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THE OPERATIONS OF THE

GREAT TRIGONOMETRICAL SURVEY OF INDIA

IN 1867-68.

These operations may be classified as follows :—

I

'

III

IV.
V.

VI.
VIL .

VIIIL
IX.

XI.
XII
XIIL

XIV.

XV.
XVL

XVIL

Trigonometrical ; the Brahmaputra Series of triangles, on the meri-
dian of 90°.

Trigonometrical ; the Eastern Frontier Series.

Trigonometrical ; the Meridional Series connecting Jubbulpore
with Madras.

Trigonometrical ; the Longitudinal Series west of Calcutta.

Trigonometrical ; the measurement of a base-line of verification,
at Bangalore.

Irigonometrical ; the Bangalore Longitudinal Series.

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

Topographical ; the Survey of the Province of Kattywar.
Geographical ; exploration of Trans Himalayan Regions.

Geographical ; a Military Survey in connexion with the operations
of the Abyssinian Expedition.

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

Astronomical ; determining the latitudes of certain stations of the
triangulation between the meridians of 74° and 76°.

Miscellaneous ; Leveling Operations, and arrangements for the
future better protection of the stations of this Survey

Geodetic ; determining at certain stations of the Great Arc, the
number of diurnal vibrations of two pendulums, the property
of the Royal Society.

Magnetic ; determining the clements of Dip, Declination and Total
Force at Dehra Doon and at certain stations of this Survey.

Computations ; the final examination, reduction and publication of
the Trigonometrical and Astronomical Observations.

Cartography ; the preparation und publication of the various Charts
and Maps.
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(2.) The out-turn of work executed by the Trigonometrical and Topogra-
phical parties only, may be briefly summarized as
peorobeble. | grorsof | follows :—The measurement of a base-line of verifi-
served Angles.| Triwigles: | cation. Principal triangulation* with the Great

Series. |~ = £ = Theodolites, 65 triangles, the errors of which, as well

8] & |3E é as the probable errors of the angles, are shewn in the

7 = l=' « margin ; they cover an area of 8561 square miles,

1 . |21|x010| 7| o~a1| and would if united form a chain of triangles 293

ut . |es| o1 |2s| oer| milesin length. Secondary triangulation with theo-

w |eal o21| 8| oss| dolites of various sizes, 6.5300 square miles, defining

v I O I the positions of 1479 points, of about 400 of which

the heights were also determined. Topographical

VI .oy5) 0261181 09| gurveying, on the scale of 12 inches to the mile,

378 acres ; on the scale of 2 inches to the mile, 800

Averages, ... | & 021 | .. | 042 square miles; and on that of 1 inch to the mile

" 1348 square miles. Boundary surveys, 620 lincar
miles.

(3.) Several Officers have been deputed to accompany the Abyssinian expe-
dition as geographical explorers, and to take observations of the great total eclipse
of the sun for which the year 1868 will long be celebrated in the annals of Astro-
nomical Scicnce. As the performances of these officers will be described at length in
scctions X. and XT. of this report, I need not allude to them further in this place
than to express my great gratification that the Trigonometrical Survey of India has
been able to take a share in the labors of an arduous but most successful military
cxpedition, and to assist in the solution of problems which are of the highest scien-
tific intercst, by undertaking investigations of the remarkable but rarely secn phe-
nomena of a total eclipse of the sun.

(4.) T proceed as usual to report on the general operations of the respective
Survey Partics and Offices ; further details will be given in the Appendices, which
contain selections from the annual Narrative Reports of the Executive Officers, and a
special Report by Captain T. G. Montgomerie, on the Trans-Himalayan Explorations.

* The Grent Theodolites which are employed for the Principal Triangulation have azimuthal circles of 24 1o 36
mches in dismeter, which are read by § equidistant microscopes, and vertienl cireles of 15 to 18 inches in diameter, which
nre read by 2 microscopes.  The system of observing the principal horizontal angles is as follows :—The {elescope is pointed
to some convenient signal, with the zero microscope set to 0° 075 the surrounding stations arc then obscrved in order round
the horizon, an cntire revolution of the instrument bringing the telescope back to the referring-mark, which is again
observod ; this completes a single round of measures, at cach of which all the 6 microscopes aro read ; the round is, as n
rule, repeated twice, but if the 3 mensures of any angle diifer by more than 2, the observations of that angle arc repeated
as often as may be considered desirable; the telescope is then turned through a semi-revolution in altitude and in
azimuth, and pointed to the referring-mark ; the zero microscope is thus brought over 180° on the azimuthal circle, und the
face of the vertical circle becomes transposed from the ohserver’s left to his right hand, or vice versd; three rounds of
measures are then taken, and this completes an entire group of ohscrvations of cuch signal, on * face right and foco left,”
and on 10 cquidistant graduations of the azimuthal cirele.  Five complele groups of measures nre invariably made in n
similar manner, the setting of the zero microscope being shifted in ench group, #o as to bring 50 cquidistant gradlualions
under the microscopes, und to vury the position of the axis in its socket ns much a9 possible, in the course of the whole of
the ohservations lo cach signal.  Tor this purpose the are, 72° between the microscopes, i8 added to tho are, 7° 12, which
expresses (he fiflicth part of the circumference of the eircle, to obtain the requisite change of graduation ; (hua the succes-
sive eettings of the zero microscope ave 0°, 79° 127, 158° 247, 237° 86’ and 316° 48’. The eignals which are cmployed are
invarinbly luminous, heliotropes by day, and lnmps by night, most of tho obscrvationa being taken by uight, when the
atmosphere is usually most fuvorable.

The quality of the principal trinogulation with the Great Theodolites is {ested hy the probable errors of {he
observed angles, and by the trinngulae crrors. The nature of the probnble evror may be defined aa being such that the
chanees ol the actual ervor exeecding or [udling ehaort thereof ave equal 5 it is determined by o formuln which (ukes inlo
comsideration the accidental cvrors of each single oliservalion, and of (he graduntions of the eireles on whicll (he mensures
sremade, The triangular crror i the muount by which the sum of the observed values of the three angles of a triangle
cueeds o falls alort ol 180% 1 the sphorical cacese,
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No. L—TRIGONOMETRICAL.

THE BRAHMAPUTRA SERIES, MERIDIAN 90°

(5.) From the Longitudinal Series which trends castwards, on the parallel
. of 23°, from the meridian of Calcutta to the
ENUSONNEL.

Licut. II. R. Thuillier, R.E., Surveyor 2nd Grade. frontier of British Tlpp(:l ﬂh, and \.VJ.S comple
. I.M. Larminic, R.E., Assistant Surveyor2nd  ted last year, a new meridional series has been

Grade. - . .

3 as above. Itisrequired
Mr. C. J. Nenville, Civil Assistant 4th Grade. ?Ommcnced and named ab.o ¢ . . q
,» F. W. Ryall, Sub-Assistant 1st Grade. in order to complete the basis which is already
» G A. Harris, Sub-Assistant 2nd Grade. supplied to a certain extent by the triangula-
»  W. J. O'Sullivan, Sub-Assistant 3rd Grade.

tion on the meridians of 883° and 91%°, and
the parallels of 23° and 26°, for the surveys of the districts of Nuddea and Jessore,
the divisions of Rajshahee and Dacca, and other portions of Eastern Bengal. Were
the triangulation of this tract of country to be made to conform strictly to that of
western Bengal and the North-West Provinces, two meridional series would be
required for the arca remaining to be completed; but the accuracy of the topogra-
phy of the present day is such that a smaller amount of triangulation will suffice
for all practical purposes, and it is no longer necessary to have as many chains of
triangles in a given area as werc required formerly ; the topographical requirements
of Eastern Bengal will be amply met by one additional meridional series of tri-
angles, running in the neighbourhood of the Brahmaputra River, though at a sufficient
distance to sccure the stations from the excursions of the river.

(6.) This serics has now been commenced by Licutenant Thuillier, who was
employed during the field scason under review in selecting stations of obscrvations,
and completing all the necessary preliminarics. His operations lay in the districts
of Furrcedpore, Dacca, Mymensing, and Pubnal. wiere the ground is almost per-
feetly level, covered with immense swamps, and intersccted by innumerable nullahs
and streams. The villages are generally surrounded by valuable groves of mangoe,
palm and other trees, and all ground that is not directly under cultivation is more
or less covered by luxuriant vegetation.  Roads are very rarely met with, all the
traffic of the country being carried on by boats.  No hills or mounds exist on which
the survey stations might be fixed ; each station has therefore to be made by con-
structing a tower of suflicient height to surmount the curvature of the ground, then
the lines between contiguous towers are cleared of trees and jungle, in order to ob-
Lain the necessary mutual visibility. Under these circumstances Lieutenant Thuillier
and his Assistants were so fully employed in the preliminary operations of building

towers and cutting lines, that it was necessary to postpone the mecasurement of the
principal angles until next scason.

(7.) The extent of triangulation laid out covers a direet distance of 81
miles, and an arca of 1293 squarc miles, by 22 stations arranged so as to form 4
sxmmctrical hexagonal figures.  This operation involved the clearance of 410 miles
f’f narrow trial lines, and 296 miles of broad final lines, mostly through heavy
Jungle s 10 towers were completed in readiness for the future observations.

s . .
‘ (b) Licutenant Larminie was deputed to commence a first class secondary
triangulation of the valley of Assam, starting from the principal stations in the
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neighbourhood of Gowhatty, which form the eastern extr emity of the triangulation
already completed on the parallel of 26°. Two Revenue Survey parties are now
employed in Upper Assam, and are much in want of trigonometrical points; but
the distance which will have to be crossed is so great that some time must elapse
before their operations can be reached. Fortunately there are several hills which
will serve as convenient sites for the stations, and materially facilitate the progress
of the operations; but the difficulties of moving across country are very great; when
once the neighbourhood of the Brahmaputra River is left, the surveyor becomes de-
pendent on the very limited resources of the district for the means of carriage, un-
less he happens to be provided with elephants. These animals could not be obtained
last season, and so many difficulties were met with in securing coolies as carriers
that Lieutenant Larminie reports that not less than 33 days were spent in total
inactivity. Thus the season was entirely devoted to preliminary operations, and
the measurement of the angles could not be commenced ; but 11 hill stations were
selected, 10 of which had to be cleared of more or less dense jungle; and the
operations were carried over a direct distance of 80 miles, which under the circum-
stances is probably as much as could be expected. .

No. II.—TRIGONOMETRICAL.

THE EASTERN FRONTIER SERIES.

(9.) By the close of the field season of 1866-67 this triangulation had been
brought down from the western extremity of
PrRsom¥EL the Assam valley th h the Kossi T
W. C. Rossenrode, Eaq., Assist. Surveyor 1st Grade. . y throug e Kossia and 1 1p-
Mr. H. Beverley, Cisil Assistant 3rd Grade. perah Hills, and along the borders of the dis-
» W. C. Price, Sub-Assistant 3rd Grade. o 1

» E.J. Connor, Sub-Assistant 3rd Grude. trICtS. Of .Chlttagong, Akyab’ and Arrac:m, to

the vicinity of Toangoup and Sandoway. Dur-

ing the year under review it was direcied into British Burmah, and crossed the

difficult range of hills, uninhabited save by dacoits and outlaws, which intervenes
between Arracan and Prome.

(10.) Though the physical difficulties to be overcome do not appear to have
been materially greater than in preceding years, and no extraordinary precautions
had to be taken to protect the Surveyors from the attacks of the predatory tribes occu-
pying the hill frontier, there has this year been a very marked falling off in the
annual out-turn of work, whether measured by the direct progress in linear miles
or by the area in square miles covered by the triangulation. This will be seen by
the following figures :—

Direct progress  Area triangulated in

Season in mileq. square miles. District of operation.
1861-62, .. 62 .. 1207 .. Kossia Hills.
1862.63, .. 49 .. 884 .. Tipperah, British and Independent.
1863-64, .. 52 .. 764 . Ditto.
1864-65, .. 80 .. 1675 .. Chittagong Hill Tracts.
186G5-66, .. 135 .. 2419 .. Chittagong and Akyal TTill Tracts.
1866-67, .. 166 .. 3314 .. Akyab Hill Frontier.
Average of 6 seasons, 91 .. 1710
1867-68, .. 38 .. 573 Sandoway to Prome.
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(11.) The falling off in the out-turn of work is entirely due to the difficul-
ties which were met with in obtaining coolies to act as carriers, and to build the stationas
and clear the lines of forest and jungle. For instance the clearance of ope of the
lines which with an ordinary supply of labor might have been done in 8 or 10 days,
occupied not less than 24 months. As the province of British Burmah is very
thinly inhabited and covered with dense forest, the future progress of the operations
must necessarily be slow; but I believe that similar difficulties to those which were
encountered this year, in crossing the range between Arracan and Prome, will not
be met with again, and I expect that under Mr. Rossenrode’s vigorous and judicious
management no delays will occur that can possibly be avoided.

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

(13.) As this party was located at Akyab during the recess seasons of 1566
and 1867, Mr. Rossenrode was directed to avail himself of the opportunity to take
tidal observations for the purpose of verifying his trigonometrical determinations
of height, which had been carried over a distance of many hundred miles without
having been connected with the sea level. No self registering tide guage being
available, it becare necessary to take observations of high and low water througl-
out an entire Junation. The guage was set up in the vicinity of a trigonometrical
station at the mouth of the Koladyne river, within half a mile of Akyab Point.
The waters washing the guage had a direct communication with the sea, and deep-
ened rapidly from the bank to the guage. The site was sheltered from surf.

(14.) All requisite preliminaries having been completed, observations were
commenced on the 24th October, by which time the rains were supposed to be ended
and fair weather to have set in. But on the days on which Calcutta was visited by
the disastrous Cyclone of 1867, the weather became very boisterous at Akyab, and
from the 31st October to the 3rd November observations were impossible, and the
gauge could not even be approached without danger. Observations were resumed
as soon as the weather immproved, but it was not until the 16th of Novewmber that
they began to be reliable, but from that date to the 16th of December they were
carried on without any break or disturbance.

(15.) The average range of the tide was found to be 567 feet, the maximum
being 860 feet and the minimum 227 feet. The height of the bench-mark station
on the coast near the tide guage. as determined by the preceding triangulation, was
found to be only 194 feet in excess of the value given by the tidal observations,

shewing that very little crror had been generated in the course of a chain of trian-
gulation many hundred miles in length.
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No. IIL.—TRIGONOMETRICAL.

THE JUBBULPORE SERIES, MERIDIAN 80°

(16.) In my last report T shewed that a belt of about 2° 10/, between the
parallels of 16° 25’ and 18° 35, had still to be
completed, to connect the northern portion of
'gf"r‘f';t_“’cl,_vegi'::‘ifg;if :“::f:';;f‘;:;egz de. this chain of triangles, which emanates fx:om
» . Bell, Sub-Aesistant 1st Grade. a side near Jubbulpore of the Great Longitu-
n E. P. Wrixon, Probatiouary Sub-Assistant. dinal Series, with the southern portion, which
v A Lom, Probationery Sub-Auant had been carried down to Madr:fs in the course
of the triangulation of the east coast. I had not ventured to anticipate that the.
connection would be completed in a single season, as the distance appeared to be
more than could be accomplished in the time ; I am therefore all the more gratified to
be able to report that it has been completed in a very satisfactory manner by
Mr. Shelverton during the field season now under review. The operations embraced
the measurement of 23 principal triangles arranged so as to form a double polygon,
two quadrilaterals and a pentagon, covering an area of 5634 square miles, and ex-
tending over a direct distance of 150 miles. An azimuth of verification was ob-
served at one of the principal stations. The only drawback to these operations is
that while the principal triangulation has been carried forward with unusual rapidity,
the secondary triangulation has been neglected, and thus the charts are not so full
of information as is desirable,

PERSONNEL.

(17.) Tn the interval which elapsed between the termination of the rainy
season, and the time when the unhealthy forest tracts between the Nerbudda and
Godavery rivers, through which the triangulation had to be carried, might be safely
entered, Mr. Shelverton employed himself in taking a series of observations, for
determining the astronomical latitude of a trigonometrical station in the vicinity of
Jubbulpore, with the 18-inch vertical circle of Troughton's Great Theodolite.
Eleven pairs of north and south stars were selected from the nautical alimanac, and
12 circum-meridional observations were made to each star; the agreement between
the results of each observation is very satisfactory, and does credit to the observer
and the instrument. The final result shows that there is probably about 5" of
southerly attraction at Jubbulpore as compared with Kalianpoor, the station of the
Great Arc which is the origin of latitudes of the Indian Survey.

(18.) The future operations on this meridian will comprise the extension of
the triangulation southwards along the coast, passing Pondicherry and Tranquebar,
until the Straits which separate the Island of Ceylon from the Indian Peninsula,
are reached. Here T hope that it will be possible to connect the Indian triangula-
tion with that of Ceylon, for when this is done the combined operations will furnish
a meridional arc of about 25° in length, extending from the Himalayas down to the
southernmost point of Ceylon, which should be a valuable addition to geodesy. At
present however the early completion of the longitudinal series on the parallel of 18°,
which will connect the base line at Beder (on the Great Arc) with that at Vizaga-
patam, is more immediately required for the operations of the Indian Survey. Mr.
Shelverton has consequently been instructed to commence this triangulation in the
approaching field season.

L)
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No. IV.

THE WEST CALCUTTA LONGITUDINAL SERIES.

(19.) The revision of this chain of triangles, the reasons for which have
already been explained in para. 52 of my Ad-

PERSONNEL, .. .
ministration report for 1864-65, had been so
H. Keelan, Eeq., Surveyor 3rd Grade.
Mr. H. E. T. Keelan, Civil Assistant 4th Grade, near]y comp]eted When laSt repqrted on, that I
,» H. W. Peychers, Sub-Assistant 2nd Grade. had reason to hope the operations would be
» J. Trotter, Sub-Ausistant 2nd Grade. finished in one more field season. I was aware

A. Moore, Sub-Assistant 4th Grade.

”»

however that it would probably Dbe found ne-
cessary to clear the lines of trees which might have sprung up on them since the
stations were first built, and also either to raise the statious, to enable them to over-
top any houses which might have been subsequently erected, or to remove the
houses, in order that the required mutual visibility might be obtained.  All such mea-
sures would certainly retard the progress of the operations in a much greater degree
than is usual, for they would be carried on in districts in the vicinity of Calcutta
the inhabitants of which are proverbially litigious and indolent, very ready to take
offence at what they may conceive to be an infringment of their rights. and very
slow to assist the progress of the operations either by accepting employment as
laborers, or by selling materials for the construction of the survey stations.

(20.) Mr. Keelan reached Raneegunge with his assistants early in No-
vember, but found the country so flooded by the heavy rains that had fallen during
the cyclone which passed over Calcutta and the surrounding country on the st
of that month, that he was obliged to halt for nearly a fortnight, until the inunda-
tion had sufficiently subsided to permit of the field work being commenced. Tt was
long however before the ground was sufficiently dry to enable bricks to. be burnt
for the construction of stations in places where ready made bricks were not procur-
able. All the lines between the old stations (built in 1830) were found to be more
or less blocked up by trees and houses, and arrangements had to be made for clear-
ing them and raising the heights of the towers; also for constructing the new
stations which were required to convert the original series of single triangles into
a polygonal series, and clearing the lines to them. Mr. Keelan reports that much
passive opposition was encountered, and that on two occasions the brick making
was stopped in consequence ot the preposterous demands which were made for the
materials ; fortunately he was cordially assisted by the district authorities. and thus,
and by exercising much patience and forbearance, he was able eventually to carry
on his operations without any break of continuity. Instead however of the opera-
tions being completed in a single ficld season, there is still work enough left to
occupy the party for the greater portion of the coming season.

(21.) The final operations embraced the observation of the angles of 8
principal triangles, covering an avea of 1326 square miles, and extending over a
direct distance of 72 miles; 6 new tower stations were built, and 2 telegraph towers
were raised and converted into stations; 272 miles of lines were cleared, and 111
miles of trial lines were traced.
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No. V.—TRIGONOMETRICAL,

THE BANGALORE BASE-LINE.

(22.) The necessary preliminaries for the measurement of a base-line of
verification at Bangalore, having been comple-

PEBSONNEL. : :
ted during the preceding field season, I was

J. B. N. Hennessey, Esg., Surveyor 1st Grade. b ¢ d t . th t.
Lieut. J. Herschel, R.E., Surveyor 2nd Grade. about to procee 0 supervise e . operation
Captain Branll, Surveyor 3rd Grade. when I was prevented by a severe accident from
Lieut. W. M. Campbell, R, Surveyor 3rd Grade.  Japying my head-quarters. Consequently I

w M. W. Rogers, Assist. Surveyor 2nd Grade.

Mr. A. W. Dounelly, Civil Assist. 4th Grade. deputed Mr. Hennessey to take my place, and
+ 3. W. Mitchell, Sub-Assiat. 2nd Grade. 1 have every reason to be well satisfied with

»» G. Anding, Sub-Assistant 2nd Grade. . . ;
" A Christie, Sub- Assistant 3rd Grade. the manner in which he has conducted the

.. O. V. Norris, Sub-Assistant 4th Grade. operations.
»» C. D. Potter, Sub-Assistant 4th Grade.
» J. Bond, Sub-Assistant 4th Grade. (23.) The measurement was executed
with the admirable apparatus of compensated bars and microscopes which was de-
signed by Colouel Colby, and brought out to India by Colonel Everest in 1830, for
the operations of the Great Arc; it has been used, ever since, whenever a base-line
has been measured in connection with the Indian triangulation; after having
been transported over many thousand miles and employed at no less than 9 base-
lines, (including Bangalore), it is still in nearly as good working order as when it

was landed in India.

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

(25.) The new base-line is situated on the table-lands of Bangalore, at an
altitude of about 3030 feet above the level of the sea, and within a short distance of
Colonel Lambton’s base which was measured in 1804. T had wished to remeasure
Colonel Lambton’s line, the extremities of which are still in good preservation ; but
on ascertaining that it is now crossed by a railway on a high embankment, and by
several tanks constructed for the purposes of irrigation, I was obliged to have ano-
ther line selected in the neighbourhood. The two bases have however been care-
fully connected by triangulation.

(26.) The new base-line is 6:84 miles in length, and divided into 3 sections,
which are connected by triangulation on both flanks, in order that the measured
length of each scction may be tested by comparison with the other sections. Cir-
curnstances have interfered to retard the several calculations and reductions, but I
have recently been informed, by telegram, that the computed length of the base-
line, as derived from the Vizagapatam base and the triangulation down the coast to
Madras and thence across to Bangalore, a distance of 630 miles, differs by only a
quarter of an inch from the length given by the measurement. A eimilar minute
discrepancy, of a quarter of an inch in 6:55 miles, was found between the measured
length of the Vizagapatam base-line, and the length as computed through 480 miles
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of triangulation from the Calcutta base-line. Such close agreements between the re-
sults of the linear and the angular measurements, though necessarily to some extent
fortuitous, are nevertheless very satisfactory indications of the accuracy of the
operations.

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

(28.) Meanwhile Captain Branfill proceeded to Cape Comorin, to select a
site for a base-line at the southern extremity of the Great Arc, which I am arrang-
ing to measure during the coming field season. The selection was found to be a
matter of no small difficulty ; for the ground in the immediate vicinity of the Cape
is either studded with rocky and precipitous hills, or covered with a dense forest of
palmyra trees through which a line could not be cleared without great expense.
Eventually a practicable line was discovered to the north-east, within a short dis-
tance of Colonel Lambton’s astronomical station of Punne, and after considerable
exertions Captain Branfill succeeded in preparing the base-line stations and complet-
ing all the requisite preliminaries for the measurement.

No. VL—TRIGONOMETRICAL.

THE BANGALORE LONGITUDINAL SERIES.

(29.) Little progress could be made in this triangulation because Lieutenant
Campbell and his assistants were employed for the greater portion of the field season
in the operations connected with the measurement of the Bangalore base-line. But
as soon as these were completed, Lieutenant Campbell took up the triangulation at a
point about 40 miles west of Bangalore, and carried it 33 miles westwards, complet-
ing a hexagonal figure of an area of 925 miles. 11 stations were selected in ad-

vance, over a direct distance of about 120 miles, as a preliminary to the operations
of next season.

No. VIL—-TOPOGRAPHICAL.

THE SURVEY OF KUMAON AND GURHWAL.

(30.) Captain Montgomerie was re-appointed to the charge of this Survey

PRRSONNEL. on the 1st May 1867, shortly after his return
Capt. T. G. Montgamorie, R.E., Surveyor 1at Grado.
5 A Tullan, 8.C., Assist. Qur\'oyor 1lat Grade. from furlough to Europe. In I\Ia‘y 1868 he

Licut. J. T}, R.E., Assist, Surveyor 2nd Grade. 1 1 1t 1 1 1
Mr A7 @ Beserley, Oml Apupeyor 2nd Gead was required, in addition to his ordinary duties,

» E.C. Ryall, Civil Assistant 2nd Grade. to assist me by Officiating as Superintendent of
s J. Peyton, Civil Assistant 2nd Grade. h T h 1 . h S
s 0. Low, Civil Assistant 4th Qrade. the Opograp 1ca SUI‘VC‘yS in the UI'VBYOI‘
G. W. Atkinson, Sub-Assistant 1st Grade. ’ 1 illier’
:; C. Braithwaite, S\lh-Asaismnt 2nd Grado. General 8 Department, durlng COI' Thull,her 8
» L. Pocock, Sub-Assistant 2nd Grade. absence from India. He has further continued
» H. Todd, Suh Assistant, 3rd Grade.
C. Bryeon, Sub-Assistant 3rd Grade, to superv1se the arrangements in connection

with the geographical explorations of the regions beyond the Himalayas. Thus he
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has been very fully occupied, and I have every reason to acknowledge his valuable
services, both as an Administrative and as an Executive Officer.

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

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

(33.) Captain Montgomerie reports that the out-turn, both of triangulation
and topography, was very creditable, the ground throughout being of an exceed-
ingly precipitous nature, and nearly every day’s work a matter of hard climbing
from morning to night. He personally examined the work of each detail-surveyor,
and invariably found that the ground had been faithfully represented, and generally
with considerable artistic ability. Both in quality and quantity the work appears
to be entirely satisfactory.

(34.) The elevations of a large number of points, both in the valleys and on
the summits of the mountain ranges, have been determined trigonometrically, and the
proportion of these to the area under survey is very considerable. It is scarcely
possible to shew too many determinations of height in the maps of a mountain
region, where the variations of altitude are frequent and often very abrupt ; but on
the other hand it would be impossible, without greatly retarding the progress of the
operations, to determine all these heights trigonometrically ; many points are so
situated, in the beds of rivers and ravines and in the gorges between mountains,
that their heights could not be thus determined without executing a special triangu-
lation for the purpose in each instance, which would be a very laborious proceed-
ing. In order to determine the altitudes of these comparatively depressed localities,
Captain Montgomerie has been employing aneroid barometers, instruments whose
compactness and portability render them an invaluable adjunct to Surveyors who
have the means of controlling the errors to which they are liable. The aneroids
are cmployed so as to give strictly differential results; they are invariably read at
a number of high and low trigonometrical points whose heights have been accurately
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determined ; then the height of any intermediate point is found by interpolation.
It appears, from a variety of cxperiments, that the heights so deduced may be
relied on ag within 30 or 40 feet of the truth, which will probably be considered
sufficiently accurate to give a fair idea of the differences of elevation between peaks,
passes and valleys in a mountain tract where the variations of altitude ate many
thousand feet.

(35.) 1 cannot conclude this notice of the operations of the Kumaon and
Gurhwal Survey party without observing that Captain Montgomerie and some of
his assistants have been obliged to devote a good deal of time to the retracing of
the original boundary of Mussoorie and Landour, because the simple precaution of
demarcating this boundary by building pillars along it had not been taken in the
course of the operations of the fiscal settlement. The only information forthcoming
on the position of the line of boundary, is given in an old and imperfect map, exe-
cuted on a small scale many years ago, under the orders of the Board of Revenue
of the N.W. Provinces; consequently it was impossible to recover the original
boundary exactly. A sufficient approximation has however been made to satisfy the
requirements of the Civil authorities ; pillars have been built along a portion of the
line as now determined, and others will be built along the rest of the line as soon
as possible; their positions will be shown on the new maps of Mussoorie and Landour,
the publication of which has been delayed, pending the adoption by the Civil autho-
rities of the boundary now under demarcation. :

No. VIII.—TOPOGRAPHICAL.

THE SURVEY OF KATTYWAR.

(36.) In my last Administration Report, I described the early operations of

PERSONNEL this Survey, and the measures that had been
‘ ’ taken to increase its utility and a

Captain C. T. Haig, R.E., Surveyor 2nd Grade. . !:O A y an .( ceuracy by
Mr. J. McGill, Civil Assistant 1st Grade. providing for the execution, pari passu with
s A D'Souzn, Civil Assistant 4th Grade. the ordinary operations, of a boundary survey
,  N. Gwinn, Sub-Assistant 3rd Grade. £ all the Talook lhief b-divisi £
,» C. McA'Fee, Sub-Assistant 3rd Grade. ol a e aloo a.s'or chiel sub-divisions o
.+ T Rendell, Sub-Assistant 3rd Grade, the Native and British States in the Province

» K. N. Wyatt, Sub-Aesistant 3rd Grade.

of Kattywar. I also explained the reasons
which had induced me to enlarge the plane-

table or field survey sections, from the usual
scale of 1 inch to that of 2 inches to the mile, in order to meet more adequately
the growing requirements of the province.

Native Surveyors,
Wissojee Ragoonath, Gopal Naryen, and 7 others,

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



Thus in several instances Captain Haig was compelled to push on the topographical
operations in advance of the boundary traverses, in order to provide employment

for his field sketchers.

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

(39.) The last field season’s operations comprise the following amount of
work. Triangulation; an area of 1041 square miles, in which the positions of 536
points and the altitudes of 83 of these points, were determined by observations at
102 stations; this portion of the operations was almost entirely executed by Mr.
McGill.  Topography ; 800 square miles on the scale of 2 inches to the mile, and
260 square miles on the 1 inch scale, the smaller scale being resorted to for a low,
marshy and almost uninhabited tract of country lying to the north of the Kalubba
River, on the west coast of the Gulf of Cambay. Boundary traverses, and check lines ;
614 linear miles of the former, and 89 of the latter.

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

No. IX~—~GEOGRAPHICAL.

EXPLORATIONS OF TRANS-HIMALAYAN REGIONS.

(41.) The Trans-Himalayan explorations, under the direction of Captain
Montgomerie, have during the last year been extended across the upper basins
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of the Sutlej and the Indus to some distance beyond the eastern watersheds, thus
penetrating into that portion of Great Tibet which lies between the desert of Gobi
and the upper basin of the Brahmaputra river. For this purpose a third Pundit
was added to the explorers and trained to the work by Captain Montgomerie. The
operations have been successfully carried out, and the results will be found fully
detailed in Captain Montgomerie's report.

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

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

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

(45.) Great credit is due to the Pundits for the way in which they carried
out their work ; for upwards of three months they were at an elevation of more
than 12,000 feet above the sea, they crossed and re-crossed the Himalayan range
three times, the Gangri range between the Sutlej and Indus three times, another very
lofty range between the two upper branches of the Indus once, and that between
the Indus and Thok Jalung twice; each of the crossings involving the ascent of
a pass more than 17,000 feet above the sea, the highest being 19,500 feet.

(46.) A map showing the geographical results accompanies this report, from
which it will be seen that a very small portion of the upper basins of the Sutlej and
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Indus has been left untouched, and that the margin of the vast terra incoguita,
Dbetween the desert of Gobi and Lhasa, has been penetrated. 1 am not without
hope that a considerable portion of this region may ultimately be explored.

GEOGRAPHICAL.

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

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

PERSONEL Topographical Survey Departments to form the

Lieutenant Carter, R.E. survey party, the charge of which devolved on
»  Dummler, RE. the senior Officer, Lieutenaut Carter. All the
»  Foldich, RE. Officers reached Bombay by the 1st December,

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

(48.) The instrnments with which they were furnished were selected so as
to meet the requirements of a nilitary reconnoisance executed in the course of a
rapid march, as well as to enable a rough topographical survey to be made of the
country around any places in which the army might halt for a few days at a time.
A transit instrument was supplied, to be kept at the origin of the survey and em-
ployed in determining its longitude ; plane-tables were provided for topographical
sketching along the line of route; also barometers and chronometers, and 6 inch
transit theodolites with complete vertical circles, for triangulation, astronomical ob-
servations, and route-surveying.

(49.) The latter instruments had been specially constructed, at my request,
by Messrs. Troughton and Simms, to be employed on expeditions of this nature,
and deserve a brief description in this place. The eye piece is furnished with
a pair of micrometers, fitted into a rcctangular frame which is capable of being
turned round on a collar, 8o as to bring the micrometer wires into parallelism with
either the horizontal or the vertical wire in the fixed diaphragm plate. The primary
object of this arrangement is to enable the angle subtended by a pole of known
length, set up either in a vertical or a horizontal position, to be measured by the
micrometers, and thus to determine the distance between the pole and the instrument.
Knowing the run of the micrometer and the Jength of the pole, it is easy to prepare
a table which will enable the distance corresponding to any angle to be ascertained,
with very little labor of calculation and sometimes by mere inspection. In these
instruments, a division of the micrometer is equivalent to about 2”, so the angles
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may be measured with considerable accuracy, much exceeding what would be pos-
sible with ordinary theodolites of the same size. The micrometer and pole can thus
take the place of the chain or perambulator which must otherwise be used in a route-
survey, while the angles of the traverse can be measured on the azimuthal circle, in
the same manner as with an ordinary theodolite. To be able to dispense with a chain
is a very great advantage in a voute-survey of a tract of rugged hill country, more
particularly when the chainmen are liable to be incessantly disturbed and impeded
by the movements of a large army on the line of survey. Moreover the micro-
meters greatly add to the value of the theodolites as astronomical instruments, by
furnishing two additional wires to the fixed horizontal and vertical wires, which
increase the accuracy of observations of time and longitude, whether by the method
of zenith distances, or that of meridional transits, as they may be laid either hori-
zohtully or vertically at pleasure.

(50.) Lieutenant Carter’s instructions were, if possible, to make a plane-
table survey on a trigonometrical basis, fixing the positions and altitudes of all the
prominent hill peaks visible from the stations of observation, in order to facilitate
the incorporation of geographical details acquired from native information. Should
the army advance too rapidly to allow of such operations, he was to carry a route-
survey along the line of march, and when the rapidity of the advance rendered
even this impossible, he was to fall back on astronomical observations of the lati-
tudes, and either absolute or chronometric differential longitudes, of the principal
places along the line of route. All absolute longitudes were to be determined by
lunar zenith distances measured with the micrometer theodolites already described,
as in intertropical latitudes this method is probably better than any other for the
determination of this difficult element. It was expected that differential longitudes
might be determined with the aid of the line of telegraph which was to be put up
along the route taken by the army, but this expectation was disappointed, as the

telegraph wire was not carried beyond the point reached by the topographical
survey.

(51.) Operations were commenced by the measurement of a base-line near
Koomaylee, the first halting place on the march from Zoola to Senafe, and the
determination of its latitude and azimuth; similar operations were subsequently
performed at Senafe, Antalo and Ashangi, and the country around each base was
triangulated ; but the advance of the army was too rapid to permit of the triangu-
lation being connected otherwise than by the route-survey; the latter was fortu-
nately carried without any break of continuity, from Koomaylee to Magdala, and
subsequently connected with the port of Zoola, in Annesley Bay, on the return of
the force. Up to Antalo, a considerable breadth, 10 to 15 miles of country, on both
flanks of the line of march, was surveyed topographically, on the scale of 1 inch
to 4 miles, but further on the breadth necessarily diminished as time would not
permit of a protracted survey. The plane-tabling ceased altogether a little beyond
Ashangi, and it was only after very great exertions that Lieutenant Carter was able

to complete the route-survey to Magdala, arriving there on the morning of the 13th
of April, the day of the assault.

(52.) While the army remained at Magdala Lieutenant Carter made a survey

of about 70 square miles of the surrounding country on the scale of 2 inches to the
mile, to accompany Sir Robert Napier's despatches,
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(58.) The out-turn of work may be summarized as follows. 6000 square
miles reconnoitered and mapped on the scale of % inch to the mile; a survey of
Magdsla on the scale of 2 inches to the mile; 400 linear miles traversed with the
micrometer theodolites; 2 determinations of absolute longitude, 14 of latitude, 5
of azimuth, and 50 time observations; 5 base-lines were measured, 58 points were
fixed trigonometrically, 30 heights were determined trigonometrically, and 50 by
boiling point observations.

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

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

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

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

No. XI.—ASTRONOMICAL.

OBSERVATIONS OF THE TOTAL ECLIPSE OF THE SUN.

(57.) The year 1868 has been signalized by the occurrence of a total solar
eclipse, which had long been looked forward to with peculiar interest, not only
because it would be the first opportunity of applying the modern discovery of spec-
tral analysis to investigate the physical nature of the corona around the sun’s
photosphere, and the red flames which appear to issue forth from the photosphere
when the sun is totally eclipsed, but also because the period of totality would be of
almost the greatest possible duration, and would afford more leisure than usual for
such observations as can only be made during an interval which at its longest is
but very brief, not more than 6 to 7 minutes. On the recommendation of the Royal
Astronomical Society, Major Tennant was deputed by Government to make observ-
ations of the eclipse, and was supplied with all the instruments necessary for the
purpose, including a spectroscope, polariscope, and photographic apparatus. Morve-
over the Royal Society, anxious to make the most of the opportunity and increase
the chances of success by multiplying the number of observers, offered to place
certain instruments at my disposal to be used by Officers of the Trigonometrical
Survey at different places along the central line of the eclipse. I readily accepted
this offer, in anticipation of the sanction of Government, which was subsequently
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most cordially conceded, with an intimation that the Government “ was prepared to
do everything in its power towards securing full and accurate observations on this
rare and important occasion.”

(58.) As none of the officers of this department bad ever had an opportu-
nity of acquiring a practical familiarity with the manipulation of spectroscopes and
polariscopes, it was fortunate that when I received the proposals of the Royal
Society, one of our officers, Lieutenant John Herschel, R.E., was in England, on
leave of absence. He placed himself in communication with the Society, and had
an opportunity of studying the subject of spectral analysis in the Observatory of
Mr. Huggins, whose name is so well known in connection with this most interesting
branch of physical science. I determined therefore to entrust him with the duty of
carrying out the programme of operations proposed by the Royal Society. While
in England he interested himself in the preparation of the instruments, and on his
return to India, brought them out with him. They comprised, 1st, an equatorially
mounted clock-driven telescope, of 62 inches focal length and 5 inches aperture,
with a spectroscope having a single flint glass prism, and a micrometer screw for
measuring the position of any lines observed. 2nd, four portable hand-spectros-
copes. 3rd, a telescope mounted altazimuthally, and furnished with a double image
prism and a Savart’s polariscope, for the purpose of analyzing the light of the
« corona’ and “red flames,” for polarization.

(59.) Lieutenant Herschel was to use the equatorial instrument, and he pre-
pared himself for the purpose by examining

P - e . .
. Ereom the spectra of the principal southern Nebula,
Lieutenant J. Herschel, R.I. , ;
Ceptain C. T. Haig, R.I. the Royal Society having suggested that these

Captain B. R. Branfill. observations would not only enable the ob-
Lieutenont W. M. Campbell, R.E. . e ey .

server to acquire the necessary familiarity with
the instrument, but “would be of very great value in the present state of our
knowledge, and would certainly repay the entire cost of the instrument, should
bad weather, or some unforeseen accident, render the primary object, the investi-
gation of the sun, impossible.” Lieutenant Herschel's observations of the southern
Nebule have been published from time to time in the proceedings of the Royal
Society. Tbe polariscope was allotted to Lieutenant Campbell, and one of the hand
spectroscopes to Captain Haig, the rest being lent to persons who do not appear to
have had an opportunity of using them. Captain Branfill was attached to Major
Tennant's expedition, where he made the observations for polarization.

(60.) The eclipse would occur towards the close of the rainy season, in the
districts under the path of the total phase across the Peninsula of India. At such
a time favorable weather could not be expected; on the contrary there was much
reason to fear that clouds would be so prevalent as to conceal the eclipse from view.
It was necessary therefore to make minute enquiries regarding the localities along
the central line which offered the greatest advantages in point of climate, and the
best promise of an unclouded sky. For this purpose a circular was prepared calling
for information on the weather to be expected, the average rain-fall in the three
first weeks of August in preceding years, and other matters the knowledge of which
might influence the selection or rejection of any particular locality. As the path of
totality would cross portions of the Madras and Bombay Presidencies, and of the
Nizam’s Dominions, copies of the circular were sent to the Governments of Madras
and Bombay, and 1o the Resident at the Court of the Nizam. to be transmitted to



(18 )

the several Officers in charge of Districts, and to all persons who might be able to
contribute the necessary information. Enquiries were also made regarding the
weather prospects in the Province of Tenasserim, on the-east coast of the Bay of

Bengal, where the duration of totality would be greatest, and the sun nearly in
the zenith.

(61.) From the answers to these enquiries it appeared that very unfavor-
able weather might be expected at Tenasserim and on the Bombay Coast Line, that
the most promising localities lay in the belt of country between the Madras Coast
and the Western Ghats, and further that in the neighbourhood of Jamkundi (lat.
16° 30’ long. 75° 22') and Beejapore (lat. 16° 50" long. 75° 48') there was a better
prospect of fine weather than any where else; Jamkundi was said to be notorious
for its small rain-fall. These places were selected by Lieutenant Herschel and
Captain Haig as stations of observation. Major Tennant and Mr. Pogson, the
Government astronomer at Madras, had decided on stationing themselves at points
on or near the east coast. Thus the observers were distributed along the line of
totality, and widely separated, and there was all the more probability that some of

them would have an opportunity of making the requisite observations, though others
might be unfortunate and see nothing.

