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THE OPERATIONS OF THE

GREAT TRIGONOMETRICAL SURVEY OF INDIA

IN 1871-72.
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(1.) The operations of the Great Trigonometrical Survey during 1871-72
have been much the same as during the pre-
vious year, and have produced the following
out-turn ; viz., of Principal Triangles with great theodolites 64 triangles, covering
an arca of 10,310 squarc miles with a total direct length of 396 miles, and obser-
vations for 3 azimuths of verification ; of secondary triangulation with smaller
theodolites an area of 13,530 squarc miles on which the positions of a large number
of points were fixed and the heights of 783 were determined; of Topographical
Surveying on the scale of two inches to the mile 3,418 square miles, on the one
inch to the mile scale 1,279 squarc miles ; of boundary lines and check lines 1,608
miles ; of main lines of double leveling 245 miles, by means of which the heights of
190 points of reference were finally determined ; by Astronomical Latitude observa-
tions the Latitudes of 25 points were determined; of geographical explorations
814 miles of Route Survey have been reduced, by which the geography of an area
of about 7,650 square miles of Zerra incognife has been unravelled.

Out-turn of Fnal Work.

(2.) The observations have been made with Protablo | 1
_ the usual care; Ervoveof Ob. [ jirrors of
servations. . s sCY v C( ngles. ‘
Obserrat and the preci- | gorics. LAngl ¢
sion reached in former years has been fully main- £ % [E] ¢
. . . : - £
tained as shown in the table given in the margin, El 2 || B
the average probable crror being only 4 021 of a 7oA | ==
second. I 54 | 0728 18 | 0762
(3.) Besides the finished work enumcrated | T - |57 R B
cre W | 33 ' g
Out.turn of Approximate Work. above,therehas | 1v 14 11 33
been the usual Vi a3 o5l 9
out-turn of approximate work for the ensuing scason’s o
operations, including the selection and building of
v . . o . . < Averages, ... | £021] ... 048
33 new stations in extension over a total distance of

241 miles, clearing of hill tops of forest, cutting of
rays &c., so as to prevent any delay in the steady advance of the operations at the
opening of the next field season.

(4.) The amount of data supplied to the Topographical and Revenue
branchesof the Survey and to the other depart-

Data supplicd. .
e mentsof Government has increased very much.

(5.) Considerable progress has heen made in preparing the materials for the
2nd Volume of the “ Account of the Opera-
tionsof the Great Trigonometrical Suwrvey,” and
for the publication of the observations; and with the increased means placed last year
at the disposal of the Computing Oflice, steady progress will he made in this import-
ant work, which onece accomplished will place these very vatuable records heyond all
accidents and at the same time make them readily aceessible for all general purposes.

Publieation of Obscrvations &e.

(6.) The incrcased means placed at the disposal of the Drawing Office has
not only admitted of the publication of nearly
all charts of the present year that have been
received np to date, hut has also enabled this oflice to publish by photo-zincography
a considerable number of the Triangulation Charts of the carlier operations, of
which up to this time nothing had heen published, owing to there being no establish-
ment for prepaving them.  There is now a prospeet that the mass of these valuable
compilations of condensed data will be forthcoming, in a form readily available, to
all who may require to use them.

Triangulation Charts,

(7.) The preservation of the rccords has as usual been carefully attended
to. Those in the ITead Quarters Office of the
G. T. Survey at Delira are all in proper order,
and the Officer in charge of the Surveyor General's Office *Calcutta, reports that
the duplicates there are also in thorough prescrvation.

Records.
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(8.) Steady progress has been made with the reduction and preparation

of the Level Charts for Upper India. A

Charts of Levcls. large addition has been made to the Tables
of Tleights with descriptions of the Gi. T. Survey Bench-marks, and the publication
of them has been brought up to date. The demand for these tables continues to

increase.

(9.) The main leveling operations have been continued on the original
) ) plan, and arrangements have been made to
Leveling operations. extend them throngh the *Bombay Presi-
dency and ultimately through *Madras. An index chart showing the proposed
sheets of Level Charts in ¥Bengal and Northern India, has been prepared and
circulated to all Departments and Officers likely to require them, The co-operation
of all concerned has been asked for; and Officers will, with the Index, be at once
able to sce whether they can in any way contribute materials for this work, to
which the Government of India attaches so mueh importance. Materials for a
nunber of new sheets have already been collected, and will be gradually made
use of as the strength of the Drawing Office is developed ; the means of doing this
having been placed at my disposal.

(10.) The measures prescribed by the Government of India for the pro-
tection of the principal stations of observation
have heen earcfully carried out.  During the
year 155 stations scattered over 33 districts have heen repaired and taken over
by the local authoritics.  Besides the above, abnost all of those previously handed
over have been reported on, and where necessary have been repaired, a duty which
involves a great deal of labour; as, after the rains, many require petty repairs in
order to prevent extensive damage.  All the marks of the present year have been
handed over to the local officials, with the exception of some in Madras which
will be handed over before the end of this ycar.

Preservation of Stations.

(11.) An abstract of the operations of the various Survey Parties and
Offices is given below. TFurther details will be found in the extracts from the
Narrative Reports of the various Exceutive Officers, ineluding my usual report on
the Trans-Himalayan explorations, which have as before been carried out under
my personal direction.

T. G. MONTGOMERIE, MaJjor, R.E.,
Offy. Supdt. Great Trigonomelrical Survey of India.

NO. IL—-TRIGONOMETRICAL.

TIHE BIDER LONGITUDINAL SERIES, ON PARALLEL 18°.

(12.) The operations of this Scries were continued by Mr. Rossenrode
who took charge of the party on the Gth

TPrRSONNEL, q :
FRSONNEL, November 1871 and marched into the field
}?’.](“.‘n'(;ss‘t‘||;':ulv, imq., nu‘pl_\'.‘.q(;‘lprll!. 3rd Grade. on the 20th December. The country tra-
- Beverley, Fuq., Surveyor 1st Grade. N “ S N !
Mr. ki, 1. Wrinon, Ant Surveyor srd Grade. versed being very unhealthy, the party could

not start carlier; pack-bullocks were the only

means available for carriage; and, as the conntry was thronghont both hilly and

infrieate, marching and arranging for supplics was a matter of very great difficulty,

provisions having to he brought from great distances : but few villages OCClll‘l‘i]{&‘,‘

;)n t{lut“linc of the scries, great delay necessarily occwrred in marching from station
o station.
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(13.) Whilst the atmosphere continued to be clear great progress was
made; but the jungle fires commenced in the middle of February, as is usual in
such countrics, and from that time forward the progress was slow, depending as it
did upon occasional showers to make the atmosplhiere sufficiently clear to enable
the observer to see his signals on swrrounding stations.

Wild animals were very numerous ; the tigers were especially troublesome,
as in that part of the country they infest the footpaths in order to seize unwary
travellers.

(14) Mr. Rossenrode overcame these difficulties with his usual energy,
though he himself and the whole of the camp suffered from repeated attacks of
fever. Fortunately Mr. Beverley was in camp when Mr. Rossenrode was first
attacked with fever, and was able to relieve him from a portion of the work which
would inevitably have came to a stand-still had Mr, Rossenrode been alone.

Towards the end of April Mr. Rossenrode had finished the Bider Longi-
tudinal Series, closing on Kdp and Dhar Hill Stations and effecting a junction
with the Coast Series, thus completing a very difficult piece of work which,
owing to the extremec unhcalthiness of the tract of country traversed by the
Series, had been more than usually trying to all engaged on it.

