulation from
Calcutta, vid Madras and Bangalore, was 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 the length measured. Geodesists will be gratified to learn that no serious
errors have been met with in the values of the three sections of the Great Arc
comprised between the parallels of 8° 9 and 18° 3, which were 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 adopted, but
probably by not more than 160 feet in any scction, nor than 320 feet in all.

(21.) Major Branfill’s duties during the recess have been much increased
by his having had to take temporary charge of the two extra parties at Bangalore,
during the absence of the officers in permanent charge who had been transferred
elsewhere, and pending the arrival of other officers to take their places. I have
much reason to be satisfied with the excellent manner in which Major Branfill
performs every duty assigned to him, the interest he takes in all parts of his work,
the training he gives to his assistants, and the constant supervision which he ex-
ercises over them. .

NO. II.—TRIGONOMETRICAL.

THE OPERATIONS IN TIIE ASSAM VALLEY.

(22.) A full account of the history of these operations, and the difficulties

PERSONNEL, which have becn met with in their prosecution and

5, . G. Doverley Eo. Off. Asistant have so greatly rctarded their progress, was given in
uperintendent 18t Grade. v . v 1

b oA Hereie Survegor ath MY report for last year. In the present year the tri-
Grade. angulation has been advanced a distance of 47 miles,

oo W. . O'Sullivan Surveyor 4th — through the forest clad plains on the south bank of
g Mr. 3. 0. Hughes Awist. Surv. 4th the Brahmaputra river, the operations terminating
rade. within a few miles of the Civil Station of Sibsigar.
(23.) The amount of progress made would be considered small in most

parts of India, but for this difficult country, where cvery line has to be cleared of
trees and thick jungle with great labor, and the population is so scanty that la-

borers are rarely met with on the spot and have usually to be imported from a
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distance, and where food for the surveyors and laborers and materials for the con-
straction of the stations have also to be imported from a distance, it is as much
as could well be expected, and it is materially greater than the progress which
was made in either of the two preceding years. ' o

(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 a
platform (generally of solid earth work) for the observer, both raised to a sufficient
height to overlook all irremoveable obstacles in the lines, a sma:ll 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 theodoh'te ;.the stand is forme_d
of three stout logs firmly braced together, with the ends buried in the ground, and it
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 which they can be constructed they have
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 will 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 Duffla Hills to the north of the valley, which will be most valuable
aids to the officers who have been attached to the Duffla Expedition in order
to make a survey of the country. A number of points were also fixed on the
Naga Hills, to the southeast, which should be of much value to the officers
now engaged in making a topographical reconnoissance of those hill tracts.
Connections have also been made with the stations of the Revenue Survey in the
valley. The aggregate length of the lines which had to be cleared, in course of
the construction of the 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 at 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 the operations; at last he was obliged to desist from work and to
return to Shillong, where he died a few days after his arrival. He was a very

painstaking and worthy member of the Department, and his loss is much re-
gretted.

NO. III.—TRIGONOMETRICAL.

THE BRAHMAPUTRA SERIES, MERIDIAN 90°.

(27.)  This important meridional chain of triangles lies wholly between the
Calcutta and the Assam Longitudinal Serics. It was commenced at the south
end, in 1867-68, and was completed during the present year, having been executed
throughout as a chain of successive polygonal figures. Lying almost wholly in
alluvial plains, lofty towers have had to De crected as stafions of observation, in
ncarly every instance, and almost all the lincs between these towers have had to
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be cleared of trees and jungle; thus though the labor entailed has been very
considerable the progress has been comparatively slow, averaging 303 miles per
annum, the cntire length of the series being 220 miles.

(28.) At the commencement of the present year a gap of 54 miles remain-
ed to be completed, in order to connect the principal

Coptain Carter, Ofciating Deputy triangulation from the south with that to the north ;
Supdt. 2nd grade. ‘ all the intermediate stations had however been select-
M. L. H. Clarke,Surveyor 2nd grade g gnq built, and the lines between them had been
» Colling, Asst. Surveyor 4th grade. .
cleared, and thus during the present year there was
little to be done in the way of preliminaries before the commencement of the
principal triangulation; at a few of the stations bamboo scaffoldings had to be
erected for the support of the observatory tent, and a few lines, in which jungle
had grown up since they were first cut, had to be re-cleared.

(29.) Captain Carter took the field at an early date, being anxious to
complete the triangulation before the month of March, when the villagers usually
begin to burn the grass and bamboo jungles, and the atmosphere 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 and clear the 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 though
it was 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 vicini-
ty of the series which could not be seen from the principal stations. Mr. Clarke
was more particularly instructed to fix as many as possible of the stations of the
Revenue Survey which had been completed in the Rungpore and adjoining dis-
tricts before the triangulation was commenced ; but no station marks were met with,
presumably because the reasonable procedure of constructing permanent pillars
at the points of junction of three or more villages—which prevails in the North-
West Provinces and the Punjab, and furnishes a certain number of permanent
marks for future reference which are invariably incorporated among the stations
of the Revenue Survey—has only commended itself to the approbation of the
Bengal Government very recently, and at the time when the surveys of Rung-
pore and the adjoining districts were being carried on, no such pillars were erect-
ed ; thus the only means of making a connection between the trigonometrical and
thie revenue operations was by fixing the positions of all the temples which wero
met with, and also of the banyan trees under which the villagers hold their markets.
On entering the Goalpira District 25 permanent marks were fixed by Mr. Clarke,
and these should be of much use to the Revenue Surveyors who are now cm-
ployed in that district.

(31.) The connection of the triangulation of the Brahmaputra with that
of the Assam Series has completed a chain of triangles—Dbetween the Calcutta and
the Sonakhoda base lines—of which the length is 420 miles, and which forms with
the Calcutta Meridional Series a circuit of 660 miles. The errors at the close of the
circuit were only 018 in latitude and 023 in longitude, and may he considered
immaterial. On the other hand the linear error generated hetween the hase lines
was as much as 44 inches per mile, whicl is larger than any linear error
hitherto met with at the close of either of the principal chains of triangles of
this Survey; it is probably due to the circumstance that the triangulation was
wholly carried over plains which were covercd with jungle and tropical vegeta-
tion, and consequently the necessity arose for opening out lines in every instance,
in order to secure mutual visibility without incurring the expense of raising the sta-
tions toa great elevation; there is always a tendency to lateral refraction in rays
which graze the surface of the ground or the sides of glades, and this may cffect the
observations very sensibly. But errors arisin g from lateral refraction tend to
cancel each other in the long run, and the small errors at the close of the circuit
indicate that in the present instauce this has probably happened.

PERSONNEL.
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NO. IV.~TRIGONOMETRICAL.

THE JODHPUR SERIES, MERIDIAN 723°.

(82.) This chain of triangles—which was commenced last year at a side
on the north flank of the Kardchi (Kurrachee) Lon-

FERSONNEL. gitudinal Series, by Lieutenant M. W. Rogers—has
oot J. Inll, R B, Offg. Deputy  this year been advanced a considerable distance north-
uperintenden y T gl‘ﬂ( C. N . . . -
r W, C. Price, Asst. Surveyor, Wa1d§, by Lieutenant (now Qaptaln) Hill, who succeed
Lt prade. ed Lieutenant Rogers on his departurc to Europe on

Mr. C. P. Torrens, Asst. Surveyor furlouch
3rd grade. . .

Mr. W. Oldbam, Asst. Surveyor 3rd (33.) The operations of the present year lay
grade. in the desert of Marwar and Jesalmer, 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 it was this year found
to be undeserving of so dire an epithet, for the survey party enjoyed excellent
health, on the whole. The region is however much dreaded by the people of the
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 the miserable food and unwholesome water on which they are
 compelled to subsist”.

(84) The desert is covered with sand hills “which are generally flat
¢ topped, low, and of about equal altitude, so that the advantages of a hilly
“ 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
enables the operations to be carried on far more rapidly and economically 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 wholesome water, in
thisregion where neither the one nor the other is procurable ; but camels are plenti-
ful and rcadily obtained, and thus, with a little forethought and at a slight
expense, there need be no risk of failure in the supply of the necessaries of life.
Occasionally observations are delayed when the atmosphere is pervaded with dust
and sand, but not to any thing like the extent which happens in the forest and
jungle tracts of India, when the grasses are fired and a thick pall of smoke and
haze obscures the atmosphere, sometimes for weeks together.

(35.) The out-turn of the field season’s work is very good and creditable
to Captain ILill and his assistants. The principal triangulation was carried a
distance of 90 miles along the meridian, by a series of consecutive polygonal figures
which embrace an area of 1,652 square miles. An astronomical azimuth of veri-
fication was measurcd at one of the principal stations. The preliminary opera-
tions for the sclection of the sites of the stations were carried over a distance of
102 miles and have been kept well ahcad of the final triangulation, And
sccondary chains of triangles have been extended from the main series, in the
cowrse of which the positions of upwards of 80 points, and the heights of 29 of
these points, have been fixed.

(36.)  When the net work system of triangulation, which had been adopt-
ed by Major Lambton for the operations in southern India, was superseded by
the method—introduced by Colonel Everest—of meridional and longitudinal
chains of triangles, it was intended that the meridional chains should be placed
at about 1 apart, and ticd together by longitudinal chains at convenient intervals ;
and this intention was carried out over the entire cxtent of country lying to
the north of the parallel of Caleutta and between the meridians of 74° and 89°. Of
late years however it has been deemed unnecessary to execute so large an amount of
principal triangualation, and consequently the intervals between the main meri-
dional chaing have been made about twice as great as formerly ; thus between the
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Indus Series and the Gurhégarh there will be only two principal series—the Jodh-
pir 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 triangulation, otherwise a sufficient number of
fixed points of reference will not be provided for the use of topographical and fiseal
surveyors and the public generally. Arrangements are therefore being made to
run longitudinal chains of secondary triangles, at intervals of about 1° apart,
from the Indus to the Jodhpur 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 at them for future reference.

NO. V.—TRIGONOMETRICAL.

THE EASTERN FRONTIER 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 it was carried
through the Kasia and Tipperah Hills, and then down the east coast of the Bay of
Bengal, through the districts of Chittagong, Akyab and Arracan, to the vicinity
of Toangoup and Sandoway ; 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 had been completed to a short
distance beyond Prome, and stations had been selected in advance across the
northern portions of the British districts and down the eastern frontier, to the
vicinity of Moulmein. The operations were then suddenly arrested, in conse-
quence of the financial embarrasments of the Government of India, which 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; asthe country is very thinly populated, the wages of common daily laborers
are increased fourfold, and those of the regular native establishments have to be
more than doubled ; the country is covered with dense forests, up to the very
tops of the hills, and consequently extensive clearances have to be made and long
lines cut, and that frequently in uninhabited or very sparsely inhabited localities,
to which laborers have to be brought from great distances; local allowances are
necessarily granted to all the surveyors; and all this raises what may be called
the contingent expenditure, or the excess above the normal pay of the surveyors,
to about three times what ordinarily prevails in India proper. Thus when reduc-
tions of expenditure were called for in 1870, the series in Burma was naturally
selected as the one to be stopped, for thus the largest savings which could be
made with the least injury to private individuals were effected.

(38.) This year I was directed by the Government not only to resume the

PERIONNEL. triangulation in Burma but to push it on with all

. : oh . i

W. C. Rowenrode, Esq, Deputy possible vigour, though without any increase of ex
Superintendent 3rd grade. penditure over the amount provided in the Budget.
Me. M. Beverley, Survegor It grade. . Happily the services of Messrs. W. C. Rossenrode
1] - o A 1 " " . »

» I.C. Clancey, Aut. Survesor and I Beverley, who had been carrying on the tri-
4th grade. angulation when it was suspended, were available for

its resumption, without detriment to the operations in other quartcrs; for the
Bilaspir Meridional Series, on which these gentlemen had latterly been employed,
was completed last year, by the junction of its two sections, one of which had
been brought up from the south by Mr. Rossenrode and his party, and the other
carried down from the north by the party under Mr. Keelan. In order to meet
the expenses which would now be caused, Mr. Keelan was transferred to do duty
at Head Quarters, his party was broken up, and the funds which had been provided
for its employment elsewhere were placed at Mr. Rossenrode’s disposal.
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(39.) The first thing Mr. Rossenrode had to do was to induce a sufficient
number of the trained native subordinates to re-engage for service in Burma, and
to fill the places of the large number of men who were unwilling to commence a
life of banishment from their native country. These difficulties surmounted, and
a party formed which promised to be efficient, Mr. Rossenrode embarked with it
on board a steamer at Calcutta, and reached Rangoon on the 7th November.

(40.) Meanwhile arrangements had been made to obtain a supply of
elephants for the party, as without the aid of these serviceable animals the opera-
tions could not be carried on. Ten were procured at Moulmein, 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 untrained and shy, and they had
never carried loads; they were immediately put under training by the mahouts
whom Mr. Rossenrode had brought with him for the purpose from Bengal. But
it was long before they could be made use of, and in the interim a few elephants
were obtained on loan from the Commissariat Department, and then Mr. Rossen-
rode commenced his march northwards, and on the 4th of December reached
one of the stations in the plains of the Henzada District, down to which the
principal triangulation had been brought in previous years. ) )

(41.) I may here observe that in the original design of the triangulation

rovision was made for the measurement of a verificatory base-line in the plains
of the Henzada District, on the same parallel of latitude as the base-lines already
measured at Bider and Vizagapatam; a suitable line was selected and cleared, and
towers were built at its extremities as stations of the principal triangulation. But
this is almost the only instance in which the principal triangles have been
brought down from the hills into the plains, for the plains are invariably covered
with luxuriant vegetation and frequently with dense forests, and consequently
high towers have to be built and heavy line-clearances made to render the
stations mutually visible; and the less there is of this sort of thing the better,
everywhere, and in Burina more particularly.

(42.) Mr. Rossenrode commenced operations by clearing the lines of the
jungle that had grown up on them during the four years which had elapsed since
they were first cut. During the months of January and February he took the
necessary observations at three stations on the plains and at four hill stations.
On the 10th March he reached the hill station of Kaneingdong, which is about 50
miles north of Pegu. The sides of the triangles which converge on this station
are of various lengths, ranging from 22 to 43 miles, longer sides than usual
having been introduced in order to cross over the Sittang valley by a single span,
and thus avoid bringing the operations down into a flat and densely wooded country.
Unfortunately the burning of the jungles had commenced, and the thick haze
and smoke shut out all vicw of the surrounding stations; even hills which were
only five miles distant were entircly obscured. For nearly two months Mr.,
Rossenrode had to remainat the station, watching by night and day’ for glimpses
of the lamps and heliotropes, but in vain; eventually, in the first week of May, a
shower of rain fell and cleared the atmosphere, after which the observations were
speedily completed.  Mr. Rossenrode then proceded to his next station, Myaya-
bengkyo, where, on the 11th May, the monsoon set in with such violence that dur-
ing the breaks he was only able to complete the angles to the back stations, which
were comparatively near and low; the forward stations were far off, and one
of them was so clevated that it was constantly capped with clouds or enveloped in
mist, and so the signals could not be observed. He had therefore to close work
and proceed to his recess quarters at Moulmein,  The march was performed “with
“much inconvenience and difliculty, owing to the whole country being submerged,
“the depth of water varying from one to four feet, throughout cach stage ”.

(43.) 'What has been stated will suffice to show the great difficulties of
carrying on the triangulation in Burma. When the stations are situated in the
plains, at comparatively short distances apart, the progress of the work is much
less dependent on the condition of the atmosphere than when they are on hills
far apart from cach other, and the final observations can be completed with great-
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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 mot
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
Iabor 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 1,294 square miles, by which the principal triangulation has been advanced
a direct distant of 50 miles. The preliminary operations were carried over a
distance of 112 miles, in which the stations have 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 which 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, that much of the
best time of the year was necessarily devoted to preliminary arrangements, and thag
the operations were seriously retarded by causes which were altogether beyond his
controul, I think that he is entitled to much credit for what has been done; his
arrangements have been very judicious and satisfactory, and I belicve he has
done his best to carry out my instructions to economize the funds placed at 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
Madras Presidency, which are described in Sections X

PERSONNEL. .
Lioot. H.J. Harmen, R.E, Offi and XTI of my Report for 1872-73, having been render-
Assit. Supdt. let Grade. ’ ed necessary because of Captain Herschel’s departure to
gL V. Norrie, Ast. Surveyor 2nd — Furope, Lieutenant Harman, R.E. was placed in

charge of Captain Herschel’s party, and employed in
in spirit levelling. His operations were carried on in a manner precisely similar
to those in Sind, the Punjab, the North-West Provinces and Bengal, which have
been briefly described in previous reports, and in full detail in the introduction to
the Tables of Heights in Sind &ec. Calcutta 1863, and also in Volume XXXIIT of
the Memoirs of the Royal Astronomical Society; and their object was the same,
viz., to connect together and reduce to a common datum the several lines and
systems of levels executed for Railways, Canals and other Public Works, and to
check the values of height of the principal stations of this Survey which have
been determined by the trigonometrical method.

(46.) This is the first year that I have been able to employ a party, in
the Madras Presidency, solely on levelling operations; arrangements had been
made to form a special party for that Presidency in 1869, but they fell through in
consequence of financial difliculties; and thus hitherto the work of this nature
which has been done there, by this Survey, consists of short lines of levels, to con-
nect the Cape Comorin base-line with the tidal station at Tuticorin, and the
Bangalore base with the railway levels from the sea at Madras.

__(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
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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 was referred to a separate datum. It was necessary to refer them all in
turn to the mean sea level, as deduced at stations where systematic tidal observa-
tions, continued over a long period, had been or would be taken. _There was
then, and still is, only one such station, Tuticorin; but the establishment of
others, at various points on the east and west coasts, was contemplated, and
the first of these would probably be at Karwar, the well known port on the
west coast. A line from Tuticorin would not have been immediately useful for
combining the several existing systems of levels ; consequently Lieutenant Harman
decided on commencing operations at Guti (Gooty) and working westwards through
Bellary, Dharwar and North Kanara to the port of Karwar. o

(48.) This line was completed very satisfactorily, and is 304 miles in length.
One of the sections traverses the Arabail Ghdt, and was found to be ¢ almost in-
tolerably hilly for the work,” the sum of the rises and falls aggregating 11,251
feet. Two trigonometrical stations, and thirteen points on the railway and
irrigation lines were connected; sixteen bench-marks were laid down, and up-
wards of three hundred other points were fixed for future reference.

(49.) A site was selected and marked for the future tidal station at Karwar.
Every effort was made to ascertain whether the tidal observations which had been
taken several years previously at this post, by officers of the Indian Navy, had
been referred to some permanent point of rcference on the coast; but none such
could be found, or Lieutenant ITarman would lave connected it with bis line of
levels. Under the circumstances it was necessary for him to make an approximate
determination of the mean sea level by a few days observations of the tides;
these, when reduced to the “mean of the yecar” with the aid of the local tide
tables, will furnish a very fair preliminary determination of the mean sea, to serve
for immediate requirements, pending the completion of the systematic observations
to be taken hereafter with o self-registering tide-gauge.

(50.) Lieutenant Harman has labored with great energy and self devotion
during this his first year of independent employment. He was unfortunately
unable to complete the bringing up of his field books and the preparation of the
results for publication, for before he could do so I was obliged to send him
away, with scant notice, to a part of India very distant from the scene of his
operations. IIe is now conducting the Assam Valley Triangulation, with orders
to join the Survey Party attached to the military expedition against the tribe of
Dufllas; this tribe occupics a tract of hills to the north of the valley, which has
hitherto appeared on the mapsas a ferra incognita, but which I trust will soon be
thoroughly explored and mapped. '

NO. VII.—.TOPOGRAPHICAL.

THE SURVEY OF KATTYWAR.

(51.) The operations of this important topographical survey have been
PRRIONNEL. carricd on during the present year under the executive
Capt. A. Pullan, %.¢, Ofg. Deputy — superintendence of Captain Pullan.  Good progress

Buperiniendent 3rd Geade. .
J. McGill, inq., Assistant Supd. 2ud  Das been made, both in the field work and the map-

Grade. i i i

b Tel, Surseyor 3vd Grado, PANEY and the completion of the survey of the entire
T Woo, o Province of Kattywar, within the next five years,

Lot e O Gy, Asst. Surreyor  may be confidently looked forward to.
Mr.%‘x&’ﬂlﬁ'ﬁIAI"“ﬂist.Sur.gn(lledc. (52') The final topographical operations em-
) Al T} ) ¥ ¥ p ¥ I i i
"W Coreniling, 3l braced an area of 2,201 square miles, which comprises

Visnji Ragonath and 1% Nativo Sur- portions of the Districts of Hallar, Machu Kanta and
veyors and Apprentices. . Jhalawar and of the principal Native States—Nawa-
nagoar, Morbi, Rajkot, Wakanir and Gondal—which are included in those Districts,
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The entire area was surveyed on the scale of 2 inches to the mile, by the usual
method of plane tabling on a trigonometrical basis, but with the addition of a
large amount—1,235 linear miles—of traversing, to lay down the boundaries of
the talukas and furnish checks on the operations of the plane tablers. A survey
of the town and cantonments of Rajkot was made on the scale of 12 inches to the
mile, in doing which all the principal roads were traversed with chain and theodo-
lite and stone bench-marks were fixed at 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 the heights of 309 of these points have been determined.

(54.) The mapping comprises 20 sections, each 32 X 17 inches, on the
2-inch scale, drawn for reproduction on full scale and also for reduction by photo-
graphy to the l-inch scale, and a degree sheet on the 3-inch scale, drawn for re-
duction by photography to the i-inch scale, for incorporation into the Indian
Atlas;—also a map, 44 X 35 inches, of the Rajkot Town and Cantonments, on
the 12-inch scale. Owing to an unfortunate oversight which has been made in
the mapping, the breadth of the taltika boundary lines has been very unnecessarily
increased on one of the 2-inch maps, the appearance of which has been much
deteriorated in consequence.

(55.) The delays attendant on the demarcation of the boundaries of the
Native States, prior to survey, have in some instances been so great that the
survey of the country had to be carried on without waiting for the demarcation
of the boundaries, the directions of which could therefore only be shown approx-
imately on the maps; Captain Pullan reports that most of these detached bits of
boundary have now been definitely settled and marked out, and that they will be
surveyed next year.

(56.) The Kattywar Survey Party has been much weakened this year by
the deaths of two of the assistants, and the loss of a third who has become lunatic.
Mr. J. Wood died suddenly, and most sadly, shortly after his return to recess
quarters in May; he had served in the Department for nearly fourteen years,
was very intelligent, and had always worked willingly and well, and given every
satisfaction to each of the officers under whom he had been employed. Mr. E.
Wyatt had been compelled by ill health to take leave of absence at the close of
the field season; he was never able to rejoin, and died in the following November ;
he had served for nine years, and had become a very skilful draftsman, as well as
a useful surveyor, and his loss is much regretted.

NO. VIII.-TOPOGRAPHICAL.

THE SURVEY OF GUZERAT.

(67.) In section VIII of my report for 1872-73

PERSONNET.

Major C. T. Haig, R.E.,, Doputy
Supdt. 2nd Grade.

I have shown that, from
the very commencement

Mr. J. Hickic, Assistant Surveyor 2nd of our Opel‘a‘tlons in Gu-

Grade.

Lieut. J. E. Qibbs, R.E., Assistant
Supdt. 2nd Grade.

Mr. J. Peyton, Surveyor 1st Grade.

(During the receas only)

» A.D'Souza, Surveyor 2nd

» A. D. L. Christie, Surveyor 4th
Grade.

Mr. C. H. McA’Fee, Asst. Surveyor
1st Grade.

(During a portion of the fleld season on'y)

Mr. E. J. Connor, Asat. Surveyor lst
Grade.

Mr. G.D. Cusson, Asst. Surveyor
3rd Grade.

Mr. A. Brycon, Asst. Surveyor 3rd
Grade.

Mr. G. T. Holl, Asst. Surveyor 4th
Grnda.

11 Native Surseyors and Apprentices,

PEVENTE SUrnveEYORS.

Mr. T. A. LeMesurier.
B Native Surrcyors.

zerat, the importance of
endeavoring to effect a
combination of our work
with that of the Reve-
nue Surveyors who had
preceded us in that Pro-
vince, with a view to
utilizing their work to
the utmost possible ex-

tent, had been fully recoguized; I indicated the attempts which had been mado
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to do so, and showed that they had met with such varying results that while some
officers pronounced the combination to be impossible, others thought that it m}g_ht
be effected, and with very great advantage as regards the general value and utility
of the maps. .

(68.) I myself had from the first been 1nc‘11ned tg take the more fayorable
view, on the general grounds that it appeared impossible that the myriads of
measures which had been made for the purpose of defining the areas of all landed
properties, down to the minutest fields, and which had been pl.otted together S0 as
to form village maps on the large scales of 8 inches and 16 inches to the mile,
could not be utilized to some extent in the course of the execution of a profes-
sional survey of the country. ' '

59.) Morcver utilization appeared to me to be most desirable, in that,
if feasible, it would tend to improve the character of the professional survey. That
survey was about to be undertaken 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 the Europcan
than of the Native element; for the object to be accomplished was the attainment
of a rapid but only fairly accurate survey of the country; the method to be adopted
was that of plane tabling, and each plane tabler was expected to turn out a much
larger area in a given time than could possibly be obtained, of minute and close
survey, in the time allowed; thus an out-turn of about 100 square miles per
mensem, during each month that the plane tabler is actually on the ground under
survey, is even still considered a fair average out-turn for the scale of 1 inch =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 survey by the method of plane tabling.
Thus it appeared to me to be most probable that if the professional surveyors did
not utilize the facts of measurement which they might obtain from the revesue
surveyors, either they would have to do over again, at great expense, a large por-
tion of the work of minute measurement which had already been done at great
expense, or their maps would be found wanting in accuracy of detail in those
parts of the country which are most densely inhabited and most rich and valuable.
In the latter case the expectations which would naturally be formed of a pro-
fessional survey of the “ Garden of Western India”, executed at the present time
and upwards of a century after the country had become a British possession, might
be grievously disappointed.

(60.) Tor the last two ycars the survey has been under the executive
superintendence of Major Haig, who has shared my belief in the practicability of
utilizing the fiscal measurements, and has labored carnestly and patiently in
working out the best method of doing it. He soon found that a certain amount
of co-operation on the part of the Revenue Surveyors was essential to success ; this
was rcported to the Bombay Government, who readily acceded to the proposals sub-
mitted for sanction, and sent a small but suflicient party of native surveyors—at first
under Mr. A. Dalzell and afterwards under Mr. T, A. LeMesurier—to assist Major
ITaig; this they were to do by giving him full details of the fiscal measurements,
and indicating the positions of the principal pillars and marks of reference, the
fixing of which by Major Ilaig’s surveyors was a necessary preliminary to the
incorporation of the fiscal details into their maps.

(61.) The Survey of Guzerat had originally been commenced on the same
scale as that of the adjoining Province of Kattywar, namely 2 inches to the

mile, or 31;‘“6 5 but it was clear from the out-sct that this scale, though well suited

for the portions of Guzerat which arc under Native States, and are not directly ad-
ministered by the British Government, and have not been brought under fiscal
survey—as s the case with by far the greater portion of Kattywar—might not be
sulliciently large for the districts which ave dircetly under British administration
and have heen fiseally surveyed.  What seale should he adopted was a matter on
which no counclusions could be arrived at, until the problem of the practicability
of utilizing the fiscal measurecments at all, and if so to what extent, Lad been
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satisfactorily solved. In my last annual report I had to acknowledge that, owing
to circumstances which are there fully explained, it was 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 several excellent maps on that scale.

(62.) The reason why an equal measure of success was not attained
previously is that, originally, a comparatively small number of the fiscal marks
bad been fixed, and an attempt had been made to join entire village maps together
by their 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 were juxtaposed, large discrepancies were occasionally met
with, more particularly on lines of considerable length, and they were found
to be unmanageable. But Major Haig bas ascertained that, by fixing a sufficient
number of the fiscal marks to enable the village maps to be cut up into triangles
with sides not exceeding three quarters of a mile, the details can be fitted on
his maps without any sensible inaccuracy. The greater number of the marks are
fixed by the triangulation and the traverses, and 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 walls, fences and
hedges which form the boundaries between contiguous fields and properties in
enclosed tracts of country, and the narrow strips of uncultivated land which
form the boundaries in open country; but, as is well known, they do not give
topographical features at all, nor do they give the roads and water courses which
are exterior to the cultivated and eultivable fields with any attempt at accuracy.
The system of operation which Major Haig introduced last year was to have the
fitting in of the details which are given in the village maps effected on the ground,
by the plane table surveyors, par: passw with the survey of the topographical
details. This year however he has found it preferable to restrict the plane tablers
to the survey of the topographical details, and to the fixing of such additionrs
points as may be necessary to enable the details of the village maps to be sub-
sequently plotted on their tables, under bis immediate supervision.

(64.) With the object of obtaining a fair practical test on his system of
combination, he carricd on operations in two parts of the district, at some distance
from each other; in the Ahmedabad Collectorate, where the Revenue Survey
operations had been carried out nearly a quarter of a century ago, and in the Surat
District, where they bad been done recently. The old work was known to have
been much more roughly executed than the modern, but the errors of the sections
into which it is now subdivided, as already explained, were found to be easily man-
agcable; on the other hand in the new work the errors almost entirely disappeared,
and Major Ilaig is of opinion that the new work is suitable for reproduction even
on the 8-inch scale, should this be required.

(65.) If the whole of Guzerat consisted of lands which have been fiscally
surveyed, I should have no hesitation in concluding that the whole ought to be
surveyed on the 4-inch scale, as Major ITaig has been doing, whereby a series of
maps would be available for this neglected portion of India, on the same scale as
those which have long ago heen constructed for the British Districts in Bengal,
the North-West Provinces, the Punjab, and Oudh. But the fiscal operations do
not cover more than a third of the area of the province. The lands subject to
the British Government are held under three kinds of tenure, known as Xhilsa,
Talukddri, and Indmi; in the Khdlsa villages every field has been surveyed fiscally,
for the owner of cach field pays his rent directly to the Government; in the
Tdlukddri villages a Tdlukdar pays the rent for the whole village, and conse-
quently the fiscal maps usually give only the boundary lines and the roads, and
occasionally a little partition into fields; while of the Indmi villages generally no
maps arc forthcoming. Thus the value of the fiscal work for topographical pur-
poscs is almost solely restricted to the Kbalsa lands. Conscquently it is of these
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lands alone, with as much of the others as are iqtquaced W_ith them, that 4,-jnch
topographical maps should be made; the remaining portions of the province,
comprising the British Télukddri and Indmi villages, the villages belonging to
Native States and the Déng 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 co'nSIder .1t
very satisfactory and creditable to Major Haig and his assistants. Major Haig
expects that with a little more practice, and a slight increase to his grant for
contingent expenditure, the party will 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 2-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 show all the walls,
fences and other divisions between the fields; they also show the ‘numbers’ by which
the fields are registered in the fiscal records, and which 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 the topographical information which is required to supplement those de-
tails. They cannot but be most useful 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 works, when it 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 the benefits
they receive. The only regret I have felt in looking at these maps is that the
excellent fiscal work which has been done by the Revenue Surveyors was restricted
to the Khalsa lands, instead of being carried over the entire province. Thus
while some portions of the maps are elaborately detailed, other parts—as for
instance where a Tilukdédri or Inimi village comes in among a cluster of Khalsa
villages—are comparatively meagre and deficient in detail. This is somewhat
detractive from the artistic appearance of the maps; but I am content to
waive appearances, and be satisfied with the practical gain secured by utilizing
the work which was done before we came into the field, and which we have
found ready to our hands; I would not advocate the securing of uniformity
and superior artistic finish, either by assimilating the Tdlukdari and Indmi to the
Khalsa villages, which would cause much additional expense, or by suppressing
the results of the fiscal surveys in the Khilsa villages, which would be to abandon
all the fruits of the laborious and expeusive operations carried out by our prede-
Cessors.

(69.) Major ITaig makes prominent mention of the services of Lieutenant
J. B. Gibbs R.E., who was cmployed in triangulating a portion of the Déng
Forcests, and whose interesting notes on the manners and customs of the inhabi-
tants, &c., will be found at page 32—, of theappendix,—of Mr. T. A. LeMesurier,
of the Bombay Revenue Department, whose ictelligent and cordial co-operation
has much contributed to the success which has been attained in combining
the fiscal with the topographical details ;—and of Mr. A. D’Souza, who was of
%'_reat assistance in training the native surveyors and supervising their opera-

ions.
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NO. IX.—TOPOGRAPHICAL.

THE SURVEYS IN DEHRA DUN.

(70.) The Himalayan Mountain ranges may, for geographical purposes,
he broadly divided into two portions, one lying to the east the other to the west
of meridian 81°. The eastern portion includes the Nepaulese territories, Sikkim,
Bhutan, 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 Valley of the Indus on the west, have now been all
but completed. These surveys have been executed on various scales, and at
various times, by members of this Department.

(71.) First the districts of Kangra, Lahaol and Spiti, and the Native States
of Chamba, Tiri and Garhwél, which embracing an area of 26,700 square miles,
were surveyed during the years 1849-54; the maps were drawn in the field on the
scale of 3 inch = 1 mile, but evidently with a view to publication on the %-inch
scale of the Atlas Sheets and with the object of exhibiting the general geographical
rather than the exact topographical features, for the average area turned out
cvery field season by each person employed exceeded a thousand square miles;
the opcrations were carried on under the direction of the late Surveyor General
and Superintendent of the Trigonometrical Survey, Sir Andrew Waugh, and
furnished a series of valuable preliminary maps of regions, including three British
Districts, which had hitherto been unsurveyed. Then the survey of the terri-
tories of the Maharajah of Kashmir was commenced, and an area of about 21,800
square miles was completed in Kashmir and Jammii on the 3-inch scale, but with
much more topographical detail than had been given in the preceding survey;
and after this the operations were extended over the remainder of the Maharajal’s
territories, but on the smaller scale of § inch to the mile, which was adopted for an
arca of about 52,000 square miles, comprising the whole of Ladakh, Little Thibet
and the regions up to the northern houndary line, and a portion of Chinese
Thibet beyond ; these operations were carried on during the years 1854-64, and
were initiated by Sir Andrew Waugh and carried out by Major Montgomeric,
mostly under his directions. Lastly a survey of the British District of Kumaun
and Garhwil was commenced in 1865, on the scale of 1 inch = 1 mile, and it is
now nearly completed ; the western fronticrs of Nepaul lLave been reached and
surveyed to the furthest points visible from our own side of the frontier; the
arca completed amounts to 9,520 square miles within, and 270 outside, the dis-
tricts; the area remaining may be roughly estimated as amounting to 3,200
square miles; it is situated for the most part in the higher ranges and regions
of perpetual snow, which lic to the north towards the fronticr of Chinese T'hibet,
and much of it may he surveyed on a smaller scale.

(72.) Thus when, in May 1873, I replied to a call from the Government
to sketch ont a programme of operations for cach of the Trigonometrical Survey
partics for the next five years, I suggested that, as it would not be possible for us
to operate in the interior of Nepaul nor in any portion of the Eastern Himalayas,
the Kumaun and Garhwil parly should he employed in re-surveying the districts
of Jaunsar-Bdawar, Kangra, Kalt and Spiti, which are under the direct adminis-
tration of the British Government, making a detailed survey on a scale suitable
for local requirements, to supersede the original small scale geographical survey.
My proposals were approved of by the Government, and by Iler Majesty’s Secrelary
of State for India; and the operations will he commenced as soon as is practicable.
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73.) They will however necessitate some important modifications in the
method of survey hitherto employed, and in the personnel of the surveyors. Until
the year 1865 the object in view was to obtain rapid and skilfully 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 mlpute 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 other in a skeleton form, omitting all hill shading, but showing the
water courses and the whole of the villages and hamlets and various details which
could not beintroduced into the shaded maps;—these surveys have likewise been
done by apurely European agency. Butithas 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 the newly formed Department
of Forest Surveys, was temporarily affiliated with this Department, for the reasons
already mentioned in para (11.) of this report, it was at first intended that he
should make a survey of the whole of the Dehra Din District, a re-survey of which
has long been much wanted, owing to the great increase of cultivation and the
formation of extensive tea-plauntations since Major Brown’s survey in 1840. As
the forest tracts are much interlaced with the cultivated tracts and the tea-plan-
tations, a survey of both was necessary to complete the 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 it would have afforded an admirable
opportunity for imparting the requisite training to his establishment, to fit them
for their work in other parts of India. After a few months however 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 undertake anything exterior to them.
Conscquently I directed Captain Thuillier to withdraw a portion of his assistants
from the Survey of Kumaun and Garhwal and employ them in the non-forest
tracts of the Dehra Din, and also to commence training a body of native surveyors,
to be employed on measurements of boundary lines and road traverses, and in
various other matters for which an expensive European agency is not desirable.

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

PrnsonNEL.
the whole of the Kumaon and Garhwil party—the

of the Kumaon and Garkwdl Party.

Captain H. R. Thuillier, R.E., Offig.
Depy. Supdt. 1st Grade.
E. C. Ryall Esq. Ollig. Asst. Supdt.
2nd Grado.
Lieut. 8t. @. Gore, R.E. Offig. Assist.
Supdt. 2nd Grade.
Mr. J. Peyton, Surveyor 1st Grade.
» J. Low, " 3ed
» L. Pocock, Asst. Sur. 1st ,,
w_J. Macdougall, Asst. Surveyor
2nd Grede.
Mr. H. Todd, Asst. Sur. 2nd Grade,

» T.Kinney, ,, 2nd
» E. Writon, 3rd ,,
» E. LitchGeld, ,, 3rd  ,,
» L. Pocock, " 4th »

And 16 Natives under training as
Burveyors,

described hereafter.

exceptions being Mr. Peyton who was employed in
mapping, and Mr. Low who was still in the higher
ranges, working up the valley of the Gori towards the
passes above Milam—for it would have been useless
at that time of the year, with the winter fast setting
in, to scnd men into the unsurveyed portions of
Kumaon and Garhwil, which were all at such great
elevations as to be only accessible during the com-
paratively warm months immediately preceding and
following the summer monsoon. Thus Mr. Ryall and
two assistants were employed in the Din until the end
of the month of March, when they proceeded to
resume the operations in the higher ranges, as will be

(76.) The work in the Dén being the survey of the non-forest tracts, the
same scale had to be employed as that which had already been adopted for the
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pari passu survey of the forest tracts, véz., 4 inches = 1 mile*. This is the scale
which has long been used for the British districts in the plains of the Bengal
Presidency ; it is sufficiently 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 and minutely,
in the portions of his narrative report which are pointed at pages 36— and
87— 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 were traversed amounts to 848 linear miles. The topography
embraces an area of 63 square miles.

(78.) In running the traverses, and in other portions of the operations
which are rather mechanical 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 Garhwail, on
the 1-inch scale, were not able to accomplish more than 16 square miles, in the
same time, on the 4-inch scale, in the Din. 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

% T may here be permitted to observe that the fixing of a scale, at the outset, for the Forest Surveys, was a matter of
no small difficulty ; the opinions of a considerable number of forest, officers, employed in different parts of India, were
tuken on the subject, and there was a general concurrence of opinion that two classes of maps were required, namely,

(1.) Woerking or detailed maps on a large scale;

(2.) General mapa on small scales.

But there were considerable differences of opinion a8 to the proper scnle for tho working maps ; several scales were recom-
mended, varying from 4 to 12 inclies to the mile, the 8-inch being the favorite.

It wns doubtfui whether the officers whose opinions had been received were sufficiently cognizant of the techni-
calities of surveying and mapping to be able to appreciate fully allthat is involved in the question of scale, when the answer to
that question has to govern [uture procedure, and to decide whether the operntions to be carried out are to be rough, quick
and cheap, or elaborute, slow and costly, or some thing intermedinte between these two extremes. Thus it was clearly
necessary that I should endcavour to ascertain the purposes of forestry for which the mnps were wanted, and to find out
what details of the configuration and general facts of the ground were expected to be shown on them, that I might decide
on the scale which would be most suitable. Captain Bailey drew up o precis of the opinions of all the officers who had
beea consulted on this point, fromn which the following enumerntion of the requisite detnils is taken.

‘ The formation of the ground as accurately as possible, chains of mountains, valleys, platenux, precipices, dells,—
' the nltitudes of peaks, valleys and other important places—ranilways, trom-ways, roads, metalled or otherwige, timber
“ ronds and slides, cattlo paths and foot paths, milestones where erected,—rivers, cnnals, brooks, lnkes, ponds, wells,
** gprings, drainage cuts, with weirs, dams, bridges and fords,— the perennial low of rivers, the points from which naviga-
*“tion, rufiing and log floating, can be earried on,—bogs, marshes, rocks, fields of boulders, send, gravel or kunker, old
* village sites, stone quarrics,—towns, villages, houses, lields, meadows, grazing grounds, gardens, wood depots, camping
# grounde, reat houscs,—places where water may collect, and other obstacles to division and export ronds,—arens subject to
¢ jnundations,—all levels which are necessary to artificial inundation. The mups are also required to form an official record
* of the boundary lines and marks, and areas of forest divisions, blocks and compartments; also of the exterior and
* interior boundaries of divisions, circles, ranges, blocks and compartments ; the positions and distingnishing numbers
“ of all pillars on the boundaries of fisenl divisions and jurisidictions of private property or private rights in the forest:
* the positione of eced and planting nurseries, and all blanks of any considerable extent, say from 1 to 5 acres.”

This is a very formidable list of forestry requirements, and it illustrates what a varicty of things may be asked for
when the proposera have only to exercise their brains in stringing together o number of requisitions, and not their bodies in
giving practical effect to their suggestions by lending a hand to obtain what is wanted.

The questions of scale and detail are atill undecided, and they will have to be disposed of on financial considera-
tions, and with due reference to the capabilitics and value of ench of tho several forests; “the coat must be cub
according to the cloth;” but these are maltcrs which are not in my province. Tho operations in the Din being of &
tentalive nature, and required for the purposo of organizing and training the forest surveyors rather than for pure {orestry,
I recommended the adoption of the 4-inch scale, the smallest of nll suggested ; this scale wns npproved of by the Govern-
ment and has been employed up to the present time, and all detsils have been shown which it is capable of representing.
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Hill Districts of Hazara 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 sccured 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 Europesns.

NO. X.—TOPOGRAPHICAL.

HIMALAYAN SURVEYS IN KUMAUN AND GARHWAL.
(79.) For the reasons already stated in para (75), it was not desirable to

PERSONNEL. resume operations until the commencement of the
E. C. Ryall Esq. spring of 1874. Early in April Mr. Ryall marched
Me. Mo A e from Dehra Dun with four assistants, and proceeded
2 T Pocock. vid Almora to the ground to be surveyed, which lay
» Me. Carthy. among the upper valleys of the Ramganga, Sarju,

Gori and Ralam 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 was 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 the ground was mostly hid from view by mist and cloud-caps. The party
consequently returned to Almora and recessed there, as that was the nearest point
to the field of operations at which 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 the year 1874-75,
and must therefore be described in the next annual report, they need not be fur-
ther noticed here.

NO. XI.—TIDAL OBSERVATIONS.

DETERMINATIONS OF MEAN SEA LEVEL IN THE GULF OF KUTCH.

(80.) In my last report I described the arrangements that were being

PERSONNEL, made for carrying out the Tidal Observations which

Coptain Bird, RE, Ofg. Deputy L Dad been directed to undertake in the Gulf of
Buperintendent Ist grade. Kutch, with a view to ascertaining whether secular
Tet grada, L delb Aesistont Surveyor - changes were taking place in the relative level of

Narsing Dass and throo other Sub-  the land and sea at the head of the gulf. The coasts
Burveyors, &e. had been carefully reconnoitered by Lieutenant (now
Captain) Baird, who, after long searching, had found three places which appeared
to be well adapted for the erection of tidal stations, being situated at points
near which there is always a considerable depth of water and to which the tide
has free access ; the foreshores of the gulf had been found to be generally far
from promising, consisting mainly of long mud banks, which often stretch for
miles out into the 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 at Hanstal Point—near the head
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of the gulf,—at NowanAr Point—half way up, on the northern or Kutch coast,—
and at 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 requisite 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 it 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
water, 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 would certainly
have had the stations erected on them. But under existing circumstances it
was 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 at 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 water by piping, in order that the experimental observations
should be taken under precisely similar circumstances to the actual observations.

(84.) The wells are iron cylinders, with an internal diameter of 22 inches
which slightly exceeds the diameter of the float; the cylinders were made up
in sections of 50 inches in length, the lowest of which is closed below with an
iron plate, and the whole, 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 interral diameter of 2 inches, which has been com-
puted to be sufficient to permit of the transmission of the tidal wave to the well
without sensible 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, aund 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 it does not do so the registrations of the gauge are
worthless; thus an imperative necessity arises for comparing the inside and
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outside levels, from time to time, in order to remove all doubt as to the 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, anq its zero was
connected with that of the self-registering gauge over the well, by spirit levelling,
and thus a comparison of the levels could be readily made whenever desirable.
On taking these comparisons during the trial observations at Bpmbay, Captain
Baird was surprised to find that, while the levels were generally identical, there
were occasional large differences which at 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, anfl consequeptly, on opening the
stop-cock at 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 the
sea. But for this expedient it would have been impossible to carry on the ope-
rations continuously for any length of time, as there was found to be a d.ec1dcd
tendency for air to collect in the pipes. It is most fortunate that this was
discovered during the experimental observations a,l:, Bombay, for therq stop-cocks
could be readily constructed and attached to the piping, whereas at either of the
stations in the gulf it would have been impossible to have had this done.

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

87.) On arrival at the stations where the tide-gauges were to be erected,
the first thing to be done was to make an excavation for the iron cylinder. At
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 Okha and Nowandr, where the soil is sandy, _1t was neces-
sary to sink small masonry wells of a sufficient diameter to receive the iron
cylinders and the vertical shaft of the piping; they were sunk in much the
same manner as the wells which are so frequently used in this country for
the foundations of bridges and aqueducts; the operations were considerably
facilitated by the employment of Bull’s patent dredgers, for scooping out the soil
under the sinking masonry, which had been found so useful in the construction
of the Oude and Rohilcund Railway that Captain Baird had been directed to pro-
vide himself with some for his operations.

(88.) Okha Station—Dbeing ncar the mouth of the gulf and the nearcst
to Bombay, where all the prcliminaries were made—was selected as the first to be
taken in hand. There all the instruments and stores, and the European assis-
tants—including Mr. Peters a skilled artificer employed on the Bombay Harbour
Works, whose services had been obligingly placed at Captain Baird’s disposal for
a short time—and the native establishment, were sent direct from Bombay in a
pattimar (or native sailing vessel). Mecting with contrary winds, the ¢ Kotia
Romani” “took such a long time to perform the voyage that Captain Baird
began to fear that she must have gonc down with all hands on board ; at last how-
ever she arrived, with her passengers and crew nearly starved, for they had taken
with them only a week’s provisions for a voyage which lasted fourteen days.
On the 5th November the landing of the stores and the sinking of the masonry
well was commenced ; the well had got down to the requisite depth, 25 feet, by the
4th December, and by the 20th the cylinder had been st up, the piping connect-
ing it with the sea had been laid out into deep water, the obscrvatory was erected,
and the scveral self-registering instruments—a tide-gauge, an anemometer and
an ancroid barometer—iwere all in position and ready for the preliminary trial
of their performances. By the 23rd cvery thing was complete, the instruments
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were all working well, and Captain Baird was about to proceed to the next sta«
tion, when an unanticipated mis-adventure occurred which, though intensely
annoying at the time, was useful in indicating that it 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 was
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 it 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 the 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 mischief. Similar measures were carried out at the other sta-
tions, and these precautions were essential to the success of the operations; for
each station would ordinarily be left under the charge only of the native subor-
dinate employed in winding the clocks of the 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 had to be done at Okha, Cap-
tain Baird sent his assistants in advance to Hanstal and Nawandr to sink the
wells, erect the observatories, and get every thing ready for him to set up the in-
struments. The extracts from his report, which will be found in the appendix,
give full details of the operations at each station, and I need not dwell on them,
as they were generally similar to those at Okha of which I have given the prin-
cipal out-lines.

(91.) The operations were carricd on under many and great difficulties.
No small amount of risk was incurred by Captain Baird and his assistants when
crossing the gulf in native sailing vessels, which had to be done frequently, whenever
their presence was needed at either of the stations, both during its construction,
and afterwards when accidents occurred, or defects in the working of the 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 and
heeled over, and would probably have capsized altogetizer but for the vigorous action
of Mr. Peters, who immediately took command and directed the nacoda and crew
to do whatever was necessary for the protection of the vessel. These risks would
have been avoided had I assented to a proposition frequently urged on me by
Captain Baird, to accept the loan of a small steamer belonging to the Depart-
ment of Public Works in Bombay, which had been offered, on the condition that
we should pay the wages of the Captain and crew and the cost of the coal;—
buv this would probably have trebled the cost of the operations and therefore the
proposal could not be entertained.

(92.) Huts had to be built and iron water tanks provided at each station,
for the native surveyor and the underlings who were placed in charge of the
instruments, and for the men of the guard furnished by the Durbar of the Native
State in which the station is situated. Arrangements had also to be made to
supply these men with food and drinking water, which at Hanstal was no easy
matter, for the nearest point whence these necessaries of lifec could be obtain-
ed was about 25 miles off. At each station aline of post runners had to be es-
tablished, to the nearest point on the main postal lines of eummunication, as it
was essentially necessary that Captain Baird should reccive 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 which are claimed by both the Rao of Kutch and the Chief of
Niwanagar; each of the Durbars vied with the other as to which should be the
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first to supply the requisite guard, hoping thereby to establish an acknowledge-
ment on the part of British Officers to its claims; the guard from Néwanagar
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 Ndwanagar men ; but after much altercation and a slight scufile, 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 tide-gauge. Bench-marks
were also 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 determine
their present differences of level, and again hereafter, when a sufficient interval
has elapsed to allow of the rising or sinking of the surface of the ground to an
appreciable extent.