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

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

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

‘“ About ten minutes before totality commenced, I took up my position at the telescope,
and occupied the interval in final measures of the solar lines, to which any subsequent measure-
ments might be referred. As I was thus engaged the spectrum of what remained of the sun
grew rapidly narrower, and I was watching eagerly, and it may be guessed how intently ! for
the final disappearance which was to reveal, in place of the solar spectrum, that of the corona,

when the latter faded prematurely through the intervention of a cloud, and the precious moment
was lost.

I went to the finder, removed the dark glass and waited, how long I cannot say, perhaps
half a minute; soon the cloud hurried over, following the moon’s direction, and thercfore re-
vealing, first the upper limb with its scintillating corona, and then the lower. Instantly I
marked a promincnce near the needle point, an object so conspicuous that I felt there was no
nced to take any precautions to sccurc identification. Tt was a long finger like projection from
the lower left hand portion of circumference. A rapid turn of the declination screw covered it
with the ncedle point, and in another instant I was at the spectroscope. A single glance and

the problem was solved. TIREE VIVID LINES, RED, ORANGE, DLUE ; NO OTUENS, AND NO TRACE OF
A CONTINUOUS SPECTRUM.
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From that time until the end of the 5 minutes I was endcavoring to seize the fitful
glimpses of these lines for purposes of measurement. I succeeded with the orange and blue,
but there was not sufficicnt time for the 8rd. The field became suddenly re-illuminated and
the total eclipse was over. Nothing more could be done except to check the measurements
against those of the solar spectrum.”

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

“1st. When using the double image prism, the strong difference in color of the two
images of the corona, and the absence of such difference in the case of the most prominent red
flame. 2nd With the Savart’s polariscope, the bands from the corona were decided. With a
low power, they were wanting in intensity and colour (excepting alternate black and white)
making it difficult to specify the nature of the centre,——and their position was at right angles
to the limb, extending over a space of about 30° of the circumference; when the polariscope
was turncd, the band travelled bodily round the limb, without other change in position or ar-
rangcment, as if indeed they were revolving round the centre of the sun as an axis. Witha
higher power, when a smaller portion of the corona was embraced, the bands were brighter,
colored, and seen in a different position, viz., as tangents to the limb.”

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

“ Separated from each other Dby a small interval, so that their spectra, which were iden-
tical, were extended over the dark back ground of the moon’s disc, and stood out in most
marked contrast with the feeble but continuous spectrum of the corona. In their spectra were
two broad bright bands quite sharply defined, one rose madder, and the other light golden.
These spectra were soon lost in the spectrum of the moon’s edge just before emergence, which
had also two well defined bright bands, one green and one indigo, about a quarter of the width

of the bands in the spectra of the flames; this spectrum being again soon lost in the bright
sun-light.”

(67.) Captain Branfill was stationed, with Major Tennant, at Guntoor, and
took observations for polarity. He reports as follows :—

“ With the finder I dirccted to the hightest part (the S.E. quarter) of the corona, and ex-
amined its light carefully with the Nicoll’s prism and crossed quarts, which gave brilliant light
dark and coloured bands (Savart’s). I noted the position of the maximum white band, and the
points of disappcarance on each side. It was directly clear to me by several trials that the
corona was plentifully polarized in all the planes passing through the sun’s centre. The double
image prism gave the same results as the plain Nicoll. The polarized light was most where the
corona was brightest, least where faintest.  Satisfied of this, I turned to examine the light of the
Loru-like red flame; the corona scemed fainter behind it but though I contracted my field T
could not of course cxclude all corona light. T could not deteet the presence of polarized light
on the red flame.  With the double image prism the flame did not seem to vary in tint at
all ; with the Savart T could not get rid of bands altogether, and I noticed that though extremely
faint the bauds were continued upon the moon’s surface. I was still straining to sce and note

any differences in brilliancy with the plain Nicol, when a flood of light in the ficld told me that
all was over”.

(68.). These observations arc pregnant with interest ; they lecad naturally to
the conclusion that the ¢ corona’ is very slightly, if at all, self-luminous, but owes
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its brilliance mainly to the light of the sun; while on the contrary the ¢red flames’
are self-luminous, and composed of intensely heated gaseous matter.

No. XIL=—ASTRONOMICAL.

LATITUDE OBSERVATIONS.

(69.) During the preceding year, the astronomical circle employed in these
operations had occasioned much embarrass-

PERSONNEL. . .
] Hoavis . ment. It was one of the two sister instru-
Ll{‘.‘:‘ev:;ai'. eaviride, R.E, Assistant Surveyor ments, with double vertical circles 3 feet in
Mr. J. Wood, Sub-Assistant 2nd Grade. diameter, which were constructed for and ma-

» @ Belcham, Sub-Assistant 3rd Grade. terially modified by Colonel Everest, and are

described in his account of the great arc. From the year 1839, when it was first
employed, until March 1866, its performances had always been highly satisfactory ;
but after the observations in the field season of 1666-67 had been reduced, it
was found that they gave large discrepancies between the latitudes deduced from
stars to the north of the zenith, as compared with those deduced from stars south
of the zenith. The results from north stars agreed very closely infer se, as did those
from south stars, but the former exceeded the latter by an amount averaging 62
at the five stations at which the instrument had been set up, and at neither of them
less than 5”3, showing that the instrument had acquired the very disagreeable pro-
perty of measuring all zenith distances in defect of their truc values. This must
almost certainly be due to some injury which it must have received on it's return
journey to head-quarters after the field season of 1866-67. A most careful exami-
nation of every part failed to show the locus of mischief, and consequently the in-
strument was discarded, and its sister circle (No. 2) was employed instead, in the
operations of the present year.

(70.) The system of observing to pairs of north and south stars has invari-
ably been adopted in these operations, each of the two components of a pair being
as nearly equidistant as possible, compatibly with the selection of the best deter-
mined stars in the Greenwich catalogues. Thus the instrumental defect above
indicated should be eliminated from the mean latitude deduced from a pair of stars,
and the final results ought not to be sensibly affected thereby. It appeared desir-
able however to establish this point decisively, by taking observations with circle
No. 2 at one of the stations where circle No. 1 had been employed. This was done
during the present year ; the same stars were used as had previously been observed
to; no appreciable differences were found between the results from north and south
stars, by circle No. 2, and the mean result was found to differ by only 0’11 from
that previously given by circle No. 1. Thus it was clear that the final results of
season 1866-67 were thoroughly reliable, and that the observations at other stations
need not be repeated. Consequently Lieutenant Heaviside proceeded to determine
the latitudes of additional stations of the triangulation on the meridian of 75°.

(71.) The astronomical latitude of Isanpur, the northernmost station of this
chain of triangles, is almost identical with, differing by only 06 from, the value as
computed through the triangulation from Colonel Everest’s origin, the station of
Kalianpur on the Great Arc, with the elements which have always been employed
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hitherto in the caleulations of the latitudes and longitudes of the trigonometrical
stations, and in which the ellipticity is assumed as 3ﬁ0. The station at which this
close coincidence between the astronomical and geodetic values of latitude ocenrs,
is situated near the northern limits of the great plains of the Punjab, and is rather
closer to the Hlimalayas than the northernmost station Kaliana, of Colonel Everest’s
arc, which is also situated in an extensive plain; but the astronomical latitude of
Kaliana is 5”2 less than the geodetic value brought up from Kalianpur, suggesting
a deflection of the plumb line towards the Himalayas. As the mountain masses
are probably quite as great on the meridian of 75° as on that of Kaliana 787, it
would appear that the northerly attraction of the mountains is more fully compen-
sated in the western than in the eastern plains. In order to obtain additional light
on this point, Lieutenant Heaviside was directed to observe the latitude of a station
of the triangulation on meridian 76°, between Kaliana and Isanpur, the line joining
the three stations being nearly parallel to the direction of the mountain ranges :—
the value was found to be 3”9 less than the geodetic latitude, a smaller difference
than occurs at Kaliana, but larger than at Isanpur.

(72.) During the ficld season Lieutenant Heaviside determined the latitudes
of four new trigonometrical stations, and re-determined one of the latitudes of last
year, as already stated. At each of the new stations 35 pairs of north and south
stars, within 30° of the zenith, were selected from the Greenwich 7-year catalogue,
and each star was observed on the meridian on six successive nights. The probable
errors of the final results in no case exceed +"-06, a very satisfactory indication
of the performances of the observer and the instrument, as well as of the accuracy
of the catalogue from which the places of the stars were taken. Observations have
now been completed at 7 stations of the triangulation on meridian 75°, over an arc
of rather more than 5° of latitude, and the differences between the astronomical and
geodcetic values arc surprisingly small, rather less on an average than 1", indicating
that the extensive plains of the Punjab and Rajpootana, over which the operations
have been carried, are admirably adapted for the measurement of a gcodetic are.

No. XIII.—MISCELLANEOUS.

LEVELING OPERATIONS, AND ARRANGEMENTS FOR TUE PROTECTION OF THE
. SURVEY STATIONS.

(73.) Mnr. Lanc was cmplgyed in carrying a linc of levels from the Trigono-
PERSONNTL. - metrical Survey Bench-mark at Mcerut through

M. ;} Il?néi S]l(lr\'o{m.‘ 2nd Grde. Rohilkund, vi4 Ghurmuktcesar Ghat, Moora-
» A1 Clarke, Givil Assistant 3rd Grade. dabad. and Bareilly, to Pilibhit. These levels
were intended for the purpose of checking the
trigonometrically determined heights of the
survey stations at the northern extremities of the meridional chains of triangles east
of the Great Are, and for conuccting the several lines of levels which have been
cxccuted in Rolilkund, with a view to furnishing data for the charls of levels of the

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

operations.

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

No. XIV.—GEODETIC.

THE PENDULUM OBSERVATIONS.

(75.) These operations have been prosecuted very rigorously during the
» present year, in conformity with the original
ERSONNEL. . . . -
Captain J. P. Bosevi, R.E., Surveyor lst Grade. programme of observationsof vibration in vacuo
Mr. W. M. Lemarchand, S"b'A_ﬂsistﬂ;t i*'g G(I“de- at certain stations of Colonel Everest's Arc,
» 3 W, McDougall, Sub-Assistont St Grade- (oith the two pendulums which were supplied
by the Royal Socicty, and have been described in previous reports. Proceeding
southwards from the Himalayas, Captain Basevi had in the two preceding years
completed observations down to the station of Ehmadpur, lat. 23-36. This year the
pendulums were swung at no less than 5 stations, Badgaon, Somthana, Damargida
observatory, Kota Kodungal, and Namthabad, bringing the operations down to lat.
15°6"; thus about two thirds of the pendulum observations on the Arc have now
been completed.

(76.) At the commencement of the field season, Captain Basevi had to visit
the Bombay observatory, in order to test his magnetic instruments by comparing
their results with those of the standard magnetometers in that observatory, for
reasons which will be explained m the next section. He availed himself of the
opportunity to take the pendulums with him, and determine their weights and speci-
fic gravities, with the aid of the apparatus which is employed for such purposes in
the Bombay Mint. The results thus obtained will probably be of much value in the
final reduction of the observations.
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(77.) Captain Basevi has continued to devote much attention to all points
the investigation of which might tend to improve the accuracy of the results of the
operations, by bringing facts to light which have any bearing in the performances
of a pendulum. For instance, the accuracy of the temperature corrections depends
on the thermometers truly indicating the temperature of the pendulum; it was un-
certain whether they actually did so, under the ordinary conditions of observation
for several consecutive hours of the day, in a uniformly varying temperature, always
hotter at the close than at the commencement of the observations ; under such cir-
cumstances the temperature of the pendulum might lag behind that indicated by the
thermometers. To ascertain whether this is actually the case, at Damargida Cap-
tain Basevi took complete sets of observations with both his pendulums, lasting over
8 or 9 hours of the night, from about 8 r.M. to 5 A.M., in addition to the ordinary
diurnal observations whicl are of similar duration;—thus the night observations
were taken under a falling temperature, and the day ones under a rising tempera-
ture. The results seem conclusive as to the fact that lagging exists to an amount
which, though very minute, is still sufficiently appreciable to necessitate its recogni-
tion in the final reduction of the observations.

(78.) 1In my last report I described the steps which had been taken for
determining the factors of expansion of the two pendulums, and pointed out that
they led to the singular and unexpected conclusion that “ expansions determined
by the vibrations of pendulums under a very low pressure are materially greater
than those obtained by vibrations in the air, or by direct measurement.” I added
that « whether this is due to an actual increase of expansion for a decrcase of pres-
sure, or to the action of other phenomena which are at present unknown or only
imperfectly known, is a problem for future solution.” I have invited the attention
of some of the most eminent European savans to this point, but as yet nothing
conclusive has been established. The following suggestions have however been
received from Professor G. G. Stokes :—

“T can see one cause acting in such a direction as to explain the cffect observed, but
whether the amount named be sufficient to explain the result, I am not preparcd to say. Ac-
cording to Maxwell the viscosity of air increases with the temperature. Now what would be
the effect of an increasing viscosity? In a pendulum surrounded by free air, doubtless to
increase the time and diminish by degrees the are. But if the pendulum is closely invested by
a rigid envelope, the effect is not the same. Evidently when the viscosity is very great, the
instantaneous motion of the air tends to depend solely on the instantaneous motion of the
pendulum, and consequently the effect of resistance, so far as viscosity is coucerned, tends to
fall wholly on the arc.  'With a hampered pendulum (I mean one round which the air was ham-
percd, the pendulum itself being frec) I should expect the effcct of increasing viscosity to be,
first to increase, and afterwards to diminish the time, the rate of diminution of the arc in-
creasing all along.”

Professor Balfour Stewart writes ;—

“1 feel certain in my own mind that it is not due to an actual increase of expausion for
a decrease of pressure. To what it is due is a different question. T hazard the following remark.
I fancy it will be shown that the effect of air is of two fluids, one varying with the
density, the other independent of the density, but varying with the temperature of the air. I
cam imagine that this may, nay that it must make the temperature in air somewhat different

to that in vacuo, but whether it will account for such a difference as you have obtained, I am
not preparcd to say,”
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No. XV.—~MAGNETIC OBSERVATIONS.

(79.) During the last two years magnetic observations have been taken in
connection with the operations of this depart-

ment, with unifilar magnetometers and decli-
Captoin J. T'. Boscvi, R.E. nometers, and dip circles, which were con-
WAL Cole, Bean B4 structed for the pIndian Survey under the
supcrintendence of General Sabine and Mr. Balfour Stewart, and were tested at the
Kew observatory. But the resulting value of the ¢ horizontal intensity’ at Masoori,
differed very materially from what had been obtained at the same station (though
not on exactly the same spot) by the Messrs. Schlagentweit in 1855, our value
being 7-286, their's 8:125, both expressed in British units. The difference seemed
to be very much larger than could be due to any secular variation in the amount of
the intensity that could possibly have taken place in the interval of 11 years be-
tween the observations. In order to ascertain whether there were any errors in
our instruments or our modus operandi, Captain Basevi was directed to take an inde-
pendent set of observations with his instruments at the Bombay magnetic observa-
tory ; this was done last November, and the result, horizontal force = 8:068, was
absolutely identical with the value simultaneously determined, under Mr. Chamber’s
directions, with the instruments appertaining to the observatory. Moreover the
mean annual valuc of this element at the Bombay observatory was 7-:943 in 1847,
and 8025 in 1857, with which the value now obtained in 1867 is satisfactorily
accordant. I have therefore much reason to believe that our results are quite
correct.

PERSORNEL.

(80.) Our value of the total intensity at Masoori is 1'06 less that that given
by the Messrs. Schlagentweit in the 1st volume of their scientific mission to India
and High Asia.” But the differences between our values of this element and those
given in the Messrs. Schlagentweit’s chart of Isodynamic lines arc less, and appear
to decrease as the latitude decreases; thus at 8 stations between 20° and 30° the
average difference is 45, and at 6 stations between 15° and 20° it is *21, our values
being always smallest.

(81.) The following is a synopsis of the monthly observations which have
been taken up to date by Mr. W, H. Cole, m. A, at the head-quarter’s office in
Dehra Doon.

Latitudo MaagwETIC ELEMENTS.
Station. und Mo;;l;rnnd Horizontal Total Tofon. REMARKS.
- . . f . o nten-
longitude. Declination. Intensity. Dip. sity.
o ’ o ’ ” o ?
Dehrn A 30 20 | Juno 1867, 41 30-27
L78 6 {July » 7-2785 41 3118 97187

August 7-2854 41 26-12 97176
Sept. 7-2830 4129 5 97230
October ,, 7-2870 41 27-28 97227
Novr. ,, |3 3171E.| 72954 41 2968 97401
Deer. . 72941 41 2885 97367
January 68, 3 2 14+4E. 7-2944 11 2738 07328
February ,, 7-2945 41 2706 97322
Morch =~ , . 7:2090 41 2519 97336
April 72511 41 20-98 97216
May " . 7-2803 318302 917381
June " 7-2900 41 29-28 07317
July ,, 7:3053 41 3404 07612
August |, 7:2023 41 2H'74 9-7333
Sept. 33 42E. 726887 41 3245 97379
October  ,, |3 2 126 E. 7-2762 41 2996 97150
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(82.) The following is a synopsis of Captain Basevi's observations. Each
result is usually the mean of two independant determinations, on as many days, the
number varying from two to seven at each station :—

MAGNETIC ELEMENTS,

o '%j a .
STATION. = .E—."n Month and Year. é ‘g;’ NS REMARES.
R T8 fE | & | B3
- H A% é & a a* ~
o 7 o ’ o ’ Qo ’
Deyrah,... ... 802078 6| January 1867, T 254:2( 72877 (412757 97244 | The II. I. at Somtana was
determined from the mean
Meerut,... ... {2859 |77 44 » » y» 2456 74062 |39 7-24| 9:5463 | of 4 observations on the 23d
Deecmber and 1st January
Agra, .. .. |27 9(78 2| February ,, » 2462 75565 |36 136| 9:3430 | all very accordant. The cha-

Pahargurh, ... | 24 56 | 77 44 | March  ,,

Kalionpur, ... [24 7|77 42 | March & April 1867,

Ehmedpur, ... |23 36 | 77 43 | April 1867,
Chickuldeh, ... |21 24|75 56 | October ,,
Badgeon, ... |20 4477 39 | November 1867,

.Somtana, ... |19 B |77 42| Dec. 1867 Jun. 1868,

Domergidda,... |18 3|77 43 | January 1868,
Sccunderabad, |17 27|78 32 | February ,,
Kodungul, ... [17 8{77 41 | March .
Kurnool, ... {1550|78 6 ”»

Nomthabad, ... |15 6|77 36 | April »

Bangalore, ... [1259 |77 39 | June and July 1868,

racter of the rock istrap; a
» 210°0| 77070 |3159:31( 90868 | good deal of iron is worked
in the neighbourhood, the
» 1490| 78461 |3017:84| 9:0872 | possible presence of which
may account. for the discor-
»2 62| 77607 |2953'79| 89520 | dance in H. I. and Dip.

» 164:0| 7:9804 |254241| 88570
» 0551 7-9704 | 224099 | 86386
» 0281 83900 [2342:61| 9-1635
» 1294} 79955 [1933-04| 84847
» 1341 81239 (1716'99| 8-5080
» 1288 80635 |163644| 84145
» 1207 | 80726 | 134279 83095
»1106| 81113 |114093( 82829

7 744

No. XVI.

THE COMPUTING OFFICE.

(83.) The final reduction of any extensive system of triangulation, in such

PERSONNEL.

J. B. N. Iennessey, Eeq., Surveyor 1st Grade.

Licut. M. W. Rogers, R.E., Assistant Survcyor 2nd
Grado.

W. H. Cole, Esq., M.A. Assist. Surveyor 2nd Grade.
Mr. C. Wood, Civil Assistont 4ty Grade.
Baboo Gungn Pershad, Computer.

5  Dwarkanath Dutt.

»  Gopal Chunder Sircar.

»  Kally Mohun Ghose, and 8 other computers.

a manner as to secure entirely consistent and
harmonious results, and yet give it's proper
weight to every fact of observation, every
measured angle and base-line, is a very arduous
and difficult undertaking, the more so the greater
the extent of the operations, and the number
of facts to be recognized. The Indian trian-
gulation is vastly more extensive than that of
any European state, but fortunately it has for

the most part been executed on a system which considerably facilitates the final re-
duction of the observations. Chains of triangles are carried along the principal
meridians, and the course of the eastern and western frontier, and these are connected
together by other chains, the northernmost of which follows the Himalayan frontier
line, while the others are carried along certain parallels of latitude, at convenient
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intervals. Colonel Everest’s Meridional Arc is naturally, from it's central position
and it’s intrinsic value, the axis of the system. Base-lines are measured at the extrem-
ities of the longitudinal chains, and at the points where the chains cross Colonel
Everest’s Arc. Thus the triangulation is divisible into large quadrilateral figures,
with a base-line at each corner, and somewhat resembling gridirons, with their outer
frame-work and intermediate bars ; and this arrangement offers certain advantages
in the reduction of the observations which are not met with in a net work of trian-
gulation, as the points of junction between the several sections of the operations are
reduced to a minimum,

(84.) At each junction there are necessarily two or more values of the
lengths, azimuths and co-ordinates of the sides common to two or more chains
of triangles, in consequence of the errors generated in the course of the operations.
The problem to be solved is to harmonize these values by the application of certain
corrections to every measured angle and base line, having due regard to the respec-
tive weights of the observations and to certain essential theorctical considerations
as well as to the imperative necessity of restricting the calculations within manage-
able limits. With every assistance that could be derived from the published ac-
counts of the best geodetic operations in Europe, and from Professor Airy, the
Astronomer Royal, who has taken much interest in the subject, it has been a matter
of no small difficulty to elaborate a system of reduction which would satisfy modern
theoretical requircruents, and yet be susceptible of practical manipulation, when
applied to the very extensive operations of the Indian triangulation. This has at
last been accomplished, and the great quadrilateral figure which connects Dehra
Doon with Karachi, and comprises 4 base lines, and about 2500 angles appertaining
to 8 chains of triangles, is now under treatment ; the area covered by the figure is
nearly 300,000 square miles.

(85.) A second edition of the tables which are used to facilitate the calcu-
lations of the trigonometrical and topographical operations has this year been pre-
pared and printed ; it contains a great deal of new matter, of which I may parti-
cularize certain tables which have been computed to facilitate the conversion of the
spheroidal co-ordinates of latitude and longitude into plane co-ordinates, or vice versd
to convert plane into spheroidal co-ordinates, with sufficient accuracy for the practical
requirements of surveys of comparatively small areas. These tables should enable
Revenue Surveyors to make greater use of the co-ordinates of the stations of this
survey than they have done hitherto, and conversely to compute the latitudes and
longitudes of a certain number of their points from the plane co-ordinates on which
their operations are usually based.

(86.) Of other matters done in connection with the current opcrations of
this office T may notice the magnetic observations the results of which have already
becn given in para 81, meteorological observations throughout the year at Dehra
and during the recess at Masoori, comparisons of standard thermometers and baro-
weters, and the preparation of provisional data of the results of the triangulation for
publication, with a view {o meet immediate requircments.
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No. XVIL

CARTOGRAPHY.

(87.) The map of “Turkestan with the adjacent portions of the British
and Rushian Territories” which was stated in
PERSONNETL. . )
W. H. Scott, Fsq., Civil Assistant lst Grade, and TOY last report to be under compilation, has
_ Chief Drafteman. . , now been completed and published by the
4 Native Droftsmen and 13 Native apprentices. photo—zincographic process. A great deal of
valuable information has been incorporated into this map, from the Punjab * Re-
port on the trade and resources of the countries on the North Western Boundary of
British India.” as to the routes from Afganistan #¢d Kokan and Kashgar, and »id
the Oxus River, the Pamir Steppe and the Sari-kul or Tashkurgan district, to Yar-
kund ;—from Peshawur through Swat, Panjkora and Chitral, to the Pamir Steppe
and the sources of the Oxus; and from Leh and Iskardo into Tashkurgan and Yar-
kund. In the regions beyond the DBritish frontier, which no European could safely
cater nnless backed by a strong army, there are many hill peaks whose positions
and heights have been determined with accuracy by the operations of this survey,
in previons years. These points furnish the basis on which the geographical details
as obtained from oral information, or traveller’s itinerarics, or explorations by native
surveyors, have been fitted ; where they are numerous the map is probably fairly ac-
curate, where they are scanty it is necessarily less reliable. The regions of which
least is known are those lying between the Oxus and the southern frontier of
Kokan ; nothing is known of the configuration of the Pamir Steppe, and very little
of the positions of places on it.

(88.) The determination of the much questioned positions of the chief towns
of Altyshahar, or little Bokhara, is approaching solution. The position of Ilchi,
the capital of Khotan, may be considered to have been definitely fixed by Mr. John-
son, while that of Yarkund has probably been very approximately fixed by Captain
Montgomerie’s explorer, Mohamed-i-Hamid. Adopting these positions, and collect-
ing all the evidence available in this office as to it's distance and bearing from
Yarkund and from Ilchi, Kashgar would appear to be in lat. 39° 25’ and long. 75° 25;
this value of the latitude agrees with what has generally been adopted hitherto, but
the longitude 1s 14° east of the position adopted by Klaproth, Humboldt and Ritter,
and no less than 3° 35" (nearly two hundred miles) cast of the value adopted by
the Messrs. Schlagentweit.  On the other hand a new and entirely independent value
of the position of Kashgar has been recently obtained, in the summer of 1867, by the
Russian General Poltarasky, in the course of a reconnoisance of the regions to the
south of Take Tssik-kul and the Naryn River. down to the border of the plains of
Altyshahar ; the resulting position of Kashgar was lat. 39° 35', and long. 76° 22/,
or still more to the east than the value adopted in this office. I am indebted to
Baron Osten Sacken, Secretary to the Imperial Geographical Society of Russia, who
accompanied General Poltarasky’s expedition. for the above information, as well as
for several of the latest and most correct maps of the regions on the south of the
Russian Frontier ; they have been of great assistance in compiling the new map of
Turkestan,

N (89.)  Mr. Scott has also been engaged in the very laborious work of com-
piling Charts of Levels from the combined operations of this survey and of the
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Canal, Railway and other Engineering Departments, in which all the levels are
referred to the common datum of the mean sea level of Karachi harbour. Some of
these charts are already published, as specimens to shew the Officers of the above
departments what sort of information is required from them, in order that the charts
may be made as perfect as the existing materials will permit of ; this T am sorry to

say comes in but slowly, and consequently the compilation of the charts is much
delayed.

(90.) During the year, 15 topographical and geographical maps have been
photo-zincographed, and 20 preliminary charts of triangulation and 10 maps have
been zincographed ;—7376 copies of these maps and charts, and 10,531 copies of
forins for calculations and office work have been printed, the former for issue to the
public, the latter for employment in the department.

(91.) An abstract of the out-turn of work executed by the Trigonometrical

and Topographical Parties only, during the year under review, is given on the next
page.

J. T. WALKER, Ligvr.-CoroNner, R.E,,

Denra Doox, E Supdt. Great Trigonometrical Survey,

1s¢t December 1868. and Offg. Surveyor General.




(29 )

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

GRAPHICAL PARTIES OF THE G. T. SURVEY, DURING THE OFFICIAL YEAR 18G7-68.
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Lengths of Principal Series, in miles, ... 38 1 150 72 33 298
Average Triangular Error, in scconds, ... 041 | 027 | 028 | 077 | 049
Average Probable Errors of Angles, in seconds & 019 [ 019 | 021 | 01y | 026
Azimuths of Verification, 1 2 3
Number of Secondary Stations, whose positions and ) 6 14 279 81 980
heights have been fixed, .
Number of Secondary Stutions, whose positions only ) 21 21
have been fized, .
Number of Secondary Trmngles, of which all 3 nngles 2 9 175 186
have been observed,
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Do. Tower Stations protected and closed, 10 9
Do. Platform Ditto, 26 4
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EXTRACT FROM THE NARRATIVE REPORT OF LIEUTENANT H. R, THUILLIER, R.E., SURVEYOR
9ND GRADE, IN CHARGE BRAHMAPUTRA SERIES G. T. SURVEY, NO. 93,
DATED 18TtH Avgust, 1868.

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

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

(4.) After making the necessary arrangements for taking the field, the main camp started
by boats on the 23rd November, proceeding through the Sundarbuns, »i¢ Koolna and Kooshtea,
to Furrecdpore. This was a tedious and circuitous route, the greater portion of it.being against
stream, but it was the shortest route open at that time of the year. It was in order to avoid
this delay that I intended getting boats from Dacca, to meet the camp at Kooshtea, which would
have been reached by reil in one day. The numerous wrecks from the cyclone in the neighbour-
hood of Calcutta were another source of delay on the journey. The channels in many places
are 80 narrow that their navigation was difficult, and the wrecks entirely prevented the boats
from proceeding, as usual, by night, and consequently several tides were lost.

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

(6.) My camp reached Furreedpore on the 9th December, the portion which had pro-
cecded by land from Calcutta having arrived there a few days previously. After deputing Mr.
Harris to take up the tower building, I started to take up the approximate series from the point
where it had becn relinquished the previous season. Licutenant Larminie and Mr. O’Sullivan
accompanicd me.

(7.) On the 24th December I directed Lieutenant Larminie to proceed with his party
to Kooshtea, for the purpose of taking the steamer thence to Gowhatty, in the vicinity of which
placc his triangulation was to emanate. Mr, O’Sullivan accompanied Lieutenant Larmiuie, to
aid him in selecting stations in the first instance, and aftcrwards to continue the approximate
scries, when Licutenant Larminie rcturned to commence observations.

(8.) Tor reasons stated in para. 20 of my last report I determined, with your approval,
to confinc my operations during the season to the approximate series. I therefore continued
selecting stations and clearing trial lines till the 1st April.

(9.) The triangulation follows the course of the Ganges and Jumoona rivers. Owing
to the breadth of these rivegs, and the shifting nature of their banks, it was not always practic-
able to sclect sites sufliciently far removed inland to ensure permanency. But such stations
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are few, and these few have been selected with care in such places where the river was not
cutting its banks ; so that I do not anticipate any immediate loss of stations, and, after allowing
a wide margin for the vagaries of the river, by far the greater number will remain for posterity.

(10.) The districts through which the operations were carried are those of Furreedpore,
Dacce, Mymensing and Pubnah. In the Furreedpore district, where the series emanates, the
country is of a very low level, consisting of immense swamps, intersected by small nullahs and
streams. This part of the district is comparatively scantily inhabited, the village sites being
raised on artificial mounds. Communication is most difficult, the principal means being by
small boats, or canoes hollowed out of trunks of trees. Proceeding northwards the country
gradually rises, and becomes densely populated. The villages are of great extent, and surrounded
by valuable groves of mangoe, palm and betel-nut trees. Such obstacles considerably impeded
our operations. This part of the Furrcedpore district is richly cultivated, the principal crops
being rice, dhall, sugar-cane, indigo, and tobacco. On the Ganges “ chur lands” wheat and
gram are also grown. Proceeding to the left bank of the Ganges, in the Dacca district, the
country is low and inundated for the greater portion of the year. The surface soil is a mixture
of sand and clay. There are no roads, the traffic being entirely carried on by boats. The chief
products of this part are rice, safflower, gram, indigo, and jute. In the portions of the Mymensing
and Pubnah districts where the operations were carried on, the country is of a similar nature.

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

(13.) On the 4th April the ckofa bursat set in, and heavy rain was experienced, accom-
panied with severe storms. This weather continued daily for ten days, by which time the country
was nearly submerged. As there appearcd no prospect of its abating, I closed work, and the
camp started en route to Calcutta, where it arrived on the 27th April.

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

(15.) Mr. F. W. Ryall was similarly employed on the approximate series, and selected
one principal station, clearing 52 miles of trial lines, and 137 miles of final rays. He was
working in conjunction with Mr, Neuville, and had the same difficulties to encounter in regard
to the physical features of the country. The quality of his work cannot he reported on for the
same reason as mentioned in Mr. Neuville’s case.

(16.) Mr. G. A. Harris was employed in erecting the towers. As these structures have
to be made paka thrcughout, this part of our operations is by no means of a secondary nature.
The difficulties in procuring materials and conveying them to the various sites in a country where
communication is so difficult, is a source of much trouble and delay. Mr. Harris hes worked
well and successfully, and has had a hard ficld season’s work, having had to remain in camp till
the middle of June, to complete the towers in hand. The works were greatly delayed on account
of the heavy rains in April and May, and the difficulty in procuring labor, the canse of which
is mainly due to the railway works of the Goalundo extension, for which all available labor had
been taken up. During the scason Mr. Harris completed 10 towcrs, two more being about half
built, and the materials for two others prepared and collected. Mr. Harris returned to Calcutta
on the 24th June.

(17.) Agreeable to the instructions conveyed in your letter No. Elil? dated 23rd October,
Lieutenant Larminie was furnished with a sub-assistant and native establishment from the
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Brahmaputra Series, to execute the triangulation of the Assam Valley. For this object he left
Kooshtea on the 31st December, and arrived at

Assaar OPERATIONS. Gowhatty on the 11th January. Not having been

Lia‘t' d% M. Lorminie, R.E., Assistont Surveyor 20d  51.5vided with elephants, he was totally dependent on
rade. . .

Mr. W. J. O’Sullivon, Sub-Assistant 8rd Grade. the local carriage that could be procured, this con-

sisted merely of coolies; and, although Lieutenant
Larminie received every assistance from the local officials, the dclays and difficulties he met with
on this account hampered him very considerably, and prevented him from accomplishing the amount
of work which he could otherwise have performed. Owing to the difficul#ies experienced in ob-
taining coolies for carriage of his carap, Le was unable to commence work till 25th January. The
establishment also with which he was furnished, and which was the largest I could spare him
from my party, proved far too small to admit of being broken up into two detached parties,
and on this account Licutenant Larminie was obliged to confine himself to the approximate
series, and give up all idea of taking observations till the following season. I have previously
addressed you on the subject of these causes of delay, »iz., want of carriage, and a larger estab-
lishment, the former has already been partially provided for, and next season Licutenant Larminie
will have three elephants, and, with the sanction of the increased establishment which I have
recommended, I have every rcason to anticipate a large out-turn of work. The actual amount
of work accomplished consists of 11 stations selected, 7 platforms built, and 10 hill tops cleared
of jungle, the length of the series being 80 miles direct distance. The country over which
the triangulation was carried is hilly and wild in the extreme, and but thinly populated, which
made the diffienlties greater. The following is extracted from Licutenant Larminie’s report :—

“Tt had becn my original intention to carry on the approximate series for a short dis-
tance, and then return to take the final observations, leaving Mr. O’Sullivan to continue the
selections of the stations; but I found it necessary to change this plan, as I had not a sufficient
number of men to admit of their being divided into two parties of sufficient strength. The
season was also far advanced, and the burning of the immense jungle commencing in February
would have caused great delay to the final observations had they been attempted. There is also
more fog and mist at this time of the year than carlier in the season. TFor these reasons I
determined to confine myself to the approximate series.

“ Commencing to the west of Gowhatty from the old hill stations of Myang and Hati-
mora of the Assam Longitudinal Series, I carried on a series of quadrilaterals in an easterly
direction. All the stations selected, with the exception of one, are situated on hills generally
of considerable clevation.

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

“In all cases ronds or paths had to be cut to the tops of the hills, several days often
being spent in cutting and burning the jungle before the desired point could be reached.

“T regret much I have not a larger amount of work to show, but I trust that the diffi-
culties I experienced in obtaining carriage, and the difficult nature of the country, will be taken
into account. Some idea of the delay occasioned may be formed from the fact that out of this
very short ficld season, 33 days were spent in total inactivity, from the impossibility of obtain-
ing coolies. The time occupicd in marching from place to place was much increased by the
number of small rivers, &c., to be crossed, and the scarcity of boats.

“Till the end of March the licalth of the party was very good, but from that time till
leaving Assam nearly the whole camp was prostrated with malarious fever, from which two men
died. The signal-men I found suffercd more than the others during the season, owing, I believe,
to their sedentary occupation. The party rcturncd to Gowhatty on 12th April, where we em-
barked on 23rd April. Procecding by stcamer and rail we arrived at Calcutta on the 28th
April.”

(18.) Licutcnant Larminie reports very favorably of Mr. O’Sullivan, Sub-Assistant 3rd
Grade, for his energy and zcal in carrying out all his instructions. I have always found this
officer most diligent and active during the four years that he has been attached to my party. He
has been now two and a-half years in his present grade, and I cannot refrain from bringing
him to your favorable notice for promotion.
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EXTRACT FROM A REPORT OF W, C. ROSSENRODE, ESQ., ASSISTANT SURVEYOR, IN CHARGE
EASTERN FRONTIER SERIES G. T. SURVEY, NO. 1, DATED 7TH FEBRUARY, 1868.

I have the honor to inform you that the mean level of the sea by tidal observations at
Akyab has been determined. The observations show a difference of 194 feet in defect of the
computed height determined by triangulation,

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

(4.) 1 obtained the Government schooner Dolphin from the Commissioner, to drive in
the piles, and personally superintended the entire construction of the gauge. With all my pre-
caution to ensure firmness and stability I found that the resistance offered by the bamboo
matting wdd 8o great that the outer portion enclosing the gauge was in a state of vibration during
both tides, the vibration ceased only at slack and low water.

(5.) The rains seemed to be over, and experimental observations were commenced on
the 19th October ; but the water within the enclosure was so agitated that reliable observations
could not be taken. I removed the floating stage, which I supposed caused the agitation within;
while without the enclosure the water was smooth. Two stages above high and low water were
then constructed for the observer, resting on the outer work of the square. 1T perceived that
the removal of the floating stage made no difference whatever. The agitation within the enclo-
sure was still the same, and no satisfactory ohservations eould be obtained. The mat walls were
removed, and with it the agitation ceased, and observations commenced on the 24th October.

(6.) On the same dates on which the cyclone caused so much damage in Calcutta, the
weather became very boisterous at Akyab. From the 31st October to the morning of the 2nd
November it was impossible to take observations, in fact it was dangerous to approach the gange.
No boat could live in the stream, which was like a boiling caldron. The squalls were so scvere
that the timber was wrenched off from the square surrounding the gauge, and the entire frame-
work leaned over. The whole construction was again righted, and further strengthened with
extrn cross pieces and braces ; and the obscrvations were again resumed. A succession of bad
weather followed ; during the spring tides rain fell in torrents, squalls were frequent from the
8th to the 15th November, and breaks in the obscrvations occurred. They were resumed for
the third time on the 16th November, and I am glad to say a complcte lunation was obtained.

(7.) During the stormy weather above alluded to, on the 31st October Mr. Price was
employed at the gauge, and suffered very much from cxposnre. Mr. Connor relieved him; in
fact he volunteercd to take the remainder of the ohservations. Mr. Connor commenced on the
5th November, and for some days the weather was propitious, and he obtained good results.
Bad wenther set in on the 8th, and continued until the 15th November. During these days,
unmindful of the heavy rain and squalls, he visited the gauge at the proper times, and tried his
utmost to obtain observations. As no umbrella could be held over him owing to the constant
squalls, to protect the book, he recorded the readings with a pencil ou cloth. He was drenched
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to the skin every time he went to the gauge, and remained wet during the whole time of the
ohservations, exposed to the fury of the elements. His praiseworthy efforts to prevent a break
in the observations were ineffectual. - Two breaks occurred, owing to the boat having drifted
away on one occasion, and the boatmen having refused to take him on the other, on account of
the frightfully rough state of the river. Mr. Connor commenced a fresh sct on the 16th No-
vember, and continued observing until the 4th December, when he accompanied me to the field.

(8.) I left Mr. Price to complcte the remainder of the observations, which were satisfac-
torily accomplished on the 16th December, 18G7.

Extract from Narrative Report No. 19, dated 13th August, 1868.

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

(2.) During the recess of 1867,—
1 Double figure, composed of a hexagon and a pentagon, and six quadrilaterals,

completed.

34 Principal triangles completed.

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

53 Single heights of principal stations completed.

51 Secondary triangles, 1st class, completed.

12 Do., 2nd class, do.
54 Single deductions of latitudes, longitudes and azimuths of secondary stations
completed.

36 Single deductions of heights of secondary stations completed.
72 Weights of angles computed.
1 Preliminary chart, and a copy for the office.

(3.) In compliance with the order conveved in your letter No. G'—(;, dated 18th October,
1866, tidal observations were taken at Akyab. The preparatory arrangements for erecting the
gauge were commenced on the Ist October, and the observations were finally and satisfactorily

completed on the 16th December, 1867.

(4.} There being only one figure (a pentagon) prepared for me the previous season, I
determined upon detaching Mr. Beverley, Civil Assistant 3rd Grade, on the 1st November, to
hasten on the approximate work ; a continuance of wet weather prevented my doing so until the
hreaking up of the rains. From the 16th no more rain fell, and Mr. Beverley took the field on
the 21st November. On reaching the scene of his operations he found he could not obtain
assistance from the native local authorities, they being themselves powerless, owing to the un-
willingness of the inhabitants to do coolie work ; he therefore addresscd the myouk, the highest
native official of Padong ; the following is the reply :—* In reply to your letter I beg respectfully
to say that I have not entire power on the Thugees and Rajwagoungs to give such order unless
1 have an order from the Deputy Commissioner to do so. We cannot get any coolies with
their consent unless we foree them to come. They said that their daily pay is too little for
vight annas.,”  Mr. Beverley next addressed Captain Watson, who was then Officiating Deputy
Commissioncr of Prome, and that officer immediately issued fresh orders, and Mr. Beverley was
able to commence work on the 15th December.