(16.) In addition to the above Mr. Rossenrode was able to observe at 4 sta-
tions of the Bilispuwr Meridional Series, the southern section of which will form the
scene of the future operations of this party,starting from the stations Munas and Bili.

(1G6.) Inspite ofall the difficulties Mr. Rossenrode made very good progress,
the principal triangulation covering an area of 3,011 square miles having made 2
direct advance of 128 miles. At the same time the approximate series was carried
forward 115 miles more, by means of which arrangements have been made for
effecting a junction with the northern scetion of the Bildspur Scrics.

(17.) The secondary triangulation covers an arca of 2,109 square miles in
addition to the principal work; morc sccondary work and greater detail in that
triangulated would have been effected had it not been for the sickness which
crippled cvery one in camp.

(18.) Fortunately during the ensuing season the work will be in the Bastar
and Jaipur states where it is believed the country will improve as the party advances
to the north ; the country generally rising to a considerable altitude above the sea,
it is hoped that the party will sufler less from sickness.

No. IL—TRIGONOMETRICAL.

THE ASSAM VALLEY TRIANGULATION.

(19.) This triangulation, under Me. W. G. Beverley, was continued to the
—— ]Ensll, up the Assim valley.  Owing to the

W. Q1. Deserley, Boq, Asst. Supdt. 20d Grade. Lushai expedition being in progress, the eivil
Mr. G, A Marvix,  Assl. Surveyor Int Graule, authorities had come to the conelusion that
. 3:-}']';.‘_‘.“‘1::"“‘“"' :::":‘; 31‘:'1 11:1:‘:‘0 the wild tribes on t].u' low hills .Tl(l,jf.)ining the
valley would he hostile, and the distriet officers

had consequently heen directed to eveet stockades to prevent the tribes from enter-
ing the Assim valley,  This heing the state of allairs it was quite impossible that
the trinngulation could be carvied over even the outermost portion of the hills,
without a very much stronger guard than the ¢ivil authorities conld supply at such
atime.  The oflicer in eharge was consequently reluetantly compelled to alier
all bis arrangements in order to earry the Sevies through the plains,  This in
itsell was the source of great delay, which was nueh cuhanced by the very diffi-
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cult nature of the country which, where not covered with forest, is clothed with
gigantic tropical grass and reeds, the latter so thick that in clearing a ray they had-
to be cut one by one as if they were small trees.

(20.) The district officers did not give any assistance, and conscquently the
party had to struggle against a dearth of local labour, though the villages met with
would have been able to supply all that was required without any inconvenience.

(21.) After a careful reconnoissance of the ground, Mr. Beverley came to
the conclusion that the only chance of progressing would be got by carrying the
Scries along the great river, whereby much heavy jungle cutting would be avoided
on the one hand, whilst on the other lie would cscape the excessive demands for
compensation which Tea planters and other private owners would have cxacted
had he kept clear of the river; previous experience had proved that such owners
have exaggerated ideas as to the value of their property.

(22.) The heavy smoke from the jungle fires was as troublesome as in
previous seasons ; and after the middle of January none of the distant peaks were
visible c¢ven after a sharp shower of rain.

(23.) With a view to assist the party in overcoming the various difficulties
that it Lad to encounter, I restricted the Brahmdputra Series operations as much as
possible, transferving Mr. Ilarris of that Series temporavily, and devoting all spare
men, clephants and funds that were available in order to carry on the work of the
Assam Triangulation.

(24.) Though so much delayed by having to change all the arrangements
of the Series, owing to the impossibility of making use of the hills, Mr. Beverley
was able to complete 420 square miles of principal triangulation by a dircet advance
of 40 miles, the sccondary triangulation covering an avea of 2,300 square miles.

(25.) One important advantage has been secured by adhering to the course
of the river, as Mr. Beverley has thereby heen able to fix four (4) of the Revenue
Survey Stations, which was satisfwtorily accomplished by means of careful
observations to heliotropes.  This will meet the wants of the Surveyor General who
was anxious to have some of the Revenue Survey points in Assdm fixed with a
view to compiling the Revenue Survey work, which can be now earried out.

(26.) The health of the party was fair and it suffered less from inscets
than during the previous scason.

(27.)  Arrangements have been made to steengthen the Assdm  party still
further, and as the Series has now reached the Sibsdgar district, one of the
healthiest in Upper Assdm, it is hoped that the triangulation will progress rapidly
during the ensuing scasons.

NO. III.—TRIGONOMETRICAL,

NORTHERN SECTION OF THE BANGALOR MERIDIONAL SERIES.

(28.) This party under Licutenant Rogevs took the field carly in November,
and complete arrangenments having been made

TErsoxsrn. in the previous season he was able to earry on

]Aiflml.é\[_ W. Rogers, R.E, Offz. Deputy Sl the observations without intermission until
drd Grade. 3 21 cae (Tt o, 211 3710 e

Mr. W. C. DPrice, Assistunt. Surveyor 2nd Grade. a J]llll(,L,IO'I}' was cffect (} with Siv Andrew

n F Do, ditlo ard Grade, Waugl’s Southern scetion of the Great Are
»  C. I Torrens, ditlo Al (Grenede, Thielh ov . N RIS My

W, Ol ditto L Gl which extends North to Dehra Dun.  This

. junction was coffeeted by the 1st of March.
Lieutenant Rogers then took up a Minor Serics by means of which he conneeted
HMaidawrabad and Sikandrabad with the Principal Series.  1le suceeeded in fixing
both of these important places. °
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(29.) The country traversed by the Series is hilly and very rocky ; 20 miles
north of the Kistna a range of hills ocenrs beyond which the country ‘has a mean
elevation of 1,800 feet, and towards Bider the whole country rises again and forms
a plateauw with an clevation of about 2,000 feet.  The greater part of the country
is without roads, and the villages appear to be in o stato of decay owing, it is said,
to the failure of the rains for some years past, but more probably to the con-
ditions upon which the land has hitherto been held—a state of affairs which
the Nizim's Minister has fortunately already begun to improve and as the new
Haidaralbad State Railway passes througl it, there is now some hope that this
hitherto but little known portion of the peninsula will rapidly advance in civiliza-
tion.  Considerable delay was caused by thick jungle in some portions, and from
the ground being generally all at nearly the same elevation. In spite of this
Lientenant Rogers made very good progress, completing the Series by a direct
advance of 86 miles with 16 plln(‘ll)dl stations, covering an arca of 3,099 square
miles.  The sccondary triangulation covers a further arca of 2,136 square miles,
a large amount of work w hich is the more satisfactory as all the points, both those
visited and intersected, have had their heights as well as their positions determined.

(30.) In addition to the above Lieutenant Rogers was able to determine
by means of Aneroid barometers the heights of a large humber of places visited by
the party in marching from station to station. These heights were taken by
simultancous observations with two Ancroids from Bﬂnqalor to Gutti, Lieutenant
Rogers marching in advance with onc aneroid and an assistant with another aneroid
marching one shm‘ hehind him, whereby daily sumultaneous differences were de-
termined between the ends of cach stage, the aneroid barometers being compared
every evening. This is the only 9\'stcm by means of which it is hkcly that really
reliable hmnhts can be obtained from these instruments.

The heights determined are published in the Appendix, and form a valuable
addition to the geography of this portion of the country which has hitherto been
but little known.

(31.) The assistants suffered from ill health ; smallpox broke out in one of
the detached camps, and I much regret to record that the wife of one assistant fell
a victim to it.

NO. IV—-TRIGONOMETRICAT..