(95.) The regular tidal registrations were commenced at Okha by the end
of December, at Hanstal by the end of March and at Nawanér by the end of
April. It was hoped that they might have been carried on continously for at least a
year, or perhaps longer, at each station, in order to furnish the requisite data for
1nvestigations of the separate influence of each as well as the combined of all of the
principal tidal constituents, and the least that is needed for this purpose is a series of
observations extending over a year. During this time the errors of the clocks for
driving the barrels of the self-registering instruments would have to be frequent-
ly determined and the clocks corrected; the instruments would also have to be
examined and cleaned, and possibly repaired also, and the relations between the
curves on the diagrams and their zero times would 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
malke tours of inspection in turns. It was calculated that the time required for
a tour, embracing all three stations, would be about a month, from the date of
leaving to that of returning to the recess quarters; these had been established at
Rajkot, the nearest town to the gulf where house accomodation, suitable for
Europeans, could be obtained. Anticipating that during the monsoon months the
weather at the tidal stations might be found too cloudy to permit of astronomical
observations for determining the clock errors, Captain Baird provided himself
with two portable chronometers (a siderial and a mean-time) which were rated at
Rajkot and carried about on the tours of inspection, for comparison with the clocks.

(97.) The inspection of the observatories necessitated a great deal of hard
marching, and entailed much exposure and privation. Even so carly as in the
month of May, before the setting in of the monsoon, the Runn of Kutch was
covered with water, from six inches to a foot in depth, which had to be waded
through for many miles distance to reach the station at Hanstal. At such seca-
sons travellers usually cross the Runn by riding on the camels of the country;
these animals are bred in large numbers along the borders of the gulf, and are
accustomed from their birth to wender about the swamps, browsing on the man-
grove bushes, and thus they learn to walk with ease, and keep their feet, on
ground which would be impassable to most other camels. Of his journey with
Mr. Rendell to Hanstal in the month of May, Captain Baird writes, * our only
“ land marks in the whole of the last 14 miles were two small mounds of earth
“ thrown up—when there were postal chowkees there—at 4 or 5 miles apart, and
“the observatory itself; we both felt a curious sensation as if we were being
“ carricd out to sea, which was occasioned by seeing small branches of scrub
“ floating on the surface of the water and being driven by the wind inland; and
‘“ once, with the exception of one of the mounds above mentioned in the distance,
“ there were no fixed objects visible to destroy this optical illusion.” Later on,
when the monsoon set in, the difficulties of locomotion were greatly increased ;
dircet communication with Nawanér, by crossing the gulf in a sailing boat,



(28)

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

(98.) I will now notice the general working of the tide-gauges at the
three stations. At Okha the registrations have gone on most satisfactorily up to
the time of the latest report received from Captain Baird; there appears to
have been omly a single break in the continuity of the record, and it only
lasted for five hours and is consequently quite immaterial. At Hanstal there
have been several short breaks, caused, sometimes by the driving clock getting out
of order, but more frequently by the déposit of fine mud in the well and in the
piping, notwithstanding the precautions which had been taken to keep the rose
at the extremity of the piping high above the mud banks; this necessitated the
occasional suspension of operations while the mud was being removed, and care
was always taken to malke the break between the times of high and low water, when-
ever possible; thus therecord of the highest and lowest points of curves has been
secured in almost all instances, the breaks may usually be interpolated between
them, and the instances in which this has not happened are so few that Captain Baird
believes they will not sensibly influence the final results. The foreshore at Okha
being sand and rock without mud, there has been no tendency there for the piping
to become choked. Both at Okha and Hanstal air was found to enter the iron pip-
ing, whenever the latter was laid bare by the action of the surf, which frequently
happened; butit was readily expelled at high water, by opening the stock cock which
has already been described as having been attached to the piping for that purpose.

(99.) At Nawanir however matters went on less prosperously. At the
July inspection of this station, Captain Baird found every thing apparently in
good order; the curves on the diagram of the tide-gauge seemed at first to
be all that could be desired; but it was soon evident that they were erroneous,
for the level of the water in the well differed very sensibly from the sea level.
On examining the piping, the extreme end was found to be buried in sand above
the low water line, at a spot where, a few weeks before, there had been a depth of
20 feet of water at low tide, and which was now left bare for some time daily. On
further examination it was ascertained that the configuration of the foreshore had
entirely changed, and an extensive sand spit had formed on the line of the pip-
ing; this had been caused by the drift from a belt of sand hills to the south, under
the influence of the strong winds which blow from the south-west during the
moonsoon, the registered velocities of which were as much as 860 to 890 miles
daily, for several days preceding the misadventure. There is reason to expect that
the original configuration of the foreshore may be restored, within a few weeks
after the cessation of the monsoon. But the position has been clearly proved to
be unsuitable for continuous tidal observations, extending over a long period; for
it is only during the months of fine weather, betwecn November and May, that
observations can be carried on there, otherwise than by setting up the tide-gauge on
a staging erected for it out in decp water, the cost of which would be inadmissible.

(100.) The preliminary results of the observations up to the end of Sep-
tember have heen worked out by Captain Baird, and it appears that the greatest
range of the tide is

14-8 feet at Okha
196 ,, Nawanar
and 21'2 ,, Hanstal,
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or 2 to 4 feet more in each instance than the ranges given in the Marine Charts.
Very fairly approximate values of the progress of the tidal wave, up and down the
gulf, have been obtained, shewing that

High water occurs at Nawandr 14 5m after Okha
» Hanstal 1 40 »

Low water occurs at Nawandr 1 36 ’
» Hanstal 2 53 s

(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—were 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 were so much more exposed to the vicissitudes of the weather. The
long continuance of winds coming from the same quarter caused the direction
gear 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 were prevalent. Several severe gales were recorded.
The greatest velocities registered in 24 hours were

620 miles at Okha on the 20th June

890 s Nawanar 26th

1130 ” Hanstal 6th August;

on the latter date the anemometer at Hanstal recorded 270 miles 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 smallsize (for the sake of
lightness and portability), and their exposure to fierce winds, to rain and, worse
than all, to the constant oxidising influence of the sea, I think 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

1075 inches at Okha

13-61 " Nawanar

1840 ” Hanstal

2191 » Rajkot (40 miles inland).

~ (104.) It will be seen that, so far, a greater range of tide, a 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 Nawan4r.
(105.) The scientific value of the tidal observations will be greatly increas-
ed by the contemporaneous observations of the barometric pressure, the velocity
and direction of the wind, and the amount of rainfall. I am not aware of any
series of tidal observations which are better furnished than these with the requisite
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 the inspection of the stations during the monsoon, which was
done entirely by himself, as he generously gave his assistant leave of absence, on
urgent private affairs, at that time.

(107.) Thelatest reports state that all was going on well, at Okha and Hans-
tal; Captain Baird had proceeded to Nawansr to rectify matters there, after which
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hic was to commence the line of levels for connecting the three stations. He
has been 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
year’s .obseryations will have been taken at Okha and Hanstal, which will suffice
for an investigation of all the principal tidal constituents at those stations; and
some months observations will probably have been completed at the intermediate
station of Nawanar, which should be of considerable value, though inferior to that
of the observations at the two other stations.

NO. XI1.—-GEODETIC.

THE PENDULUM OPERATIONS.

(108.) When my last report was sent in, Captain Heaviside was in England,
taking observationz at the Kew Observatory, with the
. o Royal Society’s and the Russian pendulums, in order
Cngﬁ;:;x;g&g:nﬁl%}ﬁf"Depmy to )I:omplete ythe original programme of operations,
My H. E.T. Keolen, Surveyor 3rd - gnd link the work done in India, by the late Captain

rade- Basevi, with that done in Western Europe, Russia and
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 at Kew 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 thelength of the second’s pendulum—the origi-
nally adopted Imperial Standard for British measures of length—Sir E. Sabine pro-
posed that such additional ‘experiments’ should be made at Kew, as would be
requisite for the conversion of the several comparative results, in India and else-
where, into absolute values. He pointed out that hitherto there were in Britain
only two localities—No. 2 Portland Place in London and the Royal Observatory
at Greenwich—in which the absolute length of the seconds pendulum had been
determined ; the first of these had been sold into private hands, and was no longer
available for public purposes; and the second had 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
Observatory, and consequently he proposed that a temporary building should be
erected for them, in the grounds of the surrounding Park, and pulled down on
their completion. But at Kew provision had long been made for such experi-
ments ; the room was available in which the Royal Society’s differential pendu-
lums had been swung before they were taken out to India, and were then being
re-swung on their return. Sir E. Sabine suggested that the absolute pendulum,
which had been employed by Captain Kater in his determination of the length of
the seconds pendulum,and which was then at the Kew Obscrvatory,should be swung’
by Captain Heaviside on the completion of his own operations. I felt bound to
assent to a suggestion emanating from so high an authority, and consequently
directed Captain Heaviside to take the requisite swings with Captain Kater’s
pendulum, and these he has duly completed.

(110.) It remained however to compare the unit of length thus determined
with the Standard Yard, the present national standard of length; and this could
be no where done better than in the Ordnance Survey Office at Southampton,
where special operations have been carried on for some years past for comparing

PERBONNEL,
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the several national standards of length, and all the requisitc apparatus is available.
Lieutenant Colonel A. R. Clarke, R.E., by whom tl'le comparisons of stan_dards had
been conducted, kindly undertook to measure tl}e distance between thp knife edges of
the Kater pendulum, in the condition in which it was made over to llln} on the com-

letion of the swings at Kew, and this has relieved Captain Heaviside of what
might have been a very troublesome and tedious duty. _ -

(111.) On the completion of his operations Captain Heaviside gave back
to the Royal Society the invariable pendulums, the clock and other instruments
which bad been lent for the experiments in India, and—with the approval of the
Secretary of State—he presented the Society with the air-pump and vacuum
apparatus and other instruments which had been subsequently obtained at the
cost of the Indian Government. e was asked by the Astronomer Royal to
accompany the expedition which was about to be sent to Kerguelin Island, for the
observation of the Transit of Venus, and take pendulum experiments on that
island ; but, believing that the Indian Government had done quite enough for
pendulum science, and being anxious for Captain Hecaviside’s speedy return
to complete the reduction of his and Captain Basevi’s observations, I del‘nurred
to his being sent to Kerguelin Island, and suggested that an officer might be
deputed by the Home Government for the purpose, with the pendulums and
apparatus which had been used in Iudia, the practical manipulation of which
might readily be taught him by Captain Heaviside. The 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 Heaviside returned to India and arrived at the
Head Quarters in October last; he has ever since been employed in reducing the
observations, and preparing them and the results for publication, with the assist-
ance of the Computing Office. This work will entail a considerable amount of
labour, but great care is being taken to eschew all theoretical refinements, however
tempting, which areliable to increase the number of the calculations without sen-
sibly affecting the accuracy of the results, and in printing the observations to restrict
the details to what is essentially necessary for the verification of the deductions.

(118.) The Secretary of State for India having expressed a desire to be
furnished with the results of the operations as soon as possible, a table is given,
on the following page, of the results of the whole of the observations with the
Royal Society’s pendulums. Comparisons of the actual with the theoretical
values—tlie latter computed with an assumed ellipticity of ﬁ—are given in the
right hand column. It will be seen that at the ocean station and at most of the
coast stations, the actual number of vibrations exceeds the theoretical number, and
that an increase has invariably been met with in proceeding, along a parallel of lati-
tude, from the interior of the main land to the ocean; conversely a marked decrease
is met with in proceeding up the main land to the Himalayas, and it is very consi-
derable at the station of Moré, on the table-lands of the Himalayas, at an altitude
of 15,427 fcet above the sea; there is thus incontestible evidence in confirmation
of the hypothesis of a diminution of density in the strata of the earth’s crust
which ave under continents and mountains, and an increase of density in the strata
under the bed of the ocean, and it is clear that elevations above the mean sea level
are accompanied by an attenuation of the matter of the crust, and depressions by a
consolidation,

(114) The reductions of the swings with the Russian pendulums and
Captain Kater's pendulum are not yet sufficiently advanced to enable any
conclusions to be drawn regarding the results.
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Preliminary Abstract of approzimate mean resulls with the Royal Society's
Invariable Pendulums Nos. 4 and 1821,

@EODETIC CO-ORDINATES. NuMBER OF VIBRATIONS IN A MEan
SorLar Dav,
5
'§ SraTioNs. Height By computation
North East in feet By in terms of | Observed
“ Latitude. | Longitude. labove sea| Observation. | Punne with an -
level. ellipticity = 1| Computed.
300
Base Station.
L] ’ o ’
Kew Obgervatory, (1865) ( 8611403 . .
{5 T ey | s B e | s WRY snass | ross
Indian Adre Stations.
2 | Pume, .., 8 10 (497 41 44 8597829
8 | Kudankulam, .., 8 11 77 4§ 166 7844 85978° 32 +o'12
4 | Mallapatti, 9 29 78 3 343 v8:83 79°89 —1°06
6 | Pachapiliam, we| 11 o 77 40 971 Bo'13 82'00 1-87
6 |S. W. end Bangalore Base, O I - T 77 37 3116 8164 8527 3'63
7 |N.E. " | 13 4 | 77 4z | 3007 8233 8540 305
8 | Namthabad, ] 15 6 77 36 1219 8636 89'19 2'83
9 | Kodangal, .| 17 8 77 41 1972 91°23 93°52 229
10 | Déimargida, .| 18 3 77 43 1934 91°16 95'64 448
11 | Somténa, ... | 19 3§ %7 42 1711 95°70 9812 242
12 | Badgion, ... el 20 44 717 39 1120 8600018 86002- 35 2°17
13 | Ahmadpur, ree e . 23 36 77 43 1681 08°00 10° 34 2°34
14 | Kalidnpiir, N . 24 % 77 42 1765 10°29 1185 1°56
15 | Pahdrgarh, . 24 356 77 44 1641 10°58 14° 31 373
16 | Usira, e lo26 57 77 40 812 1881 20°64 1'83
17 | Datairi, ... | 28 44 77 4% 719 2366 26" 51 2'83
Kaliana, (1866; 2438
18{ » (1870) ... } 29 31 77 42 826 { 24'01} 29°16 4°88
” * (1873) ... 2444
19 [ Nojli, .. .. .. .| 29 53 | 77 43 881 24794 30745 551
20 | Dehra Diin, - .| 30 20 8 6 2289 24°71 31°98 727
21 | Mussoores, | 30 28 79 12 6920 25767 32°42 675
High Table-land Station.
22 | Moré, e .| 33 16 77 54 | 15427 86019° 24 86042°43 | —23°19
Coast Stations.
23 | Alleppy, ... 9 30 76 10 6 8598123 85979°90 +1°35
24 | Aden* ... | 12 47 45 2 5 87°35 8488 2°47
25 | Mangalore, we| 12 52 74 49 7 84°29 B5 o1 —o'72
26 | Modras, ... e | 13 4 80 17 27 84°47 85°37 0°9o
27 | Cocanada, .., | 16 56 82 18 9 93°58 93'09 +0°49
28 | Coliba,* (Bombay ..| 18 54 72 51 35 8600064 9766 2°98
29 | Calcutta, ... e e | 22 33 88 24 18 814 86007 29 o'85
Ocean Station.
80 | Minicoy, ... 8 1y 73 2 6 85982°33 85978°43 +3°90
Other Stations.
81 | Mcean Meer, ... | 31 32 77 2% 706 8603178 86036°18 —4°40
32 | Iemailis,® (Egypt) .| 30 36 32 16 32 31°48 32'90 1°42

The first observations at the Kew Observatory were by Mr. Lijevy ; the observations marked thus* were by Captain
Heaviside, and all others by Captain Basevi.

The results ‘by observation' arc the corrected results, after the application of the usual reductions to the observa-
tions, viz., 1st the reduction to an infinitely small arc, 2ndly that to a standard temperature (72° Fahrenheit) Srdly
that to e vacuum, and 4thly that to the mean sea level. The 2nd and 3rd of these reductions have been made with preli-
minary values of the factors of temperature and pressure, which may differ somewhat from the final values: consequently
all the results are preliminary only and will have to be corrected, but the corrections cannot materially affect the dillerential
resulte in the right Land column,
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NO. XII1L.—GEOGRAPHICAL.

TRANS HIMALAYAN EXPLORATIONS.

(118)) The second appendix to this report contains three papers, the 1st a
narrative of an exploration of the Namcho or Tengri Nur Lake, by a native
explorer, during 1872, drawn up by Lieutenant-Colonel Montgomerie; the 2nd a
memorandum, by the same officer, on the results of the same GX[)IO_I'MEIOD; and the
3rd some extracts from the narrative by a native explorer of his journey from
Pitoragarh (in Kumaun) #id Jumla to Tadum, and then down through Nepaul,
along the Gandak river, to British territory. ) )

(116.) Of these papers the two first, which are illustrated by a map,
were prepared by Colonel Montgomeric in England, from the original journals
which he took with him for the purpose, as mertioned in para. (111.) of my report
for last year; they describe an exploration, through an almost unknown portion
of Great Thibet, from Shigatze across the Brahmaputra river to the northern
shores of the great Namcho Lake, the furthest point of which lies about 100 miles
to the north of the town of Lhésa. 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
Muktindth and Tadum over ground of which rude information was already forth-
coming, but it required additions and rectifications; the route through Nepaul,
from Muktinith down the 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 Kashgharia and
the western portions of Eastern Turkestan, in the Pamir or Bim-i-dunia (Roof
of the World), and in the regions of the Upper Sources of the Oxus. In my last
report I stated that, having been called on to depute an officer to accompany Mr,
(now Sir Douglas) Forsyth on his mission to the court of the Atilik Ghézi, I had
selected Captain Trotter for the purpose, supplied him with all the requisite
instruments, sent four of the Pandits—the trained native explorers— with him,
and done all else that was in my power to secure the success of the mission from
a geographical point of view. And theresult has been that considerable additions
and rectifications have been obtained ; and Captain Trotter may well be congratu-
lated on the success with which his labours have been crowned, notwithstanding
that they were carried on under numerous and great difficulties, in consequence of
their having been necessarily conducted in mid-winter, a most inclement season
of the year for travellers in the highly elevated platcaux of Central Asia.

(118.) To the north of Kashghar Captain Trotter carvied a survey through
the Artysh valley up to the Russian frontier, at Lake Chadyr Kul, and, though he
was disappointed in his cxpectation of being able to strike off eastwards to the
Terckty pass and return by the road from there to Kashghar, he has satisfactorily
succeeded in conneeting his work with that of the Russian geographers. He
subsequently made a survey of a considerable portion of the road towards Ush-
Turfin, to the north-cast, and reached the Belowti pass, which is 160 miles from
Kashghar and about 90 miles from Ush Tuwrfin. Meanwhile Captain Biddulph
surveyed the road from Kashghar castwards to Mardlbashi. But no opportunities
were afforded for reconnoitering any portion of the long belt of almost unknown
country at present ruled by the Atilik Ghizi—which cxtends castwards for a
distance of probably over 700 miles beyond the poinls reached by Captains Trotter
and Biddulph—nor of the road to the west leading into Khokand vid the Terck pass.

(119.)  Captain Trotter afterwards made a survey of the route which pro-
cecds from Yangi Hissdr south of Kashghar to Tashkurghdn, and then westwards
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vid Aktésh over the Little Pamir, and ascertained that thelake on this table-land,
called Barkut Yassin by the Mirza in his journals—extracts of which are given in
my report for 1869-7C—is one of the sources of a river which is here called the
Akst and afterwards the Murghdbi, and which joins the Oxus near Wamur, and
is in all probability the principal source of that river, as has already been conjec-
tured by Colunel Yule. Captain Trotter continued his survey down to Kila Panja,
the little town in Wakhdn from which one of the principal sources of the Oxus
derives its name. This was the furthest point reached by Captain Trotter to the
west; but fortunately he was able to send one of his native surveyors down the
Panja river for a considerable distance. The man first went to Ishkashim, so far
travelling aroute which is well known from the journals of Wood and the Mirza;
and then he struck northwards into a region that was altogether unknown, and
followed the downward course of the Panja river for a distance of nearly 100 miles,
finding its direction to be in reality very different from what has hitherto been
conjectured and represented on the best maps of these regions; he reached Kila
Wimar, in Rosban, but was unable to go down the river any further. An explo-
ration has however been since made from Fyzabad and Koldb up the river, to a
point which is believed to be at no great distance from Kila Wamar, by Colonel
Montgomerie’s IIavildar, who is now returning from Kdabul with his journals; he
writes that he has suffered great hardships and lost some of his papers; but if
enough evidence is forthcoming to determine the course of the Oxus from Kila
Wiamar down to the plains of Kolab, a problem which is of the highest impor-
tance, both politically and geographically, will be solved.

(120.) From Panja Captain Trotter returned to Aktdsh, vid the Great
Pamir, passing the lake which was discovered in 1838 and named Victoria by Lieute-
nant Wood of the Indian Navy. TFrom Aktish he returned to Yarkand by almost
the same route that he had already travelled. The Pandit who accompanied
Captain Trotter as far as Tashkurghén, on the outward journey, returned thence
by a more direct route to Yarkand, carrying a traverse survey along an entirely new
piece of road.

(121.) It was not considered desirable to send the (Hindd) Pandits into
localities inhabited solely by a Mahomedan population, and hitherto they had
been chifly employed in surveying various lines of routes between Ladakh and
Yirkand, some new, others old but requiring rectification. But while Captain
Trotter was absent in Wakhdn one of these men, Krishna, was sent vid Sanju
to Khotan, with instructions to penetrate as far eastwards as possible. He tra-
versed the ancient road to China, as far as the Sorghik gold fields, and then,
returning to Keria, struck southwards along the road to Rudok, crossed the
Kuen Luen range and the great table-lands of the higher IIimalayas on the west-
ern confines of Chinese Thibet, and reached the village of Noh, which is about 20
miles to the north of Rudok; here he was stopped by the Chinese officials and
nearly turned back again by the road he came, but eventually he was permitted to
go direct to Leh by the Pangong Lake. His work was very carefully executed,
and has stood the usunal tests, furnished by comparing the route survey with the
astronomical and triconometrical determinations of position, most satisfactorily ;
and this is all the more important in the present instance, in that large corrections
have been shown to he needed in the work of 1865-66, which has hitherto been
accepted, though with some misgivings.

(122.) Captain Trotter 1s now at my Head Quarters, preparing a geo-
graphical memoir for Sir Douglas Forsyth’s Report of the Mission, which will
contain full details of his operations and those of the officers associated with
him who had opportunities for visiting places which he could not go to. The
report will probably be published a few weeks hence, and therefore any further
notice of Captain Trotter’s labours is here unnecessary.
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NO. XIV.—THE COMPUTING OFFICE.

EXAMINATION, FINAL REDUCTION AND PUBLICATION OF THE OBSERVATIONS.

(123.) The Computing Office has been employed in its usual duties of
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the public at large.

carefully examining and reducing the observations,
and of publishing the ultimate results of such portions
as have been finally treated, and preliminary results of
the portions which await further materials before they
can be finally disposed of. The 3rd volume of the
« 4ecount of the Operations &c.”” has been printed and
is ready for publication, the 4th is all but complete;
but as these volumes contain little else besides the
numerical details of the observations and calculations
and their results, I have decided to postpone their
publication until the completion of the 2nd volume,
which is intended to give a brief history of the opera-
tions, and a full description of the procedure which was
adopted at the outset and of its subsequent modifica-
tions, of the instruments employed from time to time,
and of the formule and methods of computation
by which both the preliminary and the final results
have been obtained. Of this volume about 250 pages
quarto have been printed, but much more remains to
be done; its preparation necessarily devolves in great
measure on myself, and has to be held in abeyance when
I cannot find time to devote to it; but I am in hopes
that the volume will be finished by the end of 1875.
(124.) Good progress has been made with the
publication of the Synoptical Volumes which give all
the data required by surveyors and geographers and

Of these the following have already been issued, No. 1, the

Great Indus Series; No. 2, the Great Are, section 24° to 30°; and No. 3, the
Kardchi (Kurrachee) Longitudinal Series; three more volumes are nearly ready
for publication.

(126.) Considerable assistance was rendered to Captain Trotter, whose
geographical operations have been reviewed in the preceding Section ; all his very
numerous observations for absolute and differential longitudes, and for latitudes,
heights &c., have been reduced in this office, and much other work has been done
for him, whereby he has been enabled to prepare his maps and reports far more
rapidly than would otherwise have been possible.  The completion of the pendu-
lum operations has likewise nccessitated the rendering of a large amount of assis-
tance to Captain Icaviside, in reducing and printing the obscrvations. In these
and all the other dutics of this olfice Messrs. Hennessey and Cole have laboured with
the same skill, assiduity and zeal, which it has becn my pleasing duty to bring
to prominent notice in previous reports.

(126.) On the death of Captain Basevi—from exposure incurred on the
high table lands of the ITimalayas, while he was engaged in the pendulnm opera-
tions—a subscriplion was raised among his brother officers and associates for a
memorial of him; a sum of over R. 2,000 was subscribed, and then the question
arosc how it should be expended, whether in a monument or painted window to
be erected in a chureh, or—as had been suggested—in a clock to he erected at the
Head Quarters Office.  Ilis widow was consulted on the subject, and she was
altogether in favour of the clock, as hast serving to perpetuate his name among
those by whom his labouars would be bast appreciated. A memorial clock, with a
suitable inscription, was therefore obtained from England and it has been erect-
cd over the office portico; it strikes the quarters as well as the hours, and kecps
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admirable time, and it has altogether superseded the hand-sfruck gong by which
for very many years, the office hours have been regulated. ’

No. XV.—CARTOGRAPHY.

(127.) An important series of Final Charts has been prepared to illustrate
the several synoptical volumes which have been specified in para. (124). These
maps are drawn on the scale of } 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 all that is necessary
to enable them to serve as aids to a correct understanding of the data of the tri-
angulation of former years. Five preliminary charts, of the triangulation of the
current year, have also been prepared, giving full numerical data to satisfy imme-
diate local requirements.

(128.) Re-prints, with additions and corrections, of two of the four sheets
of the 2nd edition of the Map of T'urkestan have been made. Preparations have
also been made for the publication of a 8rd edition of this map at an early date;
each of the four sheets lhas been entirely re-drawn; a large amount of valu-
able and recent information, with which I have been favoured by Colonel Stu-
bendorff, the Director of the Topographical branch of the Russian War Office, is
being incorporated into them, and also the results of Captain Trotter’s surveys;
and I am only awaiting the return of Colonel Montgomerie’s Havildar, now daily
expected, to have the maps completed and sent to press.

(129.) 1In addition to the above, some progress has been made with the
series of Level-Charts on which the systems of levels for Railways, Canals and
other Public Works are shewn, after having been connected with the main lines
of levels of this Survey and reduced thereby to the datum of the mean-sea level,
The maps of Mussooree and Landour have had the recently re-demarcated bound-
ary lines shown on them, which has been a very tedious and troublesome business,
and has been protracted over several years. A map of Kumaun and Garhwil
has been specially prepared for the Gazetteer of that district which is now being
compiled by Mr. E. T. Atkinson, cs,, but the delays caused by having to alter the
spellings of the whole of the names, in conformity with the recent orders of the
Government on the orthography of Indian names, have prevented the publication
of the map hitherto. Much assistance has been rendered to Captain Trotter in
the compilation of his new geographical information, the maps of which have
all been drawn in this office.

(130.) In the typographic office 1,220 pages, mostly quarto, have been
composed and 320 copies (on an average) of each have been printed. And in the
photozincographic office, 61 maps have been photographed and put on zinc, and
the number of prints which have heen ¢ pulled’ is 9,207 of maps, 2,027 of charts,
8,557 of diagrams, and 28,125 of professional and office forms.

(131.) It now only remains for me to acknowledge the valuable services
which have bheen rendered by my Personal Assistant, Mv. II. Duhan, who has
relieved me of much official routine work, which would otherwise have taken up
time I could ill spare for it.  Of Mr. Robert Scott—whose good serviees in the
correspondence office and as general store-keeper, it has always been a pleasure to
me to acknowledge in my annual reports hitherto—I regret to have to state that
this must be my last notice; he died on the 12th September, after a long and
painful illness; he had served in the Department for nearly 30 years ; hard work-
ing, simple minded, and ready to oblige everybody, ‘good old Robert’ will long be
affectionately remembered and respected by all who knew him.

(132.) An abstract of the out-turn of work exccuted by cach of the Sur-
vey partics, the results of the operations of which can be exhibited in this form,
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is given on the following page. I consider the amount of progress which has been
made during the year on all sides, by the Survey Parties while in the field and

also in recess, and by the Offices at Head Quarters, to have been generally very
satisfactory.

J. T. WALKER, CoLonEr, R. E,

Supdt. Great Trigonometrical Survey.
Denra Dun,

Dated 15tk February, 1875.}
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Abstract of the out-turn of work executed by the Great Trigonometrical
Survey Parties, during the Survey year 1873-74.
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Extract from 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, which had

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

(4.) The party marched from Bangalore on 1st November and reached Kutipérei S., the
first station for observation, on 2nd December, when operations
were 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.

Field work begun 2nd December.

(5.) It may be remarked here that one of the rays observed at this time, that between
Kutipsrei S. and Perumél H.8., is the longest side of any principal 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 the cloudy weather, that the Perumail signal-lamp, with a re-
flector only a foot in diameter, could be bisected at so great a distance. In March 1871, when
the corresponding observations were made on this ray at Perumil H.S., a similar signal-lamp
was not once visible in the course of several weeks, and even the heliotrope signal, with a full
aperture of 8 inches diameter was scarcely capable of being observed through the hazy air of
that season.

(6.) TFinal observations were continued without interruption, and with little delay, at
S. Section of the Great Arc Series M€ twelve stations remaining, until the series was completed
completed. before the end of February, by closing upon the stations which
had been connected with the Cape Comorin Base-line in 1868-69.

(7.) In consequence of the disappearance of one of the two stations forming the side

Loss of former station on the red ©f junction between the Rathipuram and Valanad polygons, it
gand hills. was necessary to re-observe at three of the stations already
ohserved at and fixed. It had been necessary to occupy a point
on the red sand hills or “théri” (for an account of which I may refer to the notes on the
Tinnevelly district appended to the general report of the G. T. Survey operations for 1868-69).
Mr. Mitchell who built the station there, had been directed to construct it of masonry, like a
well, which he was to sink through the sand to the firm soil below, which 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 had been undermined and nothing remained
but the debris to mark the spot.

(8.) No other suitable spot being available for a station it was necessary to re-occupy

Spot re-occupied with & temporary the site again this year: and this was done by means of a tem-
station, 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
Relativo sito of Colonel Lambton’s Station, presumably on the highest part of the «théri”, or
Red Hill Station of 1808-9. sand waste; but it appears (from the computations) to have
been about 1,061 yards to the W.N.W. 1 N. of the present
(1874) station and 13 or 14 fect lower.

(10.) From this it seems as if the highest part of these sand hills had shifted about
Probablo sccular motion of the 1:060 yards to the E. 8. E. during the sixty years elapscd, or
“théri” to tho castward, nearly 17 yards a year. Moreover, the point occupied by Mr.
Mitchell in February 1869 was the highest point of this particular
sand ridge, and of the sand hills in general. Whereas the highest point of this particular sand
ridge now (February 1874) is about 30 yards farther to the eastward than it was in February
1869, having thus only travelled at the rate of 6 yards a year, but in the same direction, to the
E. 8. E,, and it still appears to be the highest point of the “#kéri”” Some banian stakes have been
planted on the chance of their taking root, and so marking the locality for future reference.
- (11.)  All the stations on and around the Cape Comorin Base-line were examined and
Buse-line stations put into good found gene;rally in a good state of preservation. The towers and
order, observatories received 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 to
utilize the little clear weather that remained at the end of
February by reconnoitering the Straits of Manér with a view
to the practicability of a trigonomectrical connection with Ceylon, The results of this recon-
noissance which I reported to you met with your approbation,

Reconnoissance of the Straits of Manér.
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(13.) The next work to be _done was the R4mnéd Longitudinal Series which I now took
Commencement of the Rémnga UP IR Person. I had sent Mr. Belcham at the end of December
Longitudinal Series. to reconnoiter the country along the parallel of 9° 80' and to
] __ commence laying out the Approximate Series. After a very
careful and detailed examination he reported this line of country very unsuitable for the great
triangulation, it being an unbroken plain of black (cotton) soil, generally under cultivation,
Unsuitable nature of the country on W]t.h hlgh standmg . crops, and plentifully WOOde(.i by g.roves of
9° 30", fruit trees (Tamarind, Mango and Palm), the view being also
every where obstructed by long lines of high banks of tanks and
irrigation channels. It was evident that every ray must be tediously traced and cleared
in the regular manner, and that high towers would be required even for comparatively
small triangles.

(14.) It was impossible to lay out and prepare any stations of the new series in time
Principal observing closed for the for observation this season. 1 therefore abandoned the inten-
seasOIL. tion, and sent the large theodolite into store, whilst I proceeded
to lay out the series myself, directing the assistants, after finally

closing the Great Arc stations, to build the new stations as soon as selected.
(15.) After a careful examination of the country I found that, taking the most favour-
P . . .. able line, namely that bordering the coast-line and on the paral-
ouﬁ)‘:}“ ‘l‘;‘;}.,,ff;’{ of ggpf?_mmtely 6d 1) of 9° 15', where advantage of the coast-line sand hillsl():ould
' be taken, I could not reach Rimndd, distant only 64 miles,
by less than 16 triangles forming a single series. The addition of three stations made this
into a double series, which I propose for ohservation next season. A number of towers or

high masonry pillars with temporary wooden platforms will be necessary.
(16.) The party returned to recess at Bangalore on 26th May after a tolerably healthy

2 .
Close of field season. and successful season’s work.

(17.) The out-turn of field work this season consists of 13 principal stations newly fixed
by 20 triangles forming 3 quadrilaterals, a hexagon and two
fifths of a pentagon, covering 3,239 square miles and extend-
ing the (Great Arc) series, which is now complete, 108 miles
to the southward, executed at a cost of Its. 12-15 (or about 26 shillings) per square mile. A
set of star observations for azimuth has been taken as usual, and 51 secondary points and
minor stations have been fixed, chiefly within the area of the principal triangles above men-
tioned ; but an arca of 1,413 square miles is embraced by the secondary triangles exterior
to the main series, besides some 20 high and important hill peaks.

The Rimnid Longitudinal Scries has been approximately laid out for a distance of 64
miles by 19 stations forming two quadrilaterals and three hexagons, 6 of the high masonry
pillars required for which have been built.

The Mangalore and Paniini Minor Series has been completed and connected with the
Coimbatore Minor Scries of 1869-70, by a longitudinal branch, through the Palghat gap in the
Western Ghits, thus completing a circuit for verification.  The length of these series is alto-
gether 212 miles, of which 62 has been done by Mr. Laseron this season. Mr. Mitchell laid
ont and observed about 120 of it during the two previous seasons, the remaining 30 having
been done by myselt in March and Apnl 1870.

(18.) The object of this triangulation, was to provide reliable trigonometrical points
in a part of the country which had not previously been trian-
gulated and thus fill up the great gap left in previous charts of
the old (Col. Lambton’s) and recent trigonometrical surveys.

General statement of the feld sea-
son’s work accomplished.

Ohject of the Malabir Minor Trian-
gulation.

(19.) The field season has been an uneventful one, but the following particulars may
be thonght worthy of mention:—As was to he expeeted, on quitting the vicinity of the West-
ern Ghits for the flut lowlands of the South-East Coast, we met with instances of terrestrial refrac-
tion such as we had not secn for some years. The heliotrope signals near the sea shore, in cases
when the rays passed too near to the ground, or grazed over low vegctation, reminded me of
the signals I had scen in Sind and the Panjib. Sometimes an afternoon heliotrope appeared
like a pillar of fire, in height 6 or 8 times its width; and the same signal would in a little
while appear as two or more distinct, separate signals, puzzling the observer which or which part
to intersect,

(20.) On entering the black soil country, morning mirage was to be scen nearly every
day about sunrise, such as I was familiar with in the Indus
valley and also in the Kistna and Godavery river deltas, but
have seldom scen elsewhere. The more common aftcrnoon, or heat mirage was a matter of
daily occurrence.

(21.) Some of the strangest instances of these phenomena were witnessed and noted
on the spot by Mr. Boud, who writes as follows :—

Mirage common.



Srason 1873-74.] 5__ a

«] was surprised to sce the curious phenomenon of mirage, the apparent unusual
elevation and nearness of distant objects with an inverted
image suspended in air immediately above them, whole villages
appearing thus and also as if built on an island. One very close morning, about 6730
A. M., in May; on looking out for the heliotrope I expected to see on the tower station
(a masonry pillar 19 fect high) about 54 miles distant  to the 'southward,“I noticed a
curious sight and called Mr. Belcham’s attention to it. The entire pillar was v1s1!)le with an
juverted image of it apparently suspended above, and lpstead of ome hehotrope, ﬁye
distinct images were scen—one at the top and base of each image of the pillar and one in
the space midway between their tops. In alittle while the signals became vertu_cally length.ened
until they coalesced into a pillar of light. In about half an h01‘1,1; the whole (signal and pillar)
had disappeared below the ground horizon some 3 miles off™. 1 anticipate great incon-
venience from this source in the future.

Tnstance of peculiar mirage.

(23.) Mr. Bond had the good fortunc to procure an intervicw with a couple of the
wild folk who live in the hill jungles of the Western Ghits, to
the south-west of the Palanei hills, and took the opportunity
to observe and note on the spot some of their peculiarities. We had often heard of the
existence of some strange dwarfish people who occasionally frequented the jungles near our
station of Pémalei, a few miles west of Strivilliputtir, at the north-west corner of the
Tinnevelly district, but none of us, when visiting the Pémalei hills for the purpose of selecting,
building or observing at this station, had seen any trace of them, except that whilst observ-
ing the final angles we noticed some fires burning at night far off in the distant valleys,
commonly stated to be entirely devoid of villages, and civilized inhabitants. When return-
ing afterwards to Pémalei, in order finally to close and deliver over charge of the station to the
local officials, Mr. Bond having hcard that the wild men of the woods occasionally came
to Strivilliputtir with honey, wax and sandalwood to cxchange for cloth, rwe,'to_bacco an.d
betelnut, induced three of the ¢ Kdvalkdrs” or hill watchers, through whom principally this
barter is carried on, to attempt to catch a specimen of this strange folk. What follows is Mr,
Boud’s account :— ] ]
(24.) “ Knowing a locality they frequented, whence they could easily steal the remains
of food and pots left by the herdsmen, the three Kévalkirs
went there to look for them, and on the second day sighted a
couple, who at once made off through the jungle for the rocks, with great flectness and
agility, using hands and feet in getting over the latter. ]
(25.) ¢ After a difficult and exciting chase and a very careful search they were again
caught sight of, crouching between two rocks, the passage to
which was so narrow that it cost their captors a severe scratch-
ing to reach them and drag them out onc at a time by the legs. They were brought
to mc in a state of great fear—a man and a woman—as I was descending the hill, and began to
cry on being led to my camp at a large village a few miles out in the plains. After some
coaxing however, with promises of rice and tobacco, they consented to accompany me willing-
ly. On rcaching my tent in the evening I gave the man some clothes, and oflered them a
little money in small silver and copper coins.  Each of them selected the latter, refusing
the silver picees  of ten times the value, saying that they could get rice with the copper, and
apparently had no idea of the value of the former. 1 gave the woman some pieces of cloth
and a few small things, for which they both shewed their thanks by repcated prostrations on
the ground before me.
(26.)  “ The rest of the day was spent in taking notes on this strange pair and in
Their peealiatitios noted. getting from  them all the information I could through the
hill watehers, who were able to converse with them to a slight
estent.  They seemed as great a curiosity to the villagers themsclves as to myself; and a
crowil assembled to watel them, expressing their surprise at the case and freedom with which
they sat in my tent without shewing any fear or any desire to run away. The following
ohscrvations were noted on the spot = —
“The man is 4 feet, 6} inches in height, 261 inches round the chest and 18} inches
Deseription of {he male. horizontally round the head over the eyebrows. He has a
. ) i round head, coarse black, woolly hair and a dark brown skin.
T'he forchead is low and slightly retreating ; the lower part of the face projects like the muzzle
of a monkey and the mouth, which is small and oval with thick lips, protrudes about an
melobeyond his nose ; he has short bandy legs, a comparatively long body and arms that
extend almost to lis knees : the back just above the buttocks is concave, making the stern
appear to be much protruded.  The hands and fingers arc dumpy and always contracted, so that
they cannot be made to streteh out quite straight and flat; the palms and fingers are covered
with thick skin (morc particularly so the tips of the fingers), and the nails are small and imper-
fect; the fect arc broad and thick skinned all over; the hairs of his moustache are of a greyish
white, scanty and coarse like bristles and Le has no beard.

Wild jungle folk.

Mr. Bond’s account of them.

Captare of a couple of them.
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¢ The woman is 4 feet G} inches in height, 27 inches round the chest (above the breasts)

and 194 horizontally round the head abovc the brows ; the colour

of the skin is sallow, or of 2 nearly yellow tint ; the hair is black,

long and straight, and the features well formed. There is no difference between her appear-

ance 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 Pémalei hills, men

and women being about the same height, all the men having

the same cast of features and being built as the specime;

Description of the female.

Number and general appearance.

above described.
¢ The dress of the man consists of a ¢ langoti” or small piece of cloth tied round the loins,

Dross 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 ; 2 man and woman who pair off, mutually agree to
live together during their 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 together.

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

Food. the man next 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 2ny convenient spot, generally between

Dwelling. two rocks or in caves near which they happen to be benighted.

They make a fire and cook what they have collected during

the day, and keep the fire burning all night for warmth and to keep away wild animals.

They worship certain local divinities of the forest,—Rdkas or Rakari, and Pé (after whom
the hill is named, Pé-malei).

““When one of them dies the rest leave the body exposed and avoid the spot for some months.

Neglect of thoir dead. ‘Whenever the herdsmen, wood’-cutters or hill watcl.lers come

across a corpse and tell the “ grdm munsaf”’, or head village offi-

cial, he sends men to bury it and reports the circumstance to the Tahsildir. The grim

Euusz(xlf of this place (Mamsdpuram and Shiventipatti) told me that six had been buried under
is orders.

(29.) ““ As T detained this couple in my camp till late in the evening, they begged to re-
main all night, as they were afraid to enter the jungles so late for fear of wild beasts unless they

Cooking and feeding. had a torch with them. I then offered them food if they wquld
cook it near my tent, and gave them what they asked for, rice;

but when a fowl and curry stulf were suggested they took them also. The man would have killed
the fowl by cutting off its head between two stones, but I told my people to give him a knife and
shew him how to cut its throat, which they did, but he evidently disliked to use the knife and
begged my servant to do it for him, and turned away his head 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 hetween
his toes and drawing the meat along the edge of it. They seemed ignorant of the use of salt and
curry stuff as they did not use the condiments till told to do so. Morcover they wanted to cat the
food when only half cooked.

“ The man having washed his hands remained squatting on the ground till his wife served
him, which she continued to do, without eating anything herself, till he signed to her that he had
had enough : she then brought him water to wash his mouth and hands and afterwards atc her
own food.

“The fingers alone were used in eating : some rice mixed with the curry was collected into
a lump and thrown into the mouth, and I noticed that they did not mix any of the mcat with the
S:urr{. What remained of their food was put carcfully away and carricd off next day into the
jungle.

(30.) ““Next morning I sent the man to fetch specimens of the roots they ordinarily feed

Dismissel. on whilst the woman remained at my camp. On his return soon
after midday I dismissed them apparently not ill pleased with

Marriage custom.

their involuntary visit, ”

(31.) I am happy to report that all my assistants have worked willingly and well, sending
Assistants of the party. in their weekly diaries and their monthly abstracts and returns

) _ with regularity. A brief account of the work donc by each assis-
tant taken from his own narrative report is given here.
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(32) Mr. G. Belcham, Assistant Surveyor st grade, was transferred to this party
from No. 1 Extra Party (Astronomical) in order to practise the
Mr. @. Belcham. usual field duties of a triangulating party, of which he had
Litherto 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 Rdmnid 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 definite
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. He also, during this time,
visited and observed at several points about the island of Rémésweram with a view to the Ceylon
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)
was spent in building two masonry pillar stations, one with solid platform 16 feet high, and the
other 19 feet high. :

(33.) Mr. J. Bond, 2nd grade Assistant Surveyor, has been temporarily attached to

Mr 3. Bond the party, joining my campon 19th December, when he took

’ ' 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 200 miles. He was next engaged, during the last six weeks of the

field season, in station-building and ray-clearing on the Rimnid Series, and nearly completed
two stations.

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

Mr. C. D. Potter. having built two (23 feet) masonry pillar stations, 4 large plat-

forms, and finally closed and delivered over 4 stations, besides

inspecting and repairing or restoring the closing piles, &c., of 9 stations about the Cape Comorin

]13.211.86'““8' He also traced and cleared some 90 miles of rays carrying out my instructions with
diligence.

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

Mr. E. W. Lascron. the field season in the completion of the Malabar Minor Tri-
angulation. This triangulation was begun by Mr. Mitchell in
1871-72, starting from a side of the principal triangles near Mangalore and 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. The total length 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.

(2.) The rains having ccased earlier than usual, the party was able to resume field
work by the middle of November.

(3) Inorder to give time for advancing the approximate work and constructing pil-
lars, T visited Seld and Kurwé principal stations to fix peaks in the Bootan Himalayas and fill
up the gap to the west of Long. 92° 30'. The weather was however very unfavourable, and the
atmosphere unusually thick for the time of the year, and no distant peaks were observed. The
position and leight of the obelisk in the river were determined, also the heights of the Church
in Gowhatty and of a remarkable temple in the neighbourhood, all of which bad heen over-
looked at the commencement.

_ (4) On my way to Nikori-Chapri T.S. to commence final observations, I visited the
Lill stations of Kandali, Kholi (a station in Nowgong) and Pdraparbat in Tezpore, and
was able to fix the civil station of Nowgong, the permanent mark being the S.W. corner of
the Jail wall.  Several new peaks were also added and heights taken to nearly all. A better
valuc was also obtained for the side from which Tezpore Church had been fixed.

(5.) . During December and part of January, I took final observations from Madaigion
T.8., Nikori-Chapri T.S., Rodong4 T.S., Belaguri P.S. and Nigri Ting T.S. and carried 5 final
rays. I also rcconnoitred the country about Jorhit, to take steps for fixing it, and then ascend-
ed the Brahmaputra up to Dibrigarh to ¢saminc the nature of the country on either bank,
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On my rcturn I found the station of Majhulia ready, and I took final observations from it
and from Bor Bhiti T.S., Bor-Chapri No. 2 P.S. and Phakwadol T.S. ’

(6.) The advance statious not heing built I marched to Sibsigar on the 18th February,
and examined the ground about with a view to fixing points in the civil station and the Revenne
Survey permanent mark, eithcr by traverse or triangulation. On returning I visited the selec-
tions of Gaurisigar, Bor-Ali P.8. and Sintamunigarh T.S. and took up the trial and final rays
between them.

(7.) While these were in hand I took secondary observations to peaks, whenever wea-
ther permitted, from them. I completed the principal angles remaining at Phakwadol T.S.
and one angle at Noe Ali T.S. by the end of March. During April, I completed the principal
observations at Noe All T.S. and Sintamunigarh T.S. and took secondary observations at
Gaurisigar Temple S., selected and built Gohaingdon P.S. and observed from it the Revenue
Survey station and 3 points in the civil station.

(8.) Sibsdgar has been fixed by direct triangulation but the values are for the present
dependent on a basc-line measured in the station. These values will be corrected in the
ensuing season, when the principal side Gaurisigar to Gohaingéon 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 closed work and marched to Dikd 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
was employed in entertaining Khlassies, masons &c. for his establishment and in looking after
repairs of tents &e. during his stay there. He left by steamer on the 8th and arrived at Nigri
Ting on the 14th November, where he commenced work by renewing the scaffolding at that station
and sending men aud materials across the Brahmaputra river. By the end of December he
had completed and built the pillars at Rodongd and Belaguri and the mascnry portion of that
at Phakwadol.

(11.) Mr. Harris had 3 parties at work. By the end of March he had completed and
built all the pillar and post stations that had been allotted to him. His progress was slow,
from his inability to visit and superintend the different parties at work owing to repeated attacks
of fever and enlargement of the spleen. He was to have selected and built Borghup station,
and cleared the ray from Bor-Alf to Gaurisdgar, but was so prostrated by iliness that he was at
last unable to undertake any work and had therefore to retire from the field in the beginning
of April. ,
g (12.) T had repeatedly desircd Mr. Harris to obtain a medical certificate and retire,
but he was anxious to push on the work and advance the progress of the Survey, and continued
in the ficld longer than advisable.

(13.) Mr. Harris returned to recess quarters at Shillong on the 24th April. His con-
stitution however was quite impaired, and he suffered from repeated attacks of fever and
dysentery, and dicd on the 12th May. The Department has lost in him a very useful and valu-
able member. .

(11.) Mr. O’Sullivan arrived at Gowhatty on the 30th Octoher and soon after com-
pleted all his arrangements for the field. Whilc waiting for the stcamer he visited Mairangkd
principal station to take sccondary observations to peaks, but was unable to do any work
because of the unfavourable state of the weather. L,

(15.) Mr. O’Sullivan lcft on the 8th November and met his establishment at Nigri
Ting on the 15th and commenced work at once. By the end of the month he had cut and
cleared 2 final rays, sclected a station on the right bank, and taken a large number of horizon-
tal and vertical angles at Nigri Ting. In December he carried 3 trial and cut b final rays,
sclected 2 stations and took somc secondary obscrvations from DBelaguri and Rodongi on
the Majhili. ]

(16) At Belagurt Mr. O’Sullivan tried what is known as a post station, and found it
succeed remarkably well.  These stations consist of three stout logs buried in the eround, and
carefully braced togcether. They have been used at Belagurd, Majhulia, Bor-Chapri No. 2,
Tiramira, Raunipikri, Soathol and Bor-Ali, and from the vapidity with which they can be
coustructed have helped materially to advance the Survey.  The stations are denoted by the usual
dot and circle engraved on a large rock imbedded in the ground, or ou a slab let into a masoury
pillar 2% to 3 fect in diameter, and 1 to 2 feet in height. .