(6.) The main party left Akyab on the 4th, and arrived at Thudday, in the Sandoway
district, on the 11th December, where the boats were discharged. After arranging for coolies
and provisions, T procceded to my first station, Koguentonggri. On the third day the coolies
deserted, leaving me in the jungles, 1 reported the circumstance to the Deputy Commissioner
of Sandoway, who did not punish the nien, or assist me. I was obliged to extricate myself the
best way 1 could from this and every dittieulty which subsequently occurred. I asked for aid and
sought redress, but, reeciving none, I made my own arrangemecnts for continuing the operations
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without again troubling him. Anticipating difficulty and disaster from my last season’s’ ex-
perience of the country, I took the precaution to entertain 85 coolies at Akyab on monthly
pay; with these and the native establishment I managed to reach the station, the men going
backwards and forwards until all the instruments, baggage, and supplies were conveyed up the
hill. The desertion of the coolies at the beginning of the season, and at my very first station,
caused me much anxiety. To attempt work withount the full complement of men for conveying
baggage and supplics in a wilderness was to risk the lives of the whole camp. The coolies who
had deserted spread wnfavorable reports regarding the treatment they received, vide Captain
Pemberton’s letters ; I had therefore to make such arrangements as would enable me to move
the wlole camp at any time at a moment’s notice, in order that there may be no further delay
or interruption to the work. The five Government elephants attached to the series had already
taken Mr. Beverley, lis establishment, and all my signal parties over these uninhabited mountain
ranges, and were now employed in conveying supplies to the dep6t, which had been established
in a centrical position, from whengg the party and its detachments could easily be provisioned.
This dep6t was stored with rice, dhhnd ow requisites, to some extent. A further supply was
needed to make up the estimated quantity; I could not therefore withdraw all the elephants.
After some delay fresh coolies were collected, and brought in by my people. On their arrival
1 wrote the name of each man, and handed him, through his gong (the sirdar is thus designated
in Burma), five rupees, or ten days’ hire in advance. Before the time expired fresh advances were
made. By keeping them continually advanced, I effectually secured their services, and at the
same time satisfied them that the reports against my camp circulated by the deserters were
false, for instead of withholding payment, each man was paid in advance. The coolies remained
with me until I completed the observations at all my stations on the uninhabited Yoma range
of mountains dividing Arracan from British Burma, and when I descended into the valley of
the Irrawaddy the men who were inclined to go home were permitted to do so. The provisions
lasted until the last signal party left this inhospitable country. All the stations of the Modhi-
tong hexagon were completed by the end of February. There was much sickness in February,
mostly among the coolies entertained at Akyab, and as they wished to return to their homes,
they were permitted to do so.

(7.) Having completed the above hexagon, and the next figure not being ready, owing
to the very difficult nature of the country, I had no other alternative but to close final work
and take up the approximate triangulation, which Mr. Beverley reported he was unable to con-
tinue single-handed, having rays to trace and clear in the plains covered with dense forest, and
to build towers. The base-line was also to be fixed. I reached Timuki village on the 5th of
March, where Mr. Beverley joined me the next day. He was in the vicinity of the abovenamed
village, employed at this time in exploring the country, and from the information I obtained
from him, and aftcr attentive inspection, I selected the base, and left Mr. Connor to clear the line.

{(8.) Mr. Beverley was directed to return to the hexagon he had fixed to clear the rays,
and to build the tower at Kyangun station, so that the fizure may be ready for final observa-
tions ; hut on this duty he, and subsequently Mr. Price, were employed until the end of the
season, when the tower was completed.

(9.) 1 took up the approximate work on the high range of uninhabited hills dividing
Prome and Myanoung from Tongno and Shugeen. The dense haze and smoke from the burning
Jjungle, which during this and the succeeding months is fired by the inhabitants, prevented work
being done until the latter part of April. A few showers cleared the atmosphiere, and the approxi-
mate operations progressed rapidly on the hills, and T returned to the plains to trace and clear
the rays, fix stations, and connect the base-line with the hill work. At all times forest rays are
tedious and laborious to trace and clear ; they hecome doubly so for want of labor. In Burma
there is no laboring class. The inhabitants only cultivate their fields at the proper seasons, and
build their huts, and repair them when actually nccessary.  If coolies arc wanted the native
local authorities alone can provide them—should they feel disposed to do so—as has hitherto
becn done on this serics during the previous seasons. All coolie work is executed by Shans,
Madrassces and Bengalees, who annnally come into the country, and are cither engaged at high
wages by the Public Works Department for roads, or, as a further inducement, and at the same
time to expedite public works of utility, a remunerative contract is offered them, which latter
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they prefer. On guestioning the men employed on the road now heing constructed between
Prome and Rangoon, I learned that they earned twelve annas to a rupee each daily, working six
hours, viz., four hours in the morning, and two in the afternoon.

(10.) There really being no labor in the country, and the native local officials being
aware that free trade and free labor prevails throughout the province, never exert themsclves to
supply the full complement of coolies. A few men are now and then provided, as a matter of
policy, to shew that the Deputy Commissioners’ perwannahs are attended to. The demand how-
ever for coolies was very great when the rays were being traced and cleared, but the supply fell
far short of the demand. I therefore offered every inducement to respectable and influential
Burmans to act as gongs (sirdars or head-men) of gangs of coolies, and each gong was required
to supply twenty coolies. These men, with all their exertions, were unable to procure the
above number, cach gong however brought in a few men. Very often coolies kept away for days
together, in order that the rates may be increased to twelve annas and a rupee. I however re-
mained firm, for had I increased the rates, there wquld be p68mit to their demands. Every
inducement and encouragement was held out to the #Mgs, and, however small the supply daily
brought in, the men were retained, and the work gradually progressed.

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

a-half months to clear.

(12.) Mu. Price took the field after the completion of the tidal observations, and after
making a survey of the coast on either side of the gauge, he secured eight principal stations by
crecting rectangular piers over them, and accomplished the secondary work shewn in the chart.
ITaving fixed the position of Sandoway, and thrown out a few triangles on the Alguada light-
house minor series, he crossed the Yoma raunge, and joined Mr. Beverley, under whom he was
employed in clcaring rays and building towers, and when that officer proceeded on privilege
leave, Mr. Price took over all his duties.

(11.) The ground fixed upon for the base of verification is the very best that could be
selected in that part of the country. The east end of the base stands on a swell, and there is a
gradual slope from it to the west end, the difference of level being 62:60 feet. The base-line
runs through a dense forest, and it will, I believe, take one assistant to prepare it, build the towers
at each end and clear the ray, a narrow gap only having been cut by Mr. Connor. The rays to the
scction stations on either side of the base will also be cleared by him. This work will occupy
him a whole season. In other parts of India duffadars are able to clear rays, receiving assistance
from the native local authoritics, but in Burma no such aid is rendered to them, unless an
assistant snpcrintends the work, or is close at hand to provide and send out coolies to his native

subordinates.

(15.) Three trial rays were carried on in different parts, in order that the very best
ground may be chosen. The site of the base-line above referred to is in every way superior to
the others. The soil of the surrounding country is black loam, cotton soil, or, as it is some-
times termed, rotten soil, owing I believe to its instability. Immense cracks and fissures are the
distinguishing fcaturcs of a country where such soil is found. The ground selected is firm,
having a large proportion of gravel and sand mixed with clay for the first portion, and the
remainder is new virgin soil without cracks or fissures. The basc is through a dense forest,
whitli will certainly cost labor and expense, but this is in a great measure counterbalanced by
my selecting it neariy in the position you wished it to occupy, it has therefore the advantage of
every other site. I doubt, however, whether any otlier site equally good could be found for miles
around. The ground is interscete:l by two water-courses, which cross and recross the line, but
being narrow and shallow, they arc of no consequence.

(16.) To sclect a base-line in a country covercd with dense and extensive forests, with

partial clcarances here and there for villaZe sites and fields, intersected with hill streams,
nullalis and ravines, and the paddy fields being fissured and cracked all over, was not an easy
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undertaking. The selection caused much labor and anxiety. Qwing to the above reasons, .and to
the country being clothed with dense jungle, a minute inspection could not be made until trial
rays were cleared and the ground tested. This anxiety however was nothmg compared to that
caused by the slow progress of the operations for want of labor, everything was done that
could be done to obtain labor for tracing and clearing rays and building towers ; and although
I continued in the field until driven away by the rains having set in, still only portions of rays
were cleared. It will thercfore be incumbent on me to employ permanent coolies to some
extent, so as not to be entirely dependent on the country.

(17.) If you assist me in obtaining the use of ten elephants from the Commissariat De-
partment in Rangoon, where large numbers are stationed, I should be set up in a great measure.
These animals are most useful in forest rays. By crushing and removing bamboos and the
numerous creepers which interlace and hold together trees, which cannot be felled before the
creepers are removed, they assist the coolies greatly, and do the work of many men. If each
rav had the use of three to four elephants the work would progress rapidly. I shall however do
m_;' utmost to expedite the operations netwithstanding the difficulties I am beset with.

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

(21.) Mr. H. Beverley, Civil Assistant 3rd Grade, exerted himself, as usual, to advance
the approximate work, but, owing to the difficult nature of the country and scarcity of labor, he
has not been so successful as heretofore.

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

(23.) Mr. E. J. Connor, Sub-Assistant 3rd Grade, has been very assiduous and atten-
tive to his duties in the office and observatory, and has afforded me much satisfaction. Ie has
had hard work this season, and had he been assisted with coolies, he would have made consider-
able progress on the rays which he was directed to clear.

(24.) The country traversed during the present season by the main party in the begin-
ning was over the uninhabited chain of mountains dividing Arracan from British Burma, which
lias been already deseribed in my Report of last season.  The intermediate country hetween the
tormer and the next chain of mountains dividing Prome and Myanoung districts from Tougoo
and Shugeen is the valley of the Irrawaddy, the banks of which magnificent river arc thickly
populated, but as the traveller recedes from it he mects with fewer and fewer villages, until he
enters a desolate wilderness.  This deseription may he appropriately applied to the whole country,
where the uninhabited preponderates over the inlabited, and where forests are enconatered every-
where,  Extensive cultivated plains are never met with.  Sites of villages, and small portions
surrounding them, sufficient to grow grain for consumption, is cleared and eultiyatad. Where
the means of export exist grain is abundantly cultivated, but where these feilities are wanting,
sufticient for their wants is alone grown. In consequence of this [imited supply, difticulty is
ulways expericnced in proenring rice, which is very reluctantly supplicd, owing to their having
none to spare, and being obliged to replace what they sail by purchasing it clsewhere, and
conveying it in their own carts.  For this reason the hrice also varies (‘OllSi(](‘l‘il])]y in short
distauees, because they add on the cost of carriage to the {selling) price of the ricce.
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EXTRACT FROM THE NARRATIVE REPORT OF GEO. SHELVERTON, ESQ.. ASSISTANT
SURVEYOR 1ST GRADE, IN CIIARGE JUBBULPORE MERIDIONAL SERIES,
xo. 15, paTED 2STH AUGUST, 18GS.

(1) The party of the Jubbulpore Series left Jubbulpore on the 12th of October, 1868,
to observe circum-meridian altitudes of pairs of north and south stars for latitude at the principal
station Karaondi II. S., where an observatory lhad been built previous to the setting in of the
rainy season. The weather, which had been very unsettled up to this time, permitted obscrva-
tions to be taken uninterruptedly during the nights of the 13th, 1ith, 15th, 16th and 17th,
after which the sky beeame clonded, and work was not resumed till the 23rd of October, when
the set of observations was completed, giving in all 264 independent deductions of latitude,
obtained from 22 stars arranged in pairs north and wouth of the zenith. A synopsis of the
latitudes was supplicd to you after the observations had been reduced, and you were pleased to
express your approval of the results.

(2.) After returning from Karaondi to Jubbulpore, I employed the party till the 3rd
December in computations, &c., as I did not deem it safe to march earlicr to my ground through
the unhealthy forest tracts between the Nerbudda and Godavery rivers. On the march down
the kahars engaged for the 3G-inch theodolite deserted in a body at Nagpore, and though the
authorities seemed anxious to secure a fresh set of men for me, I was compelled, after losing
ten days, to transfer my private establishment of bearers for the carriage of the instrument,
and even these men deserted me eventually ; but after crossing the Godavery river, and entering
the Hydrabad States, I was always supplied by the officials of Ilis Ilighness the Nizam with
as many carriers as I required. I used at first to be anxious about the safety of the great
theodolite, as I was obliged to trust to men who were not trained to shoulder it, but I em-
ployed such a large number for the purpose that they carried, without any accidents, the large
hoxes containing the instrument over some of the worst hill roads that I ever had.

(8.) The principal observations were begun on the 21st of January, 1868, at Partabgir
H. 8., on the right bank of the Godavery river, near the civil station Seronclia. IFrom Partabgiri
we marched through dense forest to Mantani, a settlement of Brahmans, who hold their lunds
rent-free from the Iydrabad government, and who are reputed to possess great wealth, collected
principally during their begging tours; they are said to wander long distances from their homes
to fairs and places of pilgrimage, and to rettun with a good harvest.  After leaving Ramgir to
visit Yerraballi H. 8., we emerged from the forest into open country dotted with palms, well
cultivated, and abundantly supplied with water. Some fine tanks are to be seen along our route
through this portion of the Ailgandal talook, where there was a good deal of rain during the
previous monsoons, while the country farther south suffered severcly from drought. The Yerra-
balli range contains an inexhaustible snpply of iron. The hill on which the station of observa-
tion is built is called by the Telingis “ Inamparwat”, and by the Maliommedans of the country
“ Lohd-kéd-pahir”, both meaning the hill of ivon. The ore is apparently rich in metal. I was
told that the hill at times is luminons, and it might become so under certain clectric conditions
of the atmosphere. I noticed nothing extraordinary while T was cncamped near the station.
‘The rocks are of a rusty red color, but when cliipped the fracture glistens like iron pyrites ; the
ore is only worked for local wants. The pillar built at Yerrabulli I 8. during the previous
field scason had been struck by lightning. The stones composing the eairn raised over it had
been scattered, and its upper surface had been destroyed.  The upper mark-stone was found some
distance from the platform. The lamp-man sent to the station reported to me that the inhabi-
tants of the neighbouring villages had begnn worshipping the pillar, as he found it decked with
garlands of flowers,  From Yerraballi II. S. to Katajpur II. S. the country continues open, and
though the water supply was good, the cultivation is scanty. The country between Katajpur and
the Godavery river is densely wooded. At Incherla, on the route to Yellapuram H. S., there is
a noticcable lake about four miles long, dammed by a low sand-stone range, through which it
has a small outlet. A good cart track runs through the forest to the works on the Godavery
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river. At Mulug there are remains of a fort, and traces of former prosperity. I'rom Yellapuram
to Panch Pandol we had to adopt a most circuitous route through a thinly inhabited country
entirely destitute of cart tracks. The men of the establishment suffered a good deal from dysen-
tery in this locality. ‘¢ Brinjarras” graze their cattle in these forest lands as long as water is
abundant. Later in the season they migrate with their herds to the banks of the Godavery river.
The Gonds who inhabit these forests are very shy of strangers; they deserted their villages
when they heard of our approach, but after a little intercourse they became very friendly.
From Panch Pandol the party marched to Inkurti, near the foot of Bolikonda H.S., emerging
from the forest at Gurur, a large village on the banks of a streamlet whose source is the Pakhal
lake, an extensive piece of water. At Bolikonda a fair is held annually on the 1st April, in
honor of the god Ramaswami, whose image, carved in relief on stone, is to be seen in a rude
enclosure open to the weather. The priests declare that the god will not abide under shelter,
and he manifests this by destroying with fire a thafched roof that is placed over him during the
fair. The miracle is performed without fail, and is a great attraction. The top of the Bolikonda
hill is fortified, and the approaches to it are very steep. There are some caves within the walls,
and plenty of good water (the accumulation of rainfalls) in a natural cistern.

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

(5.) At Anantagiri H. S., a hillock composed entirely of hard sandstone, there is a fort
with an inner and outer wall, and water is to be found nearly throughout the year in the clefts
and hollows of the rocks. At the foot of the hill there was a well with an inscription in the
Telingi character, stating that it was sunk in the year 1540 of the Hindoo era of Salivahana
(about 251 years ago) by a “ Chetri” raja, and, farther, that the sun was eclipsed that year.

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

(7.) The forts and fortifications to be met with in the portion of the Iydrahad terri-
tories through which I worked are attributed by the inhabitants to the Telingana kings, who
ruled the country prior to its conquest by the Mahommedans, and who have left behind them
traces of a high state of civilization. The present rulers have done nothing to improve the
country. Their chief towns are simply a large collection of rude huts, but the people are appa-
rently quite content. As the Godavery river is now navigable nearly up to Seroucha, I was told
that His Highness the Nizam’s Government contcmplates cutting a road from Hydrabad vid
Ailgandal to Madhopur, a place of some importance near Seroncha. The old Telingana capital,
Warangal, is full of interesting remains. The temples sacred to ““ Mahadeo,” built of massive
stone, with exquisitely carved interiors, are common enough in the country. His attendant
bulls, some of them of life size, are cut, with all their trappings, out of single blocks of stone.
Hanimkonda, a city that has sprung up outside the ruins of Warangal, contains a temple
called the ‘ hazar khamb”, so named from the thousand pillars that support it; this temple
is also dedicated to Mahadeo, who is the principal divinity worshipped.

(8.) The banks of the river Kistna are very little cultivated where the triangulation
crossed over ; slate crops up through the soil, rendering it unfit for the plough. On the left bank
of the river, skirting this tract of slate, therc are some remarkable ruins, and cromlechs abound.

(9.) On the Bth of April, 1868, the party entered the Guntur district, in the Madras
Presidency, crossing the river Kistna at the Kollur ford, where the bottom is shingly, and the
water at this time of the vear only knee-deep. At Miadarsal H. 8., facing the delta of the Kistna
river, I way detained for the first time daring the season by bad signals. During my stay here a
high wind prevailed from the south-west, so laden with moisture as to make us feel uncom-
fortably damp by midnight. The northern face of the Miadarsal hill is very precipitous; the
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southern face is fortified with a stone wall. From Miadarsal H. S. we marched to Sarangpaili H.S.,
which is sitnated on a low plateau skirting the river Kistna, encamping half way at Govinda-
puram. The inhabitants of our villages near the Hydrabad frontier are, as a rule, very surly,
and present a marked contrast to the rest of the people in the Guntur and Kistna districts, who
seem attached to the British Government, and who were always willing to lelp us in every
way. I take this opportunity of recording the valuable assistance rendered by the Collector of
Guntur to our Survey party during our stay of one month in his district.

(10.) From Sarangpaili we marched to Maniam H. 8., one of the stations of our closing
side. There is iron ore in the neighbourhood, as they were working it at Gondlapaili, the village
nearest the hill. The furnace, which is shaped like a chimney, and perforated at intervals, is
charged with alternate layers of wood, charcoal, and ore, till it is very ncarly full ; the lowermost
layer of charcoal is then ignited, and the furnace is closed up for 15 hours ; the result is a lump
of metal valued at two rupees, and weighing about twenty (20) seers. From Maniam we
marched to Kachalboru, the central station of my last figure. Here the natives of the establish-
ment suffered to an alarming extent from an affection of the kidueys, accompanied with severe
pains in the small of the back, and temporary stricture of the neck of the bladder, caused
apparently by drinking the water of the village well, which must have held some caustic alkali
in solution. The panic was indescribable, as hardly a man escaped. I, myself, experienced all
the symptoms, but in a mitigated form, as, after the first day, I procured for my own use water
from the next village. About four miles south-east of Kachalboru there is a large fort on a hill
near the village of Bellamkonta. To the north-east of the station there is a hill near whose
summit a great block of quartz is to be seen ; it was the more rcmarkable as it did not harmo-

nize at all with its surroundings, but appeared as if it had been flung there ; it was worshipped
of course.

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

(12.) TFrom Vorakulla we marched to Dhulipala station, where the season’s work termi-
nated on the 1st of May, 1868. Both at Dhulipala and Maniam, the stations of the closing side
of the Jubbulpore Meridional Series, the upper mark-stones were found in position, and the
pillars showed no signs of having been tampered with. It is also necessary to state here that,
at the stations where work was resumed at the beginning of every field season, the pillars and
marks were invariably found uninjured.

(18.) After closing operations the party marched to recess at Waltair, in the Madras
Presidency, reaching it on the 25th May, 1868. The ronte adopted was by Bezwara (where the
Kistna river was crossed by an “aunicut”), Ellore, and Rajahmundry. This road was well shel-
tered nearly throughout by an avenue of grand trees, whose branches united overhead. From
Bezwara to Waltair comfortable bungalows 10 to 12 miles apart have been built for travellers.

(14.) Mr. M. C. Hickie was employed by me during the greater part of the field season
in building platforms and cutting hill roads, and in revising some of his selections of the pre-
vious year. Mr. Hickie’s arrangements were all good.

(15.) Mr. F. Bell was ordered to protect, with pillars of packa masonry and earthwork,
the principal stations of the Jubbulpore Meridional Series in the districts of Mandla, Jubbul-
pore and Chanda, but he became so ill shortly after my return from Karaondi H. S. that he
could not take the field at all, and was compelled on 1st January, 1868, to apply for three months
leave on medical certificate; he was subsequently transferred to the Kumaon and Gurhwal
party. Mr. Bell’s native establishment provided for the safety of 4 principal stations. Of the
63 stations embraced by the Jubbulpore Meridional Serics 40 have been protected, as you desired,
and have been formally made over to the care of the civil authorities of the districts in which

they arc situated; 1 have also supplied the district officers with descriptive lists of all my
stations.



(16.) Mr. E. P. Wrixon was employed in recording my angles, and in assisting me
generally. He is diligent, and has improved a great deal since he entered as a probationer.
He has been taught the use of the vernier theodolite, and can observe correctly. He has taken
a part in all our computations.

(17.) Mr. A. C. Low was kept in camp with me to learn his duties. He was engaged
during the field season in making duplicates of the angle books, and sometimes iu recording my
angles. IIe has also improved very much. He has learned to observe with a vernier theodolite,
and has been practised in all our computations.

(18.) As the triangulation of the Jubbulpore Meridional Series has been brought to a
close, I beg here to rccord the valuable help that has been rendered me throughout by Mr. M. C.
Hickie, my head assistant, who laid out the greater portion of my approximate series, and who
never failed in anything with which he was entrusted. T think that e is well deserving of pro-
motion to the next higher grade of Civil Assistant.
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EXTRACT FROM THE NARRATIVE REPORT OF H. KEELAN, ESQ., SURVEYOR 3RD GRADE, IN CHARGE

SAMBALPORE MERIDIONAL SERIES G. T. SURVEY, NO. %g_g, pATED 16TRH JuLy, 1868,

(2.) The party left head-quarters on the 3rd, and arrived at Raneegunge on the 7th
November, to resume the revision of the operations of the Calcutta Longitudinal Series east-
ward. On arrival it was found that the heavy rains during the cyclone had flooded the low
country eastward of Radamadapur ; and in consequence it was deemed advisable to defer march-
ing the eamp for a few days, or until such time as the inundation had subsided.

(3.) Oun the 17th November Mr. Trotter was detached to undertake the building of the
new towers, and to repair the old ones.  On the 20th the camp broke ground, and proceeded to
Radamadapur hill station, this part of the district being high and free from inundation, to take
up the rays left uncleared last field season, and also to ascertain if mutual visibility existed to
Dubrajpur H.S. The two rays cleared passed through dense forests of sil, belonging to the
Bengal Coal Company. On completing this work the party moved on to Nawagaon T. 8., to
ascertain if Maluncha H. S. were visible from there, in order that the introduction of Dubrajpur
might be dispensed with. The atmosphere being very clear on this occasion, and Maluncha
being visible, Dubrajpur was rejected as a superfluous station, which enabled me to complete the
double polygonal figure round Beharinath and Radamadapur, closing on the side Karasoli H. 8.

to Bhalki T. S.

(4.) The party next marcled to Bhalki T. S., to see what progress was made with the
tower at that station, as well as to detach Mr. Sub-Assistant Peychers to clear the ray Bbalki
to Karasoli. Whilst these operations were in progress I procecded, in company with Mr. Sub-
Assistant H. E. 'I. Keclan, to clear the ray to Madhpur T. S., situated across the Damoodah river,
with the view of ascertaining whether this station, as well as Mobarakpur, were suitable for in-
corporation into the operations, or whether it would necessitate the formation of a double figure
to connect the side Karasoli IL. S. to Bhalki T. 8. This ray was cleared with much trouble in
eight days, or about thrce miles per diem, owing to the heavy cutting in it, the difficulty of
procuring laborers, and the opposition of the inhabitants. As soon as the ray was clear, a
bamboo scaffolding was erected round the old column at Madhpur, to gain access to its summit ;
and on the 10th December at 3':30 r.m. the Bhalki Leliotrope, at 35 icet high, was visible tfrom
the top of the old column at Madhpur, 40 feet high. In order however to obtain mutual visi-
bility at minimum refraction, the tower at Blalki had to be raised to 40 fect, and the new
rectangular tower erccted at the station of Madhpur built up to 50 feet, five feet more than was
required for Bhalki, on account of the ray to Mobarakpur, which is likewise 22 miles long, and
seemingly not so favorable a ray as that between Bhalki and Madhpur. As soon as it was
decided that no change was necessary, arrangements were at ouce made for the preparation of
materials for the pucka tower at Madhpur ; and Mr. Sub-Assistant Keclan was directed to
return to Blalki, and trace a ray from thence to the point Parhaut, whilst I carricd on one to
the same place from Madhpur, to form the polygon round it.

(5.) The station of Sonakur was next selected by ray tracings from Madhpur and Par.
haut by Mr. H. E. T. Keelan and mysclf, and connected with Akistapur, to complete the
polygon ronud Madhpur. Although the season was now well advanced, the ficlds were still wet
and miry, and rice cultivation covered the whole country as far as the eye could reach, so the
ray tracings across country were rendered very tedions and laborious. Mr. Keelan was next
directed to clear all the rays, and at thc same time to superintend the preparation of materials
for the construction of the towers at the two new stations, for the supply of which arrangc-
ments and advances to contractors had been made by mysell.

(6.) Whilst these stations were being selected to the north, Mr. Sub-Assistant Peychers
waa employed on the south flank in clearing the rays Karasoli to Bhalki, and portion of Karasoli
to (ianjua.  Mr. Sub-Assistant Trotter finished the tower at Bhalki, except the step-ramp, and
early in January procecded to Ganjua telegraph tower station, with instructions to remove four
or five fect of the old wall at top, and rebuild it, to support the beams for the pillar for the
theodolite and for the balancc-crane, with a boarded stage on the top for the observatory tent.
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(7.) On completing the ray traces as far down as Akistapur, the main party returncd to
Madhpur on the 15th of January, and on the following day the old column there, about 40
feet high, was blown up ; and at the base, level with the ground, a mark-stone was found, in the
normal of which two new ones were carefully inserted. As I intended taking an azimuth here
during the season, I selected the point for the referring-mark, and had a small pucka platform,
with circle and dot for the referring-mark, built ; but as the tower was not ready for the instru-

ment in time for e polaris, and subsequently the weather throughout April and May continucd
cloudy, no azimuth could be taken.

(10.) The main camp proceeded in February to Ganjua, the telegraph tower station ;
and the alterations and repairs made to it by Mr. Sub-Assistant Trotter were found satisfactory.
I then marched to Bhalki, to expedite the completion of the step-ramp of tle tower there;
thence I proceeded to Nawagaon, and up to Maluncha, where I began the final observations, and
completed them at that station by the end of the month. Mr. Keelan cleared the ray Sonakur
to Akistapur, and commenced at the same time the construction of the two towers of Parhaut
and Sonakur entrusted to him. Mr. Sub-Assistant Peychers cleared a ray and a-half, and collectceid
materials for the alterations and repairs to the Mobarakpur telegraph tower station; and Mr.
Sub-Assistant Trotter was unable to build up the Madhpur tower higher than 30 feet for want
of laborers, as he had great difficulty in procuring them in that locality.

(11.) During March final angles were completed at the stations of Nawagaon T.S,,
Radamadapur H.S., and 2} zeros at Karasoli H.S. The observations at this last stution were
retarded, owing to the tower at Madhpur not being ready. Mr. Sub-Assistant Keelan completed
both the towers at Parhaut and Sonakur. Mr. Sub-Assistant Peychers completed the alterations
and repairs at Mobarakpur, and cleared the remaining half of the ray to Akistapur; and Mr.
Sub-Assistant Trotter completed the tower at Madhpur, built 8 fect of the Akistapur tower,
and made arrangements for the preparation of building materials for the Aknapur tower.

(12.) In the month of April final observations were complcted at the stations of Kara-
soli H. S., Bhalki T. S., Parhaut T. S., and Ganjua T. S. The baiance-crane, of which a drawing,
marked B, is herewith submitted, was first used at Parhaut station, and answered very well ; but
before raising the instrument to the top of the tower, the men of the native establishment were
practised in the use of the crane for 2 whole day in raising and lowering weights corresponding

with the body of the instrument, which is 23 cwt. The cranc weighs 7} cwt., and was conveyed
on the elephants attached to the Scries.

(13.) Mr. Sub-Assistant Keelan, after finishing his towers, proceeded to assist Mr.
Peychers in removing several high houses in the midway village, standing on high ground in the
ray Madhpur to Mobarakpur, as delineated in the chart. These houses, which were more than 20
feet high, and built subsequent to the old work, were a great obstruction. After their rcmoval,
the hcliotrope at Mobarakpur was seen by refraction over the intervening high ground at 5
o’clock in the afternoon, and for an hour only after sun-rise, when it disappearcd ; but I found
no difficulty subscquently in finishing the horizontal angles with Mobarakpur from Madbpur
station. The vertical observations will be taken on resuming operations during the ensuing field
season, with the aid of scaffolding. The telegraph tower of Mobarakpur, 75 feet higl, stands on
the left bank of the Dalkisore, and it is stated that the tides come up the river to within 10
miles of the station. Mr. Peychers who had also cleared the ray from it to Akistapur, states it has
oll the appearances of a refraction ray, having a village on high ground about midway, the huts
in which will likewise require to be rcmoved, and compensation paid to the owners of them.

(14.) Mr. Sub-Assistant Keelan next proceeded to trace the ray Aknapur to Satten, a
station of the Calcutta Meridional Series, to connect it, if practicable, and to form the polygon
round Aknapur. It was on trial found to have only one obstacle. A high double-storied build-
ing, about a quarter of a mile distant from the tower, intercepts the vicw to Aknapur, to overtop
which the tower at Satten, which is only 34 feet high, will have to be raised 10 feet more, but
as it is in a very dilapidated condition, and will bear no superstructure, it will be better to raze
it, and build a new one over the station 45 feet high, the height at which mutual visibility was
obtained by means of a scaffolding raised on the old tower at Satten.
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(15.) Tinal observations were completed at the stations of Madlipur T. S. aud Lonakur
T. S. by the 23rd of May, when I marched the camp into Burdwan, to secure accommodation for
the public instrument, stores, and establishment, as I saw no prospeet of extending the work,
on account of the continuous wet and cloudy weather. Mr. Sub-Assistant Keclan traced the
three rays connecting the new station of Dastanpur, which with the introduction of Satten,
forms the single polygon round Aknapur. He then proceeded to the stations of Dilakas, Bola,
and Satten, and his memorandum, dated 1st June, on the state of the marks of these stations
has been already submitted. Mr. Sub-Assistant Peychers marched to Maluncha, and built up
the rcctangular pillars of Maluncha, Radamadapur, Susinia, and Karasoli hill stations; closed
the arches of the towers at Nawagaon and Bhalki, and joined me at Burdwan. Mr, Sub-
Assistant Trotter built upwards of 30 feet of the Aknapur tower, and by the 7th of June completed
it, and joined the party at your Head-Quarters on the 15th of the same montl.

(16.) Mr. Sub-Assistant Moore assisted me in the observatory in rccording angles. His
Lcalth during the early part of the season was such as to lead me to fear he could not be trusted
with the important duty of recording my observations; but fortunately by the time lLis scrvices

were required for this particular duty, he had regained his health, and went through his work
very satisfactorily.

(19.) On the approximate operations entering the Ilooghly distriet, I was informed that
the owners of trees were dissatisfied with the rates at which compensation was made to them ;
and they hinted indirectly that the question of compensation would have to be settled by law.
Tn the Birbhoom, Bancoorah, and Burdwan districts the inhabitants generally raised no objce-
tion on this score, but several landed proprietors scemed to have an idea that for the removal
of their treces we had not the sanction of the local authorities, and, as a mattcr of course, they
rcfused to receive compensation on several occasions, until they had referred the matter to the
collcetor of the district. What the result of their reference may have been is not known, but
as they all subsequently came and received compensation without further demur, I am induced
to belicve that the collector must have supported the operations of the Department, and that
his decision was favorable to the survey, and the recusants must have heen satisficd that we
had not excceded our duty.

(20.) Mr. Sub-Assistant Keelan entcred the district of Hooghly in the month of A il
Mr. Sub-Assistant Trotter preceded him by a few days; and they both expericneed great diil -
culty in procuring laborers, owing to the sickness and mortality prevailing in the district, o1
which the former sub-assistant reported as follows :—

“ During the winter months a very peculiar and fatal fever of a typhoid type prevailed
throughout the Hooghly district, carrying off numbers of the imhabitants, cach village losing
a large per centage of its population. In some few cases entirc villages were depopulated, these
being chiefly situated on the borders of broad and marshy ravines called, locally, ‘khills’, which
poisoncd the atmosphere with malarious exhalations. Native doctors and compounders were
sent by the district officers to alleviate the sufferings of the peoplc, but they do not scem to have
done much good, the ravages of the fever having continued unabuted till the approach of the
hot scason, when it seemed to have gradually left the district, receding in a south-westerly direc-
tion. The inhabitants of the country round the stations of Akunapur, Bhola, and Satten seemed
to have suffered more than those of any other place visited in the district, especially the villages
ncar Aknapur, which, being surrounded by khills and marshes, were affected most, the banks
of the ravines being converted into veritable golgothas from the remains of the unburied dead.
The poorer classes having suffered most, the rites of burial and cremation were, in most
cases, unperformed, thereby intensifying the unlicalthiness of the season. The survivors, who
are now suffering from cnlargement of the spleen, the after-ciects of the fever, aver with great
persisteney that the chicf cause of their continued illness was the administration of quinine,
which they say had killed more patients than the fever itself. Numbers of them come to the
camp for medicines to remove the effects of the quinine, which they fully belicve has brought
on their present illness. The inhabitants of this and the adjacent districts are noted for their
disrcgard of the most ordinary sanitary precautions; their villages being denscly packed, and
buried in masses of trees, surrounded by numberless tanks choked with noxious weeds ; these
together with their banks, which are covercd with unburied and unburnt bodies, being the chief
causc of the fatal cpidemic.”
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(21.) I have already stated that during the early part of the season the district of
Burdwan was for the greater portion under water ; so much so, that in travelling it was difficult
to distinguish jheels from tanks and rice fields, all being submerged. The only dry spots
were village sites, with barely ground enough near them to pitch a few tents on; and as there
were no facilities of any sort for travelling, the party suffered great hardships in marching across
country from one place to another, a detour of miles often being necessary to avoid the jheels
which abound in the district.

22.) Later in the season, when the preparation of bricks was undertaken for the new
towers, laborers were not easily procurable. Whole villages were engaged in cutting their rice
fields, and on this plea they would not willingly work for us. One of the talookdars, to whom
I sent a perwannah in the vernacular to furnish Mr. Sub-Assistant Trotter with laborers, wrote
me in reply an English letter, in which he stated that ¢ all the inhabitants about his talook
consist entirely of the middle class, and depend solely on the produce of the soil for their food,
and are not accustomed to work for money.” For ray-clearing burkindazes were sent out the
previous evening to collect laborers from the surrounding villages, and with difficulty they have
mustered 13 or 20 men by 9 o’clock next morning.

(23.) Tn the course of the operations resistance was made several times by the inhabi-
tants to the partics employed in clearing rays, and on two occasions they stopped the preparation
of bricks for the towers, making the novel and unusual demand of 3 years’ revenue for the sur-
face earth used from the adjacent fields. On all occasions of this nature I always referred to the
cullector, who invariably issued notices to the parties obstructing the work.

(24.) On several occasions the camel-men attached to the camp were severely beaten
by the inhabitants whilst foraging for their cattle, and there appeared no means of getting
redress for them, without inconvenience and detriment to the work ; inasmuch as, if these people
complained, they would have to proceed to the magistrate’s court at a distance, involving an ab-
sence of several days, to the injury of their cattle, and the loss of their services in camp; while
there also remained the uncertainty of obtaining justice, the chances being that the matter
would be disposed of by their being informed that there was mo alternative for them but to
purchase their fodder.

(23.) The weather this season was so exceptional as to require cursory notice. During
April and May, generally speaking the driest months in the year, it was unsettled. Strong
south-westerly winds prevailed every morning after sun-rise, bringing up masses of light clouds,
which as the day advanced became denser, and by 2 o’clock in the afternoon, sometimes later,
a heavy thunder-storm from the north-west came on, attended with liecavy rain, flooding the
country all round. This weather I found very unfavorable for the vertical ohservations, showing,
as they do at some of the tower stations, differences between the least and greatest of 20 and
30 seconds, though the signals were heliotropes taken at the same time daily at minimum re-
fraction.

{(26.) Considering the nature of the difficulties the party had to contend with, the ob-
structions caused by the people of the district, and other circumstances, which had a tendency
to retard progress, the manner in which the assistants performed their dutics is very creditable
to all concerned. Thbroughout they exercised great perseverance and forbcarance, without which
it would be impossible to conduct the work at all ; and in closing this report I beg to bring to
your favorable notice the services of Messrs. Keelan, Peychers, and Trotter, who excrted them-
selves to the best of their ability. T only regret that we could not complete the revision of
the Calcutta Longitudinal Series during last season, as you desired ; but the work has to be
conducted with so much caution, to avoid litigation, that I think we may congratulate ourselves
that our eftorts have been attended with a fair share of success. During next season every
effort will be made to bring the operations connected with the revision of the Calcutta Longi-
tudinal Serics to a successful completion.
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EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN B. R. BRANFILL, SURVEYOR 3RD GRADE
IN CHARGE MADRAS PARTY, G. T. SURVEY, No. 84, pATED 24TH JUNE, 1568.

I resumed charge on my retwrn from 20 months’ furlough to England on medical certi-
ficate, on the 28th January 1868, at Bangalore where
I received your No. 1, dirceting me to do so, and,
taking what portion of the party could be spared from the Bangalore base-line, then in course
_ of measurement, to procced to Cape Comorin to select
bns?:dered to select and. prepare Cape Comorin 54 prepare a basc-line for measurement next season,
in accordance with the general instructions issued to
this party for the Vizagapatam and Bangalore basc-lines. More particularly, the site of the
Cape Comorin base was to be “on a level plain,”
“pear the sea,” and ‘“ far from hills,” and “ its south
end the southernmost poiut of the great triangulation.”

Date of rejoining from furlough.

General and detailed instructions.

I was also directed to select a suitable point for tidal observations, and to consult the
authorities east and west of the Cape for metcorolo-
gical data from which to ascertain the most suitable
place and time to take them. Finally I was to report
upon the most suitable time for the base-line measurement and the best route for the apparatus.

The most suitable place and time for tidal ob-
servations to be reported.

(2.) In accordance with these instructions I sent off a party of 15 classees by rail to

) Caroor (Kdrdr) a station on the south of India railway

mi:;?;'of 15 classces sent by rail and double 9o 1 i1og yiorth of Cape Comorin (Kannié Kdmari)
directing them to procced by double marches to Palam-

cottah (Piliamkéta). The heavy baggage I sent by rail to Beypore on the west coast and
thence by steamer to Tuticorin (Tudtnkddi) 82 miles
east of Palamcottah. I followed on the 13th February
by train to Trichinopoly and thence by bullock transit

Comp equipoge eent by rail and stenmer,

and executivo officer proceeded by rail and dak to

Palamcottah where all arrived by 23rd Feby. to Pallamcottah, where I arrived on the 20th I’ebruary,
the party of classees on the 22nd, and the baggage on
Reaching the Cape by 29th. the 23rd. The ground in the vicinity of the Cape was

reached by the end of the month, 18 days after the
first party of classees left Bangalore.

(3.) Finding the plain between, the south end of the great mountain chain of western
ghits and the Cape (Kannii Kdmari) a distance of
about 12 miles covered with palmyra trees and studded
with rocky and precipttous hills of various heights up to 1000 feet. I was obliged to seek for
suitable ground for the base-line farther east. I therefore examined carefully all the ground

] , from the sea-shore about eight miles inland proceeding
vig&:fiﬂ“:;g’;;teg 0(3:1‘)“1 Lombton’s swrvey o, ctward visiting Colonel Lambton’s old survey stations

of  Munpotha,” ¢ Punne” and “ Koodankolem.”

nVicinity of Cape Comorin unsuited for a base.

The pillar and side walls of the astronomical station at Punnce station remain in a fair
state of preservation and the local authorities have been requested to ensure their farther pro-
tection. A station mark at “ Munpotha” still exists on the line rock, and a loose mound of

Country open about Koodankolsm stone and earth alone marks the site of *“ Koodankolam
station.” Between Punne and Koodankolam the cha-
racter of the coast ridge changes and the dense palm

groves cease for several miles : the break being occupied by low rocky hills covered with dense
thorn and cactus jangal.