MANGALUR LONGITUDINAL SERIES, PARAT.LEL 13°

(32.) The Madras Party under Major Branfill, though still suffering from

the eftects of the provmm unhealthy scason,

PrRSONNEL. took the ficld early in November, The oper-

Mnjor B. R. Pranfill, Depy. Supdt. 2nd Crade, ations were pushed on with great energy and
Lieut, ). . MeCullagh, . updt, st Cirade, though there were delays, arising from the

Me. J. AV, Milehell, Asst, Surveyor 1sl Creade, . . S . .

OV, Nowris, ditto 20 Grade, approximate serics requiring alteration, the
¢ D Potler, ditio 3rd Greade, ve iflicudt mature of the country and

5 K. WL Lasseron, ditto 4th Grude. CTy d at y

the early sctting in of the haze, yet in
spite of every thing, very good progress was made.  Fifteen principal stations
were observed from and the Series was advanced over a direct distance of more
than 100 miles.  The principal triangulation covering an arvea of 3,239 square
miles and the secondary triangulation a further area of 2,053 square miles. The
Series was thus carried over the Western Ghidts, a most diflicult range, being, as it
is, rugged and in parts so densely covered with forest and jungle.

(33). The Tidal operations at Tutukudi (Tutikorin) were completed in a
very satisfactory manner.  An attempt was made to take another set of Tidal
observations at Mangalur, bat although Major Branfill devoted a great deal of
labor and tried every expedient, he was unable to make any permanent arrange-
ments owing to the natare of the coast which is very exposed; during the
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ensuing season a more protected site will be searched for.

(34.) The party suffered severely from fever more especially towards the
end of the season.

35.) TFrom the computations of the previous season’s work, it appears
that the Aneimudi Peak in the Aneimallei Range has an altitnde of 8,837 feet
ahove the Sea, nearly 200 feet higher than the Dodabetta Peak in the Nilgiri
Hills, which has hitherto been supposed to be the highest peak in Southern India.
In determining the heights of the peaks in the Aneimallei Range a very valuable
addition has been made to the geography of India, large portions of that part
having hitherto been all but ferra incognita. A further important addition has
moreover been made in the same quarter by means of a Secondary Series extend-
ing about 120 miles along the Coast to the south of Mangalur, thus bridging
the gap left at this place in Colonel Lambton’s triangulation.

(86.) So little being known as to the general levels of the country, arrange-
ments were made for taking a large number of aneroid observations at as many
places as possible. Leaving Bangalur the party marched in two portions, for the
sake of observing Barometric differences between each stage by means of corres-
ponding simultaneous observations with two pairs of ancroids, the result of which
proved highly satisfactory, the closing ervor being only 7 feet. Bavometric obscr-
vations were also taken daily throughout the scason, at 10 a.ar. and 4 p.ar, by the
main party and by two of the Assistants who were working separately :  a system
which is likely to lead to good vesults, more especially when any one of the
observers happens to be at a point whose height has been trigonometrically deter-
mined, as in that case great reliance can be placed on the heights derived from
the observations made by the other obscrvers.

(37.) 'The heights determined from the above will be published as soon as
Major Branfill is able to compute them.

NO. V.—-GEODETIC.

THE PENDULUM OBSERVATIONS.

(38.) On the death of Captain Basevi, R.E., the Pendulum party was put
temporarily under the charge of Mr. J. B. N,

PERSONNEL. .
Iennessey,andalthough theobservations were
J. B. N. Tlenuesacy, Tsq., Dy. Sapdt. 1st Grade. . " . "
Captain W. J. Hoaviside, IL.E., Ollg. Dy. Supdt. 3rd e L(‘SSE\I’[]'\’ S”'\P(\nd(‘d’ a gl’(‘{lt deal of extra
Grado. work devoly 0 Ir. He $SE o R
BMr. J. W. Macdongall, Asst, Surveyor 2nd Grade. . devoly Cd, . ‘11 BI} - He IMESSEY, ‘ls~ fo
ranging thie affairs of the parly, sorting the

papers of Captain Basevi, examining the instruments and carefully packing them
50 that they might not suffer in any way from damp, &e.

(39.) It was necessary that every record, which could throw any licht on
the'smallest detail of Captain Basevi’s valuable operations, should be preserved, not
only as a guide for his sueccessor but also that none of his hard carned results
should be lost to posterity: my best thanks are due to Mr. Hennessey by whom
this difficult task was most skilfully and satisfactorily carried out. "Wien this
most urgent work was accomplished the Assistant with the party under M,
Ilennessey’s instructions, took up the reduction of some of the last pendulum
observations.

(40.)  Subsequently Captain Ileaviside was given the charge of the party
which he joined on the 20th of April. During the recess he has been diligently
occupied in arranging the papers under separate headings, and in making himself
acquainted with the methods followed by Captain Bascevi in observing and com-
puting out the results. Captain Ileaviside has also practised as much as possible



(8)

in taking observations and has alveady attained sufficient knowledge of the work
to enable him to commence a regular set of Pendulum observations: in this he
has throughout been greatly assisted by Mr. Hennessey. Judging from the pro-
gress that Captain Heaviside has made I feel every confidence that he will be
successful in taking the farther observations that are required to complete Captain
Basevi’s work.

NO. VIL.—TRIGONOMETRICAL.

BILASPUR MERIDIONAL SERIES,

(41.) This scries was extended southwards for a distance of 42 miles by

PERSONNEL. ‘means of one pentagon and two quadrila-
terals with one set of Azimuth observations
M o T i Srronnt i e oo taken at Pathaidi. But little secondary trian-

» IL E.T. Keelan. Surveyor 3rd Grade, gulation was donc owing partly to the almost
» 11 Houly, Assistant Surseyor dth Grade. total absence of all permanent buildings ; the
inhabitants in this wild, jungle country being chiefly aborigines living in the rudest
huts. Some signs of a more civilized people were seen in the shape of ruined
temples &e. supposed to be Buddhist, most of them hidden in dense forest, and none
of them being sufficiently conspicuous to be seen from the Swrvey Stations. The
position of the Civil Station of Rdipur was fixed.

(42.) The Approximate scries was advanced about 60 miles, and a junction
was effected with the southern scction.

(43.) The party gencrally suffered a good deal from malarious fever.

NO. VII—LEVELING OPERATIONS.

DETERMINATIONS OF ALTITUDE BY THE SPIRIT LEVEL.

(44.) Theleveling operations were resumed from the last point laid down at
the end of the previous season, viz. from Par-
soni; and the main linewas carried fromthence
%\g‘*x""l‘}%ﬂmfy,%j‘t }11‘; Sopdt- 2nd Grade. ¢ Sithibganj (Niithpur) to Purniah with a
branch line to the small Civil Station of
Madahpur, and another branch to Kotgauwah and thence by two lines to the
G. T. 8. marks of Dighi and Ridmnagar.

PERIONNEL.

(45.) A number of permanent points were established near Purniah, at the
request of the Collector, in order to serve as cheeks on proposed leveling operations
that are to be carricd out by the municipal authorities. A chart showing the
points fixed and a memorandum as to their heights was given to the Collector.
From Purniah the main line was carvied down to Kardgolaghit, and thenee
across the * Ganges to the G.T. Survey Beneh-mark at the Pivpanti Railway
Station, fixed in 1861 by the main line which passes on to * Caleutta. The junction
thus eflected shows a total difference of 0°78 of a foot.