(17.)  The south flank stations were all selected by Mr. O’Sullivan during the previous
season on the left bank of the Brahmaputra. 1 have visited them all, and am able to state that
better selections could not have heen made.  Mr. O’Sullivan was therefore cmployed to select
stations on the north flank in conncction with these.  To avoid the frequent crossing of'the
river and to save time, he was dirceted to sclect and build the stations required on the r!ght
bank, to carry and cut the trial and final rays, and also to take the principal obscrvations
with a 12-inch theodolite.
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Mr. O’Sullivan 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. Dhuilt .. T .. .. .. 2
Do. principal angles observed .. .. .. .. 10
Do. do. stations at which secondary observations were taken 7

(18.) Mr. Hughes commenced work in renewing and repairing the scaffolding and pil-
lars at Madaigdon T.S. and Nikori Chapri T.S. He was then employed in bl}lldmg the pillar
and scaffolding at Bor Bhiti, and in collecting materials for building at 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 Brahmaputra, occasionally under Mr.
O’Sullivan, but latterly entirely by himself. He has shown zeal and energy in carrying 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

In conjunction with Mr. O’Sullivan
Miles of trial and final rays cut .. .. .. .. 31
No. of stations built .. .. .. .. .. 2

(20.) The triangulation has been carried a direct distance of 46'5 miles; a further ad-
vance might have been made had Mr. Harris continued in health. This extent of triangunlation
is in excess of that of the preceding season, and is due to there having been a good number of
stations in advance on one flank. No rays had been carried but the sites were selected after
reconnoisance on isolated mounds, old roads and embankments. The rays were carried and cut
last field season.

(21.) The country traversed is generally low and subject to inundations. On the north
bank, on the Majhuli island, the forest was heavy and the reed jungle very thick, which caused
considerable delay in carrying rays through. On the south side the country was more open,
large open low grass plains being met with, which very much facilitated ray cutting. These
plains are called Pathars and arc grazing grounds for cattle during the cold weather, being sub-
merged during the rains. Numerous villages also exist both to the north and south of the
country over which the triangulation was carried. This tract is one of the healthiest in the
Sibsfgar District. I'rom Noe Ali T.S. to Dibrdgarh, the country again gets very unhealthy
from the heavy jungle on both sides of the river, and swamps, for which reason probably scarce-
ly any villages are found except a very long way from the river, and hence the absence of
ferries also, between Salmirra Ghit and Dibrigarh.

(22.) The weather throughout has been somewhat unfavourable. At the commence-
ment of the scason, owing to the carly cessation of the rains, the atmesphere was very thick
and prevented a good view being obtained of the peaks, while the heavy fogs also interfered
with the observations being ohtained at proper times. At the end of December rain set in, and
the season was an unusually wet one.* The grouud was thoroughly saturated with moisture,
and much inconvenience and sickness resulted from pitching on damp ground. By the 24th
April all the low ground was quite under water, in_some places to a depth of 3 feet; ray cut-
ting had therefore to be given up and the work closed.

(23.;  There was a large percentage of sick in each camp during the past seasou, but
only 2 deaihs took place in the field. Every member of the establishment however has suffered
more or less from the unhealthiness which prevailed towards the end of the season; several
have scarcely yet recovered from the effects.

(24.)  livery assistance has been afforded to the Survey party by the Deputy Commis-
sioner of Sibsfgar; alittlc inconvenience was experienced from the absence of some Mauzadars,
who were reported to, and dealt with by, the distriet officers at onee.

(25.)  In March Captain Samuclls the officer in charge of the Revenue Survey party
requested me to malke a connection with the initial points of his Survey at Jeypore, south-east
of Dibrigarh. The only means of effecting this, was by carrying a Secondary Triangulation
along the low hills, starting from the side Sintamunigarh to Gaurisigar of the Assam Valley
Triangulation. I applied to the Deputy Commissioner for permission, and sent him a rough
chart shewing how far iuto the Lotha Niga territory it would be necessary to penetrate. My
letter and chart were submitted to the Chief Commissioner, who desired that every assistance
should be given me for the work, and that the District Superintendent of Police should be di-
rected to accompany the party. The reply was however received too late for the work to be
undertaken last season ; the country at the foot of the hills was represented to be very dangerous
from the malaria, and owing to the sickness in the camps, I was unable to get up a party
for the work ; besides the observations had not advanced sufficiently to give the required data,

* Rain fell on Bﬁiii(-i_n;sho: nlght:bvt;:e-n730‘1711_Drco;n;04r _1873 un?l 30th A});l{i§74



10—, [Season 187354,

Extract fr_om the Narrative Report—dated 1st September 1874—of Captain T. T. CARTER, RE,
Officiating Deputy Superintendent 2nd Grade, in charge of the Brahmaputra Series.

The Native Establishment of the Brahmaputra Series had been ordered to rejoin at
Bogra on the 1st of November, and accordingly Mr. Clarke, as senior assistant in the party, was
directed to arrive there by that date taking with him Mr. Collins who had just joined the
department; I myself arrived at Calcutta on the 1st of November and after taking over charge
of the 24-inch Theodolite from the Mathematical Instrument Depét Calcutta and making
other arrangements proceeded on the 4th November to join my camp at Bogra.

By the 10th November the whole party had collected.

Since the previous field seasou the staff of the party had entirely changed. Mr. A, W,
Donnelly, Surveyor 2nd Grade, had succumbed during the recess to an affection of the liver,
probably of long standing though doubtless aggravated by the trying work of the previous
field season. Mr. C. J. Neuville, Surveyor 2nd Grade, was considered by the medical officer of
the department as unfit for work in Lower Bengal and Mr. Healy, Assistant Surveyor 4th
Grade, had resigned. Mr. L. H. Clarke, Surveyor 2nd Grade, an officer of long standing in
the department and whose services were for disposal on the completion of the Bilaspdr Series
and Mr. D. Collins, who had just joined the department, were the new staff.

After the usual preliminaries had been settled Mr. Clarke was deputed on the 14th of
November to proceed to the tower station of Kéanchipira aud erect the scaffolding there for
the observatory tent, on completion of which he was to proceed to the tower stations of
Kashdoho, Boreil, Narsingbanj, Gobindpur and Alangjini in turn, clearing the rays to be
observed from the same and erecting the hamboo scaffoldings for the observatory tent, and at
the same time to fix by traverse any paka buildings or revenue survey marks within a radius
of 4 miles round these stations, and failing these, the hits, that is, places where the
bazar or rather market is held once or twice a week ; these hits have been held in the same
places for years, their locality is seldom changed and they are generally the site of some fine
old Banyan or other tree which affords protection from heat and rain to buyers and sellers; so
that their position when fixed would probably approximate closely to that shown in the revenue
survey maps of the district. I had previously addressed the Superinterdent of Revenue Sur-
veys, Lower Circle, as to whether there were any revenue survey pillars or other marks which
could be connected with the operations of the G. T. Survey in that portion of the Rungpore
district through which our line of triangulation lay; a set of survey maps of the Rungpore
district on scale of 1 mile to the inch was forwarded but no descriptions of stations were
forthcoming; however 23 points, 8 of which were temples and 15 hdits or market places as
shown on the revenue survey maps were fixed in the vicinity of the tower stations named, and
a mark has been left in each hit for future reference, vide description of traversed points,

season 1873-74.

Having despatched Mr. Clarke on this work on the 14th of November, I left Bogra in
company with Mr. Collins on the 17th, arriving at Kénchipira tower station on the 20th: the
machan or scaffolding of bamboos, was ready for the observatory tent and the instrument set
up on the 24th. It was the dth of December before observations were completed owing to
haze and clouds which continued during the whole of the first week; this combined with a
had form of fever which had carried off two of the heliotropers, prostrated the native doctor,
my own servants and several of the men, and in some parts of the Bogra district was almost
an cpidemic, was not a promising commencement of the ficld season; besides which the
series lay, on its western flank, in the Rungpore district wlere already the price of rice was
high and it was most desirable to expedite the work and complete the series before any real
scarcity came on, which was to be auticipated and did occur later in the season. The district
of Goilpird too, in which lay the hill stations on the eastern flank of the series, is none of
the healthiest ; water is scarce in the hills and the previous year the men employed in building
the platform stations had been laid up with fever to a man, though they were clear of the
district by the 1st of April; the rays too on the closing side were long, the side Rangira H.8.
to Samding H.S. being over 21 miles, that from Singimari H.S. to Alangjini T.S. ahout 20
miles, and the difficulties I had in seeing my signals the previous season with sides never over
12 miles told me what to expect from these long sides when the inliabitants began burning
the bamboo jungle on the low Giro hills about the middle of March, and unless therefore the
series was finished early in March there was the chance of its not being completed during this
season, as delays of 6 weeks have been known to occur before now in similar ground and for
similar reasons. It was therefore a hard and anxious time from the day I began work to the
day I finished, the 6th of March, and though the field scason was short it was a particularly
tryiog one working as it were against time.
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After completing observations at Kénchipira T.S., they were continued at the tower
stations as per margin. It was now necessary to cross over in-
to the Godlpirs 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 o;der a}s;lshowr;linhthe margin., lOn
. the whole the weather was favorable with the exception that
%;‘Zﬁﬁ,’;‘:ﬂ,ﬁfﬁg?ijfc(’;;‘tﬁiff:,;,22633 from the 4th to the 13th of January, at Rangira H.S,, not a
Rangiro H.8. Jan. 3rd to Jan. 16th  single observation was taken owing to a dense haze which
Singimiri H.S. Jun. 17th to Feb. 1st wag not dispersed till heavy rain fell on the night of the 13th
Simding H.S. Feb. 2nd to Feb. 5th ¢ January. The delay at Singiméri was owing to the ray to
Alangjéni being obstructed, which was not found out till I proceeded to take observations.

On completion of observations at Séimding H.S., they were taken up at the tower stations
Alangjéni TS. Feb. 7th to Feb. 19th @S per margin (an azimuth being observed at Alangjéni T.S.)
Gobindpur T.S. Feb. 20th to Feb. 26th and on the 6th of March the junction was completed with the
Narsingbanj [.8. Feb. 27th to Mar. 6th A gsam Longitudinal Series.

The result of the connection shows an error of 4-4 inches per mile in the side of junc-
tion Alangjani T.8. to Sdmding H.S.: though this is large, yet the elements of Latitude, Longi-
tude and Azimuth, as deduced from both series, approximate very closely, and it does not ap-
pear to me that the agreement of the linear value of the common side is a severer test than the

Kashdoho T.S. Dec. 5th to Dec. 11th
PBoreil T.8. Dec. 12th to Dec. 19th

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° 59" 77817 25°59 77648

Alangjiini T8 Long. 89 48 6 -629 89 43 6 818
9 Azmth.293 0 47 700 293 0 46 -225

Log. distance in feet, 4°9962011 4-9962313

L Height in feet 96 feet. 102

By Brahmaputra Series.
Lat. 25° 52’ 42:"990

By Assam Longitudinal Series.
25° 52' 42801

S4mding HS. 4 Long. 90 4 45719 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. Clarke, Surveyor 2nd Grade, completed the building of the bamboo scaffold-
ing for the 6 tower stations on the western flank of the series by the 1st of February; he had
also at the same time connected, with arigorous theodolite and chain traverse, 8 paka buildings
and 15 hits or bazars in the vicinity of the same, marking each station of the traverse with
two mark bricks and a mound of earth raised above them, the terminal station of each tra-
verse (where it was not a paka building) was subsequently marked by a masonry pillar. Mr.
Clarke had also to carry a ray trace between the tower stations of Gobindpur and Narsingbanj
T.S. and Alangjini T.8., and clear the final ray between the same. Subsequently, from the
st of February till the 2nd of April, he was engaged in the Goalpird district building the pro-
tecting pillars over the hill stations, in accordance with Departmental Order No, 1 of the 15th
of January 1866, and also on secondary triangulation.

The sccondary triangulation was executed in the first place to lay down points for the
Revenue Survey of the Goalpari district, a narrow strip of which extends from the vicinity of
the hill station of Sdmding, south between the Giiro Hills and left bauk of the Brahmaputra
river till it touches the Meymensing district; the survey of this portion of the Godlpara district
as well as the laying down of a definite houndary line between it and the Garo hills will, I am
led to belicve, be taken up in the ensuing cold weather, aud the points laid down by Mr. Clarke
will I hope, he of great service to the officers employed thercon ; of these points 11 are at the
foot of the hills of which 5 arec masonry buildings (3 temples, 1 old indigo factory, and 1 well)
and of the others 6 are well known hits, kachahris, or Police Stations at the foot of the hills,
the remaining 14 points are on the lower spurs of the Garo hills. The stations at the foot of
the hills have heen marked by paka masonry pillars and from the descriptions given by Mr.
Clarke should be easily recognized.

In cxecuting the sccondary triangulation a connection was made with the Géro Hill
Survey, executed by Lieutenant Woodthorpe R.E. in the season 1872-73, the stations of Sim-
ding, Rangira, Borchi and Shekarpira being common to both works.

Mr. Clarke’s total out-turn of work during the season was as follows and I think deserving
of commendation,
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No. of miles of theodolite traverse fixing 8masonry buildings and 15 héts or market places 46

»w  » ray trace traverse and ray clearing . .. . 26
»» Tnachans erected at the tower stations for the observatory tent .. 6
,» secondary stations visited .. .. .. .. 11
» Secondary points fixed .. .. 25
»” ’” heights ,, .. .. .- o .. 23
» hill stations protected in accordance with Departmental Order No. 1of 1866 5
»» platforms built for secondary stations . .. .. 20

Mr. Collins, Assistant Surveyor 4th Grade, was appointed to this Department on the 6th
of October and consequently was entirely new to the work. e was 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 well with
training. I have every reason to be pleased with his application.

It will hardly be necessary for me to enter into the physical aspect, cultivation, natural
history &e., of the Giro Hills, the whole of which have been traversed by Lieutenant Woodthorpe
R.E. and fully described by that officer, vide the “ General Report of the Topographical Surveys
of India for the season 1872-73.”

The portion of the Rungpore district through which our work lay this year was very
populous ; being higher than the country described in my last year’s report, it was not so much
cut up with bhils or swamps and consequently locomotion was easier. The rice crop having failed
there was a certain amount of distress on the high land, on the low land the villagers had sown
a considerable quantity of wheat as an intermediate crop before the ““ Aus” or early 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 was bad.

In concluding this report I beg to record the assistance rendered by Captain Williamson
the Deputy Commissioner of the Gairo Hills.

The health of the party was not good, it suffered a great deal from fever from which5
men died. ’

In my last year’s report I stated that I had not becn able to inspect the tower stations
built by Mr. Healy, Surveyor 4th Grade, or the platform stations built by Native Surveyor
Narsing Dis, the former’s work was very good, and the platform stations and isolated pillars
erected by the latter were of very good workmanship, and considering the eircumstances under
which they were built he deserves much credit.

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

(2.) Lieutenant Rogers having been granted furlough to Furope, I was ordered to
Poona to relieve him, and received charge of the party from him there on the 28th October
1873. After opening ont the axis of the 2i-inch theodolite and cleaning it in my pre-
wence, and after giving me full juformation regarding the manipulation of the instrument,
Lieutenaut Rogers started for Lngland, and the party proceeded to the field vid Almedabad
and Dalee, and thence across couutry to Dugur H.S., where I commenced my observations on
the 10th December.

(3.) 'The country from Dugur H.S. northwards, over which the series had to be carried,
is a sandy desert. The sand hills are generally flat topped, low, and of about equal altitude,
so that the advantages of a lilly country are lost, and short sides are unavoidable. When I
commenced my work the weather was good for observing; hut unfortunately it did not long
remain so; and the season on the whole was, as regards weatler, decidedly unfavorable. There
was a great deal of cloud and mist, without rain; and except at the commencement of the
field season the lamps were almost nseless as signuls. I closed work on the 3rd April, and
during the period of my observations, which was a little less than four months, I find that by
adding up the various mornings, afternoons and evenings when work was stopped by bad weather
or bad signals, the days so lost amount to the large number of thirty-four. At one station alone
I was detaincd eleven days.  Ilaving finished my obscrvations on the date ahove mentioned, I
marched southwards, closing with the help of Messrs. Price and Torrens the stations at which
I had worked during the season, and arvived at Mount Ahoo on the last day of April.
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(6.) The following is a general statement of the season’s work :—Observations were

, taken at 21 Principal Stations, forming 3 hexagons and 2 quadri-

General Statement of Season's Work. )ote5]g ywhich embrace an area of 1,552 square miles and

extend a distance of 90 miles along the meridian. An azimuth was observed at Jambo H.S.,

in Lat. 27° 16', to two circumpolar stars. The approximate series was extended 102 miles.

The positions of the cities of Jodhpir and Jesalmer, of the towns of Phalaudi and Pokran

and of several villages were fixed. The area of secondary aud minor triangulation external to
the principal series was 1,667 square miles.

(8.) Mr. Price was in charge of the Approximate Series, and extended it well into

) Bikanir through a very desolate and arid tract. He had very

Mr. W. C. Price. great difficulty in selecting sites for stations and was often

obliged to contract the sides of his triangles until they approached the minimum limit allowable.

T'o build towers in such a country, destitute as it is of lime and almost destitute of water and

of labour, would swallow up so much money and time that it would only be permissible as a

last resource. Mr. Price worked hard and intelligently : the amount of his work, especially
when the difficulties he had to overcome are counsidered, is I think very creditable to him.

(9.) Mr. Torrens was employed on Minor Triangulation. He has determined the

positions of Jodlipir, Jesalmer, Pokran, and of several vil-

Mr. C. P. Torrens. lages, temples and other intersected points. He has worked
very satisfactorily and energetically and has a good out-turn to show for his season’s work.

. (10} It may be as well for me to explain my reasons for directing Mr. Torrens to fix the
position of Jesalmer, as that city lies nearer to the future series which will be carried along the
meridian of 70° than to the Jodhpur Series. The position of the town of Pokran which lies in
about the latitude of Jesalmer, had to be determined from the Jodhpdr Series. The distance
from Pokran westwards to Jesalmer is about the same as from Jesalmer on to the meridian of 70°,
The strip of country between Pokran and Jesalmer is exceptionally populous for that part of the
desert: it has the advantage of being hilly and adapted for triangulation, and a minor series
carried over it would necessarily fix several useful poiuts, and eould be conducted without much
trouble or expense. On the other hand, from Jesalmer westward to the meridian of 70° there
is by all accounts nothing but an uninhabited wilderness of the most desolate kind. Mr. Torrens
verified his triangulation by observing an azimuth in the vicinity of Jesalmer.

(11.) Mr. Oldham acted as my recorder and office assistant during the field season,
and in both capacitics rendered me very efficient assistance.

Mr. W. Oldham. After my observations were completed, and while I was closing
stations he made a recorded plane-table traverse of that portion of the Jodhpdr and Jesalmer
boundary which crosses the series. The boundary unfortunately is a disputed one, so Mr.
Oldham could only carry his traverse along what seemed to him the most probable line in the
strip of country claimed by bhoth States. This picce of work will enable me to show an approxi-
mate boundary on my Preliminary Chart.

(12.) With the exception of the approximate work, which extended into Bikanir, the
field operations of the season were confined to the states of
Jodhpir and Jesalmer. In the Jodhpir desert the triangulation
traversed a sandy country, but towards the close of the season the series entered a part of
Jesalmer where the ground is hard and strewn with dark shining stones. The reflection from
these stones is sometimes like the reflection from water, and for this reason vertical observi-
tions to certain of the heliotropes gave a good deal of trouble. Mirage was frequently
observable in the mornings; but, except in oue or two instances, did not retard my work.

Gencral Observations on the Desert.

{13.) All over the country triangulated, and especially in Jesalmer, water is scarce
and in general brackish. In many cases, according to the statement of the people, well water
which is drinkable in the cold season becomes actually poisonous in the hot weather. The
villages and wells arc few and far between. The former gencrally consist of a collection of
circular thatched wigwams, the inhabitants of which are a primitive, dirty and good-humoured
people, given, however, to highway robbery and other forms of thieving. The wells are very
deep. 1 measured onc at the village of Akhadna near Nok in Jesalmer (said by the people to
be 80 purush in deptht which is 5 fect in diameter and 371 fect deep. The water arrived at
after such a laborious cxcavation was unfortunately bitter and quite unfit for use. The deepest
well T have seen is at the village of Bikri in Jodhipdr. It lias been bored through rock and I
found it to be 5 feet 4 inches in diamcter, and 450 feet in depth. Its water is good, and I
know of no other well so deep in Rajpootana.

(14.) A remarkable thing is that onc sces herds of antelope living in districts which are
totally withont water, except what is drawn from deep wells or village tauks. The people affirm
that these animals in common with the rats, which exist in myriads in the sand hills, never drink,
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(15.) Ttis at first strange to come across villages here and there in a wilderness which
seems fitted to produce nothing but stunted, thinly-scattered bushes and coarse grass. Wheat
has to be imported from Sindh; but near the villages millet (jawdri), and Indian corn (bdjra)
may sometimes be seen, and in afew favoured localities a little barley. The people also collect a
kind of grass (which they call bhrit), from which they obtain flour. The grain of this grass
is about the size of a pin’s head, and is enclosed in a prickly husk which causes a great deal of
discomfort to both man and beast, as it sticks in the clothes of the former and the hair of the
latter and is very difficult to get rid of. Although most of the villages in the vicinity of the
season’s operations are sufficiently wretched looking, several seemed to be fairly flourishing and
are presided over by substantial Thakurs.

(16.) The town of Phalaudi is an interesting place to come across in such a desert country,

Phalaudi The stone tracery of the houses in its principal streets is very

. beautiful, and it possesses a large and well built fort, the wallg

of which are over 40 feet high. This fort has a small garrison and its armament consists of a

few antiquated field pieces which seemed quite unserviceable from rust and general neglect : in

the centre of it there is a deep and capacious reservoir for water. The fort is commanded, but

at a distance of 5,600 yards, by the Ekka hill, on which one of my stations is situated. Mr.

Torrens has furnished notes (which I append) on the country over which he carried his Minor

Triangulation. These notes include notices of the cities of Jodhpir and Jesalmer and of the
town of Pokran.

(17.) The natural productions of the part of the desert where my work lay are very
few. There are salt works on the boundary between Jodhpir and Jesalmer near the village of
Agar. Near Phalaudi fuller’s earth is obtained, and at a place in the same vicinity a natural
cement is found which is much prized, and used in the best class of buildings. The chief trade
seems to be in sheep and salt. The danjdras who bring corn from Sindh load their bullocks
for the return journey with salt; they also carry away loads of the fuller’s earth just mentioned.
The most useful animal in the desert, the camel, here seems to be little if at all inthe market.
The people breed their own camels and keep them for their own use. Good, serviceable blankets,

which are made in every village, also seem to be kept for home use, and are not a general
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
of its famines, and the distress and 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 to subsist. Such causes of disease removed, it
would seem to he generally very salabrious. A few cases of fever and Guinea worm occurred
among the native establishment; but the party, on the whole, enjoyed excellent health. In
order, however, to attain this result great care had to be taken to supply the men with good
food and water, the latter often having to be brought on camels from very remote wells. The
coolness of the weather, which was probably due to the great amount of cloud and mist, may
also have contributed to the healthiness of the party.

Health of the Party.

{19.) In conclusion, it only remains for me to acknowledge gratefully the assistance
given by the Jodhpir, Jesalmer and Bikanir Durbars to myself
and my assistants. The Jodhpir and Jesalmer Durbars fur-
nished me with guards of sepoys and sowars, and the former sent an excelleut vakcel with me
who was of the greatest service to me all through the season. Mr. Price reported to me that
every help wus given to him in Bikanir, and Mr. Torrens bore testimony to the cordial
assistance lie received while working in Jesalmer. Without such assistance progress in such a
region would have been almost an impossibility ; but with it, all trouble was removed except
what was inseparable from the work itself.

Conclusion.

Notes by Mr. C. P. Torrens.

The city of Jodhpir lies at the foot of the hill on which the fort is situated, and at its
southern side ; the greatest length from north to south is about
214 miles, and the greatest breadth § of a mile. It is closed in
on the north side by the fort, and on the east, south, and west by a high wall, capable of
mounting guns, having six gateways. It is a good specimen of a native city and is kept fairly
clean ; there are many wells, and three tanks, one of the latter, an artificial one (only completed
last year) is very fine and large, its bed and sides being of ““pakd ” masonry.

The fort is built on a hill, the highest in the neighhourhood, rising 420 fect above the
surrounding country. There are two roads lcading up to the fort, which unite a few yards
distant from the gateway, and turn a sharp corner beforc reaching the gate; both roads are

Jodhpir City and Fort.
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well protected by guns; besides this there are two other gates to be passed before the fort is
gained, the first a small yet strong one in a narrow pass between two rocks, and the second a
large one approached by a steep ascent, well commanded by guus, and like the outer one made
difficult by being placed round a corner. Access to the fort from any other direction would be
impossible, as the sides are sheer precipices of from two to three hundred feet. The country
below is commanded on all sides by the guns of the fort. There is a good sized tank in the
fort.

The city of Jesalmer is much smaller than Jodhpir, its reported number of inhabitants
being 10,000 ; but from all I could see and hear, the place was
Jesalmer City and Fort. once in a far more flourishing state, and the ruins of its former
greatness are yet to be seen. The water supply for the city is obtained from an adjoining lake,
and when this fails, which is generally the case early in June, good water has to be brought
from the small village of Kisan Ghét which is about 3 miles distant. There are numerous wells
in the city but the water is not good. The city used to be closed in by a rampart, now useless,
as the wall is rapidly crumbling to pieces, and has fallen in in many places. '
The fort, once strong, is now in a dilapidated state and would 1ill stand an assault; it
contains no tank but many wells. The Jain temples in the fort are very fine, the carving in
stone being exquisite; in fact this may be said of most of the houses in the city, the doors,
windows, and walls having more or less carving about them. The greater number of the
inhabitants, who reside within the walls of the fort, consist chiefly of a mixture of Bhiti
Rajpoots and Jains, and are as a rule great opium eaters.

The town of Pokran is on low ground, closed in by hills to the north, south, and west;
and high ground to the cast. Water is very plentiful in the

Pokran. neighbourhood, and very good; the town possesses three tanks,
fine large ones, reported to contain water throughout the year; besides these there are many
wells. There is a small fort in the town well built, and strong in appearance; but quite com-
manded by the adjacent hills.

Close to the town is a large salt marsh about 5 or 6 miles in diameter, into which the
drainage of the surrounding hills finds its way during the rains. TFrom the water of this
marsh as also from that of another somewhat larger in dimensions, near the village of Liowah
(8 miles S.E.) a small quantity of salt is reported to he obtained.

The entire tract of country through which the Jesalmer Minor Series passes, with the
exception of a few square miles of fairly cultivated ground
round Pokran and Jesalmer, is nothing but an arid sand
waste, cousisting of low sand hills covered with scanty brush-wood. Villages, small and few in
number in the eastern portion, get yct smaller and fewer as you proceed west. Vegetation
also decreases rapidly, and at 15 or 20 miles west of Pokran, even the bArit grass refuses to
grow; its place being taken by a kind of shrub (peculiar to the descrt) called by the natives lona ;
the seed of which is collected after the rains and stored away for the year’s consumption; it
is far inferior to the graiun of the dArit, and is very brackish ; so much so that it is only eatable
after being well washed in fresl water, and even then, only when mixed with twice its quantity
of good flour. Trom the appearance of the grain, and from what I could learn from the
natives, there is not much nutriment to be derived from it; and it appears to be used but to
increase the quantity of food taken by each individual. Most of the villages have small ponds
in which the rain water collects, in a good season sufficient to last for 7 or 8 months, but as
a rule, owing to the scanty fall of rain, the supply fails in from 4 to 6 months; the villigers
then have to get water from long distances (16 to 18 miles). 1 have also been informed that
some of the poorer classes who cannot aflord to get the water from a distance, drink the brack-
1sh water (a well or two of which every village possesses) mixing with it a little dahi (curds)
the acidity of which in a measurc counteracts the brackishness of the water. The average
depth of wells is about 250 feet, and the water in all more or less brackish, good fresh water
having been procurable but twice in the series, at Pokran and Jesalmer,

Nature of Country.

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

. (2) Tn compliance with your request I proceeded to your Head Quarters, after com-
pleting the Southern Section of the Bilaspur Meridional Series G. T. Survey of India, with
the party attached thereto,
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(3.) All the Principal computations of the above series were brought up at your Head
Quarters, and a good portion of the Secondary work had been completed when I closed office
and left for Burma, to resume the field operations of the Eastern Frontier Series.

(4.) Agreeably to instructions, I left your Head Quarters; and proceeded to Chunar
took charge of all the Government property appertaining to the Sambalpur Series, deposued'
there, and then started by rail to Calcutta.

(5.) I arranged for the passage of the men and the transport of the Government pro-
perty by steamer, and sent them under charge of Mr. Henry Beverley. I followed by the
next steamer, and on my arrival was informed that cholera had broken out among the Native
Establishment, that £ men had already succumbed, and a third man had been attacked that very
morning and was immediately removed into the Rangoon Hospital. He died there that same
night. The men were then removed into tents some distance from their former locality,
and no fresh cases occurred.

(6.) On arriving at Rangoon I made enquiries for the 10 elephants which were, at your
request, to be purchased in the Province, for the use of the party, and heard that they were at Moul-
mein and that orders had been issued directing them to be sent on to Rangoou to join me. The
elephants reached Rangoon on the 17th, and on the 18th November they were made over to me.

(7.) These animals had never been laden. They were shy and timid of strangers, and
were accustomed to the 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 Upper India for the elephants. These men had no control whatever over the animals; in
fact, they could not approach them. The men who had driven them from Moulmein to Ran-
goon could not be induced to remain a few days with the elephants, until my men became used
to the animals and learned the Burmese words of command, which the animals understood and
obeyed. I now had no other alternative but to engage Burman mahouts at once. I succeeded
in employing two men at 14 rupees each per mensem, and failing to obtain others, I wrote
to Colonel Duncan, and he, through the Deputy Commissioner, sent me two others after I had
left Rangoon. These men were employed by the Deputy Commissioner on 25 rupees each
per mensem, and as these rates were preposterously high, I returned them to Rangoon the day
that they arrived, adopting this precaution to avoid any intercourse between my men and them,
for fear of the former becoming discontented.

(8.) Being convinced that the new elephants would be useless to me for some months,
I applied for aud obtained the consent of the General commanding in British Burma, to my
being supplied with five Commissariat elephants on hire for a couple of months until the cattle
attached to the party became more tractable and were trained to carry loads.

(9.) With the Commissariat elephants and country carts, I was able to leave Rangoon
on the 25th November, a week after the newly purchased elephants had joined me from Moul-
mein. During this week their pads and saddles were made, the former at the Rangoon Jail,
and the latter by the elephant attendants. The new elephants carried nothing. TFor a month
or more they were a source of great anxiety to me. They were constantly throwing their
drivers and bolting into the forest, and were recaptured at much expense, after long intervals.
Two men were severely hurt from falls, one died about a month after, and the other still
complaius of pains in his back from the injuries he reccived six months ago.

(10.) The grand trunk road from Rangoon to Prome, the only made road in the Pro-
vinece, brought me to the West End 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
the interior in the dry weatlier, only from the middle of Janunary to the end of April. The
jungle requires to be cleared annually from the cart-track, and fallen trees, and other obstruc-
tious are not removed but avoided by fresh clearances of the jungle : there are no made roads in
the interior. The forest is cleared to the extent of 5 or 6 feet in width, the most level country is
selected and the carts soon make tracks and wind, turn and twist through this cut path, avoiding
ravines, swamps, and all such impediments which whecled conveyances are unable to surmount.
These cart-tracks are made from village to village, and are most circuitous and tiresome.

(11.) T arrived at my first station, the West End of the Base-line, on the 4th Decem-
ber. After inspecting the station and arranging for coolies for Mr. Mitchell, I left him with
instructions to reclear the ray to Kedan Pillar Station, and proceeded with Mr. Clancey
to the East End Station of the Basc-line, arranged for coolies, and started Mr. Clancey on the
ray from it to Kedau Pillar Station. I personally took up the two rays from the East End
Base to Keingbingyee and Tongtalung Pillar Stations, and commenced the construction of the
wooden scaffolding for the observatory tent and the obscrver at the latter station, as the ray to
it approached completion. The nest seaffolding T took up was Kedau, and I then proceeded
to Keinghingyvee, and completed the scaffolding and the ray to that station from the East End
aud began my final observations on the Ist January 1874.

(12.)  Messrs. Mitchell and Clancey after completing their respective rays, took up the
ray Kedau to Tongtalung, onc at cach cud. I ordered Mr. Clancey to join me at Keinghingyce
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to record in the Observatory, and Mr. Milchell continued the ray and had it ready when I
reached Kedau Pillar Station, after completing my observations at Keingbingyee Station.

(13.) The paddy crop was uncut, the harvest had just commenced when 1 took up the
ray cutting. Coolies were obtained with difficulty, but the coolie contractors, who had worked
with me when I was before in Burma, hearing of my arrival, offered their services, and I
gladly employed them on the same terms as they were fornperly paid on ray clearing. These
coutractors received 8 annas each per diem for superintending the cutters they had provided,
and an additional anna for every man they supplied. I made over one coutractor and his men
to Mr. Mitchell, another to Mr. Clancey, and retained two others myself. As it was the
interest of each contractor to provide as many men as he could, receiving as he did an anna
for each man, he supplied the full complement, and no delays occurred in clearing the rays and
constructing scaffoldings surrounding the pillar stations. The coolies were paid 8 annas each
per dicm, and came readily so long as the rays were near their villages; but, although I tried
my utmost to induce the contractors to accompany me to the hills, to clear the roads to the
stations for conveying the theodolite and for the baggage elephants, I could not tempt them
to undertake the cutting of these roads. ) ] _

{14.) The Burmans are convinced that the block, extending over 40 miles of direct
distance, of the Pegu Yoma hills is exceedingly unhealthy. They believe that the men of the
plains who work on the hills, are sure to coutract fever or lay in the germs of serious diseases.
Captain Alexander, the Assistant Commissioner of the Tharrawaddy district, in which I was
working, says in his letter to me, dated the 5th December 1873, 1 could not send you a man
«] could trust on 12 Rs.a month to act as peon, he would only be a common coolie it he did go
“into the hills &e. away from his friends and exposed to fever &c. unless he was remunerated
“ highly.

° ?:I know by experience that in the villages away from the road and east of it, the people
¢ have nothing in the shape of provisions for sale, they only grow and buy sufficient for their
* own consumption.” _ '

(153.) From the above it will be seen, that Captain Alexander alludes to this unhealthi-
ness, and from the great sickness in camp this season I found it to be the case, for there were a
greater number of sick when working on the hills than in the plains,

(16,) Owing to the contractors and their coolies refusing to accompany me, much
delay was experienced in cutting the roads to the hill stations for the elephants and theodolite,
and especially for the former, which required not only the overhanging branches to be removed,
but all overhead up to 15 feet in height to be cut.

(17.)  Although the roads were taken in hand early in December, they were not ready
when required in February. I and Mr. Clancey had to superintend the road cutters, and to
hurry them on, followed by the elephants and baggage. The paths were difficult and very
teying to the elephants, but with light loads they got on better than I expected. This hard
work of carrying loads up and down hill for 8 and 10 consecutive hours daily, proved the best
training school for the new elephants,

(18.) T am dependent entirely on my elephants in this series, and they have to do all
the work; it is impossible to obtain the large number of men a survey party requires, to take
up the baggage and teuts to the lill stations when elephants cannot ascend them, when too steep
or rocky. T'he cattle in such cases are taken as far as they can go, and the property is
carried up in driblets by the establishment assisted by the few coolies I may succeed in
procuring.

{19.) The elephants of the party have hard work, they are seldom idle, they are either
carrying baggage or convaying provisions. The country is devoid of resources, and Surveyors
have to exercise their ingenuity and forethought in conducting their operations. To expect
assistance, to calculate upon it or to wait for it, ends only in disappointment, disaster and
failure. The motto here holds good “ every man for himself”; youmust do, and be doing; you
must work, and have all about you working ; you can rely upon no aid or assistance. The free
trade and free labor system prevails throughout the Provinee, and the inhabitants, having the
option to work or not, drive the best bargaius they can when their services are needed. The
Officialy arc powerlcss, and recommend the employment of permanent bands of coolies on
monthly pay.

[ 4

(20.) The final operations progressed rapidly during the favorable weather, until the
9th March, when the haze set in and the hills were fired. The atmosphere then became so
impregnated with the haze and smoke, that nothing whatever could be scen; even hills 4 and
5 miles distant were entirely obscured. 1 could not leave the station I was then at until the
beginning of May, when partial showers cleared the atmosphere and enabled me to complete the
observations. I then procecded to Myayabengkyo, where the monsoon broke on us with such
violence on the 11th May, that during partial breaks I was able to obtain my aungles to the hack
stations only.
. (21.) One of the forward stations, The-ye-khu, was so elevated, about 5,000 feet, that
1t was geuerally capped with clouds or was enveloped in mist ; the observations to it could not
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be taken, as neither day nor night signals were seen continuously for 15 minutes. I was under
these circumstances compelled to close work, and return to recess quarters at Monlmein.

(22.) Iam glad I did close work, for I found the country daily getting more and more
under water, from Shoaygheen to Moulmein. I marched with much inconvenience and
difficulty, owing to the whole country being submerged, the depth of water varying from one
to four feet, throughout each stage. From the day I closed work to the day the camp reached
Moulmein, it rained daily ; there were, certainly, breaks for a few hours every da);, but for
hours together we were never without rain. The signal-men who left their respective stations
after me, were able ouly to rejoin at Moulmein, by engaging boats for the whole distance,
Between Pegu and Martaban the country is one extensive swamp for seven months each year,
Mcr. Beverley found great difficulty in marching last year in the first week of December.  He
attempted to go across the swamp, but failing to do so retired to the high ground at the foot
of the hills and then ascended Kaneindong and Myayabengkyo Hill Stations, and after selecting
The-ye-khuand Kuladong, he found the route he had first taken practicable.

(23.) There was much difficulty this season, about collecting supplies at the different
stations, owing to insufficiency of carriage. I had only one spare elephant for this purpose, I
have already represented this to you, and I trust you will be pleased to sanction the 4 addi-
tional elephants I have applied for. With these 4 and the spare one already alluded to, I shall
have 5 elephants for maturing my commissariat arrangements, and I shall be quite independ-
eut of the country, where carts are procured with difficulty at exorbitantly high rates; I had to
pay 5 rupees a stage for a cart. The demands of the owners of carts must be complied with in
this Province, as well as the demands of coolies and guides.

(24) The season has been unusually sickly. I had an average of 18 sick in camp
when I ascended the hills; there were 9 casualties in my camp, and one in Mr. Beverley’s, and
two men lost their sight. They suffered from ophthalmia, which owing to the intense heat,
terminated in total blindness. One was attended by the Hospital Assistant of the party, and
the other was sent to the Shoaygheen Hospital, but both cases proving unsuccessful I was
obliged to send the men to their respective homes, paying their passage and the passage of a
third man to see them safe to their respective villages.

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

(26.) Mr. Henry Beverley, Surveyor 1st Grade, has been engaged the whole season
on approximate work. He had to visit two of the old stations, Kaneindong and Myayabengkyo ;
in the former station he found the upper mark and a portion of the pillar destroyed by wild
elephauts. He excavated the structure until he came upon the lower mark, and rebuilt the
pier to its original height and secured it from being again destroyed by wild elephants, by
digging a trench round it. At Myayabengkyo he found the pillar and platform totally destroyed :
this was done by the Burmaus from the plains or by the Karens of the adjoining hills. Every
stone was removed and flung to some distance from the station. A large deep pit was dug,
with the intention of appropriating the treasure which they suspected was secreted there;
finding none, they returned to their villages withont being detected. Both Mr. Beverley and
Iinstituted enquiries, no clue however could be obtained regarding the perpelrators of the
mischief. A new station was constrncted on the debris of the former, and as this station had
not been connected with the back stations of the old work, it entailed no revision of angles.

(27.)  Mr. Beverley next selected The-ye-khu and Kuladong Hill Stations, forming a qua-
drilateral, in order to break up the compound figure with several centres which was formerly
selected. These new stations entailed the revision of the former work, and owing to bad
weather and difficult ground, he did not progress at the rapid rate he usually advances the
triangulation. Jungjungia Hill Station situated on a low undulating densely wooded range,
extending over agreat distance, caused considerable delay : he had to search for the highest spot
by erecting several scaffolds on this deceptive undulating ground. His search extended for
three weeks of daily labor, until Jungjungia H. S. was selected. The rays then required
clearing, which for want of labor and the difficulty of removing the thorny bamboo jungle,
interlaced and entwined together, added cousiderably to the delay. All the rays from the
station were successfully cleared, but the one to Sittang proving impracticable after the com-
pletion of the ray trace, owing to the undulating hilly ground between the stations being about
here and there very nearly the same elevation as the stations themselves. The ray was aban-
doned, Sittang station rejected, and Kimbdngin, a station in the plains, fixed by the tedious
process of ray tracing, and the rays from it to the connecting stations werc cleared, but owing
to the rains having set in he was unable to make arrangement for the materials for construct-
ing the pillar, which will require a height of 15 fect. .

(28.) 1In addition to the above, Mr. Beverley selected the stations of Suplitong, Chaiteo,
Shoayoungbia, Chaideo and Kathabatong; of these the first three wcre visited, cleared and
constructed in 1869-70, by Messrs. Counor and Bryson. Suplitong M. 8. (formerly called
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Monthamatong) pillar was dug up by villagers in search of treasure, and as the original site of
the station could not be used, owing to the excavation,the new station has been constructed 5
feet from the old spot. )

(29.) The pillar of Chaiteo Hill Station was also found to be tampered with ; the upper
mark-stone was removed, and the pillar partially dcstroyed‘ by pllgrl.ms, w}xo frequent t:he
pagodas aud monasteries on the hill during the anuual festivals. This station was rebuilt.
Shoayoungbia Pillar was visited and found in good preservation. Chawdeo H. 8. was selected
in liew of Keylatha, and is on the eastern extremity of the same range. A lal.'ge pag_oda
occupies the highest portion of Keylatha hill, and as no suitable site could be found for a
station on its summit, Chaideo was substituted. The 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 figures number 10 stations, selected and prepared over a direct
distance of 112 miles. Mr. Beverley’s progress has been satisfactory.

(30.) Mr. J. W. Mitchell, Surveyor 4th Grade, joined me at Rangoon on the 6th No-
vember 1873, from the Madras Party. He accompanied me from Rangoon to the West End
Base-line Station and took up the clearing of the ray from it to Kedau Pillar Station, which
he completed on the 15th December. He then began the ray Kedau to Tongtalung. While
he was thus engaged, he was taken ill with fever, and was completely prostrated by the severity
of the attacl ; he coutinued at his post, treating himself, and on regaining health and strength
after a fortnight’s illness he personally attended to the ray, which during his illness, was con-
tinued by the head man of his detachment.

(31.) After completing the clearance of his portion of the ray, from Kedau to Tongta-
lung Pillar Station, and forming the junction with the remaining portion brought up by Mr.
Clancey from the Tongtalung end, he joined my camp at Kedau Station on the 1llth
January 1874, and after receiving my instructions both written and verbal Le left on the 13th
January to begin his secondary triaugulation, based upon a side of the principal operations to
fix the important towns of Rangoon, Pegu and Henzada.

(33.) Mr. Mitchell’s secondary series exhibits 11 stations, forming 13 triangles; of
which, he has visited 9, the other two are cleared and marked but not visited, he was encamped
in the vicinity and owing to weakness and bad state of health at the time, he was unable to
ascend them.

(34.) Mr. Mitchell joined me at Moulmein, by steamer from Rangoon ; he was still
suffering in health. I hope with better health he will be able to shew a larger quantity of work
next year after this season’s experience in a difficult country,

(35.) Mr. J. C. Clancey, Assistant Survcyor 4th Grade, has been emploved clearing
rays during the early part of the season. He completed the entire ray from the East End Base-
line Station to Kedau Pillar Station, and half the ray from Tongtalung to Kedau, Mr. Mitchell
having cut the other half from the Kedau end. After the completion of the above rays, he
joined me, and coutinued the whole season in camp, recording in the observatory and assisting
generally in all office duties. He has learned the use of the 7-inch theodolite, and was instructed
to observe the sun for time. He has been of great assistance to me in the observatory and
office, :

(36.) To make himself more efficient for this series, he devoted much of his leisure to
acquiring the Burman language, and counld read pretty well when he returned to recess quarters ;
as he is still continuing his studies, he will soon acquire as much knowledge of Burmese s is
necessary for communicating personally with the inhabitants in their own language.

(37.) Mr. Clancey afforded satisfaction, and promises to become a valuable assistant.

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

(1) The camp and natives of the party left Bangalore for Gut{ in the Bellari Division,
Movements of party and ite onora. by march, on October 23rd 1873. Mr. O. V. Norris, Assistant
tiona, porty P Surveyor 2nd Grade and myself joined the camp on its arrival
at Giiti travelling by rail from Bangalore.

The main line of levels was opened on November 7th 1873 from a rock in sifif at

Giiti on the Gniti-Bangalore high road; thence the line was carried through Belldri, Hospetta
and Hampsdgram, across the Tidngdbadra River at Hesarir to Gadak; then on by way of
Behatti and IbLli (near Dhérwar) it was continued to Muudagod in North Kanara, from
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which place it was taken due west to Yellipur, and down the Aribail Ghét by the new cart
road to the sea at the port of Kdrwar, North Kanara District.

This main line was completed on May 10th 1874, and on May 12th tidal observations
for determining the mean sea level at Karwar approximately, were commenced and weré
extended over a period of 5 days.

(2) The season was throughout a hot one, for the work ; instances of being able to read
Weather and Health Statement. the staves at greater distances than 4 chains (88 .ya'rds) between
9 o. M. and 3'30 p. M. wererare : over the black soil in the Belljri

District the weather was reputed unusually warm for that time of the year (Decr. and Jany.)

We experienced many windy days, while working between Belldri and Dhérwar entailing
extra labor aud loss of time.

From November 7th 1873 to May 1874 work was stopped only on three occasions by
rain; between May 1st and 6th we had storms of wind from the N.E. accompanied by torrents
of rain; subsequently, aud very fortunately, the weather held up fair until May 18th. Down
the coast at places south of Karwar, much rain fell during the month of May,

I am happy to say that the camp suffered but little from sickness during the 7 months
it was out on the work; the season in North Kanara was considered a healthy oue.

(8) For many stretches along the whole line, water was scarce, and this proved very
annoying, as the camp had to be pitched in situations, remote
from the favorable positions for carrying on the work. The
200 miles of country, from Belliri to Hubli is principally of black (cotton) soil, red soil and
rock outcropping on the higher portions.

Black soil is indescribably bad for Levelling work in every way; the red soil gives a
good fouudation for the instrument, and the air is always much steadier over it than over black
soil, but peg driving becomes a troublesome operation.

The above mentioned piece of country is undulating, in places very wavy, and occasion-
ally hilly.

d The remaining portion of the line from Hubli to Kirwar was found almost intolerably
hilly for the work, as may be seen on reference to the “Sum of Rises and Falls passed
over by the Staves” given in the table at the end of this Report ; ouly 14 miles of the main line
led across country.

The River Haggri was crossed at Piramadavenhalli, there was little water in it, but its
sandy bed stretches from bank to bank over a width of nearly § of a mile.

The River Tdngabadra was passed at Hesardr on February 1st 1874, then it had a width
of water of 11 chains, and was 10 feet deep in midstream.

(4.) Work used to be closed between 10 and 104 a. ». and resumed as soon after 2 ».y.

Hours of work and arrangement of as the state of the air permitted, so that the number of stations

the same. observed before and after noon were about equal.

The lengths of line observed in a “ Forward” direction (towards Kdrwar) balance in
amount the lengths of line gone over in a “Back” direction (from Kdrwar) in the 20th
mile from Kdrwar : in the last 20 miles to the sea, the length of the forward section is a little
in excess of back section,

Nature of the country passed over.

(5.) The temporary Tide Gauge apparatus used at Kérwar consisted of a hollow
iron Telegraph Standard, put down at the head of Karwar pier:
the distance of the surface of the water from the zero of the
Gauge, was measured by means of a large float, inside the post. Readings were taken at
equal intervals of time (solar and luuar, hourly) of a solar and lunar day, extending over 4
complete days : also sets of observations were taken on each side of the High and Low Water.
As the rise of tide at Kérwar is small, it is probable that the result obtained by taxing the
arithmetical mean of the series, observed after this method, will, when corrected by the * mean
of the year” be found to be very approximate to the truth,

Tidal work at Kdrwar.

(7.) The following Tables show the out-turn of work in detail,

Longth inmiles | Nombeof | Numborof | Sum f s g il o

Main Line. Feet

Double liue of levels
Giti to Habli .. .. .. 200 75 1,962 7,774

Do. do. do.

Hibli to Karwar .. .. 104 45 1,930 11,251
Branch lines, also double 19 .. 239 845
Totals .. .. 323 120 4,131 19,870
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The G. T. Stations of Namthahad near Gitf and Kdndgorl near Dhirwar were connected.,

The height of top of rails in the Gdti, Gdndakul, Virdpur and Belldri Stations on the
« North Western Line” of Madras Railway was determined. . '

Six points of the Karwar-Belliri Railway Survey were picked up, also 3 points on
Irrigation Lines of Levels.

Number of Number of paké points and rocks duly
imbedded B. M. 8. prepared and inscribed.
Giti to HEbli .. .. .. .. 13 ' 217
Hdbli to Kdrwar .. .. .. 3 98
Total .. .. 16 315

Mark mounds of stones set in cement were erected in the vicinity of some 50 of the
above points,

Extract from the Narrative Report—dated 29th July 1874—of Captain A. PULLAN, 8.C., Officiat-
ing Deputy Superintendent 3rd Grade, in charge Kattywar Survey Party.

PERSONNEL. Sub-Surveyors. The Party was constituted
Captain A. Pullan, S. C. Govindji Mahalay. as per margin. Of the Survey-
John McGill, Esq., Asst. Supdt. I]‘;u_rs]u Di(;km_'.d ors Mr. F. Bell joined me in
rshna rovind. .
Surveyors and Asst. Suroeyors. Shridhar Saccaram. the field d“rmg February 1874.
Mr. F. Bell Vishnu Moreshwar, Mr. T. Rendell was transferred
" 3. Wood Bliolaji Bhosckar. to the Tidal and Levelling
, J. . - 2
> N. C. Gwynne. ?(le]sl?illl:ti?‘it:{ll. Party from the 1st of March
» ']11 f:‘gﬂdﬂlL Tookaram Chowdry. 1874 and Mr. Corkery joined
"W A?[i;it(;lding_ , me from Poona on the 6th of
» H. Corkery. Apprentices, December 1873.
Ganesh Ramchandra,
Head Sub-Surceyor, Vislinu Bulwant.
Mahadeo Ragouath.