Character of the coast ridge there.

(4.) On the 21st March I reported a practicable line after several trials, and, after con-

. . tinuing my search and examination of the ground as

to f;?ﬁ;cz::: :;":h?ﬁzf;ﬂ:i:ﬁ:g;fm and found ¢, a5 20 miles eastward- along the coast from the cape
and to the recommencement of Palm forest, I returned
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to it on the lst April as the best line to be found. The south end is a point about a mile east
from Colonel Lambton’s ¢ Koodankolam station” and
, is on the highest point of the rocky part of the coast
rldge, having apparently the most suitable ground in the neighbourhood between north west
and north east, being near the sea, and as far from the Lills as possible without entering the
dense palm forest farther east. The north end is about
1} miles north east by east from the village of Ratha-
puram on high open ground and beering north } east from the south end, distance 7} miles,

The south end.

The north end.

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

Joined by Mr. Norris. ment there on the 16th March.

(6.) 1 received your sanction for the line reported on the 21st April, the interval having
been spent in endeavouring to find a better line, and
failing in success, in clearing and perfecting the line
first decided on and in dividing it into sections and laying out the minor triangulation on each
flank. By the end of April the foundation of an obser-
vatory had bcen laid at the south end and a lower and
upper mark-stone embedded in an isolated pillar. After the middle of April the heat became

Pillor, marke and foundationsat S end finished.  exXtremely trying, but beyond a few bad cases of boils

The heat. and some slight cases of fever and liver complaint the
party did not suffer.

Line sanctioned.

Employment during interim.

(7.) In consequence of the heavy fall of rain in November and December rendering the
. ¢ 1 thosc . ) .

The rains of the N.E. monsoon preventing country imprac icable in those months), I d(.:termmed to

bul.ldm% in Octoher November and Decomber 12y the principal mark-stones and foundations at once,

oblige the foundations and mark-stones to be laid  hefore the burst of the south west monsoon, expccted
about the middle of May, and before quitting the ficld,

in order that they might have time to settle more permanently.

I was unable to finish more than the two stations defining the ends of the base, and the

foundations of the two section stations, in consequence of the carriage for the large mark-stones

. . ) breaking down and the impossibility of procuring any

auf;ﬁi?g'f lc2fb f;‘iﬁ?a d’;:z‘r”"ME:""k'St°“” sl other without scveral wecks delay. By the 11th May

the upper (ground level) station marks at both ends of

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

(8.) The party then marched northwards reaching Palamcottah on the 13th, Madura
The party reaching Bangalore by the end of O the 20th, Trichinopoly on the 27th, and ihence by
tho month. rail to Bangalore on the 28th May.

(9.) The Cape Comorin base-line is 7,636 miles long (about 640 sets of the compensa-
tion bars and microscopes) as deduced by sccondary
triangulation with a seven inch theodolite from two of
Colonel Lambton’s stations Manpothi and Pannee, it has been cleared and in great part pre-
pared for measurement.

Particulars of the base-line.

Its south end is in, lat. 8° 10}’ north, and long. 77° 45" east as plotted on the Indian
Geographical position of 8. end. atlas sheet No. 63 and it makes an angle of about + 6°
Azimuth of line. with the meridian.

A vertical section of the line has been taken by a series of lcvels shewing an extreme
. difference of height of 94 feet, and of 8 feet between
Gradients. the two ends, the north being the lower. The steepest
gradicat in the line is 3'5 in 100.
There is only about 450 feet over 3 in 100
900 ,, from 2 to 3 in 100
»” , 1100 ,, between 1 and 2 in 100

”» ,, 37850 ,, under 1 in 100 .

» 2



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

Towers required at section stations. ends.

The sclection of the minor triangulation on either side of the base-line was very difficult,
but three stations on either side have been selected
7 forming a double hexagon, one of these require a little
niteration to bring it within the limits of symmetry laid down in the Department. Ahout 18
miles of ray clearing was required, most of it through
cactus hedges and thorn jangal.
(10.) The connection with the principal triangulation is proposed to be effected by a
pentagon of which the north end of the base line forms
the central station, and the south end the most southerly
point, and including two of Colonel Lambton’s old Survey Stations. With the help of Colonel
Lambton’s eharts four stations in the next figure have been selected. (A rough sketch chart
accompanies this report). Two of these Trichendur and Tuticorin, are the poiuts on the
Proposed side Tuticorin to Trichendur will re- coast indicated hy you as necessar"y to be conne‘c-
quire towers. ted.  The ray between them 21 miles over sea will
require lofty towcrs to command the distance. At
Tuticorin the land is little above the sea level, but at Trichendur there is a sand ridge
about 25 feet above the sca, surmounted by high temple
visible 15 miles out at sca. -
It happens that the Tuticorin light house is about to be raised or rebuilt from 42 fect to
The new Tuticorin light house proposed fo be a considerably _grf:atcr ll(‘igh.t. I propose by making
used. use of thiese buildings to obviate the great expense and
delay of building the towers that would be required

Minor triangulation.
Ray clearing.

Connection with principal triangulation.

Trichendur pagoda.

without them.

(11.) Regarding the time for the measurement, from all I can learn I do not think it

. . should commence before the middle of January, and

m:;:,:d of January, beat time to begin mensure- even then I am informed that the tanks are very full
and the ground not dried from the effects of the heavy

rain 22 inches which nearly all falls in November and December, that is during the height of
the north-east monsoon. My informant was an English

resident of 26 years residence and observation, the rain
fall mentioned being the average of 25 years observation.

Heavy rain of N. E. monsoon.

(13.) With respect to the contemplated tidal observations the land-locked harbour of
L. . Tuticorin seems the most suitable place along the coast
Tuticorin hahonr, the most suitable place for . Y .
tidal obscrrations. near Cape Comorin whence it lies about 60 miles to the
north-east, and the fittest times for observation seem to
be about the 1st of April and the 1st of October when the sea is said to be least affected by the
1et April, nnd lst October, the best times. monsoons, and when the weather is most modcrate.
Trom the published barometrical observations at Trivandram ¥ (Tiruvandarram) the
mean atmospheric pressure at these dates seems nearly
# More prop~sly (Tiravanandapuram.) L. . ’
: » coincident with the mean annual pressure.
Captain Phipps the master attendant at Tuticorin has kindly undertaken a series of obser-
vations of tlic barometer at that port.

I am elad to have a favourable report to give you of Mr. Norris who worked willingly
and well (e six weeks during which he was engaged on the Cape Comorin base line selection.
I found lim zcalous and attentive to his duty and apparently desirous of improving his know-
ledge of departmental matters and acquiring skill in observing.




LX1RACI' FROM THE NARRATIVE REPORT OF LIEUTENANT W. M. CAMPBELL, R.E., SURVEYOR
SED QGRADE, IN CHARGE BOMBAY PARTY G, T. SURVEY, NO. %—8, DATED 8TH JuLy, 1868,

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

Rocoss work Madras party. of which I am in charge, and partly also for the Madras
' . party, of which I held charge during a portion of the
vear, including the recess and the early part of the field season.

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

Mr, A. V. Donnelly, Ciril Assistant 4th Grade. The.se gentlemen were all present at head quarters, and

» J. W. Mitchell, Sub-Assistant 2nd Grade. available for the ordinary office duties of the recess

» 8 ]‘)': 1;3:{;:: SUb'(ﬁ:mtﬂﬂt‘m:]S“de- season. The computations in hand were lighter than

usual because : Ist, owing to the nature of the country

in which the operations had been conducted, Dbeing unfavorable for the observation of an

azimuth there were no star observations to be reduced. 2nd, Very little secondary triangula-

tion had been done, as the selection of the base-line had occupied an assistant, who would
otherwise have been employed on work of that nature.
The work was nearly completed by 1st August.

(3.) I obtained privilege leave for August and arranged for the employment of the
party during my absence as follows. Mr. Donnelly
was instructed to execute some field work on the base-
line (rendered necessary by a slight alteration I had
made in the site) as the weather would permit, attending office as usual when not so employed.

Mr. Mitchell I deputed to close, and transfer to the local officials, the stations of the
great arc, at which I had taken final observations
during the field season. I chose the month of August
for this purpose, because it has the reputation of being the healthiest season of the year in the
district of the stations to be visited, most of which are situated in the Ghat country, lying
between Mysore, and the Coimbatore and Salem districts. This duty occupied Mr. Mitchell
till 25th September when he rejoined me at Bangalore, having closed seven stations. The
services of Messrs. Norris and Potter, I placed at the
disposal of Lieutenant Trotter, R.E., then in charge
of the Bombay party, and also recessing at Bangalore.

Lieutenant Trotter also kindly took general charge of the Madras party during my tem
porary abscnce. :

Officer in charge on leave in August. Duties
of assistunt during his absence. Mr. Donnelly.

Mr. Mitchell.

Messrs. Norris and Potter.

(4) Lieutenant Trotter had almost more work than he could dispose of with his own
strength, for, 1st—He and two of his three assistants
suffered during the whole recess, more or less, from
sickness contracted during the field season. 2nd—Ile had some arrears of work in hand, and
3rd—As mentioned by Lieutenant Trotter in his report for last year. Mr. Anding was employed
during the whole field season, on minor triangulation, in the Indarpur Taluk, of the Poona dis-
trict, for the purpose of connecting boundary, and other marks of the Revenue Survey, with
the trigonometrical stations in the neighbourhood. The computations, and projection of this
work on a chart, took a considerable time.

Licutenant Trotter was therefore glad of the assistance rendered him by Messrs. Norris
and Potter, whose work I believe gave him cvery satisfaction.

Recess work of Bombay party.

(5.) Shortly after my return from leave at the end of August, Lieutenant Trotter found
himself obliged to apply for sick leave to Europe, being
totally unfitted for work, by fever which he had con-
tracted during the ficld season in the jungles of Canara. He obtained leave for twenty months
and sailed from Madras on the 26th September. On
his departure I assumed temporary charge of the Bom-
bay party, which you afterwards directed me to retain, in addition to that of thc Madras party,

Licutenant Trotter gocs on leave.

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

Mr. G. A, Anding, Sub-Assistont 2nd Grade. (6.) The .assmtants of the' B.ombay party are named
» A. Christie, Do. 3rd  do. in the margin, Messrs. Christie and Bond had hoth
» Jus. Bond, Do ath do. suffered considerably from sickness during the rccess.

(7.) Office work was continued regularly until the end of October, by which time the
Work of recess scason continued. computations were very nearly completed.

The Indarpur work, when computed, was projected on a chart and compared with the
chart of the district, furnished by the Revenue Survey Department, the comparison showing
a generally satisfactory agreement in the position of those points laid down by both surveys.

(8.) On the 1st November I took the field, and procecded with the preparation of the
base-line for measurement, and the obscrvation of the

Fiold . . . . .. .

1016 senson commences angles for its conncction with the principal triangula-

tion, which latter I hoped to be able to complete by the end of December, when I expected
your arrival with the party for the measurement.

(11.) With a view to providing work for myself after the completion of the base-line,

] ] ) when I hoped to have time enough to execute some

Loﬁ'{txﬁ’ﬁegeﬁgf_m“m“m Series of Mangalore i1 cipal triangulation, I sent Mr. Mitchell to carry ou

the approximate work of the longitudinal series, to the

west, from the stations Hemagiri, Rangasami, up to which I completed the final obscrvations in
the early part of season 1866-67.

An approximate series was executed some years ago by an assistant of the Bombay
This work nrevious] ed party, who selected stations of the Mangalore Meri-
e workk previousy execulec: dional Scries, down to the latitude of Mangalore, where

he converted it into a longitudinal series, and carried his triangles eastwards as far as Bangalore.

Unfortunately however, it was found, that the series so selected, did not admit of sym-
metrical connection with that already finally brought up from Madras, (as far as Hemagiri,
Rangasami H. 8., or about 40 miles west of Bangalore) without further complicating the com-
pound figure surrounding the base-line, already so extensive as to involve great labor in reduc-
tion. I accordingly directed Mr. Mitchell to carry on his approximate work if possible to the
western ghats, where the longitudinal is converted into the meridional series, and there to make
a simple connection (by one side only) with the approximate meridional series already chosen.

Also to build the stations of the first (most eastern) polygon selected.

Mr. Mitchell succeeded in selecting two polygons. The first of these gave a good deal
] of trouble, owing to the nature of the ground. The
Excoution of works. second is a large figure covering upwards of 2000 square
miles of country. The station platforms &c., of the first figure were also built, and Mr. Mitchell
partially selected a third polygon, which will close on the old aproximate meridional secries, and
complete the gap between the finally finished portions of the Mangalore Longitudinal and Mc-
ridional Scries. e was unable to fix definitively the two flank stations of the third polygon,
as he was ohliged to relinquish the work to return to Bangalore, but he saw enough to enable
him to report, that no difficulty would be experienced in finding appropriate points.

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

meént.

(12.) There remained a few stations of the Longitudinal Series, between Bangalore and

. Madras to be protected, and regarding the state of

Mr. Norris. others, I was uncertain, because as I mentioned in my
last report, Mr. O’Neill, who was sent out on this duty in May 1866, absconded when he had

partially performed it, and has not been heard of since,
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I instructed Mr. Norris to proceed to visit these stations, to close and transfer those
which he found unprotected, and to transfer regularly with the proper documents, those which
he should find had been closed by Mr. O’Neill but not transferred. This Mr. Norris carried
out satisfactorily and returncd to Bangalore on 2{th November. After that, he was employed
on the work of the basc-line generally, and also built platforms over the end marks of Colonel
Lambton’s old base-line.

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

of the work at one end of the line, and the construc-
tion of a small tower for one of the minor triangulation stations.

Mr. Potter.

(14.) When I first took the field Mr. Anding was the only assistant of the Bombay
Mz, Andin party present, and I was therefore obliged to keep him
’ & near me, for the office and current duties of the Bombay
party.
T accordingly placed him in charge of the work at one end of the line, and I found a good
deal of employment for him, in finishing the computations of the party.

(17.) I did not succeed, as I had hoped, in completing the connecting triangulation
during November, and December, but only obtained 14
of the 18 angles rcquired, the remaining four being
those at the two stations farthest from Bangalore. Both these stations, I visited, but at both,
I failed to get the observations required, owing to unfavorable weather, combined with my
inability to remain long absent from the work going on at the base-line, waiting for a change.
Throughout these observations I found the signals so bad and uncertain, as to make the work
very slow, and its quality inferior. I used the theodolite of the Bombay party (Barrow’s
24-inch No. 2) with which I had not previously worked.

The connecting triangulation.

(18.) Mr. Hennessey arrived at Bangalore with the base-line party on 29th December,
from which date the two parties, under my charge,

Arival of baseline party. (Madras and Bombay) were placed at his disposal for

the measurement.

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

(20.) The base-line measurement was completed on 12th March, and after a few days
farther work, in making up the books &ec., under Mr.

Completion of buso-Line. Hennessey, the Bombay party was frced for other

duty.

(21.) On 24th March I moved westward, to take up the principal triangulation, com-
mencing at the stations, Hemagiri, Rangasami, and
thenee to proceed with the final obscrvations, at the
atations in advance, prepared for the purpose, by Mr. Mitchell, in November, and December.

Resumption of ordinary work.

I commenced observations at Hemagiri H.S. on 29th March, and experienced a good deal
of rain, and much cloudy weather throughout April, by which the progress of the work was
somewhat retarded.

On 3rd May I finished observations at Nughalli H.S., the seventh station visited, which
Observations completed. completed one polygon.

I then closed work for the scason and marched into Bangalore, where I arrived on 9th
May.

(23.) The instrument used was the theodolite of the Madras party (Troughton and
Simms’ 24-inch No. 1) that of the Bombay party, being

Instrument wsed. in use by Lieutcnant Rogers, on the minor triangula-

tion &c.
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(25.) I did as much as I could towards fixing secondary points, chicfly as to their heights,
which are more wanted than the geographical positions,
the latter being truly enough given in the atlas sheets,
for all practical purposes, in the case at least of large villages, Dak Bungalows, &c. The posi-
tions of these, as given in the present atlas shects are as a rule very trustworthy, but natural
features such as hills and the small drainage lines are very uncertain.

Secondary triangulations.

(28.) On the return march to Bangalore I had an opportunity for visiting one of the
most interesting features of Mysore, viz., the gigantic
Jain Statue of ¢ Shravan Bellagula” cut out of the liv-
ing rock (gneiss) on the summit of a hill, some 800 feet above the swrrounding country, from
which it is visible for miles in every direction. It is the figure of a man, standing up clear of
the summit of the rock, from a little above the middle of his thighs, while from that point
downwards, the legs are shewn in strong bas relief, about half their thickness being sculptured
on the face of the rock. For a native figure the proportions are not very bad, but all horizontal
dimensions are exaggerated, and the legs are dwarfed in height, as compared with the upper part
of the body. The arms hang clear of the body, from the shoulder to the wrist. The stone is
cut smooth and partially polished, and the color is so white a grey, as to give the appearance of
white wash, at a distance of 3 or 4 miles. 'With a small theodolite I took the following dimen-
sions of the figure, as accurately as the situation admitted :—

Gigantic Statue of Shravan Bellagula.

ft. in,
Height of upper part, entire form cut out, 39 0
2 lower part, only half moulded, 21 6

Entire height of figure, 60 6
Width of shoulder 27 feet. Do. of head 10 feet. Do. waist 10'4”. Do. between arm pits 14' 2",

(88.) I have great pleasure in reporting most favorably on Mr. Mitchells conduct and
work during the past year. He was in the field during
Anugust and a part of September last, (see para 3) during
which time he must have experienced much discomfort if not hardship, as he was working in a
difficult country, with a minimum of baggage, and tents, during frequent rain. Again in De-
cember, when he was working in the western ghats, he must have had a hard and uncomfortable
life.  On both these occasions he got through a large gquantity of work. M. Mitchell always
does his work in the ficld well, and willingly, and he is also a useful assistant in office, regular
in his hours, and careful in his work.

Mr. Mitchell.

(39.) Mr. Norris did good work in office during last recess, working hard and regularly.
He also did well the duty allotted him in the early part of the field season (para 12). He com-

pleted 2 years departmental service in April last, and I should be glad to learn that he had ob-
tained his promotion.

(40) I consider Mr. Potter a very promising assistant, he takes an interest in his work,
and evinces zcal in its execution. He has also consi-

Mr. Potter. . . . .
derable ingenuity and command of resources in diffi-

cultics.

(4#1) Mr. Anding has given me general satisfaction since he came under my orders.
Iis duties I have alrcady described, and I need only

Bombuy Party Mr. Auding. add, that I consider he worked hard, and made good

progross.

(42)) Mr, Christie I have found a willing and intclligent assistant, and consider that he
he has worked well. The performance of the last duty

Mr. Christic. on which he was employed was very satisfactory and

crcditable to him.

(13) Mr. Bond has proved himself an excellent Recorder, accurate, attentive, and
Mr. Bond. tolerably neat.
He has also shown great inclination to learn, and a considerable amount of quickness
in comprehending, and retention in remembering what he is taught.
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EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN T. G. MONTGOMERIE, R.E., SURVEYOR
1sT GRADE, IN CHARGE KUMAON AND GURHWAL SURVEY PARTY, No. 290,
DATED 21st SEPTEMBER, 1868,

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

(2.) During the recess, all the computations of the previous season’s triangulation were
computed out and the points deduced were projected on the 4-inch chart. Three sheets of the
Kumaon and Gurhwal map were completed and printed in the Photozincographic Department.
Two sheets of the Mussoorie and Landour maps were finished, and are ready for publication as
soon as the boundary line of the settlement has been demarcated.

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

The original boundary though clearly marked on Major Brown’s map of 1840 appears
never to have been indicated by permanent pillars of any kind, and the map in fact is the only
record remaining, neither field book, notes of bearings, nor any other documents concerning the

original survey having been produced.

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

(4.) By distances taken from Brown’s map between various points still existing and the
main points of the boundary, all the salient and reentering points of the original boundary were
transferred to the new maps with as much accuracy as Brown’s map itself possesses. The boun-
dary transferred in this way to the new maps was examined on the ground, and it was soon ap-
parent from the natural features that the boundary must have originally been very close to the
Line re-produced as above.

For instance, the line agreed in making the Billaroo-ka-pani ravine and the precipitous
cliff along it the boundary, and farther westward a peculiar bend to the north obviously repre-
sented a similar shaped cliff which overhangs the low ground above the Aglar and would be a
patural limit in that direction. Similarly the agreement of the line with various other natural
features north and south made it evident that the line thus reproduced substantially represents
the original boundary as far as it has hitherto been examined.

{5.) During the end of the recess, Lieutenant Hill, R.E., and Mr. Ryall were employed
on this difficult task. They succeeded in demarcating 5456 and 4303 yards respectively, a total
of 9759 yards with the sites for 40 pillars, 36 of which have subsequently heen built by the
civil authoritics. At the same time they finished the sketching on a scale of 12 inches to 1 mile
of 378 acres of Mussoorie. .

The operation was a most laborious one, great care being requisite in making the transfer
from the old map to the new, and the examination of the ground and the searching for the ori-
ginal sites of the main points involved a great deal of hard work. Considerable credit is due
to Licutenant Hill and Mr. Ryall for the judgment and zeal with which they carried out this

difficult task.

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

triangulation.

Only a small amount of triangulation being ready for topographical work, every endeavour
was made to sccure a sufficiency to keep the topographical surveyors fully employed during the
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current seasou and at the same time to provide a good surplus for the next ficld season, a large
excess of finished triangulation being essentially nccessary to the economical execution of the
topographical work.

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

(9.) To the east, the triangulation was extended through a sparsely populated part of
Kumaon, more especially to the north and east of Almorah across a high and rugged range
covered with forest. Subsequently a farther extension was made on the south, and a series of
triangles was carricd eastward from the border of Gurbwal to Iluldwani south east of Nynee
Tal a distance of 50 miles including a tract at the foot of the Himalayas covered with dense
Jjungle which naturally added very much to the difficulties of the surveyors.

01, licird

(10.) Two thirds of the ground triangulated was of an Alping' nature and the work was
exccuted in the winter, when the surveyors were exposed to constant snow storms, while the re-
maining third formed a portion of the Terai, subject to heavy fogs which proved even more de-
trimental to progress than the snow.

(11.) The total outturn of triangulation is 2315 squarc miles with 583 stations and 279
heights being at an average of 2:5 points and 1-2 heights irrespective of 7-8 heights determined
by aneroid barometers in 10 square miles. A large outturn considering the naturc of the coun-
try and the weather, which at the begining of 1868 was unusually stormy in the mountains.

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

Subsequently the mountains east of Almorah were sketched, portions of them running
up to altitudes of 8 to 9000 feet above the sea. The whole of the country up to Almorah was
finished, including a very densely populated part of the hills where the villages were so numerous
that upwards of 200 were found in 80 square miles, an average of 2} villages to each square mile,
a greater number than is generally found in England. The mountains near the new Sanatarium
of Ranikhet have been sketched including all the hills between that station and the plains. The
sheet including Ranikhet is urgently required for the new projects for the Sanatarium and the
roads to it, and as all the materials are available, measures have been taken to complete the fair
sheet for publication as early as possible.

(13.) Towards the cnd of the field-scason further sketching was executed in the valley
of the Alakununda between Kurnprag and Rudrprag and in the lower part of the Kali valley,
the surveyors advancing from the lower into the higher ground as the weather got warmer.

(14.) 'The work was interrupted by the snow in the higher ground, and by clouds in the
lower, the whole country being hid from view for days at a time. The ground throughout was
of an exccedingly precipitous nature and nearly every days work was o matter of climbing from
morning till night; notwithstanding these physical difficulties the total area sketched is 1240
squarc miles. A highly creditable result for 4 surveyors, one of whom was employed for a
portion of the season on other duties.

(15.) With a view to the future extcnsion of the triangulation Captain Montgomerie
marched from Dehra throngh Gurhwal and made o reconnoissance of the lower part of Kumaon
from the horders of Gurhiwal up to the fronticr of Nepal on the Gogra river.

(16)  Whilst in Gurhwal he was able to examine a considerable portion of the previous
scason’s sketchiug and to visit various stations ncar the line of his route.
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(20.) Having reconnoitered the country up to Nepal, Captain Montgomerie commenced
the examination of the current topographical work of the season. A portion of the ground of
each topographer was examined in detail, the features were checked and the positions of vil-
lages &c., tested from various high and low points. Throughout the sketching was found to
have been done with great accuracy, none but inappreciable differences having been detected.
The ground moreover was in all cases represented both faithfully and artistically the whole of
the topographers employed having worked well and zealously. The quality of the sketching

was altogether first-rate, and the quantity as much as the accuracy and detail required would
admit of the surveyors doing.

(21.) During the field season a number of new points were computed out and projected
on fresh plane tables for the use of the topographers after completing the first portion of their
work ; though involving a great deal of extra labor this was affected without interruptiou to
the current work of the field season.

(22.) In order to examine the topographical work it was necessary for Captain Mont-
gomerie to march right through the Kumaon and Gurhwal mountains, one-half of the topo-
graphers being employed in the south and the other half in the north; in this way he was able
to sce a large part of Kumaon and nearly the whole of Gurhwal as after completing his cxa-
mination of the current season’s work, he marched throngh that portion which had heen
sketched when the survey began. Here hie fouud the ground to be well represented though tle
roads, cultivation &e., did not appear to have been laid down with the same care and attention
that has subsequently been attained in the later work yet the work on the whole has been well
done, and the improvement in the new work was ounly such as was to be expected from increased
experience.

(23.) During Captain Montgomerie’s progress throngh the mountains, the opportunity
was taken to determine the heights of a large number of ohligatory points by means of aneroid
barometers. In order to get some idea of the amount of reliability of these instruments, three
of them were placed side by side in a box well packed with cotton so as to prevent all shaking
and all sudden variations in temperature, the box was provided with a lid and hinges so that the
ancroids could be read off at once without disturbing them in any way. The box was carried
carefully by a man, in addition to readings at the obligatory points required, the aneroids were
read at a number of high and low trigonometrical points of which the lheights were known ;
from the readings at the trigonometrical points the value of the scale of the ancroid between
any two points was easily ascertained, and with that value the Leight due to any intcrmiediate
rcading could be at once obtained by proportion.

Trom the readings at the various points it was easy to see whether the aneroids retained
the same diffcrences at various elevations. Though they were all said to be compensated, the
results show that they do vary to an extent which would seriously affect the result if an attempt
was made to deduce a height from two readings very far apart.

(24.) The experience with aneroids has hardly been sufficient as yet to lay down any
rules, but it is evident that by using them differentially for the heights of points between two
known points whose readings have been taken, they may be trusted to give the height of any
intermediate point with an error of 4 or 5 per cent. of the difference, the known heights should
conscquently not differ by more than 1500 feet, and the height of an intermediate point might
then be expected to vary 30 to 40 feet on either side of the correct value,

In the present instance the height was always deduced from the trigonometrical station
that was nearest in height to the point required. The diffcrences of height between the points
determined consisted of thousands of feet where an error of 50 feet was a matter of no very
great importance as the object was to give a fair idea of differences of hcight between the peaks,
passes and the valleys below, and this has been substantially sccured by the system adopted.

(25.) During the ensuing season farther experiments will be made and some of the
detail surveyors will be supplied with aneroids in order to multiply the heights on their sections
and to enable them to show the differences in level more correctly than they can at present even
with the large number of trigonometrical heights that arc supplied to them on this serics.
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(26.) Reciprocal observations would of course add much to the accuracy of aneroid
observations, but that was not possible on the present occasion, nor indced is it likely to be so
at most times, hut in more level countries, if reciprocal observations are not to be had, extra
precautions must be taken to see that there is as little interval of time between the observa-
tions at the known and unknown points as possible, otherwise the hourly end daily variations
will affect the result so as sometimes to make the lower point appear the higher, &e. A phenom-
enon which has alrcady been complained of by those who have used these instruments. A
partial remedy for this difficulty would be to take all observations at the same apparent time,
if there was no atmospheric disturbance going on at the time, the result should be tolerably
correct, but as the variation of the burometer between maximum and minimum on any one day
amounts to over 0°05 of an inch in latitude 31° and to over 0°10 in latitude 23° representing
from 50 to 100 fect, it is obvious that there is very little use in attempting to deduce a height
from a reading taken at 10 a.M., and another at 4 p.m. when the dificrence of altitude is small.

(27.) When the known point is close to the unknown point as in the case of a station
on the edge of a plateau there ought to be no great difficulty in observing at the known point
then at the unknown, and again at the known point so as to get a mean and to see that the
instrument returned to its first reading.

(28.) The ancroids appear to be of unequal elasticity, some when taken from one alti-
tude to another and then back to the first returning to their normal state very rapidly and others
very slowly while one was observed not to return to anything like its former reading, though
the temperature had not varied half o degree; in all cases it was found necessary to let the
aneroid rest at the new station for at least a quarter of an hour otherwise they rarely assume
the final position due to the altitude they may be at.

(20.) The results of the present experiments have proved that aneroids are at any rate
very uscful in mountains where the differcuces of altitude are great.  Approximate heights of
paxxes having been determined which could have been got in no other way except at considerable
expeuse.

(30.) The programme proposed for the ficld season was fully carried ont with one small
exception, the triangnlation has heen extended sufficiently to provide work for the full number
of topcgraphers during the ensuing field scason,  'With ordinary exertion it will now be possible
always to have a proper amount of triangulation in hand.

(31.) Tahlés showing the amount of triangulation and topography executed during the
season are appended to this report.

(32.) Captain Pullan was employcd during the whole season in the mountains of Gurh-
wal ¢hiefly on the Alukununda and its branches. ITis
first scetion embraced hills of every altitude from 5000
13,000 feet above the sea. During the first and last part of the season he was able to make
capital progress, but during LFebruary and March he was much delayed by severe weather and
on scveral occasions his camp was completely snowed np.  The ground sketched by him was of
a very precipitous nature, the only approach to level being some narrow strips along the course
of the Alakununda, The exccution of the work consequently involved a great deal of hard
work.

Captain Tullan,

(33.) A portion of the ground sketched by Captain Pullan was examined in detail and
the sites of a large number of villages were tested.  The details were found to be accuratley
fixed and the ground throughout was well and artistically represented. The quality of the work
was excellent, the total out-turn belng 8Y0 square miles in 6} months with 990 P. T. fixings.

(34.) Lieutenant Hill was employced on the triangulation of the mountains north and
east of Almorah including a high and rugged range
covered in most parts with a dense forest.

(35.) Being employed on the Mussoorie Settlement boundary up to a late date he did
not reach his ground till December. During the first part of the season he was able to make

Licutenont Iill,
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great progress but in February and March his work was for a time brought to a complete stand
still as the clouds regularly settled down on the mountains for days at a time. Sunow storms
were frequent and the weather generally bad ; notwithstanding good progress was made and a
very large out-turn of triangulation would have been completed had not Lieutenant Hill unfor-
tunately got a very severe attack of illness as he was bringing the work to a close. This attack
prevented him from observing at the few remaining stations he required to complete his work.
He was laid up at Almorah for nearly two months.

(36.) The total area triangulated is 765 square mile with 86 heights. The work has been
thoroughly done and the points are well distributed. The heights of a number of high and low
obligatory points have been determined as well as those of peaks &e. Considering the weather
and the short time available Licutenant Hill’s progress was very good. His management of
the portion of the native establishment under his orders has heen good and his arrangements
for supplies and the carrying on the work in a difticult country have proved very eflicient.

(37.) Mr. Ryall starting early took up the trianglation of the very elevated valley of
the Kali river, the highest piece of Gurhwal that has as
vet heen triangulated in detail. The weather being fine
he was able notwithstanding the extreme cold to finish the work very rapidly before the heavy
falls of snow began. He then descended towards the lower ground and took up fresh work in
the south-east part of Kumaon, there the weather though troublesome at times did not altogether
stop progress and he was able to push on the work rapidly, carrying his triangulation some 50
miles east.

Mr. Ryall.

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

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

(40.) Mr. Peyton was employed for some time on the hill shading of one of the sheets
of the map of Turkistan and consequently a shorter time
than usual was available for field work. At first Mr.
Peyton was employed in sketching a section embracing Almorah, a portion of the hills so densely
populated that it was hardly possible to introduce the whole of the village sites on the scale of
1 inch to the mile. The amount of detail in such a denscly populated country prevented rapid
progress. Subsequently Mr. Peyton was employed in sketching a very wooded tract of rough
ground betwecn the Kosilla and Ramgunga rivers.

Mr. Peyton.

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

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

(42.) Mr. Atkinson during the recess assisted Captain Montgomerie in the translation

. of the Pundits Trans Himalayan route survey, diary &c.

M. Atkinson. and also in the computations connected with the same.

This troblesome work he carried out most satisfactorily and in addition did a large share of
ordinary computations.

(13) During the ficld season Mr. Atkinson assisted Captain Montzomerie in the com-
putations, r(‘rm"(lin;: and general dutics connected with the party.  Amongst other matters he
indexed the whole of the compntation sheets, a work that has much facilitated the constant
references required tor fresh triangulation, topographieal work &e. lle also took horizoutal
and vertical obscrvations with an 8 inch theodvolite for determining the height of the Putli
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Doon. Subsequently he took a large number of observations with aneroids for the heights of
various obligatory points that were much required both for the old and new portions of the work.
These were done very carefully and will prove a valuable addition to the maps. The amount of
computations which Mr. Atkinson carried out while in the field was very large and it was only
by his great exertions in this matter that the topographers were kept fully employed.

(44.) Mr. Atkinson’s diligence and good business habits were also most usefull in dis-

posing of a large amount of miscellaneous work which naturally arises with a large party,
widely scattered over very difficult mountains.

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

Mr. Braithwaite. and the lo-we.:r part of the Pindur valley including some

very precipitous ground. Subsequently he was em-

ployed on the Alakununda and Kali above Rudrprag. From the examination of his work the

sketching was evidently very accurately done, and the ground has been well represented, his

style of shading showing great improvement on the previous season. Though interrupted by

snow and clowds Mr. Braithwaite’s progress has been very good. His area is 390 square miles,
with 507 plane-table fixings, a very creditable seasons work.

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

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

employed on the triangulation with Lieutenant Hill, observing from auxiliary stations, taking
heights &e. Mr. Pocock observed well and made good progress, with the work assigned to

him. With a little more practice he will he able to take up independent triangulation in
the hills.

(47.) Mr. H. Todd was employed in sketching the lower part of the Kosi valley and the

Mr. H. Todd. mountainous tract between that river and the Ram-
gunga, embracing the site of the new sanatarium of

Ranikhet. Owing to detention on other duties and subsequently to sickness Mr. Todd had less
time for sketching than usual. His work has been very accurately dome, all the villages and
natural features that were tested having proved to be correct. The ground is well represented

and his shading shows steady improvement. His progress for the time available was very good.
Area 260 square miles with 600 plane-table fixings.

(48.) Mr. C. Brysoun was directed to carry out a picce of triangulation in continuation
of his last year’s work but owing to inexperience, in-
ability to control the natives under his orders, and to
want of proper arrangements he was unable to do any work. Signals were not erected and
Mr. Bryson, instead of procceding to have them put up under his own directions did nothing,
and ultimalely lost all the early part of the season.

Mr. Bryson.

(49.) Mr. Bryson heing evidently unfitted for independent work was placed under the
orders of Mr. Ryall for the rest of the scason for the purpose of observing at auxiliary stations
&c. In this way he did a fair amount of work.

(50.) The native establishment was composed as before partly of men from the plains
and partly of men from the hills. They have worked

Native Establishment. . . .
* " well and given satisfaction.

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

(52.) The health of the natives generally has been good and there has been no severe
illness of any kind among them.

(53.) During the scaon the party has received every assistance from the Civil autho-
rities and the arrangements made by the Commissioner have faciliated progress very much.
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With similar hearty cooperation in future seasons, the survey ought to progress satisfactorily,
notwithstanding the physical difficulties of the country.

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

(55.) With reference to future operations the reconnoisance made by Captain Mont-
gomerie, eastward shows that the lower part of the
country in that direction is even more difficult than
what has already been surveyed. The forests are denser and the inhabitants fewer, indeed
population may be said to be wanting except at the two extremities, the breadth of level forest
is moreover very much greater extending for nearly 20 miles into the plains, while the forest clad
ranges which throughout separate the well populated part of Gurhwal and Kumaon from the
plains are to the eastward of much greater breadth than they are in Gurhwal. In the lower
ground there will consequently be increased difficulty.

Future operations.

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

(57.) Captain Montgomerie intends to have such of the higher part of Gurhwal as was
triangulated this season sketched early during the next
field season. At the same time a farther portion of higher
Gurhwal will be triangulated for future operations. As soon as the fine weather comes to an
end, the surveyors will be transferred into Kumaon. There the inner hills and the lower
ground will be taken up according to the means available. The lower ground will be done
gradually at the best season of the year, as being all very feverish Terai-land, it can only be
surveyed during a very short part of the winter.

Future operations.

(58.) A sufficient amount of detail triangulation is ready to keep the topographers
fully employed, and further triangulation will be executed so as to have in hand rather more
than what is required for the next season’s topography.
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EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN C. T. HAIG, R.E., SURVEYOR 2ND GRADE,
IN CHARGE KATTYWAR PARTY, No. S45, paTEp 16TH ocroBER, 1868.

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

(3.) Owing to the great amount of triangulation which it was necessary to lay down
during the previous season and owing also partly to an unnecessary (as I afterwards learnt from
you) amount of labour having heen expended in computing the spherical coordinates of every
intersected point, the computations were thrown much in arrcars and were not completed on
our again taking the field, but Mr. D’Souza being incapacitated by a malady, from taking the
field I directed him (in accordance with your sanction) to bring up the arrears with the assist-
ance of Mr. J. DaCosta.

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

Triangles (3 angles observed) .. .. .. .. 267
Do. (2 do. do. ) .. .. .. .. 903
Latitude, longitudes and back azimuths of stations .. .. 139
Do. do. intersected points .. . 363

There were also prepared deseription of a few stations for General Report.
Svnopsis of latitudes, longitudes of stations as above.
Alphabetical lists of stations as above in duplicate.
Alphabetical lists of intersected points as above.
Do. do. of villages.

(5.) The following maps were also prepared. The 9 plane-tables surveyed during the
previous field scason were copied on the full scale of two inches to a mile, and reduced to the
scale of one inch to a mile. Four plane-tables were further reduced to the scale of } inch to
a mile (exaggerated.)

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

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

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

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

(9.} The following is the amount of work done by Messrs. D’Souza and DaCosta in
office in Poona during the past field season :—

Descriptions of 159 stations in duplicate.

Abstract of observed angles and approximate azimuths at 171 stations in duplicate.
One copy of synopsis of latitude, longitudes, and azimuths of 267 stations, form G.
One do. alphabetical list of do. do. do. of 675 stations, form I.
Copy of 1160 triangle computations into form H, 2 copies.

Computation of heights of 43 stations, 2 copies.

(10.) Owing to Mr. D’Souza’s inability to accompany me and to Lieutenant Dummler
being detached for duty in Abyssinia, the party took the field considerably weakened
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(11.) On returning to Kattywar I marched the party to Sonpuri the head quarters of
the Assistant Political Agent eastern district for the purpose of gathering all possible informa-
tion regarding the taluka boundarics which were in the course of being settled by committies
appointed for the purpose.

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

(13.) Trom the absence of any reliable map of the country it was impossible to obtain
any iunformation as to the approximate sub-division of the district among the numerous petty
talukdars. :

(14.) Shortly before returning to Kattywar the political agent had appointed boundary
committees composed of respectable and well known natives to settle boundary disputes between
ialukdars, under the political ageacy, and two such committees were started in the eastern district.
These committees of course had no power to deal with disputes in which either of the litigants
were subjects of His Highness the Gaikwar or under the jurisdiction of the British Govern-
ment. Still the report of their work would give much information which could not otherwise
be obtained and would shew where Gaikwar or Gogo villages cut in. I therefore requested the
Assistant Political Agent to dircct the committees to send weekly progress reports to me which
he did, but it was not till sevcral weeks had elapsed that I could form any idea of the confusion
of sub-division that exists, and of the utter impossibility of getting the boundary survey in
advance of the plane-tabling iu one season.

(15.) 1 therefore determined on letting the boundary work and plane-tabling go on
independently of each other, except that wherever a boundary was surveyed the interior of
which had not been surveyed. I had the boundary plotted on its proper plane table. Subse-
quently however I abandoned this plan as I found the plotting took up too much time.

(16.) Throughout the season I contrived to keep my camp in the vicinity of the boundary
surveyors whom I had to kecp following the track of the boundary committees and to whom [
<ould not apportion more than a few days work at a time.

{17.) 'The following tahle shews the number of talukas and villages embraced in the
area which has been topographically surveyed.

Name of taluka. No. of villages. No. of district boundaries.
Gogo pargana of the Ahme-} ' 64 6
dabad collectorate, o
Monpur, Gaikwar, 6 1
Damnagar, Gaikwar, .. 5 2
Bhownugger, 2 2
Wali, 32 3
Palitana, 48 1
Lathi, 2 2
Limbra, 4 2
Pachigam, 4 1
Ratanpur, 3 2
Waori Dharwala, 4 3
Gadhali, 3 1
Rasnal, 2 2
Kariana, 4 2
Bhadly, 2 1
Nowanagar, 2 1
Data, 6 2
Wiaori Wachani, 2 1
Torda, .. 3 1
Single village talukas, . 20 20

o
=

Total, .. 218
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{18.) Out of these the following have not been surveyed.