(46.) After completing the above, the main line was carricd on from
Purniah to the G. T. Survey towers at Sondkhoda and Rimganj with which
a connection was cffected by the end of the ficld season; this is a most important
determination as the two towers mark the ends of one of the initial bases of
the Trigonometrical Survey.
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(47.) Considerable delay was caused by the want of roads, in one portion
the line having to bz carried through high grass. There was also a difficulty as to
the crossing of the Kosi river and still more as to the Ganges, which was so broad
that special arrangements had to be made before the leveling staves could be
read off.

(48.) The out-turn of work has altogether heen very good, embracing as it
does 245 miles of double leveling, during which 7 trigonometrical stations were
connected with and 16 bench-marks were laid down with a very much larger pro-
portion of marks on permanent points than usual. Thad specially directed Captain
Carter to fix more bench-marks, and he has very satisfactorily carried out my
instractions, The bench-marks and permanent points are always most valuable
as points of reference and cheeks for loeal works such as canals, drainage &c., and
in the last scason’s work done by liis predecessor there were some unnccessarily
large gaps without any permancnt mark of the main line of levels.

(49.) Mr. Donnelly held temporary charge of the party until Captain
Carter’s return from furlough. The arrangements made by Mr. Donnelly were very
satisfactory and the work done by him has tuwrned out very good.

(50.) The health of the party was on the whole good.

No. VIII.—TOPOGRATHICAL.

THE SURVEY OF GUZRAT.

(51.) Major Haig R.E., took over charge of this party on the 23rd Septem-

ber and started for the field on the 23vd of

PERSONNEL. October; operations commencing near Strat
as soon as arrangements were completed.
Mujor C. T. Tuig, R.F., Offx. Dy. Supdt. 1st Gunde. ¢ o ere completed
Cuptain A, Pullan, rd

Mr. A, 'Sousa, Suvveyor nl Grade. 1 (32.) The topographical operations
, A Chivistic, Asst. Surveyor st Girade. \, H . \" .

:, C. 1. MeA'Fee, Asst. Surveyor 2l Grade, were (llllg‘(.llﬂy'])llsll(,(l on; I‘Llld the arca
. g).]Jl.‘(;(o_nnor, o :m{ ” mapped, oz, 1382 sqnare miles, shows a
, J e , e, e : - .
PG D Cowen, T2 aa o marked increase on that of the previous

scason. Lvery endeavour was made to execute
a large area of triangulation for the ensuing scason as well as to supply cxtra
points for use during the current season.  In all 1036 square miles were triangu-
lated including the Minor series along the River Mahi. The Mahi triangulation
had previously progressed very slowly owing to the dense forest and jungle on
both banks, which made it very difficult to get long sides; but by adopting smaller
sides, and making as much nse as possible of the open space of the rviver itself, the
work was brought to a satisfactory conclusion by the end of June. A number
of stations of the Sirat city survey were fixed by the triangulation; and Major
Haig consequently anticipates that he will be able to prepare a very accurate m'up
of Sarat without much extra labour.

(53.)  Many portions of the country heing thickly wooded, I directed that
alavger amount of traversing should be earried out in such places, the main
traverses to start from and close on trigonometrical stations. The necessity for
adopting more traversing was evident, heeause a complete network of triangulation
would be very expensive, and even if executed could never supply so many points
as a number of main and minor lines of traverses which in their 1)1‘0g1'e§s would
besides determine numerous topographical features which could not be got from
a triangulation,

(61.) Major IIaig reports favorably of his Assistants who have now all
had a good share of expericnee, and with strict attention to cach particular opera-
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tion T have no doubt but that a full amount of first-class work will be turned out
luring ensuing seasons. The training of the native Sub-Surveyors has also received
lue attention and several of them have already completed a fair share of work,

(65.) Major Haig has shown great tact in dealing with the Baroda Darbér,
and by conciliation has prevented all obstruction in the progress of the Swrvey
which is a matter of congratulation, as at one time the opposition of the Native
officials seemed likely to seriously retard the operations.

(56.) Altogether, considering that the party is a new one, very good pro-
gress has been made, and I feel sure, if it is possible, the general out-turn will be
again increased during the ensning field scason, though the party has to work in
a very difficult flat country, in parts denscly wooded.

(57.) The health of the party has been fairly good, only 2 or 3 members
suffering from fever &e., and as Major Haig is well acquainted with the climate of
the country I hope the health of the party will be as good in future scasons.

No. IX.—ASTRONOMICAL.

LATITUDE OBSERVATIONS ON THE MERIDIAN OF 75°.

(58.) 'This party resumed operations to the south of Kem H. 8. in Lat. 18°

Captain . 3L. Compbell, R. E, OMg. Dy. Supdt. 11°.  The party started on the 9th of Novem-

2nd Grade. Dber but observations were not commeneced till

Mr. A. H. Bryson, Asst. Surveyor 4th Grade. about 20th December ; from the latter date to

the 17th of May 7 stations had been sclected and observed from, including a second

set of observations at one of them, the party during this period having travelled 450
miles by land and 100 by sca.

(59.) The selection of the stations was satisfactorily made, and on the
whole they are likely to be as free from disturbance of the plumb line as is possible
in such a country.

(60.) The observations were taken with the new Zenith Sector which has
worked very satisfactorily; though there is, as in its sister instrument, a tendency
to instability shown hy gradnal change of the zero of levels and microscopes and
level of transit axis, a tendency which it is hoped means will be devised to
corrcet : for although it is not likely to aifeet the observations, as the time occupied
in taking a double observation is but 5 minutes, yet it would be as well to perfect
the instrument in this respect.

(61.) The capability which this instrament has of changing the zcro on
its limb in a great measure removed the neeessity for taking exact pairs of north
and south Stars, as a fresh set of graduations is used for every observation whether
of the same Star or not. T accordingly sanctioned Captain Camphell’s dispensing
with Stavs in pairs, though he was directed to use an equal number of Stars north
and south of the Zenith and to endeavour to maintain an equality hetween the
mean zenith distance north and south, making it his first object to usc Stars
depending on the greatest number of observations.

(62.) Iitherto the labor of reversing the Zenith Sectors bodily, has pre-
vented the obscrvers from trying the experiment as it involved taking the
instrument entively to picees; but Captain Hersehel BB, devised the means of
revolving it, all standing, as deseribed in his veport and found that it had such
a decided eftect on the results that it was evidently essential and Captain Campbell
accordingly adopted the plan as soon as it was conununicated to bim.
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(63.) The plan of changing the order of position (East and West) of
ohservation with alternate stars, was found to be prut‘"crablc to doing the' samoe
on alternate nights. Throughout the scason the Zcnith Scetor was carried on
spring carts constructed by Laptain Campbell for that purpose, whereby a consi-
derable saving has heen made in the pay of bearers, and not a little delay avoided,
as bearers are always difficult to get and keep. The carts have answered their
purpose admirably ; the instrument having passed safely over some very bad, rough
tracks not worthy the name of road.

(64.) Altogether the progress of the party and the use made of the instru.
ment has been very satisfactory.

NO. X.—TRIGONOMETRICAL.

THE BRAHMAPUTRA SERIES.

(65.) The field operations of this party under Mr. Beverley were entirely

P confined to the approximate operations, as

ERSONNEL. ;

W. G. Teverley, Tsq., Assist. Supdt. 2nd Grade much of the strength of the party as possi-

. @ Deverley, Baq., Assist. 2 . s 9 R

M. C. 7. Nowlle, Surveyor 2nd Grade. ble being devoted to the Assim- triangula-

» @ A Horrio, Assist. Surveyor st Grade. tion. Five rays were finally cleared; three

towers were completed, and a commencement was made with a minor triangulation
for the purpose of fixing the station of Maimansinh.