Vieaji Ragonath.

During the recess of 1873 fair copies of Sheets 10, 11, 20, 21 and 22 were prepared
on the 2-inch scale for reduction and publication on the 1-inch
scale.
Degree Sheet No. VI, comprising Sheets 15,16, 17, 18, 25, 26, 27 and 28 of Kattywar,
Degreo Sheet No. VI was fair drawn on the } inch scale; this work was commenced
T by Mr. N. C. Gwynne during recess and completed in the field.
The map will be found in my opinion highly creditable to Mr. Gwynne,

Recess work, fair copies.

The out-turn of work during the past field season has been very satisfactory. 2174 square

miles ot country have been trigonometrically surveyed pre-

Out-turn of Ficld work. paratory to mext year’s topographical operations, while 2201

square miles of country, exclusive of overlap, have been

topographically surveyed and 1234 linear miles of Traverse Survey have been run over

that arca, demarcating the boundaries of States and checking the details of the Plane
Table Survey.

The Party started for the field on the 22nd October. The subordinate Native Estab-
lishment marched from Poona to Bombay, which place they
reached on the 27th. On the 28th they sailed by ¢ patimar”
(native boat) for Gogo and landed at that port on the 7th and reached Wadwan on the 15th
November. With the Native Establishment was the heavy baggage together with the horses of
myself and my assistants. The rest of the Party proceeded by rail to Wadwan in Kattywar
and I opened office there on the 18th November 1873,

Five or six days were spent in completing the projection of plane tables, mending
perambulators, testing chains, &c., and at the end of that time the various plane table and
traverse partics dispersed to their different boards, Mr, McGill, Assistant Superintendent,

Departuro of the Party for the Field.
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proceeded on the 20th of November to take up the triangulation which I had assigned to him,
He was accompanied by Lieutenant Gibbs, R.E., of the Guzerat
Party, as Major Haig was anxious that Lieutenant Gibbs should
have the advantage of some weeks’ training under an observer
of Mr. McGill’s skill and experience. Lieutenant Gibbs, remained with Mr. McGill for a
month and at the end of that time he proceeded to Wadwan aud thence to Sanand to join the
Head Quarters of the Guzerat Party at that place,

As I had received instructions from you to make a survey of the city of Rajkot together
with the British cantonment, on the scale of 12 inches = 1 mile,
I proceeded from Wadwan to Rajkot and took the necessary
measures for commencing the survey of Rajkot, examining the ground, ascertaining the position
of existing boundary stoues, and comparing the map of cantouments as issued by the Quarter
Master General’s Department with the station as it now stands.

Bench-marks were erected at important points of the

SECT ION Survey. These bench-marks were of stone 12 in. x 12 in. at top,

el 6 inches 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 examining the projection of the field chart, I surveyed
the environs of the town of Rajkot, with the plane table, on our
usual topographical scale and also examined, in the field, the work
of Native Surveyors Govindji Mahalay, Shridhar Saccaram, Vish-
nu Moreshwar, Nilkant Vital, and Keshu Vital who were working
in adjoining boards. In the month of March I moved northwards,

Lieut. Gibbs, R.E., Asest. Supdt.,
Quzerat Party.

Captain Pullan,

4 T examining the work of the plane table surveyors en routfe to Jhin-
! jura on the border of the Gulf of Kutch. Here finding the
e “mangrove” swamp and treacherous sand offered considerable
3 S obstacles to the plane tabler, I took up L. P. Table, N. W. Section,
i 1874 Sheet 32, myself and surveyed the edge of the gulf accompanied
| — r——d by Ganesh Ramchandra, a very intelligent lad, whom I thus trained

to this half land half water surveying, so that next year he will be
able to work alone. Besides turning out this plane table I examined the work of surveyors in
adjoining boards and continued my inspection until the 25th of April, when the season’s work
being with the exception of two check traverses completed, I moved in the direction of Wadwan,
which place I left on the 6th of May en route for Poona, after having seen the field stores and
equipment carefully housed for the rainy season.

Mr. McGill on leaving my camp at Wadwan on the 20th November proceceded north-
. . wards towards the Rann of Kutch to complete the triangulation
J. McGill, Bsq., Assistant Supd. of Sheet 31, left unfinished by Mr W_v;)tt, as he foubud that
Mr. Wyatt had in many cases not taken reciprocal vertical angles. Mr. McGill was obliged
to visit the major portion of Mr. Wyatt’s stations over again. On the 27th of December he
was able to proceed aud take up the triangulation of Sheets 42, 43, 44, and 45 ; this triangulation,
in many places difficult and irksome, owing to the mud banks aud salt creeks which intersected
the western half of the work, Mr. McGill successfully completed by the 20th of April, and
as he was then quite knocked up Ly the exposure of the last ten days of work I requested
him to proceed to Poona and be ready to open office there on the arrival of those assistants
who completed their work first. I may here mention that Mr. McGill fixed the position of
the Tide Gauge building at Hanstal and erected a station
on the bench-mark west of the building. He also fixed a bench-
mark on Somartar Island in the Raun of Kutch. It is unnecessary for me to comment on
the work of so able a triangnlator as Mr. McGill further than to say that his work is as accu-
rate and good as that of former seasons,
Mr. Bell was transferred to the Kattywar Party on the 1st of March from the Bombfl\y
Tidal and Levelling Party, and proceeded to take up the
Mr. F. Bell, Surveyor Srd Grade. triangulation of Shegts 40, };md 41. P Mr. Bell worked very well
until the 20th of April, when he wrote to me that the heat was very severe and the refraction
and dense haze rendered it almost impossible to observe satisfactorily ; whereupon, as the work
he was engaged on was not of an urgent nature, I directed him to close work. Mr. Bell
requires some practice at supplying points for topographers.
Mr. J. Wood left Poona on the 25th October in charge of the Native Establishment

Tide Gauge building at Hanstal.

Mr J. Wood. Surveyor 4th Grade. and heavy haggage of the party. Ile executed this charge
(decessed). suceessfully and worked steadily through the ficld season and

turned out his plane table in 2 very neat and workmanlike manner. On the 24th of April he
proceeded to Poona, and on the 8th of May I received a telegram from Mr. McGill giving me
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the news of Mr. Wood’s sudden and violent death. Ihave already had the honor of communis
cating with you as to the circumstances of Mr. Wood’s sad_eud; I would here merely re'cul:d
my deep regret for his loss and adgi my testimony to that of other executive officers as to his
steady industry and devotion to his work. _ ' )
Mr. Gwyune was employed from the middle of .Nove_mber until the 8th of January in
M. N. C. Gwynne, Assist. Swveyor  completing the fair drawing of Degree Sheet VI, of Kattywar;
1st Grade. this work he did to my thorough satisfaction. On the comples
tion of the Degree Sheet Mr. Gwynne took up topographical work and turned out 3 plane
tables in a thoroughly good and artistic style. Mr. Gwynne also trained Ganesh Ramchandra,
Sub-Surveyor, and this lad’s subsequent work has proved that Mr. Gwynne is a clever and
instaking instructor.
pamataMr:, Rendell was employed on topographical work until the middle of February and
Mr. T. Rendell, Assistant Surveyor completed 2 accurate and neatly executed plane tables. Mr.
1st Grade. Rendell was on the lst March 1874 transterred to the Tidal
and Levelling Party under Captain Baird. . )
Mr. Wyatt was employed on topographical work during the entire season and completed
Mr. E. N. Wyatt, Assistant Surveyor 3 plane tables of good quality both for accuracy of detail and
ist Grade. artistic drawing. Captain Trotter, R.E., my predecessor,
particularly mentioned Mr. Wyatt to me as a very hardworking assistant and I caa thoroughly
endorse this opinion.
Mr. Fielding was employed on topographical work during the entire season. He executed
Mr. W. A. Fielding, Assist. Surveyor 4 plane tables and instructed Sub-Surveyors Vishnu Balwant
2nd Grade. and Mahadeo Ragonath in the use of the plane table. Mr.
Fielding always turns out a considerable amount of work and it is always accurate. He is very
painstaking and his style of drawing is now very good.

Mr. W. Oldham, Assistant Surveyor Mr. W. Oldham was transferred to this party on the
3rd Grade. 1st of June last. He has worked very steadily and well since
he joined me. B

Mr. Corkery was appointed to the Department on the 20th November 1873 and joined

Mr. H. Corkery, Assistant Surveyor My camp on the 6th December 1873. As it was necessary that
4th Grade. he should be trained, I sent him in the first instance to Mr.
Fielding, and afterwards to Mr. Wood, for instruction, and when the latter officer reported
him fit for independent work I sent him on the 18th of January to take up R. P. Table, N. W,
Section, Sheet 33; Mr. Corkery finished this plane table on the 29th March., He has worked
steadily and well, and on the whole his progress has been good.

Visaji lagonath, senior Sub-Surveyor, was employed in projecting plane tables, coms

Sub-§ ¢ Visn'i Ragonath puting poiuts, and also in the survey of Rajkot on the 12-inch

R-surveyo )t e ’ scale; he worked during this season in the same satisfactory
way in which he has always done hitherto.
Govindji Mahalay worked very well throughout the season executing 3% plane tables

. in good style and very correctly. For honesty and ener
Sub-Surveyor Govindji Mohelay. Gogiudji Malalay 1s a ga.ttern to t)l71e rest of the S):lb-Surveyo;gsy.
* * * * * * * *

Having in view the area triangulated by Mr. MeGill, covered as it is by a very large numa
ber of well selected intersected poiuts, and the very cousiderable area of country topographically
surveyed, supplemented as it is by the 12-inch survey of the town and cantonments of Rajkot,
on which the smallest dctails are plotted to scale, also having consideration to the small
triangular error of the triangles and the inconsiderable chain error of the traverses, I think, I may
fairly say that the out-turn of work for season 1873-74 is very creditable to all hands.

To The principal towns contained in the sheets surveyed this
WNA, R
season are as follows,

1st. Rajkot on the hank of the Aji River, the residence of a 2nd class chief and the offi-
cial capital of the peninsuln. The Political Agent for the state of Kattywar resides there and it
is also a military station for a small British force. 2nd. Morbi on the banks of the Machu, the
principal town of the Morbi State and residence of the Thakur. TUnder the able superintendence
of Mr. Sambn Pershad, the Extra Assistant Political Agent, the town with its well kept roads and
neat public offices is an example to the other states., The roads throughout the state of Morbi
are in excellent repair. 3rd. Winkaner the Capital of the state of that name on the bank of
the Machu is a strongly fortified town and the residence of the Thakur. Other towns of lesser
note are Kotra Sangini, Pardhari, Lodika, Latipur and Tankaria.

Worthy of mention is the little feudal village of Khirasra standing on a high plateau
about 10 miles S. W, of Rajkot: the village is surrounded by a strong bastioned wall, behind
which nestle the houses of the *“ Bhayad”—or blood relations and connections of the Thikur—
and over all towers the ““ Kcep” of the Thikur, grim and loopholed; outside the walls and

close beneath them are the houses of the cultivators and low caste artisans, these also with a
strong wall breast high to protect them,
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This v_i]lage _vivid}y recalls the not very remote times of Surashtra, when every man’s
hand was against his neighbour, when cattle hifting was the honored occupation, and the popular
dictum was that “ they may Zake who have the power and they may keep who can.”

Of the small rivers which water the tract of country surveyed, the principal are the
Machu, Aji, Demai and Und. The Machu river, which is the
most considerable, rises among the Winkaner Hills, and

flowing under the walls of Wéankaner and Morbi discharges itself into the Rann of Kutch, near

Malia. This river is remarkable for its rugged and rocky chanuel and precipitous sides; man

a long detour has to be taken along its banks ere a place is found passable for carts, ’ y

Sheet 35, the most southernly portion of the ground surveyed, is Lilly, the hills being low
steep and bare of vegetation, the valleys between being well
cultivated and very fairly productive. This sheet is traversed
frgm east to west by the very peculiar range known as ¢ Sirdhdri”, which runs for over 30
miles in a long low narrow ridge, varying from 40 to 100 feet in height and from 12 to 8 feet
in breadth; no bends or sinuosities occur throughout its length, and it has the appearance of
having been “ruled” across the country. The geological formation of the range is basaltic,
The ground in sheet 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 however broken up into ridges as in
sheet 35. Sheets 33 and 32 are level, the country becoming, as one nears the Rann, an almost
unbroken flat, riclly cultivated and supplied with water from many large tanks and ponds.

The scenery at the head of the Gulf of Kutch is very peculiar; first, there is the dis-
tinctly marked line of cultivation, cotton, wheat, “bajri”, making a pleasant variety of color
and outline; treesare dotted about, and villages stand out in relief against the sky, or show
white against the green masses of the “ tope” of trees which almost invariably surrounds them.
Next comes the dry, salt impregnated surface of the Rann, half sand half black earth; here and
there a stunted bush or two dot the waste, but as a rule it is utterly bare and desolate. A low
rauge of sandy hills shuts in this Rann from the wide spreading swamps, which extend as far as
the eye can reach and are covered with a dense thicket of almost impassable mangroves, and
intersected with a close network of salt streams. The sea itself is away beyond the mangrove
swamps, and at high tides the waters of the gulf roll up, covering the morass and washing up to
the very foot of the sandy hills. A white sail dots the horizon here and there, and the observer is
cheated for the time into the idea that he is on the sea shore; but a few hours after the illusion is
dispelled and the sea might be far away save for the cool salt breeze that pours through the
tents, and brings a reminder of the vicinity of the ocean. While surveying the country border-
ing on the gulf I witnessed some very beautiful effects of ““ Mirage”; at midday more especially
the surface of the soil, glittering with saline particles, seems changed to a glassy sheet of water,
the scattered villages assume larger proportions, houses and walls appear gigantic, trees gain
double height and bulk, while all appears reflected as in the waters of a placid far stretching lake;
but, while the observer gazes in admiration and wouder, the beautiful vision fades, or rather
passes on to light up another portion of the coast in hike manner. On another occasion the
smooth salt surface of the ooze became a still summer sea, such as Vandevelde loved to paint, and
ou its bosom lay old dismauntled hoats, white gulls flitted here and there, and a far away grey line
of coast closed the picture in the extreme distance. Had I not known that the gulf was six miles
off, and hardly accessible at all from land, I should have thought myself within a few minutes
walk of the sea, so perfect was the illusion. Nothing grows on these salt morasses except man-
grove and a long coarse grass in scattered patches. Various sea birds feed at will, over the slimy
ooze and along the edges of the salt streams that wind their way through the swamp; and in the
early morning herds of antelope may be seen hurrying back to the borders of the cultivation, after
having eaten their day’s allowance of salt on the edge of the Rann.

I may notice here the beautiful crystals and agates which abound over the portion of
Kattywar which I have visited ; masses of crystal white and amethyst together with  fortifica-
tion” and other agates are scattered broadcast over the ploughed fields or sparkle among the
debris of the river’s bed. .

Cotton is largely cultivated over all this part of Kattywar and is a source of certain
income to the cultivators; the principal grains grown are
Wheat, “ jowari” and “ bajri” and near some of the villages
are fields of vegetables and patches of sugarcane; wild indigo is found all over this part of
Kattywar and I should say might be cultivated with advantage. A noteworthy feature in the
country under review are the dense belts of toddy palm which oceur at Sigilia, Sanosra, Chela,
Jodpur and Jodpur Rohisala; there are distillerics at all these places.

The climate of this part of Kattywar is dry and warm away from the sca coast, but as
one nears the gulf, is sensibly affected by the cool sea breeze
which blows nearly all day. "The minimum tcmperature near
Rajkot at 12 o’clock during the month of January, was 66°°9 and maximum at 12 o’clock 8970
during February in the same part of the country, minimum 72°5, maximum 90°0 ; during March
in the Morbi district, minimum 79°-9, maximum 100°8 ; during April at the head of the gulf of
Kutch, minimum §7°-6, maximum 103°-0,

Rivers.

Aspect of the Country.

Cultivation.

Temperature.
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I was agreeably surprised to find that drinkable water is procurable even during summer
Woter all along the borders of the Rann. Here and there the Sur-
) veyor has to send several miles for good water, but as a rule a
little care and arrangement is all that is required to enable the traveller and his people to obtain
drinkable water all the year round.
A very large number of camcls are bred along the borders of the gulf between Juria
. and Malia; droves of them may be seen wandering liere
Animals. , B
and there over the swamps, browsing on the mangrove ; inured
from their birth to the treacherous slippery ground, they pass along safely over the ooze and
swamp where a Bikaner or Ilissar camel would slip and fall before it hiad gone fifty yards, in
fact where any camel but this peenliar breed would refuse to go at all.  Great horse breeding
country as Kattywar is, not many lorses are bred in the part of Kattywar of which I am now
speaking. Sheep are very plentiful and their meat is particularly juicy and good.
The rural population of this part of Kattywar are principally Kohs and Kanbis under
P the rule of Jhareja Rajputs ; a sprinkling of wandering Waghérs
opulation, . !
along the river banks, and the usnal complement of low caste
Dhérs to each large village. In the towns there is a large admixture of the Mahomedan
element, and along the border of the gulf and in the northern part of Morbi, towards the
Rann, many of the villages are inhabited solely by “ Miana’ Mahomedans, strongly built
black bearded fellows, good fishermen and boatmen, but unwilling to work, save for themselves
and at their own craft; they have also the reputation of being accomplishied thieves.

Proposed arrangements for nest I propose that the work of next season shall em-

scason, brace.

1st.  The triangulation and topographical survey of the small portion of Kutch required
to complete sheets 42 and 31.

2nd. The triangulation of the northern half of sheet No. 103 on tlie Index Chart.

3rd. The triangulation of sheets 52, 53, 58 and 39.

4th.  The topographical survey of sheets 43, 44, 43 and 31.

Sth., As there are still many small dct.whe(l bltb of boundary shown approzimately on
the various pul)llshe(l shects of Kattywar, and as these boundaries have now
been for the most part definitely settled and marked out, I purpose sending an
expericnced traverse Survevor to take them up and survey them correctly ; the
boundaries when completed will be laid down on the office copies of the
diffeccnt sheets und thus no boundaries will remain approximate on our

sheets.
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GREAT TRIGONOMETRICAL SURVEY OF INDIA.

INDE)& (‘HI\I"I‘ ()b THE ~ KATTYWAR TOPOGRAPHIGAL SUR\IEY.
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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 to rather a large amount of mapping I did not leave my recess quarters at
g g pping ) q
Dato of taking the ficld Poona for Guzerat till the 1st December; the party then con-
& ' sisted of the strength as per margin.

At Surat I was joined by

PERSONNEL. . v ¢
. . Balwont Govind. Mr. T. A. LeMesurier, Assistant
Major C. T. Haigz, R.E. Multand Dinkur, " .
Lieut. J. E. Gibbs, R.E. Ganesh Narayen. Superintendent Guzerat Revenue
Mr. A. D'Souzn. Ganesh Bopuji 2nd. Survey, as successor to Mr. A.
A. D. L. Christie. Bhow Govind Al ; | ,
» H. McAfee. Monnjee Aboo. Dalzell in char ge of the Revenue

Connor. TPrimbok Sudaseo. Survey Lstablishment attached to

C.

E.J.

" .('I}.}fl)ickia. Revenue Survey. my party, the latter gentleman
A

. Cuseon. having Dbeen transferred to the

v A %“yﬁmﬁ Mr. T. A. LeMesurier. Nassick Revenue Survey.
» S _" ’ Native Surveyors. (3.) On the 16th March
Native Surveyors. Kuber Parbhudass. 1874 Mr. McAfee left my Party
gopnth]i;hml_-' e }’"i‘b'”\‘nlfbis;“g;; and proceeded to join the Kuma-
nes apuji 1st. al 2 aram. tarliweal Par .
R::oji NumyeJn. Jogal Munsukram. on and Garhwal Party an(! from
Laximon Ghorpm‘i. Gopal Gunesh. the 1st of March 1874 till the

end of the field season Mr. Cusson was absent sick.

(4¢) During the season one sheet and a quarter, i.e. about 690 square miles, have been
topographically surveyed on the scale of 4 inches to the mile.
Two sheets have been prepared for topography, by triangulation
and traversing, connecting all the village trijunctions and other important points on the Revenue
Survey Maps with our triangulation. Two shcets, of which the triangulation had been
previously done, were completed as above with traversing and one sheet was covered with a
net-work of triangles without any traversing and also the triangulation for the Survey of the
Déng Forests in sheets 52, 53, was commenced by Lieutenant Gibbs, who covered an arca of
about 500 square miles with triangles of 10 mile sides besides fixing a number of intermediate
points which can be made stations of a triangulation of smaller sides.

(5.) Tle area topographically surveyed is much smaller than usual, and smaller than
I had hoped to have completed; but as it was our first season
of working on the 4-inch scale it cannot be considered unsatis-
factory, especially as it throws on the lands of the party a larger amount of mapping than
they have hitherto been able to attempt in one recess.

(6.) 1 proceeded direct from Poona to Ahmedabad and thence I marched with my
whole staft of topographers to Moria, a convenient village about
13 miles ou the road to Gogo, and in plane table No. 16 of
sheet 80. On this plane table we commenced work, all the Surveyors being for a time specta-
tors, so that they might, when they separated, all work on the same system, which was some-
what different from that to which they had been accustomed; and they then distributed them-
selves over the 12 easternmost plane tables of shect 80 so as to Dbe all near at hand, and
I visited them all to see that they understood the plan of working.

(7.) I will now describe in detail the mode of working which was finally adopted and
which all the Surveyors now quite understand, though we
took some little tuime 1n maturing it, during which the work

Work done.

Topography.

The start.

Mode of procedure.

progressed rather slowly.

(8.) I have stated in my last year’s report that in designing the project of the travers-
ing, the end I kept in view was to determine the position of a point close to every village site
and the positions of all the village boundary trijunctions. Besides these obligatory points the
traverses of course give us others, as for instance the traverse stations between the obligatory
points and many crossings of roads and nallas,  Additional measurements when necessary are
also taken to enable all the obligatory points and all the traverse stations to be plotted on the
Revenue Survey village maps.

(9.) On distributing the topographers I provide each with a plane table on whichis a
graticule 33 minutes longitude by 3% minutes latitude, and all the triangulation and traversing
stations and data points, and along with this a copy of the Revenue Survey Map of every
village (wholly or partly included within the graticule) reduced on semitransparent paper to
the scale of 4 inches to a mile. On these village maps are also marked all the triangulation
and traverse data points.

10.) A Surveyor thus provided, having made all his points on the ground conspicuous
with poles and brushes, where necessary, sets up his table at the given point near some village
site from which he traverses round the village with his plane table and lays down the actual
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limits of the ground occupicd by houses and the emanations of all roads; then if the village
is a small one hc.sets up his tablc at onc of the data points on the boundary and traverses rou;]:d
the boundary, laying down all points where roads cross it ; he then has two points on each prinei-
pal road, one at the village and the other at the boundary, and with the aid of a piece of black
leaded transfer paper he traces in the road on to his plane table from the village map. If the
distance between the village site and the boundary excecds three quarters of a mile he traferses
round an intermediate cirenit, and such of his plane table stations as are important as being near
to roads or other topographical features he plots on the village map (by means of measurements
to the nearest corners of fields) as well as plotting them on his plane table. He also sets up his
plane table at every tank and works along the banks of all streams, such items not being
shewn on the village map with much accuracy of detail but merely as non-assessed spaces,
In the course of this procedure he will notice any roads which may have recently sprung up
and are not shewn on the village maps, and he sketches in the undulations of the ground, and
indicates its character whethier wooded or open, From the village authorities he borrows
the local copy of the village map on whicli all the liedges are shicwn, and ascertains how
much of the land is assigned or ©“ Winta” as it is termed, and who the assignee or Wéntawila
is, and what portious are lying waste; and this information he indicates on his own copy of
the village map.

(11.) 'Then when he sends his plane table to my Office completed and accompanied by
the village maps I have not merely a topographical survey of the country on the scale of 4 inches
to a mile, but I have the means of laying down on it all the fixcal details shewing which parts
are hedge-bound and which open. The village maps also give the positions of all the wells
and the names of all the tanks.—I say I have the means of laying down these minutie, but
it still requires a little mcthod to accomplish, becanse if the village map be superposed in
its place on the plane table it will not always fit into its correet limits; in fact we may say
that if we take any two points in the village map and place them on their correct positions on
the plane table we shall find a diserepancy between any third point and its correct position;
but if the three poiuts are not far from each other, say 4 of a mile apart, the discrepancy will
be so small that it can readily be adjusted by an ordinary draftsman and the necessary corree-
tion applied to the intermediate detail. DBut from what I have just stated, in regard to the
process of working in the field, it will be at once understood that, what with triangulation
stations, traverse stations and plane table stations, there will be a net-work of points common
to both maps by which they can bedivided up into triangles always having sides less than three
guarters of a mile. Thus by taking a triangle at a time the fiscal details of the village map
are easily transferred to the plane table map, and in this way we have a topographical map
on which the lands of every village have assigned to them their corrvect limits and the interior
fiscal details being added it becomes a cadastral map of the country. Of course properly
speaking a cadastral map is one which shews all the buildings in the towns to scale, but all
that I have been able to do in that direction has been to survey the principal thoroughfares
through the villages and fill in the spaces with conventional blocks of buildings.

(12) I must now state in what particulars we in practice deviated from the above

Deviations in practice detailed method. In the first place during the exccution of

) the first 12 plane tables I directed the Surveyors to transfer

the fiscal details from the village maps, each on to his own plane table, as le progressed with

his topography. This was found by some hands a very diffiendt and tedious job, and some of

them executed the job in such a way that it had to be done over again; consequently I directed

them only to furnish me with the means of transterring the details from the village maps to
the plane tables in my office.

(13.) Then as I had no separate staff of draftsmen in my Office T had to let the work
of transference of fizcal details from the village maps to the plane tables stand over till we
returned to Poona, when I found it more advantageous not to transfer these details on to the
original plane tables at all, but on to the fair copics, and for the following reasons.

(14.) Before returning to Poona I represented to Colonel Prescott, Superintendent
Guzerat Revenue Survey and Assessment, that it would greatly accelerate the publication of the
large scale maps if I had the original plane table maps photozincographed in pairs i blue, and
80 save the labor of having them all traced by hand with the aid of a tracing 2lass, and [ oalo
represented that my contingent grant wonld not admit of my paying for thi~ al the ordmary
rates, and I therefore asked him to apply for permissiou to have this work regavded as part of
the legitimate assistance that should be rendercd by the Revenue Snrvey in the utilizstion of
their maps and charged to the account of the Revenne Survey. This was at onee acceded to.
Then the Officer in charge of the Photozinco. Office asked me to let him undertake the job as
speedily as possible as he then had but little work in hand but expected xoon to have his h?.n(ls
full. I therefore sent him the plane tables as they were, without waiting to transfer the fiscal
details on to them, .

(15.) But to return. The topography of shect 80 was not completed until nearly the

Progress of topography ia sheets 80 end of March, after which I moved into the Surat District
and 14. and took up a portion of sheet 14, I was anxious to take up
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a portion of this district because in sheet 80 the Revenue Survey detail with which we had to
deal was the result of operations undertaken nearly a quarter of a century ago, whereas the
detail in sheet 14 is the result of very recent work, and, as might have been expected, the
forcing which was necessary in sheet 80 to get the details into their proper relative position
almost entirely disappears in sheet 14.

(16.) The country along the eastern margin of sheet 80 and extending a few miles
into the sheet is thickly wooded and closely hedge-bound; but
as we advanced west we got iuto a very open and bare looking
country, the trees and hedges being almost eutirely confined to the village sites or their imme-
diate vicinity. This sheet includes a very remarkable lake called the Nal (popularly spelt Null)
covering an area of about 18 square miles. The water I believe nowlere exceeds 10 feet in
depth and for the most part it is capable of being crossed by wading; during the monsoon the
depth of water increases and I am told there is then a water connection between the Gulf of
Cambay and the Rann of Kutch vid this Nal. The water of the Nal is sweet during the monsoon
and early cold weather but as the hot weather advances it becomes more and more brackish.

(17.) 'There are a number of islands in the Nal near its margin. Most of these, and
many parts of the banks of the Nal, are covered thickly with reeds which are used by the na-
tives for thatching their houses, and the poorer classes live on the roots, which they clean, dry
and grind into flour called “Bir”: on the adjoining tracts of salt waste there is a short kind of
grass the root of which is also eaten by the natives.

(18.) The country in the east half of the sheet is very level and wooded; the western
portion is open, and from the low level many plateaux rise from 5 to 15 feet, to which the cul-
tivation is mostly confined.

(19.) The sheet comprises portions of the Sanand, Dholka, and Viramgam TAluk4s of
the Ahmmedabad Collectorate and small portions of petty states under the Kattywar Political
Agency. It is traversed by the Ahmedabad and Gogoe and the Ahmedabad and Viramgam roads.

(20.) In sheet 80 there are four different kinds of tenure under which the land is held,
viz. Khdlsa or Senja, Tdlukddri, Inimi, and Foreign territory under the jurisdiction of the
Political Agent in Kattywar. There is an interesting and lucid explanation of the different
land teuures under PBnritish rule in Guzerat in the General Report on the Administration of
the Bombay Presidency for the year 1872-1873. Here it is sufficient to state that in the
Khilsa villages the ryot or tenant of each field pays his rent direct to the British Govern-
ment; in the Tdlukdari villages a Talukdir pays a rent for the whole village; while in the
Indmi villages no rent is paid at all to Government, It is necessary to mention this because of
the consequent difference in the village maps. In the map of a Khilsa village we find the land
divided into a host of fields, sometimes almost too small to be properly shewn on the 4-inch scale,
but of course sometimes as large as 10 or 12 acres, and every tank or unassessed space is indicated.
A Talukdiri village map presents very little partition into fields, the roads forming frequently
almost the only division of the map and often they are not all shewn nor are all the tanks.
Of the Indmi villages generally there are no maps fortheoming at all, but sometimes a map
eXists giving merely the periphery or honndary of the village. There are no maps at all of
the villages in Yoreign territory. The Khilsa village maps are therefore by far the most
valuable to us aud next to them the Talukdari,

(21.) XKhdilsa villages are also very frequently divided into Winta (a share) and Tal-
pat (the remainder), the Winta land being held by some Tilukdar; but the British Govern-
ment let out the fields, collect the rents, and settle the account with the Talukdars. I mention
this, not that there is any difference in the map from that of a village not so divided, but be-
cause it is an important division, and one that I am therefore indicating on our final maps.

(R2.) The S. L. section of sheet 14 which was also surveyed during the past season
comprises a portion of the Ulpér (spelt also Ulphar and Orpid)
Tiluk4 of the Surat Collectorate, and of the Kathor Pargana of
the Nowsaree Mahal in Gailwiri Territory. It is a flat country, fairly wooded, hut the trees
are for the most part small, babool trees predominating. The principal towns in this section
are Ulpar, Kathor, Sindhir and Variao. The river Tapti enters this section at the S. E. cor-
ner and passes close along its southern margin; in the vicinity of the Tapti there are many
ravines 50 feet deep and more, several of which are utilized as roads. The B. B. and C. I.
Railway also crosses this section, entering it at about 170 miles from Bombay and leaving it
in the 180th mile. Therc are also several made roads traversing this section, viz. the Surat
and Déndi road (D4ndi is the village on the coast from which the mail boat crosses the Gulf
of Cambay to Gogo), the road from Surat to Ulpar and on to Hansot in the Broach Collec-
torate in sheet 13 (published), and the road from Ulpér to the Sayen (Sion) Railway Station.

(23.) The villages in thia part of the country are much more numerous than in the

Co . . Alimedabad District; there the areas of some of the village
mparison between the materinls land .d 10 squar iles, 1 . ile i

of the Revonue Survey in sheet 80 ands exceec quare miles, here one square mile 18 a com-

and in sheet 14, mon area for a village, and the holdings are small in proportion.

There is also an absence of Tdlukdari villages in the Surat

Description of sheet 80.

Description of shect 14.
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District, and only very few Indmi villages, so that sheets 80 and 14 present t
the gain to be derived from the Revenue Survey Maps, and while egen in th}:ae X(}frr:;?lzi):é‘
District we may obtain a very satisfactory map on the 4-inch scale, shewing all the holdings
bye-roads, foot-paths, wells &c., in sheet 14 it would be quite possible to produce as satisfagc:
tory a map on the 8-inch scale, if it were necessary.
(24.) The right plane tables in sheet 14 were completed about the end of April, and
Close of the field season. 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 m
Assistants. assistants. As it was imperative that I should myself attend
to the topography at the opening of the field season, it was
impossible for me to ground Lieutenant Gibbs in the departmental method of triangulation
so I directed him to accompany Mr. McGill, Assistant Super:
intendent in the Kattywar Party, who left Poona on 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 Sanand 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 I, emanating from side Warsora-Dhimanwa of the Aboo Meridi.
onal Series and to close on the Kattywar net-work triangulation.

(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 the Dings, which
was a work of first importance but which could not be taken up till the end of February, on
account of the deadly fever which closes the Ding jungles to strangers throughout the cold
weather,

(27.) Had I anticipated the difficulties with which Lieutenant Gibbs met in degree
sheet 11, I would have reserved that work for my most experienced triangulator who perhaps
might have achieved a little more success; but it gave Lieutenant Gibbs an opportunity of
seeing some of the greatest difficulties with which a trigonometrical surveyor has to contend,
and it was owing to no want of energy on his part that greater success was not achieved.

(28.) His initial side Warsora-Dhimanwa lay through a dense jungle which, in the
22 years since the ray was cleared and observed by Lieutenaut Rivers, had grown up so as not
to 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
triangulation, 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 about 16 miles, when on the 19th February
he had to close his work and proceed to take up the Dang triangulation.

(81.) On the side Pilwa-Ghontwal he laid out and observed a double series of triangles
closing on Ripgarh h.s., using a 10-inch theodolite by Troughton and Simms and observing
his angles on one pair of zeros. A reference to the tabular statement of the out-turn of
work will shew how successful Lieutenant Gibbs was in point of accuracy in this work. In
this series he fixed 8 new stationsand 32 intersected points. Theselatter are all on hill tops;
he tried to fix points in the valleys but did not succeed, on account of the thick state of the
atmosphere which rendered the observations of opaque objects hacked by trees impossible.

(82.) Lieutenant Gibbs anticipates that there will be great difticulty in the topographi-
cal survey of this district, for not only does the haze and smoke impede the view down from
the hill tops into the ravines, but the ravines themselves are so precipitous and tortuous that it
will be very difficult to find spots in them from which the hill stations will be visible, and
the amount of iron in the rocks will render the magnetic compass useless. I attach a very
interesting report by Licutenant Gibbs on this district.

(83.) Lieutenant Gibbs, after completing this work, determined the position of the new
Light House on ¢ the Prongs,” a shoal of rocks in continuation of the Kolaba promontory in
Bombay.
}('34«.) Mr. D’Souza was employed early in the season in instructing new hands in
plane tabling and afterwards in supervising and examining the
work of the native Surveyors, and I found him so useful in
this work that I contemplate emploving him in a similar way next season. He instructed two
native Surveyors, Mounajee Aboo and Trimbak Sndaseo, in the use of the plane table, in the course
of which he with his own hands completed one plane table and nearly half of two others or
about 44 square miles on the 4-inch scale. Mr. D’Souza had under him 5 plane table parties,
each in charge of a native Surveyor, and he exercised a rigorous supervision over them all,
examining each plane table on the ground. The total area of the plane tables which he exa-
mined smounts to 360 square miles. '

(35.) Mr. Christie started on his work from Broach on the 15th November and in the

- course of the season covered sheet 31 with a net-work of
Mr. Christie. triangles averaging 2 to 3 miles sides, which he cxccuted with a

Lieutenant Gibbs.

Mr. D'Souzs.
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6-inch theodolite by Troughton and Simms. _

(37.) Sheet 31 comprises about 140 square miles of the Broach Collectorate and the
remainder is Gaikwéri territory. Mr. Christie took pains to connect all his statious in British
territory with the Revenue Survey “ Binds” at the corners of the fields in which they were
situated. This completed the triangulation of the Broach Collectorate ; the traversing which is
still required to connect all the village sites and trijunctions _w1.ll be taken up by the Revenue
Survey Party under Mr. LeMesurier next month. Mpr. Christie progrcss.ed much more rapidly
over the western half of the sheet than over the eastern, as the former is open the latter very
woody, but he very satisfactorily covered the sheet with points. )

(38.) Mr. McAfee instructed Mr. Bryson and Ganesh Narayen in the use of the
plaue table and exercised a supervision over Raoji Narayen when

Mr. Medfec. working on his first plane table, 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 Kumaon and Garhwal Party.

(89.) Mr. Connor, assisted by native Surveyors Gopal Vishnu, Ganesh Bapuji 1st and
Ganesh Bapuji 2und, prepared sheets 78, 79 for topography with
triangulation and traversing. Mr. 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. Connor 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 trijunctions of all British village boundaries
as well as of conspicuous trees and other points useful to the plane-table Surveyors. There is
in these two sheets a considerable portion of Gaikwari territory in which the village boundaries
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 projecting

Mr. Hickie plane tables and charting and miscellaneous current work of
’ ) which there was an unusual amount, so much so that his hands
were always full as well as those of the two native surveyors I also kept in my Office.

(41,) Mr. Cusson was employed in plane tabling and he altogether turned out 53

Mr. Cusson square miles very neatly; illness compelled him to abandon
) ) his plane table on the 20th Iebruary, and he came to my
camp where I employed him in my Office until 1st March, when it became apparent that he
would not be fit for hard work for some time and therefore for the remainder of the field season
he went on privilege leave.

(42.)) Mr. A, Bryson was employed all the season in plane tabling. Having always
before been engaged in triangulation, I placed him under Mr.
MecAfee for instruction for a short time. His draftsmanship
was not good, and T am sorry to say he did not inspire me with much confidence as to the
accuracy of his work as I had to reject one of his plane tables.

(43.) Mr. Hall was also employed the whole season in plane tabling, and Tam well

Mr. Hall. plcased with his diligence and accuracy, it was only his second
field season but he has now become a valuable assistant.
(44.) The tabular statement appended to this report will shew in detail the amount and
Tabular Statement. relative value of work turned out by each of my Assistants and
by the native Surveyors.

Mr. Connor.

Mr. Bryeon.

(45.) 1have now to mention the Revenie Survcy Establishment under Mr. T. A.

. LeMesurier; he joined me at Surat on the 3rd December and

Mf"ﬁﬁ;}’:,ﬁ,“k,“,‘_”’ Establishment under ¢ once proceede(l] with me to Ahmedabad, and after receiving

his instructions he took his Establishment into sheet 82 the

traversing of which he took up, connecting every village sitc and trijunction with the triangu-

lation. He finished this about the middle of January, and then took his Jistablishment into

sheet 14 and completed the traversing in the northern portion of the sheet which it had not

been possible to finish during the previous season, and then he took up the traversing of sheet
15 which he finished about the middle of April and then proceeded to Poona.

_(47.)  During the past recess Mr. LeMesurier, who is a very good draftsman, has heen
rendering valuable assistance in the drawing of the maps; six sections (double elephant sheets)
have been drawn by him.  His Surveyors were cmploved during the first part of the recess in
the reduction of their traverses in sheets 82, 14, 15, computing the rectangular co-ordinates of
the stations with reference to the centres of the respective shects, and afterwards in transfer-
ring the field details from the Revenue Survey village maps to the blue photozincographs of
the plane table sections. These blue photozincographs are furnished me in duplicate; on one
copy the native Surveyors transfer the ficld details in bold black lines, the other is taken up as
the final map for submission to your Office, and on it the ficld details arc traced with the aid of



32_:\. [Season 1873.74.

a tracing glass from the first copy.

(48.) In a few days I hope to be able to send you some of the sections of sheet 80 for
publication, when I have no doubt you will be thoroughly satisfied as to the advisability of
completing the Survey of British Guzerat on the 4-inch scale. We 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 under Mr. LeMesurier, to be able to turn out annually nearly as much
work on the 4-incfi scale as was expected from us on the 2-inch scale.

(49.) I should perhaps here mention that the scale of Survey being the same as that
of the published maps, and the large scale of 4 inches requiring a softer general tone than maps
on the l-inch scale, my draftsmen have been required to draw in a style altogether different
from that to which they have hitherto been accustomed. The drawing of the maps on the 2-
iuch scale for reduction by photography to the 1-inch scale had to be coarse and bold, where-
as in the maps I am now preparing every thing has to be drawn as finely as possible. Doubtless
it will be noticed that there 1s 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 Ddngs visited in March—May 1874 by Lieutenant
J. E. Gibbs, R.E.

(1.) The portion of country, to which my report refers, comprises parts of the Dha-
rampur, Binsda, Baroda and Sulgina native states, and of the Déngs which are for the present
under the charge of the Collector of Khandeish.

(2.) The general aspect of the country is a mass of wooded hills and valleys.

(8.) The bills are for the most part isolated, rugged and steep. Towards the east
however they become more and more connected, plateaux being
formed, which are again sometimes surrounded by higher

masses. In the line of the Glits, to the east and south of the Dangs, huge and fantastic

masses of rock tower above the rest. The spurs of the hills almost invariably rise in steps, and
the summits are generally flat.

(4.) The valleys till they reach the open country are nmarrow and very winding, with

Valleys. steep sides, countless short steep ravines running 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, without 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 inhabitants make matters worse
by throwing in poisonous bark to stupify the fish, which then
rise to the top, and are shot with arrows if large, or caught in the men’s clothing if small.

"T'he people in consequence always take care to drink from springs, or from excavations at the

sides of the river beds. Towards the end of the hot weather most of the water gets putrid. There

is a deep well with good water at Wagai, and another at Garvi. At Rdpgarh there is a peren-
nial spring at the top of the hill, supplying a tank in the old fort and a hollow in a cleft in the
northern scarp, with water which is at any rate better than what is obtainable at the foot of the
hill. At a few other places the water was palatable, but in most varied from the nasty to the
nauseous. At Unide Mit4 there is a celebrated hot spring, which according to my mfo;mants
cools sufficiently once in 13 days for people to bathe in it; Captain McRae tells me that it is cool
only on one day in the year, during the annual fair. When I visited it the temperature was

128 4° F. that of the air in the shade heing 89°; an analysis of some of the water I brought

away with me gives however nothing abnormal in its composition. It would be interesting to

detect the means by which the priests divert the hot water on bathing days before it emerges
from the shrine.

(6.) The slight amount of information as yet collected about this hill country leaves a
wide field for research in ethology, zoology, botany, and geology ; and as it is unlikely that any
one, whose duties do not compel him to euter the country, will do so, except perhaps for a few
weeks’ sport, it would be well if those who have to enter could be induced.to talfe note of, and
report on the many points of interest that must necessarily fall under their notice.

(7.) The far greater number of the inhabitants, and all that live in fixed villages belong

Inhabitants. to the Kumbi, Warli, or Rajpit castes, all those in one village
gencrally belonging to the same caste.  These villagers till the
ground to a small extent, and for food supplement the small animals, which they shoot with

Hills.
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arrows, with fruit, coarse rice and n4gli. Though their food is scanty, they drink very hard,
the Parsees having a good trade in toddy and mahwa liquor. This latter tastes and smells
somewhat like Kirsch-wasser, and the first batch of each hrew is above proof, the second quality
being about as strong as } gin and § water. Such is the liquor of which a man will consume
large quantities in a day, with the thermometer rising above 100° in the_ shade. While the
mahwa flowers are falling, the people distil for themselves, but have no idea of collecting a
private store. The people wear very little clothing, except in the neighbourhood of the larger
villages of the plain. Every man carries a small sickle shaped knife in the string of his langoti.
Their huts have wattle walls of the tall boru grass stalks with a roof of the same covered with
“pullies” of hay; the latter they seem invariably to place stalk ends down-wards, while the
fan shaped part lies above; this arrangement looks as if it must hinder the rain from running
off; indeed I do mnot think the people attempt to keep out the wet effectually. They are a
miserable looking lot, ugly and weak, with stringy limbs and potbellies, that made my khalasies
remark with contempt that all the men had “aurat ke pet” (thereby showing a profound
ignorance of what often takes place in the ranks of luxury). Lung and chest complaints,
and the skin diseases, due to poverty of blood and dirt, seem common among them.
TFevers too are of course very prevalent. The statistics I have collected about the villages I
visited seem to point out that the population is rapidly decreasing, the proportion of children
to adults being as 34 is to 59. Iudeed the small number of children met with is striking.
In practice the people seem to be monogamous. They are very shy of strangers, occasionally
flying as if panicstricken, but as a rule they soon come back, and are very eivil and obliging.
Their curiosity in some matters is as remarkable as their apathy in others. A crowd of men
have frequently sat and gazed at me steadily, watching my every movement, but. of that crowd
several probably had never been 10 miles from their village, except in the direction of the
nearest town., Sometimes however they will suddenly desert their villages and migrate after
the manmner of the Bhils. The aboriginal Blils are now very few in number, and rarely met
with except in the retinue of their chiefs, since if warned of the approach of a stranger they
will desert their habitations at once, and if surprised in the woods will flee and hide almost
before one is aware of their presence. They are slighter and smaller than the other races, and
are chiefly noticeable for their extreme blackness, wild appearance, and scantiness o_f clothing.
They live chiefly in bough huts, which may often be met with deserted. The Bhils having strange
superstitions, and at once migrating if they think their locality is unlucky or haunted. They
will seldom remain a fortnight in one place. They feed on all sorts of vermin and garbage—
many roots, and all fruits coming with them under the head of food. They are a dirty and most
degraded race, having no notions of equity or honour. Their one happiness is to get drunk. At
Pimpri I saw the Bhil R4jd or naique of that Ding. Heis said to be the best of the lot, but
even he is only sober in the early morning ; he possesses an elephant, but the state he keeps up is
very small. Besides the inhabitants proper there are parties of Hindoo and Mussulman traders,
called Banjirds, who are continually bringing in salt and taking out rice, ndgli, and the like,
carried in double bags by large droves of bullocks. The whole of a family marches together,
and they encamp at night within walls built up with the bags. The women are very well
dressed and have a sort of head dress pealked at the back over which the siri passes. Also
there are the people employed by the Forest Department. All the cartmen I met with were
Musulméas, ) . )

(8.) The language spoken on the western edge of the hill country is Guzerathi, but
soon changes to a corrupt Marathi which is very difficult to
understand.

(9.) Any one who has plenty of spare time may amuse himself very well here. Tigers,
pantliers, bears, boars, hison, sambar, bekre, and in the low
ground hares are all to be met with if suitable arrangements

Languago.

Animals,

be made. :

(10.) The birds, areinlarge numbers, and of all sizes and colours from the large black
and white eagles to the tiny humming birds. A very interest-
ing collection might be made, and I regret that I am unable to

give the names of the many varictics that I was able to notice. A list of the local birds

would without doubt be of great value to the ornithologist.
(11.) TIsaw some very fine rock snakes, one couple about 9 feet long. Lizards, small
Reptilcs. and large, are in great varicty.
(12.) Scorpions aud centipedes arc common, especially the latter, so that one has always
Tnsoct to be on one’s guard against them. The small black centipede
B N .
seems to be the most common. Of énsects proper the lepidop-
tera make a beautiful show. Often during the heat of the day pairs of gaudy butterflies have
chased each other round and round my observatory tent on the hill top, and rested on the ropes
within my reach. Beetles too of every colour and size, locusts, tree suckers (which drive
their long probosces through the soft white bark of certain trces) and two or three sorts of
mantis are very commou. I saw somc very fine spiders, notably one large variety of a light
grey colour with handsome black markings on the body and along the thighs.

Birds,
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(13.) The trees that strike the eyc most are :—the tall Saouwar or Red Silk cotton
tree, Bombaxr Malabarica (Hooker), with its magnificent show
of crimson flowers, followed by seed pods containing the silk
cotton ; the Bhils gather this when the pods are half ripe to make into tinder; it also makes
good stufting for pillows.

The Khandol (Sterculia urens) a bare white tree with gaunt leafless arms, looking
ghostlike by moonlight; it has tufts of velvety, puce-coloured, star-shaped flowers; the
soft white wood is used for making into platters, as it does not warp in drying.

The Sagwanor Teak tree (Tectona grandis), with tall straight trunk.

There were few large trees in the parts I visited, the Pimpri valley having been cleared of
them for building the Bombay navy. Towards the interior of the Dangs there are very fine trees,

The Sisoma or blackwood tree (Dalbergia latifolia) I found in large quantities in the
neighbourhood of Ghusmie Mitd, and to the northeast, growing to a thickness of 18 inches :
for upholstery and cabinet work it is of course very valuable. ’

The Khair tree (Acacia catechu), valuable owing to the terra japonica obtained by
boiling the heartwood and unripe seeds. The heartwood is cut into chips by the men, and
the boiling is superintended by the women; each woman has in front of her two rows of 6
pipkins each in which the chips are boiled ; in the centre are two larger pots, into which the
concentrated ‘ kith’ from the smaller pots is collected ; here it is allowed to thicken still more,
and finally is extracted in portions as large as can be taken up in the fingers, and left to dry
in the sun. There are several manufactories in the Ddngs; the people who make the kéth
are of a low race, and filthily dirty ; there is supposed to be some secret in the process. The
terra japonica is used in betel chewing, and also exported for tanning purposes.

The Am (Mangifera Indica), the Jungle Mango,

The Amli (Tamarindus Indica), valuable for its fruit and giving good wood for building

urposes.

PP The Panas, or Jack Tree (Arfocarpus Integrifolia), with its huge fruit with peculiar
shagreen exterior.

The Bar (Ficus Benghalensis), the well known banyan trce.

The Mahwa (Bassia latifolia), Yram the flowers of which the ‘daru’ liquor is made.

The Dhari (Grislea tomentosa 2), a low tree with thorny stem, and beautiful bunches
of tubular scarlet flowers.