Monpur (Gaikwar), 6 1 not settled.

Damnagar, Do. 5 2 Do.

Bhownugger, 1 1 Inaccurately surveyed.

Bhadli, .. 2 1 not settled.

Data, . 6 . 2 demarcated but not reparted to me as such.
Single village (Patna), 1 1 not settled.

Palitana, .. 48 1 Do.

Waori Wachani, .. 2 1 Deo.

Taoda, 3 1 Do,

Total, .. 74 .. 11

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

(20.) In addition to the above, a great portion of the boundary of the Dhanduka par-
gana, Ahmedabad collectorate, that pertion which falls within sheet 5 which I intend taking up
next season, has also been surveyed. It consists of two isolated villages and a continuous

houndary of 60 miles.

(21.) In reckoning the number of distinet boundaries, in paras. 17 and 18, the same
boundary is never reckoned twice over, so Bhownugger which is by far the largest taluka has
only two “ distinct boundaries” ; these are two isolated villages entirely surrounded by territory
of other talukas, the main Bhownugger boundary being made up by those of the adjoining
tulukas.

(22.) T append lLereto a tabular statement shewing the whole out-turn of the season
and the relative value of each surveyor’s work.

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

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

(26.) The ficld operations were brought to a close by the 30th April, but shortly before
that in compliance with your instructions conveyed in letter No. 5 of 26th August, 1867 T
came in advance of the party to Bombay with Mr. Gwinn and with a 14-inch theodolite con-
nected the Bombay triangulation with one of Captain Ducat’s stations on the S.E. corner of
the new Carnac Bundcr, the height of which referred to the Town Hall Datum is 91-17 feet
and have since determined therefrom that a correction of + 0-463 feet is necessary to be ap-
plied to the heights of the stations of the Bombay triangulation, as reported to you in my letter
No. 8.39 of 29th ultimo.

(27.)  During the past recess, the following maps, computations, &c., have been prepared
or will be completed very shortly before taking the field :—

Four Preliminary charts of triangulation, each embracing 1° in latitude and }° in longitude,
containing principal, secondary, and minor trinngulation, with intersected points, complete
up to date, scale 1 mile to an inch, Sheets Nos. 6, 7, 8, 9 and 15 have been prepared in
quarter sheets or sections on the scale of 2 inches to a mile,
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Triangles 3 angles observed computed in duplicate, .. .. .. 109
Triangles 2 angles observed computed in duplicate, .. .. .. 354
Latitudes, longitudes and azimuths of stations, e e .. 51
Latitudes, longitudes and azimuths of intersected points, .. .. 224
Heights of stations, .. . . .. .. . . 90
Heights of intersected pomts, .. .. .. . .. 2

Fair copy of angle books of past season’s work

One general skeleton plan on scale 2 miles = 1 inch for General Report of season 1866-67.

One do. do. for season 1867-68.

Abstract of angles and approximate azimuths for season 1867-68.

Synopsis, in duplicate, of latitudes, longitudes and azimuths of 51 stations of past season’s
work, arranged in Sheets, viz. 7, 8, 9, 13, 14, 16, 17.

Alphabetical list of Jatitudes, longitudes and heights of stations, in duplicate, arranged im
Sheets, viz. Nos. 7, 8, 9, 13, 14, 16, 17, 18, containing old as well as new points.

Alphabetical list of villages arranged in sheets, viz. Nos. 6, 7, 8, 9, 15.

51 Descriptions of stations.

463 Triangle computations and elements copied into Form H.

Fair copy of the field books of 614 miles of boundary survey into a form adapted for incor-
poration with the General Report.

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

(29.) In addition to the above 22 heights of prineipal stations of the Sind series, have
been computed in duplicate, to comply with the requisition of your No. 2, dated 10th Septem-
ber, 1868 and fair copies are being made of the vertical angle books of the 4 minor meridional
series, on Meridians 70°, 70° 30/, 71° 30/, and 72° and of the horizontal angle books of the 72°
minor meridional series, and of the north Coast and east Coast Secondary Series, and of the
general west Coast Series from Surat to Cambay, and of Sundry Secondary triangulation con-
nected with the 4 minor meridional series in Kattywar and the Kutch Series.

(30.) The following statement shews how each individual has been employed during the
recess.

Captain Haig—General superintendence—absent 10 days on expedition to observe the
eclipse on 18th August.

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

Mr. D’Souza—Assisted by Messrs. McA’Fee, Hickie, Fielding and Cusson computing.
Messrs. Gwinn, T. Rendell, Wyatt and J. Rendell mapping,

Native Surveyors—Copying boundary survey field books.



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

Triangulation.
. | MEAN DISCREPANCY PER MILE DERIVED FROM COMPARISONS OF COMMON SIDES.
No. of No.ofin-| Instru- |Mean tri-
OPFICERS. Area. stations tersected| ments | angular 3 angles observed. 2 angles observed. REMARKS.
| poiuts. | used. error. " p -
No. of comparisons. Inches. No. of comparisons. Inches.
18q. miles. ”
Captain Haig in Bombay, 35 3 14 inch 74
in Kattywar, 33 L 11 |6} inch 875 3 31 10 11'6
Mr. McGill, 1008 98 423 (6% inch| 173 |. 39 112 112 17:3 Also took vertical angles at 10 stations of
the Kattywar const series, the height of
which had not previously been deter-
mined.
Plane Tabling.
NavEs Plain Tablin Stations per square REMARES.
4 ' & miles.
Mr. Gwing, 4 509 Chiefly employed in instructing others, and in plotting boundaries on the plane tables.
‘y» McA’Fee, 215 6:24
» T. Rendell, ... 355 396 Includes 95 square miles on 2 inch scale, average 6°6 stations per sq. mile, and 260 sq. miles on 1 inch scale, 3
stations per 8q. mile.
“5 Wyatt, 223 484
» C. Low, 40 10-53 Joined 30th March, and left on 12th June 1868.
»» J. G. Rendel, 40 478 Joined 29th February, closed work on 10th April, on account of a fall from his horse.
Wissaji Baghunath,... .., 10 910 Exclusive of trial work—Employed also in computing, and other miscellaneous dutiee.
Gobindji Mahalay, ... 73 5'69 Ditto ditto.
Vishnu Morishwar, ... 60 5'48 Ditto ditto.
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Traversing.

NaxEs. Order of | Linear miles of I:inenr miles REMARES.
* merit. boundary. Check lines.
Gopal Vishnu, 1 7912 60:04
Narsu Dinlar, ... 2 11858
Bholuji Bhosekar, 3 159-72 .
Krishna Goviand, 4 125:37
Gancsh Bapuji, 5 31-38 Sick for 3 months, subscquently.' discharged. Loarnt plane tabling at beginning of season.
Krishne Dinkar, 6 4078 28-48 Learnt plane tabling early in the season. '
Raoji Narrayen, 7 2976 Sick for 3} months—subsequently dismissed for fudging—Learnt plane tabling early in season.
Captain Haig, ... 678 Instructing Bholuji Bhosekar.
Mr. McA'Fee, 719
» T. Rendell, 856
» Wyatt, 6-87
61411 8852

C. T. HAIG, Captain, R.E.

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

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

The first intimation of the survey party being required, and my having been selected
to the charge of the same was made to me about the middle of the month of October. Lieu-
tenant Holdich and myself were at the Head-Quarters of the G. T. Survey at Dehra Doon.
Lieutenant Dummler at Poongh with the Bombay Party under Captain Haig, of the Royal
Engineers; no time was lost in making the necessary arrangments, and it having been intimated
that the party need not be at Bombay till the 1st of December 1867, up to the 11th of Novem-
ber I was employed with Lieutenant Holdich under instructions from Lieut.-Colonel Walker,
R.E., in taking astronomical observations and practising with the view of accustoming ourselves
to the astronomical work which would form part of our Survey operations.

On the 11th of November 1867, I left Dehra, accompanied by Lieutenant Holdich and
taking with me 10 (ten) classies, natives of the hills, and accustomed to the Survey work in the
Himalayas, Captain T. G. Montgomerie, R.E., the officer in charge of the Kumaon and Gurhwal
Series, having kindly permitted me to take such men of his party who were willing to accompany
me; the services of these men I subsequently found most useful.

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

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

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

The chronometers were rated at the Bombay observatory before starting.

The party arrived in Annesley Bay on the 4th of January and disembarked on the 8th;
it was the 15th before any carriage could be furnished, all available carriage at the time being
required for the conveyance of provisions to the front. In the mean time having reconnoitered
the country at the foot of the hills, I determined to measure a base-line near Koomaylee, the
first march towards Senafe; the ground here was level, but free from heavy jungle, though much
cut up with ravines, but by means of the subtense instruments, a base-line of 5146'9 yards was
measured, and from the extremities of this base two points on the lower spurs of the hills wire
fixed, 8 miles apart, and on this side, the triangulation was extended fixing several commanding
peaks at distances from 10 to 20 miles off. Observations were taken at one extremity of the
base-line to determine its latitude, and also the azimuths of the other extremity. These obser-
vations having heen worked out, T was enabled to project a plane table and to lay down on it
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the points I had fixed by triangulation, and I directed Lieutenant Holdich to take up the Plane
tabling of the country from Zoola to Senafe, and to sketch in as much of the same on either
side of the line as circumstances permitted. I also requested him to take a Theodolite and
when visiting those peaks already fixed, to extend the triangulation; by this means I hoped to
connect this portion of the triangulation with the new base I intended measuring near Senafe;
but to make certain of having a connection between these two base-lines I directed Lietenant
Dummler to carry a traverse from one end of the Koomaylee base and to join on with the Senafe
base. By the 1st of February Lieutenant Holdich had left me on independent work and I proceeded
to Senafe, arriving there on the 5th of February, measured the new base-line and fixed several
points in advance, projected a plane-table and took up the sketching of this portion of the
country. On the 10th of February Lieutenant Dummler connected the base-line at Senafe
with the Koomaylee one by the traverse. Some delay was occasioned here, on account of work-
ing out the traverse, Lieutenant Holdich having written to me for the same, and reporting that
the weather was so unfavourable, cloudy and rainy; be had ascended a few of the higher peaks
on cither side of the line of march but always to find himself surrounded with clouds; he had
tried remaining on the peaks all night, but with no success, the clouds always rising with the
sun and shutting out every thing from his view. His Excellency the Commander-in-Chief had
written to me for a sketch of this portion of the country, being most anxious to find a route
from the High land to the coast, by which to turn the difficult defile of the Looroo Pass.
Lieutenant Holdich suggested leaving this portion of the country to be done later, but for the
reason above mentioned, and also hecause I thought it unadvisable to leave any gap in the work,
depending for its completion on such opportunities for survey work as the return march would
allow of, (no such opportunities were afforded, on the return of the army) I directed him to
remain and complete the sketching of this part of the country as the weather permitted, and T
am happy to say that by the 12th of March he had completed the'survey of—square miles of very
difficult country up to Senafe, and had been instrumental in finding a road by which the Looroo
defile was turned ; by this time I had completed the survey of about square miles beyond
Senafe, and I now requested Lieutenant Holdich to continue sketching from the point I left
off, towards Adegerat, while I proceeded to Antalo to measure a third base. Licutenant Dummler
had in the meanwhile continued the traverse to Antalo and I now intended him to plane-table back
to meet Lieutenant Holdich; this was ultimately done, and a continuous survey of the line of
march shewing the topography of the country on either side for a distance of from 10 to 15
miles, was finished by the 6th of April, completing the survey to Auntalo. The march of the army
was so rapid and it being impossible to carry more than a few days supplies on account of
scarcity of carriage, prevented a continuous series of triangles being carried on; the system I then
adopted was measuring base-lines at distances of about 40 mile from each other, building one or
two figures on these bases and fixing points, and connecting the bases by traverse. I hoped in
this way to have plane-tabled a large portion of the country on either side of the line of march
but the nature of the country beyond Antalo prevented ourgoing off the line; plane-tabling
was carried on to a point 20 miles beyond Lake Ashangi, though the amount of the country
sketched in on either side was considerably less than what was able to be done up to Antalo, on
account of the plane-table having to accompany the traverse.

On arriving at Antalo on the 19th of March, I found His Excellency the Commander-
in-Chief advancing so rapidly on Magdala, that I proceeded at once to Lake Ashangi leav-
ing a gap of 50 miles to be filled in subsequently by Lieutenants Dummler and Holdich.
At Ashangi I measured a 4th base and having fixed a sufficiency of points proceeded to
sketch in the country in advance; at Ashangi, the continuous hard work without the amount of
stimulant and food to which one was accustomed, began to tell; and I found I could not do the
same amount of walking &c., as I had hitherto done; and after plane-tabling as far as Murawur,
the 3rd march from Ashangi in advance, I was obliged to abandon the plane-table, and carry on
the traverse alone. The Commander-in-Chief was now close on Magdala and I had neither time
nor was I able single-handed to do more than traverse. I succeeded in carrying on the traverse
as far as Magdala, arriving there on the morning of the 13th, the day of the assault. After the
taking of Magdala and up to the 20th, I was employed at Sir Robert Napier’s desire, in making
a plan of the position and neighbouring country on the scale of } amile to the inch, (thie plan
was completed and made over to Sir Robert Napier on his arrival in England).
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Virtually the expedition was now at an end, and the Medical Officers being of opinion
that T should for the present give myself a rest, I proceeded on the return march to the coast,
a few day in advance of the main column. At Ashangi, I met Lieutenants Dummler and Holdich
who had completed a route survey between Antalo and Ashangi. I made over the charge of the
party here to Lieutenant Dummler, requesting him to extend the work if possible on the return
march ; but no opportunities were afforded of doing anything more, and the survey party arrived
at Zoola on 30th of May. Lieutenant Dummler endeavoured to connect the end of the base-line
at Koomaylee with the harbour at Zoola, by traverse, and when doing so received a sun-stroke
which disabled him from doing any further work.

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

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

b om s ot : .
Jume, 1t 2 38  50'4l minating -sta,rs with results as stated in
» 2nd 2 38 45-9; Observed before full-moon.  the margin, and I dare say the result
» 2{1‘3 g gg ggés will agree more closely when corrected
» 5th 2 39 1573 Observed ofter full moon.  for increase of moon’s right ascension

determined by actual observation at Greenwich observatory, where it is proposed to send the
computations for final correction.

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

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

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

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

Out-turn of Work. No.
Longitudes measured by moon culminating stars, .. . 1
Longitudes measured by moon zenith distances’, .. .. 1
Base-lines measured, . .. .. . 5
Triangles observed all three angles measured . .. 8
No. of Intersected points fixed, .. .. .. . 50
No. of heights observed with Theodolite, .. . .. 30
No. of heights determined by Boiling Thermometer, .. 50
Latitudes determined by Circum-Meridian altitude, .. 8
Latitudes by observation to the Pole Star, .- .. 6
Azimuths observed, .. . .. .. 5
Miles of traversing with subtense Instrument .. . 400
No. of square miles surveyed on } inch scale, .. .. 7000
Plan of Magdala position on § mile to inch, .. .. 70 square miles.

Connected with the Astronomical Latitude, Longitude, and Azimuths were some 50
time observations.

The party are at present doing office duty at the Topographical Department of the War

Office London, but results of their operations will be compiled in one Report on the completion
of the work.




EXTBACTS FROM THE REPORTS ON THE TOTAL ECLIPSE OoF 18rH Avgusr 1868,

. Lieutenant Herschel's Report.

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

(4.) 1t thus came about that on the expiration of my leave I returned to India in
charge of certain instruments entrusted to me by the Royal Society; and with a paper of in-
structions, indicating the character of the desired observations, in my pocket. I landed at
Madras on the 8th December and the eclipse was to take place on the 18th August. The inter-
vening time was in great measure devoted to my professional duties as a member of the Survey
department—first in assisting at the measurement of the base-line at Bangalore, and afterwards
in the computations arising out of it but the whole of my leisure was spent in practising
with the instruments and in preparations and arrangements. As these were necessary rather
than interesting I need not enter into details about them, further than to show the precautions
requisite to ensure, if not actual success, at least a reasonable probability of it.

(5.) It is necessary however, before proceeding further that I should sketch the nature
of the observations proposed. That light may be separated into its constituents and those
constituents sorfed and arranged according to their colours, in passing through a wedge or tri-
angular prism of glass, has long been known ; also that solar light so distributed produced a
 Spectrum” of a definite character was also known, and its peculiarities had been closely
observed ; but it was only within the last 8 or 9 years that a theory was propounded, which has
since been very generally accepted, that these peculiarities viz :—Fraunhofer’s lines—were due
to a solar atmosphere, which, according to the theory, absorbs a portion of the light emitted by
the body of the Sun. This theory was based mainly on the observed identity of position in
the spectrum, of these lines with those of light known to be emitted by certain definite
elementary substauces when intensely heated; the only difference being that the latter were
bright lines while the former were dark. And the explanation of this difference was that they
were dark by comparison only. So that if the sun were supposed to be enveloped in vapours
of the elementary substances—intensely heated indeed, and luminous perhaps, but less so than
the central body—certain portions of the light from the latter would be absorbed, in favour of
light of precisely the same kind, only less luminous, and therefore by comparison with the
unobstructed light, dark.

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

(7.) The appearances presented during an eclipse, as seen through telescopes, had sug-
gested all manner of theories as to the constitution and nature, both of the corona and red
prominences. At the last great eclipse—that of 1860—spectroscopes were unknown. It was
not till two years later that sufficient advance had been made in this direction to enahle Mr,
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Huggins, whose name is so well known in conmeetion with this most interesting branch of phyfsi-
cal discovery, and Padre Secclti of Rome, to commence the spectroscopic examination of celestial
objects. To their discoveries I need not refer further except to point out how they naturally
excited a lively interest and a strong desire to apply the new implement to the solar appendages
during a total eclipse, when the comparatively blinding light of the sun’s body should be

ohscured,

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

On the supposition that the ¢ corona” was a solar atmosphere, the questions arosc, is
that atmosphere 2 self luminous vapour or mixture of vapours? and in that case of what
vapours does it consist ? or is it a non-luminous vapour rendered visible by the reflection of the
solar light from its material particles ? or, again does it consist of strata shewing both these
characters ? and others of a like kind.

Again, there was a still greater curiosity, if possible, to learn something about those
strange appcarances called, for want of any knowledge of their real nature, ‘‘ protuberances”
<« prominences” ¢ flames” and the like. Were they really flames? and if so flames of what ?
On all these points the spectroscope, if it spoke at all would certainly speak the truth; and
scicnce seemed fairly able to interpret the oracle by the help of late discoveries in terrestrial
physics.

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

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

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

2nd. A spectroscope containing a single flint glass prism for the separation or analysis
of whatcver light might be collected and thrown upon it by the above telescope.

The latter of these two I should observe, acts the part of a large, and in some respects
inconvenient, eye-picce to the former, with this difference as compared with an ordinary eye-
piece, that whereas the latter presents to the eye a magnified image of the object towards which
the telescope is dirccted, the former offers no such advantage, but only receives and sorts the
light and presents the resulting arrangement for inspection, quite devoid of any form corres-
ponding to that of the rcal object. It will therefore he understood that I had to make up my
mind to see nothing of the cclipse as a spectacle, with the fine telescope at my command. Nor
did I: were it otherwise I should confine myself in this report to a description of & more gene-
rally interesting character than I am now cnabled to offer.

Having now given an outline of the proposed objects, and sufficiently indicated the
nature of the instruments, I nced not dwell on the prcliminary arrangements—among which
however I should mention the construction of a portable wooden observatory (which I contem-
plated making usc of afterwards for survey purposcs) and the choice of o station of observation.
With regard to the last, I may take this opportunity to offer my grateful acknowledgment of
your encrgetic assistance in procuring through the local Governments the necessary information
as to climate and weather at numerous stations aloug the line of eclipse; and of your warm
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support, and concurrence, in all my endeavours to obtain for the Royal Society the best chances
of success; more especially in procuring the sanction of Government for the necessary expendi-
ture; and in giving me the assistance of Lieutenant W. Maxwell Campbell, R.E.

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

Mr. G. Anding accordingly went as Lieutenant Campbell’s personal assistant, and as the
senior, in charge of the party. To Mr. A. Christie I entrusted the photo-chemical apparatus,

and instructed him in the use of it : while Mr. J. Bond accompanied the party to act eventu-
ally as my assistant.

The party left Bangalore on the 7th July and reached Jamkandi on the 9th August,

having made a very creditable march of 392 miles over very bad roads, in 34 days, including
halts.

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

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

I should also state that the Royal Society furnished me with 4 small instrumt_ants caned
“ hand-spectroscopes” for distribution according to circumstances. 1 was at some pains to give
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these instruments a fair chance but up to the present time I have received no reports from which
any thing material can be gathered.

Two other instruments which I brought out myself—of a like nature—and which I lent to
Mr. C. 8. Chambers, Government Astronomer at Bombay, were rendered useless in his hands
by cloudy weather. On the whole these instruments have fared so badly that there seems no
occasion to describe them here.

I may now return to the principal subject of this report, to which the greater part of the
foregoing remarks must be considered as necessary an introduction, as the actual preliminaries
were to the event. The interval from the 14th to the 18th August was occupied, as may be
supposed, in anxious preparation and uncertainty. The weather was far from promising, being
persistently cloudy ; but we entertained hopes each day that it would be the last of an unusually
protracted interval of such weather in that country. The uncertainty as to the phenomena to be
witnessed combined with the uncertainty as to the space of time which the clouds might allow
for observing them, rendered it almost impossible to lay down a definite course of action, and
greatly heightened the nervous apprehension otherwise so natural to the occasion. To this cause
I must attribute the almost complete abstraction whose result is so evident both in my own
personal recollections of that morning and in the absence of any observations of a generally
interesting character which one might fairly be supposed to have made. I was closely imprisoned

from 10 minutes before to nearly the same time after the total phase, and was sensible to nothing
external but the hum of voices around me.

About 10 minutes before totality commenced I took up my position at the telescope and
occupied the interval in final measures of the solar lines—to which any subsequent measure-
ments might be referred. As I was thus engaged the spectrum of what remained of the sun
grew rapidly narrower, and I was watching eagerly—and it may be guessed how intently! for
the final disappearance which was to reveal, in place of the solar spectrum, that of the corona—

when the latter faded prematurely through the intervention of a cloud, and the precious moment
was lost. :

I went to the finder, removed the dark glass, and waited how long I cannot say, per-
haps half a minute. Soon the cloud hurried over, following the moon’s direction, and therefore
revealing, first, the upper limb with its scintillating corona, and then the lower. Instantly I
marked a prominence near the needle point, an object so conspicuous that I felt there was no
need to take any precautions to secure identification. It was a long finger like projection from
the lower left hand portion of the circumference. A rapid turn of the declination screw covered it
with the needle point and in another instant I was at the spectroscope. A single glance and the

problem was solved. THREE VIVID LINES, RED, ORANGE, BLUE; NO OTHERS, AND NO TRACE OF A
CONTINUOUS SPECTRUM.

From that time until the end of the 5 minutes T was endeavouring to seize the fitful glimpses
of these lines for purposes of measurement. I succeeded with the orange and blue, but there
was not sufficient time for the 3rd. The field became suddenly re-illuminated and the total

eclipse was over. Nothing more could be done except to check the measurements against those
of the solar spectrum.

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

The absence of any spectrum of the corona is simply negative evidence, and nothing
more can be based on it than the presumption that it was faint and probably ¢ continuous ;”
which would imply reflection of solar light rather than intrinsic luminosity. On this point also
reserve 1s better than hasty speculation, although the conclusion to be derived from Lieutenant

Campbell’s observations of polarity—that the corona is not self-luminous but only a reflecting
agent—is irresistable,
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Licutenant Campbell's Report.

I was deputed to accompany Lieutenant Herschel, on his expedition to observe the phe-
nomena of the total eclipse, and to use the instruments supplied by the Royal Society, for the
observation of Polariged light in the corona and red flames.

The instruments in question were as follows :—

A telescope of 3 inch aperture, mounted on a rough double axis, admitting of motion in
azimuth and altitude by hand only, unaided by any appliances for clamping and slow motion,
The telescope was provided with three eye pieces of magnifying powers of 27, 41, and 98, and
with it were furnished two Analyzers, for polarized light—viz., a double image prism and a
 Savart’s polariscope.”

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

The second shows the presence of polarized light by the formation, across the image of
the object viewed, of colored bands, which alter in arrangement, and intensity according to
the position of the polariscopc with reference to the planc of polarization, and hence afford a
means of arriving at a knowledge of the latter.

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

To carry these Analyzers, I had e pair of jointed arms constructed, so attached by a
collar and screw to the eye tube of the telescope, as to admit of the eye picce being changed.

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

Either analyzer could in this way be brought instantly into position before the eye piece
of the telescope, or hoth conld be turncd aside and the telescope used by itsclf, at pleasure.

Immediately behind this apparatus, a circular piece of card-board of about 12 inches
diameter, and neatly graduated, was firmly attached to the eye tube, and to each analyzer was
affixed a long pointer, by which its azimuth could be referred to the graduations on the card
circle, should measures of position, or change of azimuth appcar desirable. I was also fur-
nished with a hand spectroscope for direct vision.

The point chosen for my station was on the northern slope of o low range of hills, about
14 miles W. by 8. of Jamkhandi.
he flatncss of the hills on top offered no point, from which an uninterrupted view could
be obtained in all dircctions, and {from my station I only obtained a view of the northern hal(
of the distant horizon, over the plains cxtending in that direction for many miles, above the
general level of which I was raiscd about 200 feet.

Early on the morning of the 18th, I proceeded to the spot, having previously sent up the
instruments, and a tent for shelter in case of neccssity.

At sun rise the sky was heautifully clear, except in the northern horizon, where there
were low clouds lying over the river Kistna. There was a gentle breeze from W. by S.W.,

A little later, light flocculent clouds hegan to rise, and form in an arch overhead from west
to East, continuing to increasc, as the morning wore on; then a light scud set in and turned
gradually into broken masses of thick dark clouds.

Before the commencement of the eclipse I took ohservations for time with a small
theodolite, from which T computed the error of my chronometer (a mean time chronoweter by
McCabe) to be 1h. Ldm. 53-2s. fast on local apparent time, and by that quantity T have accord-
ingly corrected all observed chronometer times, iu the statements of time which follow.
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T observed the first contact, which took place at 7A. 45m. 13s. (local apparent time)
about 15° from the vertex, after which I watclicd the progress of the eclipse, and noted the time
of occultation of thrce spots which were visible on the sun.

During the progress of the eclipse, I observed no unevenness in the moon’s limb, nor any
want of sharpness in the cusps—using magnifying power 27.

The following notes were taken on the spot. At first contact, Sun very slightly ob-
scured by flying clouds. At 8k. Om., clouds thick and gathering, rising from S.W. aud W.

Wind higher and gusty.

h. m.

8. 10. Clouds overhead, inereasing and thickening, and rising steadily from west.

8. 20. Sky nearly entirely overcast, clouds thickest in neighbourhood of suu.

8. 25. A clear break.

8. 30. I thought I could discern very faintly the dark limb of the moon, beyond
that of the sun, and at this time, making allowance for the general
cloudiness, I did not perccive any decrease of light on the landscape.

8. 40. But 10 minutes later the darkening was decided.

8. 45. Thick clouds well hroken up, still gathered most closely in the region of the
sun. Light becoming lurid, and increase of darkness very apparent.

8. 52. Cusps perfect (magnifying power 27).

Closely before totality, a bright line of light appeared to shoot out at a tangent to the
moon’s limb at its vertex, as if running across the bright crescent of the sun, (though of course
not visible against the superior light) and extended beyond each cusp to a distance of nearly or
quite 15 minutes. The corona hecame visible immediately after, betwen the dark limb of the
moon and the bright line. The corona did not appear so bright as the line, the brilliance and
whiteness of the light of which was most striking. This was seen through a lightly smoked
glass. At this period, probably not more than 3 to 5 seconds before totality cnsued, a thick
cloud shut out cverything, and the rest of the phenomenon was ouly secen fitfully through
openings in the clouds—for an aggregate period, which I estimate at somewhat less than half
that of totality.

This alternate appearance and disappearance troubled me greatly, and gave rise to ner-
vousness and cxcitement, for owing to the imperfeet mounting of my telescope, I was apt to
lose my place whencver the light was cut off by clouds, and waste the precious moments of
clearness in finding it again,  On the first opportunity after the commencement of totality 1
turned on the double image prism, with the eye-piece of 27 magnifying power, as recommended
i the “instructions,” which gave a field of about 45’ diameter. A most decided difference
of color was at onee apparent hetween the two images of the corona, but I could not make
certain of any such difference in the case of a remarkable horn-like protuberance, of a bright
red color, sitnate about 210° from the vertex reckoned (as I have done in all cases) with refer-
enee to the actual, not the inverted image, and with direet motion. I then removed the double
image prism and applicd the Savart’s polariscope, which gave bands at right angles to a tangent
to the limb, distinct but not hright, and with little if any appearance of color. On turning the
polariscope in its ccll, the bands instead of appearing to revolve on their own centre, passing
through various phases of brightncess, and arrangement &e. travelled bodily along the limb, always
at right angles thercto and without much change in intensity, or any at all in arrangemcnt.

The point at which they scemed strongest, was about 140° from vertex, and I recorded
them as black centred.

Belicving that with a higher power, and smaller field, T should find it easier to fix my
attention on one point of the corna, and observe the phases of the bands at that point, I changed
cye picces, applying that of 41 power.

With this cye-picee, the first clear instant showed the bands, much brighter than before,
colored, and as tangents to the limbh, at a point about 200° from the vertex, but before I could
determiune anything further, a cloud shut out the view, and a few seconds later, a sudden rush of
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light told, that the totality was over, though it was difficult to believe, that 5 minutes had flown
by since its commencement.

I experienced a strong feeling of disappointment, and want of success, the only points
on which I can speak with certainty being as follows. 1st,—when using the double image prism,
the strong difference in color of the two images of the corona, and the absence of such difference
in the case of the most prominent red flame. 2nd,—with the ““ Savart’s polariscope.” The bands
from the corona were decided. With a low power, they were wanting in intensity and color,
(excepting alternate black and white) making it difficult to specify the nature of the centre, and
their position was at right angles to the limb, extending over a space of about 30° of the cir-
cumference. When the polariscope was turned, the bands travelled bodily round the limb,
without other change in position or arrangement, as if indeed they were revolving round the
centre of the sun as an axis. With a higher power when a smaller portion of the corona was
embraced, the bands were brighter, colored, and seen in a different position, viz., as tangents
to the limb.

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

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

A light shower fell at 9-30.

During totality several stars and planets were seen by those who were with me, and a
fowl, which I had placed near me out of curiosity, was observed to compose itself to sleep. It
was at no time so dark as I had expected ; after the commencement of the total phase, I read
the chronometer, and wrote notes in pencil without difficulty, and the light of a bull’s eye
lantern, when thrown on my paper, appeared somewhat dull.

The brilliance of the light of the corona, when it burst out through the openings in the
clouds astonished me. Also the very gradual decrease of light before totality, and the wonder-
full flood which followed the instant of the sun’s limb’s re-appecarance (though behind a cloud)
was very striking.

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

1 give below the different times 1 observed, as of possible interest.

Local apparent time is used.

h. m. s h. m. s

Sun and moon, 1lst contact, 7 45 13 last contact, 10 21 59
st ,, 7 57 39

Spot. No. l’{ entire disappearance, 7 59 5 entire re-appearance, 9 7 5

Spot No. 2, 1st contact, 8 40 28 d!tto, 9 54 39

,, No. 3, Ist 8 46 58 ditto, 10 3 25

Latitude of station 16°30' 10" long. 75° 20’ 0".

I cannot state, with any approach to accuracy, either the instant of the commencement
or termination of totality.
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Captain Haig’s Report.

I may state at oncc that I observed the spectra of two red flames close to each
other and in their spectra two broad bright bands quite sharply defined, one rose madder and
the other light golden. These spectra were soon lost in the spectrum of the moon’s edge just
before emergence, which had also two well defined bright baunds, one green and one indigo, about

a quarter the width of the bands in the spectra of the flames, this spectrum being again soon
lost in the bright sun-light.

1T will now proceed to give a detailed account of the observations in which Captain
Tanner (Bombay Staff Corps of the Nimar survey, who at my earnest solicitation accompanied
me), and Mr. Kero Luximon, Professor of Mathematics at the Deccan College took part, and
during which Mr. Hunter, Bombay Civil Service, and Dr. Kielhorn, Professor of Sanscrit in
the Deccan College were present as non-professional observers.

Our instrumental equipment consisted as follows :—Mr. Kero Luximon brought an
ordinary pedestal telescope of 2} inches aperture and 36 inches focal length by Horne and
Thornthwait which he temporarily mounted on a stand equatorially and had a scale fitted in
the 60-power eye-piece, which however, he was unfortunately not able to use on account of a
fall which his instrument sustained from being blown down by the high wind, he therefore, had
to use another eye-piece of power 70 not furnished with a scale; he also had a pocket chrono-
meter beating 5 times to 2 seconds, by Arnold and Dent. Captain Tanner had an Everest
theodolite by Troughton and Simms laving a remarkably good telescope of 17 inches aperture,
and 18 inches focal length, and eyc-piece of power 46. I had one of the Royal Society’s small
hand spectroscopes and a small 6-inch transit theodolite by Troughton and Simms, the cap of
the object glass of which I had cut so as to receive the prism cap of the spectroscope and had

fitted one to the other, so that I could af once shift the prism cap from its own telescope to that
of the theodolite and vice versa.

The sky in the early morning of the 18th was very very cloudy, so that our hopes of
success were very low, but as it afterwards brightened up for a while rather suddenly we were
somewhat encouraged to hope for a similar brightening during part of the eclipse ; soon however,
at about 7 o’clock, it darkened again and remained so till after the total phase was over; occa-
sional openings in the nimbi giving us glimpses of the sun through the cirro-cumuli which were
floating very high up. At 7 o’clock we had reached our station of observation, which was on a
large solid tower called the Upari Burj, 67 feet high and GO feet diameter at top, a most favour-
able position from which to observe the phenomena of the eclipse and the general aspect of the
surrounding country. On account of the prevailing high wind we planted our instruments on
and near the top of the external stone staircase, so as just to be protected by the tower from
the wind. Mr. Kero Luximon first set up his telescope on top of the tower, but it was blown
down as I have previously mentioned. This accident much interfered with the carrying out of
our preconcerted plan of observations, which was as follows :—Mr, Kero Luximon and Captain
Tanner were to take the times of first and last contact, the latter by observing the actual occur-
rences, the former by measuring several lengths of the common chord soon after first and before
last contact, with the aid of the scale in his 60 power eye-piece, and noting the times. Captain
Tanoer (an expert dclineator) was during totality to take command of Mr. Kero Luximon’s
telescope measuring the heights of the flames at times which would be recorded by Mr. Kero
Luximon, whose whole attention during totality was to be given to recording the times of occur-
rence of any phenomena that he or either of us might observe. Captain Tanner was also to
make rapid sketches of all he saw, and I was to confine myself to spectrum observations. Un-
fortunately contact was not observed until about 50 seconds after the commencement when Captain
Tanner at once made asketch of the obscuration, Mr. Kero Luximon recording the time. The sketch
made the common chord=3"at 7A. 51m. 17s. local time, giving 7. 50m. 173. as the timeof first con-
tact. CaptainTanneralso afterwards tested that sketch by noting the time before last contact when
the chord appeared of a similar length, which gave an interval of 45 seconds, so that taking the
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mean between the original estimate and its verification, we have 74. 50m. 25s. as the time of
first contact. While the obscuration was increasing Captain Tanner, during the few peeps we
ot at the eclipse, made drawings of the sun’s spots and sketched the mountains on the moouw’s
edge, of which there were two plainly visible even with my small theodolite. The darkness iu-
creased very slowly till just before totality, when the increase was very rapid and sudden and a
general spontaneous exclamation ““oh”, from all of us, gave Mr. Kero Luximon the time of
beginning of totality, which he recorded as 94. 1m. 49s. The eclipse was at that time completely
shut out from our view by the clouds—nimbi low down being rapidly carried past by the high
wind—we, therefore, felt at leisure to make our remarks on the degree of the darkness which
we were surpriscd to find so far from total ; we could easily write and read our writing and read
the seconds of our watches without the aid of artificial light. We were all lamenting our mis-
fortune in not being able to observe the eclipse and had given up all hope of witnessing the phe-
nomena we had come so far to see, and Captain Tanner had just noticed the faint re-appearance
of light in the west, when contrary to all expectation and to our intensc satisfaction, a sudden
opening in the nimbi shewed us the eclipse, through the cirro-cumuli. 'We were each at our
telescopes in an instant. I immediately saw through the naked telescope of the small theodolite
that red flames were visible and at once pointed the spectroscope, using the theodolite telescope
as a rest ; I very fortunately directed the spectroscope with its “ refracting edge” tangent to the
moon, where two red flames were protruding separated from each other by a small interval, so that
their speetra which were identical were extended over the dark back ground of the moon’s dise and
stood out in most marked and brilliant contrast with the feeble but continuous spectrum of the
corona, and in their spectra there were the two broad bright bands I have described above. Most
furtunately also these red flames were on that part of the sun which first re-appeared, so that just
before or just af emergence, there appeared at the very part I was intently observing, one
brilliant wide spectrum with the green and indigo bands before described, remaining visible for
an interval just long enough to enable me to make guite sure of the position of the bands which
were then obliterated by the bright light of the sun. Of course observing with the spectros-
cope alone, it would have been impossible to say whether the spectrum with the green and indigo
bands appeared just before or just after emergence ; but I think it must have been just before,
because Captain Tanner called out when totality was over, and I immediatcly remarked that I
thought he was rather late, but he was quite confident about the accuracy of his observation.
What struck me as being very romarkable was the circumstance that though the light of the red
flames was to the naked eye so feeble as to be out-shone to extinction by that of the corona,
nevertheless when viewed with the spectroscope, the spectrum of the corona was very weak and
that of the flames remarkably brilliant. On the first glimpse of the cclipse, before looking
through the telescope, the corona appeared so bright that it gave me the momentary impression
(as it did to Captain Tanner) of its being an aunular eclipse. We are divided in our estimate
of the length of the interval during which we observed the totality. It appeared to me very
short, so much so that when it was over I was quite taken by surprise to hcar that hoth Captain
Tauner and Mr. Kero Luximon had taken sketches of the flames, and their sketches hoth as to
position and structure were with one slight exception remarkably coiucident.  From the time
of my first pointing the spectroscope, to the bursting out of the sun’s light, I never once with-
drew my cye, though it was my intention to have shifted the prism cap to the telescope of the
thedolite as soon as I should have carefully noted the spectrum of the flames, but while T was
intently gazing on the two bright bands, to impress their color well on my memory, the new
spectrum of the moon’s edge appeared, so that I was under the impression that the length of
the time of observation was very short.  On the other hand Captain Tanner judging from the
amount of work he did in the time, estimated it at a minutc. Mr. Kero Luximon estimated it at
40 or 45 seconds. Tmmediately after totality, we all three made rough notes of our observations,
and Captain Tanner and Mr. Kero Luximon’s notes agree together wonderfully in their deserip-
tion of the structure of the flames.

* The following is an cxtract from Captain Tanner’s notes made almost immediately after

the cclipse :”"—

I at first saw three prominences, one long curved pointed tongue, and two close together,
straight but flat topped, about two-thirds the height of the former. They were of a rose madder
color, and were decidedly more like flames than anything else, not only in their gencral appear-
anee and cclor but by their being composed of smaller tongues of flames parallel (or nearly so)
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to the general axis of the flame, so that they had a streaky appearance and a ragged edge. At
first glance when the sun was somewhat obscured by clouds I thought that they were homoge-
neous and had hard edges, but this idea was at once dispelled when the clouds cleared off. The
two protuberances which were close together were not as far as I covld sec joined by any
smaller shots of flame. I afterwards observed one small protuberance and marked the pr .ition
of it in my sketch. I did not observe that it was streaky as the others were, perhaps on
account of its being so small and perhaps because I had not sufficient tinie to examine it pro-
perly. As regards the corona, when we just began to see the cclipse through the clouds I was
under the impression that the eclipse instead of being total was only anuular; so bright was
the corona near the moon’s limbs. I could not detect any irrcgularitics in the structurc of the
corona, but the light appeared to be gradually shaded off all round.”

Captain Branfill's demi-official Report.

We had a beautifully fine morning, but sometime before totality a film of cirro-stratus
spread overhead, and cumuli appearedin several quarters, enough to increase our anxiety and
nervousness to a terrible pitch, Tennant had not slept for many nights exccpt in fitful snatches.
However watching the progress of the earlier phases exercised a calming influence. Everything
was ready on our part to do our best. I had no recorder, and think I must have lost at least
a minute in recording my observations by lamp light. I had noticed and recorded the very
serrated edge of the moon and also the occasional blunting and cutting off of the cusps, both
new facts to me, and at first sight rather unaccountable. I had also noticed a very peculiar but
distinct line of light, apparently upon the moon’s surface, as if in continuation of the cusps—
perhaps it was caused by the telescope.