(66.) As much progress has been made as the means available admitted
of, and the whole of the approximate series has been completed with the exception
of the building of 4 towers and 5 platform stations.

(67.) More than sufficient stations have been prepared for the ensuing
season’s operations, and the remainder, noted above, can be built while those to the
south are being observed from.

(68.) About 20 per cent of the cstablishment were generally ill with fever.

NO. XI.—TOPOGRAPHICAL,

THE SURVEY OF KATTYWAR.

(69.) The progress made by this party under Captain Trotter has continued
to be very good, though the south portion
of the gronnd surveyed topographically was
Captain H. Trotter, R.E., Depy. Supdt. 3rd Grade.  Mostly flat, while in that to the north there

PERSONNEL.

Licut. A. W. Daird, Asst. " 1at " was a l&l‘g(} amount of detail, Iad there
Mr. J. Me@ill, Assistant Supdt. 2nd . > 1 1 .
» F. Ryull, Surveyor an not being so much detail in the latter, the
J. Wood, 4h arty might hav med o SV larger
:: N.C. Gynne,, Aesistant Surveyor 2nd |, party Ul.t ave tm ll(,(.l Ut. even a larger
o T, Rendell, " " ond arca than it has. Tt is satisfactory to be
n BN Wyall, o, nodo, o able to report that the tilluka boundaries of
» W. Ficlding, " " 8rd

the ground surveyed were found to have been
properly demarcated by the time the party took the field. This is a point which
this Department has had the greatest difficulty in getting carried out, not only in
Kattywar but in all parts of India. The Civil, Forest Departments &e., ask to
have boundaries laid down, but forget that it is quite impossible for this Depart-
ment to do anything until the boundarics are demarcated in some permanent
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manncr, as by pillars, &e.  The consequence of neglecting this essential prelimi-
nary, is endless trouble and expense : and, in the vaov 1(\p01tcd on, it was neces-
sary in previous seasons to send in maps disfigured by undemarcated boundaries.

(70.) The necessity for new maps of Kattywar has been fully proved, and
in fact become cven more obvious than it was when the work first commenced. On
comparing the old maps with the new corrected oncs, differences of 1 mile in b and
even of 1 mile in less distances were found to exist; the lines of watershed and
drainage were also found to be entirely incorreet, the old maps being positively
nll\lt"ullll“‘ For instance an cxamination of owr new original maps induced the
the Aﬂ‘(‘nt of the Bombay, Bavoda and C. I. Railway to hy out for detail survey
an entuvlv different line Trom what he originally intended when he had the old
maps onlv to judge from. Colonel Anderson, the Political Agent of Kattywar, is
very urgent to get the maps of the country vound R.\_]kot It is gratifying to
learn from these and many other instances that the Surveys of Kattywar and
Guazrit are fully appreciated.

(71.) The out-turn of the field season has been 2,036 square miles on the
scale of 2 inches to the mile; 1,940 squarce miles of country have also been trian-
gulated preparatory to being surveved topographically during the ensuing season ;
traverses amounting to 779 miles were carried along tilluka boundaries with
theodolite and chain, and 156 miles more were executed for the purpose of testing
the accuracy of the detail swrvey.

(72.) The scason was a healthy one in Kattywar and there was conse-
quently comparatively little sickness in the field.

(73.) Captain Trotter was fortunate enough to shoot four of the lions that
haunt the country : judging from the details given in the Appendix they appear
to be formidable animals, though not ncarly so troublesome to men as tigers are.

(74) The material collected for final maps will enable the party to
prepare a further instalment of them on the scale of 4 miles to the inch, for
incorporation in the sheets of the Atlas of India.

The average number of plane table points fixed in each square mile is a
little over ten (10).

(75.) In the area triangulated for next season a point has been fixed in
every 23 square miles, and a height in every 84 square miles, which is ample to
secure all desirable accuracy in the detail and at the same time to illustrate the
differences of level.

NO. XII.—TOPOGRAPHICAL.

HIMALAYAN SURVEYS IN KUMAON AND GURHWAL.

(76.) During the rccess this party was chiefly employed on the fair maps
of the Kosi Valley Survey, which comprise 8
PensonyEL. lIavge shaded sheets and the same number of

Lieut, J. THll, R.E., Offz. Deps. Supdt, 3rd Gende.  Skeleton sheets without shading.
o LML Chambers, RUE., Asat, Supdt, 2nd Grade.

Me. E. . Ryall, Surveyor 1st Grule, y it ]
1 D, sares o Grte. (77.) A sccond edition of the Guide

» W.Tadd,”  ditto 3rd Grade (on Furtough).  Map for Mastri and Landaur was also pre-
n J. Low, ditto grd Qeute pared containing all the changes that have

. Pnnovk, Aegst. Nurveyor Ist Clrade

o H.Tadd, ditto 2nd Grade,  taken place in the Samhnum since the
T. Kinner, dilto 3rd Orade. ', v o

" OEF Licield, ditto A Gmnde- - original maps were prepared. A table of

dlslmlu‘c, an index to all the houses &c., and
a number of new heights were added to the map, making this new edition very
complete,
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(78.) The drawing of the Kosi Valley Maps was necessarily laborious, and
several of the Surveyors had to be kept in later than usual, and the party was in
consequence not able to finish so large an arca as it would have done if a complete
season had been available.

(79.) The field work began with an extension of the triangulation of the
Mina and Niti valleys that drain into the Alaknanda branch of the *Ganges,
¢ most difficult picce of work, as all the stations of observation were necessarily
above the limit of forest, and some were 17,000 fect above the sea. The triangu-
lation in the Msna valley was extended from the Badrindth Temple to the village
of Glastoli, and the triangulation of the Niti valley was carried up to the Niti
Pass on the great Himalayan watershed.

(80.) Three stationswere established closeto the Niti Pass from which a good
view of the Trans-Himalayan range, generally known as the Kailds snowy range,
was obtained. In thisrange 8 lofty peaks were satisfactorily fixed and their heights
were also determined ; one of these peaks is the sacred Kailis Parbat which has
various appellations such as Gang-ri, Garingboche, &c. This celcbrated peak
had been formerly fixed by Licutenant (now General) R. Strachey, R.E. from
similar points near the Niti Pass, and the present operations by which it has been
directly connected with the triangulation of India, prove that his results were
nearly correct; the height now established being 22,028 feet, just 28 feet in excess
of General Strachey’s, and the position given hy him requiring no material alter-
ation. The determination of these 8 Trans-Himalayan peaks will be excessively
useful in testing and compiling tlie work of my explorers, who have at various
times passed near them and have taken nwmerous bearings to the most conspicu-
ous, in some cases from points very far to the north and east, heyond the Kailds
range where I was naturally anxious to have some check upon their longitudes.

(81.) T have previously dwelt on the difficulties which surveying in the
upper valleys of the Himalayas involves; they were as formidable as usual in the
present instance, and the success of the Surveyors in overcoming them was not
a little due to the cordial assistance rendered to them by Captain Garstin who
has the Civil charge of this very wild and clevated tract of British Territory.

(82.) The ficld work of the scason comprised the triangulation of the country
east of Naini-Tal, including the lills, as well as the flat portion at their foot
known as the Bhidbar, up to the Nepal Frontier on the Sardah river. The Topo-
graphical work covers a number of mountainous districts north and east of
Almorah up to the Nepal Frontier, and also a part of the Bhabar to the south
of Naini-Tal. A small portion of very intricate, Lilly ground opposite ardwar was
triangulated and sketehed. This tract had not hitlierto been surveyed as it was
originally beyond the houndary of Gurhwal, with which it has subsequently been
incorporated. A map of it was required in order to prevent there being a gap
between the survey of the Lills and that of the plains.