The Waras (Heterophragma Rozburghii), a small tree with bunches of scalloped and
crimped white flowers.

There were several kinds of trees from which, if wounded, red sap exudes, from which
strange sight the idea of the enchanted wood of Tasso, and of other similar wonders probably
sprang.

g (14.) The whole of the hill country consists of ¢ Deccan’ trap. The hills are all
capped with thick strata of dark basalt, varying in texture
but generally finely crystalline, and containing much iron.
It is occasionally slightly columnar in structure. The sides of the hills below the precipitous
capping are covered with debris of the rocks above; but where rock masses project from
the loose stuff, they generally appear to be less compact than those above. As I have already
mentioned, the spurs of the hills rise in the characteristic steps. In the beds of the rivers
I gencrally noticed that the rock was considerably speckled with small felspar crystals,
and also showed much hornblende when fractured. The houlders were of many different
kinds, most of them close grained and crystalline; some however being very porphyritic,
some full of the magnetic oxide of iron which rusts in the cracks into the peroxide, and
some very full of slender prismatic crystals of what I believe to be matrolite. However I
had not the means by me for detecrmining the mineralogy, and I could not afford to carry
about specimens with me.

Looking down from a high hill, it is at once evident that all the configuration of the
ground is simply due to the erosion of water, but at the same time the stupendous result 1
almost bewildering; no other natural agent could have carved out the steep, deep, aad narrow
valleys through the horizontal strata; but the amount of power and time required for the process
cannot be calculated. This does not of course refer to the strangely tilted peaks in the ghéts,
above referred to, which show unmistakeable signs of the immediate proximity of voleanic force.

Having been warned previously to my entering the hill country that the water, even if
boiled and filtered, would be unfit for'drinking purposes, and that those who drink it would be
sure to suffer from fevers and diarrhea, I took with me a portable still, which with very llt.tle
trouble supplied me and the Christians and Mahomedans of the party with water for drinking
and cooking purposes. The Hindoos objected to using it, and it would have been of little
good giving it to them, as on the march they drink from any pool near. I believe that 1t 18
principally owing to the usc of the distilled water, that my servants and I were very free from
sickness, while all the pcons and khalasies had several attacks of fever and diarrheea, although
I made them take quinine almost cvery day. T thercfore strongly recommend the use ofa
portable still in districts where the water is known to be bad,

Botuny.

Geology.
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Extract from the Narrative Report—dated 20th November 1874—of Captain H. B, THUILL
R.E, Officiating Deputy Superintendent 1st Grade, in charge of the Km};aun and Garhwal gg '
the Dehra Dun Survey Parties.

(1) During the recess of 1873, while Lieutenant J. Hill, R.E. was in charge, the party

Rocess of 1873, was employed on computations and in preparing the fair maps

of Kumaun, surveyed during the previous field season. Four

s}mdgdl ;nd two skeleton sheets were completed and sent for publication before the party took
the field.

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

(3.) The only portions of Kumaun and Garhw4l which then remained to be surveyed,
embraced some of the highest ground in the great Himalayan
range. To attempt surveying such elevated regions during the
winter months, would 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 was therefore instructed to postpone the prosecution of the Kumaun and Garhwil
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 Din, as are not
included in the Government Forest lands which were being surveyed independently by Captain
F. Bailey, R.E. of the Forest Department.

Portions of Kumaun and Garhwél
remaining to be surveyed.

Dehra Din Survey.

(4.) As there was no separate demarcation establishment to precede the Survey, the
Superintendent of the Din was referred to for assistance regarding the demarcation 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, and though the boundaries are tolerably well demar-
cated with permanent pillars, they are not sufficiently numerous to define the boundaries for
the purposes of a Survey. The Superintendent promised cordial support and assistance, and
orders were promptly issued to Zamindirs and Grant holders to define their bLoundaries by
temporary marks at bends and turns, where not otherwise defined by natural features, and to
have the lines cleared between them ready for the Survey.

(5.) On assuming charge of the Kumaun and Garhw4l Party, the organization consisted
entircly of European Surveyors., For the large scale Survey
of the Din, 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 ground, of which therc is a considerable
amount in the Din, in which boundaries are the chiet object, the ordinary method of chain
surveying had to be rusorted to. Ior this process it was necessary to employ native agency,
otherwise the cost of such operations, which involve cousiderahle additional labour, would be
materially enhanced. '

(6.) One of my first duties therefore was to change the organization by having a pro-
per proportion of Native Survcyors to the Europeans, I found
however it was impossible to obtain trained men, and I was
therefore forced to entertain men who were entirely ignorant of surveying and to have them
instructed in the special work which we required. The labours and difficulties attendant in
training a large number of men need not be expatiated on; it is sufficient to say that without
an exception all the men were perfectly ignorant of the rudiments of surveying, an‘d were
generally unacquainted with English, which increased the difficulties of instruction. To teach
such men the use of delicate instruments would have been a labour involving considerable dclay
and in many cases perhaps failure; and as the working season was passing on, it was an object
of importance to utilize as far as possible the services of these men while the field season
lasted.

(7.) I decided therefore to have them taught the use of the simplest instrument for tra-

; versing, viz., a circular protractor (ordnance pattern) rgounted on
Mothod of Burveying. a plane-table. This method of traversing had been introduced
by Lieutenant Hill with snccess in the Blidbar and Taréi tracts of Kumaun. A circular catr}(]i-
board protractor, graduated to quarters of a degree from left to right, commencing from the
south, is mounted on an ordinary plaue-table, and the magnetic mcridian line, found in :
usual way at a trigonometrical station, is marked on it. For traversing, the planc-tablells se
up by the long magnetic needle, the azimuths of back and forward stations are taken by p ac]!:g
the edge of the sight rule over the centre of the circle, intersecting _the objects, and t!nen rea{[‘l (Ff
the bearings off the gradueted circumference. The azimuths having heen read ?ﬁ f'l oire (;ri-
large diameter, are susceptible of considerable accuracy, and being referrible tothe trne m

Organization of the Party.

RBeorganization.
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dian are all the more quickly plotted on an ordinary oraticule, than magnetic bearings, and

require no correction if it is necessary to compute the trav.. -~ The observations also can be

taken more quickly than with the prismatic compass, as it is nov J*ressary to wait between
them for the needle to come to rest.

(8.) The field operations commenced early in November and the members as per mar-

gin were employed for various periods during the season in the

E. C. Ryall Eeq. Didn work. Lieutenant Gore R.1. was deputed on special

Licut. St. G. Gore, R.E. ; . .

Mr, J. Low. work to fix trigonometrically two stations at Roorkee, selected
, L. Pocock. by Colonel Tennant, R.E., for the observations of the Transit
» 'I{ hrlf‘ufl((llougull- of Venus. Mr. Ryall was entrusted with the duty of training
» ’.I.‘.'K?nne.y. the Native Surveyors and superintending the boundary surveys ;
. Writon. Messrs. L. Pocock and Kinney with triangulation, and to
» iE-I{Jitchlf‘ield. Messrs. Litchfield, Wrixon and I. Pocock were consigned the

. X'ocock. . . .
B main circuit traverses.

Native 8 . . .
16 Nativo Surveyors (9.) Owing to our taking the field late, the new nature

Out-turn of work. of our work and the difficulties and delay in training the whole
of the Native Surveyors, the out-turn of work has been small, but I trust will be considered
satisfactory, considering that we had to initiate a new system aud teach all the Native Survey-
ors in a body. The area topographically surveyed on the scale of 4 inches to a mile was 40,051
acres, or about 63 square miles; the triangulation has covered an area of 529 square miles:
271 linear miles of main theodolite traverses and 577 miles of boundary traverses have been run.

(10.) The East End Delra Din Base-Line Station was adopted for the initial or starting
point of the Survey, and being well and centrically placed will
be maintained as the origin for the whole of the Dun Survey.
(11.) The traverses, including those of the boundaries, were all reduced in the field
and found to stand the usual tests in a satisfactory manner.
Every precaution was taken to insure accuracy of results. The
lines were in all cases traversed with two chains of a different unit, whose lengths were from
time to time tested with the standard, and corrected accordingly. The directions of the main
traverse lines were laid out with the object of connecting boundary pillars at sufficiently close
intervals so as to form proper checks ou the village boundary traverses. It was found that this
could be done in most cases by running them along the main roads, streams, &c. so that in
addition to establishing check points for the minor traverses, they include a large amount of
topographical detail which was plotted on the plane-tables before they were sent out to the
Plane-Tablers. In addition to these checks, 51 boundary pillars were fixed: trigonometrically,
so that the boundary traverses arc in all cases well tied in.  The main theodolite traverses were
in all cases run between trigonomectrical stations. On reference to the tabular statement at
page 41—, it will be seen that in 55 traverses, the united lengths of which amount to 271 miles,
the average difference from the correspounding trigonometrical values is 074 per 1000, and the
average closing angular error 21" per station.

(12.) The boundary traverses comprisc 184 villages and estates. These were done en-
tirely by the Native Surveyors, whom we had trained at the
commencement of the ficld scason, and considering their in-
experience, and the delays met with in prosecuting their work owing to the want of demarca-
tion of the boundaries, the result I think is as much in quantity as could be expected, and in
quality very creditable, considering the rough ground which alarge portion of the Din consists
of. I have classified these traverses under two heads according to the nature of the ground
traversed. It will be seen from the tabalated statement that in fair level ground in 124 traverses,
the united lengths of which amount to 403 miles, the average closing error is 1:97 per 1000.
In the rough and hilly ground, in 58 traverses with a united length of 174 miles, the average
closing error is 4-71 per 1000. This error, though apparently large, is wonderfully good for the
nature of the ground traversed over. As the Dun chicfly consists of broad plateaus intersected
by deep ravines, it is a natural arrangement that the boundaries of villages &c. should be defined
by such natural features. This is the case in the majority of boundaries, and in the northern
portion of the valley at the foot of the Ilimalayas, the gronnd is very hilly, rugged and broken.
Chain measurements in such ground, unless reduced to the horizoutal level, would be quite
untrustworthy. I therefore provided the Surveyors with rough wooden clinometers, graduated
to degrees, by which they observed and registered the angles of inclination. In many cases
inclines of from 20° to 50° have been chained over; adding to this the ronghness of the ground,
especially in the ravines where large honlders are met with in great abnndance, the error of the
work in laud of this character will not he wondered at.  T'o show the intricacies of the hound-
arics, I have appended a column in the detail of work, giving the number of traverse stations,
a8 they increasc the labour of the work and add to the probabilities of crror. This gives the
average distance between each station to be only 64 chains.

(13.) The boundary work, owing to the delay in training the Native Surveyors, cannot
be said to have been fairly started till the end of December, and
as these preliminary fraverses were required to be surveyed,

Origin of Survey.

Theodolite traverses and their errors.

Boundary traverses and their errors.

Obstructions and delays.
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reduced and plotted before the topography could be taken up, the plane-tabling was not com.
menced till the beginning of March, and the out-turn of topography therefore has been neces-
sarily very small. The progress of the boundary traverses also was considerably retarded from
causes beyond our control; the chief cause of delay heing due to inefficient demarcation
Although orders were issued on the subject by the Superintendent of the Ddn in October it.;
was found that they had not been carried ont and consequently the non-attendance of ,the
Zaminddrs or properly qualified men to point out the boundaries was a souree of much trouble :
complaints were constant and progress slow. The Surveyors in many cases found that no step;
whatever bad been taken for preparing the boundaries for the survey, and in order to prevent
further delay, often had to clear their own lines. They were generally entirely dependent on
the attendance of the Patwiries for marking the boundaries at the actual time of survey, a
system which naturally would cause delay under the most advantageous circumstances, but wh,en
combined with the ignorance and indolence which most of the Patwaries of the Ddn evinced
proved fatal to the rapid progress of the work, and much valuable time was thereby lost, Boun:
dary disputes, which were numerous, tended to cause further delay. Some of these were
however amicably settled at the time of the survey through the aid of the Peshk4r or Céanungo,
whose services had been kindly placed at my disposal by the Superintendent of the Ddn;
others however were beyond his powers, and as there was no settlement officer at hand to adju-
dicate and adjust them, they had to be abandoned. Such disputed portions I, at one time, had
surveyed as claimed by each owner, but this 1 found was waste of time, as generally neither of
the claimants were right.
(14.) The amount of triangulation and traversing completed in advance of the portion
. ) L topographically surveyed, covers an area of 198 square miles.
Triangulation and traversing in ad-  yis"embraces 18 plane-table sections which are therefore quite
vance of the detsil Survey. . . N re q
ready to be topograplically filled in, and will be taken in hand
at the commencement of the field season.

(15.) I now proceed to report separately on each Officer’s work, the details of which
are tabulated on page 41—

(16.) Mr. Ryall was entrusted with the duty of training the Native Surveyors for the

E. C. Ryall Esq. boundary traverses, an(_l took the field on the 10th November.
e Messvs. Litchfield, Wrixon and I. Pocock were also attached
to him temporarily for the purpose of being employed in main circuit traverses. As previously
stated, the natives were thoroughly ignorant of any kind of work connected with surveying;
the assistants also were inexperienced both in this method of field work and in the reductious,
and the task of instructing some of them and the whole of the Native Surveyors devolved on
Mr. Ryall, who was consequently not able to take any very active share in the actual survey
operations. Early in December, five of the Native Surveyors who had been trained, were trans-
ferred to Lieutenant Gore, R.E., for employment under him. With the remaining men, Mr.
Ryall was instructed to take up the village boundaries in the Western Dun, north of the main
road running from Dehra to Ambiri.

(17.) He reports that no actual boundary work was commenced till the first week in
December, and that owing to the inexperience of the Native Surveyors, much that was done
during that month had to be revised, so that the out-turn of work in December was very small,
only three or four villages being successfully surveyed. The work done by the Native Surveyors
in January, though still unsatisfactory, was found to be an improvement on their former attempt.
On 14th February, Mr. Ryall transterred seven of the Native Surveyors to Messrs. Kinney and
Litchfield to assist them in filling in the interior details, and proceeded further west carrying
on the boundary traverses, At the end of March, Mr. Ryall was rclieved from his duties
connected with the Din Survey, in order to carry on the Kumaun and Garhwail Survey which
had been suspended during the winter. I am much indebted to Mr. Ryall for his exertions in
training a large number of men and rendericg them practically useful in a few months in e
difficult country.

(18.) Lieutenant Gore, R.E. was posted to the party on 1st Augnst 1873, and was sent

Licutenant St. G. C. Gore, R.E. at the commeucement of the field scason on some triangula-

tion to fix points at Roorkee, in anticipation of the observations

of the Transit of Venus. Lieutenant Gore started on this dnty on 6th Novemher. Two sta-

tions selected by Colonel Tennant, R.E. were fixed by obscrvations to and from the principal

stations of Chandipahdar and Doiwdla, which are situated in the Siwalik Hills; other permanent
objects viz. the Dome of the College, Foundry Chimney, &c. were also fixed.

(19.) On the completion of this undertaking, carly in December, T sent Lieutenant
Gore with a party of five Native Surveyors who had been trained by Mr. Ryall, to take up the
survey of the village houndarics, commencing from the Dehra and Shorcpur road and working
westwards. Licuteuant Gore continued on this duty during the remainder of the field season,
and by his encrgetic and systematic arrangements produaced a large amount of honudary work
out of his natives. In addition to this he made a large scale survey of the Harhanswila and
Arcadia Tea plantations, on the scale of 20 inches = 1 mile, comprising an area of about_ 640
acrcs. He closed work on 27th May, Licutenant Gore has become thoroughly acquainted
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with the practical operations of the Survey and has rendered me much valuable assistance.

(20.) Mr. Peyton was not employed in the ficld, his services being required in the draw-

ing branch of the ITead Quarters’ Office where he also supervis-

Mer. J. Peyton. ed the Native Draftsmen belonging to this party, who remained
in Quarters preparing the skeleton sheets of Kumaun and Garhwil. Mr. Peyton was transferred
to the Guzerat Party from the 1st May. i _ )

(1) Mr. Neuville was appointed to this party on Ist November, but owing to the state
of his health which the Civil Surgeon of Dehra certified was
quite unequal to out-door work of any nature, and that any
exposure would be attended with consideral_)lc risk, his seryiccs were qtihzed in the head camp
in carrying on the current Office work and in the computations of the triangulation and traverses
which involved a considerable amount of labour. .

(22.) At the end of the field season of 1872-73, Mr. Low had received orders from
Lieutenant Hill, who was then in charge of the party, to con-
tinue his field operations in Kumaun throughout the summer
and autumn months. This portion of his work will be reported on under head of the Kumaun
and Garhwil Survey. He returned to Delira about 20th December, and after a few days’ rest
commenced operations in the Dan. Up'to the middl(_a of February he was emplpyed n traver':a-
ing and though his progress was not rapid at first, owing to want of experience in work of this
nature, the results were good. He was afterwards employed on trlan.gulatlon in the Siwalik
Hills, east of the Mohan Pass. This undertaking was t.aken up chiefly for the purpose of
furnishing points for Captain Bailey’s Survey of the Siwiliks. Mr. Low commenced observa-
tions on the 7th March aud closed work on 27th May, completing an area of 83 square miles.
The details of his work will be found in the tzbulated return at page 41—a. His observations
were much hindered by the hazy weather which invariably prevails during April and May, and his
progress was further retarded by the physical difficulties of the Siwilik Hills, the precipitous
nature of which caused much delay in moving from point to point. Mr. Low had thus been
for 18 consecutive months on field duty and has worked hard and well.

(23.) Mr. L. Pocock toolk the field on 8th November and was employed throughout the
season in triangulating. He exccuted a net-work triangulation
covering 267 square miles, consisting of 104 points visited and
451 fixed by intersection, the heights of 103 of which were determined by vertical observations.
Mr. Pocock is a rapid and excellent observer and has throughout given me every satisfaction.
Unfortunately his health is far from good and he cannot stand much exposure. His progress
was somewhat retarded on this account, but he worked hard till the beginning of May when
his health broke down, and ou submitting a medical certificate, he was permitted to proceed to
recess quarters where he was employed in bringing up the computations of his work.

(24.) Mr. Macdougall was transf@n'e(l_ to this party on Ist January, .but as _hi_s se}'vices

Mr. T, W. Macdougall were required in the Computing Office, le did not_join till the
oo W Mnedougnt end of that month. He was employed till the end of April in
the office in computations. I was much pleased with his steady application and industry. He is
very energetic and hardworking, but his want of accuracy is a great drawback to his usefulness
as a computer. During May he was employed in traversing in and ahout the station of Dehra,
The results of his work were very satisfactory and will be found detailed in the tabular state-
ment.

Mr, C. J. Neuville.

Mr. J. Low.

Mr. L. Pocock.

(25.) M. Todd was employed in quarters till 23rd February in preparing one of the
Mr. F. Todd degree shects. of Kumaun .an(l_ Garliwdl, and in the current work
T ) ¢ snmected with the publication of the one inch sheets. He
joined my camp at the end of l'chrnary, when I instructed him to take up the topography of
section 17 and the western half of section 28. He commenced plane-tabling on the 12th
March and completed the above sections single handed, there being no Native Surveyors avail-
able at that time to assist him. Ou 4th May he took up the topography of section 16 with two
Native Surveyors, each with a plane-table, one of whom however had received no instruction in
plane-tabling.  Mr. Todd had therefore to train him ah initio. 'With the exception of a small
portion in the S. W. corner, this scction was also completed. The portion of country in which
Mr. Todd worked is a level plain, partly enltivated and partly waste and forest land, with a fair
amount of detail which had to be delineated principally by the laborious process of chaining.
At the end of March, I inspected Mr, Todd’s work and found it very carefully done. His total
arca comprises 22,607 acres, which was exceuted at the rate of 16 square miles per mensem,
Mr. Todd is a very carcful and acenrate Surveyor and thongh his health was not good towards
the end of the scason, he continued assiduonsly at his work till 23rd May and has proved him
self to be a valuable assistant both in the field and in office.
(26.) Mr. Kinney took the ficld on 25th November and was first cmployed in triangula-
Mr. T. Kinney. ting in the neighbourhood of Dehra.  On the 15th December,
on the completion of this picce of work, I attached him to Mr.
Ryall to assist him in the training of the Native Surveyors and in the reduction of the boundary
traverses.  On 16th January, he was deputed to connect certain boundary pillars with trigono-
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metrical stations so as to furnish checks for the village traverses. He was employed in this w
) ) . “pY : a
with Mr. Ryall till the middle of February, by which time the preliminary work was sufficient
ly advanced for the topograply to be takenup. To Mr. Kinney was allotted the western half 0}
section 38 and the eastern half of section 28 ; he was provided with three Native Surveyors, all of
whom however he had to train in plane-tabling, their previous work having been COIlﬁ[’led to
boundary traverses. He commenced the topography on 10th March and on closing work for the
season on 27th May, had completed an area of 13,530 acres which was at the rate of 144 square
miles per mensem. The greater portion of this piece of country is very highly cultivated and with
a large amount of detail, and considering that a great portion of his time was taken up in training
three Sub-Surveyors, his out-turn may I think be considered very creditable.
(27.) Mr. Wrixon was transferred to this party from Ist October and was employed
Mr. E.P. Wrizon. throughout the greater part of the field season in carrying main
traverses for fixing trijunction pillars, so as to form proper
checks on the boundary traverses. He subsequently, for the same object, executed some minor
triangulation near the foot of the hills where the ground would not admit of traverse lines being
run between trigonometrical stations. His work will be found detailed in the tabular statement
and stood the usual test very satisfactorily. I am glad to be able to report favorably of Mr.
Wrixon’s exertions. He still requires a good deal of supervision, but his system of working has
considerably improved since he has been attached to this party.
(28.) Mr. Litchfield took the field on 24th November and after a few days’ instruction
. in traversing, he was sent to carry on main circuit traverses
Mr. B. Litchfield. over ground to the N. W. of Delny"a. These circuits embraced
comparatively very rough ground, the traverse lines running into and over numerous deep ra-
vines. Under the circumstances, the results of his labour which will be found in the tabulated
return, are very creditable. On the completion of this piece of work, he was employed for a
month and a half in assisting Mr. Ryall in the reduction of traverses, and subsequently in the
beginning of March, took up the topography of section 37 which he was employed on till the
4th April, when, on account of his services being required for the Kumaun and Garhwil
Survey, he closed work in the Din. He completed an area of 4,014 acres at the rate of about
11 square miles per mensem. His ground was much more intricate than the portions surveyed
by Messrs. Todd and Kinney, hence the slower rate of progress.
(29.) Mr. Pocock had hitherto done no independent field work, having been employed
Mr. T. Pocock. in the Office during the previous (lis first) ficld season; he
T had therefore to be instructed in the method of traversing and
connecting traverses together. In the beginning of December, he was deputed to carry a
serics of traverses from the E. End Base-Line through the valleys of the Asan and Jumna.
His progress, owing to his inexperience, was at first slow and was further much retarded by the
bhibar grass and khyr jungle through which his lines had to be cleared. Mr. Pocock applied
himself very diligently to his work and promises to become a useful member of the Survey.
Having been told off to accompany the party proceeding into Kumaun for the continuation of
the survey there, he closed work in the Din on 4th April. The detail of his work will be
found in the tabulated return,
(80.) The 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
be expected of them. In flat even ground some of them have
already done independent work in putting in the features, and with more practice, 1 have no
doubt will improve and turn out good work. A few of the more intelligent men, I am in hopes,
may be utilized in surveying the more rugged and hilly ground near the foot of the hills, but I
fear it will take sometime to train them for work of this nature, which cannot be tested by the
system of partdl lines, ]
(31.) As the topography had to be taken in hand during the season, and check points
furnished for the village boundary traverses, a very large amount of calculation had to be done
in the field. I at first thought that the system of plotting the boundary traverses by protrac-
tion would have answered every purpose, but as the Native Surveyors were all unpractised hands
and not good at the work, and the boundaries as a rule were very intricate, it was found that
time would be saved by reducing all these traverses in the first instance. This laborious duty
devolved chiefly on the Head Office and occupied a very considerable portion of my time. I
have now however four natives thoronghly trained in these computations, which will relieve the
European assistants of this irksome task,

Native Surveyors.
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DEHRA DUN SURVEY.

Tobular statement of out-turn of work. Season 1873-74,

Details of Triangulation.
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Details of traversing.
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KUMAUN AND GARHWAL SURVEY.

(32.) The extent of country which remained to be surveyed in Kumaun and Garhwil
was estimated at about 8,600 square miles and consists of ground
of very great altitude, physically the most trying and formida-
ble to Surveyors. A considerable portion of this tract about
the high ranges, probably one half, may be said to be simply impracticable and can really be
only reconnoitred. It was arranged that this unsurveyed portion should be placed under the
charge of Mr. E. C. Ryall, who by his long and varied experiences in mountain surveying was
specially fitted for such an arduous undertaking.

(33.) The period during the year in which actual field operations can be carried on in
such high altitudes being very short, it was arranged that the
party should recess close to the scene of its operations, in order
to avail itself of as much of the clear and mild weatler as possible. The probable working
period was estimated at 45 days before the rains and about the same number afterwards, though
this of course depends a great deal upon the nature of the season. Almora being the nearest
station to their operations, was selected for recess quarters,

(34.) The members as per margin were told off for the operations in Kumaun and

E. C. Ryall Esq. Garhwal, Mr. McA’Iee having been transferred to this party

Arrangements for the continuation
of the Survey.

Limited period of field operations.

Mr. McA'Feo, from the Guzerat Survey in April and Mr. MeCarthy from the
» Litchficld. Head Quarters” Office in February. The party assembled in
» ilj’;:l"fh‘; Delira early in April and after making their necessary arrange-

ments for the campaign, started for Almora on 12th April.
(35.) At the close of the field season of 1873-74, Mr. Low was directed by Lieutenant
Mr. J. Low Hill, R.E. who was then in charge of the party, on the com-
D pletion of his topographical work, to carry a minor series of
triangles from the base Hdm H.S. to Punya H.S. up the valley of the Gori to the Passes
above Milam. Mr. Low however owing to unavoidable delays, as stated in Lieutenant Hill’s
narrative report for last year, did not finish his plane-tabling work till the end of June. It
was not till the beginning of July therefore that he could commence his observations, which
proved to be too late ; for owing to clouds and bad weather Mr. Low after remaining one month
at his first station Hum H.S. did not succeed in getting half a day’s work. The state of his
health then compelled him to apply for a month’s privilege leave to proceed to Naini Tal for
medical treatment. He recommenced his observations at his first station on 27th September,
and from that time till 1st December he was steadily engaged in pushing on the triangulation.
During this time he visited 24 stations ranging in height from 4,000 to 13,800 feet above sea
level. The scason was a particularly severe one, the first heavy fall of snow taking place so
carly as the 10th October. The establishment all suffered more or less in consequence, and six
of the natives were severely frost bitten, one of whom I regret to say, lost all the toes of one
foot; the other men rccovered. Mr. Low had severe weather to contend with and his work
involved a good deal of cxposure. Although his area cmbraced a portion that had been pre-
viously triangulated, he fixed a number of additional points which rendered matters more easy

for the plane-tablers. :

(36.) Mr. Ryall has submitted the following report of the operations under his charge
o up to the time of returning to recess quarters at Almorain
ut-turn of work. Jul

“My camp left Delira on 12th April reaching Kiliddngi on 26th and Almora on 2nd
of May wherce I was detained till the 7th. In the meantime I was pushing on with the com-
putations, while the Assistants under mec were going on with the projection of their_ boards.
At Bagesar, two marches out of Almora, I thonght it advisable to split up my camp into two
and march to our ground in separate detachments by different routes. By the time I got to
the ground I had finished all the computation of the triangulation required for our work. When
marching from Naini Tal to our ground the party suffered somewhat from the great heatin
the valleys.

“yOf the four Assistants, viz., Messrs. McA’Fee, Litchfield, I. Pocock and MecCarthy,
none, with the exception of Mr. Litchfield, had had any training in hill sketching; it devolved'on
me theref ore to train these three. Inthis duty Mr. Litchficld helped me greatly by taking
Mr. 1. Pocock in hand. Ideputed Mr. McA’Fee to finish up about 14 square miles of P.T.
section No. 57 and Mr. Pocock about 28 square miles of the same section lying to the north-
east. After these portious were completed, Mr. McA’Fee was directed to take up P.T. section
No. 63 and the western parts of scction No. 62. I anticipated that the trigonometrical points
lying to the west of these sections would not perhaps be sufficient to extend the sketching in
them much to the eastward. I provided Mr. McA’Fec thercfore with a 7-inch theodolite to
enable him to lay down some additional points should he deem it necessary to do so and could
find the timeto extend the triangulation in that direction. Mr. Pocock, I arranged, shonl‘d
assist Mr. Litclfield by taking up the castern parts of P.T. scctions Nos, 56, 48 aud 40. To
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Mr. McCarthy I allotted the sketching of the Rilam valley, being a part of P.T. section No. 55.

“ Having made the above dispositions, T procecded to extend the triangulation taken in
hand by Mr. Low last year, At first sight the conducting of a serics of triangles into the
Milam valley appears impracticable, but a few days’ reconnoitring convinced me that it was
feasible. I lost.no time therefore in extending it. I found however that I could make no pro-
gress till 8 days after on account of unseasonable weatler.

¢ The incessant rains that besieged the whole of Kumaun from 30th May up to 13th
July with the exception of one day the 19th June, was an unusual circumstance and tended
greatly to retard the progress of the work. After the 12th June however the weather, without
apparently abating in the daily amount of rainfall, became so far favorable as to give to the
Surveyors employed in sketching a few lhours of the early morning. It became apparent there-
fore to all of us that encamping on the heights was necessary to enable one to take advantage
of the few clear hours during the earlier parts of the day.

“] pressed on with my triangulation up to the Uttar Dhurra Pass. I found it impos-
sible to observe at some of my stations and deferred visiting them to a future and more favor-
able time. The ascent to some of these stations is very steep the entire way; in others it is
gradual for about half the distance only and none of these peaks I was informed had so much
as G square feet of flattish ground for encamping on. It was clear that to visit these places
it would be necessary to go up in one day, finish the ohservations and return again the same
day. This the weather would not admit of my doing, for it generally takes me about 4 hours
climbing to accomplish 6,000 feet, beginning at an altitude of 10,000 feet above sea level, It
is not an easy matter to climb up precipitous ascents of rock, ice and snow in the day time and
doing so at night is simply out of the question.

“The extent of triangulation finished by me covers an area of 460 square miles com-
prising 14 stations visited, of an average height of 15,500 feet above sea level, I closed work
on 2nd July and got out of the Milam valley on the 7th when I was joined by Messrs, Pocock
and McCarthy. I arrived at Almora on 14th July.

. “Mr. McA’Fee began work on 24th May and having finished up the portion of P.T.
section No. 57 allotted to him, proceeded with the sketching of P.T. section No. 63. Up to
the 11th June Mr. McA’Fee was only able to accomplish in all 34 square miles of sketching,
the weather being too unfavorable to do more. He unfortunately fell ill on that day and halt-
cd on his ground for 9 days with the hope of recovering, but as no improvement took place in
the state of his hecalth, he marched to Almora for medical advice. Mr. McA’Fee showed
throughout great willingness and but for his falling ill, I have no doubt, he would have brought
in a large quantity of work., The average height at which he worked, is about 8,500 feet and
the highest point visited by him is 11,300 feet.

“Mr. Litchfield after training Mr. 1. Pocock commenced work on his own ground on

26th May and notwithstanding the badness of the weather, pushed on with his sketching in a
very creditable manner and completed 238 square miles of topography. The highest points
visited by Mr. Litchficld are about 17,000 feet and the average height at which he worked is
about 12,500 feet. Mr. Litchficld closed work on the 30th June and marched back to Almora
where he arrived on 9th July.
. “Mr. I. Pocock commenced his work on the 15th May under the supervision and train-
ing of Mr. Litchfield. In 6or 7 days Mr. Pocock was sufficiently advanced to get on with his
work independently. Considering all things and the badness of the weather Mr. Pocock
made very fair progress completing the sketching of 149 square miles, The highest point
visited by Mr. Pocock is about 16,000 feet above sea level, and the average height at which he
worked is about 10,000 fect. Mr. Pocock closed work on 5th July and joined my camp on its
way back to Almora on the 7th.

“Mr. J. McCarthy after being duly trained by me, commenced his work on 27th May.
At first Mr. McCarthy got somewhat confused on account of the intricate disposition of the
snowy peaks about him. I had an opportunity on the 12th June of meeting him and putting
him all right. Mr. McCarthy did very well, turning out an area of 128 square miles. He work-
ed at an average height of 15,000 feet above sea level, the highest point visited by him being
about 18,000 fect. Mr. McCarthy closed work on 5th July aud joined my camp on the 6th idem,

‘““Tt now remains for me to dcal with such points in connection with the work as appear
to me not to be irrclevant in a report of this kind. It is a generally received opinion among
those who have not had experience of the hardships of moving about in mountains of consider-
able alpitu(lc that the undertaking is somewhat akin to a pleasure trip; that so far as regards
health it is the finest thing; that the sight of glorious mountain scenery, the hard walks, the
bracing air, &ec., are clianges that promote in cvery way the physique of those who go through
those *“ pleasurcs.” Having had a good deal of cxperience among mountains, I will give a
rough sketch of what I think about the realitics of wmountain travelling in very high altitudes,

“The traveller who goes only to gratify his taste for sport and the traveller who goes with
the double objcet of sccing strange places and cnjoying mountain scenery, have easy times of it
compared to what the Surveyor has to undergo. The Surveyor goes under an obligation and is
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naturally anxious about his work. He has to visit places and climb mountains that an ordina
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 ;md seld% .
pusses a night at what one would call a very great elevation. Survey officers while workin :tl;
very great elevations are much exposed to the distressing influences of ravified air and a cgold
temperature, which I cannot help thinking must be injurious to the constitution. To the hard-
ships that they are exposed might be added the risks they constantly incur when journey-
ing from mountain top to mountain top, for they very rarely have the luxury of using foot-path{;
The work of carrying loads therefore becomes singularly harassing to the inhabitants wlo ar(;
summoned to act as coolies ; and at elevation averaging over 12,000 ft. it becomes impossible for
them to carry the standard weight of 20 seers per cooly. Guides of the district of Blhot in Kumaun
and Garhwal are only acquainted with such localities as shooting and grazing grounds. It follows
therefore that the Surveyor has to rely mainly upon his own judgment as to the line of route he
is to adopt when going up to the top of ridges and spurs, exceeding 13,000 feet above sea level,

¢ Accompanying is a statement shewing the amount of work done by 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 Laddk, 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. It would be better, though not
strictly speaking actually necessary, to connect the Niti with the Milam triangulation, but from
all I could see, I think the main difficulty in doing so would be found in the neighbourhood
of the Niti valley and I am disposed to look upon such a junction as impracticable.”

The area topographically surveyed on the scale of 1inch = 1 mile, comprises 534 square®
miles and the country triangulated covers 839 square miles. Considering the very unfavorable
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 creditable to Mr. Ryall and the assistants
employed under him.

KUMAUN AND GARHWAL SURVEY.

Tabular Statement of out-turn of work, Season 1873-74.
Details of Triangulation.
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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) My last annual report informed you of all that had been done in altering the
) Self Registering Tide Gauges for adaptation to any scale
oﬂ'Atl; ;‘f}l"é?&’;}sé“féc’gudy tobesent  poquired, and that all the instruments, material, &e., for carry-
' ing out the operations at the Tidal Observatories were ready

for despatch by boat from Bombay.

(2) A large Puttimar or Buggalow was engaged by the month from the 1st October,
and this eventually turned out to be a very economical arrange-
ment. Loading was at once commenced, and although I had
relays of coolies, it took 10 days for all the material to be stowed away.

(3) Meanwhile a small boat had been sent off to Gogo from Bombay, with a detach-

ment of the men, to march thence to Wadwin and meet me.
Calassics and puttiwallahs had been engaged in Bomhay.
(4) Every thing being ready Mr. Bell, Surveyor attached to the Party, and Mr. Peters
of the Harbour Defence Works (whose services had been tem-
porarily placed at my disposal by the Government of Bombay)
along with 6 Sub-Surveyors and about 24 men embarked in the large Puttimar and sailed on the
13th October for their destination, viz., the site of Okha Tidal Station, opposite the Island of
Beyt, at the mouth of the Gulf of Kutch.

(6.) Having now seen every thing required despatched by boats, and the remaining in-
struments carefully stored away in the Harbour Defence Work-
shops, I left Bombay by rail for Wadwin and arrived at Rajkote
on the 24th of October.

(8.) I called on the acting Political Agent at Rajkote and arranged several matters with
him regarding the assistance I should require from the Native
State in whose territories the Tidal Observatories and Bench
Marks were to be made. He furnished me with Purwanas, for

Loading up Puttimar.

Small Puttimar despotched to Gogo.

Large Puttimar leaves Bombay.

Remainder ¢f the Party with oflice
stores leaves Bombay for Rajkote.

Arrangement with Political Agent
for ngsistance from Native States.

use in Kattywar.
(10.) Having been joined by the sowars from His Highness the Gaekwar’s contingent I
. . marched vid Dwarka to Okha Tidal Station, taking with me the
smig]‘;‘“” Rajkote for Oliha Tidal chronometers and such instruments as Irequired, and I arrived
at the station on the 21st November.

(11.) Captain Jackson, the Assistant Resident at Dwarka, had kindly come out to settle

The Assistant Resident. Dwarka. <. matters on the spot with the native officials of Beyt, so that
sits Okha to arrange for supplics &o. there might be no delay to the progress of the work : he met
for the camp. me at Aramra about 4 miles from Okha and the nearest village

on the main land to the station, and accompauied me to the camp.
We found it would he more convenient and economical to get all supplies and even drinking water
by boat from the Island of Beyt immediately opposite the station,

(12.) The Puttimar had arrived safely with Mr. Bell and his detachment all the stores

Stato of affairs on arrivel ab ata- Lad been landed which were required for this station, and
tion, : % work had been commenced on the 5th November, in sinking

the masonry well.

(14.) The well sinking went on stcidily, building up one day and then allowing 2 or 3

Progress of the well sinking Bul's  days to dry, and excavating inside by Bull’s dredgers: 11 feet
dredgers used. 9 inches had bheen completed by the 24th November.

(15.) On the days that work had to be stopped at the well to allow the masonry just

House for the men ot the station  built to dry the masons were employed in erecting a house
constructed. o for the men who were to he left in charge of the station: the
galaslmesl andtcoi)lhes in bringing stone and mud for this purpose also, and in clearing away the
Jungle close to the camp.,

(16.)  We found that Bull’s dredgers acted admirably in soft sand, but when we came
across any lmr.d. strata, then the man standing on the opencd bucket, caused it to get a better
grip in being lifted up, and so brought up more material ; also this man tamped all round with
his feet close to the wooden frame as cach bucket was taken up, thercby not allowing a deep
hole to be cxeavated in the centre, while the sand remained at its sides : otherwise from the
treacherous nature of the ground, a sudden sinking of the well might have occurred, which
would undoubted'ly have ended ina smash. By the 20th November we had got so far down,
that the water inside the well could no longer be kept sufliciently under to allow the man to
go down to work and tamping from the top by a long vad was commenced. By the evening of
the 29th Novcml)cr 174 feet had heen completed, and 25 feet was the total required. Some
rock having been observed cropping mp, at low water, a short distance off, I was afraid we
might come across it before the proper depth was reached. I had a long iron bar driven
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84 feet below the bottom of the well, by means of a small pile monkey and was glad to find
no rock although the sandy strata below was very hard ; by the night of the 4th December the
whole depth of 25 feet was completed.
(17.) During this time I had taken several observations to stars to rate the chrono-
Rating chronometers. Range of Tide meters: also I had determined roughly the range of the Tide at
roughly determined. Okha to be 14-90 feet at Spring Tides; so as to regulate the
scale for working the self registering Tide Gauge; and, I determined by soundings at low
water that at 120 feet out, 19 feet of water was found, as I had previously recorded in
the last year’s reconnaissance and here the rose at the end of the flexible pipe was to be placed.
(18.) The cylinders having been all cleaned out and painted over, inside and outside,
with tar, to keep them from rusting, the upright length of
small rigid pipe with its bend was attached to the lower length
of the cylinder, and 2 other lengths screwed on above. The gyn, tackle, &c., being all in readi-
ness, these three lengths of cylinder were lowered inside the well, and held in suspension, until
2 more lengths were screwed on, and then 2 more making in all 7 lengths or about 29 feet; on
lowering we found the whole cylinder floating in the water inside the masonry well, and water
liad to be poured down inside the cylinder to make it sink. Ou the 7th December the cylinder
was finally placed in position.
(19.) The next thing was to lay out the iron pipes: this was a most tedious operation
Tron pipes being laid out from the for the trench had to be of great width on account of the
cylinder. sand falling in constantly at high tide: it must be remember-
ed that in all the operations the amount of plant was limited for we were quite in the jungle
and had to use such appliances as were at hand. A wooden frame about 3 feet high and 2
feet wide was inserted in the masoury well for the exit of the iron pipe and stop cock. After
keeping all available hands hard at work and the pump going with relays of men, one length
of pipe towards the sea was eventually attached on the 10th December—the end of the pipe
being carefully plugged up to prevent sand coming in—a thick wall of stone and lime was
built all round the stop cock and connected with the masonry well; also a layer of masonry
underneath the first length of iron pipe: but still the water percolated in on all sides, and it
seemed perfectly hopeless to keep the stop cock dry and to have access to it. The following
day the masonry wall was removed and the length of iron pipe disconnected, and two feet
added to the height of the vertical pipe and then the bend with the stop cock fitted on.
(20.) A water tight box 3 feet long and about 1 foot square was made in halves and
. fitted over and under the stop cock, holes having been cut at
d Arrangement for keeping stop cock 4 2 B ang carefully caulked up after the box had been fitted
ry and liaving access to it ut all times. . B .
over the pipe; in this way no water could get at the stop cock
except over the top of the box. Underneath the first
7 or 8 feet of the pipe leading to the sea a layer of mud AV
and stones of considerable thickness was made and a '
wall of similar material built all round the stop cock
leaving a space about 3 feet square in the centre for ;
standing inf)und steps for getting down to it, also mud Tofhesea ?
and sand were thrown down between the iron cylinder and
the musonry well right up to the level of the stop cock
bend: by the 13th December this was completed, and it
was found then that the stop cock was quite dry and
access could be had to it at any time however high the
tide was.
(21.) Simultaneously with the work at the stop
cock the iron pipes were

laid out, considerable %

Cylinders placed in position,

Laying out remainder of iron pipe.

difficulty being experienced from the sand tumbling in,
aud by the 15th December 11 lengths had been fitted.
(22.) At the same time that this was being car-
ried out the portable
wooden observatory was
crected over the cylinder
on its piles and cross heams and with a rough masonry
platform all round. By the 18th December the obser-
vatory was finished aud all the fittings placed in it and the aneroid barometer and anemometer
set up.

Observatory put in position and fit-
ted up.

(23.) A temporary Tide Gauge was then set up oo a pile a little above low water mark,

) also three Bench-marks were imbedded in masonry platforms at

3 g:gf\";‘;;{kﬂ:fuf“@ scbupand  qiforent distances from the observatory: the top of the plat-

form in each case being about 6 inches under ground. Also a

pole was fixed by leveling so as to shew to what height the sea lad to rise when it would be
safe to open the stop cock.
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(26.) The self registering Tide Gauge was started on a preliminary trial on the 20th
December: the float band was altered after one day’s work to
allow the pencil when near the eentre of the barrel to agree
with mid tide.

(27.) The cylinder had been pumped dry and the stop cock opened and shut several
times to try and exclude all the air. The temporary Tide Gauge
was connected by leveling with the top of the cylinder for
comparison of level of water inside and outside : and after a couple of days’ trial it was apparent
that air was coming in somewhere in the pipes.

(28.) The last three lengths of pipes were taken off and the brass connecting piece at
the end having been plugged up firmly, the pipes were filled
with water, and raised vertically, thus getting a pressure of
about an atmosphere and a half, when it was found, that there was a considerable escape be-
tween the cast iron flanges and the pipes screwed into them, and also in the brass piece itself
water oozed out shewing how badly it had been cast. These three lengths were replaced by
others which stood the test, and the brass was hammered where the flaws occurred (as it was
imperative to have this part of the system air tight, the other parts being well buried in the
saud, or in the water beyond did not require to be so carefully constructed) and the whole
relaid again.

(29.) The bed plate of the self registering Tide Gauge was connected by leveling
with Bench-marks A, B and C, as to this level of the bed plate
all measurements for height of water in the eylinder would be
referred ; and on the evening of the 23rd December every thing
seemed to be in good order and ready for the final measurements to be taken, clocks to be rated
&c. previous to leaving the station,

(30.) About 3 a. M. on the morning of the 24th December the puttiwallah on duty at
the observatory saw a boat which had been sent the previous
day to be filled up with stone, drifting down from her anchor-
age some distance above : he called out lustily to the crew, but they were all asleep: the boat
dragged her anchors across the flexible pipe, smashed it in two places, aud carried away buoys,
anchor, &e., and was brought to near Sainia Island 4 a mile off. After considerable trouble
fits anchor having got fixed among some projecting ledges of rock) the boat was taken back
and the anchor and buoy with the chain attached were saved but a good deal of the flexible pipe
was qunite useless. Some of the piping for the other stations was immediately landed and all
the necessary repairs effected by the night of the 24th December.

(81.) Some time before this unfortunate disaster occurred, I had asked the Assistant
Resident to warn all boatmen at the different Bunders in Okha
Mundel not to come within 100 yards of the red buoy at the
Tidal Station. Later on in the season I had printed circulars
in Guzerathi issued to all the Durbars for distribution at their different Bunders cautioning all
boatmen plying in the Guif of Kutch not to come near the red buoys at Okha, Nawanir or
Hanstal Tidal Stations and the guards at the stations had strict orders to make prisoners of
Tindals wilfully infringing these rules: also by your orders I made certain arrangements for
protecting the pipe in case any boat should again drag her anchor across the flexible pipe.

(32.) On the 25th and 26th December comparisons were made to compare the level of

Measurement, made for connecting the sea water outside, as indicated by the temporary Tide Gauge
position of pencil on S.RT.G. and With that of the water in the cylinder : and they were found to
distanco of water from Bed plate—Rat-  agree exactly, The clocks of the self registering Tide Gauge
] clocks &c. &e. Temporary Tide 4,,q ancroid baremeter were rated many times and the pendu-

Suge comparieon. lum of each altered as necessary till they appeared to be going
very well : the anemometer clock was apparently going in pretty good time.

Measurements were taken at hoth rising and falling tides to determine the distance of
the water in the cylinder from the bed plate which agreed with the pencil being on the central
line of the barrel, and from which of course the corresponding depth for the zero line could be
deduced. The measurcments were made very cxactly by means of a tape to the end of which
was attached a flat piece of wood about 4 inches square with a thin cake of lead 2 inches
square fitted to its centre. At the instant of contact with the water, the position of the pencil

was marked on the barrel and the depth from the bed plate recorded to the 41—0 of an inch: and

The S.R.T.G. started on a prelimi-
nary trial.

Leakoge in pipes discovered.

Iron pipes teated for leakago.

Every thing ready for final measure-
ment &c.

Disnster to flexible pipe.

Boats warned not to come neor the
red buoy.

the distance on cither sidc of the central line of the barrel also taken to the 7416 part of an inch.
This was repeated about 20 times and the mean value of the set taken as the value for the rising
or falling tide as the case happened.

(34.) On the 23rd December I sent off Nursing Dass, Sub-Surveyor, to lay down Bench-
Sub-Surveor sent off 1o Jav marks and Pillars, one at about every 10 miles from Okha Tidal
Benoh-macks and Dillags, > CO""  Station along the road to Hanstal and thence to Nawanir in
Kutch across the Runn. Ihad ordered Lim to lay down these

Bench-marks also with refercnce to the nearest G. T. Stations.
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(835.) A guard of 4 Sepoys and 1 Naique was supplied from the Battalion of His Highnesg
Gunrd. Post rammers. Sunolis. &o the Gaekwar, for the protection of the Station—their duties
for the Tidul Station. . PPUES: %82 heing principally to see that no boat came near the buoy, so far
as they could preventit. Three post runners were engaged for
carrying the letters to and from Dwarka (the nearest Post Office) and by this meaas I could
receive a daily veport of the working of the station which the Sub-Surveyors had to fill in from
the printed forms supplied them. The food for the men of the station was to be sent 2 or 3
times a month from Beyt: the Thanadar was responsible for this, and their drinking water
(as the number of men including the guard was now only 9) could be procured from a well
about a mile and half off; coolies being engaged twice a month to fill an iron water tank left
at the station for this purpose.
(36.) Every thing being now apparently in good working order and a supply of stones

i . filled up in one of the boats, the party embarked h
Emb . ] , party embarked on the after-
mbark for Haustal Tidal Station noon of the 27th December for Hanstal,

{37.) 1 shall now describe the Okha station as left on the 27th December 1873. The ob.
servatory is situated on the shore of the Okha Mandal mainland
almost cxactly opposite the town and island of Beyt, about 300
yards south of the northeastern corner of the land, and which is called ¢ Okha Point” in some
old charts. The flag of the principal temple of Beyt has a bearing of 151° from the observatory ;
the pole in the temple on Sainia island bears 7°30'.  The latitude as deduced from G. T. Survey
triangulation charts is 22° 28’ 11" N. nearly, and longitude 69° 7' 0" E.

(88.) The observatory is a wooden erection constructed so as to be easily taken to
pieces and fixed on three cross beams fitted on the tops of
6 large piles imbedded 8 feet in the sand. A brick masonry
well 4 feet in diameter was sunk to a depth of 5 or 6 feet helow low water springs, the
sand excavated at the bottom being very hard and to all appearances in close proximi-
ty to rock. Seven lengths of cylinder each about 4 feet 2 inches long, and composed of
wrought iron, with cast iron flanges carefully faced by turning, so as to fit exactly, were
counected together by bolts and nuts so as to be perfectly water tight and lowered inside this
well.  The interior diameter of the eylinder was 22 inches—the level of the top-flange being
about 6 feet above high water spring tule, and about 2 feet 6 inclies above the floor of the ob-
servatory—a board fitted on and serewed to the top of the cylinder, with hioles for the float band
to pass through, prevented any thing falling accidentally inside the cylinder.