I had watched for the first appearance of the moon’s limh against a lighter hack ground
outside the sun, but only caught sight of it a few minutes before totality. I was watching the
formation of bright beads and bugles at the S. cusp of the de-crescent sun, when suddenly, some
seconds (15 or more I should think) before totality, I saw plainly a group of red flames—a
gorgceous spectacle, and also a wonderful hornlike prominence. Hearing the general shout of
the town’s folk and fancying totality must be on the point of commencing, I removed the pale
dark glass I was using, but too soon, for 1 could not bear to look on the last of the disappearing
sun. It was only for a second, for on taking a second glance I found no sun left : only a spleu-
did group of rose coloured flames and that horn, backed by a bright ficld of light of various
intensity. I took one look and received an indelible impression of the scene, and then set to
work in earnest. With the finder I directed to the brightest part of the coronma (the S.B.
quarter) and examined its light carefully with the Nicoll’s prism and crossed quarts, which gave
brilliant light, dark, and coloured bands, (Savart’s). I noted the position of the maximum
white band, and the points of disappearance on each side. It was dircctly clear to me by several
trials that the corona was plentifully polarized in all the planes passing through the sun’s centre.
The double image prism gave the same results as the plain Nicoll. The polarized light was most
where the corona was brightest, least where faintest. Satisfied of this, I turned to examine the
light of the hornlike rcd flame; the corona seemed fainter behind it; but though I contracted
my field T of course could not quite exclude all corona light. I could not detect the presence
of polarized light oo the red flames. With the double image prism, the flame did not seem to vary
in tint at all, although with the Savart I could not get rid of bands altogether, and I noticed that
though extremely faint the bands were continued upon the moon’s surface. 1 was still straining
to sce and note any difference in Lrillianey with the plain Nicoll, when a flood of light in the field
told me that all was over, to my intense disgust and disappointment. I was in despair at first,
thinking I had done little or nothing, and that perhaps useless ; still unheeding every thing else, I
went on writing down what I had seen, and it gradusally came over me that I had seen and noted
all that the prisms showed, as well as I could, and could only do the same again,




EXTRACTS FROM A NARRATIVE REPORT DATED 6ST AUGUST 1868, BY LIEUTENANT
HEAVISIDE, ON HIS ASTRONOMICAL OBSERVATIONS.

(1.) In my report of the operations for the field season of 1866-67, I pointed out, that,
throughout the observations, the latitude obtained from stars north of the Zenith, was greater
than that found from stars south of the Zenith. The differences, denominated N — S, averages
+ 6"'18 for the four stations observed at during that scason. After a close examination of the
records of the observations, it become evident, that the cause of this large value of N — 8, was
not due to the method of reducing the observations, and would be found, either in the instru-
ment or in the method of observing.

{2.) You therefore ordered the instrument, Astronomical Circle No. 1, to be brought up
to Masoorie, and between the middle of September, and the end of October 1867, a variety of
methods were adopted for determining the canse of the error. It appears unnecessary to give
details, here, of what was done, as the methods employed were carried out either with your own
hands, or under your direct superintendence: moreover a full report on the subject, was submitted
towards the end of October. It may, then, suflice to say, that the error appeared to be due ta
flexure in the telescope of the instrument. As, at this time, the field season was far advanced,
you considered it undesirable that the investigations should be carried further, and by your orders
Astronomical Circle No. 1, was returned into store, and I proceeded into the field with Astrono-
mical Circle No. 2, the instrument which had been used by Mr. Taylor throughout the previous

field season.

(3.) Before leaving, however, observations were taken by me on 4 nights, with Astrono-
mical Circle No. 2, for the determination of the latitude of the Masoorie observatory. The
resulting latitude differed from that obtained in 1866, with Astronomical Circle No. 1, by 0”2,
and the value of N—8§, in 1867 was about +2’, whereas in the previous year it had been + 6"-26.
There was, therefore, much reason to hope, that whatever may have been the defects in Astrono-
mical Circle No. 1, which caused the large difference between north and south stars, with mean
result obtained by pairing north and south stars of equal zenith distances, would be uninfluenced

thereby.

(4) That there might be no doubt on the subject, you directed me to visit one of the
stations of 1866-67, and take a fresh set of observations, with the new instrument, to the same
stars which I originally observed at that station. Sungutpur T.S. was considered the most con-
venient station to test,

(5.) In your letter No. s, dated 29th October 1867, you assigned certain limits within
which the new and old value of the latitude of Sungntpur might differ. If, however, the
difference should exceed that laid down by you, the whole of the observations taken in 1866-67.
were to be rejected.

(6.) Owing to the above circumstances, the party did not leave Dehra until the 2nd of
November. Mr. 2nd Class Sub-Assistant J. Wood, had, however, started about a fortnight pre-
viously, to build an observatory at Isanpur T.S. of the Rahun Scries. The camp arrived at
Isanpur on the 17th of November, and obscrvations were commenced on the 19th.  After finish-
ing work at Isanpur the camp marched through the Kupurthalla territory to Sungutpur T. 8.

(7)) The wecather at Sungutpur, was very unfavourable for observing, constant clonds
and rain, with heavy fogs in the early morning greatly retarded the observations. This, however,
was of advantage in other ways: for, Mr, Wood being laid up with rheumatism, it enabled Mr.
Belcham and myself to finish off the calculations, as the obscrving procceded.  On the night of
the 15th January, the observations on one zero were completed, and on the 16th the mean result-
ing latitude was found to be 31° 17’ 35"-24; the mean from both zeros in the previous ycar being

31717 3535,
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(8.) This was well within the limits assigned in your letter No. ;%, and indeed, the two
results do not differ from each other by more than half the sum of their probable errors. It
was, therefore, unnecessary to take any more observations for verification, and I was at liberty to

proceed southwards.

(9) Ram Thull S. about 150 miles distant, was the next station at which observations
were to be taken. As Mr. Wood, was still unwell, I left the camp under Mr. Belcham’s charge,
to follow me at the ordinary rate, while I went on by double marches. By these means I reached
Ram Thull about 8 days before the camp, and as I had previously sent on a chuprassie to collect
materials, I was enabled to get the observatory nearly finished in that time.

(11.) Observations were finished at Ram Thull on the 4th of March, and I then proceeded
with the camp to Garinda S. in the Shekawattee stales.

(12) The towns of Cheroo and Ramgurh, south of Ram Thull, are full of large well
built houses, serais and temples, and standing, as they do, surrounded by a barren waste of con-
stantly shifting sandhills, strike one at first, with wonder. Their existence, is partly accounted
for by the block kunkur which underlies the sand, and is dug out in large quantities, in the
valleys, throughout the part of the Beekanir country, which I passed through. This kunkur
furnishes a good building stone and an admirable lime.

(13.) After finishing observations at Garinda, I went to Rewat, H.S. in the Jodhpur states.
These stations had been selected by me, in the latter part of the previous field season, as suit-
able for obscrving at, and a description of the country was given in the 2nd part of the narrative

report for that season.

(14.) Observations were finished at Rewat on the 25th April. After making arrange-
ments for protecting the mark-stone the camp marched into Ajmere, arriving there on the 1st
May.

(15.) Messrs. Wood and Belcham and myself left Ajmere on the 4th May, proceeding
by dk and rail to head-quarters.

(16.) 'The heelth of the native establishment was very good throughout the season. At
Ram Thull the water was very brackish and bad, but by employing the baggage camels a supply
of good water sufficient for the whole camp was brought daily from a distance of about 6 miles.

(17.) T am much indebted to Major W. H. Beynon, Political Agent at Jeypur, and to
Captain E. C. Impey, Political Agent at Jodhpur, for the assistance afforded me during the
time the party was working in the States under their charge. Owing to their admirable
arrangements, I had no difficulty in obtaining labor and supplies, and was able to prosecute my

work without let or hindrance.

(18.) The natives in these States, though naturally, somewhat more independent than
those in British territory, were always very civil and obliging, and I found this more especially
the case with the authoritics at Futtehpur, Seekur, and Koochaun.

(19.) Observations have been taken this scason at four stations, in addition to those
taken at Sungutpur, the station of verification. At each of these four stations 35 pairs of stars
have been obscerved without changing zero. These stars generally extended over 12 to 14 hours,
and I usually finished the first half, which came nearer and nearer sunset each day, before com-
mencing the second half. This is, I think, a better arrangement, than taking 16 or 24 pairs
and changing zero. In the first place it is generally easier to obtain from the Greenwich 7-year
catalogue, 32 pairs extending over 12 hours, than 24 pairs extending over 8 hours and if the
24 pairs arc observed on the same night as would be the case, 32 pairs observed on two nights
give less, and perhaps cnough observing for each night. In the ncxt place, no change of zero
is required, and the flying microscopes can be placed opposite the fixed microscopes, at 0° (',
where they can be read with comfort. This position for the flying microscopes has been adopted
at the four new stations ; but at Sungutpur, these microscopes were placed at 60° of altitude,
as had been the case in the previous year, at all stations where the stars werc observed on

two zeros.



{(21.) Table of results.

No. of
Names of Stations. Serics. sllii:so%t: 1::]:0(;.1‘ N-8 P:glz:l;le Ao—A¢ REMARES.
served. '

Isanpur T. 8. ... | Rahun, 34 1 +038| 006 | —393 A, indicates the ob-
served latitude of a
Sungutpur T.S. ... | Gurhagarh, ;| 21 1 + 0-67 010 + 049 | station; A, the value
) ] . obtained by calcu-
Ram Thul, S. ... » 35 1 — 109 006 — 072 layion through the
Carind,S. ... ... ., 35 1 | —15¢| 005 | — o7y |triongulation from
Kalianpur station of

Rewat, H. S. ... " 35 1 | —034| 005 | + 058 |the Great Arc.

Mean | — 038

(22.) It will be seen from the above table that the local attraction at each of the three
last stations is apparently less than 1”.

I have three stations selected for next season’s work. Zethgarh, H. S.: Khamor, H. S.:
Arumlia, S. The two former are about 35 miles apart and have been prepared for ohservations

by having a collimator pillar, &c. built. Arumlia is about 80 miles from Khamor, and no pre-
parations have been made there.

(23.) During the field season five stations were protected and handed over to native
officials.

(24.) Mr. 2nd Class Sub-Assistant J. Wood was employed during the field season in
building observatories at Isanpur, Garinda and Rewat. He also made surveys with the theo-
dolite of the hills on which Ram Thull, Garinda and Rewat stand. Whilst I was observing at
Rewat, he went on to Jethgarh and Khamor. Hec prepared these stations for next scason’s
observations and made surveys of the hills around them. Mr. Wood was laid up with rheuma-
tism for about a month, when the camp was at Sungutpur, but otherwise he has had good health.
I am glad to be able to repeat the good opinion I expressed of his work last year. After leaving
Ram Thull in February he did not meet me again until the camp reached Ajmere in May, and
it is much to his credit that he not only did his work well, but had no difficulties with the inha-
bitants of the wild country through which he passed.

(25.) Mr. 2nd Class Sub-Assistant G. Belcham acted as my recorder throughout the
scason, which work he performs with grcat care. He is a neat, quick and accurate computer

and has done more than his share of the season’s computations. I have every reason to be
satisfied with the work he has performed.
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EXTRACT FROM THE NARRATIVE REPORT OF C. LANE, ESQ., SURVEYOR 2ND GRADE, IN CHARGRE
NO. 3 EXTRA PARTY G. T. SURVEY, No. 304, patEp 20rE Jony 1868.

The party marched from Deyrah Dhoon on the 11th November en-route to Meerut vid
Roorkee. On arrival at Meerut, the levelling operations were commenced by myself and Mr.
Clarke, assisted by native recorders, on the 25th November 1867, from the cross mark cut by Cap-
tain Branfill on the surface of the stone slab opposite the north pillar of the central west doorway
of thestation church, towards Moradabad. On the way a branch linc was taken to Sirsa tower
station of the Budhon meridional series. At Moradabad the station church and several paka points,
including bench-marks of the cantonment levels were connected, and after that a hranch line was
carried to Bhataoli tower station of the Budhon meridional series. At this stage to follow the
straight course, it became necessary to carry the line of levels direct to Pilibhit; the attempt
was made, but found impracticable, owing to the extreme unsteadiness of the moist ground
across country arising from frequent and heavy falls of rain thronghout the cold weather, and
overflowings of numerous gools or water courses of the adjacent rice producing district of Pili-
bhit. In consequence, the detour along the G. T. road vié Bareilly was adopted. At Bareilly
the station church was connected, after which line of levels to Pilibhit was continued from
M. S. Bareilly 3, Moradabad 54. Numerous bench-marks of the Rohilcund contour survey
were thus met with and determined, as also the tower stations of Kalianpur and Umrao on the
southern flank of the north-cast longitudinal serics between the Rangir and the Amua meridi-
onal series. After Kalianpur on the southern flank it was intended to connect Kham Kera tower
station on the northern, but the men deputed to examine the condition of that station, as well
as of the next, if required, Donao tower station, found no upper mark-stone at either, which
necessitated connection with Umrao tower station on the same southern flank. The towers of
Kalianpur, Kham Kera and Donao were being repaired under the orders of the civil authorities.
Umrao T. S. which had been built by myself about the secason 1841-43 was found in excellent
preservation ; the central pillar being perfectly sound ; its surface as level as the day it was
completed, and the mortar as hard as stone. At Pilibhit the Jamay Masjid, a large and re-
markably durable building, and other paka points were determined. TFrom lere the line of
levels might have been carried across country »id Mahomdy to Lucknow, or by the road vid
Shajehanpur, but from information derived from Mr. Floricn, Assistant Engineer Oude Canals,
either line would have entailed great delay owing to frequent falls &c., whilst that from Bareilly
to Shajchanpur by the G. T. road would not only save some 25 miles of levelling, but would
afford a number of check points for a new canal under contemplation ; the party therefore
marched back to Bareilly, and from thence resumed continuation of the first main line from the
station church towards Shajchanpur. It was now beeoming late in the season, in consequence
of which it was intended to close field work on Kasrak station of the Rangir meridional series,
about 254 miles in advance of Bareilly, but on cxcavation of the large mud pile, which is all
there is to indicate the station, the mark-stone was found entombed in a horizontal position.
In consequence of this disappointment the work was closed at Fatehganj on the roadside at 0-94
chain cast of the mile-stone 51 Futtehgurh, 26 Shajehanpur, 24 Bareilly, on a bench mark con-
sisting of the mark-stone of Kasrak, which was lying uscless there and no other suitable stone
being available for the purpose.  This mark-stone is a cut stone about 36 x 6 x G inches. Being
slender, a slab of a chaki or native grinding stoue, of about 18 inches in diameter, was placed
underneath it and the additional precaution was also taken of having under the slab a kankar
foundation, well watered and rammed, in order to prevent any future sinking. After about
somc 10 or 12 hours over the fixing of the beneh-mark, which has 4> engraved on its head, it
was connected with the aforementioncd mile-stone, and after another similar interval the obser-
vations were repeated to test its stability: this condition being satisfied, a suitable space of
ground containing both the bench-mark and a brick masonry pillar, constructed to indicate its
position, was surrounded by a wooden fence as a protcction against carts, and the District
Supcrintendent of Police was also addressed to issue the nccessary orders to the Police Officers
located within a few yards, right opposite, for their protection and preservation.
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(4) Native Surveyor Nursing Dass reports having, in conformity with Departmental
Order No. 1, dated 15th January 1866, repaired 43 platforms, constructed 42 rectangular ma-
sonry pillars, and transferred to the charge of the Local Authorities 52 hill stations of the
Great Arc Series. Of these the upper mark-stones of the following stations had been removed
by the natives and new ones were fised instead, viz :—

(1.) Gargaja 665 inches above the lower mark.
Ehmudpur, 646 ditto ditto.

Audar, 265 ditto ditto.
Ladi, 32'5 ditto ditto.

(5.) Samasgarh, 210 ditto above the middle mark.
Ikjera, 536 ditto above the lower mark.
Yenagapali, 395 ditto ditto.
Bachapali, 165 ditto ditto.

Sukli, 400 ditto ditto.

(10.) Ashti, 14 feet ditto.

Of the following hill stations the upper mark-stones were found intact viz :—

(11.) Surantal, H.S. Pardho, H.S. Handiaparo, H.S. Bhaorasa, H.S. N.E. End Sironj
base-line, 8.W. End Sironj base-line, Kalianpur, H.S. Khamkhera, H.S. Gidgarh, H.S. Ranipur,
H.S. Ner, H.S. Badali, H.S. Wirur, H.S. Mahur, H.S. Betergaon H.S. Bhesa, H.S. Dudala,
H.S. Malgi, H.S. E. end of Beder base-line, W. end of Beder base-line, Damargida, H.S. Mu-
ganal, H.S. Burgapali, H.S. Baktapur, H.S. Shevalingapa, H.S. Somtana, H.S. Terban, H.S.
Sakri, H.S. Kopdi, H.S. Pilkher, H.S. Badgaon, H.S. and Bhunbet H.S.

Of the hill stations of Bam and Shevni the upper and lower mark-stones were not found,

and the former station was transferred to the charge of the village official after merely repairing
the platform.

Of the hill stationof Yemsha no vestige of the platform or pillar remains these having been
demolished and a temple built over the site sbout 15 years ago, by the late Raja Ragpat Raddi,
of the village of Saranpali in the territory of His Highness the Maha Raja of Indore, who died
about 5 years ago.

The rectangular masonry pillars of the following hill stations having been previously con-
structed by Mr. J. Mulhcran, Surveyor 2nd Grade in charge No. 2 or Central Provinces Topo-
graphical Survey Party were simply transferred viz :—

Tck, H.S. Morpani, H.S. Narwargarh, H.S. Dhabadao, H.S. Jagdhar, H.S. Alampur,
H.S. Salbaldi, H.S. DhLar, H.S. and Nilgarh, H.S.
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Supplement to Mr. Lane’s Narrative Report for 1866-67.

Mr. Civil Assistant L. H. Clarke, reports having in conformity with Departmental Orders
No. 1, dated 15th January 1868, repaired 25 platforms of the Great Arc Series, transferring

them after having repaired the platforms and erected rectangular masonry pillars over Circular
Pillars,

Of these all the lower mark-stoncs were found intact, but the upper mark-stones of the
following stations had been removed by the natives and new ones were fixed instead, viz :—

Ladpur upper markstone rcmoved and platform replaced.

Alipur, ditto, ditto.
Dimdimma, ditto, ditto.
Dholpur, ditto, ditto.
Pagara, ditto, ditto.
Raipur, ditto, ditto.
Dobi, ditto, ditto.
Shergarh, ditto, ditto.
Gurjapahar, ditto, ditto.
Machi, ditto, ditto.
Nuidhar, ditto, ditto.
Juktipura, ditto, ditto.
Mao, ditto, ditto.
Nimdant, ditto, ditto.
Hatiapahar, ditto, ditto.
Diadbei, ditto, ditto.
Berkbei, ditto, ditto.
Gugabara, ditto, ditto.
Mimoni, ditto, ditto.
Kasri, ditto, ditto.
Chilwani, ditto, ditto.
Den, ditto, ditto.

Of the following hill stations the upper markstones were found intact viz :—
Madhoni (mark-stone in situ).
Usira.
Pahargarh.
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EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN J. P. BASEVI, R.E., SURVEYOR lgr
GRADE, IN CHARGE NO. 4 EXTRA PARTY, No. 58, patcp 10tH Augusr 1§68,

(2) During August and September 1867 I made some experiments at Chiculdah on
Experiments at Chiculdah on the correction to a the correction due tc_) ﬂ?e rfaadings of a thermometer
thermometer on account of reduction of stmos- oI account of the diminution of the pressure on its
Pheric pressure. bulb when placed in an exhausted receiver. For the
purpose of determining this correction I had been supplied with a thermometer hermetically
enclosed in a glass tube whose readings would of course be unaffected by change of Pressure,
This is placed in a receiver alongside of the thermometers to be experimented on, and the dif.
ference of its readings before and after the exhaustion indicates the true change in the tempera-
ture of the receiver; so that the difference between the above differences and those shewn by
the other thermometers is the effect of the diminution of pressure on them.

(3.) When at Mussoorie in the year 1865 I took some observations for this same pur-
pose, using a small airpump and receiver borrowed
from the Roorkee C. E. College, but obtained very unsa-
tisfactory results, owing, partly perhaps to the smallness of the receiver, but chiefly to my not
allowing a sufficient interval of time to elapse after pumping out the air. For the process of
exhausting lowers the temperature, and on the contrary when the air is re-admitted the tempera-
ture of the receiver is raised hy an amount equal to that by which it had been previously lowered.
The ordinary thermometers rapidly assume the temperature of the receiver, but the* hermetically
sealed one requires very much more time, so that unless a considerable time is allowed to elapse,
the effect of diminution of pressure on the bulb of the thermometer is mixed up with the effects

due to the exhaustion of the air.

Reason of similar Mussoorie observations failing.

(4) In my observations at Chiculdah I used the large receiver in which the pendulums
are swung, and after exhausting always allowed a long
time generally as much as 24 hours to elapse before

reading the thermometers. The results are as follows :—

Results at Chiculda.

. CoORRECTIONS.
No. of observa- | Pressure in

tions. Inches. No. 714. | No. 715. Mean. ReEMaRrKs,
o o o
3 1-8 + 031 + 027 + 029 Average atmospheric
pressure at Chiculdah 26:2
6 44 24 25 ‘25 | inches.
7 78 20 21 21
6 12'8 ‘11 ‘12 ‘12

This correction most probably depends on the form of the bulb.t

(6.) The party consisting of Mr. W. M. Lemarchand and Mr. J. W. Macdougall both

. Sub-Assistants 3rd Grade took the field on the 11th

Arrangoments for Field Seacon 1867-66. October, leaving Chiculdah on that date and Ellich-
pore on the 16th of October.

(6.) From Budnaira I detached both my Assistants, Mr. Lemarchand marching shead
to prepare the observatory at Somtana H.S. near Nandair in Hyderabad territory, and Mr.

® When testing tho freezing points the hermetically sealed one requires at least one hour's immersion in the ice,
whilst the others fall to 32° in & quarter of the time.
+ Nore.—General Sabino (Phil. Trans. 1829) obtained a correction of 0-7 of a degree for one thermometer, and
as much as 1° for another which had a bulb of unususally large diameter. In the preliminary Pendulum Observations at
Kew the correction to thermometers No. 712 and 714 was found to be + 043 from one experiment only.
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Macdougall went by rail vid Sholapore to Damargida near Beder to get that observatory ready,
he was dirccted to await there further orders from me, my intention being to recall Lim to the
main party or send him further ahead according to the progress made by Mr. Lemarchand, I
myself marched to Badgaon, 16 miles from Budnaira, where the observatory had been built last
season. During Mr. Macdougall’s absence my wife recorded for me, but all computations made
in the books have becn of course since examined.

(7.) I experienced much delay at Badgaon in consequence of the bad going of the clock
shelton, and had to reject several days observations
and replace them by others, so that although I com-
menced work on the 25th October, the observations were not completed until the 16th of
November.

Delayed ot Badgaon H.S. clock out of order.

(8) I now, in accordance with your instructions, went down to Bombay for the purpose
of taking Magnetic observations at the Government
Observatory aud so comparing my results with theirs.
I reached Bombay on the 19th November and took observations for horizontal intcnsity on the
22nd and 23rd, my result arc

Magentic observations ot Bombey on H.I.

22nd November 8-0768
22nd ” 8:0618
23rd " 8:0649

Mean 8:0678
The mean of two observations taken at thc Observatory on the 20th November (provisionally
reduced) was
8:068
which almost exactly agrces with my own determination.

(9.) Talso when in Bombay took my two Pendulums to the mint for the purpose of

L. ) » determining their specific gravities. A tin trough
“]I),zﬁr,;:;":::z: of specific gravities of Pondulums ooy made up for me, capable of receiving the pen-
dulum, which was placed above one scale pan of

the balance, being supported independently from the ground on boxes; each pendulum was
suspended by wire inside the trough and weighed water was then poured into the trough until
the pendulum was completely immersed and its weight again taken. I noted the length of the
wire not immersed and measured and weighed the wire. The water used was Vehar water taken
from a large reservoir in the mint. A short timc before weighing I weighed by means of a
specific gravity bottle equal volumes of the Vehar water and distilled water, noting the temper-
atures. In all these measurements one of the officers of the mint most kindly assisted me.

The results are
No. 4 Pendulum

Results, Weight in air 95,6364 grains specific gravity 8:023

No. 1821 Pendulum
Weight in air 91,7234 grains specific gravity 7-929 at temperature 81° F. compared with dis-
tilled water at 39-°2 F.

(10.) These specific gravities are both, I helicve, unusually small for brass, and I intend,
if opportunity offers, to repeat the determination ; at
the same time I have no other reason for suspecting
their accuracy, and the only omission that I can think of was the neglecting to note the tem-
perature of the water at the time of weighing. As however the water was taken from a large
reservoir and its temperature was obscrved a short time before, there cannot be an uncertainty
about the temperature sufficient to producc any very appreciable effect on the specific gravities.

Remarks on the smallness of tho results.

(11.) T also in Bombay procurcd some icc and tested the freezing points of my thermo-
meters. 1 left Bombay on the 23rd of November and

Thermometors tested in icc. reachcd Budnaira on the 24th and at oncc marched
for Somtana,
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(12.) Observations were commenced at Somtana on the 20th December and com-
pleted on the 4th January. The going of the clock
here was excellent and I am disposed to attribute its

Explanation of the bad going of the clock at bad behaviour at Badgaon to the presence of a small
Badgaon. brass clamping nut which I had attached to the ad-
justing screw of the pendulum in order to preserve an invariable length. I had never used this
nut prior to Badgaon and I removed it before commencing operations at Somtana. 1t is difficult
to conceive how it affected the regularity of the clock’s rate but I can see no other explanation.

Somtana.

(13.) I marched from Somtana to Damargida and commenced observations there on
the 22nd January. At this station in compliance
with a suggestion made by yourself I took a  set”
. Obscrvations to determine the amount of “lag-  with each pendulum in a falling temperature, the ¢ set”
Eng: commencing at about 8 o’clock p. m. and lasting until
about 5 o’clock o. M. The object of these observations was to ascertain whether the tempera-
ture of the pendulum logged behind the temperature of the air to any appreciable extent. The
thermometers on the dummy pendulum are not in contact with it, and so only record the tem-
perature of the air inside the vacuum cylinder. If therefore any lagging exists, in a rising
temperature the pendulum will be always behind the temperature shewn by the thermometers,
consequently too high a temperature will be imputed to it and the number of vibrations will be
apparently in excess. In a falling temperature the converse will hold, the temperature of the
pendulum will be above the thermometer readings and the vibrations will be apparently in defect,
The results obtained are as follows :—

Damargida.

Vibrations.
Rising temperature 86,036-902 Range 70° to 76°
Pendulum No. 4. Falling ’ 36-437 ”» 76 ,, 70

Mean 86,036-670

Results. Ina F:ji?n% temperature, vibrations are 0'232{;2 gzgfzts
Dividing by 0-486 the temperature co-efficient the amount of lagging = 0°48 T
Vibrations.
Rising temperature 85,935:474 Range 69° to 74°
Pendulum No. 1821. Falling ’» 35127 s 74 ,, 69

Mean 85,935:300

Rising . . 14 | 1IN CxCeSS
Ina {Falling temperature, vibrations are 0 174{in defect.

Dividing by 0'470 the tempcrature co-efficient the amount of lagging is found to be = 0°37 T.

(14.) These observations, though of course too few to be conclusive as to the emount
of the lagging, still I think establish the existence of
it, and shew the necessity of taking it into account.
For since the duration of cach “set” is constant, it
is obvious that the amount of the lagging must vary with the range of temperature, and conse-
quently observations at different stations are not strictly comparable unless the range is the
same. It would have been undoubtedly better to have so observed that the effect of lagging
should cancel at each station, but now the only thing to be done is to take special observations
in order to correct for it, for it would nccessitate the adoption of a new system of obscrvation
which would be on many grounds objectionable.

Observations not sufficient to be conclusive but
shew the necessity of further examinution.

(15.) Observations were completed at Damargida on the 1st of February, and, having

, . spare time the Kota Kodungul observatory being only

sgff’;f,",,’,‘,'ﬂ;fy"' Mognetic obsorrations taken ot just completed, I marched first to Secundcrabad where

I took a set of magnetic observations and also again

tested my thermometers in ice not having been quite satisfied with my Bombay results, 1
rcached Kodungul on the 23rd February where I was joined by Mr. Macdougall.
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(16.) 1 finished off at Kodungul on the 10th March and marched vid Kurnool, where I
took mti'gnctic observations, to Namthabad station
close to Gootty and one of Colonel Lambton’s lati-
tude stations. Observations were completed here on
the 15th April when I procecded by dik and rail in advance of my camp to Bangalore, leaving
it to follow in charge of Mr. Macdougall by the
regular marches. It arrived on the 30th April.

Mngnetic observations taken at Kurnool Nom-
thabad.

Return to quarters.

(17.) The field season’s work comprises pendulum and magnetic observations at five
stations viz., Badgaon, Somtana, Damargida, Kota
Kodungul, Namthabad, and magnetic observations at
these and four other places viz., Chiculdah, Bombay, Secunderabad, Kurnool.

Out-turn of work.

(18.) I have now to report on my assistants Mr. W. M. Lemarchand prepared the ob-
servatories of Somtana, Kota Kodungul and Namtha-
bad and made a rough survey of the Somtana hill.
On the completion of the last station, having been offered the appointment of Local Fund
Engincer at LKllichpore, he resigned his appointment in the survey, and was allowed to proceed
to take up his new one in anticipation of the sanction of Government. He is a great loss to
my party in which he had done very good work.

Mr. W. M, Lemarchand.

(19.) Mr. J. W. Macdougall, as already stated, prepared the Damargida observatory
for me, and afterwards partly assisted Mr. Lemarchand
in building the one at Kodungul ; he recorded for me
at Kodungul and Namthabad, and brought up all the arrears of computations which had accu-
mulated during his absence from the main party. I have no reason to alter the favorable
opinion I expressed last year of Mr. Macdougall, he is a valuable assistant and well up in all
the computations,

Mr. J. W. Macdougall.

(21.) In appendix III. is given a table of the probable errors of the various kinds
which are susceptible of ealculation for each station

Probabl iven in Appendix III,
robable errora givon pr from the commecncement. The mean results from 15

stations are
Transit observations.

L)

0:092 Extremes 4+ *141 and + 061
0-041 ”» + ‘063 and + -027
0-031 »” + 051 end + ‘016

Probable errors of star’s transit ovcr}
one wire,
Probable error of mean of 5 wires, =
Probable error of clock rate deduced
from 6 stars,

H+
+

Pendulum observations.

No. 4. No. 1821.
Probablle error of obscrvation of one coincidence, = + 0172 + 07172
Deduced probable error of vibrations per diem, = + 0°026 + 0029

Computed from results.

No. 4. No. 1821.
Probable error of one ‘‘ set” at a station, = + 0167 + 0149
Probable crror of result at a station, = + 0°058 + 07054

(23.) During the last two scasons I have kept a register of the readings of an aneroid
baromecter at all places that I have visited. Appen-
dix VIII, gives the results of these observations from
Meerut to Bangalore. They are computed by table
XVIII, of Boileau’s tables, the ohserved heights being the difference of the tabular numbers
due to 30-00 iuches and to the observed barometer reading. A mean correction is obtained
from the difference between the thus computed and the trigonometrical or spirit leveling heights
of two stations including the other stations. For instance the correction for stations between

Barometric heights of stations en-route between
Meerut and Bangalore.
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Somtana and Damargida is obtained from the mean difference between the computed and trigo.
nometrical values of these two stations.

(24.) I have already alluded to the necessity of taking observations to determine the
effect of ““ lagging” ; there is another subject of equal importance to which my attention was
also directed by yourself. It has been shewn that the temperature of the pendulum lags behind
the readings of the thermometer; but besides this effect and after making due allowance for it,
it is probable that the thermometers will still not give
the true mean temperature of the pendulum ; for the
thermometers have been placed on the dummy pendulum at two points equidistant from the
ends of the bar and from each other, so as to give the temperature of the bar, but not the mean
temperature of the whole pendulum. Were the pendulum a? rest its mean temperature would
be found by the formula

On the mean temperature of a pendulum.

T= Mmbatmbt mh
™+ my + my
where m, m; m, denote the masses of the bar, bob and tailpiece, and #, 7, £, are their respective

temperatures. When however the pendulum is in motion, its mean temperature is that which,
if common to the whole pendulum, would cause its vibrations to be performed in the same time.

Supposing the pendulum homogeneous it can be

Mean  vibrating” temporature dofined and for- g}, on that the true mean temperature which may be

ol called “ mean vibrating temperature” is given by the
formula
T = 23ImET)]  2Z[(mal]
- 3 [m &) 3 [m a]

where m &? denotcs the moment of inertia of one of the masses (m) of which the pendulum is
composed, T the temperature of % its radius of gyration, and a the distance of its centre of
gravity from the axis, Applying this formula to the

Application to Indian pendulums. . . .
pphcation %o ‘ndith pencuiuma pendulums in use whose dimensions are very nearly

the same, I find
T=001¢ + 008¢ + 001¢

where ¢, 4, t; are the temperatures of the bar, bob and tailpiece respectively, so that the ther-

Result. That the thermometers as placed givo mometers are in a very .favorable position for deter-
the mean vibrating temperature with suflicient sp- mining the true mean vibrating temperature, unless
proximation. the differences of temperature between the bob and
upper bar are large which is not likely to be the case in practice. The proof of the preceding
formula is given in Appendix IX. it is, I believe, a new way, but at the same time the most
theoretically correct way of determining the mean temperature of a pendulum.




Abstract of heights of places visited during seasons 1866-67 and 1867-68, computed
from the readings of an aneroid Barometer.

Road Badnur to

Ellichpur c.xutoumuut

1440

r ) . - .E ke
& |&5%4
e = o 8.2
STATIONS. =9 B WEE DisTRICT.
g e + 8
o5 | %8s
© ‘E‘ao 'é; 5 & °
& 2
_ [ Kharkaoda encamping ground, 739 714 Meerut.
%’b Hauper ” 649 693 "
<¢ | Galaoti ” 667 681 Bolandshahur.
2 | Bolundshahur D L. 649 667 "
5 | Khoorjah " 693 655 "
$ 1 Somna ) 636 622 ,
E Allyghur » 604 606 Allyghur.
S | Sasnee " 591 . 589 "
A | Hattras ” 622 ' »
| Saidabad Y 684 Agra.
Thehara » 616 Dhwlepore.
Munia " 643 »o
Dholepore " 687 .. "
~ | Noorabad " 696 588 Gwalior.
€ | Gwalior near old Residency, 670 680 "
o Paniar encamping ground, 884 948 "
3 [ Raint . 1119 "
% | Mohona N ' 1101 1020 W
g | Choorpoora " 1292 ”
® | Satambara » 1374 1338 ”
§, Seepree south of cantonment, 1484 "
< Do. traveller's bungalow, 1516 "
Kolaras encamping ground, 1374 "
Lokwasa south of village, 1420 1461 ’
Badurwas encamping ground, 1447 1492 "
Pahargarh H.S,, 1641 "
Kala Bagh village, 1508 "
Goonah cantonment, 1555 "
Araon large village on road to Scxon]. 1731 "
Kalianpore observatory, 1765 Tonk.
Ehmadpore H.S,, 1681 Gwalior.
( Bhilsa south of town, 1431 Bhopal.
Raiscen " 1506 "
.| Bunchor village, 1533 "
'é Chukloud 1579 .,
§ | Kalliakheri ,, . 1561 "
A J Chouki encamping ground . 1491 ”
g | Jerrapur on N. bank of Nurbuddn, 1084 "
5 | Hosungabad cantonment, 1120 Nurbudda
S | Itarsee near travelier's bungalow, ... 1175 "
| Kaisla village 1284 "
Dhar " 1395 "
Nimpanes ,, 1990 "
Badnur civil station of Baitool, 2198 "
5 Kairree village N. of Taptce, 2122 .
%‘* Jhular ” S. ” 2389 .
E Dawa 1746 Berar.

”



Abstract of Heights Continued.

o oL
=& 453,
=1 >0 &S
StaTtiOoNS, ag ﬁgog*é DistricT.
85 |55g5%
&} ? .%DE g o
= I~
Chickuldah, Colonel Prescott’s house, .. 3721 3730 Berar
Badgaon H.S,, 1120 "
~ [ Karinja traveller's bungalow, ... 1293 ”
g Mungrool, 1383 ”»
:3 Bassim close to cutcherry, . 1692 1768* »
5:3 Kinergaon S. bank of Pacen Ganga., 1518 ”
Zg Kondallah, .. 1673 »
8.3 { Hingollee oa.ntonment 1473 1495* Hyderabad.
& | Nandapur 8. bank of Khair Nuddee. 1383 "
iy Sindaghee, 1437 »
é’ Korundah, .| 1203 ”
Mullaigaum, 1238 ”
| Nandair N. bank of Goda.very, 1203 1276% "
Moodkhaid, 1221 »
Sindee, ... 1265 ”
Somtana H.S., 1711 '
¢ ( Kapsi, ... 1210 ”
3 Menjeeram, 1318 "
:E’-d‘ Salgera, ... 1210 »
) § ) Yeklar, 1201 "
d g Bichkoonda large place, 1236 "
:E-O Burra koorupokul, ... 1516 ”
g Kullair, ... . 1435 ”
z | Nizampett large pla,ce, 1489 "
Narainkhaid ,, 1699 B "
Damergida observatory, 1934 "
£ i Sunkerrumpettab, ... 1536 "
-{i Jogiepettah, 1709 "
i3 | Nawabpettah, 1609 "
'E £ ] Bagumpettah, 1627 ”
=9 | Ramachandrum, 1709 "
-g = | Cokutapilli, 11792 "
zg Secunderabad cant. near tmveller’s bungnlow, 1728 1800* "
Boorhan sahib’s doorgah near Hydernbad city, 1690 "
Shumshabad traveller's banglow Kurnool road, 1847 "
Conatoor cross road to Koasghi and Narrainpett, 2125 "
Moojanthpoor, ” " 2041 .. "
Dhadapur, " " 1884 . "
Hossanabad, 1856 "
Kota Kodungul H.S., 1972 "
Doulatabad, . 1836 "
Kaungoortee on road Beder to Narmmpett 1938 "
Narrainpett large place, 1389 "
Palmamodi, 1335 "
Nirwah, ... 1262 "
Ammurchinta, 1181 "

Nore.—The heights marked with an asterisk are teken off the Quarter Master General's Map of the Madras
Presidency (1863).



Abstract of Heights Continued.

LXIIl

=
% | EBER.
12 | Eeld
StaTIONS. Bm ﬁgg%
85 2553 DisTrICT.
0.2 - % A &
< 2
Venkatapuram on Hyderabad and Kurnool road, 1074 Hyderabad.
Pangtoor south bank of Kistna, ... 976 »
o [ Xurnool cantonment traveller's bungalow, 993 900" Kurnool.
* &, | Chinna Taykoor " 1057 . "
g % { Eldoortee ” 1163 "
ES | Dhone ; 1416 | 42148* | + Probebly Hill Sto.
M l Piapullee . 1708 "
Namthabad Station, 1219 Bellary.
Paumree traveller's bungalow, 1129 "
¢ | Garraldinny » 1175 "
S | Hundy Anantapoor ,, 1193 .
& | Dadaloor . 1346 )
& | Cottoor " 1601 "
38 | Palsamoodrum " 2314 '
B ] Baugapilli » 2389 Mysore.
3 | Wooraleonda " 2741 ”
O | Wonaikul " 3039 ”
E Cheddulpur ” 3010 »
~ Dawundhully " 2991 ”
| Yellawunkal ” 2991 »
Bangalore, 3000*

Note.—The hLcights marked with an asterisk are taken off the Quarter Muster General's Map of the Madras

Presidency (1863).
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On the mean Vibrating Temperature of a Pendulum.

» N

C B e '
Suppose the pendulum to be homogeneous and to consist of the several masses m, m, ..,

m, whose centrés of gravify are distant a, 4, ... a, from the axis of suspension, their mean
temperatures 2, ¢, . .. {, and moments of inertia at the zero from which the above temperatures
are measured m, kl y Mg kL my R

Then the length of the corresponding simple pendulum at tha.gt ‘t:"emperﬁtﬁré. ;

[ m#]
Z[ma]

I =

1 ' 1 i

Let T, T, ... T. be the temperatures of &, k, ... k, which may be supposed to hold
also for ¢, @, ... a, then the length of the simple pendulum will be.

p o= MmB4+27T)] _ 3[mE]+2/3[mBT]
S[ma(l+ fT)] S{mal] + fE[maT]

where f is the factor of expans10n of .the metal of which the pendulum is composed, the second
powers of which are neglected. o .
Again if T = mean vibrating temperature we must have
po— SmB1+2fT) _ I[mE]+ 2fTS[mk]
S(mal(l+ fT)  S[mal+t sP3(ma]

whence : - ,
S[malS3[mB]+2f3[ma]i[mBT])+ fT3[mal3[mi] =
S(mal3[mB]+ 3 [mB)S(mal]+2/T3[malZ[m#]

or

3[(miT] _ 3S[malT]

T. = S(mi2 ] 3[ma ]

" “Applying this result to the pecndulums whose dimensions are so nearly the same that the
valués of T obtained for one will'hold good for the other

Bar - mk® = 3,880 mq = 164 Kk = 188 aq = 140
Bob - myk? = 54,635 my ay = 1,352 ky, = 404 a, = 403
Tailpicce — myk?® = 2,990 my a, = 6l ky = 494 ag = 490
3[m B] = 61,506 S[m a] = 1,567
whence we get
T= 037, + 91T, + 06T,

But assuming the temperatures ¢, ¢, #, of the bar, bob, and tailpiece to hold good for their res-
pective lengths we find
37 3 37 6
T, = ; T, = ‘= Z g - 2 — —
! hi T wh t o Bho= phtphtp
whence finally
T= 091¢g + 008¢ + 001¢
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EXTRACT FROM THE NARRATIVE REPORT OF J. B. N. HENNESSEY, ESQ., SURVEYOR ]<T GRADE
Q. T. SURVEY, IN CHARGE COMPUTING OFFICE, DATED lsT Mavy 18G8.