(83.) The triangnlation covers an area of 1,362 square miles with a trigo-
nometrical point fixed in every four (4) square miles, and one height in every 53
squarc miles, o very liberal proportion for the scale of survey.

(8L.) The topographical surveying covers an area of 1,279 square miles
including a very large amount of intricate, forest-clad mountains with only one-
tenth part actually uwnder caltivation. In addition to this 93 square miles of
Nepal were sketehied from stations in Kumaon.

(85.) The topographical work was examined and tested in various parts
and was found to be accurately delineated and in many cases the rendering is
most artistic.

(86.) TFowr large sheets of the fair maps have been prepared during the
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recess and will be published by the end of the year, They are capital specimens
of drawing both as regards the hill shading and general execution ; the style of the
work has undoubtedly been much improved by the experience gained on the large
scale surveys of Rénikhet and of the Kosi Valley.

(87.) The party has altogether made very good progress and Lieutenant
Hill has fully provided for the ensuing scason, there being, with previous years
triangulation, ample points for all the topographical work that can be taken up
next season.

(88.) The health of the party was good during the field season, but after
its return to quarters Lieutenant H. M. Chambers, R.E., died at Mastri; he was
a most promising young officer and his untimely death was much regretted by all
who knew him.

NO. XIII.—ASTRONOMICAL.

LATITUDE OBSERVATIONS ON THE MERIDIAN OF 78°.

(89.) Captain Herschel after the recess was employed in taking obser-
vations connected with the Solar Eclipsc of

PERSONNEL. 11-12 December 1871, and his Latitude ohser-
Capt. J. Werschel, R.T..OMz. Depy. Supdt. 1st Grade.  Vations were resumed as soon as he could get
Mr. G Belcham, Asst. Surveyor 1st Grade. away from the work connected with the

eclipsc observations. Though delayed by this
extra duty Captain Herschel was able, by extreme cconomy of the time available,
and by staying out late in intense heat, to complete all the observations that were
required up to Elichpur, his most northerly station being in Lat. 20°44/, This
involved a direct advance of 550 miles, which was largely exceeded by wanderings
in the Haidarabad territorics where roads are unknown, the country traversed
being in most places unutterably stony and unsuited for wheeled carts of any de-
scription. In spite of the great distances to be traversed and the small time
available, Latitude observations were taken at 18 stations, forming four groups as
detailed in Appendix. These groups are at intervals in latitude of from about
1° to 2°, but in several instances observations at intermediate points are available
from Colonel Lambton’s work, somne of which Captain Ilerschel has reduced and
has reason to believe that, apart from constant errcrs, they are good enough to be
included. The Latitude observations for the Arc from Cape *Comorin in lat.
8”13 to Kalianpur lat. 21° 7 may be considered complete, as all that is now
pecessary is to get the geodetic values of the stations of the last two groups which
will be completed early in the next field season.

(90.) The principal stations at 3 of the new groups, were also stations of
the late Captain Basevi for his Pendulum observations for the determination of
the local force of gravity.

(91.) Asstated in Captain Herschel's report for last year, he had reason to
think that a peculiar source of error cxisted in the levels of the Zenith Sector;
being unable to aceount for it, he devised a method for reversing the instrument
bodily. This was ingeniously effected by introducing a small metal button under
the centre of the instrument after prizing the latter up on one side with a lever.
On lowering the instrnment on the button a condition of unstable equilibrium
was obtained in which this heavy iustrument could be turned round, so to speak
with a finger, with perfect safety, the feet just grazing the stone slab on which the
instrument stands—a method whieh proved very satisfactory and was as before
stated subsequently put into practice by Captain Camphell with the other sister
Zenith Sector, At first Captain Herschel thought that this reversal would eliminato
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a constant error, which was apparent in the first case, but subsequent experience
shows that the effect is barely traceable, and there now scems to be little doubt
but that the errors detected are due to the position of the bubbles in the levels. These
errors on the whole are insufficient to justify any alteration of previous results;
but the system of reversal will be continued, and in order to nutralize the irregu-
larity in the levels, their readings will be purposely and frequently altered during
the course of the work, and a re-adjustment of level will be made, say every hour,
as a part of the routine.

(92.) The results as far as computed, give farther evidence as to the great
uncertainty of local attraction. Between the Ilontir group in lat. 14° 54" and the
Dartr group in lat. 16°12’, being a difference of only 1° 18’ in latitude and 35
in longitude, i.e., 98 miles, the change in the local disturbance is no less than 8
seconds ; and, as the crrors of measurcment cannot possibly account for more than
a small fraction of this amount, there scems no doubt but that the attraction is
disturbed in a very irregular way. The Ilontr and Dartr groups appeared to be
both as free from apparent abnormal causes for irregularity of attraction as they
well could be, and yet the change in disturbance shows the largest deflection
that has hitherto been observed in India, which may not be directly attributed to
mountain masses.

(93.) The amount of work done has been very large and is highly credi-
table to Captain Herschel. As a rule from 30 to 35 stars were observed each
night ; and, bearing in mind that at every station and indeed every night almost
the meridional direction had to be sought out by transits, and adjustments had to
be repeated, before the regular work was cominenced, it is casy to understand how
harassing the work must have been with the temperature at from 98° to 105°.
Notwithstanding the hard work and the exposuwre towards the end of the field
season the health of the party was on the whole very good.

(94.) Captain Ilerschel’s detailed report contains various other particulars
that will be interesting to all who study questions into which the variations
of density in the crust of the carth enter.

NO. X1v
THE COMPUTING OFFICE.

(95) 1In the computing office Mr. Ilennessey has continued the calcula-

PrRSONNEL. tions of the Sironj-Chach Quadrilateral so as

I.B. N. Tlenmessey, Fsq . Depy. Supdt Ist Grade. £ complete the triangulation; this involved
W. M. Cole, Jixqy M. A, At Supdt. 15t Grude. a large amount of computation, chiefly in
Campuling Branch. conmection  with the auxiliary prineipal

Mr. C. Wood, Surceyor 3rd Grude. stations, no less than 26S triangles entering,
I;,gl,‘{'é}:,'ai ‘}-If,!:{,';ﬂ'l.‘\“l' Surveyor Lst Grade. (in groups of 2 and upwards), into 110 figures
Cally Mol Ghose, ) were made consistent by the method of

» Kolly Coomur and 9 other native computore. — Jon ot squares. So that the whole mass of this
Printing Qffice. extensive work, which forms the hasis of the

Me. M. J. O'Connor. Geodesy and Geography of northern India,
has now Dbeen redueed by the most aceurate of modern processes.  Besides the
above special work a very large amount of ordinary computations were performed
as detailed in para. 3 of Mr. Hennessey’s Report.

(96.) A general plan for reducing the secondary triangulation has been
prepared in accordance with what has been done for the principal work in the
Sir().nj-C]m(th Quadrilateral; care has heen taken to claborate a scheme which
avoids redundant calenlations while securing the full utility of the sccondary
work, which is beeoming more valuable every year for new large scale survers
required for railways, roads, canals &c. Experiments have heen made with the new
plan and it promiscs to do what is required with a minimum amount of labour.
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(97.) A largo amount of the computed results have been compiled for the
press, sufficient to cover about 430 quarto pages. In addition a great quantity
of data has been compiled and examined for the numerical charts, of which no
less than 30 large sheets were prepared, involving months of laborious work which
requires the excrcise of the greatest vigilance in order to prevent errors.