(39.) Nine inches from the bottom of the ecylinder a 2-inch iron pipe was taken up
vertically being connected by a small bend and carried up to
within 12 feet 6 inches of the top of the cylinder where there
is another bend with a stop cock fitted into it. This 2-inch
iron pipe in lengths of about 14 feet with cast iron flanges at each end was then taken out
(having a slight inclination downwards) until it met the natural surface of the sand close to
low water mark, and this pipe was extended till nearly two lengths appeared to be under water
at even the lowest springs, the total length from the eylinder being 175 feet.

(40.) At the end of the rigid iron pipe a brass conunecting picce, made as shewn in the

S . sketch, was fitted, having two outer extremitics, to one of which

i]‘irnss connecting picce and flexible 5 foxil)le 2-inch suction pipe was fixed and the other closed by
pive: a brass disc with a good washer. 'Two lengths of this suction
pipe were taken out to deep water :
nt the end of the outer length
a copper rose of about 15 inches
length 2 inches diameter and hav-
ing about 150 holes bored in it
was screwed on. This rose was
sustained about 6 feet from the -
hottom, being attached to a small
nun-huoy by a chain and shackle
with swivel, the whole being held
in position in deep water at a
place where there is nearly 20
feet of water s}tlt low springs by an N
anchor. To the top of this small T N A
nun-buoy a chain was attached, //////%///7////7/7//////// L
to which was fixed the large buoy floating on the surface with plenty of slack chain to allow
for rise and fall of tide, and this buoy also marks the position of the flexible pipe.

(41.) The observatory is ahout 12 feet x 9 feet x 9 feet, the cylinder being about
2 fect from the castern end: the sclf registering Tide Gauge
being of coursc as ncarly as possible in the centre of the
building. The aneroid barometer is placed carcfully on a shelf on onc cormer, The ane-

General Position,

The observatory, eylinder, &e.

Tron pipe from cylinder to low water
mark,

|{fron pipe

disc

adid 7qrrayy

Interior of obscrvatory and fitlings,
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mometer is fixed to a shelf so that the upright pipe passes through the roof close to the
ridge at the western end (the Rain Gauge being close to it on the outsidej. A platform was
made to get at the anemometer easily and this served a double purpose, as it was also the
framework for a guard to protect the pendulum, and clock of the 8. R. T. G., and cloth
having been fixed all round it keptany wind from getting to the pendulum. Steps were fixed,
convenient for access to the platform. A long box to keep the S. R. T. G. papers on a roller
preparatory to putting them on the barrel and which also held diagrams for the other in-
struments, &c. Also a table made expressly for size to suit the S. R. T. G. sheets being prepared,
were placed on one side of the observatory. o -

(44) The self registering Tide Gauge was carefully put in its position, so that the
band allowed the float to be 3 inches from one side of the
cylinder, while it was the same distance itself from the other
side. The instrument having been carefully leveled by wedges, the trestle was secured with
screws to the floor ; a hole was cut in the floor and a small box let down (properly fitted so as
to allow no sand to come in) in order that the counterpoise weight might be able to act for
the entire range of the instrument.

The float band was made 33 feet 6 inches long and 33 feet of chain was added to this,
and fixed at its other end to the hook under the float, forming a continwous band as it were.
The scale of wheels adopted here is , the barrel being 5 feet long, that scale was the largest
that could be used for a 14-90 feet range of tide. The float has a swivel to which the band
is attached, and the band also passes through 2 guides fixed to an upright scale ou one side,
and through another guide fixed to the trestle on the other. ] .

(48.) The temporary Tide Gauge, consisting of a pile firmly imbedded in the sand and

8. R. T. G. in position,

Temporary Tide Gauge.

standing about 8 feet out of the
ground, was placed about the level
of low water neaps; to this was
attached a box containing a cop-
per float, and a deal rod was at-
tached to it with a pointer about
61 feet above the float. The box
has a bottom to which is attached
a pipe (2 feet long) of small dia-
meter, by means of which the
sea has access to the float ; the box
itself is about 6 inches square
and 6 feet high: the back of it,
viz., that side attached to the pile
was 12 feet long and has a groove
in which the upright rod with the
index works (vide sketch) so that
by having this upper part num-
bered from a certain zevo the level
of the sea below this zero could
be at once read off. It was found
by careful trial in a bucket of
water that thc pointer always
recorded G feet'2 inches above the
level of the water in which the
float worked—the scalc was made
accordingly : levels were taken to
connect the temporary Tide Gauge
with the top of the cylinder, for
comparison of level of water in-
side and outside.

(50.) The Puttimar and other boat weighed anchor on the afternoon of the 27th

Voyago to Hanstal Tidal Station ; December but we had to anchor again off the town of Beyt on
Puttimer stuck on sand bank. ' account of the tide and remain for the night. On the morning
of the 28th we again set sail having a pilot on board the large

boat; after being about half an hour or so under full sail with a stiff brecze, we struck on a
sand bank, and hecled over tremendously and then stuck. The tide was falling at the time.
On this occasion Mr. Peters’ services werc invaluable, he at once assumed charge of the vesscl
and ordered the Nacoda and his men to do what he thonght mecessary for the safety of the
vessel. Heavy spars were lashed vertically to the sides of the Puttimar to prevent it capsiz-
Ing as the tide fell, and after some considerable delay on the part of the native officials at Beyt,
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assistance in the shape of some small boats was sent to us but I must here record that it
would have fared very badly with ourselves, the men of the party and the Government stores
had not Mr. Peters used prompt measures and taken the command of the vessel out of the
hands of the Nacoda. A new pilot was obtained from Beyt, and when the boat righted itself
in the high tide in the evening we got her out into decp water. i

(54.) The ground at Hanstal being black soil, the surface of which was covered by about
Masonry well not required ot Hons-  One inch to one foot of water, at extraordinary high tides, for
tal. Excavating hole for the cylinder.  miles in land, it was of course unnecessary to sink a masonry
well, if we could excavate a hole deep enough for the cylinder. This excavation was begun about
30 feet in land from the usual high water line of spring tides, and by the 14th January 16 feet
had heen finished. After this however it was evident from the sides falling in that we were ex-
cavating too perpendicularly, and from the proximity to the water of the creek that a good deal
of surface water came in ; on the 23rd I abandoned this site and went in land about 150 feet
and commenced the excavation.

(56.) By making the excavation of considerable diameter and with a pretty gentle slope,
in 4 days we had got to the depth required, viz., 254 feet; all available hands, coolies, calas-
sies ard peons, were kept at this work, and from early morning till dark, because the longer it
took there was more chance of the gradual surface drainage carrying down the sides.

(57.) The iron cylinder was lowered into the hole much in the same way as had been

Cylinder placed in position. done at Okha Tidal Station.
(58.) Three Bench-marks, near one of which a pillar was made, were built similarly
Bench-marks and pillars constracted  to those at Okha Tidal Station at different distances from the
also Louse for men. cylinder : also a house for the men was constructed.

(59.) The Observatory was next fitted up and placed on its cross beams and piles : steps

Observatory placed in position on and side retaining walls haviug been constructed to have access
its cross beams and piles and pipe be-  to the stop cock. Here it was not necessary to contend against
ing carried out. the water percolating in to the same extent as at Okha where
the foreshore was simply sand. A small box was fitted over the stop cock bend as before and
a layer of stone and some cement prevented any great accumulation of water. A temporary
Tide Gange was placed here as at Okha.

(61.) Some time before this one of the reports from Okha Tidal Station brought me
information of the entire stoppage of the anemometer clock at
that station ; some of the wheels having become broken. Tind-
ing all the self registering Tide Gauge clocks dirty and that the anemometer clocks wanted
generally to be looked at, I found it necessary to get up a first rate watchmaker from Bombay
at once ; I kept him hard at work at Hanstal overhauling all the clocks until the station was
completed, and then took him on to Okha to repair the damage there.

It was most fortunate I made this arrangement when I did, for he found that the clock
of No. 7 Tide Gauge (viz. one of the escapement balance elocks) was quite unfit for work,
some of the teeth having been quite worn away : the weight he considered far too heavy. Also
all the anemometer clocks had to he carefully cleaned up, for as you will recollect, gold springs
had only just been received for them a day or two before I left Bombay and they had been ra-
ther hastily putin. I found this Parsee watchmaker a very good workman indeed, and we could
not have got on without having all the clocks in good working order. .

(62.) As I have alrcady stated I found that there was a great instrumental error in

Buck-lash woight to overcome the the sclf registering Tide Gauge, on account of the large
instrumental error in the S.R.T.G. amonnt of hack-lash between the whecls attached to the dia-
gram barrel and those of the clock. By a very simple plan I succceded in quite getting rid
of this error and thereby adding very greatly to the value of the performances of the iustruments.
A small pulley was attached to the trestle by a picce of wood some 6 inches long ; a piece of
cat-gut cord fastened by a hook at one end to the clip which held on the paper on tl}e diagram
and wound round the barrel, passcd over this grooved pulley and had a weight fixed to its
other end. In this manncr the barrel was always being drawn round, and back-lash was effee-
tually destroyed; not only that, but this weight acted as a maintaining power, when the
clock was being wound up. The weight had to he disconnected, and the cord re-wo.nnd round
the barrel once a day, and it was so arvanged that there was a frec fall of quite enough
length for 30 hours.

(68.) Hanstal Tidal Station is situated on the Kattywar side of the Hanstal creek,
about } of a mile from its mouth. The foreshore at the station
runs ncarly east and west, and, at about { of a mile from where
the creek joins the gulf, it hends round to a north and south dircction. The opposite shore
is part of the Runu of Kutch and is a mud flat covered with mangrove hushes. The creek ;lt
the station is about 2 miles broad. The whole plain between the station at Juria 13 perfeetly
flat, without a trec or bush to break the monotony of this Runn, and whic!n ‘has not evel}t;
blade of grass growing on it. At extraordinary high tide in the monsoon it 1s covered wi
about one foot (in some parts) of sea water. The only thing to mark the site of the observa-

Watchmaker called up from Bombay.

General position.



SeasoN 1873-74.] 51_3,
tory except what has now been made heing a Mussulman’s “pir’” about 1 of a mile to the
west : this pir is a pole stuck into the ground, with a few dirty rags attached to it, and some
half dozen stones piled up close to it, to mark the site of some Mussulman’s grave. Approxi-
mate Latitude of the station 22° 55 20" N, and Longitude 70° 23" 0" .

(81.) Tour iron tanks and 12 casks were left for the water supply and a contract was
made with the former boatmen to carry water twice a month
for the station, taking out at thc same time a Banyi with
supplies of food for the men, all from Juria about 25 miles off. A guard of 1 Niik and 3 Sepoys
was sent by His Highness the Jam of Nawanagar, and 3 Post runners (old men of the Postal
Department) were engaged to carry the letters to and from Jiria Post Office. The site of the
station had formerly been that of a Postal Chauki when that was the route to Kutch.

‘Water tanks, Ghuard and Post runners,

(82.) Hanstal Tidal Station being now fairly established, I proceeded with a few of
Detachment of the Party proceeds the men (taking also the watchmaker with me) to Okha Tidal
to Okhs and remainder lo Nowanir to  Station to Tepair the dumagc to the ancmometer clock! I
start work. arrived there on the 27th I'chruary. 'Flie remainder of the
party in charge of Sub-Surveyor Nursing Dass and accompanicd by Mr. Peters proceeded direct
to Nawandr where they arrived on the 24th February.

(85.) The Sub-Surveyor in charge having reported that from the 20th January the
upper buoy was not seen at high water, arrangements were made
by means of a small hoat from Beyt to get the anchor, &e., up
and see what was the matter. The clin attached to the upper
buoy was found wound round and round the anchor, and the flexible pipe had been partially
broken at a distance of 40 feet from the brass connecting piece; and we could not get this part
of the pipe in, as it was buried so deeply in the sand under water.  All our appliances for effecting
repairs, &c., had been sent on to Nawandr and as the ncap tides were coming on and the damage
to the pipe could not be properly put right, until we took up the last rigid pipe and brass con-
necting piece, I determined to get some men and the mechanies across from Nawanir and cffect
the necessary repairs about the 18th March when we would have the spring tides.

(88.) Mbv. Peters and his men having arvived from Nawandr on the 18th Mareh (the

Repair to piping effected at Okha 10W tide favouring the work) the last 3 lengths of the iron
Tidal Station and everything left in  pipe and hrass connecting picce were taken up: but the flexible
good working order pipe broke off at 4 feet from the end, aud the remainder it
was found impossible to save, so deeply was it buried in the sand.  The following day
the flexible pipe was repaired and strengthened, and a new picce added, making a total of 99
feet: two stout coir ropes were taken along the entire length of the pipe, and secured by
coir lashings, the pipe beiug slack, and ropes taut, also at cach end a service of 4 or 5 feet of
thin coir line was made, to prevent rubbing, and gencrally to strengthen these parts.  The pipe
was re-laid on the 20th March and the upper buoy was done away with; the chain attached to
the anchor was brought in shore, and a strong rope attached to it was secured to the foot of the
temporary Tide Gauge, so that the anchor might be raised at any time required. The stop
cock was opened and every thing seen to be in good order. Mr. Peters and his men returned to
Nawandr while I remained to take some wmeasurements and cowparisons at the station.
All the clocks having been rated and apparently going very well, and the comparison of the
water in the cylinder and temporary Tide Gauge being satisfactory, measurements at rising and
falling tides for dctermining position to corrcspond with zero of gauge, having been taken, &c.,
I left by boat for Nawandr Tidal Station which I reached on the 29th March.

(99.) The Station of Nawandir is situated on the western shore of the creek of that
name just at the end of the spit of sand as tlie creck joins the
foreshore of the gulf. Approximate Latitude 22° 4.4’ 20" N,

Disappearance of the upper buoy at
high water. Breakage of flexible pipe.

General position.

and Longitude 69° 45’ 10" 13

(100.) The Observatory is similar to those at Okha and Hanstal and is placed so that
its length rins nearly east and west, the anemometer being
fixed at the westerly end.  The masoury well for the cylinder
was sunk to a depth of 23 fect below high water springs, and ordinary high water mark just
reached the site of the Observatory. The vertical pipc came up to about 14} feet from the
bottom aund then the stopcock bend was fixed and 16 lengths of iron pipe taken out with a
gentle decline down to low water spring tides, and the pipe packed up with large stones here
and there to prevent settlement. The brass connecting piece was fixed at the end and placed

in 3 feet of water at low spring tides, being seeured in position by stakes and lashings.
(101.) The flexible pipe was carcfuily parcelled through its entire length, and two strong
Floxible pipo. longitudinal ropes secured to it, at intervals of 2 feet, and
firmly joincd to the iron pipe, and when taken out the rose was
lowered at about 100 fect from the end of the iron pipe: the buoy sustaining the rose similar
to Okha, and the chain for raising up the anchor taken in shore and attached to the temporary

Ti.de Gauge by a stout rope; this was afterwards attachicd to one of the hawsers, in connection
with the large buoy.

The observatory, cylinder and pipe.
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(109.) I lcft Nawanir Tidal Station with a detachment of the Party on the 26th April
i Tidal Station b to sail direct for Okha Tidal Station; but at this season of
gu;’ ]‘l;‘:rse:s"lni(:“g‘;"‘v‘l‘ “;‘Ly'"‘whm' and  the year the wind blows almost directly down the gulf, and we
Hawsers ot Haustal, had to make for Serrdyd Bunder on the Kattywar coast and
march thence to Okha. Mr. Peters with the remainder of the
men sailed for Mandavie to purchase large coir rope or hawsers; after being nearly wrecked, he
rcached Mandavie and got the necessary supply of rope and crossed to Okha Tidal Station.
The Observatory was inspected, clocks corrected &c., while the heavy anchor and large buoy,
side hawsers and piles were heing laid down. Mr. Rendell and Mr. Peters then left by boat for
Ilanstal on 3rd May; passing Nawandr, the hawsers were laid down as at Okha; and they
reached Hanstal on 6th May. Here it was found that the hawsers (strong though they werc)
would not stand the drag of the buoy from the enormous current down the Hanstal creek, so
both were put on the same side of the pipe, viz., the side nearest the gulf, as it was considered
that boats would not be able to make for the station on the other side.

(110.) All the work having been completed Mr. Peters and the men temporarily en-
gaged left Juria for Wadwin and Bombay on 13th May, 1 re-
ported very favourably on Mr. Peters to Major Merewether as
lie was most energetic in the performance of his duties and always worked most willingly often
at night long after usual working hours and on Sundays when emergencies required it. Mr.
Peters had sent all the blocks, pump, &c., lent me from the Harbour Defences, back by steamer
to Bombay some time before. .

(111.) The stations being now all fairly established and apparently working well, the
remainder of the field scason was occupied in inspecting them
as required.

BMr. Peters leaves for Bombay.

Genernl work of the Party after the
stations had been established,

(112.) Nursing Dass left Nawandir Tidal Station on the 15th April to complete laying
down the chain of Bench-marks from that station round to
where he had left off on the Kattywar side. The line crosses
the Runn of Kutch between Shikirpir on the Kutch coast,
and Mallia on the Kattywar coast. Two Bench-marks were laid down actually in the Runn, on
which at the time there was about one foot of water, but he was told by the people at these
places that in the months November to Fcbruary this route is quite dry and carts pass back-
wards and forwards. The total number of Bench-marks laid down was 38.
(113.) All spare stores having been collected and placed in a large room inone of the
\ . towers of the wall at Jdria, I moved into Rajkote with the
“t']}{]:‘jsz;_ty move into recess quarters  paiy on the 10th June. Mr. Rendell however was still in
the ficld inspecting the station at Okha. He reached Raj-
kote on the 1st July with the rest of the men. .
(114.) Ihad about this time a great deal of correspondence with the Political Agent in
Kutch and the Assistant Political Agent in charge of Hallar,
Kattywar, relative to the site of Hanstal Tidal Station, although
I avoided doing any thing which might bring about Political
complications, yet the fact of the Tidal Obscrvatory being erected at Hanstal seemed to be the
occasion for the Durbirs of Kutch and Nawanagar to raise the question of right to the ground
on which it was situated. I supplicd both the Political officers with a rough sketch of the
ground in the immediate vicinity of the station; hut the line of demarcation between the two
States seems to be very indcfinite; and as His Highness the Rao of Kutch is the sovereign
of the waters of the gulf, his claim is that all the ground up to high water mark belongs
to him; and as this claim if held in its entirety wounld be tantamount to the whole of the
ground, covered by any estraordinary high water during the monsoon, coy}ing under the juris-
diction of His Highness of Kutch, the Durbir of Nawanagar disallow’it, and I believe the
matter is to be referred to Government for decision. .
(115.) About the beginning of May the Sub-Surveyor at Hanstal reported that 2 native
Dont with armed men from Kuteh Vessels came and anchored near the Observatory at Hanstal ; the
Janded at the Hanstal Tidol Statton and  men who said they belonged to Kutch landed from the boats,
gave souic trouble. most of them being armed ; there was some altercation between
them and the guard of the station and eventually a spear was taken from one of the Kutcli
men : after a short time they re-embarked and set sail. It would appear this was the secoml
time something of the kind happened. Shortly after I had rcceived this information, I hml
copies of letters sent by the Durbir of Kutch to the Political Agent, stating their case, nn(f
requesting mc to order the guard at Hanstal not to interfere with their men; also copies }0
letters from the Nawanagar Durbir to the Political Agent in Kattywar, stating that unless lle
interfered, there was likely to be a fight between the Kutch men and the guf'u'd at Han?lta .
Ou receiving these documents I addressed the Political Agent in Kutch requesting him to allow
matters to rest as they were until the work at the station was ﬁms'hed, and that as a tentative
measurc the guard and supplics for the station should be continucd from the Nawanagar
State.

All Bench-marks from Okha to Na-

wanir laid down,

Political complications regarding
Hanstal Tidal Station.
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(116.) Very little work could be donc in officc during the recess: Mr. Rendell had
Workin Office during the recess. Mr. gO1€ on two months’ privilege lcave from the 8rd July. I had
Rendell takes privilege leave. Inspec- only Sub-Surveyor Nursing Dass to assist me, also I had to
tion of stations during the monsoon.  yjsit the Tidal Obscrvatories and inspect the work there. Bad
accounts from Nawandr Tidal Station were received about the cud of June which made it
imperative for me to visit that station as soon as possible. The inspection of the Observatories
during the monsoon entailed a good deal of exposure and discomfort, by having to make long
marches in the rain. 1 was actually in the ficld 38 days between the 7th July and 8th September
and had marched ncarly 800 miles in that time.
(117.) Fifty-five sets of observations tostars have been made and computed for rating
. . the chronometers from time to time in the past year. During
Btar observations for rating chro- 410 monsoon there were very few mights of course in which 1
nometers. X
could observe. As arule I managed to rate the clocks previous
to leaving for a tour of inspection and immediately on returning. In this way a very exact
value of the time could be obtained in rating the observatory clocks, and for final corrections
for the diagram of the self registering Tide Gauge sheets.

(169.) Mr. T. H. Rendell, Assistant Surveyor, was transferred from the Kattywar Party

Personnel of the Party in March last; I have every reason to be satisfied with the way

) he has performed his duties. I have also to state that from the

interest he takes in the work and his mechanical turn he will be particularly useful in this party.

Mr. Rendell had two months’ privilege leave during the monsoon, aund this tied me down very

much as I had to take up all the inspection dutics and during the most inclement season of the
year for travelling.

Nursing Dass, Sub-Surveyor, has been most useful to me in every way; heis sharp, and
hardworking, and I quite endorse the character given him by the officer under whom he served
previously to joining this Party. I hope you will record his name, for promotion to a higher
scale of pay on the first opportunity.

With regard to the Sub-Surveyors at the stations, they have all done their duties remark-
ably well. Although the work 2t Nawandr has been almost entirely stopped during the monsoon,
yet the Sub-Surveyor in charge there has shewn on several occasions a particular aptitude for
overcoming any difficulty which presented itself, that Mr. Rendell having reported very favorably
on him, I took the opportunity of informing all the Sub-Surveyors at the stations that I should
bring the names of those men who proved themselves hardworking and intelligent prominently
to your notice at the end of the operations.

(171.) In conclusion I have great pleasure in recording the courteous assistance given

. v me by Captain Jackson the Assistant Resident at Dwarka,
Assistance from Political Offcors. durinfgr' thc%ime Okla Tidal Station was being constructed, and
since then, while work has been carried on there.

My acknowledgements are equally due to Captain Goodfellow the acting Political Agent
in Kutch for the assistance rendered me at Nawandr. To Colonel W. W. Anderson the Political
Agent in Kattywar and the Assistant Political Agent in charge Hallar; I am also greatly indebted
for their kind assistance on many occasions: I have to thank the latter officer especially, for
more than once, having so strongly represented matters to the Durbdr of His Highuess the Jam
of Nawanagar, that the difficulties arising from the native officials at Jdria being careless and
dilatory in looking after the supplies for Hanstal Tidal Station, were always overcome, otherwise,
there would in all probability have been a cessation of work at that station from the menin
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 was submitted by me last year. This was partly due to the fact that
the party had no recess; and partly because I considered that an account of the operations
undertaken for the completion of the Pendulum experiments conld more satisfactorily be
embodicd in one report. I must therefore now go back to the autumn of 1872; when, having
previously gone through a course of practice, I commenced my first series of regular pendulum
observations.

(%) This scrics was taken at Mussooric in October 1872, just after the break up of
the monsoon. The pendulums were swang at the full atmospheric pressure in order that the
results might be directly comparable with thosc obtained there from Captain Bascvi’s obscrva-
tions in 1866, The rcsults were as follows :—
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TABLE OF THE RESULTS.

Number of vibrations in a meen solar day, re-
duced to an infinitely small arc to o temperature
of 72° F. to a vacuum but not to mean sea level.

ODSERVERS. Menns of both
Pendulums,

Pendulum No. 1821, Pendulum No. 4,

Captain Basevi, .- . 85956-09 8605677 86006-43
» Heaviside, .. . 85956:16 8605654 86006-35

(4.) _ On the 30th of October the party went down to Dehra. From that time till the
middle of January, I was engaged in a series of preliminary experiments with the Russian
Pendulums of which I had no previous experience.

Separate reports will be submitted, both on the operations with the Russian Pendulums
and also on those with Kater’s Pendulum; consequently details of the work dome with thosé
pendulums will not be found in this report.

(5.) On the 21st of January 1873, I left Dehra for Kaliina, which is the base station
for pendulum experiments in India, Mr. Macdougall had already been sent to Kalidna with the
invariable pendulums and apparatus, with instructions to make the necessary preparations there,
for a series of observations, both with the invariable pendulums and with the Russian pendulums,
After completing this work, he was 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 was necessary, in order that Mr. Keelan might be present at Kalidna when I com-
menced to put together the invariable pendulum apparatus. Mr. Keelan had not previously
seen this apparatus, and as he was to accompany me to England as sole assistant, it was requisite
that he should have as much instruction in the matter as possible.

(6.) Although the results obtained with the invariable pendulums at Mussoorie, were
snfficient to show that the pendulums had undergone no sensible changes in their travels to
Thibet and back; yet it was considered advisable to compare my results with Captain Basevi’s
still further. A short series of observations was therefore taken with these pendulums at
Kaliina at 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

For Pendulum. 1866-1873. Mean difference.
No. 1821 — 0°060 vibrations
No. 4 + 0108 ”» + 0°024 vibrations

(7.) The party left Kaliina on the 10th of March and marched into Muzaffarnagar.
Such of the instruments and equipage as I cousidered it necessary to take with me, were care-
fully packed in my presence in a railway goods van, which was then locked up and despatched
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. Macdougall then returned to Dehra in accordance
with your orders, taking with him the instruments and stores I did not require. During t}.xe
time Mr. Macdougall was with me, he showed himself industrious, willing and most _zealous in
his duties; but in order to become a valuable assistant he must endeavour to acquire greater
accuracy in his work.

(8.) On the 15th of March I reached Bombay. Mr. Keelan who brought down the
natives and broke the journey at two places, en roufe, arrived there on the 19th instant. On
the 20th the instruments and stores were moved over to the Colaha Observatory. .

(9.) Mr. C. Chambers, the Superintendent, placed at my disposal an_out-building in
the Colaba Observatory compound, which was well suited for the experiments. The building was
40 feet long, by 30 feet wide, with a solid stone floor, stone walls, and a tiled roof. Inside this
again uprights supported the roof and formcd an interior space of 24 fect x 14} ft. This space
was enclosed with bamboo matting and within it the pendulums were swung. The objection to
the building was its propinguity to the main road of Colaba from which the outer wall of the
Luilding was but 8 fect distant. Although the pendulums were swung on isolated pillars, yet
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it was considered advisable to guard still farther against the vibrations caused by passing vehi-
cles. For this purpose the road was thickly covered for some distance with small bundles of
straw laid close together. The construction of the building rendered it necessary to suspend
the Shelton clock from a wooden framework which was made for the purpose in Bombay.
Owing either to this method of suspension, or to the clock not being on an isolated pillar;
the clock, which generally goes very well, had at Colaba, a comparatively irregular rate.
The effects of this on the observations, were it is considered, almost entirely eliminated
by comparing the clock Shelton at short intervals with the Observatory clock (by Thwaites
and Reed) the rate of which was very constant and well known. These ccmparisons were made
twice a day near the commencement, and near the end of each set of pendulum observations.

(10.) I am deeply indebted to Mr. C. Chambers both for the assistance he afforded
me in my work at Colaba, and also for his hospitality. [ had been in correspondence with him
on the subject of the preparations which were required for the experiments, and on my arrival
at Colaba I found that the building had been so carefully and efficiently prepared, that it only
remained for me to put up the apparatus. Isolated pillars had been built, the observing pit dug,
and the roof, doors, windows and interior space covered in with matting. so that the tempe-
rature might be kept as equable as possible. A wooden frame had also been prepared for the
clock, from a design I had sent. ‘I'ransit observations were usually taken at the Observatory
3 times a week. But Mr. Chambers kindly arranged to have them taken every night (Sun-
days excepted) during my pendulum observations. Thus the Observatory clock which was by
Thwaites and Reed, and had a very good rate, became a standard with which I could compare
my clocks at any time.

(11.) When I had got the vacuum apparatus together and began to pump, a bad leak
showed itself. After some time the leak was traced to one of the windows. 1 therefore took
down the cylinder and overbauled it thoroughly. The windows were repacked, and the whole
cylinder repainted. This took some time but was a most successful job, as I had no further
symptoms of a leak up to the conclusion of the work at Kew. .

(12.) After the quiet of Kalidna the noises at Colaba were most distracting. Carriages
and people were constantly passing along the road. Occasionally there would be a shout of
Ho! Ram Bak-ash! Ram Bak-ash! Ho!l the prelude to a conversation between two natives
carried on at a distance perhaps of 200 yards. The ladies of Colaba too, were it seemed to me
the most indefatigable musicians, and at first I was sometimes puzzled to determine whether I
had compared the clock with a beat of the chronometer or with a note from Semiramide. I
was lucky however to arrive at Colaba just at the couclusion of the annual artillery practice,
which goes on at a battery just below the Observatory, and which might otherwise have necessi-
tated a change of hours, for swinging the pendulums.

I have since had a good deal of practice in observing amidst noises, and any thing
moderate does not annoy me. But I had not realized before, the enormous advantages we
Surveyors enjoy in India at our stations, remote from such distracting causes.

(13.) The observations at Bombay were finished on the 18th April, and in accordance
with your orders the party was transferred to Lieutenant A. W, Baird, R. E., Assistant Super-
intendent in charge of the Tidal operations.

At Bombay I engaged a Tindal and 12 Lascars to accompany me as far as Egypt. It was
some time before I could find a good Tindal, who was willing to collect the lascars, and trust
himself with me. But at length I obtained the services of one, Sheikh Daod. This man and
the lascars he brought, turned out treasures. At Bombay they learnt their duties in the Obser-
vatory in a few days : their knowledge of ship board, and the assistance they rendered in shipping
and unshipping the instruments were most valuable to me; and they gave me no trouble either
in their conduct or with complaints about food &c. They were expensive certainly but well
worth the money. I have never before met with natives so intelligent and enterprising as these
men were. When the work was finished in Egypt and I was sending them back to Suez, it was
git‘h some difficulty that I persuaded them to relinquish a plan they had formed of going to see

airo,

(14.) Mr. Keelan left Bombay on the 21st of April. I gave him a letter to Lieut.
Colonel Goodfellow, R.E. who was in charge of the military works at Aden and he very kindly
placed some workmen at Mr. Keelan’s disposal, to build the transit pillar and make other
preparations necessary for the observations there.

(15.) I did not leave Bombay until the 28th of April. The interval between the 19th
and 26th was fully occupicd in carefully packing every thing, and in making arrangements for
shipping the instruments. The Peninsular and Oriental Company’s steamers were very much
crowded at that time of the year; hut neverthcless Mr. Parker, the Assistant Agent, kindly
gave me a place for the instruments in one of the mail rooms., 1 may here state that my best
thanks are due to the Company’s Agents at Bombay, at Aden, at Suez, and at Alexandria; as
also to the officers of the steam ships Deccan, Nubia and Candia who did every thing in their
power to assist me in shipping and uushipping the instruments, and in stowing them carefully
in safe places. Itis chiefly duc to them that all the instruments travelled from Bombay to
Kew without rcceiving the slightest damage, and cven the Syplion Barometer when compared at
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Kew was‘found to_be free fg‘om error. Mercurial Barometers are proverbial for getting out
of order in travelling. This one was so fortunate as to travel with Captain Basevi into Th:bet :
to return thence, and to be used by me at all the places at which I observed between Bombay
and Kew, where it arrived in good order. A description of it may therefore prove interestin 4

(16.) It isa Syphon Barometer of the Gay Lussac principle. &

The glass tube is tied down to a strip of wood, on which a paper scale is pasted. The
scale is graduated to tenths of inches, and the readings are taken with the assistance of a de-.
tached sliding vernier. Three or four small pieces of cork are inserted between the tube and
the scale. The strip of wood is screwed down at 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 sec’ured
at the ends by two leather caps connected with straps, one of which is long enough to allow the
bamboo to be carried over a man’s shoulder. 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 was 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 the steel,
rust will inevitably form.

(17.) The instruments and haggage were shipped at Bombay on the 26th April on board
the 8. 8. 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 windows. It was near
steamer point and adjoined the Prince of Wales Hotel.* A transit pillar had been built in a
convenient position between this room and the sea. The pendulums were not swung on isolated
pillars at Aden. At Aden Mr. Keelan executed a small piece of triangulation to connect the
pendulum room with the light ship, the latitude and longitude of which were known, He also
took some circum-meridian observations of stars as a further check on the latitude.

{18.) Distilled water is now plentiful in Aden, and the Garrison is not so dependent
on the tank water as was 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 was 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 smoothly, and we left Aden on the
26th of May in the S.S. Nubia.

(19.) We arrived at Suez on the 1st of June, I tried there to hire a steam launch in
which to take every thing round to Ismailia by the Canal, but I could not obtain one. I there-
fore landed the instruments and haggage 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 were taken in a room on the ground floor of the
Hotel Pagnon, a large double storied building. The pendulums were not swung on isolated
pillars, but the floor of the room was laid with encaustic tiles and was very solid. The clock
hung from a steel pin firmly driven into the wall; and this method of suspension suited it very
well.

For the transit instrument a pillar of stone-work was sunk one and a half feet in the
sand in the garden of the Hotel. When the masonry was dry, there were placed on 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 very well. o

(21.) The French officers, in charge of the Canal, at Ismailia were particularly civil in
their offers of assistance. They presented me with plans of the Canal and of the town from
which the latitude and longitude of the hotel could be satisfactorily laid off. They also gave
me the height of the floor of the pendulum room above the sea lcvel at Suez. .

(22.) Ismailia is a most remarkable place, and exemplifies very strongly the capacities
of the French for producing neatness and beauty under difficulties. The town is situated on
the shores of Lake Timsah; a lake about 3 miles long by 24 wide, which was perfectly dry !)e-
fore the water was let into the Canal, but which now forms an admirable anchorage for passing
ships. Ismailia is about 14 miles distant from the Canal, and except for the waters of the lake,
the town is surrounded on all sides by thc most utter desert of sand: sand w_lnch is constant-
ly shifting, and which is only prevented from invading the town by successive lines of reed

# Full detailod descriptions of the positions of the buildings in which tho penduluws were swung at Coluba, ot Aden,
and at Ismailia, will be found iu the pendulum obsorvation books.
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fencing. Yet in the 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 of them with considerable architec-
tural pretensions. There is a public garden with a pretty kioslk and fountain in the centre,
surrounded by beds kept in the neatest order, full of handsome shrubs, and bright with gera-
niums, zinias and oleanders. Most of the private houses have bits of gardens, and that of
M. Lesseps is a most perfect little wilderness. A plentiful supply of wateris obtained from the
sweet water Canal which surrounds the town, but water alone will not make the desert sand
fertile, and the soil of the gardens is black earth which underlies the sand and which has heen
dredged out of the canal. At one end of the town is a large unoccupied palace built by the
Viceroy, and adjoining it are the water-works whence fresh water is pumped to Port Said.

Although the European population might be counted by tens, and is composed almost
entirely of Canal officers; yet there are one or two cafés chantant in the town and a bathing
establishment by the Lake. The lake is most admirably adapted for bathing. The bottom is
all sand, and there is plenty of water a short distance from the shore. Owing to the large
amount of evaporation the wateg is intensely salt, and in consequence wonderfully buoyant.

The weather was remarkably fine during our stay at Ismailia. In the middle of the
day, the heat out of doors from the glare and radiation was considerable; but within doors
it was cool enough; and though one or two of the days were somewhat sultry, yet the heat
bore no comparison to that of upper India in June. When we first arrived the atmosphere
was wonderfully clear, and the hills near Suez, which were some 60 miles distant did not
look more than 15 miles away. Later on we had high winds which filled the air with sand
and made it very murky. The nights were of thie most glorious description. IEven at Mus-
soorie after the monsoon I hLave never seen the heavens more brilliant than they were at
Ismailia, and the milky-way shone like patches of sun-lit clouds.

(23.) On the 25th of June we left Ismailia. I took 7 natives of the establishment,
on with me to Alexandria to assist in shipping the instruments there. The remainder I sent
back to Suez. I had taken the precaution to obtain through Mr. Vivian, Acting Consul
General at Alexandria, an export order which enabled me to pass the instruments and baggage
through the Custom Iouse there without delay, and on the 26th every thing was shipped
on board the S.S. Candia. I then sent back the rest of the natives to Suez, where I had
arranged for their passages back to Bombuy, with Mr. Sullivan, the Peninsular and Oriental
Company’s Agent.

(24.) On the 3rd of July we left Alexandria for Southampton. Right glad was I to
bid farewell to Egypt. The Egyptians are the most aggravating people to deal with that I
ever encountered. At Suez I was obliged to engage a dragoman as interpreter, one Ali,
whom I have no reason to suppose was much below the average of his class. Iknew he was
not to be trusted, and so when I had got a pass from the Custom House at Suez, I went up
myself to the Station to arrange for a goods van. I paid for it, and it was to be sent down
to the Custom House that evening. When I went over next morning it had not arrived so I
sent Ali up to the station for it. e came back with the intelligence *‘ Engine driver not
bring waggon les he get 4 shillings.” Time was important so I paid. The waggon arrived
soon after but with the door locked. Ali was sent for the key, and came back to say ‘“ Man
not come and open door les e get 6d.”” When we had nearly finished loading the waggon,
an official came and talked with great volubility to Ali, who said he was objecting to the amount
we were putting into the waggon. Tortunately he was a little late, the last box was put in
and T locked the door and pocketed the key. The same sort of thing went on when we were
starting by the train. Surrounded by loafers and beggars with every sort of hideous disease 1
was stowing the thermometers and barometers safely in the carriage, when Ali came up with
some half dozen attendants to say ¢ This man he not label luggage les he get six pence.” ‘“ This
“man he weigh luggage and make him 200 under, he want shilling.” “This man . Lo
I thought, fortunately, of the thermomecters and said. *“ Here, take this half crown and settle.”
But at [smailia when I had got all the instrumeuts safely lodged, I was able to devote a little
more attention to Ali, and when on my objecting to the price of some stone he had brought for
the transit pillar, he told me ¢ him all come from France by canal boat” I explained to him
pretty fully that I could not be called a fool so openly any longer. Ali improved very much
after this, though he never could get over his habit of giving a ready auswer to every question.
But I think the only true thing I ever heard him say was ¢ Iivery one in Egypt him like money.
No do nothing without money.” The Egyptians have one good trait. They can and do carry
the most wouderful loads. At Ismailia we got the air pump and box weighing altogether 374
lbs. on to one man’s back, and he managed to carry it in the teeth of a fresh breeze a distance
of nearly a quarter of a mile.

(25.) Onthe 16th of July we landed at Southampton. T had written for a Custom House
pass, and for a Furniture Van to meet the Steamer there, On the 17th the instruments were all
packed in the Van, and were sent to the Kew Observatory where they arrived and were unpack-
ed on the 18th instant.

{(26.) Owing to General Sir E. Sabine’s forethought, and kindness I found that the
pendulum rooms had been fully prepared for my arrival. The invariable pendulums were
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swung in the same place in which they had been swung by Mr. Loewy in 1865. The observa-
tions with these pendulums were finished on the 25thof August.” Sir E. Sabine permitted
Mr. G. Whipple, the Senior Assistant of the Observatory, to take transits for me during the
time I was swinging the invariable pendulums. This work Mr. Whipple performed to my
entire satisfaction. The transits were observed directly by the Shelton clock, the beats of which
were plainly audible in the transit room through a tube carried up from the clock. The clock
face could be seen from the transit room reflected in a mirror.

(27.) 1did not leave Kew until the 13th of July 1874. The interval between August
1873 and this date was spent in taking a complete set of observations with the Russian re.
versible pendulums for the determination of the length of the simple seconds pendulum at
Kew; in reconstructing and swinging the convertible pendulum used by Captain Kater in 1817;
and in determining certain factors connected with the invariable pendulums.

(28.) In the original programme drawn up by you for the completion of the pendu.-
lum operations it was intended that the invariable pendulums should be swung at Greenwich
as well as at Kew. TFrom the known length of the seconds pendulum at Greenwich, as deter-
mined by General Sir E. Sabine, a value of the length of the seconds pendulum at the Indian
Stations of observations would have been then obtainable. Ovwing, however, chiefly to the
extensive preparations which were being made at Greenwich for the Transit of Venus parties,
no space was available in the Observatory for the pendulum experiments, and the Astronomer
Royal proposed that the pendulums should be swung not at the point in the Observatory at
which Sir E. Sabine has swung his pendulum, but in a building to be erected temporarily for
the purpose in the park about 300 yards from the Observatory and pulled down on the comple-
tion of the swings. Application was therefore made to the British Government by the India
Office for a grant of £200, for this building.

The grant was eventually sanctioned, but in the mean time a change had been made in
the programme of operations.

In August Sir E. Sabine suggested that I should undertake a series of observations
with Captain Kater’s convertible pendulum. You sanctioned this arrangement which by form-
ing Kew into a base Station makes the Indian experiments independent of Greenwich.

(29.) Throughout my stay at Kew, Sir E, Sabine, who took great interest in my work,
was constant in his enquiries as to my progress, and in his kind offers of assistance. He placed
at my disposal the occasional services of Sergeants Moore and Chadwick of the Royal Artillery
whom he employed as writers. These men were both neat and accurate in their work, and
were very useful in making out duplicates of the records of my observations and in assisting in
the computations. I am also much indebted to Mr. 8. Jeffery, the Superintendent of the Kew
Observatory for the assistance he afforded me, and my best thanks are due to Messrs. G. Whipple
and T. Baker for the numberless little services they so freely rendered me.

(30.) Mr. H. E. T. Keelan, Surveyor 3rd grade joined the party in December 1873.
Mr. Keelan was about to take sick leave to Europe, when you offered him this opportunity of
accorapanying the party to England on duty. Mr. Keelan’s services have proved most valuable
to me, and although he has occasionally suffered from severe headaches, yet on the whole his
health has been better than might have been anticipated. He possesses all the qualifications
which an assistant should have and is moreover clever at designing. He made very satisfactory
designs and drawings for several things which I required at Kew for Kater’s pendulum, and
I am indebted to him for many little suggestions in other ways. At Kalidna he was instructed
in the methods, of observing coincidences, and of clock comparisons. Throughout the opera-
tions he observed some of the intermediate coincidences of the invariable pendulums and took
some of the clock comparisons. Towards the close of the work at Kew he practised himself in
taking star observations for time with the Transit Instrument; and his average probable error
for the mean time of transit of a star for the last four mights of his observations was but
+ 0'03sec. The results of the observations show him to be a very competent observer; and
more especially is this the case with the clock comparisons which he took at Kew for the deter-
mination of the rate of the Shelton clock from telegraph signals transmitted from the Greenwich
Observatory clock to the Richmond Post office. At Aden he executed a triangulation for the
determination of the Latitude of the pendulum room, and he took there some circum-meridian
observations to stars for the same purpose. Mr. Keelan’s work has been more than satisfactory
in every respect and I cannot commend him too highly. ) ¢ th

(31.) Before I left Kew I handed over to Mr. Jeffery, the Superintendent of '{)le
Observatory, who had been deputed by the Royal Society to take charge of them, the mvaria e
pendulums and the whole of the pendulum apparatus. A great part of this apparatus had Leen
constructed at the expense of the Indian Government: but, acting on your suggestion, td eise
portions, including the vacuum apparatus, thermometers and syphon gauges, were presented by

ndian Government to the Royal Society, )
thel After leaving Kew I spent a{weck in I{ondon where I handed over to the Director General
of Stores the boxes containing the records of my observations, and the office books and papers

for despatch to this country.

The Russiau pendulums were shipped under Mr. Keelan’s superintendence and were
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despatched to St. Petersburg, in the same condition in which I had last used them at Kew. I
have since heard from M. O. de Struve, to whom they were consigned, that they appeared to have
reached Russia in good order. In accordance with arequest I made, he has deputed a skilled
officer to take a series of observations with the pendulums in the condition in which they arrived,
and I trust that the results in India and at Kew will thus become connected with those made in
Russia. Such of the few instruments as remained, I transferred to the India Store Department
for repairs before heing returned to this country. Onthe 20th of July Mr. Keelan availed
himself of the furlough, and 1 availed myself of the privilege leave which had been granted to us.

I embarked for Bombay by the mail which left Southampton on the 17th of September,
and I reached Dehra on the 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.

Calculating Branch,

(2.) The following changes have occurred during the year under review.

Compuling Branch. Lieutenant St. G. C. Gore who was posted to this office at the close
of the preceding year, to be instructed in the calculations of the Department, having gone
through the usual course, and having afterwards done duty in the oftice, was, on the Ist
August, transferred to the Kumaun and Garhwéal Party. Mr. W. Todd, Surveyor 2nd Grade,
joined on the 1st January 1874 from the same Party and on the same date Mr. J. W. Macdougall
was transferved to that Party. Mr. McCarthy, entered as a computer ou the 11th June, and
having subsequently passed the usnal examination required of candidates for admission to the
Junior Department, was appointed an Assistant Surveyor, 4th Grade, on the 11th August.
On the 1st February he also was transferred to the Kumaun and Garhwal Party.

Drawing Branch. Mr. Atkinson was absent on two months leave from the 25th August,
during which time Mr. H. F. W, Todd officiated for him.

(3.) A large amount of the work performed by the Computing Branch—Dbeing, as it is,
closely connected with the other Branches of the office—is of
necessity of such a miscellaneous character that it would be im-
possible to reduce it withiu the form of a summary. Such as can
be so reduced, is detailed helow ; but in order to enable you to form a general idea of the progress
that has been made I will first briefly capitulate some of the more important subjects that have
occupied the time of the office. The printing of Vols. IIT and IV of the dccount of the Opera-
tions &c. which contain the numerical data connected with the Principal Triangulation of the
N.W. Quadrilateral, were, as stated in my last report, then practically in a complete state.
They have been put aside in accordance with your directions pending the completion of Vol. IT
on which vou are now engaged, without which they would be to some extent unintelligible.
Of this volume about 250 pages have already been passed through the press. No similar
reason has existed for retarding the publication of the Principal and Secondary work of the
same Quadrilateral (in the form prescribed by yourself) for the use of local officials and
others, engaged on survey or other work for which geographical data are requisite. The Quad-
rilateral is divided into cight series of each of which a synopsis has been or is being prepared,
containing the elements of all the principal and secondary points connected with it and accom-
panied by charts of the triangulation. Of these synopses, Vol. I, or that of the Great Indus
Series has been published; Vol. II, or that of the section of the Great Arc between lats, 24°
fmd 30° is now almost ready for the binder; Vol. T1I, or that of the Karichi Lougitudinal Series,
1s very nearly equally advanced; those of the Gurhdigarh and Jogi-Tila Meridional Series are
complete with the exception of charts, and the Rahun Meridional Series is uearly out of the
printer’s hands but also necds charts. The two remaining series i.e., the Sutlej and N.W,
Himalaya are in a somewhat backward state, only the synopsis of the principal points having
been as yet printed ; the secondary data of the former are ready for the press, and considerable
progress has been made in preparing the data of the latter. The reduction of the secondary
triangulation into accordance with the principal triangulation, prior to the preparation of the
synopses, necessitated by the final reduction of the N.W. Quadrilateral, has of course entailed
much labour on the Computing Branch, as also has the superintendence through the press of the
publicationof the result. In addition to this considerable progress has been made with the reduction
of the next Quadrilateral, i. e. the S.E., for which triangles, latitudes, longitudes and azimuths
have been computed and the absolute terms of the cquations found; also good progress has
been made in determining the cocfficients of the unknown quantities involved. These calcula-

Summary of work performed by the
Computing Branch.
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Calculating Branch.—(Continued).

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

in accordance with your wish that every facility should be afforded to that officer, to enablé

him to complete his report and compile the maps connected with his work as soon as Ppossible

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
Spherical Excesses computed . ..221
Simple Quadrilaterals reduced .. . 14
Principal Triangulation. < Simple Polygons » .. .. 29
Compound Figures » . 14
Lats., Longs., and Azimuths computed
(single deductions) .. .. .. 92
([ Traverses computed .. . .. 6
Ray Traces ,, .. .. .e 8
Secondary Triangulation. 4 Triangles » .. .. .. 1505
Do. adjusted . .. 632
| Lats., Longs., and Azimuths computed .. 2258

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 Typ-o.graphic and Photozincographic
presses is given under two heads.

For Typographic Office.

Synopses of the Operations, &c. Compiled or otherwise prepared.
Letter press .. . .. . . .. 26 pages
Principal Triangles .. .. .. .. .. 13,
Principal Lats., Longs., Azimuths and Heights .. .. 2
Secondary Triangles .. .. .. .. 136 ,,
Azimuth Tables .- . .. .. .. 64 ,,
Co-ordinates of Secondary Points . . . 129 ,,

’ Peaks (N.W. Frontier) . . . 6
Total 403
For vols. 111 and IV of the operations &c.
Letter press .. . .. . 45 pages
For other vols. of the operations &ec.
Lists, Descriptions and observed angles of
Revised Calcutta Longitudinal Series .. .. .. 104
Great Arc Series, lat. 18°to 24° .. .- .. .. 66
Jabalpur Meridional Series .. . .. .. 10
Total 180

The auxiliary reductions of the figures of the N.W. Quadrilateral have also been compiled
for inclusion in Vol. IL

For Photozincographic Office.

Data compiled for projection of Assam Series Chart 55-60 .. 1 sheet
Numerical and other Charts. Compared or Examined
Engraved proof of N.W. Quadrilateral Reduction .. . 1 sheet
S.E. Quadrilateral Chart .. .. .. .. )
Assam Series Chart 1855-60 .. . .. .. 1,
Jodhpir Series Chart 1872-73 .. . . . 1,
Final Charts Great Indus Series .. . . .. 4 ,
Total 8

———
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Calculating Branch.—(Continued).