() The ordinary work of the twelvemonth is set forth in the following tables : —

Progress.
Subject. Quantity.
Examined indexing, . .. .. .. 298 volumes of angle books.
Numbered pages of and mde'{ed . . .. 118 do.
Micrometer readings, copied, .. .. . .. 694 openings of an angle book.
Do. compared, . . .. 52% do.
Mean readings, computed, .. . .. .. 224 do.
Do. examined or compared .. .. 491 do.
Angles, computed, .. . - .. .. 461 do.
Do. examined or compared, 637 do.
General means and level corr ectlons, (of vertical angle } 191 d
! 0.
book) computed, . 2
Do. © do. e\'lmmed or compaled .. 158 do.
Abstracted observed angles, = .. .. .. . 927 angles.
Abstract of angles, copied, . .. .. .. 279 do.
. Do. compared, .. .. .. 126 do.
Weights of observed angles, computed .. .. 597 do.
Spherical excesses, computcd .. .. .. .. 78 triangles.
Principal triangles, computed, .. 44+  do.
Computation of principal triangles, extended to 8thY 612 d
place of logs, " o
Principal latitudes, longxtudes and az1muths, computed 291 single deductions.
Computed corrections to figures, by the method of least é g‘::g{;lzg::;
SQUATes, T . t T e 14 compound figures.
Made consistent to within 5 in the elghth place of lo«rs, 8 qu adrnla‘terals.
figures already reduced, 18 simple figures.
gu 4 compound figures,
27 quadrilaterals.
Computed weights of sides of continuation, .. .. 1 simple figure.
8 compound figures.
Computed azimuths observed at . .. .. .. 12 stations,
Jomputed latitudes observed at . . .. .. 2 do.
Compared proofs of, .. .. | 473 pages.
Letters written and COplCd durmg the yeal y . .. 199.

(6.) Auxiliary Tables.—I have also to notice the revision and extension of the old
« Tables to facilitate the computation of a Trigonometrical Survey,” published under the title
of ¢ Auxiliary Tables.” The amount of addition to the old tables may be estimated from the
circumstance, that while they were included in 43 pages of type, the auxiliary tables extend
over 83 pages of a larger size.

(6.) Miscellaneous Duties.—Prominent notice is due to a large amount of calculations
made, in connection with the reduction of triangulation executed on the Gridiron system, and
more especially with the view of making consistent the triangulation understood by the N.W.
Quadrilateral. I am obliged to conteut myself with this brief and general allusion to these
proccsses, on which the most earnest cfforts of the Computing Office have been expended,
hecause a more detailed notice would involve the introduction of technicalitics that could not
be made generally intelligible except by a lengthy explanation. It may be sufficient therefore
to state, that the subject of such reduction having undergone an exhaustive discussion under
your directions, a definite process of working this geodesical problem stands established in
almost every detail.
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(7.) Comparison of instruments and meteorological observations.—Forty-five thermo-
meters were rigorously compared with the standard 4,246 at every 2° fahrenheit, and tables of
corrections prepared for all the thermometers at each degree of temperature. The Dehra me-
teorological observatory was organized and set working. A complete set of observations is taken
there, twice a day, on every day of the year, and the results supplied to the Reporter on Meteo-
rology, N. W. Provinces. Nearly similar observations were taken at Mussoorie for a portion
of the year. Barometer tubes have been filled, and the index errors of the instruments deter-
mined when required.

(8.) Magnetic Observations.—These observations have been taken in compliance with
vour wishes by Mr. W. II. Cole, M. A,, they consist of measures of the following elements :—

Dip.—Observed monthly, 24 readings, at least, of each of numbers 1 and 2 needles
taken on each occasion.

Vibration.—Observed monthly. Two sets of observations taken on cach occasion,
Deflection.—Observed monthly. One set of observations taken on each occasion.
Declination.—Observed occasionally.

(9.) Photozincographic Branch.—The work performed by this office is set forth in the
following table :—

7 J

Maps Photo-zincographed. I;;-tg_f fl:\o;.iczf:

Path of Eclipsc for pamphlet, 1 27
Kashmir Survey, section 11, 1 106
’ section 12, 1 106

’s section 13, 1 106

’ section 17, 1 106
Kumaon and Gurhwal, No. 1, 1 150
N No. 6, 1 150

»” No. 7, 1 150

Leveling operations, Sheet No. 1, 1 150
Bench marks, 1 150

Leveling operations, Sheet No. 3, 1 150
Bench marks, 1 150

Turkestan, Sheet No. 1, 1 300
” Sheet No. 2, 1 450
Dehra Dhoon, 1 200
Totals, .. 15 2,451
- 0.0 No. of

Maps Zincographed. 1::'11‘ts.f copics.

Sketch of Goojrat, 1 24
Map of the world, 1 1,000
Map of Syr Dana, 1 100
No. 1, 2 30

Canal charts for Captain ] No. 2, 1 30
Jeffreys, .. .. ] No. 3, 1 30
No. G, 1 30

Rails and telegraphs of India, 1 1,050
Pundit's Route, 2 250
Path of Eclipse of August 1868, 1 235
Total, - - 2,779
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Charts Zincographed. No. of No. of
) parts. copies.
Eastern Frontier Series, 1862-63, 1 50
" 1863-64, .. 1 50
1866-67, e 2 50
Madras Meudlonal Series, No. 9, .. 1 50
No. 10, . 1 50
Revised Calcutta Lougitudinal Serles, No. 3 1 50
» No. 4, 2 50
Coast Scries, No. 1, .. 1 50
) No. 2, 1 50
» No. 3, 1 50
»” NO' 4) 1 50
» No. 5, 1 50
» No. 6, 1 50
. No. 7, 1 50
No. 8, 1 50
Plehmmarv Chart, Minor coast series, .. 1 50
» Cherrapoonjee and Sylhet 1859 to 1861, 4 50
» ,  1861-62, 1 50
Tiast Calcutta Longitudinal Series, . .. 1 50
Jubbulpore Meridional Series, 1 50
Total, .. .. 1,000
a . : No. of No. of
Forms Zincographed. subjects. copies.
Office, .. 33 6,079
Professional, .. 23 4,204
Professional for Abyssinian expedition, ... .. 4 248
Total, .. 60 10,531
Diagrams of various kinds, 1,148

Comparing the work of 1866-67 against that of 1867-68, it appears that,—

1866-67 1867-68 Increase of

Subjects. No. of No. of work No. of
prints. prints. prints.
Maps, Charts and Diagrams, .. . 7,118 7,376 260
TForms, “ Professional” ¢ Office” &ec., .. .. 5,152 10,631 5,379

10. In point of guantity, the work performed is guite as good as that of the preceding
year, while this process of map printing is yearly acquiring a larger range of utility. I believe
however that the definition of the prints can be further improved, and it is highly desirable that
the process of transferring a suhject should be performed with greater certainty. Every effort
is being made in these directions, and T trust hercafter to be able to report, that the improve-
ment in the quality of the work keeps pace with the quantity required to be discharged. It
will be observed that the annual demand for forms by the G. T. Survey department has in
1867-68, for the first time, been met entirely by the two presses at the head quarters of the
Superintendent. This advantage will be the more apparent, if it be remembered, that the larger
number of forms involve the tabulation of mathematical formulx, and that, unless such forms
can be passed through the press under qualified supcrvision, they are likely to contain errors
which would detract seriously from their uscfulness,
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(11.) Printing Branch.—This office composed 641 pages (foolscap size), and printed
126,296 impressions of them. Compared with the work of 1866-67, there were 145 pages fewer
composed and 32,885 pages more printed. The duties of this branch have been discharged witl,
greater efficiency than during the preceding year, and its utility in printing professional papers,
proved, by the publication of several pamphlets.

(12.) I gladly avail myself of this opportunity to acknowledge the cordial assistance I
have always received from Lieutenant M. W. Rogers, R.E., and Mr. W. H. Cole, M.A.

(13.) I would also express my thanks to Mr. C. Wood for his willing and very useful aid,
and to Baboo Gunga Pershad for the help he has afforded. Baboo Gopal Chunder Sircar con-
tinues painstaking and anxious to prove efficient. Baboo Kally Mohun Ghose is gradually
becoming a leading computer.

(14.) I now turn to the measurement of the Bangalore base-line, which you directed
Bangalore base-line. me to superintend.

(15.) Lieutenant M. W. Rogers, R.E., took charge of the standard and compensated
bars, thermometers and such other components of the measuring apparatus as were deposited at
your head quarters at Dehra; and proceeded with them to Calcutta ; where I joined the party.

(16.) 'The heavy portion of the apparatus had already been forwarded to Lieutenant
W. M. Campbell, R.E., so that it awaited our arrival at Bangalore.

(18.) At Bangalore, I met Lieutenant J. Herschel, R.E., and Lieutenant W, M. Camp-
bell, R.E., with the assistants and native establishment appointed by you to take part in the
measurement.

(20.) Captain B. R. Branfill, returned from leave to Engl'and and resumed charge of
the Madras party during the measurement of the 1st section. Being under orders to procecd to
Cape Comorin and select a base-line there, he took no part in the measurement ; but he was good
enough to leave the 4 assistants of his party, as well as the greater portion of his native estab-
lishment at my disposal ; taking with him to the Cape, only a sufficient number of natives to aid
him in the required selection.

(21.) The Bangalore base-line had been selected under Lieutenant Campbell’s direc-
tions by Mr. Donnelly. The stations of the minor triangulation, as well as the section stations
of the base had also been chosen by Lieutenaut Campbell. He had further generally prepared
the ground for measuriug over, and had also made the requisite arrangement for building the
observatories at either end of the base-line as well as for the construction of the section stations
and those of the verificatory triangulation. Thus on my arrival at Bangalore, I found that the
preparatory arrangements had all been cffected with every desirable efficiency, and it ounly re-
mained to instruct the sub-assistants in the use of the base-line microscopes, before commencing
work. With the exception of Mr. Mitclhell, none of these assistants had been present at pre-
vious base-lines,—they however shortly acquired the necessary knowledge under instruction
from Lieutenants Herschel, Campbell and Rogers.

{22.) The base-line in question runs over the undulating ground which lies, generally,
north of the large military station of Bangalore. It trends N.E. and S.W. being about -84
miles in length, and its S.W. end is under 2 miles from the cantonment. The sum of the rises
and falls in this line, is much greater than in any of the preceding 8 Indian base-lines ; but con-
sidering the height above sea level at which the line stands (about 3,000 feet) and the nature of
the surrounding country, I am of opinion that the selection made is as good as could be ex-
pected. I may here allude to Colonel Lambton’s base-line which lies some 7 miles, generally
S.E. of that measured under your orders, and to your wish that the Bangalore line should cor-
respond with the one chosen by the Colonel. 'This condition could not be secured as the rail-
way now runs across the desired line.

(23) After due consideration, I decided on commencing to measure at the S.W. end.
The comparing microscopes were set up there for bar comparisons on the 3rd January and the
entire process of measurement and comparison, including the packing of the apparatus, was
councluded on 12th March 1868.
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(24.) The line, as measured, was nearly 573 sets of bars and microscopes in length, or
about 6:84 miles. This distance was divided into 3 sections. The bars were compared before
and after the measurement, and also about the middle of that process.

(25.) The Boning Instrument and the two end microscopes were manipulated by Licu-
tenant Herschel, Licutcnant Campbell, and myself. We exchanged places at the commence-
ment of each section, so that each observer occupied the three most important positions in the
measurement successively, and thus acquired a practical knowledge of every detail. Licutenant
Rogers had charge of the microscope in the middle of the set of bars for about a quarter of the
measurement, when he was temporarily incapacitated for further work by an attack of illness.
On his recovery, he was deputed to proceed with the minor and connecting triangulations, as
will be mentioned hereafter. The other intermediate microscopes were manipulated chiefly by
Messrs. Donnelly, Anding, Christie, Bond and Norris, the trestles being laid for by far the
greater portion of the line by Mr. Mitchell. Mr. Potter’s state of health excluded him from
nearly all the duties of the measurement. When able to resume work, he was employed chiefly
on the construction of the observatorics and the building of platforms.

(26.) It has been the practice at previous base-lines to fix the section stations at an in-
tegral number of sets of bars and microscopes (nearly) from the origin. This nccessitated an
approximate determination of the required points, and it was unavoidable to fix the blocks of
stone for carrying the marks only a few days before the measurement reached them. With your
permission this source of instability was avoided at the Bangalore base, by fixing the section
points in direction, 7. e. in the line, but without regard to their occupying assigned positions in
length. The blocks of stone for the dots were thus fixed in line by Licutenant Campbell before
the measurement was commenced, and the distances of these points, from an end of the nearest
bar when laid down, was taken off with the aid of a beam compass. The hcight of register
above the dot on the tongue, was determined, at your suggestion, by marking the nozzle at the
height of the dot, and measuring from the top of the register to this mark.

(27.) In compliance with your wishes, the S.W. end of the line was connected hy
spirit leveling with the railway bench-mark at Bangalore railway station. This bench-mark
had been referred to “ Colonel I’Haveland’s mark near Fort St. George” by the railway engi-
neers, and I was informed by the Deputy Chief Engincer that the bench-mark in question was
3,033-97 feet above the mean sea level at Madras. Mr. Donnelly performed the required spirit
leveling, and as a precaution against mistakes, I directed him to determine the difference of
level by two independent routes. The resulting circuit agreed satisfactorily.

(28.) The verificatory minor triangulation of the base-line, the triangulation connecting
Colonel Lambton’s base with our main series, the mecasurcment of the angles to Colonel Lamb-
ton’s station of Dodagunta, and of the angles at Tirtapali and Ossur Principal stations, besides
the determination of the azimuth at the extremities of the base-line by observations to stars
ahout their maximum elongations ; these duties were all executed by Lieutenant M. W. Rogers,
R.E., with Barrow’s 24 inch theodolite No. 2. He thus set up his instrument at 16 stations,
three of these being unavoidably visited twice over, and measurcd 45 angles, besides the deter-
mination of the two azimuths already mentioned. His average triangular error is 0" 49 and his
mean p. ¢. = 0'26. Licutenant Rogers’ report is appended to this paper.

(29.) The base-line apparatus, together with thc books of the measurement and the
records of Lieutenant Rogers’ observations were all handed over to Lieutenant Herschel, R.E.,
in accordance with your directions. The closing of the marks on the base-line was entrusted
to Lientenant Campbell, R.E.

{80.) I cannot conclude this report without expressing my acknowledgments to Lieu-
tenant John Herschel, R.E., Lieutenant W. M. Campbell, R.E., and
Lieutenant M. W. Rogers, R.E,, for their cordial co-operation in the
work we performed. And I would further thank Licutenant Campbell, for the very considerable
and hearty assistance, which his knowledge of the country and his never tiring energy, enzbled
him to render.

Conclusion,

(31) Iam also much obliged to the sub-assistants who shared in the duties of the
mcasurcment.
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Mussoorie, 23rd June 1868,
To

J. B. N. HENNESSEY, Esa.

Sir,—In accordance with your instructions I left the camp of the base-line parties on
the 11th February and proceeded to the S. West end of the base in order to commence the
minor triangulation of the base-line. My party consisting of detachments from the Bombay
and Madras parties and my instrument being the one belonging to the Bombay party. Barrow’s
24-inch theodolite No. 2.

After observing at two stations of the minor triangulation I proceeded to the old base-
line measured by Colonel Lambton in 1804, which was to be connected to the new triangula-
tion. This is effected by a quadrilateral on a side (Tdrakungita, S.W. end of new base) of the
Base-Line figure.

The old Base runs nearly north and south. The ground on which it lies being very level
for that part of the country. The old mark-stones which were discovered by Captain Branfill
have been protected by kacha masonry platforms with mark-stones imbedded in isolated pillars.
The villages mentioned by Colonel Lambton in his déscription of the Base-Line still remain.

In accordance with your further instructions I mnext proceeded to Tirtapalli and Ossur
two stations of the Base-Line figure the angles at which were required in order to complete the
polygon connecting the Base-Line with the Main series.

On the completion of these stations I returned to the S.W. end of the Baungalore Base-
Line, where under your direction I observed the azimuth of the N.E. end of the Base: using
for that purpose the stars 51 Cephei and A Ursee Minoris.

I then proceeded to complete the minor triangulation which was finished on the 5th
April and being then at the N.E. end of the Base I observed the azimuth of the S.W. end.
This being the periodic time of polaris I arranged to use that star, but the weather proved un-
favorable, the clouds seldom or ever settling down and leaving the pole clear until nearly mid-
night. After several days delay I had recourse to the same stars with which I had observed
the azimuth at the S.W. end. These, elongating one after another, about midnight I was able
to get my observations generally without hindrance from clouds. The weather during the last
month of my observations was cloudy with frequent storms of thunder, lightning and rain, and
T was very rarely able to use heleotropes. Whilst employed in observing the azimuth I received
instructions from Colonel Walker to find and connect the old station of Dodaginta at which
observations for latitude had been taken by Colonel Lambton &c., which had been used by
Captain Clarke in his determination of the figure of the carth. Having no data exccpt the
latitude to guide me as to its whereabouts. I had to apply to Colonel Walker and Captain
Branfill for information, and pending their replies, I made enquiries in the neighbourhood of
Lambtorn’s old Base and sent men to the villages near. By this plan I was fortunate enough to
obtain a clue to its whercabouts, and after some digging and searching I found the station
beuneath the surface of the ground in a ficld about 14 miles north of Bangalore and about } mile
distant from station § of the minor triangulation.

The platform when exposed was circular and about 10 feet in diameter, built of brick
and stone, one side had been destroyed, evidently by some one cutting into it to sece if anything
valuable was contained inside. There was no sign of there having been an upper mark-stonc,
and the one found was firmly imbedded in the masonry (which itself was very hard and com-
pact from age) and was evidently undisturbed. The station was marked by a deeply cut dot
without a ring. On leaving I requested Mr. Sub-Assistant Mitchcll, who was in charge of the
Base-Line stations and marks to have the platform repaired and raised ahove the present level of
the ground, and to have the temporary isolated pillar which I had constructed for my instru-
ment replaced by a permanent one with an upper mark-stone. '

The station was connected to the first section of the new Base by a single triangle with
the three angles observed. .

This work was finished on the 20th April and having placed my theodolite in the godowns
of the Bombay party and handed over my men to Mr. Sub-Assistant Mitchell, I procecded to
join head-quarters at Mussoorie.




LXXI

ANNUAL RETURN OF AMOUNT OF WORK EXECUTED IN THE DRAWING BRANCH OF THE OFFICE
OF SUPERINTENDENT G. T. SURVEY FROM 1st May 1867, to 30rm armriL 1868.

DESORIPTION OF WORK.

REMARKS.

Map of Dehra Doon with Mussoorie and Lnndour—(Compx]atlon,)
Sketch of the Province of Goojerat on Transfer Paper,

No. 1 Preliminary Chart of the Coanst Series  ditto,
No. 2 Ditto ditto ditto,
No. 3 Ditto ditto ditto,
No. 4 Ditto ditto ditto,
No. 6 Ditto ditto ditto,
No. 6 Ditto ditto ditto,
No. 7 Ditto ditto ditto,

8 Ditto ditto dit to

l’rchmms.ry Chart of the Coast Line Minor Series, 1861- 62, on Transfer Pnper,

Ditto, Eastorn Frontier Series 1861-62 ditto,

Ditto, ditto 1863-64 ditto,

Ditto, Madras Meridional Series 1863-64 ditto,

Ditto, Cherrapoonjee Sylhet and Cachar Series, 1861-62, dltbo

Ditto, Cherrapoonjec and Sylhet Series, 1859-60-61, ditto, in 4 sheets,

Ditto, East Calcutta Longitudinal Series 1866-G7 dltto,

Ditto, Jubbulpore Meridional Series 1866-67, ditto,
No. 3 Ditto, Revised Calcutta Longitudinel Series, dltto,
No. 4 Ditto, ditto ditto, ditto, in 2 sheet,s
Map of Syr-Daria (Jaxartes), ditto, ditto,
Shetch Map of India to illustrate Railway and Teleg1 aph Lines, ditto,
Sheet No. 6 Kumaon and British Gurhwal—(Compilation), ...
Skeleton No. 6 Ditto ditto ditto, e
Sheet No. 14 Mussoorie and Landour, ditto .
Skeleton No. 14 ditto ditto ditto,

Comploted Sections Nos. 12, 13, 16 and 17 Kashmir Survey (Originals)
Ditto 12, 13, 16 and 17 ditto. (Duplicates)
Scctions Nos. 11 and 15 Kaehmir Survey Scnle 8 miles=1 inch
Index to the Kushmir Survey Sections,
Ditto ditto, .
Ditto ditto, on linen,
Route Survey from British India into Great Tibet through ‘the Lhassa Territories
on transfer paper, }
Path of the Total Phase of the Solur Erhpse on transfer pnper,
Shect No. 1 Spirit Levels and Trxgonomctucnl heights of the G. T. Su.rvey of India
&c., (Compilation) .. . }

Ditto No. 3 Ditto ditto dltto,
Sheet No. 1 Map of Turkestan (Compilation), .
Shect No. 2 Ditto ditto.

A tracing from the N. W, Himalnyn Survey Contmnmg Dalhousie and Chamba. &e.,
Ditto dilto, of the country between the Parallels of 30°56” lmd
31°19 and tho meridinns of 76°59’ and 77° 2%,..
A trocing from the N. W. Himalaya Survey of the country between the Parallels of
32°13’, and 82°50’ and the meridians of 75°50’ and 76° 30", }
Corrected 100 Coples of Skeleton Sheet No. 7 Mussoorio and ledour,
Colored 125 ,, Sheet No. 1 Map of Turkestan, "

Do. 130 ,, Sheet No. 2 ditto,

Do. 36 ,, Dehra Doon with Bussoorie and Inmdour,

Do. 45 ,, Plan of Dehra, ...

Do. 250 ,, Route Survey from British India into Great Tibet fhrough the )
Lhassa Territorics,

Do. 35 ,, Shecot No. 6 part of British Gurhwnl

Do. 12 ., do. ,, 1 ditto,

Do. 7, do. ,, 7 ditto,

Do, 42 do. ,, 1 Spirit Levels-and Trlgonometncsl he)ghts &e.,

Do. 35 do. ,, 3 ditto ditto, ..

Do, 21 ,, Sketch of the Province of Goojerat,

Do. 20 ,, Map of Syr-Daria (Joxartes),

Do. 20 ,, Map of Central Agin,

Do. 25 ,, Scction No. 11 Kashmir Survoy,

Do. 25 do. ,, 12 ditto,

Do. 25 do. ,, 13 ditto,

Do. 25 do. , 15 dilto,

Do. 25 do. ,, 18 ditto, ..

Do. 2 Sketch Map of Indiein 12 Sheets

Protraction of Routes for Level Sheets Nos. 3 & 5 and copies of Bench Mark Druwmgs &c

Sheet No. 3 Map of Turkestan for Photozmcogmphy—(Compllntlon)
Do. ,, 4 Ditto ditto tto,
Do. ,, B Spirit Levclaand Trigonometrical heights of the G. T. Survey of India
&c., For Photozineography—(Compilation), .
Do. , 15 Kumaon and Britishi Gurhwal For Photonncogmphy—(Compl_lutlon),

Printed Parchments, Forms, Labels &c.,

Examination of Preliminary Charts &c.,

For Photozincograph
For Zincography. PRy

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.

ditto,

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.

ditto.
For Photozincography.
For Zincography.
For Photozincography.
For Zincography.
For Surveyor General's Office.
For Photozincography.

ditto.
For Surveyor General’s Office.
For Office use.
For Colonel Walker, R.E.

For Zincography.
ditto.
For Photozincography.

ditto.

ditto.

ditto.
For Mr, Davies.

For Colonel Dickens.

For Surveyor General's Office.

For Photographio Office.
ditto.
ditto,
ditto.
ditto,
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.
ditto.

ditto
For Colonel Wnlkcr, RE.

Very nearly finished. ’

Half of the Printing and out-lin-
ing finished.

Nearly finished.

About { of the out-lining finished.
For Photographic and Comput-
ing Offices.
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NARRATIVE REPORT OF THE TRANS-HIMALAYAN EXPLORATIONS MADE DURING 1867, DRAWN
UP BY CAPTAIN T. G. MONTGOMERIE, R.E., OF THE G. T. SURVEY, FROM THE ORIGINAL
JOURNALS &C., OF THE TRANS-HIMALAYAN EXPLORING PARTIES.

.

The Trans-Himalayan explorations made during 1865-G6 from the Mansarowar lake to
Lhasa supplied various pieces of information as to routes and places in Tibet of which the
names were unknown in India. Tibetans had been heard to talk of their gold mines and salt
mines, and the position of some of the latter was indicated roughly on European maps but our
knowledge of all such places was vague in the extreme though the Tibetans certainly do bring
both gold and salt. The 1st Pundit heard of these places whilst in Lhasa and the 2nd Pundit
when at the Gartok fair heard various particulars from which he gathered that the route to
those gold fields east of Gartok was likely to be feasible.

It will be remembered that the 2nd Pundit made his way to Gartok in 1865 by one route
and returned by another thus connecting that place with points in British territory on the south
that had been fixed by regular survey. There however still remained a large gap between Gar-
tok and the Ladak territory which latter had also been surveyed. It appeared to me very
desirable that this gap should be filled up, the more especially as it embraced a portion of what
was said to be the course of the great river Indus, a portion moreover that had never been
traversed by any European.

The information I received, during the prosecution of the survey of Ladak, as to the
Indus lead me to think that there was a large eastern branch of that river and I was confirmed
in that opinion by the reports of the Surveyors who sketched the extreme south-east of Ladak.

Owing to the great jealousy of the Tibetans the Surveyors could not make their way
very far beyond the fronticr, the fact of their being engaged on the survey of Ladak arousing
the suspicions of the Tartars so much that a regular watch was established the moment a Sur-
veyor approached the frontier. Nevertheless the ground was sketched to same distance beyond,
and peaks were fixed at a still farther distance by the theodolite.

The natives pointed out the position where the eastern branch came in, and a gap seen
in the mountains in that dircction made its existence highly probable. Having this informa-
tion it seemed to me very desirable that the question as to the existence or non-existence of
this branch should be settled. I consequently determined that the 2nd expedition of the Pun-
dits should be in that direction, the first object being to settle various doubtful points as to the
position of the Upper basin of the Sutlej,—the 2nd object, the question of the eastern branch
of the Indus,—the 3rd, the connection of Gartok with the regular survey in Ladak, and the
4th to explore up to the gold and salt mines cast of Gartok and as far beyond as the Pundits
could get in an easterly direction. The latter being with a view to gain some knowledge of the
vast terra incognita lying between the desert of Gobi and Lhasa.

Preparations for the expedition were made during the spring of 1867, a thi~d Pundit was
entertained and trained to supplement the place of the 2nd Pundit who had proved to be some-
what waunting in nerve. Starting from Mussoorie on the 2nd of May the party under the first
Pundit reached Badrinath on the 24th of May and Mana on the 3rd June. The Mana pass to
the north had not been declared open and the party had consequently to wait at Mana. Whilst
there several heavy falls of snow occurred on the neighbouring mountains.

The Pundit found that before his party could cross into Tibet it was necessary that the
opening of the pass should be formally notificd by the Tibetan officials and before this is done
the Jongpon (or Zungpung) of Chaprang makes inquiry every year as to the political and sana-
tory condition of Hindustan. The inquiry seems to be carried out with all that assumption of
lofty superiority for which Chinese officials are famous. Looking down from their elevated
platcaux they decide as to whether Hindustan is a fit country to have intercourse with. The
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decision come to appears not to be at all a dead letter, for as will be seen hearafter it ultimately
affected the Pundits movements not a little. The especial enquiries are made as to whether
there is war, epidemic, famine &c., such as are in any way likely to affect Tibet.

During his stay at Mana the Pundit made complete arrangements for their journey and
he gave the 3rd Pundit some farther practice in route surveying. Whilst there he was also for-
tunate enough to secure the services of three men, viz., of a Bisdhiri trader, a resident of Bad-
rinath and a Ladaki trader from Zaskar. All these men knew the routes to the gold and salt
mines east of Gartok. They proved moreover exceedingly useful in collecting provisions,
scrvants and asses, the latter for the carriage of the small parcels of merchandize which formed
the ostensible object of their journey. On the whole the halt at Mana was a decided gain to
the party.

At length on the 9th of July three men sent by the Jongpon of Chuprang arrived and
having made all their inquiries declared the Mana pass open to traders from Gurhwal ; the party
accordingly was able to commence its march on the 26th J uly. It consisted of 11 men, 12 asses
and one poney, the men being all armed with weapons they had borrowed at Badrinath, as they
were told that arms would be required to keep off robbers. On the 28th they crossed the Hima-
layas by the Mana pass (18,570 feet) and on the 20th July reached Lumarti Camp. Here they
were told to halt until more traders joined them, so that the Tibetan officials might be saved
trouble by examining and taxing a number at the same time. The 2nd Pundit however was sent
on ahead to intercede with the Chuprang Jongpon and he succeeded in getting authority for
the party to advance alone. Churkong is the place where traders are generally taxed but in this
instance the examination was made at Barku. The Abtuk of Chuprang searched the baggage
fortunately without discovering the instruments and being satisfied that the party was a trading
one he levied the taxes at the usual rates.

On the 6th August the party reached Totling, passing the small town of Chuprang on
their left (north).

At Totling they put up in the monastery, the Monks (Gelongs or Dabas) allowing all
travellers to do so. The monastery with its numerous dykes of stones is about one mile in cir-
cumference it has 50 to 60 Monks attached to it, the head one bearing the title of Ling-Khambo.

Between Mana and Totling there is no cultivation of any kind but at Totling itself a
grain called nai (barley) is sown in April and reaped in September.

From Totling the party advanced direct towards Gartok crossing the Sutlej by a remark-
able iron suspension bridge 76 feet span, 7 feet wide and about 40 feet above the water. The
chains are formed by links of iron of the shape of the figure 8 each about one foot in length,
the iron being over one inch square. The bridge is said to have been built by Gyalpo Kesar
or Sekundar Badshah (Alexander the Great) | The iron is in capital preservation owing to the
very small rainfall, and to the care with which it is annually lubricated with butter (ghee.)

After crossing the Sutlej the Pundit and his party all assumed the costume worn by
Bisahiri traders.

On the 9th August they crossed the watershed between the Sutlej and the Indus by the
Bogola pass 19,220 feet ahove the sea and reached Gugtl camp close to Gartok on the 11th
instant avoiding the latter place, lest its officials should in any way interfere with their onward
progress. Continuing their journey they ascended the mountains east of Gartok and after
crossing the Gugtila pass 19,500 feet above the sea they found themselves on the 14th August
in a vast desolate plateau, the lowest points of which they ascertained to be 15,280 feet above

the sea.

This plateau is called Chojothol or Antelope plain, from the great number of those
animals scen on it.

On the 16th they reached a small lake covered with ducks and other wild fowl. Ona
head no signs of a path or of cither houses or tents were to be seen and the party became
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anxious as to fresh water which was said to be very scarce. It was not till the evening of the
2nd day that they came upon fresh water.

Several very brackish lakes were passed so intensely salt, that even the wild fowl avoided
them. No potable water could be got till they found a glacier and melted its ice.

On the 10th they crossed the Pabha-la 17,650 feet above the sea and descended to the
Giachuruff camp on the banks of the Singh-gi-chu or Indus river 15,730 feet. After the deso-
late and arid table-land they had crossed, the sight of the river and its fresh water, and of the
large camp beyond was at first very pleasant to the Pundit’s party ; their pleasure was however
soon damped as they found the inhabitants of the camp very suspicious as to the objcct of their
journey. Their progress heing for the first time impeded by the officials. Gopa Tajam the
head man questioned them as to the objects of their journey and as to who and what they were
&ec. When told that they were Bisdhiris who had come there solely to sell coral and purchase
shawl wool (pushm) in exchange, he told them flatly that he did not believe their story. With
great correctness he then proceeded to point out the proper country of each individual and said
that if they had been really all Bisdhiris and had been lately in Bisdhir, they would never have
dared to enter Nari Khorsum that year, as an order had been promulgated at the time of open-
ing the passes, forbidding Bisahiris to enter the country on any account, as they had in the
previous year introduced small pox, which proved fatal to many of the inhabitants. The head
man moreover hinted that the party had introduced Europeans into the country.

Thesc suspicions being so strongly expressed, alarmed the Pundits, more especially as they
never thought that the disguise of a Bisdhiri, which had served them so well on the route to
Lhasa, would prove a hindrance on this occasion.

The Pundit thought these suspicions were due to the jealousy of an acquaintance of his
who lived near Badrinath. However by repeated protestations be managed to bring the head
man round to a partial belief in their story, so that he at last consented to allow a portion of
the party to proceed onwards provided the remaining portion was left as a hostage for their
good faith,

As the 2nd Pundit’s nerves were again considerably shaken by the dreary mountains
they had crossed and by the check they had received, the 1st Pundit decided to lcave him at
Giachuruff whilst he and the 3rd Pundit pushed on ahead on the pretence of selling their coral.

Whilst preparations for this purpose were being made the head man’s suspicions began
to gather again and it was only after farther entreaties accompained by presents, that they were
allowed to advance. The Pundit left the Giachuruff camp on the 22nd August with the 3rd
Pundit ; but the latter was very soon after starting detached with one servant to carry a route-
survey up the river Indus as far as he could get.

The Pundit himself made a very long march, so as to get well clear of the Giachuruff
people and by night was far away to the cast resting near the bed of a small dry stream. On
the 23rd August he hoped to have been able to cross the Chomorang range, but owing to a very
heavy fall of snow, he was obliged to halt at a camping place below it. Snow continued to fall
on the 24th and 25th and he was not able to continue his march till the 26th August, when he
crossed the Chomorang-la pass 18,760 feet above the sea and after a very long march crossing a

good deal of snow he reached the large camp of Thok-Jalung * the chief gold field of that
part of the country. -

As the Pundit descended the Chomorang-la pass, the Thok-Jalung camp came in sight,
he found it pitched in a large desolate plain of which the prevailing color was reddish brown.
As far as he could sce, it at first appeared to be like other Tibetan standing camps, except that
it was very much larger.  As he got closcr he made out the noise of a great number of voices

singing together, and on his arrival found that this came from the gold diggers and their families
whilst the men were ot work.

® Tiok-Jalung Latitude N. 82° 24’ 265, Longitude 81° 87’ 38”.
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The Pundit had armed himself with a letter from the Giachuruff Chief and this he pre-
sented the next day to the Thok-Jalung Chief with a small present of the best Indian tobacco,
which he had somehow discovered to be a particular weakness of that individual,

The Chief received the Pundit in his large tent, he was much gratified by the present,
but in spite of that and the letter it was evident from his manner that he did not think that
matters were quite right. He cross questioned the Pundit and then advised him to do what he
had to do in Thok-Jalung quickly and to return to Giachuruff by the same road as he came.
The Chief said that it was out of his power to allow the Pundit to stay long and that properly
he ought to have sent him back at once as there was an order in force forbidding all Bisahiris
to enter the country that year.

Hearing that the Pundit had coral for sale he asked to see it. As soon it was displayed
the Chief’s Wife who was present, took such a liking to it that she persuaded the Chief to offer
gold in exchange, the Pundit thought his only chance was to acquiesce and he did so, making as
he afterwards found out, a very bad bargain. Having given up his coral, the Pundit was allowed
to retire.

The Chief was an inhabitant of Lhasa called Yoodak Mingmaér, about 45 years of age.
He had been master of the Thok-Jalung gold field* for some time. The Pundit saw him several
times afterwards and always found him very civil. His usual dress was a red robe of Lhasa or
Shigatze manufacture, his head was covered with a brown felt hat of Chinese fashion with
a broad rim turned up all round. He told the Pundit that he and every one else wore furs in
the winter, and that they could not live at that season without them which is no doubt correct
as the Pundit’s ohscrvations make the gold field to be at the great altitude of 16,330 feet above
the sea. His tent was a large circular one about 25 feet in diameter with two poles, it was
pitched in a wide pit some 7 or 8 feet below the surface of the ground and the descent to it was
by means of steps. Outside, the Pundit noticed one of the gigantic black dogs of Lhasa, this
beast was tied unpleasantly near the door and was so savage that there was great difficulty in
preventing him from flying on strangers. The Pundit had seen many of these dogs in Lhasa
and he at once recognized it by its great size, deep jowls, and the white mark on its chest. The
Lhasa people call them Gya-ki or royal dogs.

The tent was made of black Yaks hair, it contained bales of shawl wool (pushm), leather
packages of tea, strings of dried beef from the Yak and a few other Tibetan luxuries such as
dried apricots, currants &c., the poles were garnished with several match-locks and a sword.
The Chief’s seat was beside a small box in which there was a drawer containing paper, pen, ink
and couple of cups or bowls, one for drinking tea and the other for Chung or Whiskey. The
Chief’s tent seems to have also been the shrine of the camp as behind his seat there were piled up
the usual images, small brass bells, tiny vases, books, picturest, lights &c., that are carried
about by wandering Budhist Lamas. Whether the Chief was also a Lama was not ascertained but
his red dress and the ritnalistic instruments point to that conclusion.

The Chief was constantly smoking a silver-mounted Ncpalese hookah. Tea was forthcom-
ing at all hours. He had about ten personal servants who lived in small tents round about his
own. The Chicf was a very intclligent man and all things eonsidered the Pundit thought him
well informed. His shrewdness there was no mistaking as instanced in the matter of the coral.
Ie noticed the Pundit’s box, examined it carefully and then asked him how he came to have such
a good box. The Pundit was fortunately ready with his answer and said he bought it at one of
the ¢ Saheb logues’ auctions to carry his coral in. The fame of these auctions had reached even
this Tibetan Chief and he expressed himself as quite satisfied, allowing the box to be removed
without discovering the large sextant which was stowed away in asecret compartment. The
chicf took o great liking to the Pundit and used to send for him every now and then in order
to discuss over tea and tobacco the great country down below.

® From previous information it appears that gold was Grst discovered to be abundant at Thok-Jalung about 8 or 9
years ago.

+ Quaintly painted on cloth, many of that kind can be seen in Ladak at the Hemis and other monasteries.
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The Pundit found the part of the gold field that was being worked to be a great excava-
tion from 10 to 200 paces in width and some 25 feet in depth, access to the hottom being by
means of steps and slopes, the earth as dug out being thrown upon either side. The excavation
at the time of the Pundit’s visit was ahout a mile in length.

The digging is carried on with a long handled kind of spade and occasionally with an iron
hoe, the iron for these implements is brought from Bisdhir, Ladak &c. The camp had a black-
smith who could repair these tools.

A very small stream runs through the gold field and the hottom of the excavation is
consequently rather a quagmire during the day time ; but the stream is put to good use for
washing the gold out of the soil. The diggers dam up the water and leave 2 sloping channel
for it to escape by. A cloth is spread at the bottom of the channel and kept down by a number
of stones so as to make the bottom uneven. One man brings earth from the excavation and sprin-
kles it over the channel, whilst another man drives water down the channel by means of a
leather bag. The water carries the lighter soil right away, but the pieces of gold fall into the
uneven places and are easily collected in the cloth by lifting up the stones. The yield of gold
seems to be large and the finds occasionally very heavy—the Pundit saw one nugget of about
2 1bs. weight (75 tolahs). The diggers say they can recognize the soil that contains gold at-
once but judging from the large number of gold ficlds that have been used at one time around
Thok-Jalung and are now more or less abandoned, the Tibetan gold diggers seem to e quite as
capricious as those of Australia or California and the probability is that whenever they are a
long time without getting good finds they strike their Camp and move off to what they think a
more tempting field.

From what the Pundit heard during this last expedition and the previous one to Lhasa,
there is a whole string of gold fields extending all the way from Lhasa to Rudok along the route
which must run close to the northern water-shed of the Brahmaputra, probably in the depression
to the north of it.

The gold fields are carefully watched by the Lhasa Authorities, a gold commissioner,
called Sarpon,* superintends the whole of them and each field has a separate master. Any indi-
vidual is allowed to dig provided he pays the annual tax of one sarshoo weight of gold which is
about 4 a tolah or _—:ths of an ounce. The greater part of the diggers come from the Chung
province around Shigatze. The gold commissioner makes an annual tour through the gold dis-
trict, visiting each field and collecting the taxes.

The Pundit says that in all his travels he never experienced such intense cold as he did
at Thok-Jalung, owing as he thought to the high cold wind that was always blowing, more than
to the great elevation viz., 16,330 feet above the sea.

The tents of the diggers are always pitched in pits some 7 or 8 feet below the surface of
the ground so as to kcep out the wind. Spite of the cold the diggers prefer working in the winter
and the number of their tents which in summer amounts to 300, rises to nearly 60O in winter.
They prefer the winter as the frozen soil then stands well and is not likely to trouble them
much by falling in.

The water near Thok-Jalung is so brackish that the diggers cannot drink it tiil it has
been frozen and then re-melted. Considering these difficulties about water, the great elevation
the total absence of wood, and the general severity of the climate, gold digging at Thok-Jalung
is carried on under very much greater difficulties than in any other part of the world. Never-
theless the diggers appeared to be cheerful and were constantly singing, their families joining
in a sort of chorus, which counld be heard at a great distance.

Argols of dried dung {rom the yaks, ponies and sheep, &c. form the only fuel. Tlhe
Tibetans cook and eat threc times a day, their food consisting chiefly of boiled meat, barley
cakes, butter-milk and tea stewed with butter.