(98,) The measures for the protection of stations have been steadily per-
severed with, a reference to Mr. Hennessey’s report shows what a large amount
of work this involves. '

(99.) Besides the ahove regular work of the office, various other important
dutics have been disciarged by Mr. Ilennessey, amongst which may be men-
tioned the preparation for the press of 1,143 pages of printed matter, mostly
quarto size, including 5 L7 pages for the new volumes of the “Account of the Great
Trigonometrical Survey”; also the supply of special data to 23 officers.

(100} Mr. ITennessey also superintended the Photo-zincographic and
Drawing branches, the operations of which are detailed below,

1 have elsewherve referred to the valuable services of Mr. Hennessey
with the Pendulum Party.

(101.) Mr. Hennessey was selected to assist in the observations of the
Total Eclipse of the sun which occurred on
the 11-12th December 1871, Theve he ren-
dered very efficient aid and was more especially successful in photographing the
eclipse, securing no less than 6 excellent photographs during totality. These pho-
tographs have met with deserved commendation from competent authorities in
England, and it is not too much to say that they are on the whole superior to
any that have hitherto boen produced in any part of the world. This was due
to Mr. Hennessey’s skilful arrangements and to the judgment he exercised in vary-
ing his programme on finding what a pecaliar state of atmosphere be had to deal
with, mistof a varying density. having unfortunately prevailed during the whole
cclipse.

Total Eclipse of the Sun, 11-12th December 1871,

(102.) Mr. Hennessey gives various interesting extracts from his own report
as to the cclipse and also some from Coloncl Tennant’s report as to the obscrvations
generally.

(103.)  Altogother Mr. Hennessey has bren very fully employed and very
great credit is due to him for the cfficiency to which the various branches under
his orders have attained owing to his skilful and unwearied supervision in all
matters.

(104.) Mvr. Iennessey has heen ably seconded by Mr. W. II. Cole, M. A.
who is now competent to assist in all matters, and also to originate valuable pro-
jects for the prosecution of the work, whercby his assistance has become doubly
valuable,

NO. XV.

CARTOGRATIY, PHOTO-ZINCOGRAPHY é&e,

(105.) The Drawing Office has, as before, heen chicfly occupicd with the
preliminary charts of triangulation and the
charts of levels, the following charts having
been prepared for photo-zincography, viz., 23
preliminary charts of triangulation, of which
the majority have already been published,
besidesvariousothertriangulationcharts which
have been prepared in manuscript only for

Drawing Qffice.

AMr. G. W. E. Atkinzon, Survesor 4th Grade.
6 Nutive Draftsinen sad 23 Apprentices,

Photo-zincographic Qffice.

Mr. C. G. Ollenbach.
» C. Dyson.
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the use of government officials; 4 sheets of charts qf levels have heen complotod
and many more are in course of preparation. An index to the level sheets has
also been published, so that officials may at once be able to see whether the materials
in their offices can in any way assist the completion of these most uscful charts.
Numerous maps and reductions have been prepared for incorporation with the level
sheets and various others for the use of the Lrrigation Department.

(105.) A map of the country round Dehli was com_pile'd with various plans
. of the city and fortifications on a larger scile
Maps for tho use of the Camp of Exercice. for the use of the Camp of Excreise during
1871-72. Experiments were made as to the most convenivqt form for issuing.
such maps for usec with troops inthe ficld ; some copies were printed on \\':}tel--lul-f)()t
india rubber cloth, on white cloth, and on suvern,} kmd‘s of paper, printing ])l‘l.llg‘
applied on both sides. 'l‘lu.‘sc were put up in vavious forms and the conclusm.n
arrived at was thataroll with a couple of clasties attached was the most handy, as it
could be carried in the holster.  The white cloth promises to b:',, the most service-
able for although the maps on India rmbber came out bheautifully and were all
but indestructible, they were too heavy for general use, and it is probable that
they might be unpleasant to handle during great heat.  As to paper, some on
ordinary thick and thin drawing paper will always be required for office use, with
an army, but the maps on bank-post paper were found to be very clear and to
stand a large amount of rough handling, though of such nice light material, and
on the whole this is probably the most serviecable paper that has hitherto been tried :
some farther experiments are being made and I hope that an indigenons material
will be found suitable.  The results of the experinient will be published heveafter.
The printing on both sides of the cloth or paper answered very well even with the
thinnest, viz., the bauk-post, the maps heing as clear as could be wished.  Experi-
ments were, however, made by printing the subordinate map at the back in blue or,
brown, and I think some small advantage was thereby gained on the thinner
material.  When the portalility of the maps is so desirable as during a campaign
the advantage of using Dboth sides of the material is obvious and I think should
be adopted in future. It may Dbe noted here that cloth maps are perhaps better
adapted for use on horseback, many horses ohjecting to {he rustling of paper. Pro-
bably a few copies on water-proof cloth would be found useful for an expedition
during the rains when every other materialis apt to be damaged by the damp.
This map was drawn and printed in little more than six weeks, and | need havdly
point out how advantageous it is to be able to print a map so quickly; a similar
map during the Mutiny would have heen of immense advantage but this oflice
had not then got the means of doing anything of the kind.

(107.) Tlrce shects of the Maps of Routes in northern India were com-
pleted and the 44h was comimenced; this
compilation has involved a very greatamount
of close examination and careful seleetion so as to include every thing useful that
the scale would admit of without overcrowding. The maps include my former
Kashmir Route Map, with considorable extensions and additions on both sides of
the frontier. The additions in *Kiwmaon and *Gurlhiwal are more numercus than
in any other part.  Details as to the routes in the Western ITimalayas Liave heen
printed to accompany these Route Maps, these details give the distances, heights
&e., for the use of travellers who are constantly applying to this office for -such
information, and it is hoped that with the polymetrical tables attached to them
they will supply all that is vequired.

Routo Maps.

(108.) A commencement has heen made with a series of Trans-Fronticr
Maps based on the operations of the Great
Trigonometrical Survey and on the explora-
tions made by British and Asiatic explorers from the side of India, more especially
on those recently made in comnection with this survey by Asiatic explorers.
These maps it is hoped will prove useful in studying questions connected with any
part of our extensive frontier or with any of the foreign territories lying beyond it.
One sheet is now ready for the press and 3 others are in course of preparation.

Trans-Frontier Mnps.
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(109.) A few other original maps and compilations of general interest have
been prepared and published, and the Drawing Office has been busily occupied ;
the amount of work turncd out, under Mr. Atkinson who has supervised it, is
very satisfactory. The quality of the work has becn steadily improving and I
am hopeful that with more experience Mr. Atkinson will fully maintain the re-
putation of the office.

(110.) By the photo-zincographic process 16443 copics of charts, maps and
diagrams have been printed of which 4703 have been colourced by hand, for issue
to government officials and for salc to the public, and 13655 copics of forms for eal-
culation and office work have been printed by zincography for the use of this
department. Though the total number of prints of all sorts is about the same
as last year a far Jarger amount of the elaborate kinds of work—maps and charts—
has been performed, both these sorts of works are photo-zincographed.

(111.) Mxr. Duhan resumed charge of his office as personal assistant in
September 71, and has discharged his va-

Mr. H. Duban, Surveyor 15t Grade. rious duties entirely to my satisfaction.
Personal Assistant.

NO. XVI GEOGRAPHICAL.

TRANS-HIMALAYAN AND TRANS-FRONTIER EXPLORATIONS.