(6.) Observations for time were taken on 10 occasions during the year for the purposc
of showing mean time and rating chronometers. Meteorological
observations were made in the Dehra Observatory on every day
throughout the year, and the daily results were reduced and communicated month by month,
as usual, to the Reporter on Meteorology, N, W. Provinces. A table of monthly means is
appended to this report. The difference of level between the upper mark of the Dehra Dome
Observatory and the B. M. in the wall of the G. T\ S. Office was determined by Spirit Leveling;
and the large Anemometer, which had for some time been awaiting a suitable place on whicl to
erect it, was put up over the room which surmouuts the portico of the office and the clock work
with registering barrel placed beneath within the same room.

Instrumental Work.

(7.) Inoticed in my last report that on Captain W.J. Heaviside’s appointment to the
charge of the Pendulum operations, I was able to afford him
assistance in certain matters connected with his work: having
more calculations than his own office could perform, he continued to require the aid of the com-
puting office for some time during the year under report. The work executed for him was the
computation of the rates of the Russian and English sidereal clocks in connection with his
observations at Kalidna; the reduction of 81 sets of observations with the Russian Pendulums
at Kaliina and the preparation of an abstract of the same; the bringing up of tables for the
reduction of the measurement of length for both pendulums; the recomputation of the Russian
clock rates for the Kalidna observations; the copying of 72 sets of observations at Kalidna with
the Russian Pendulum No. 2; the computation of the observations with the Russian Pendulum
at More; the reduction of clock rates for the observations at Dehra, and the reduction of
the observations with the Russian Pendulum at the same place; the reduction of the observa-
tions at Kalidna made on the occasion of the fourth visit to that station: the bringing up of
the abstract of the results; the recomputation of the factor of expansion for the Royal Society’s
Pendulums and the bringing up of the temperature corrections, &c.

Pendulum Observations.

(8.) The preservation of the Principal Stations of this Survey is of course a matter of
the utmost importance and entails a good deal of correspond-
ence on this office. Replies to 233 letters on this subject were
drafted by Mr. C. Wood under your direction, and 12 original, duplicate and supplementary lists
including 76 stations were issued to district officers. Owing to the modern alterations in the
houndaries of distriets it is often a matter of some difficulty to ascertain what stations are situated
in each district and to obtain a complete return from the district officials. Steady progress is
however being made, and I am glad to state that since I last reported 53 more districts including
550 stations have been settled, making in all 291 districts of which the lists are now complete.

The check lists now include about 2,450 principal stations. A statement was also pre-
parcd shewing what district officials had failed to send in Annual Reports of the condition of the
stations in their districts, and reminders have been sent to them, the result of which has been
in most cases satisfactory.

Protection of Stations.

(9.) A new form for the computation of trigonometrical heights has been devised by
which the labour of calculation is considerably reduced and in
connection with this form a ncw table has been added to the
Auxiliary Tables. Forms for official and dcpartmental use were supplicd to 55 officers, and 446
parcels containing maps and charts were booked and despatched. Twenty-nine officers have
been supplied with data, that furnished to Captain Bailecy of the Forest Department was more
over all reduced to the same terms. Abstracts of observed angles and approximate azimuths
were prepared for all the stations of the Bilaspur Meridional Series, Southern Section, visited
during the scason of 1872-73. Lists of pargana, patti, and village names in Kumaun and
Garhwil were preparcd for submission to the scttlement officers for correction of orthography,
aud G candidates for the junior department were examined.

Miscellaneous.

Typographic Branch.
) (10.) The work performed by the Printing Office for the past 5 years is concisely stated
in the following table.

1869-70 1870-71 1871-72 1872-73 1873-74

Tages composed, 693 819 1,143 1,420 1,220
Do. printed, 106,231 | 234,828 | 241,348 | 273,157 | 388,420
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Typographic Branch.—(Continued).
The total pages composed last year may be subdivided thus,

¥or volumes of the G. T. Survey .. . . . 870
TFor charts, memos., &e. . . . . .. 224
For Annual Report .. .- .- .. .. 126

Total 1,220

Drawing Branch,

(11.) The work executed in the Drawing Office is exhibited in the table which follows
this report.

Photozincographic 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.

: When No. of | Fo- of
Subject published parts ]‘)::ill)llte:(]
Prints of maps published in former years .. . .. 12 750
Kattywar, sheet No. 20 .. .. o ..| May 1873 1 220
Do. No. 30 .. . » » 1 69
Turkestan Map, sheet No. 2 (2nd edition) » s 1 464
Do. No. 3 »” .. P R » 1 290
Do. No. 4 » .. ..} June » 1 557
Do. No. 1 » addendum . » ,, 1 253
Index to Mussoorie & Landour Survey .. A ” 1 8
Do. to Triangulation, S. E. Quadrilateral ..|Angust 1 34
Guzerat, sheet No. 11 . . » ”» 1 123
Kashmir Map (for Major Bates’s Gazetteer) . .. | September ,, 1 559
Index to Guzerat Survey.. .. .. »» ”» 1 522
Do. to Kattywar .. .. .. | October ,, 1 681
Forest Map .. .. 1 ” 3 405
Kattywar, sheet No. 13 (N W Sectlon) .. .. » » 1 61
Index to Kumaun & Garhwil Survey . .. .. | November ,, 1 406
»»  Main Lines of levels (reduced scale) .. .. »» » 1 412
Trans-Frontier Map No. 9 .. .. ” s 1 119
Kattywar, sheet No. 13 (S. E. Sectlon) .. .. ”» » 1 55
Turkestan Map, sheet No. 1 (2nd edition reprint) .. .. » ” 1 320
Do. No. 3 ( ”» n ) .. ..| December ,, 1 333
Kattywar, sheet No. 23 .. . .. .. » ” 1 132
Do. No. 24 .. . .. .. ” » 1 132
Do. No. 25 .. .. ” s 1 25
Do. No.13 (S 3\ Sectlon) .. .. » » 1 55
Guzerat, sheet No. 13 .. } . .. " » 1 105
Doonga ‘Gulli Forest Map (reduced) .. .. ” " 1 111
Trans-Froutier Map No. 8 . ..| January 1874 ] 115
Forest Map (Hazara district) W. Secetion .. .. ”» »” 1 53
Do. ¢ )} Central Section .. . » » 1 64
Kattywar, sheet No. 10 .. .. . .. » ” 1 129
Do. No.20 .. . .. . » » 1 | 105
Do. No.21 .. .. .. . » » 1 | 129
Do. No. 11 .. .. . . »” 2 1 161
Do. No. 22 .o .. .o .e 2 2 1 15}
Guzerat, sheet No. 12 .. .. » » 1 ]0‘:
Kumaun and Garhwil, sheet No. 25, contoured .o .. ”» ”» 1 105
DO NO 26 »» . .e 2 ” 1 105
Forest Map (Hazara dntrlct) E. Scction .. .. " » 1 19
Kumaun & Garhwal, sheet No. 34, contoured .. .. | February ,, 1 105
Do. No. 33 .. ") ”» 1 106
Forest Map (Khanpur Range of Rakhs &c S E. Section . ” 2 1 ]6(1;

Do. ( ”» ) Central Section .. ”» ” 1 l
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Photozincographic Branch.—(Continued).
Maps.—(Continued).

, Whe No. of | No- of
Subject published | prts e
Kattywar, sheet No. 13 (N.E. Section) .. | February 1874 1 55
Index to Preliminary Charts (N. W, Quadnlatelal) .. | March R 1 35
Kumaun and Garhwal, sheet No. 34, skeleton . .. | April »» 1 105
Guzerat, sheet No. 10 .. .. P S »» 1 106
Kumaun & Garhwil, sheet No. 32 skeleton .. N » 1 105
Totals ..| 61 (9,207
Besides the foregoing, Blue prints 33 in number were issued.
Charts.
Amua Series No. 1 .. . .. | May 1873 1 66
Do. No.2 . .. R s 1 68
Assam Longl. Series, season 180 5-60 Nume1 ical .. ..| December ,, 1 65
Brahmaputra Series, season 1872-73 ,, .. .. ’ » 1 65
Gora Series, No: 1 5 .. .. s s 1 65
Jodhpur Series, season ]87.& 73 » . .. | January 1874 1 G5
Bildspur Series ,, 5s  (N. Section) Numerical ..| February ,, 1 65
Great Indus Series, Clhart No. 1, Final 1 377
Kadappa and Karnil Minor Tlnnvulatlon (1871- 73) Numeucnl March »» 1 65
Great Indus Series, Chart No. 2.’ 2 » 1 359
Do. No. 3. Fmal . April »» 1 375
Do. No. 4. » » 1 392
Totals 12 2,027
Diagrams.
Subject When published No. of copies
dl ¥ printed
(| May 1873 710
June » 220
July » 160
Plates to illustrate Vols. III and IV and other diagrams, J éstgol {)setr :: :]328
November ,, 807
March 1874 1080
| April ’ 100
Total .. 3,557
Professional and Office Forms, .. .. .. .. 1873-74. 28,125

1,400 Maps and 2,702 Charts were issued during the year. The forms arc always expended as
fast as printed. Contrasting the work performed since 1870-71 we have

Year Maps Charts Diagrams Forms
1870-71 6,465 839 13,205 10,482
1871-72 10,131 1,375 4,937 13,655
1872.73 6,910 2,206 12,055 12,549
1873-74 9,207 2,027 3,657 28,125
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Photozincographic Branch.—(Continued).

An Abstract of the work executed during the past five years stands as follows.

Number of Prints
Subject
1869-70 | 1870.71 1871-.72 | 1872-73 | 1873-74
Maps, Charts and Diagrams, 12,315 20,509 16,443 21,171 14,791
Forms, . .. . 13,571 10,482 13,655 12,549 28,125

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 many instances such that the
convenience of having a small establishment of this kird at hand to execute it is inestimable.
The accuracy of the data on the Preliminary Charts and the Charts of Levels alone, which is of
the utmost importance, could not be so well assured if this branch were not in direct connection
with the drawing and computing branches, without entailing delay and correspoudence which
would seriously impede the current work not only of the office but frequently of the depart-
ment itself.,

(18.) 1In conclusion, Mr. W. H. Cole, m.4. has continued to render valuable service
in discharging the varied duties that are required of him.

Mr. Wood is as efficient as ever. Mr. Peychers works steadily and to good purpose.
Baboo Gunga Pershad continues to be an excellent assistant. Baboo Cally Mohun Ghose has
done good service. Baboos Kally Coomar Chatterjee, Gopal Chunder Surcar and Tarapodo
Mookerjee are deserving of commendation, and of the new lLands Baboos Sham Nath and
Shoshee Bhooshan Shome have mostly afforded satisfaction.

Mr. W. Todd has worked with his well known accuracy, care and zeal.

Mr. Ollenbach and Mr. Dyson have both done well.

Mr. O’Connor’s zeal and professional ability are commendable.

Mr. Atkinson has conducted his duties as Chief Draftsman with success; his assistants
have given satisfaction.
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Annual Return of work executed in the Drawing Branch of the Office of
Superintendent G. T. Survey of India, from 1st May 1873 to 30th April 1874.

Number of
sheets or
disgrams. | Scale
DxsceirrTion or WORK. o 7 — |linch REMARES,
| 8| 7
2 <
2 ]
= -
Compilation. Miles.
Sheets Nos. 2, 8 and 4, Turkestan Map (2nd edition) .. 4 32 | For Photozincography.
Sheet No. 4, Turkestan Map (3rd edition) ... 1 32 ditto.
Addendum to sheet No. 1, Turkestan Map (2nd edmon) 1 32 ditto.
Trane-Frontier Maps(Nos 8and 9 § 2 16&8 ditto.
Map (containing Rakas Tal and Munsomwm- . { Sheet No. 9 for reduc-
» . uc:
Lake) | 1 4 ditto. tion to 4 ecale.
Map of Kashmir to illustrate Ma_]or Bates' Giazetteer of :
Kashmir . ‘e 1 16 ditto.
Map of Kumaun and Garhwal to illustrate Mr. E.T. Atkinson's : .
Qazetteer of Kumaun and Garhwil } e 1 4 ditto. Reduction ,t° 1 scale.
Sheet No. 6 of Spirit-Levelled Helghts 1 2 ditto,
do. , 13 do. do. 1 2 ditto.
do. , 25 do. do. ... 1 2 ditto.
do. ,, 26 do. do. 2 ditto.
Index Map to Mussoorie and Landour Survey sheets shewmg ditt
the position of Boundary Pillars . } 2 1tto.
Preliminary Numerical Charts.
Assam Longitudinal Series, Seasons 1855-60 .., 1 4 ditto.
Jodhpur Meridional Series, ,, 1872.73 ... 1 4 ditto.
Kadappa and Karndl Minor Series (Great Arc Revision ;
Seasons 1871-73 » 1 4 ditto.
Mangalore Meridional and Madras Longltud.mnl Seriea ;
¢ Seasons 1871-73 ’ |1 4 ditto.
Bildspur Mendn;;m;a Series (Southern Sectlon) Beason } 1 4 ditto.
Final Charts.
Great Indus Series e | 4 4 ditto. Reduction to § scale
Great Arc » 2 4 ditto. ditto.
Gurhégarh » 2 4 ditto. ditto.
Jogi-Tila ”» Ve 1 4 ditto. ditto.
Karéchi » 2 4 ditto. ditto.
Rahin ” “ 2 4 ditto. ditto.
Sutlej » 1 4 ditto. ditto.
Rough Chart of the South-East Quadrilateral 1 20 ditto.
2 Charts of the chains of trmngles west of the meridian b o ditto. ditto.
of Calcutta .., ) .
4 Copies of Star Charts ... - e W 4 ditto.
Miscellaneous.
Prepared 28 Forms professional and office on Transfer and Draw- For Zincography and Photozinco-
ing paper ... graphy.
Examined proofs of 81 maps and cherts
Colored 6,862 copies of different mapa
Prepared Dmgmms and Descriptions of Bench-Marks for eheet
No. 26 of Spirit-Levelled Heights
Reduced and combined several sheets of levels
do. do. several routes
do.  several Russian and other maps for incorporation in
Turkestan and Trans-Frontier Maps
Prepared seversl tracings for use of Officers
Examined and reported on 18 fair ‘maps of the Kumeun and
Qarhwil, Kattywar and Guzerat particsend performed numerous
other miscellaneous duties
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Payrticulars of the transit of Venus across the Sun, December 9, 1874, observed at Mary
Villa, Mussoorie, on the Himelaya Mountains, by J. B. N. Hennessey, F.R.4.8S., Deputy Superin=
tendent 1st Grade, Great Trigonometrical Survey of India, in charge Computing Office.

PART 1.

Naturally sharing in the great interest excited by the transit of Venus, I proposed that
I should observe the event with the equatorial of the Royal Society which Captain J. Herschel,
R.E. had temporarily placed at 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 the 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 pursuance of my professional duties I was
located only some 14 miles from Mussoorie on the Himalaya Mountains; no doubt a station
on these mountains would be very liable to an envelope of mist and cloud at the time of yearin
question, but on the other hand, if really good weather prevailed, I should enjoy the exquisite-
ly clear atmosphere such as I have never experienced save on the Himalayas: add to this, the
journey as already stated was merely an ordinary ride, the necessary equipment for my purpose
was at hand, and though failure would involve a waste of no incousiderable preliminary labor,
this latter I was willing to incur if need be. Arguing thus, I selected a station some 63}
thousand feet ahbove the sea and proceeded to find my latitude, longitude and height, to observe
for time and to rate my chronometers. My numerical results are given in Part II of this
Appendix. The remarks now made are restricted chiefly to what I saw with the equatorial.

2. The telescope of the equatorial has a 5-inch object glass of about 5 feet focal
length and is driven by an excellent clock ; the eye-end of the telescope may be fitted at will
with an eye-piece of 55, 83, 125, 200 or 300 power; or with a spectroscope mounting a single
simple prism : the polar axis may be shifted for latitude. The eqnatorial was set up and ad-
justed 1n an observatory tent, of which the canvas top was removed during observation,

3. I found from actual trial, that the most suitable eye-piece for both ingress (sun’s
altitude 2° 24/ to 7°29') and egress (sun’s altitude about 26°) was that of 125 power: accor-
dingly this eye-piece alone was employed af the contacts. It was however impossible to adapt
the same dark glasses for both the higher and lower altitudes, without sacrificing definition on
one of the two occasions; accordingly I sclected for ingress two glasses which combined gave a
neutral or bluish field, and for egress I changed one of these for a deep red glass so that the
field now presented a moderately deep red: the glasses were quite flat and lay against one
another in intimate contact giving excellent definition. 1 may here add, tliat thanks to Manrakan,
Artificer, G. T. Survey, the clock behaved with perfect regularity, nor was there the smallest
instrumental disappointment throughout the work. As regards procedure during transit, Mr.
W. H. Cole, m.a. with his usual kindness counted seconds audibly from the journeyman chro-
nometer placed before him, while Baboo Cally Mohun Ghose took up a position by my side, pencil
in hand, noting down such remarks as the phenomena, viewed through the equatorial, elicited
from me. Nor, as we stood informed, were the events to be recorded few in number ; at ingress,
internal contact, the light between the cusps was suddenly to vary, the cusps were to meet ; then
should come the ¢ pear drop”, the “ligament”’; what should be its length, what its breadth in
terms of Venus’ diameter, what its shape and which of the known descriptions would it resem-
ble; when would it break ? Primed on these points, we settled on a programme which included
them all, and time after time we went through the necessary rehearsals for perfecting ourselves
in our parts. So much for what we had to expect, and now for a few words on the weather.

4. I moved up to my mountain station on the afternoon of the 1st December; the day
following I was busy fixing my station and adjusting instruments : up to this, the sky had been
sufficiently clear ; but from the 3rd there set in an alternation of weather, which without run-
ning into extremes, kept me in a state of miserable suspense, to say nothing of the additional
watching and toil in observing for time. This state of affairs appeared drawing to a climax,
when the 8th December arrived and the clouds looked blacker than ever, while the mist, which
generally precedes snow-fails here, began to settle down on the internal and still more lofty
ranges of hills; about 2 p.mM. on this day there were a few drops of rain or sleet, so few that
they might almost have been counted, and later on as the sun began to set, the lLeavy cumuli
evolved themselves into strati, which spreading their even canopy over us, left something like
decimal 0 of the sky visible; and this at 10 o’clock at night{ At 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 have desired more favor-
able circumstances for viewing the coming transit: in brief, I enjoyed most exquisitely clear
weather during my observations, such as occurs not frequently even at Mussoorie. I now pro-
ceed to describe the phenomenon of the transit: in doing this T shall have occasion to speak of
Venus as she appeared across the sun’s limb, when a portion of her limb is seen against the sun
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and the other remains against the sky; the former portion I shall eall Venus’ sun-limb or brief.
ly V, , the latter Venus’ sky-limb or v, Again I shall require to mention a ring of linll,t
around V) which I shall call Ly, the corresponding ring around V., being understood by Lb .
Auother point is this; any one who has watched, say the sun’s limh, especially ata low altitul(llc
and with high power, must be aware of the turmoil and cbhullition which then appears very
like as if the limb was being boiled : T shall denote this kind of turmoil by “Dboiling.”

5. With the telescope well adjusted for focus, I watched for the first external contact :
but to no purpose, for I did not see Venus’ limb until after it
had effected an indentation on the sun’s limb ; the latter boiled
sensibly, yet by no means violently ; it appeared jagged and as if with minute spikes projecting
inwards, all of which were well defined in the bluish field. Watching V, I found it also boilinE

slightly, but in a manner somewhat different to the sun’s limb. The appearance was that of
boiling vapour coming round, and overlapping V,_, from the face of Venus turned towards the

sun ; moreover this boiling was not restricted to the edge of V, but extended 2" or 3" beyond,

thus forming a kind of boiling annulus in which there were minute sparkling specks dancing
and shifting about, appearing and disappearing ; the edge V, was visible through the boiling : so

much for the portion of Venus seen against the Sun.

6. At 8} minutes before the first internal contact, I happened to look eclosely into the
spot where that part of Venus against the sky lay, and to my
great surprise I found that this portion of her disc was easily
visible, because it was edged by a narrow ring of light or Ly ; at first I saw Ly only about 10°
or 15° on either side of the point where the chord of Venus’ track would cut Vy, or more
definitely stated, this light-ring did not reach to the sun’s limb; but within 50 later I saw the
light-ring distiuctly round the whole sector of Vi, from edge to edge of the sw’s limb. Thering-
light was only moderately bright, like diffused light, and at first I estimated the annulus
Ly at 3" in width; it was probably brightest about the part where the chord above named cut
Vi. At 6™ before Ist internal contact, I estimated Ly at 4" in breadth, at the same time my
notes contain the remark *definition excellent”. At 3™ 24° before lst internal contact I
remarked ¢‘light-ring quite distinct,” and 1™ 16° later I stated “light-ring quite bright.”
Iudeed the anmulus Ly was so plain, that after recording the time of transit for the dark edge
Vy, I even made a conjectural record as to the time when the bright edge Ly transited across
the sun’s limb; of course this estimate was based on recollection of the width of Ly and not
on any visible fact, for as Ly came on the sun’s disc the lesser light of the former merged into
the latter. On the whole, I am of opinion that Ly was hetween 2" and 4" in width,

7. “And now for the pear drop, the ligament, &c.”, I mentally exclaimed as I

Ingress continued watched the following limb of Venus which had just transited.
¢ ) TFrom what has been stated it will be seen, that as Vy passed
onwards from the sun’s limb it was immediately followed by the light-ring Ly, so that unless
Venus suddenly shot out backward across this ring of light, it was plain there could be no * pear
drop” and no “ligament.” Fully expecting this retrogression, I still watched intently for the
event, while Mr. Cole went on deliberately enumerating seconds, amid the complete silence
enforced on all others around. But I watched for any such event in vain. Venus glided
resolutely onwards, and the streak of light she was leaving behind grew wider and still wider,
until at last when a belt of light representing 10 or 15 minutes of time lay between her and the
sun’s limb, I exclaimed, and I believe much to the disappointment of all concerned,  there s
no pear drop and no ligament.” We watched Venus for some } hour after this and then turned
to the spectroscope. ) ]
8. The substitution of spectroscope for eye-piece cannot he effected in this equa-
The spectroscope torial without a considerable amount of adjustment. When
10 spectroscape: this had heen performed, and we had taken a hasty breakfast,
I first placed the slit across the centre of Venus’ disc and found that it gave 2 black
band all along the length of the bright solar spectrum; 4. e. Venus’ face turned.towa.rds us
reflected no light. I next placed the slit tangential to Venus’ disc; this gave 2 faint glimmer
of narrow light in place of the black band; that is, this glimmer was slighily brighter than the
solar spectrum on which it appeared. 1 looked intently for any Venus air-lines, but so far
as the feeble dispersion of the prism would shew, the lines seen across the glimmering from
Venus’ edge were identical in all respects with the solar lines. I repeated these experlmer;ts
as long as time permitted, and then with Manrakan’s help reverted to the adjustments and the
evc-end and eye-piece employed at ingress. As already stated, it was now necessary to substitute
a dark red glass for one of those used at ingress. . . :
9. The field now was red and if anything slightly too dark to show faint lights; the
definition was intensely sharp. Again, I w‘atcherl with the
Egress. utmost care as Venus approached her second internal contact,

but neither pear drop, ligament nor any other connection or shadow appeared between her edge and

Ingress.

Ingress continued.
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that of the sun, until at last the two fairly toucked.* Of course I again looked for the light-ring
and certainly saw it 5@ after this contact when it was far less bright than at ingress : some time
later I searched for the light-ring once more, but it 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 it was seen with considerable exactness.

10. As already stated no ligament was visible to me at Mussoorie; it was however
seen by yourself at Dehra, and by some other observers at certain of those few stations of
observation wheuce 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 it appears to me probable, that height above sea level, inferiority of telescope, in-
sensibility 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) In view of the light-ring Ly and of the peculiar boiling annulus around V, which
may be called Ly, I have no doubt that L, was in fact 2 continuation of the light-ring Ly, which
latter beyond all question was plainly visible at ingress and less distinctly but still decidedly
seen at egress; and under these circumstances it 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"
in width.

(2.) As a matter of fact the pear drop or ligament was visible at 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.
If however an effective envelope or atmosphere of z 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 ; this shade would I conceive
be quite invisible when its outer edge is backed by the sun’s bright light; but could we
contract the sun to a diameter equal to that of Venus plus twice 2, and make Venus and the
sun concentrie, it appears likely that we should see a shaded annulus right round Venus
between her limb and that of the sun; further that the anoulus 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 z, transited across
the sun’s limb.

(3.) Solar light shining through Venus’ 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 II

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 vertical
circle also of 8 inches read by 2 verniers; the circles are divided to every 10’ of arc and
the verniers afford readings to 107, or by estimation to at least 5”: the instrument is well
provided with spirit-levels surmounted by scales—the Alt-azimuth was used for fixing the
station of obscrvation and for determining time—

A mountain Barometer.

A good Thermometer.

Four Chronometers viz: Dent 2,047 used as a journeyman chronometer and packed
in wool in a wooden box bv itself; Barrauds 885, Dent 2,775 and Arnold and Dent 758, were the
three fized clironomecters and were placed in the same case within a room, where the tempera-
ture had only a moderate diurnal range (probably under 8% ; the case was well padded with
wool and hemp and the chronometers were never moved between 4th anud 10th December.

The Equatorial, has already been sufficieutly described in Part I.

The point over which the Equatorial stood is called Venus Station; its co-ordinates are
as follows, and were determined by angles from two known points fixed by the Great
Trigonometrical Survey of India, viz., Camel’s Back and Vincent’s Hill Stations.

Venus Stalion.

78° 3 32
Lat. N, 30° 27" 36"-3; Long. east of Greenwich{ 15\ 1m2 121-.2 ;i Height above sea 6,765 feet.

. 111 1 .
* My notes stato successively, that when the two limbs were apart 3, g, s j3 8nd zp of Venus' diameter, there

was no ligament or othor counection,
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Time was determined from the zenith distances of @ Tauri (east) and @ Aquilae (west
when these stars were nearly on the prime vertical; as a rule 4 pairs of zenith distancez
were taken to 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 wag
obtained from transits over five horizontal wires; the resulting chronometer error by eac};
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

Astronomical Chronometer Fast on local Daily
date N l;-ﬁndings mMenn time rute
December 4 6 47 185 1 312 -
+ 65
” 5 6 48 406 1 377
+ 75 (1)
» 6 6 37 191 1 451
4+ 67
”» 7 (Cloudy)
6 42 12'1 1 586
" 8 {]8 56 17-4} {2 22
23 17 194 2 395
+ 73
” 9 6 37 526 2 58

On the day of transit, the journeyman was compared with the three fixed chronometers
before and after ingress, and also before and after egress, and by employing the daily rate

A,
of + 7-3 and correcting the times of contact determined by the jowrneyman chronometer
we obtain,

Local Mean time

d. h. . 8.
1874 1st internal contact occurred, December 8 19 .‘]2“9 19’-3
2ud » 23 17 429 ®)
2nd external ” 23 44 599

where the tenths of seconds come into existence through the arithmetical processes involved ;
the original times were recorded merely to the nearest second, and I have no doubt that the
latter degree of rigour was much in excess of what the phenomena were susceptible, so that
the procedure adopted for determining time appears amply rigorous.—Speaking roughly, 1" of
Venus’ diameter took 26°to transit, and supposing that I conld see 0”1 of the former (which
1 doubt) each contact should have lasted, visibly, for say 3*. But as regards the estimates of
accuracy I actually made immediately after the events, I find it recorded that I thought my
times might be true within the following limits

Time of Jst internal contact + 3*to 4°
» 2nd » ”» + 2 (3)
» 2nd externzl ,, + 1°

I am now however of opinion that these estimates (3) should be increased by one half.
From what has preceded, the Greenwich mean times of contact are

h. m. s,
1st icternal contact 14 17 7°1
ond ) 18 5 307 (4)
2nd external ,, 18 32 477

there is however an incongruity in (4), for in this reduction the Longitude of Venus Station
is taken east of Greenwich by 5" 12™ 1292 = i, the origin for Indian longitude being adopted
at 5% 20m 573 E., for Madras Ohservatory; in reality however H refers, not to the /local
meridian necessarily adopted in (2), but to a computed meridian deduced from = conclufled
meridian of origin adopted for the principal triangulation of the Great Trigonometrical
Survey at Kalidnpdr, whereas the times (2) refer to the local meridian as already stated,
Denoting the value of H corresponding to the local meridian by H, we may find (nearly)
H, —H=Hh* thus. Let A, deuote the azimuth of a terrestrial point P as determined by observa-
tions to a circumpolar star about its elongation and A, the corresponding value as brought up
by the triangulation from the concluded meridian of origin; also let A, — A, = a” and let A
stand for the latitude of P, then it can be seen that as a correction to (4)

h = ~ f5 cosec A
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a
now 2" is not known at Venus Station, but at Banog station distant 2'9 miles W.N. W, 2" =
— 147*54; adopting this value, we find h®* = + 1*9 and the {rue Greenwich mean times of
contact become

h, m. X
1st internal contact 14 lm7 9'-0
end  , 18 6 326 (5)
2nd external ,, 18 32 496

the results (5) of course supersede (4).
J. B. N. HENNESSEY,

Derra Duv, } Depy. Superintendent 1st Grade, G. T. Survey,

9th December 1874. In charge Computing Office.

Appendiz to Notes on Transit of Venus across the Sun.

On 12th December 1874 I received a communication from the Reverend H.D, James
M.A, describing briefly what he had seen at his station of observation. In reply I made en-
quiry on some additional points, to which he replied on 14th instant. Mr, James was located at
Chakrata on the Himalaya mountains at a height of 7,300 feet above the sea, in Latitude N. 30°
43' Longitude E. 77° 44'; his station is distinctly visible from Mussoorie on a clear day. The
following facts are taken from his letters above mentioned, and appear to deserve being record-
ed, more particularly from the circumstance that but few observers of the transit are likely to
have been placed at considerable heights above the sea.

Mr. James was attended by his son Henry, a young gentleman with plenty of intelligence
and a commendable spirit of enquiry, The instrument used was a telescope by Smith and Beck,
the property of Mr. James, object glass 3} inches and its focal length 4 feet: at ingress, eye-
piece 60 power and field a neutral tint; at egress, eye-piece 100 power and field red: for time
piece, he used his pocket watch which has a seconds haud; the watch ““gained considerably,
perhaps a minute in 12 hours”,

Under date 9th December 1874, Mr. James states ‘“ when she (i. e. Venus) was about half
““way on (at ingress) the sun, we both noticed a fringe of white light illuminating that rim, of
“the planet which was yet on the dark sky. When she went off, we noticed the same fringe of
“light, but for a much shorter time and when only about one eighth of her had passed the
“sun’s disc.” His watch times of contact were as follows.

h m s
1st internal contact 7 41 20
ond  ,, N 11 30 15
2nd external ,, 11 67 25

After receipt of the preceding I wrote to Mr. James, as already stated. I stated briefly that
my view resembled his; that I had seen a ring of light but no ““pear drop’’ or,other ligament
at internal contacts. I gave him rough sketches of some of the ligaments described in 1769
and enquired if he had seen any thing like them. I also asked him to describe the fringe of
light he had observed, more particularly. )

In reply, Mr. James states under date 14th December ‘ when about half her orb had en-
“tered (alluding to ingress) my attention was attracted to the other half yet on the dark sky,
“to me it was dark, heunce I infer that my field was not so light as it ought to have been.
Tts outline up to this time quite invisible to me, became now illumined with a fringe of white
“light. I then also noticed a much fainter thinner edging of light on the outline of the limb
“on the sun’s dise, which soon ceased to be visible. The fringe external was rather less in

“width than éof the planet’s diameter” * * ¥ «The light somewhat resembled that

““ which we see so plainly in India lighting up the dark side of the moon 3 or 4 days old, but it
““ was brighter, not diffusive as that 1s, its inner edge being clearly marked. It remained visible
““ as long as there was any appreciable portion of the planet beyond the sun’s circumference.”

‘“ As the time of the internal contact approached, that half of the planet which was still
““entering appeared to lose its semi-circular shape and to become oval. I compared it to the
““thinner half of an egg, butsince I have examined several eggs and find that my comparison
“would represent a distortion greater than I had intended. Just before the contact ceased the
“end of the oval seemed as if it were adhering to the sun’s edge, and could not get free—render-
“ing it difficult to decide when the contact ceased. Another impediment in the way of accurate
‘““timing was that the outline of Venus looked woolly and wave-like from a very annoying
“tremorin the air. Hence the notes we eutered were ““internal contact ccased 74, 41m. 20s.
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“ quite clear 7A. 42m. _As to the ligament which seemed to knit the two edges together, T am
‘“ disposed to attribute it solely to the billowy motion of the planet’s outline, for it had a hairy
¢ appearance and sun-light could be seen through it.”

‘“In timing the remaining contacts there was no difficulty, for as the sun arose, Venus
“ appeared to diminish in size, her outline becoming sharply defined.”

¢ At egress the oval shape did not reappear, but just at the moment of internal contact
“there was a sort of flickering movement, as if the planet’s edge had touched, withdrawn and
‘“touched again, This was at 114, 30m. 15s. At 114, 33m. 27s. when nearly one eighth of
““her 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 intent gazing, was again noticed at 114. 57m. 25s. when the external
' contact ceased.”

It 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 it was quite distinct at ingress and less plain at egress.
I saw this edging decidedly as an annulus and as stated in Part I, it was continued round the
bright limb. The complete ring thus presented to view was plainly a visible atmosphere or
envelope. Notwithstanding the somewhat conflicting statements, which have appeared since
writing my Part I, as to the phenomena seen at certain stations; and pending the authoritative
decisions which may hereafter be pronounced, it appears to me probable, that height of station,
inferiority of instruments, 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 planet to afford a first cause.

J. B. N. H.
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Narrative of an exploration of the Namcho or Tengri Nur Lake in Great Tibet made by a native
explorer, during 1872, drawn up by Lieut-Colonel T, G. MONTGOMERIE, R.E., F.R. 8., &c.,
Deputy Superintendent, G. T. Survey of India.

During 1871 a party was organised with a view to exploring some portion of the unknown
regions north of the Tibetan watershed of the upper Brahmaputra. The party consisted of
a semi-Tibetan, a young man who had been thoroughly trained for the work, with 4 reliable
assistants engaged from border districts; one of these latter had been employed on a former
exploration in a subordinate capacity and his experience, as far as travelling in such countries
was concerned, would have been exceedingly useful, but unfortunately he was unable to get
more than a march beyond the frontier hecause the officials on the other side of the Himalayas
were determined to arrest him if he proceeded further, though his ostensive object was trade.
This being the case there was nothing for it but to arrange for his return and to substitute
another man in his place. This was managed satisfactorily after some delay.

The exploring party then passed from Kumaon into the Tihetan province of Hundes or
Gnarikhorsum. At first they got on very well but towards the end of July, when in the neighbour-
hood of the Mansarowar lake, their progress was for sometime interrupted by a band of mounted
robbers who had made an incursion from the east: they succeeded in evading the robbers but had
to take a circuitous route by Pirung, instead of going direct to Shigatze from Minsarowar as
first arranged. The party reached Shigatze on the 24th November and remained there 12 days
making inquiries as to the best route to go to the Tengri Niur lake and preparing for the journey.
Sheep were the only animals likely to stand the journey, as the roads were too stony for yiks
and the country was too cold for donkeys, the explorer consequently purchased 50 sheep and
put all the baggage on their backs. The party left Shigatze on the 6th December marching
as far as the “Naisdng” village; on the 7th they crossed the great Brahmaputra (or Sangpo)
River by means of rafts and encamped at Peting village on the left bank of the river.
Peting has about 30 houses. The next day they put up at Chua village. Here the explorer
exchanged the silver rupees he had with him for gold which he put iuto hollow walking sticks
prepared for the purpose. On the 11th December they veached Dongdot-lo, a village on the right
bank of the Shiang Chu, a northern tributary of the Brahmaputra; here they found an official
from Shigatze who rules over Dongdot-lo and the surrounding villages which are numerous. On
the 13th December they reached ¢ Chom ”, a village of 50 houses with a Buddhist monastery
(Gonpa) on its west. This monastery or rather nunnery is occupied by women only, of whom
there were about 100. On the 14th they reached “ Namling >’ on the right bank of the Shiang
Chu river ; here there is a large monastery with about 500 L4amas, all men : the monastery is on
a high hill, it is a place of some importance hoasting of an iron bridge over the river and com-
manded by a strongly situated fort which is the residence of the Jongpon, or Governor, with
about 500 Tibetan soldiers ; Namling itself has about 200 houses surrounded by gardens with a
small bazar in the centre. The “ Sokpo Gidyjd ” tribe—who bring salt—trade through this bazar
which produces all ordinary provisions. The name of Namling is derived from the two Tibetan
words ‘“ nam ” sky and ““ ling ” garden, the monastery being on a high hill with gardens at its foot.
On the 17th December the party reached *“ Kholam ” village on the left bank of the Shiang Chu
river which was crossed by means of the iron bridge: Kholam has about 50 houses; the land
round about is very productive. On the 19th they reached “ Gonkisng ” a village of 60 houses
with a well built monastery on rising ground. In this monastery there are about 100 Limas
ruled by a Lima of high rank, called Chdringboche, who is very much respected by the people
round about.

On the 20th December the party halted at another monastery, called Rabdan Chuling
Gonpa, built about 80 years ago; it is the residence of another high Lama called ¢ Shaptung
Ringboche ” 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 huuting he heard a voice which told
him to put down his gun and go to a certain spot where he would find unlimited riches buried in
the ground, with this he was commanded to build a monastery : he had oheyed the inspiration and
had cver since passed his life in religious duties. * Rabdan” means house, “ehu” wisdom
and ““ling” garden. The Lima, when the explorer saw him, was evidently a very old man, his
body so small and shrunk that when sitting his knees projected a great deal above his head.

From the time the explorer left Namling on the 14th December it was so cold that the
mercury of his thermomcter did not rise out of the bulb till after 9 or 10 in the morning.
The streams were all hard frozen. The wind moreover blew so hard that their tent was torn
by it and they had consequently to make a halt of 5 days in order to repair the damage. On the
26th December they marched on and reached Gunje; the people of this village said white bears
called “ Tik-dumba” were very common from thonce to Namcho lake and committed great
havoc amongst their cattle,
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) On the 27th December he reached Naikor which has about 30 houses and some cult;
tion ; beyond Naikor there was no more cultivation, and the only inhabitants are nomadic oo
by the name of Dogp4; they graze sheep, goats and yéaks. , golng

On the 28th December the explorer encamped at Chutang Chdk4” where there are
some 15 hot springs, whose water was found to be at a temperature of 166° Fahrenheit, hoil;
water at the same place only rising to 186° Fahrenheit. There were 8 baths supplied b (;lhmg
springs, the baths were put at some distance from the springs so as to allow the water to co);l sueffﬁe
ciently for bathmg. The water has a _smell of sulphur. There were a number of Dorrp-é.’;
tents at a short distance from the springs. °

From the Brahmaputra river near Shigatze up to these spri i
‘“ Shiang Lungba” and thaI; to the north Lah%i-LunglI))a.” springs the country is called

On the 29th December the “ Chapting” encamping ground was reached ; here there were
more ““ Dogpd” tents; the road was so slippery with ice that one of the men fell and hroke a
thermometer. On the 30th December they arrived at ¢ Peting Chuja” near which, on the
right bauk of the Lahd Chu river, there is a large stony place about 120 paces in leng,th 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
that they could not hear one another speaking; the water of these jets was found to be 176°
Fahrenheit. Similar jets of water were noticed issuing from the middle of the river, shooting up
to 40 or 50 feet in height and evidently at 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
though everywhere else both above and below it was hard frozen. The Jaiwar Gonpa monastery
lies about 3 miles to the east of these springs. The explorer went to the monastery which 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 shapes, such as hands, shells, &c., and are
objects of worship as well as the idols. Jawar is the name the Tibetans have for Suket-Mandi
in the Panjéb hills, N. by W.of Simla. This according to a tradition was given in honor of a daugh-
ter of a Rija of Suket-Mandi who was supposed to have married ¢ Laban”’ one of the idols.

On the 31st December the encampment of Sulung Sumdo was reached, here they
found some 40 tents. On the Ist January they halted at Sulung which boasts of 50 Dogpi
tents. The Dogpiis said there were no regular encampments beyond Sulung, the only people
about being thieves on the look out for plunder, against whom it would be necessary to be on
their guard.

On the 2nd of January the explorer reached, ¢ Naisum Chuja.” Chuja or chusa means
source of hot water springs., The name is given to the place from the great number of hot
springs which there are here on both sides of the Laha Chu river. The water from these
springs is so hot that the river is not frozen for about 3 miles below them though every where
else it was frozen over. On the right bank of the river there are two very remarkable hot
springs which throw up a jet of water over 60 feet in height ; the water in falling again freezes
and forms pillars of ice which are nearly up to the full height of the jet. These pillars are
about 30 feet in circumference and look like towers with holes at the sides just as if they had
been made artificially. The water is thrown up with great violence and noise. The thermo-
meter when put in the water inside the pillars stood at 183° Fahrenheit the boiling point therc
being only 183°75.

"The party was delayed at Naisum Chuja for 3 days owing to one of the men getting
sick ; it is said to be a great place of worship or pilgrimage. Owing to cloudy weather the ex-
plorer was unable to take any astronomical observations.

Ou the Gth January they reached Dung Chékd 15,700 feet above sca level where there are
more hot springs but not of such high temperature as the last, their water showing only 130°
Fahrenleit, while the boiling point was 183°: about 10 miles to the east there is a lofty snowy
peak called “ Jhomo Gangar” somewhat of the same shape as the Kailds peak near the Minsaro-
war; it is a noted object of worship being considered as a female divinity. On the 7th January
they encamped at the foot of the Khidlamba L4 crossing over on the 8th, the highest part of the
pass being 17,200 fect above the sea and water hoiling at 180°. The crossing was very difficult
owing to a heavy fall of snow which made the descent on the opposite side very dangerous. The
ouly fire that they could make after crossing was from goats’ dung with which they managed to
warm up a brew of tea. The next day the explorer returned to the pass in order to re-observe the
boiling point, not being quite satisfied that the water was properly boiling the first day that
they crossed over. Ile was again troubled with snow and when he got back to camp was half
dead with the intense cold, and did not recover till he had drunk a bowl of hot tea. The en-
camping place is called Dung Nagu Chiké; there were several hot springs round about,
the water in them vaising the thermometer to 180°, while boiling watcr only raised it two
degrees higher.

On the 10th of January they reached Kiang Ld and on the 11th Dokmar encampment,
where the Dogpis generally kecp their shecp, goats, &c., during the summer.  On the 12th they
encamped on a plain and ou the 13th reached the Ghiikd” camping place ffom whence they gota
view of a very large lake which they found was called by the Tibetans ¢ Jang Namcho Chidmo
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and supposed to be called Tingri Nur in the Tartar language, A camp of several tents was
seen to the east at a place called Dungche. As a road was seen to branch off from this camp
two of the men were sent in disguise as beggars in order to inquire about the road and as to
why a camp was kept there; they found the camp all but deserted the only occupants being an
old man and a woman who were seated in one of the tents: the man said the tents helonged
to Dogpés who had concealed all their property, women, children, &c., while the men them-
selves had armed and gone out to meet a hand of robbers who they had heard interded to
plunder them. As to the road they said it went to ¢ Lhdsd”’ by the ¢ Ninjinthangli” to
Jing Hiangpa Chan Gonpa (monastery) and thence by the Tulung Chubu Gonpa (monastery)
to Lhésa.

One mile north of Ghiik4 the road crosses the Ghaiki Chu a large river which coming
from the west flows into the ¢ Jing Namcho Chidmo ” lake about 12 miles east of theroad. The
river though very wide was completely frozen over; in the summer it is said to rise very much.

On the 16th January after crossing the Ghdikd Chu river the explorer reached a place
called Chdkri which is surrounded by a 10 feet high wall enclosing a space about 200 paces by
200 paces. There were several houses of sundried bricks inside the wall but they were all in
ruins ; the place was said to have once been the residence of a man of some rank. As a great
deal of snow was falling the explorers were very glad to take advantage of the shelter which
the ruins afforded. On the 18th they arrived at Simjam where they found about 70 Dogpd
tents ; as robbers were known to be in the vicinity every tent was guarded by an armed man.
The robhers were said to come from a district called Jdmadta De which lies to the north. J4-
maita De is said not to be under Lhés4 and the inhabitants consequently plunder the Lhdsd
districts whenever they are in want, as they often are in consequence of the severity of the
climate which kills off their cattle whenever there is an extra heavy fall of snow. Simjam
being one of the nearest places to these freebooters has very often been plundered.

The party were detained two days at Simjam owing to licavy snow and did not start
again till the 21st of January, when they marched to «“ Tird” fortho-moest-pari-—salong the shores
of the great ©“ Namcho ” lake which was completely frozen over and seemed to extend to a great
distance eastward. The next day they continucd their march along the shores of the great
lake and reached the monastery called “Dorkid Luigu Dong” situated on a small hill over-
looking the lake. ““Dor” meaus a rock “ligu” a sheep, “dong” a face. The monastery
looking something like a sheep’s head :

A chief Laima lives here with some forty ordinary Léimas. The monastery commands
a splendid vicw of " the lake and surrounding snowy mountains which were more especially grand
to the southecast.

The lake is a magnificient sheet of water and near Dorkid it has the advantage of having
an island close at hand which sets oft the scenery. The island is about a mile long and half a
mile in breadth ; it has a hill ahout 400 feet high in the centre which is crowned by a temple
of the goddess *“ Dorje Phimo ”. The explorer determined to make a complete survey of the
lake and he consequently deposited his property in the monastery with 3 of his men, heing afraid
of robbers, having done this he started off with 3 other of his men; on the 24th January
they reached ].mga. Do on the margin of the lake, here there is another island, called “Kuhi Ne
Dobo” close to the shore, which is about 14 miles in length by about 1 mile in breadth.

On the 25th they reachied Jador Goupa (monastery) here they saw 3 pyramids or cones
of earth or sundried mud each ahout 500 feet in circumference rising to a considerable height.
The explorer went under these mounds by an artificial passage and found that one of them
was open in the centre.  The people say that they were originally all closed and that when a
certain very devout Lima, who used to worship under one of these mounds, died he was taken up
into heaven through the opening. The Jidor Goupa has about 50 Limas. Near the monastery
there are a great many fossil stones which arve held in veneration, they are called “ Naidhowa .
The explorer saw a gigantic doorway cut in the rock through which the Limas say the god
* Ninjinthangla” passcs, its height is about 25 fect. Owing to heavy snow the explorer was
detained two days at “ Jidor”,

On the 29th they rcached Néngh4 Do which is also on the shore of the lake close to
some small hills which arc considered to be sacred.  The next day they halted at ¢ Langdang *
here they found the ¢ Shukpi”’ bush very abundant. On a low hill there is a temple of a god
called Chogo L.  On the 30th they got to Dakmar and passing Thuigo Sumna shrine they reached
Nai Chu Sumna on the 31st.  On their way they crossed the Nai Chu which is a very large stream,
being the largest that flows into the lake, it comes from the east. At the time the explorer
crossed it was 40 paces in width and completely frozen over.

On the Ist February the explorer reached the Tashi Doche Gonpa, a monastery which is
on alow hill ncar the lake, it has 35 Lama mouks. To the southwest of this monastery there
arc a number of magnificent snowy peaks which are called the ““ Ninjinthangld” peaks. The
Limas say the ]nrrlnmt peak is a god and that he is surrounded by 360 smaller snowy peaks
which act as his servants.

To the cast of “'I'ashi Doclic” there is another mass of high pecaks called Nuchin
Gési which appearcd to the cxplorer to rise higher above the Namcho lake than the Kailds peak

an;<
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does above the Mf’msarowar lake. The whole of these peaks were very imposing as seen from
the monastery which also commands a full view of the whole of thelake. Though the water of
the lake is so salt as to be unfit for drinking it is nevertheless quite frozen over ingNovember tl‘l)e
lake being about 15£§QO feet above the sea; when the explorer saw it the surface looked as i it
was made of glass, it is Ssaid to remain in that state till May when the ice breaks up with great
noise. The lake contains fish, and quantities of small shells arefound on the banks. The lake
itself is a great resort for pilgrims,

On the 3rd they halted near a small river ; on the 4th they reached an open plain at night
and were put to great straits owing to a heavy fall of snow. They had left their tent behind at
Dorkia and no shelter being available they had to clear off the snow and lie on the ground
without any fire; they thought the cold would have killed them, but they managed to survive the
night through; in th? morning they found they were well covered with fresh snow. On the 5th
they went on to the Ghaikd Chu river; 1t was snowing all the time and they were forced to camp
out again without any fuel or covering and passed another very miserable night. On the 6th
they saw the sun again and were able to get some fuel and to make themselves tolerably comfort-
able, but whilst crossing at the side of the lake near a small stream, (the Simjam Chu) one of
the men fell through the ice which was covered with snow and would have been drowned had he
not got hold of another man who pulled him out again. The man’s clothes froze hard directly
he got out, and he was only brought round by means of a fire which they at once lighted.

Onthe 7th February they reached the Dorki4 monastery from which they originally
started, having been 15 days in making the circuit of the lake. They halted 3 days at the
monastery and started off on the 11th, getting that day as faras ““ Ringa Do;” on the 13th they
reached the Jidor Gonpa before mentioned and on the [4th Ndngbi Do. Here the explorer
heard there was a lake called Bul Cho about 6 or 7 milesto the north, he accordingly climbed a
peak in that direction and saw the lake. He estimated it to be about 6 miles by five. A kind of
borax is found by and iu the lake, it is called “ Bul ” and hence the name. This borax is used by
the inhabitants of Lhdsd and Shigatze as a spice for meat, for tea and for washing clothes,
bathing, &e. It is carried away by the traders in great quantities.

On the 15th they reached Langdang, on the 16th Dakmar, on the 17th the plain of
Chéing Phing Chuji where there are several hot springs in which the thermometer rose to 130°
On the 18th as they were about to start some 60 armed men arrived on horse back and began
plundering their property and in spite of their entreaties took away everything except the
instruments which they said they did not care to keep in case the authorities should find them
on them and ask how they came into their possession. After a great deal of begging the robbers
gave them back a piece of cloth each with two sheep and two bags of food, a cooking vessel and
a wooden cup to each man; with these they had to be contented, the robbers saying if they
troubled them any more they would kill them.