The Pundit snid the Tibetans all preferred China tca and did not approve of Himalayan
tea spite of its price, they vowed the latter was too heating for them and that only very poor
folks take it.

# Sar is the Tibetan name for gold.
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There was no attempt at masonry in the whole camp, the only apology for it being a
square churtan of dry stone plastered with white earth and surmounted with a pole and flag.

At the foot of the mountains round about, the diggers had collected 7 or 8 piles of white
stones (probably quartz) and on the bare slopes they had also picked out with white stones the
letters of the sacred sentence ¢ om mani padmi hom,” on such a gigantic scale that it could
be read at a great distance. The sentence was repeated in this way over and over again.

The diggers all eat yaks’ flesh and they are said to get over their Tibetan scruples by
strangling their tame yaks, but they nevertheless do not object to wild animals, yaks, asses &c.
that have been shot.

The Tibetans say that eating roasted meat impedes their breathing and that fresh milk
has the same effect, they consequently forbid both and invariably eat boiled meat, throwing
away the water in which it is boiled and drinking butter-milk. They extract their butter (ghee)
from the milk of yaks, goats and sheep. Their tea is invariably stewed with butter. The meal
they use is generally barley meal.

The position in which Tibetans sleep is a most extraordinary one, they invariably draw
their knees close up to their heads and rest on their knees and elbows, huddling every scrap of
clothing they can muster on to their backs. Those who are better off rest in this manner on a
sort of mattrass that rises towards the head and the poorer people in standing camps generally
manage to get a suitable slope on the mountain side, or to arrange stones and earth so as to
rise in the same way ; but rich and poor adopt the same position for sleeping. The Tibetans
employed in Ladak by the Survey, though provided with tents (shouldaries) invariably slept in
the way described above, arranging themselves in a circle round the tenf. This position is most
probably adopted in order to secure as much warmth as possible for the stomach, the thighs
pressing against it and thoroughly excluding the external air. The gold diggers smoke a great
deal, using brass, zinc or iron pipes the latter being most common.

The Pundit mixed freely with the gold diggers and observed all their ways and habits,
but his time was limited. The Chief spite of his friendly conduct insisting that he could not
let him stay beyond the 31st of August.

He ascertained that the price of the gold at Thok-Jalung was only Rs. 54 to Rs. 6in
silver per saishoo, (which weighs about a half tolah and 8 ruttees), or rather less than Rs. 30 per
ounce. There were two tents belonging to goldsmiths in the camp, they came from the Chung

or Shigatze province.

Secing no chance of extending his journey to the east of Thok-Jalung the Pundit re-
traced his route to Giachuruff, there he found the 3rd Pundit who had made his way for a
considerable distance up the river Indus to a place called Jiachan. ’

Though the 3rd Pundit had heard that a large band of mounted robbers were wandering
about the upper Indus, he was in no way hindered by them till he reached Jiachan.

There however, whilst he was down at the river, a couple of armed robbers fell upon his
servant an oldish man, and knocked him over seizing a thermometer and the cocoanut contain-
ing the supply of quick silver. Fortunately the Pundit was not for away and hearing the cries
he rushed to the rescue, seizing one of the robbers by his pig tail he swung him round and took
back the stolen things. This 3rd Pundit being a tall, powerful man completely turned the
tables and the robbers pretended that they had only been joking with the old man and did not
really mean to take anything. The robbers made off as soon as they could, and the 3rd Pundit
thinking they might bring down more of their brethren on Lim, decided to retrace his steps.
He was very reluctant to do this as from all he could hecar, 3 or 4 marches more at the outside
would have taken him to the source of the Indus, which at the farthest point he visited was still
a good sized stream. He was however certain that from the peculiar hcad dress of the robbers
that they belonged to the armed band he had been warned against—the head dress being one
peculiar to the nomadic inhabitants of the Shellifuk and Majin districts who arc noted as pro-

fessional robbers.
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The whole of the Pundits party having been recollected at Giachuruff he decided to trace
the Indus down to its junction with the river upon which Gartok stands. Starting on the 4th
September they marched steadily down stream passing numerous camps with their flocks, and
herds, but seeing no cultivation or villages till the 7th, when they came to a small village with
the first patch of cultivation. All along the banks there was a low bushy jungle. The grass
appears to have been abundant and near one camp there was a herd of 5 or 600 horses or large
ponies running almost wild, mostly of a white or a greyish color. On the 12th September they
reached the junction of the Indus and Gartok rivers and crossing the latter encamped near the
Lujan-Chumik spring.

From Lujan-Chumik the Pundit sent the 3rd Pundit to trace the river down into the
Ladak territory, whilst he traced it up to Gartok. On the 14th September he reached Gar-
Gunsa, the winter residence of the Gartok Authorities. He found only 3 large and 8 small
houses in it and was informed that the rest of the inhabitants lived in tents. All along the
banks of the river he found the grass tall and luxuriant. The valley all the way up was flat
and wide.

On the 16th September the Pundit reached Gartok ¥ where he found a camp of about
200 tents mostly belonging to traders. On his arrival he was alarmed to find that some one had
been spreading reports as to his being in British employment and he found it advisable to hasten
his return. Choosing a new route he got separated from his baggage and the greater part of
his party and had he not fallen in with traders from Shipki, he would have been put to very
great hardships. e crossed by the Laochia pass and marching by Shiang and Dunkhar reached
Totliug on the 26th of September. Here they waited for the 3rd Pundit who joined them on
the 29th of September, after having traced the Indus down to Demchok in Ladak. From
Demchok he crossed from the basin of the Indus to that of the Sutlej by a very high pass and
carried a route-survey down to Totling. +

TFrom Totling the 2ud and 3rd Pundits were sent down the Sutlej to Shipki tracing the
river as closely as they could. From Shipki they carried a route-survey in'a southerly direction
crossing the Himalayas by a high pass and descending to Nilung on the upper course of the
Ganges.

The Pundit himself returned from Totling to Badrinath by nearly the same route as he
advanced by, only making one small variation.

Ultimately the 2nd and 3rd Pundits rejoined the 1st and they all made their way down
into British territory by the beginning of November.

The geographical results of the exploration can be seen at a glance from the accompany-
ing map. They account for the geography of about 18,000 square miles, founded on 850 miles
of route-survey with 80 heights. The routes are checked by 190 latitude observations taken at
75 different points.

The course of the Sutlej river has been roughly traced from Totling down to Shipki on
the border of British territory. Hitherto there has been no survey of any kind of this portion,
and the route though only actually touching the river for a short distance was carried near
cnough to it to enable the Pundits to lay down its probable course very closely.

The position of Gartok as determined by the two routes of the last expedition has been
confirmed by a third route carried up from Badrinath. The mean of three gives a very good

* Girtok is enid 1o be a corruption of Gdrted, tod meaning upper, it is also chlled Gér Yar-Yirsi, Ydrsi meaning
summor abode, from Yirsi summer and & abode. The winter quarters are ealled Géir-Gunsi from Gungd winler and s abode.

t The portion hetween Medokding and Totling was previously traversed by Captain Henry Strachey.
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longitude of Gartok * as has been proved by the farther route-survey carried from Gartok to
Demchok, which latter had been previously fixed by the regular survey operations in Ladak.
The longitude by the route-survey only differing from that of the regular survey by 24 minutes,
a very satisfactory result from a route-surveyt traversing 160 miles direct over such a very rough
tract of mountains.

The routes have also defined the courses of both the upper branches of the river Indus
from near their sources to their junction and the conjoint stream from that point into Ladak.
Neither of these branches had been previously surveyed in any way, except a small portion of
the Gartok branch above Gartok which had been roughly laid down by Moorcroft.

The existence of the eastern branch was doubted by many Geographers} as no Europe-
ans had ever seen it : The Pundits route has now proved that this eastern branch is the main
stream known to the natives as Singh-gi-Chu or Singh-gi-Khamba (Lion’s mouth), the river
Indnus itself whilst the other branch hitherto generally supposed to have been the main stream
is much smaller than the eastern one and invariably called the Garjung-Chu.

The routes extended beyond the eastern watershed of the Indus as far as the great Thok-
Jalung or Thok-Samba gold field. Thok-Jalung was moreover roughly connected with various
other gold fields and salt mines by means of information derived from travellers and the general
correctness of this information was roughly established by a route to Rudok, derived from
similar information which made out the position of that place tolerably close to that determined
by the regular survey.

A number of lofty snowy peaks were determined from various stations of the route-
survey, the most remarkable being the Aling-Gangri group north of the Indus, which, judging
from the great mass of snow seen on the southern face during August, September must be
upwards of 23,000 feet above the sea, possibly as much as 24,000 feet.

The line of perpetual snow on the southern slopes of the Ladak mountains approximates
to 20,000 feet in the same latitude and it would require several thousand feet of snow above
that line in order to be very imposing at 80 miles, at which distance the Pundit first saw it.
The Aling-Gangri group had never as far as I am aware been heard of before. They appear to
be a continuation of the range between the Indus and the Pangkong lake. The Pundit could
see no farther continuation of the range to the east of Thok-Jalung.

Another high group was seen to the east of the Medok-la, on the watershed between the
Sutle) and Indus.

Altogether the Pundit and his brethren have as I predicted improved very much in the
art of fixing distant peaks, satisfactory proof of this has been forthcoming from their back
bearings to well known peaks, such as Leo-Porgyal, Kamet &c. which gave very accurate posi-
tions to those peaks, forming at the same time a valuable check on the route-surveys and
proving that there has been no large accumulation of error.

The numerous heights determined by the boiling point give a good idea of the great
clevation of the country traversed and the consequently enormous difficulties under which the
route-surveys were made. From them it will be seen that the Pundits were for more than three
months at an elevation of over 13,000 feet.

They crossed the great range between the Sutlej and the Indus three times, that between

* Jartok Longitude E. 80° 23’ 33”, Latitude N. 31° 44’ 4”, and height 14,250 fect above sea.—T. G. M.
+ The values of the pace as tested by the differences of latitude were very accordant thus:—

Difference Deduced length REMABRKS.
latitude. of pace in feet,
o , ”
From Badrinath to Garlok, 0 59 36 2:495 By 1st I’undit.
,» COurtok to Thok-Jalung, .. 0 40 23 2612 , lnt Pun(‘hl:. )
» Osrtok to Demchok, ... .. . 0 57 17 2634 " 'lst and 3rd Pundits.
s Demchok to Totling, ... ... 1 13 24 2495 ,» 3rd Pundit, T i M

1 It was indicated from Native information by H, Strachey, on his Mop of Laduk and Qnair-Khorsum.



1X

Gartok and Chajothol once, hetween Chajothol and Giachuruff once, the Chomorang range
twice, and the Himalaya range three times, cach of the crossings involving a pass of over
17,000 feet, two of them being over 19,000 feet.

The height of Gartok by the above is ouly 14,250 fect instead of 15,000 as had previ-
ously been assigned to it. At the several points Totling &c. where Henry Strachey’s heights
were taken the Pundit’s heights are generally lower. A difference in the same direction was
noted in the results of the previous expedition at a point near the Mansarowar lake and judging
from the following comparisons, it appears to arise from a constant difference, probably due to
the thermometer employed :—

By the G. T. Survey. By H. Strachey.
Hanle, .. .. 14,276 fect 14,500
Pangkong, .. .. 13,936 ,, 14,300
Tankse, .. . 12,791 ,, 13,000
Diskit, 9,050 ,, 10,400

The above shows that Captain H. Strachey’s were generally higher than the G. T. S. values, by
about 300 feet on the average, and the Pundit’s values differing from Captain Strachey’s by
about the same amount, it may be concluded that they are tolerably near the mark, and at any
rate not in excess.

The Pundit’s heights agree with those of Badrinath as determined by another observer.

During their journey from Mana to Thok-Jalung a total distance of 207 miles, they only
met with cultivation once, viz., near Totling on the Sutlej, every where else the mountains were
too high to'allow grain to grow. The mountains however produce plenty of coarse grasa, suffi-
cient to support large flocks and herds, the Pundit’s coming across camps nearly every day.

The weather until they reached the Chomorang range was good, there however the fall
of snow was very heavy, though it did not extend in any great quantity on the Thok-Jalung
side. At Thok-Jalung itself, only a little rain fell, though it was often cloudy.

During the whole of the time* the Pundit was onthe Upper Indus there was a dense
bank of clouds in the direction of the Kailas peak and consequently neither he, nor the 3rd
Pundit could ever get a bearing to that peak though they were on the look out to do so.

In spite of the desolate aspect of the mountains traversed, the number of wild animals
was remarkable, quantities of Tibetan antelopes, wild asses (kiangs), yaks, grey wolves, hares
and marmots. Wild fowl swarmed on some of the small lakes and ravens used to visit the
camp in pairs.

The actnal source of the castern branch or main stream of the Indus was not reached,
but the people between Giachuruff and Jiachan said it rose at a place called Gangri-Goorgiap
which may perhaps refer to the Gangri or Kailas peak ; but the direction of the course of the
Indus as seen from near Jiachan pointed rather to the east of that mountain. The whole dis-
trict along the upper course of the Indus is called Bongthol which is divided into the small
districts (puttees) of the Singhtod and Singhmet. ¢ Tod” signifying upper and “ Met” lower.

At the highest point visited the Indus was still a considerable stream. At Giachuruff
the ford was always a difficult one and for 8 days after the fall of snow the Pundit experi-
enced, the river was not fordable in any way. Whilst it was snowing on the Chomorang range,
heavy rain fell at Giachuruff and the river conscquently rose very much. The stream was
generally very clear and full of fisht of all sizes, up to about 18 inches in length,

The 3rd Pundit though a very tall powerful man, had great difficulty in ecrossing when

the river was falling, e crossed over to catch their baggage animals which were out grazing, but
being delayed till dark he was unable to venture back and was consequently kept out all night
with hardly a scrap of clothing, he and his companions huddling together in order to keep

themselves warm.

* The rains were in [ull progrees at this time on the outer Himalayan ranges.
+ The Dokpa peoplc eat these fish but those Tibetans who have read Budhist booke do not do eo.



TFrom Jiachan to Giachuruff the Indus flows through a rather broad, flat valley and from
Giachuruff to its junction with the Garjung-Chu it flows through a similar valley, the banks
being lined in many places with long patches of low jungle.

The Indus above the junction was from 100 to 200 paces in breadth with a depth of 6
to 4 feet; while the Garjung-Chu was in places as much as 250 paces in width but with a depth
of only 1 to 2 feet.

The Garjung-Chu between Gartok and the junction flows through a particularly broad
and flat valley.

The Indus below the junction flows through a wide valley to a considerable distance
below Demchok.

When at Thok-Jalung the Pundit made diligent enquiry as to the adjacent countries, he
was informed that a large district called Majin extended for nine days journey to the east, and
that a smaller district called Shellifuk lay to the south-east. The Majin country was said to be
a difficult one to travel in as no rivers ran through it. The Shellifuk district boasted of some
strcams, but they all run into a large inland lake. .

Immediately to the north of the gold fields there is no regularly inhabited country, as far
as the Thok-Jalung people are aware. They say there are some wandering thieves Champas or
Klhampas who live entirely on meat and have had so little acquaintance with grain in any shape
that, they get sick when they take it from their more southerly brethren. The Pundit however
seemed to have very little faith in this part of the story. He heard that at a considerable dis-
tance to the northieast there was a tract called the Whor country inhabited by Shakpo people
the same style of people as those who come from Jilung.* Tartary is said to be to the north-
east of Whor. To the north-west of Thok-Jalung lies Rudok, the route to which_has been
roughly indicated on the accompanying Map. Ting-Chu and Rawung are the intermecdiate dis-
tricts ; the first is a very cold place and has very little sweet water, though plenty of brackish
water. Rawung has much the same climate as Rudok, only slightly colder, it has however
plenty of fresh water.

There is said to be a direct route from Thok-Jalung, south-east to Tadam monastery on
the great Gartok and Lhasa road. This route crosses some comparatively low ranges but is
said gencrally to run over great plains.

Such inhabitants as there may be on the north, east and south are all nomadic, living in
standing camps, shifting cvery now and then according to the state of the pasture, time of the
year &c. They are alimost all addicted to highway robbery.

I Lave alrcady pointed out how well the Pundits have succceded in the difficult art of
intersecting and fixing distant peaks. The way in which the Chief Pundit quartered his ground
and divided it, so as to account for the geography of the whole, with a few routes, is another
great improvement, their work covering a much greater breadth and lcaving very little doubt as
to the position of the intermediate ranges.

As before, the Chief Pundit showed great tact in making his way among strangers and
his conduct of the whole expedition is highly ercditable and the way in which he has carriced
out my instructions is deserving of all praise.

The 2nd Pundit proved useful in various ways. The 3rd Pundit in his route-survey from
Lujan-Chumik to Demchok and thence to Totling proved that he was thoroughly up to his work
and likely to prove a very valuable addition to the party.

It is a matter of regret that the Pundits were not able to fix the heights of the peaks
they interseeted, more especially of Aling-Gangri, but as they have now succecded so well in
fixing the positions, it only rcmains for them to lcarn to take altitudes to them, in order to
determine their heights.

They have alrcady been trained to do this and I have no doubt but that their nest expe-
dition will prove fruitful in this respect.

* Jilung, about one month, north of Lhasa.
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Route-Survey—Badrinath to Totling.

Name and number

Bearings of

Distances in

£ stati forward | paces to for- REMARKS.
of statlon. station. | ward station.
o
Badrinath, 945 3,400 | Latitude observations taken at Badrinath near
Temple.
2 338 O 1,200
3 313 O 700
4 330 3,300
5 35130 6,100
6 330 O 4,000
7 344 0 10,000 -
8 315 30 12,700
9 2430 11,700 | Cross Himalayas by Chirbittia-la.
10 92 45 11,800
11 67 O 11,700 -
12 358 0 4,700 Observations for latitude taken at Lumarti 2,760
paces from station 12 on route to station 13.
13 28 0 6,000
14 630 6,800 Observations for latitude taken at station 14
(Chirkong.)
15 25 0 12,400
16 27 0 12,000
17 37 0 5,500 Observations for latitude taken at station 17
(Barku.)
18 76 45 10,000
Totling, 19 Observations for latitude taken at Totling.
Route-Survey—Totling to Thok-Jalung.
° Observation for latitude taken at Nairding-Sumdo
Totling, 52 o 38,200 12,300 paces from Totling on route tostation 20,
20 63 O 50,600 Observations for Iatitude taken at Khangiah camp
32,300 paces from station 20.
Observations for latitude taken at Gugti camp
ol o0 13,700 50,340 paces from station 20.
22 85 0 5,300 | Obrervations for latitude taken at Dumlung-Sum-
do, station 22,
23 62 0 4,500
24 44 30 11,300
25 8815 4,100 | Obscrvations for latitude taken at Chojo-Gugti
2,000 paces and with a bearing of 250° from
station 25,
26 98 30 8,000
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Route-Survey—Totling to Thok-Jalung.—(Continued).

. Bearings of | Distances in
N nmef m:dt'number forward | paces to for- REMAREKS.
ot station. station. | ward station.
o t

27 68 O 9,300

23 2045 13,300

29 48 0 56,000 Observations for latitude taken at Giamchicho
15,300 paces from station 29 on route to sta-
tion 30.

30 20 0 8,700 | Observations for latitude taken at Kiangmachu-
mik 35,500 paces from Giamchicho onroute to
station 30.

31 44 30 30,600

32 70 0 19,900 Observations for latitude taken at Giachuruff

> 5,000 paces from station 31 on station 32.

33 94 0 6,000 Observations for latitude taken at Thok-Jalung,
4,000 paces from station 33 on route to end of
bazar.

End of Thok-Jalung
Bazar,

Route-Survey—Giachuruff to Gartok by Lujan-Chumik and Gar-Gunsa.

Giachuruff,
2
3

Aot B -~ B -1 |

10

11
12
13
14
13

16
17

o ’

316 30
300 O
290 0
246 0

323 0
289 O

22,700
19,100

4,100
5,700

9,400
4,400
17,100

9,800
3,500
6,300

2,300
2,000
3,300
3,000
16,500

11,100
10,000

Latitude observations taken at Shildung camp,
station 2.

Latitude observations token at Giamchung-phu
2,000 paces from station 4 on route to station 5.

Latitude observations taken at Thankar village
8,000 paces from station 7 on route to station 8.

Latitude observations taken at Pika village, sta-
tion 10.

Latitude obscrvations taken at Burkung, 900
paces from station 15 on route to station 16.

Latitude observations taken at Marku camp, sta-
tion 17.
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Roule-Survey—Giackuruff to Gartok by Lujan-Chumik and Gar-Gunsa.—(Continued).

Name and numnber

Benrings of

Distances in

. forward paces to for- REMARKS.
of station. station. | ward station,
[=] !
18 209 O 6,700
19 255 0 7,800
20 296 15 5,900 Latitude observations taken at Dak-Maru, or sta-
tion 20,
21 260 30 29,000 Latitude observations taken at Ralajung 19,900
paces from station 21 on route to station 22,
22 227 45 9,500
23 143 0 19,500 Latitude observations taken at Lujan-Chumik, or
station 23.
24 130 0 24,800 | Latitude observations taken at Ju camp, or station
24.
25 150 0 47,200 | Latitude observations taken at Gar-Gunsa, or
station 25,
26 129 0 26,700 Latitude observations taken at Loa-Gong camp
30,400 paces from Gar-Gunsa on route to sta-
tion 26.
Gartol. Latitude observations taken at Gartok.
Route-Survey—Lujan-Chumik to Demchok,
o ! ‘
Lujan-Chumik, 319 15 16,700
2 314 30 6,300 | Latitude observations taken at Tashikang, or sta.
tion.2,
309 30 18,400
326 42 3,500 | Latitude obscrvations taken at Damakolok same
as station 4.
5 311 O 6,700
G 312 30 1,700
Demchok. Latitudc obscrvations taken at Demehok.
Route-Survey—Demchok to Totling.
] ]
Demchok. 312 30 1,000
7 9224 30 3,900
8 194 30 8,800 | Latitude observations taken at Demchok-Phu
. 5,390 paces from station 8 on route to station 9,
9 186 30 6,000
10 169 30 2,100
11 178 0 5,600
12 158 30 21,900 Latitude observations taken at Deboche 4,000

paces from station 12 on route to station 13,



IIv

Route-Survey—Demchok to Totling.—(Continued).

Bearings of | Distances in
Na.n::} a:l;:h!:::]mber forward Ppaces to for- REMARKS.
’ station. |ward station.
o !
13 150 30 12,300
14 197 30 5,300 | Latitude observations taken at Medokding vil-
lage, station 14. :
15 117 0 7,200
16 160 30 8,800 | Latitude observations taken at Dilchachini-Sum-
do 3,500 paces from station 16 on route to
station 17.
17 150 30 20,500
18 153 0 7,500 Latitude observations taken at bank of Lamoche
stream 6,200 paces from station 18 on route to
station 19.
19 167 30 2,500
20 134 0 2,600 | Latitude observations taken at Jia-Sumdo, or sta-
: tion 20.
21 206 0O 12,300
22 223 0 4,100 Latitude observations taken at Chokche village,
800 paces from station 23 on route to station
23 (same as station
1 below,) . } 817 0 2,700
24 308 0 5,600 | Latitude observations taken at Rabgialing 5,600
1( Lot paces from station 24.
same as station
23 above, ... } 143 0 1,800
2 139 0 1,500
3 141 30 16,200 Latitude observations taken at Shangche village,
7,600 paces from station 3 on route to station 4.
4 142 0 3,600
5 160 0 4,100
6 114 30 4,000
7 131 0 10,200 | Latitude observations taken at Tibuphu 4,900
paces from station 7 on route to station 8.
8 102 0 4,000
9 69 30 1,700
10 104 O 4,100
11 187 30 4,800 Latitude observations taken at Dunkhar village
600 paces from station 11 on route to station 12.
12 181 0 24,300
Totling, Latitude observations taken at Totling.
Route-Survey—Barku to Shipki.
o ’
Barku, 229 0 10,400
2 224 30 9,500
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Route-Survey—Barku to Shipki.—(Continued).

Name and number

Bearings of

Distances in

. forward paces to for- REMarES.
of station. station. ward station.
o 7
3 244 0 9,500
4 287 0 2,000
5 305 0 1,700
6 290 30 1,700
7 234 0 2,700
8 284 30 2,000
9 340 O 3,300 | Latitude observations taken at Puling-Gongma, or
station 9.
10 294 30 3,000
11 289 0 7,900
12 292 0 2,500
13 325 0 4,500
14 305 0 2,900
15 323 0 1,900
16 323 0 13,200
17 345 0 3,300
18 322 0 4,500 Latitude observations taken at Rildighang, or sta-
tion 18.
19 325 0 2,200
20 301 0 3,300
21 298 0 9,500
22 308 0 7,200 | Latitude observations taken at Ri village, or station
22.
23 355 0 19,300 | Latitude observations taken at Lanjan-Samba
(bridge over Sutlej) 8,500 paces from station 23
on route to station 24.
24 334 30 4,600
25 278 30 8,800 | Latitude observations taken at Dongkhang 3,100
paces from station 25 on route to station 26,
26 282 0 11,500 | Latitude observations taken at Miang village 2,400
paces from station 26 on route to station 27.
27 216 0 4,000
28 302 0 2,900 | Latitude nbaervations taken at Tiak village 500
paces from station 28 on route to station 29,
29 316 © 3,300
30 264 0 13,900 | Latitude observations taken at Kuak village 8,560
peces from station 30 on route to Shipk,
Shipki, Latitude observations taken at Shipki.
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Route-Survey—Shipki to Nilung and Mukpa.

Name and number
of station.

Bearings of

Distances in

Shipki,

= W

[+

10
11

forward paces to for- REMARKS.
station. | ward station.
84 0 13,9C0:
135 0 3,300
122 0 2,900
302 0 500
167 30 6,600 | Latitude observations taken at Tiak village, or sta-
tion 5,
172 30 4,500 | Latitude observations talen at Kuang 2,800 paces
from station G on route to station 7.
222 30 3,800
205 0 1,600
170 30 12,300 | Latitude observations taken at Sang 4,000 paces
from station 9 on route to station 10,
160 © 2,000
90 o 8,600 | Latitude observations taken at Sumna 5,000 paces
from station 11 on route to station 12,
133 0 3,200 '
106 0 3,200
36 0 2,200
53 30 1,300
101 30 6,200 | Latitude observations taken at Biar 4,700 paces
from station 16 on route to station 17.
157 30 2,700
126 30 4,600
129 0 2,800 | Latitude observations taken at Sarang village 800
paces from station 19 ou route to station 20.
15245 3,700
139 0 1,700
127 30 2,000
130 © 2,300
141 © 1,300
205 0 2,300
156 0 10,000
177 0 6,900
167 0 10,700
202 30 1,900
193 30 3,000
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Route-Survey—Shipki to Nilung and Mukpa.—(Continued).

Neme and umber | BEEring of | Distance i 2
of station. station. ward station. EMARES.
o s
31 235 0 1,900
32 188 0 1,900 Latitude observations taken at Changjum-Sumdo
égso paces from station 32 on route to station
33 231 0 1,100
34 176 0 1,000
-85 © 203 0 2,200
36 196 0 1,200
37 153 0 4,300
33 212 30 1,800
39 160 0 1,200
40 192 O 4,400 Latitude obs'erva.tious taken at Nonam 1,600 paces
from station 40 on route to station 41.
41 196 30 3,800
42 158 0 1,400
43 211 0 2,800
44 251 30 2,700
45 263 30 4,300
46 217 0 1,100
47 255 30 5,600 Latitude‘ observations taken at Nilung village.
or station 47.
48 182 0 2,500
49 213 0 5,700
60 220 0 3,700
51 259 0 5,300
52 225 0 2,000
53 257 0 2,000
54 288 0 5,700
55 266 O 4,900
56 259 0 3,200
Mukpa, Latitude observations taken at Mukpa.
Roule-Survey—Gartok lo Dunkhar.
o
Ga-t"tok, 281 0 9,900 | Latitude observations taken at Giartok.
239 0 7,600
3 213 30 6,800




Vi

Route-Survey—Gartok to Dunkhar.—(Continued).

Nemgndpumber | Phwita” | ptes s for. Rewanrs.
station. | ward station.
o
4 259 0 8,000
5 327 0 5,200
G 292 30 5,200
7 315 O 8,000
8 285 0 4,400
9 315 0 3,200
10 270 0 2,800
11 309 0 10,500
12 230 O 3,500
13 306 30 3,100
14 270 0 13,500
15 146 O 17,300
16 169 0O -16,000
"17 95 0 4,000
Dunkhar, Latitude observations taken at Dunkhar.
Route-Survey—Dunkhar to Totling.
o 1
Dunkhar, 185 5,200
19 179 0 23,700
Tot'ling, Latitude observations taken at Totling.
Route-Survey—Totling to Chirkong.
o 1
Totling, 123 30 9,100
2 200 0O 17,300
3 252 30 6,000 | Latitude observations taken at Mangnang village,
4 228 0 9,000 or station 3.
6 242 0 7,700
6 230 0 7,500
Chirkong, Latitude observations taken at Chirkong.
Roufe-Survey—Giachuruﬁ" to Jiachan up the river Indus.
Giachuruff, 155 0 7900 | Latitude observations taken at Giachuruff.
2 90 0 2,600
3 170 0 6,200
4 208 0 2,400




XIX

Route-Survey—Giachuruff to Jiachan up the river Indus.—(Continued).

Name and number

Bearings of

Distances in

sion, | Trward | paeefo for Rrxanis.
o 1

5 198 0 5,600
6 135 0 9,600

7 124 0 10,200 | Latitude obscrvations taken at Lapta-Rebo,

station 7.

8 193 0 10,000 Latitude obscrvations taken at Nagpo-Shamdo,

7,000 paces from station 8 on route to station 9.
9 245 0 8,900
10 216 11,600
1 190 18,900

Jiachan, Latitude observations taken at Jiachan.
Route-Survey—Milam to Gariok.
o
Milam, 33 0 6,400
2 50 9,000
3 2230 2,800
4 33310 8,200
5 30 0 5,000
6 2620 6,100
7 52 0 21,500
8 48 40 3,600
9 90 0 1,400
10 7140 2,900
1 3830 2,600
12 5230 12,500
13 46 0 15,400
14 26 0 15,400
15 350 20 11,800
16 35810 7,600
17 26 0 6,700
18 28 20 2,100
19 7220 6,000 :

20 3220 6,800
21 318 20 22,600
22 32210 10,500




XX

Raute-Survey——Mz"lam to Gartok.—(Continued).

- Bearings of | Distances in
Name and number forward | paces to for- ReExMarks.
of station. station. | ward station.
°
23 31540 10,800
24 335 0 22,900
25 319 0 20,200
Gartok, Latitude observations taken at Gartok.
Route-Survey—Gartok to Milam.
o
Cartok, 170 20 10,300 Latitude observations taken at Gartok,
27 141 20 8,800
03 155 30 4,200 ' Namochi, same as station 29.
29 155 30 10,500
30 196 10 12,100
31 235 0 2,200
32 235 20 21,300
33 231 80 6,000
34 171 0 3,500
35 202 0 2,500
36 203 10 3,500
a7 191 40 10,500
as 170 50 3,600
39 200 0 11,000 Dongpu village, snme as station 40.
40 196 0 3,000 | Nagho village, same as station 41,
41. 197 30 7,300
42 19+ 30 9,700
43 177 30 13,800
4.4 . 176 0 13,000
45 176 © 5700
46 130 30 16,100
47 172 0 12,400
48 166 0 7,900
6 153 10 8200 | No.5,4,3,2 correspond with samne numbers in
4 208 30 2,900 route Milam to Gartok.
3 185 0 9,000
2 213 0 6,400
Milam.
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Observations for Latitude taken tn Great Tibet, de.—(Continued.)

g —é qas =] et é s ' s § o ;
52 B g = c8 | 82| 2T |=2| & %3 T
s g ] = StaTION. g2 a= s &0 » 2E %3 REMARKS.
" S - e = o = K= IS =
“g| £° 3 S |PE| /= |7 % K K
Qo < = 3 —
h m -] ! " o " <] ron
20 | August | 11 | 5 40 aM.| Dukte camp. Polaris. | Upper| 6616 0 + 5 0" 3145 253 Pocket Sextant No. 12.
21 ” 12 Fort of Gugti-la. 66 23 30 + 3' 0”31 48 187 Junction of two streams Dung-
31 47 337 lung-Sumdo.
22 ” 12 Do. 66 30 30 — 7' 07|31 46 48'7 Sextant No- 44.
23 » 13 Gugti camp. 66 39 20 3151 131 Chojothal District.
31 54 175
24 ” 13 Do. ( Foemalhaut) 55 25 30 + 3 03157219 Watch stopped.
26 » 16 Nabipa-cho Polaris. 67 040 — 70732 1541 32 1541 Do.
27 » 19| 4 0 ..M. | Kiangmachumik. 67 930 + 3 0"3211200/ 3211 200
28 » 20 Giachuruff camp., 6716 0 32 14 34'5| 3214 345 | District Singmiath, bankof Sin-
gi-Chu stream also called
Thok-Somba, Sextant No.
45.
29 » 26 | 242 ,, ! Thok-Jalung, near gold mine. 6737 0 3225 546])
30 » 27| 930 P Do. Altair. 13213 © 3213 465
33 ” 3019 5 , De. 1321310 32 23 418 L 3224 265
31 » 30 | 12150 Do. (Fomalhaut) 5433 30 32 23 369
35 ” 30| 230 , |ThokJalung. Polaris. 67 3720 3225168 J Sextant No. 45.
36 | Septr. 2|12 5noon.| Singmiath-Puttee. Sun, 1321430 3212384|) Deduced| One and half mile gouth of
1 therm%r;m- Giachuruff Camp.
ter 50°.

IIXX
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Observations for Latitude taken in Great Tibet, dre.~(Continued.)

. — . = :
g g g g | . 8 o @ .
~B| £ E 84 58| o8 | 4| E 28 o
Mm mm e STaTION,. i) 8 52 = = ,m..m 873 REMARKS.
% 5 £a £ 25 | Bz | RE |&| B g% =5 :
2 B a o= =3 < 2 9 =3 3
S < B 3 =
o 4 o g " o 1
15| Sept. |19 Dilchachini-Sumdo. Polaris. |Upper| 6714 40 + 8 0"{3214 43| 3213 37 | Junction of twostreams (Sum-
do), thermometer 32° baro-
meter 17-2 inches.
16 " 20 Right bank of Lamoche | Altair. . 132 58 30 . 32 1 29
stream. 32 0478 | Thermometer 53°, Barometer
T2 I Do. (Fomalhaut) 5519 30 32 0326 174 inches.
18 » 21 Near Jia-sumdo. Altair. 133 110 31 59 43-0| 31 59 430 Do.
19 , |22 Rabgialing (near monastery.) 133 10 20 .. |3155 80
20 » ”» Do. (Fomalhaut) + 553030 3155 24 31 53 37-0 | Thermometer 53°, Barometer
17°5 inches.
21 " ” Do. Polaris. 66 30 50 3152 88
2 » 23 Chokche village. Altair. 13314 40 31 52 582
R 31 52 582 | Thermometer 54°, Barometer
23 ” » Do. (Fomalhaut) 553440 | - 31 52 58°1 17-8 inches.
24 ” 24 Shangche village (near.) Altair, 1332140 .. |3149283
= . 31 49 160 | Thermometer 54° Barometer
25 » ” Do. (Fomalhaut) 55 42 30 . 3149 36 B 180 inches.
26 »» 25 Tibu phu. Altair. 13336 0 3142184
27 »” » Do. (Fomalhaut) 5558 0 . 3141187| 13142 07 | Thermometer 55°, Barometer
18-2 inches.
23 » » Do. Polaris. 6611 0 3142128
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Observations of the Boiling Point taken in Great Tibet .~=(Continued.)

1

E 2 3 TreeMOMETER. | THERMOMETER. %o,
n 235 = STATION. e REMADRKS,
i = P Tine . . 1
° z3 3 No. ];01_1111,_, No.| In Air. 3 2
3 2 = olnt. I
Z - - -

1567, Lk om .
17 | August 9 630 pM. | On other side of Bogola, ... 30 | 18650 | 38 45 5 15,935 Foot of mountain.
18 » 10 G630 Khangiah camp, ” 18800 " 5825 15,129
19 " 1t 510 ,, Grugti camp, ’ 18800 ” 67-50 15,205 On bank of Gugti stream.
20 " 12 125, Gugti-Sumdo, " 18450 ” 6250 17,324 Junction of streams.
21 " 13 9 0 ax. | Gugti-la, ' 18050 » 3700 19,490 On crest of pass.
22 ” 13 5 15 par | (Chojothol) Gugti camp, ... ” 183- 0 " 5825 16,968 On the other side of Gugti-la.
23 ” 14 55 , Lojang camp, " 186 0 ” 5825 16,353 On bank of Lang-Chu stream.
24 » 15 6 0 Chojo-Cinnsa, » 187 0 » 53:00 15,700 Do.
25 ” 16 636 Name not known, ... ,,- 18775 ” 5825 15,289
26 » 19 423 Kiangma Chumik, ... ” 18550 » 5900 16,669 Halting place where wateris procurable.
27 ” 20 9 0 s | Pabala, ” 18375 " 4925 17,649 On crest of pass.
28 » 20 530 p.u. | (In Puttie Singmiath) Giachuruff, | ,, 187-00 » 57-00 15,732 Camp on bank of Singi-Chu stream.
29 ’ 22 353 Chomorang-la, " 18500 30 56:00 16,949 Foot of mountain,
30 » 23 6 0 , Chomorang camp, ... " 18450 » 4500 17,151
31 » 27 7 0 aum. | Thok-Jalung (near gold mine), " 18575 » 4100 16,346

16,337.

32 N 29 | 250 e Do. . | 18600 | 5500 16,327 E
33 ” 31 30 , Chomorang-la, ” 18200 ” 5300 18,7G5 On top of mountain.

1IXXX
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615 ,,
423 ,,
530 ,,

552 ,,

6 30 aA.M.

336 p.M.
415 P
512 ,,

6 2 an

5385 pu.

555 ,,
50 ,
530 ,,
530
530 am.
90 ,
655 ,
8 0 ,
530 p.M.
630 A.M.
7 0,
530 r.M.
6 30 a.m.

Shildung camp,
Giamchung (Gopha),
Thanker village,

Pika village,

Do.
Burkung village, (in ruins),
Marku camp,
Dak Maru, (red hill),

Do.

Ralajung, (on bank of Singi-chu),
Lujan-Chumik,
On bank of Garjung-Chu stream,
Grargunsa village, near stream,
Loagong, (Rebo) camp,
Garyarsa monastery,
Dunkhar village,
Totling (monastery),
Mangnang village,
Gobarteja-rebo,
Chakrang camp,
Niarcher camp,
Jiachan Ginsa, (house), ...
Tashikong village, ..

18875
18850
18875

18880
189-00
18940
18975
19000
19050
191-50
19150
191-00
18950
18875
18875
19000
192-50
190-80
187:00
186:50
18650
18625
191-50

5500
62'50
5975

5675
40- 0
64 0
57 5
5825
2300
5850
54-50
5300
47-00
49-00
3000
51-50
4200
supposed 30
5600
4000
44-30
4725
6025

14,652
14,861
14,688

14,637
14,388
14,324
14,071
13,920
13,393
13,022
12,999
13,287
14,147
14,381
14,241

13,652

12,101
12,867
15,495
15,659
15,709
15,878
13,027

Near stream.

On bank of Singi-Chu about 12 feet over
the water.

On bank of Singi-Chu stream.
Do.
On top of hill.

On bank of Garjung-Chu stream.

In puttee Singmiath,

Near Monastery.
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Observations of the Boiling Point taken in Greal Tibet.—(Continued.)

N -2
.5: 4 < TeEERMOMETER. | THERMOMETER. fo
3 . E| 33
E 8 & 28
o §§ = StarTioN. 3o REMARKS.
s 3 Boiling . e
> 5 E No. Point. | No-| Inm Air. ..E ]
P . =]
1867. Am
1 (October| 1 6 30 a.M. | Barku village, 381 10175 |38 84 0 12,503
2 " 2 | 613 , | Sharbarak-chu, » | 10000 |, 36:25 13,545
3 » 3 6 6 , Puling-Gongma camp, ” 189:50 " 29-50 13,801
4 » 5 550 , Rildighang camp, ... " 189-50 " 1700 13,709
5 ” 6 | 515 , | Rivillage, ... . | 18975 |, 2650 13,634
6 » 8 | 559 , | Lanjam-Samba, (near), » | 19600 | 3975 10,039 On bank of Sutlej river.
7 " » 4 38 p.M. | Sirang-la, » | 185-00 " 32:00 16,491 On top of mountain.
8 » 9 6 0 a.x. | Dongkhang, (one house), ... » | 18950 » The Mercury sunk so low that the Ther-
mometer could not be read.
s . 10 | 551 , | Miang village, , | 19350 |, 30 0 11,458
10 » 11 8 37 p.m. | Tiak village, » 19675 » 3650 9,592
1 " 12 | 625 ax. | Shipki village, , | 19600 |, 35:00 10,027 On top of a house.
12 » 13 528 Kuak village, » 196:00 » 3750 10,030
13 » 13 732 Kuang village, » 191-50 " 2700 12,610
14 " » 12 24 p.M. | Pungrang-che-la, ... ” 18575 " 3400 16,057 On crest of pass,
15 N 16 | 7 7 ax. | Sang village, . | 18950 | 18-00 13,715
16 " ” 12 42 pm. | Pimikche-la, " 18350 " 3300 17,403 Do.
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