The explorer had intended to make his way from the Namcho lake to the north as far as
the city of ““ Sinning,” but after the robbery there was no possibility of doing that and indeed
they were so far from habitations that it was a question whether they could exist, and there was
nothing for it but to march as quickly as they could to the south in the direction of Lhdsi
where they were likely to get into inhabited ground soonest. The day after the robbery
they halted in order to consult as to the best course to follow. On the 20th February they
went as far as the banks of the ¢ Nai Chu ” river; here one of the men got sick and they were
obliged to remain there all the 21st, their food consisted of one pound of flour and hot water,
they had moreover nothing to cover themselves with, the robbers having taken the tent, and
were exposed to the snow and wind which blew very hard.

On the 22nd they reached Dam Nidrgan L. The explorer says that he had got so weak
that he took much shorter paces than he had hitherto done. On the 23rd they ascended the
Dam Nidrgan Li pass, after crossing they decided to kill one of their two sheep as they had
exhausted all their flour; at the same time seeing tents in the neighbourhood all the men went
out to beg and after a long round came hack with 6 pounds of flour and began to feel more
hopeful, on the 25th another man got ill and they were obliged to halt again. e

From Dam Ni4rgan there is said to be aroad to Lob Nir and to « Jilling ” or “ Sinning.
From * Dam Nidrgan” it is about 10 days journey to Nikchukh4, a place th'at.has a bad— repu-
tation as to the number of robbers who prey upon travellers; from thence it 1s about 45 days
journey to Sokpohuil which is quite a harren country infested however hy robbers ; after passing
Sokpohuil the inhabitants are more civilized and are said to be very kind to travellers.

The Lob Nir (? Koknidr) lake is in the Sokpohuil territory, and close to it is the town
of Kharki. It isabout 15 days’ journey from Sokpohuil to ““ Sinning” city, where a Chinese
Amba, a man of considerable authority resides. ¢ Sinning” is described as being very superior to
« Lhas4,” good horses, sheep, &c., are procurable and the shops are well supplied with silk,
woolen articles, carpets, &ec. ] .

On the 26th they halted under the Chdnd LA pass, the country up to this point was called
« Dam Nisrgan.” On the 27th they halted at Angchusa where they rzotlceﬂ Gpo_gpﬁ. tents.
On the 28th they reached ¢ Lichu Sumna” the extremity of the “ Badam” district which
begins at Chdnd LA4.
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The ¢ Urirong” district extends from ‘ L4chu Sumna to “Dhog L4.” On the 20th
they reached Siwalungi Ritu (Gonpa) monastery which has some 60 Lima monks. Here
the height was observed by boiling point, but owing to the loss of his quick silver, when robbed
at Ching Phing, the explorer was unable to take Latitude observations he however hoped that
on reaching Lhds&é he would be able to borrow sufficient money to enable him to refit and to
return to this same place on his way north east to China.

On the 1st of March he crossed the Dhok La pass encamping on the other side, the dis-
trict of *“ Jang Tilung ” extends from the Dhog Li to the Chak L4 pass. On the 2nd they
reached the very large monastery called ““ Jang Télung > which has 2 head Lémas with about
a thousand monks. Heve they lalted during the 3rd in order to rest and examine the monas-
tery ; inside they found a large number of images carved in the walls the whole of these were
adorned with gold. The road from Lhasi to Lob Ndr (?) and “Jilling” (* Sinning ”) passes
about one mile south of the monastery. The Sinning Kafilas pass by this route with their
camels laden with merchandize. On the 4th march he crossed the Chalc L4 pass and encamped
at its foot on the opposite (south side) near the village of ““ Lingmo ” where they saw the first
signs of cultivation that they had met with since the 29th of December.  On the 5th they reached
« Jholar Churtan;” on the 6th Naimdr village which has about 20 houses surrounded by a
number of smaller clusters of houses. On the 7th they reached the monastery of ¢ Nehlin
Dik,” on the Sth after crossing the Phembu Gong L4 pass they halted at Lingbu Jong. The
Phembu district ceases at the pass of that name. On the 9th of March the party reached Lhdsd
they were excessively glad to get back to a civilized place again where they would at any rate have
no chance of being starved as they were at one time likely to be.

Though the Lhésd people were hospitable enough the explorer found there was no chance
of his being able to borrow sufficient money to enable him to march to “Sinning”’ as he had
intended ; with the greatest difficulty he managed to borrow 150 Rupees from a trader who was
going to Gartok, but he insisted upon the explorer accompanying him and in addition took his
aneroid harometer and compass as a pledge for the money, the aneroid which was a large one he
apparently took for a magunificent watch and at the end of the journey the explorer’s messenger
who was sent with money to redeem the instruments had some difficulty in recovering them.
Having the command of so little money the explorer decided upon returning to India and after
along and difficult journey reached the Head Quarters of the Great Trigonometrical Survey in

safety.

Memorandum by Lient.-Colonel T. G. Montgomerie, R.E., F.R.S., &c., on the re-
sults of an exploration of the « Namcho” or Tengri Nvr Lake in Great

Tibet made by a Native Explorer.

Amongst other attempts to explore the various countries beyond the borders of British
India, I have always borne in mind the necessity to explore the vast regions which lie to the
north of the Himalayan range, from E. Longitude 83° to E. Longitude 93° and I have con-
sequently, from time to time, tried to get more information as to this ferra incognita; but
since the Pundit made his way from Kumaon to Lhasd, I had not till lately succeeded in getting
much advance made to the north of his line of explorations, though a good deal was done to
the north of the Mansarowar Lake. One explover made his way from Rudok on the Pangkong
Lake to "Thok-Jalung and thence back to thie Miansarowar, passing guite to the east of the
great ““ Kailds” peak. The same cxplorer subscquently made his way to ‘ Shigatze”, but he
was unable to penctrate to the north of the main course of the upper Brahmaputra. Though
disappointed with this 1 continued to try and get an explorer to penetrate into those regions,
and after many failures I have at last tle satisfaction to be able to report that some progress
has been made in exploring to the north of Shigatze and Lhdsd.

The accompanying narrative gives the details that I was able to gather from the explorer.

As usual the party was troubled at the frontier; but once fairly in Tibetan territory they
had no difficulty in making their way down the upper Brahmaputra to Shigatze, at least had no
difficulty that wonld not cqually have aflected ordinary inhabitants of the country. They
found no good opportunity of penctrating to the morth till they reached ‘ Shigatze;” there
they, as dirccted, made inquiries about the Tengri Ndr Lake. They found that there was a
regular route to this lake frequented by traders in borax, salt, &c., and also by pilgrims;
they consequently decided to try and make their way there in the character of pilgrims,



viii

taking with them a small supply of goods with a view to meeting their wants on the road by
barter, the ordinary custom of such pilgrims.

They were told that sheep were the only means of carriage that would answer and they
made their arrangements accordingly, purchasing some of the large long-legged sheep with the
usual bags for loading. They marched down to the Brahmaputra, crossing that great river by
means of rafts; this point was about 11,200 feet above the sea. Ascending the Shiang Chu
tributary of the river the party day by day got into still higher ground, until they reached the
Khilamba L4 pass, 17,200 feet above the sea, and there crossing over from the basin of the
Brahmaputra they descended into the basin of the Tengri Ndr Lake, which was found to be about
15,\00 feet above the sea.

For 8 days after leaving the Brahmaputra the explorer marched from village to village,
passing many Buddhist monasteries and some nunneries with numbers of small villages sur-
rounded by a good deal of cultivation. Naikor was the last village with cultivation ; northward
they were informed they would find nothing except the camps of “Dogpis”, as the nomadic
people of that part of the country are called ; and they were warned to be on their guard ngainst
the white bears which were said to commit havoc amongst the cattle, sheep, &e. The explorer
was well acquainted with the brown bear of the Cis-Himalayan districts and he believed this
white bear to be a different animal and not the brown bear in its winter coat.

During the great part of his journey to the Namcho Lalke the explorer found the streams
all hard frozen, and he was consequently much struck by the number of hot springs that he
met with and more especially by the great heat of the water coming from them, his thermome-
ter showing it to vary from 130° to 183° Fahrenheit, being generally over 150° and often within a
few degrees of the boiling point, being in one case 183° when the boiling point was 1833°. The
water generally had a sulphurous smell and in many cases was ejected with great noise and
violence ; in one place the force was suflicient to throw the water up'fronq 40 to 60 feet. These
springs in some respects seem to resemble the geysers of Iceland; in winter _they are very re-
markable in consequence of the water when falling being converted into ice which forms a
pillar of ice round each jet. The quantity of warm water which escapes from below must how-
ever be very considerable, as the streams into which they drain were free from ice for some
distance below where the warm water comes in, though every where else hard frozen,

The great lake, which at distance was called the Tengri Niir, was found on nearer ap-
proach to be called Namcho or Sky-lake (Nam=sky and Cho=lake) from the great altitude at
which'it is. It proved to be a splendid sheet of water about fifty miles in length by from
sixteen to twenty-five miles in breadth. 1t reccives the water of two considerable rivers and
several minor streams, but has no exit; the water is decidedly bitter, but owing to intense cold
it freezes readily and at the time the explorer saw it was one continuous sheet of ice. )

To the south the lake is bounded by a splendid range of snowy peaks, flanked with large
glaciers, culminating in the magnificent peak ‘ Jing Ninjinthangld” which is probab_ly more
than 25,000 feet above the sea. The range was traced for nearly 150 miles, running in a
northeasterly direction. To the north of the lake the mountains were not comparatively
speaking high, nor were there any high peaks .vmble farther north as far as the explorer
could see from a commanding point which he climbed up to. He only saw a succession of
rounded hills with moderately flat-ground in between them. Immediately north he saw a lake
of about 6 miles in length which he was told was called Bul Cho from the borax (bul) which
is produced there in large quantities, supplying both Lhdsi and Shigatze with most of the

require.
borax t’}:;t(a tzl‘?lam%ho” Lake is considered to be a sacred place like the Mansarowar Lake, and
although at such a very great distance from habitations and so high above the sea it boasts of
several permanent monasteries and is visited by large numl)('zrs of pilgrims. There are several
islands in the lake, two of them large enough for monasterics: at the time the explorer was
there the Lémas on the islands kept up thelr. communication with the .shore by mecans of ths
ice, but he did not hear as to what was done in summer. Fish are §md to be abundant an
modern luke shells were found on the shore as well as fossil shells, which were very numerous
and of all sizes; a few of the smaller ones have hceu examined by Mr. Oldham, the Superu{-
tendent of the Geological Survey; he thiuks they are not older than cretaceous and I?l'e
probably, nummulitic “none of them actually agree with the Sm‘d and Panjib nummu 1L}:c
« fossils yet described, but they come near them; there is a small Fusus, two specimens at t :
¢ ypper whorls of a Vicarya or Cerithium with a cast of probably the same spemes,_also a (;‘as
* or internal mould of a Tapes.” The specimens sent to Mr. Oldham werc however too tew
and too badly preserved to enable him to give a decided opinion about them, I had nnfortuna e;-
ly started for England before I knew this, otherwise I should have sent him la.rgcrl spet(‘ilmcfnv;
The first opportunity will be taken to have them more thorouglly cxamined as 1a soth e tocne
modern shells that reached me. The Chicf Pundit on his first journey remarked on t't? i e
bones, shells, &e., that he saw in the Lhisd bazar where tl_lcy arc sold 1 gre:llt quanti lc;little
medicine, charms, &e. The explorer had also h().thC(l t_hem in qther parts, and thlclf‘;) 1: ilgcrn}-,o e
doubt but that Tibet will prove to be very rich in fossils and will amply repay the first Lurop
that has the luck to penetrate into the country,
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The explorer was only able to bring hack some of the smaller specimens. :

In most places the margin of the lake was utterly desolate, but near Léingdang the
Shukpi bush was abundant. In another place there was a little vegetation near some hot
springs.
pring The explorer’s examination of the lake was unfortunately brought to a sudden close by a
band of robbers from Jimaita De the district north of the lake. These robbers stripped the
party so completely that they were forced to make their way to Lhdsd as fast as they could.
They were very nearly starved to death and underwent very great hardships before they got there.

In Lhasi they managed to raise a little money by pawning their instruments, the
aneroid which was a large one proving very serviceable, as it was mistaken for a gigantic
watch and was valued accordingly.

The proof of the existence of a great snowy range to the north of the Brahmaputra 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 Limas of the Namcho Lake described the
country to the north as being very much the same as that round the lake, and that it was only
after advancing some 60 marches farther mnortheast that there were any signs of a more
civilized country. Jimaita De (de means district) immediately north of the lake is not
under the Lhisd Government. It must be even more elevated than the country about Namcho,
as the inhabitants are said to have great difficulty in keeping cattle, losing numbers every few
years owing to heavy and continuous falls of snow. The Jamadta people are a lawless set and
always try to make up for any such losses by robbing their neighbours about Namcho, Simjam,
&c., and where cattle thrive better. Lob Nur was said to be 24 to 3 months journey north of
Namcho : it was not clear from the explorer’s account whether this was the Koko Ndr Lake or
some other lake more to the west. The route ran north from the east end of the Namcho,
leaving at a camping place called Dum Nidrgan. From this point Nakchukh4 is distant
10 days journey and has a very bad reputation as to robbers. From Ndkchukhd it is
11 month’s journey, to Sokpohuil over a most barren country infested by robbers, but
owning no regular inhabitants of any kind. Sokpohuil district is said to be not very far from
Lob Niir, near which is the town of Kharkd, the residence of a great Lima called Jipchun
Ringboche who rules over the Sokpohuil country. Kharkd is said to be above 15 days
journey from Jilling or Sinning-fu, the large city near the northwestern end of the great
wall of China. Jilling was well known to the people about Namcho who admit that it is
larger even than Lhés4 itself,

The great northern road called the Janglam, which runs far north of the course of the
upper Brahmaputra river, passes by the Namcho or Tengri Nur Lake and from thence by
Shellifuk Lake to Rudok on the Pangkong Lake cast of Leh the capital of Laddk. The route
followed by the explorer from Dam Niirgan to Lhisi is the route by which Messrs.
Huc and Gabet must have approached that city. The explorer thought he would have been
able to make his way along it by the Koko Nur and thence through Sinning-fu to China if he
had the necessary funds. Another attempt will if possible be made to do this, as even the
slight amount of information gained respecting it is encouraging and it would be a great thing
to get aroute survey between Lhis4 and Sinning-fu, so as to counect our Indian Trans-Himalayan
Explorations with a place that has been fixed by the regular survey operations of the French
Jesuit Missionaries.

The route survey extends over 320 miles of what has hitherto lLeen veritable ferre
incognite. Latitude observations were taken at/places, and hcights by observations of the
boiling point and of the aneroid at 24 places. The geography of an area of about 12,000
square miles has been elucidated and one northern tributary of the upper Brahmaputra has
been thoroughly explored, thus giving us some idea as to how far back the northern watershed
of this great river lies.

The Namcho is evidently the lake referred to in old maps as the Tengri Nuir. The
explorer actually went round it and found that it had no outlet thongh fed by two large and a
number of minor streams.

The length of the explorer’s pace has as usual becu computed by means of the differences
of ohserved latitude, &c., and was found to he very fairly accordant on different sections.

The difference of longitude between Shigatze and Lhdsd as determined by this route
survey is nine minutes less than that deduced from the Chief Pundit’s survey. The latter was
however a much more direct line and the value therefore has been retained. The difference
being say 9 miles in 320 miles or about 3 per cent is a satisfactory proof of general accuracy.

The heights by observations of the boiling point were satisfactory, but those by the
aneroid show that the index must have shifted very much ; for although agreeing closely with an
ordinary mercurial barometer up to 7,000 or 8,000 fect above the sea, yet in the neighbourhood
of Shigatze (at Peting), which was previously known to be about 11,000 feet above sea, the
ancroid observation indicated an altitude of nearly 4,800 feet higher. 'The ancroid observations
on the average give altitudes 4,631 feet higher than those by boiling the thermometer, a most
disappointing result, thc ancroid being one that was carefully tested under an air pump at Kew
when it was found to agree at every inch of pressure from the normal height down to 11-inches.



A similar difference was given by another aneroid t

Jalung gold fields; this was supposed toyhave arisen from (:orlzzatzc‘gﬁe:fzﬁtfaiqt to the Thok-
) Captain Basevi whea employed in the elevated ground in the south and northeast

Ladak was supplied with a similar aneroid and noted in his memoranda that the obr o
takiﬁ with 1ttlwer_e 3uite unreliable at great altitudes, as he found that even by gentizel‘t‘;?}l)ci):gs-
on the case th 3 ried its readi i
oo e 1-emain2dn:11t ?p‘c’,?;fd its reading and was always moveable in that Wway no matter how

The only conclusion that can be come to, from the three trial 'r i i i
present shape aneroid barometers cannot be relied on alone at g:reats z(laé‘?r:‘.ei:gllgoil:lstitlh:;cx(eln ’;lhelr
actually .been tested, and they should always be at any rate supplemented with either ochsiozrllvel,
observations of an ordinary mercurial barometer or of a boiling thermometer, at any rate untz%l
some satisfactory proof of their reliability has been given, the errors apparéntl n%t howi l
when t}ie anlelrgid was at rest and kept at much the same temperature. d Somne

t will be noticed that the explorer actually went along a small i

Brahma.putra river below Shigatze, thus adding to oy:n' knowledgge of its actggftéz?lr(;i t h:ogil;'?ﬁ
suspension bridge was however seen there such as ¢ Turner” supposed to exist near ’Shicratze
The egiplo’rer was much struck with the magnificent glaciers to the south of the Namcho or
Tengrl' Nir Lake and they will no doubt prove to be very extensive, as the man is a good judge
of their size being well acquainted with Himalayan glaciers near India. Boof e

Altogether the explorer has done very good service, and in this first altogether in-
dependent expedition has shown a large amount of skill, observation, and determination. I
trust hereafter he will still farther distinguish himself, ’ .

Extracts from an Explorer’s Narrative of his journey from Pltordgarh in
Kumaon via Jumla to Tadum and back along the Kali Gandak to Bri-

tish Territory.

After receiving my instructions and the necessary instruments I left Dehra for my home
in Kumaun. While there cholera broke out in the village and attacked me and several
members of my family, of whom my wife and 3 others dicd and I was prostrated for 2 months.

On the st July I started with my survey from Pitordgarh and on the 3rd day reached
Askot. At Askot there resides a man named Puskar Sing Rajwar whose people are frequently
passing into Nepil and I went to consult him as to which would be the hest place to
cross the river Kdili, telling him I was a physician on my way to Jumla. I learnt from
him that as the rains had set in the ropes by which the river is crossed were put away
to keep them from rotting, but that if I went to Rathi which was higher up the river [
might there have a chance of crossing. I accordingly did so and reached Rithi on the
6th. As there was only a rope hy which the river is crossed and men suspend themselves by their
hands and feet and bear such loads as are to be carried over on their chests, I had no nerve for
it, 5o had a sling made for myself and was dvawn across in it and stopped at Bargion in the
Doa patti, in Nepil on the 7th. Bargdon has 50 houses and is about the largest sized village
in the patti.

On the 8th I travelled through a tract but little inhabited and along a difficult road
and halted for the night without provisions at a deserted sheep fold.

On the 9th after another vet more difficult journcy I arrived at Maikholi (2 houses.)

On the 10th I reached Shipti village (30 houses) having crossed the Kotidhar pass 5,793
feet above sea, and the river Tatigir on the way. Although Shipti is in the Don patti, on ac-
count of its size and importance it is usual to include the villages in its neighbourhood in a pat-
ti which is called after it.

On the 11th T went to Shiri in the Marma patti. The villages of this patti are allin
the valley of the Chamlia river. Cultivation is extensively carried on in it. The villages
are situated where the hills have gentle slopes and the land which is terraced is frrigated by
small channels from the Chamlia. TFish which abound in the river, are canght, dried and
stored by the villagers in large quantities, for home consumption ; they arc caten by all castes. 1
here intended crossing the river, but found the ropes broken : 1 went a couple of miles further up
and found crossing ropes and passed over. The road for the 2 miles up the river and back to
the main road on the opposite side was so difficult that it took me half the day to go over
it. Halted at Matiil ; formerly aroad from Doti to Taglakhar led along the Chamlia through
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this patti and by a pass across the Marma snowy range. It was given up a long time back
owing to a dispute with the Taglakhar people. The snowy range is not more than 14 or 15
miles N. E. of the river.

On the 13th, I marched to Karili in the Bingnang patti. This march consists of a
difficult ascent to the Machaunia-lekh pass, during which no water is to be had, and of a descent.
At the summit of the pass the birch and juniper grow, and lower down oak and “ringal” (hill
bamboo) and ““ pangar” (horse chestnut). The lands of the villages in this patti are well cul-
tivated. I halted at Karila 5,326 feet above sea level on the 14th owing to rain. On the
15th, I started, crossing and recrossing the Kardldgar till it joins the Sangér, alarger river which
comes from the snow but which is called Kariligir below the juunction. I crossed the
Sangir stream by a wooden bridge and continued along the left till I came opposite to Batusher4
which is on the right bank of the Kardligir at its junction with the Nabliagir. A road
from these parts to Bias goes along the left bank of the Sangir and crosses the snowy range by
a high pass. .

I procured a pass to Bajangay4 from the Thanadar of Batusherd and by midday on the
15th I got to the Kalagar river which joins the Kardldgér, and is crossed by the people of the
country by ropes, but slings were at hand for tl_lose who, }ike myself, had no nerves for the ordi-
nary way of crossing. Istopped for the night at Bipur on the other side of the river.
From Karil4 the road lies through villages and cultivated land but no forests.

On the 17th, I crossed the Karha pass, and reached Jakhora village. On the ascent to
the pass there are two villages Ranlekh and Kaldkdna.

On the 18th, I crossed the Kansia pass and put up for the night at Sain village in the
Bajangayd patti. Theroad was good, not fit for riding but very fair for walking.

On the onward journey and alittle short of a mile from Sain is a temple of masonry on
a well cultivated and irrigated spot at the junction of the Saingir and Khatiyarigir hoth 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 Pujéri, a small village of 5 or 6 houses inhabited by
brahmins, the priests of the temple. Crossing Khatiyarigdr and another smaller stream of same
name 1 at midday reached Biasi, a village consisting of 10 or 12 houses to the north of
Bhajangay4 about § mile. Bhajangayd is an old fort out of repair. Biasi is 5,490 feet above
sea level and on a level with Bhajangayd Fort.

The fort was formerly of a circular form and about } of a mile in circumference. It
consists of dry stone walls about 10 feet high with two brick and mud 3 storied houses, with
sloping roofs, formerly the residence of the R4ji and members of his family, built within the
enclosure. There are about 16 liouses with mud walls and thatclied roofs built on the outside of
the walls inhabited by the Rdjd’s slaves: a small spring to S. and E. of fort about 500 feet
below and another to west and a short distance supply drinking water.

Slavery exists here and throughout Nepil all castes being sold into slavery, the father
having power to sell his children ; but on being sold individuals lose their caste. Itis reported
however that Jung Bahadur hias intentions of suppressing this practice. On the 22nd, I left
Bliajangay4 and at midday came up to the Bargujil ghat on the Seti river and about 44 miles
from the former place. The road from Taglakhar to Sil-Garhi and Doti which follows the course
of the Seti crosses at this place from the right to the left bank by a rope bridge 180 feet long
and about 20 feet above water. The river comes winding from a northerly direction to this
place, and from the snowy mountains distant about 3 days march, Between this and the snows
is Humla patti from which hawks, black minas and musk pods are brought for sale to Baramdeo
Mandi and Gola Ghit Maadi.

Trom the ghdt my roadlay along theleft bank for about 24 miles, and to where the
Chanakliola, a river formed by spring water, joiusit and then followed up the latter, crossing
and recrossing it occasionally. 1 halted for the night at Majh one of the five villages of Chana
patti, which includes the valley drained by the Chanakhola.

On the 23rd, about midday I left the Chanakhola where it is met by the Jhalaragér,
crossed a pass over the Than ridge which was covered with oak and chestnut and entered Bijru
patti and remained at Dogra. Bajru fort, where the Rija lives is on the summit of a hill
about 5 miles from this in a south-casterly dircction and on the same side of the Dogragir.
It is smaller than Bhajangayd fort being about 500 paces in eircumference and contains one house
and is surrounded by oak trees; no cultivation was to be scen about it. There was a good deal
of excitement in this place, caused by an order of Jung Baladur for raising troops. Places
which formerly supplicd 100 soldicrs were now required to give 150 and such as were not for-
merly required to furnish them were now to raise men according to the revenue paid in by
them to the Government. Four hundred men used to be quartcred at each of the 3 places
Dandalidhura, Sil-Garhi and Dailekh; there are now 600 men at each place, that is half as
many again, and at Sil-Garhi arms are now being manufactured.

On the 24th, I erossed a ridge coming from the Than ridge. Before leaving its summit
I came upon a deep round hollow filled with water, about } a mile in circumference. The
water is blue and is said to contain fish though I did not scc any : there is no visible supply
of water to the tauk. To the cast and at the cdge of the water 1s a small temple of masounry,
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called Thibur Debi. In the month of August at the time of full moon the temple is visited
by people of the neighbourhood. The hills about here are covered with oak and rhododen-
dron. ~ About midday, having descended to the Kunragir, passed through the village of Mii.
toli about 4 miles from the temple aud tank, and followed the stream I sighted Kunragarhi on
the wooded summit of the ridge to the south of the Kunragir ; although called « garhi” there is no
fort and all that can be seen are two stone walled, thatched roofed houses where the Rij4 resides.
The hill is rugged and covered with oak and rhododendron trees and about 1,200 feet above
the stream. 'The so called R4ja is rather a zaminddr who collects the revenue of the Kunra
patti. I stopped for the night at Sudap in the Kunra patti, the road kept to the left bank
of the Kunragir to this place. This patti has a few villages far removed from each other,
there being only one on the road between M4itoli and this. The road was difficult.

On the 25th, I left the Kunragar, which flows eastwards into the Buri Ganga also called
Bhaunera about 3 miles and crossed the Pinalekh ridge, the boundary between the Kunra and
Jugira pattis, and came into the village of that name in 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
Ganga about 2} 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 yearis about 150 feet wide,
and 8 or 10 feet deep, with & rapid current. It is crossed at this place by means of a rope, a
road following the course of the Bhaunera, goes to Sanpia ghaton the river lower down. To
the south of the place where I crossed the riveris a high peak on a snowy ridge under which
at the height of the ridge is Malka Debi temple, well known and visited by pilgrims from
Kumaun and Garhwil as well as from Nepil, during the time of full moon in August. There
are approaches to the temple from all sides. From the river I crossed a spur about 1,000 feet
high and encountered the Martorigir a tributary of the Bhaunera a little lower down. This
stream though not containing any of the drainage from the snows has deep water and is crossed
by wood being thrown across it. ~About 6§ miles further up the stream is Jili consisting of 10
or 12 houses where I remained for the night. 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
where 1 descended into the valley. On the 4th I followed up the Mdrtorigir and halted at
Rajtoli. There were no villages on the way ; Rajtoli consisting of 10 or 12 houses is sitnated at
the junction of two streams which make up the Martorigir one of them is called the Rajtoligir
and the other the Parkhiagir which takes its rise at the Parkhia-lekh hill. On the 15th I followed
up the Parkhiagér toits source and crossed the Parkhia-lekh (about 8,095 feet above sea) which
is on the boundary between the Bijru zilla on one sidg and Jumla on the gther, and
halted for the night at Kalipord village (50 or 60 houses) in the Kunrakhola patti. On the
6th I followed the Kunrakhola to its junction with the Balarigir about 3 miles from Kilipora
about 6,071 feet above sea and crossed the latter, a river which does not take its rise in the
‘snows, but is during the rains too deep, and rapid to be forded. The bridge by which I crossed
is wooden and between 40 and 50 feet in length; the depth of the water is about 5 feet.
Balarigir below its juction with the Kunrakhola is called by the latter name. The slopes
on either side of the stream are cultivated and there are several villages. I kept to the left
bank to its junction with the Karnali river. Here-abouts there are more villages and c}xlti-
vation on the left bank of the Karnili than on the right bank. Higher up the river,
about 14 miles above Binda village I crossed the Karnili at Jira ghdt by a rope bridge
about 200 feet in length and 60 feet above water. Ou the 7th after going north along
the river for a short distance I turned up the Khétiarkholagdr at its junction with the
Karnéli and kept along the stream, crossing and recrossing by small wooden bridges occas-
sionally and halted for the night at a deserted cow shed ((J‘ahu-ka-g?t). _ About 24 miles
above this a small stream, the Kanwakholagir, coming from a 8. Ii. direction joins the
Khatiarkhola, my road lay along the former. There is also a }'oad ’along the latter which
comes from a N. E. direction to this junction, leading to Muangd Bhét. I left the Kanwa-
khola about 2} miles above the junction and ascended the hill to the village of Kaldkhatd
(50 or 60 houses) about 1§ miles above the strcam, thrc’ll rem.:mngl for the uight, it 1s
12,18+ feet ahbove the sea. Ou the 9th, I crossed the K‘alnklmta. ndge.—very high (al)O}lt
14,528 feet)—on which the birch and juniper grow and entering a ravine arrived at Lurkon vil-
lage on the Sinjakhola or Himawati, a river coming from the snows f11§taut about 13 miles,
and entering the Tila river. I halted at Lurkon on the 10th. The Sinjakhola patti is con-
sidered the most productive in these prrts. Rice is the only crop, raised by means of irrigation.
Ponies are bred in great numbers in this patti, On the 11th, I crossed the Sinjakhola a
little less than a mile above the village of Lurkon by a wooden bridge 2 feet wide, 200 feet in
length and 15 or 20 feet above water. The current is very rapid and 7 or 8 feet deep. The
road then ascends by a ravine a high ridge, (about 13,000 feet) with birch and juniper growing
on its summit, which it crosses. On the 12th, I descended into a ravine which joins the Tila
river below Chaughan, and along which the road runs, and arrived at (,‘haughan (Jumla) situated
on the banks of the Tila river and about 8,016 feet above sea level. Chaughan conilsts of
a collection of mud houses forming a street occupicd by ’) or 6 bunniahs, 2 or 3 cloth mer-
chants from Doti, 40 or 50 pricsts of the Chandan Néth Maladeo temple, a few paces to
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the east of the street are located the custom house people, 300 sepoys, 3 subhadirs and a eaptain,
Debi Méinsing Basaniath, who is also head man in the Jumla Zillah. To the southwest of the
street are the stores of guns, ammunition and provisions within an enclosing wall 600 feet east and
west, and 400 feet north and south with a gate to the north, these are also of mud. Chaughan
is situated in a plain running north-east and south-west about 3 or 4 miles and about 1} miles
in breadth, surrounded by high mountains about 12,000 feet above the sea. The whole valley
is cultivated and there are numbers of villages scattered over it. A road from Taglakhar passes
through Chaughan and Dailekh and goes on to Lucknow. Having got a pass and letter of intro-
duction to the Loh Mantang R4ji I left Chaughan (Jumla) on the 18th.

On the 20th I left the Tila river and crossed the ridge to the south by a pass, the Mor-
péni Lekh, about 12,458 feet above the sea, descended into the Kaikhola valley in the Tibrikot
zillah, passed through Bhotia (7 or 8 houses) aud halted for the night at a temple between 2
or 3 miles further on and a mile from the Kaikhola river. A road goes from these parts to
Liangd Bhot, distant 8 or 10 marches, by the Kaikhola. Next day I crossed the Balangur
La pass, lower than the Morpéni L, on which oak and rhododendron grow and reached Tibrikot.
Tibrikot is situated on the right bank of the river Bheri where it is joined by a small stream
from the snows to the north and about 7,226 feet above sea level. To the south of the village
about 200 yards, on a hillock about 200 feet high, is a fort (Kot) which encloses a temple and
8 or 4 houses. I was here shown the Civil and Criminal Code of Nepdl, which is taken partly
from the Shistras and partly from the Indian Code of Civil and Criminal Procedure. It is in the
Nepalese language. Having obtained another pass from the Thanaddr of this place I left Tibrikot
on the 27th.

From Tibrikot I followed the course of the Bheri river and reached Charka on the
4th September having passed some LAmaserais on the road. One of them, called Barphang
Gonpa, contains 40 or 50 Limas. Near another, named Kanigang Gonpa, the river has
high perpendicular, rocky banks, and the people have made a tunnel 54 paces in length
through the rock. There was originally a crevice and the rock on either side of it was
cut away sufficiently to allow of a man with a load to pass through with a squeezing, the height
of the tunnel not being sufficient in all parts to admit of his going through standing. Charka
1s the last village on the river Bheri. On the opposite side of the river is a Gonpa (Lémaserai)
to which the first-horn male of every family in the village, as is the practice among the Buddhists
generally, is dedicated as a Liama. I left Charka on the 5th, and ascended the Digi L4, ahout
16,879 feet above sea level, called by Goorklhas Bdtali-Pdtan, by a gentle incline. On either side
of the pass there are snow covered ridges. The pass is broad and there isa cairn on it at the
watershed., From Digi L4 I descended to the junction of two streams, one coming from a
northerly and the other from a westerly direction, which together take an easterly direction and
form the Kingi Chd, On the 7th I reached Kégbeni crossing the K4li Gandak by a wooden brid ge.
Kagbeni is situated at the junction of a stream coming from Muktinath, with the Kdli Gandal,
and is about 8,953 feet above sea level. It consists of about 100 houses and is inhabited by Bhots.

From Charka there is also a direct road to Labrang Koja, near Tadum from which after
crossing a high snow-covered pass, distant about 20 or 25 miles from Charka, another road
branches off to Loh Mantang. Laden sheep, goats and horses are taken over these roads.

From Kagbeni I made a trip to Muktindth, about 11,284 feet above sea, for a day, to
see the temple and the country aboutit. About a hundred feet to east of the templeis a
spring with a sulphurous smell which enters a cistern from which the water runs out from
108 spouts, under each of which every devotee passes. The water collecting in a trough below
passes out in two streams which flowing to north and south of the temple meet to the west, thus
encircling the temple with water. About 6 or 700 feet from the temple, to the south, is a
small mound with a little still water at its base, having a sulphurous smell. TFrom a crevice
in this mound at the water’s edge, rises a flame about a span above the surface. The people
of the place told me that the water sometimes increases in quantity sufficiently to flow into the
erevice, the flames then disappear for a while and there 1s a gurgling noise, a report, and the
flames burst up and show again. This spot is called Chume Giarsa by the Bhots. To the north-
west of the temple, about 350 yards, is a Gonpa with about 30 or 40 resident Lamas. To the cast
and southicast of Muktinath, al)out 2 miles, are lofty snowy mountains extending in a north-
east and southwest (llrcctlon from which the stream takes its rise which flows by Muktinith to
the north, takes in the temple water and joins the Kili Gandak river at Kdgheni.

On the Oth I returned to K4dgbeni, and on the 10th started with my party, following up
the river Kili Gandak. About 6 miles from Kégbeni I crossed a small stream coming from
Damudarkund, along which the Loh Manhnvl)oundary runs to the east, and from the junction
with the Kaili Gandak follows up the latter in a northerly direction. I here left the river
which above this flows through a very confined valley. To the west about 2 miles is a snowy
range. Therc are forests of cedar below the snows: no other trees are to be found. Ou the
11th I went to Khamba Sambha village. The road which keeps to the hill side, is broad and
there is a great deal of traffic on it.

On the 12th, I went to Changrang village crossing the Chungi La pass, about 11,000
fcet above the sea, ou a spur from the snows, Changrang consists of 30 houses and a fort, the
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winter residence of the Loh Mantang Riji. A road, chi ilgri :

by Damudarkund, crosses the K4li Gga.ndaJ.k by a ford’af)}cl)g}tﬂg;:?lﬁ tla)'lystp]}gtl}lms’ fr om Muktingth
from K4gleni to Lioh Mantang here. It ran beridden over on horse(bac(l){ ; tllIs an'd joins the other
it passes is not rugged nor high, but there is a scareity of water and no ll;.bi;itglomld Over which

. On the 13th after a march of 74 miles, I reached Loh Mantan linsham met with.
situated in the centre of a plain, about 11,905 feet ahove sea level bet;veg;l t O ang is
which meet a little before entering the Kaili Gandak, distant about 2 miles: wo small streams

ated by channels. Loh Mantang i . i miles: the plain js jrri-
g v, ng is enclosed by a wall of white earth and small st
6 feet thick and 14 feet high, forming a square with a side of  mile in lencth S 01]1e5,. about
entrance by means of a gate to the east. In the ccntre i the R4i&’ 8th, and having an

; i ¢ cc s the Rdj&’s palace consisting of 4

stories, about 40 feet in height, and the only building to be seen from the outsid d
N.E. corner of the enclosure is a Gonpa containing copper gilt figures Zudmz?.o I{n the
There are about 60 other houses, two-storied, and nbou?: 14 feet in heigbht forr:in :tl.e tamas(i
!anes.. Drinking water is brought in by means of a canal, and this ov,erﬂowing m'1kee: ::I}ll
1Sn_tenor slushy ; and since there is always an accumulation of filth the smell is ve{iy Z)ffensivee
. ;n];:: 11:3 ngee:;z:'ls taken I czmuot't say how mauay people there are in the place, but they appeared
Neodl B<}3151dgs the perma:ent .rf)sulents t'here are always numbers of trade/rs from Thibet and

epil, who either exchange their goods here or take them to dispose of at Lhdsi or Nepil. The
trade in salt and grain does nct extend very far north. Trade is chicfly carried on by “l'l‘l;ﬁl(lisg
a class of traders of mixed origi‘n, who have the privilege of going to Lhis4 and they even
go to Calcutta for the purchase of goods. The Rdjd, who is a Bliot, collects a revenue from all
sources of about 10 or 12000Rupees a year, out of which he pays about 2 or 8,000 yearly to
Nepil from the land revenue, and 10 per cent of the taxes levied on goods brougfxt froym zlcy
the northern frontier, to the Lhisia Government. ross

The Rdja was very much averse to my proceeding further, the orders of Jang Bahadur
that no one should cross the froutier bm.ng very stringent; however I was determined to pro-
ceed at all hazards and succeeded at last in procuring a pass.

. 1 may here mention a custom which prevails in this part of Nepil. On a death occur-
ring the head Lama at the Gonpa is consulted as to the disposal of the corpse. On being informed
of the day on which the death occurred he consults his writings, and gives orders according
to the directions therein contained. The corpse cither must be buried as it died, or be eut up and
thrown to the birds, or the arms and legs being cut off and thrown out of the town, to north
south, east and west, the body must be buried, or lastly the body must be burntin a Sitbil’lg posture.,

Leaving Loh Mantang on the 19th, I crossed the pass Photu L on the 20th, the boundary

between Debajing in Lhasd (Thibet) and the Nepil possessions. 'Che passis about 15,080
feet above the sea. 'Thereis a descent of about 230 fect from the pass on to the plain below.
1 passed thousands of wild horses grazing on the plain ; they were in herds of about 100 each, and
are not at all shy. Oun the 21st I encamped at Chumikgiakdong, a sheepfold on the stream
‘which flows to the west of the plain. Leaving my things at Chumikgiakdong, 1 went to
Labrang Koja an encampment, distant 9 miles. 'The river i3 here about 250 feet wide and has
a very gentle current. It is crossed by hoats made of yak’s hides which are sewn at the ends and
are attached to sticks at the sides; they are kept dry and thus retain their shapes. After 2
or 3 crossings they are drawn on shore to dry.  They are propelled by 2 or 4 oars and 2 or 3
men can cross in cach. Nextmorning, the 23rd, I started for Lol Mantang, and crossed the
Chachd Saugpo 2 miles above its junction with the Brahmaputra.  This stream is about 3 feet
in depth and 60 feet wide, and comes from a snowy ridge about 14 or 16 miles north of
Mantang; I forded it and going § mile further on arrived at Tadum.

Tadum consists of 12 houscs and a Limaserai (Gonpa) sitnated at the foot of spurs com-
ing from the snows to the north.  The former arc ocenpicd by men whose duty it is to forward
property or letters for the Lhidsd Government, or such as they may receive orders to forward.
For this purpose they lave ponics, yaks, goats and sheep, and their heat lies 2 or 3 marches
either way. 'They are not remuncrated dircetly for their trouble, but escape taxes, the head man
of cach station, “‘l'arjum”, only receiving a small pereentage on the taxes. The ¢ Gonpa”
only contains 10 or 12 Lamas. The day following my arrival the head man, “ Gopa ”, sent for
me and questioned me as to the object of my travels. I told him I was a physician on my
way to Lhdsi and shewed him my passes. He however refused to allow me to proceed as
it would be at the peril of his own life. T was then locked up for the night. Next morning
I made an incffectual attempt to sce the Gopa and my messenger returned with a sowar
who had orders to sce me across the frouticr.  On the second day after my arrival I began, with
great reluctance and under threats of personal violence, my return journcy and rcached Loh
Mantang on the 28th.

I reached Kighen
course of the Kdli Gandak.
miles and then crosses by a wooden bridee
water 4 feet, and gocs to the village of Marmdli (100 houscs)
I remained for the night.

i on the Ist of October and on the 2nd started south following the
The road first keeps along the bank of the river for about 7%
53 fect long and 10 feet above water, depth of
about 3} miles further on where
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On the 3rd, following the right bank of the river, I passed through the village of Tukja
consisting of about 100 houses, at which there is a custom house and having crossed the river by t,z
wooden bridge about70feet long, I recrossed the river to Lidi village whereI remained for the night,
On advancing from the first crossing of the river about 2 miles, I came opposite a large village
situated on the right bank of the river, called Thak, cousisting of about 150 houses. Lidi is a
small village of 4 or 5 houses ; the inhabitants of which are traders and do little in the way of
cultivation. On the 4th about § a mile from Lidi, I passed another village of the same name
consisting of about 25 houses, and at midday reached Ghis Bhansir where there is a customj
house. I stopped at Dan Bansar which also owns a custom house.

On the 5th no villages were met with during the march and the road passed through
jungle the whole distance, crossing several small streams running into the Kili Gandak. I
passed the night in the jungle.

On the morning of the Gth I crossed the river about 1 mile below the last halting place.
24 miles further down on the right bank is the Rani Powa Dharmsila (rest house), above
which on the hill side and to the west is a large village. A further walk of 14 miles hrought
me to the Rangir river, which comes from a westerly direction from the snows and joins the
Kali Gandak. I crossed it at the junction by an iron suspension bridge, constructed at the
expense of the Rani who built the rest house., The bridge is about 175 feet long, about 15 or
16 feet above the water. The bridge cousists of two thick chains to which the roadway of
planks is suspended by iron rods, but as these are of equal length the roadway has the same
curve as the chains. Nearly 2 miles further, on the same side of the Kili Gandak, is Beni
bazar, a village of about 200 houses. There is another village with shops, on the opposite side
of the Kili Gandak, called by the same name. There is communication between the two
villages by a rope bridge; and a road not fit for horses goes to Pokhra. To the west of the
village ou the hill side 1s a copper mine which is worked, and the copper is either sold and taken
to Pokhra, orit is converted into vessels in the village, or coined.

On the 7th I crossed the river Maidi by an iron bridge similar to the one over the
Rangir, and marched to the village of Bikldng situated in the Bikling Patti, It consists
of 50 or 60 houses and 15 or 16 shops. There are copper mines on the hill sides. A captain
is stationed here to look after the coining of pice at this place and at Beni and the revenues
from all sources.

On the Sth T crossed the river Kili Gandak § mile to the east of this by boat, the
current being so gentle as to admit of it without risk. The river is about 250 feet wide: the
water at this time of the year is not clear and fills the channel. 1 remained the night at the R4j4’s

Aresidence at Panglang which is 1 mile from the river. I halted on the 9th and on the 10th
started, and arrived at Kusamchaor bazar at the junction of the Moti Naddi with the Kili
Gandak. This village which gives its name to the Patti to the north of the Moti and east of
the Kili Gandak, consists of about 100 houses scattered over a plain about 2 miles long and
about 2 mile broad. 'Phere are copper mines along the hills on the opposite side, but none on
this side. Moti Naddi rises in the snows to the northeast and flows in a southwesterly direc-
tion, carrying into the Kdli Gandak about § the quantity of water the latter contains above the
junction. It is crossed 13 miles above the junction by an iron suspension bridge 135 feet long
and about 12 or 14 feet above the water which is about 7 or 8 fect deep, similar to those over
the Rangdr and Maidi. A voad to Pokhra fit to ride over starts along the left bank of the Moti

from the bridge: lorses hiave to ford the river.
On the 11th I passed through a large village, Ddmar, well cultivated, containing about 100

houses, on the left hank.

On the 12th T went to Pdrthi Ghit on the river’s edge about 2,036 feet above sea level.
Pirthi Ghat contains about 50 liouses and 13 shops and is in the Gilmi Patti. To the west of
this about 2 miles on the hill side are copper mines which are being worked in 50 places, and it
is said there is abundance of the ore along the lills to the right of the Kaili Gandak between
Bikldng and this. T remained at Piirthi Ghat 14 days with the intention of spending the winter
there and then making another stact for the north to carry out the orders I reccived, but changed
my mind and determined on going to Delira, inorder to submit what I had succeeded in doing, as
my time would thus be employed and T should besides avoid the risk of losing my notes in case
of discovery, to which suspicion on the part of the authoritics might lead. I left Parthi Ghat
on the 26th and reached Tainthigdon that night.  Next day I passed Aslewd Phedi or Aslewd Tér,
a village consisting of 25 houses, in the Giilmi Patti, situated on a plain and about } mile from the
Kali Gandak, erossed the Riddar at Badidr Ghat, where the river is about 125 feet wide and 5 or
6 feet deep, and staid for the night at Riri bazar, about 1,305 fect ahove sea level, at the junction
of the Riri Khola with the Kdali Gandak. Iiri bazar countains 50 shops kept by Niwars, a
mint where pice are coined, and a eustom house.  The pice, called Gorakhpuri pice, are
forwarded from this for circulation in the Gorakhpnr district, where they are current amongst
the people though not received at the Government Treasurics.  The only copper coin current
in Nepal is a mixture of iron and copper made at Katmdndu, 48 Katméndu pice go to the
Nepal “Mohur” and 2 Mohurs and 2 annas of the Indian coinnge go to the Iundian
Rupee. Two great roads cross here, onc coming from Sil-Garhi Dailckh and Salena and going
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to Pokhra and Katméndu, and the other from Muktin4th and Loh Mantang in the north to
Gorakhpur 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 work 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 at T4nsen, which is about 4,668 feet above sea level, and gives its
name to the Patti. At Ténsen there is a fort, a gun foundry and manufactory of small arms,
40 or 50 shops and numbers 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 an 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 the
residence of General Badri Narsing, Governor of the district, with an exit from the fort by a
small door to the west, through which the members of the Lousehold go to the temple, about
30 feet from the fort. Formerly 1,100 men used to be stationed here, but now there are
1,600, who are drilled daily by 2 discharged subhadars of the Indian Native Army: there are
no barracks or lines for the men and they are accommodated in 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 and
troops going to Batoli, distant 15 miles, the other inhabitants also moving to warmer quarters.

On the 14th November I came to Pilhua village, which gives its name to the Dlatti
and the next night to Ratamati village in the Rampur Patti. The valley here opens out
for some distance to the west, and there are numbers of villages of average size on either
side of the river; on the hill sides are forests of pipal, sél, bar and other tropical forest trees.
On the 15th I followed the course of the Kali Gandak on the right bank, and 24 miles fronq
Ratamati came upon the roads from Batoli and Deoniagarh which join here, cross the K4li
Gandak at Kilri Ghét, and go onward to Katméndu, joining the road from Pokhra to Katméndu
at Chorkatiatar near Gorkha Darwar, from which another branches off and following up the
Buria Gandak communicates by Nubri with Thibet. I remained for the night at Thalit4r.
On _the 16th, still keeping to the right bank, I arrived at Kdmalgdon or Ghumari, consisting
of 25 houses inhabited entirely by Kimhérs, 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
at Tarigdon which is distant from the river about 1,000 feet on the slope and about 6 or 700 feet
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 abc‘)ut
15 houses, and thence to Bishartar village (36 houses) where I remained for the night. The
Kali Gandak is about 1 mile distant, and about 7 miles lower down is joined by the united waters
of the Tirsuli Gandak and Buria Gandak rivers. The junction is called Deb Gihit and is held
in veneration by the Hindoos, a temple being built there. Below the junction, the river is called
the Naraini and has a southeasterly direction. On the 19th, T remained the night at the village
of Mdkundpir. None of the villages I passed through on the march had any cultivation in t}l(-.‘l,ll‘
neighbourhood, but were merely summer residences of the people who during the winter months
take all their belongings to the plains to the south, where they have their rice fields. }M‘y next
halting place was Kunjoli. To the west of Kunjoli about 6 miles 1s Nawalpuar Wher(zlt ielc 1s| a
Thanah with a captain and 25 sepoys whose duty it is to look after the timber floate « O}Vill t lct:
Gandak or Naraini. On the 2Ist I went to Lindwar village, containing 100 houses, (_1st.ant
10} miles, where I remained for the night. On the 22nd I intended cr}oss}n}lg.ltlhc “fve-lt]a
Kélhia Ghét 61 miles lower down, but finding no boatmen I remained at Killi4 village for the

i nd crossed the next morning. o

night aI remained for the night at %he junction of the Naraini and a small stream ca};led ‘thc
Panchperna and Saonmukhi where there is a brick ar‘ld. mortar temple and rest ll(])llSC] ( tla;eni;;
sila) and 4 or 5 huts belonging to the customs officials, I crossed the rlvetr] )3{( )-ann oxt
morning the 24th. The river at the place of crossingis about 800 fe.et, aht 1118 f.l‘lg on e
right are some huts to which the captain and 25 supoys‘employed in the floating tin

. " : vidhagion distant about 94 miles in a south-
business come during winter. I went on to Gidhagi : ‘ Bhoidedon
westerly direction. Abont 3 miles from this in the same direction I c‘amﬁ upon B l_]l??,wé
a frontier village of Nepdl, where there is a custom house and passes are s c.)w'vn an ggag
a fron P oz boundary, and though disappointed at my
cxamined. A little beyond Bhojigdon I crossed the bou Y, gB D tory with
want of success in Thibet, I felt thankful that I Lad been able to return to British territory
«uch information as I had got together.
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