(112.) Explorations have been continued in various directions on our
western, northern and north-castern frontiers. On the whole great progress
has been made and one continuous line of explorations beyond the frontier has
been carried right round India. The route traversed, starting from Sindh, goes
to Khelit in Beltichistin and thence by Kandahdr to Kdbul. Trom Xdbul
it crosses the Hindu Kush mountains to Badukshdn and thence up the head waters
of the Oxus and across the great Pamir Steppe to Kdshgar and Yérkand in
Eastern Turkestin. From Yirkand the explorations follow the route to the
Kiérakoram pass, and thence the connection is continued by the regular operations
of this survey to the Pangong lake, and south to the Indus, where that river
first enters Laddk near Demchok. Trom Demchok the line of the explorations
is carricd up the Indus and its large branch the Gartung-chu to Gartok and thence
across the Kailds range to the Mdinsarowar lake. From the Mdnsarowar the
line is continued across the *Ilimalayas, then down the coursc of the great
N4ri-Chu or Sang-po river (the Brihmaiputra) to Shigatze and thence to Lhdsa
the capital of Great Tibet. This line with its branches is about 5000 miles in length
and is connected with British India hy numerous cross lines, the details of which
have from time to time been published in the reports of the Great Trigonometri-
cal Survey. It must he remarked that these routes were all at great clevations
above the sea, more than half being at over 12,000 feet, a fact which has of course
added very much to the difficultics of exploration.

(113.) Very great progress has been made with a second line, inside the
above line, in such places as it is required, the results of which will he published
before long, though it is not convenient to do more than refer to it until the work
is completed.

(114.) A commencement has heen made with a third line of explorations
exterior to the first line referred to, and at a very considerable distance heyond it
some progress has already been made with it, the fiest link being that from
Yirkand to Khotan, determined by Mr. Johnson’s exploration, and thence across
the lofty Lingzithing plateau to the Pangong lake. Ivom the Pangong our
explorers have extended the line by a traverse to Rudok, the capital of the Chinese
distriets of Pangoong &c., and thenee, over the very elevated plateaux north of the
great Aling-Gangri peaks, to theThok-Jdung gold ficld, passing througha succession
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of gold and horax fields. From Thok-Jélung the line has 1‘)0011 ogtqr}de(l south-east
through Mijin to the Shellifuk lake, north-cast of the (u:vut Kailids Parbat ovet
the most clevated plateaux in the world; the explorers having heen for months at
over 15,000 fect above the sea. This portion of the outer line is connected with
the Minsarowar lake. Farther extensions have been made to the west and north
of Lhésa, and I trust eventually that a junction will be effected between this and
the portion near Shellifuk and thus open out a large portion of the geography Qf
Central Tibet. On the west some extension las already been made with this
outer line heyond the Oxus and Iam hopeful that more will bn'fovth'coming‘. In
this report details are given with respect to one of the connecting lines hetween
the inner and middle line of explorations, viz., between Dirjiling and Shigatze in
Great Tibet on the one side, and between Shigatze and Nepal on the other.  These
lines of exploration open out the geography of a very I:l_rg(‘,_tmct. of country as to
which we previously had but the vaguest conjectural indications. The routes may
be described as going right vound the great Mount Bverest, penetrating on the north,
to the Sang-po or Bribmdputra River and thence south-west over the well-
known Tingri maidiin, the most extensive plateau on the south of the *1Immalaya
watershed that is drained by streams which flow diveet into India.

(115.) From Tingri the line passes to the west of Mount Everest, and again
connects with the work brought up from India.

(116.) The greater part of this work was done by one explorer; on a refer-
ance to the map it will be seen that his route for some distance corresponds at points
with Doctor (Sir Wm.) Llooker’s route west of Dirjiling, the new ground com-
mencing from his most north-westerly points near the Wallanchun and Kanglachem
passes, embraces a portion of the great eastern branch of the Arun river, then
passes a lavge lake of which we had previously heard though its position has never,
as far as I know, even been indicated on any map.  The position of a number of
peaks, north of those which arve visible froin the side of India, have been deter-
mined.  The country has of course been crossed previously by the Ghurkas,
Niwars and other natives of the adjacent countries, hut as far as I know has never
been even seen by an Buropean. -Amongst other places this route has fixed the
position of the celebrated Sakya monastery second only to that of Tashi Lumbo.
The route traversed is 841 miles in length of which 550 miles may be said to be
over entircly new ground and the remainder, though close to a line whicl at least
one BLuropean has gone along, has never been regularly surveyed before,  This
exploration with its Dbearings &e., opens out the geography of mnearly 30,000
square miles of what has hitherto heen all but terra incoguita, it more especially
clucidates the geography of the hasin of the Arun or Arun Kosi river, the largest
feeder of the great Kosi river, which drains the whole of Eastern Nepal. The
cowrses of its upper feeders have been hitherto a puzzle to gecographers,

(117.)  The routes give an independent determination of the longitude of
Shigatze and prove that the value which I adopted for that town, based on Turner’s
Route Survey, was a very close approximation.  This point was fully disenssed in
my Trans-Himalayan veport for 1865-67 on the Chief Pandit’s exploration from the
Minsarowar lake to Lhisa at page x, and it is gratifying to find that my reliance
on Turner’s work was not misplaced.

(118.)  The explorer took latitude observations at 11 points upon which the
work depends, and he deternined the heieht of 31 places.  Ilis work has stood all
the usnal tests of comparison satisfactorily, and as it includes a considerable num-
ber of peaks &e., on both sides of his route: I think it will prove a valuable addi-
tion to the trans-frontier geograply of India.

NDEHRZ\ DUVN, } T. G. MONTGOMERIE, MaJor R.E.,
ovenber 1872. Offg. Supdt. Great Trigonometrical Survey of India,
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Abstract of the out-turn of work executed by the Great Trigonometrical Survey
Parties, during the Official year 1871-72.
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1 Including 302 Square miles of Trans-Sutlej Minor Triangulation.
t Excluding 93 Square miiles of the Nepal border sketchied from Kumaon,
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Extract from the Narrative Report—dated 16th July 1872—of W. C. ROSSEN-
RODE, ESQ.,, Deputy Superintendent 3rd Grade, in charge Bider
Longitudinal Series.

(2) In compliance with Departmental Order No. 39, dated 31st August 1871, I
assumed charge of the Bider Longitudinal Serics, G. T. Survey, on the Gth November and the
party took the field on the 20th December 1871.

(3.) During the recess of 1871 the party was engaged in the following computations
which, owing to the continued illness of Messrs. Bell and Wrixon, progressed very slowly,—

Spheroidal Excesses computed in duplicate .. .- .. b
Weights and Reciprocals of Observed Angles in duplicate .. oo 17
Computed angular corrections to Pentagon in duplicate .. .. 1
Number of Principal Triangles computed in duplicate .. . 5

Number of deductions Latitudes, Longitudes and Azimuths of Principal
Stations in duplicate .. .. .. .. .. 10
Number of deductions of Heights of Principal Stations in duplicate .. 10

Number of Secondary Triangles determining 14 intersected points in
duplicate .. .. .. .. .. .. .. 2

Number of Latitudes, Longitudes and Azimuths of Secondary Stations
.. 28

in duplicate .. .. .. ..
Number of Heights of Secondary Stations in duplicate .. .. 1
The Preliminary Charts of the Bider Longitudinal Series for seasons
1869-70 and 1870-71 . . 2
(4.) The country through which the operations were carricd on was hilly throughout,
very wild, difficult and unhealthy. The jungle was dense, the passes lengthy, tedions, steep and
stony. In ascending and descending them, the pack bullocks (the only available carriage
in this district) were mostly disabled in the early part of the season and were completely
unserviceable on closing work. From sorc feet and sore backs many died and others being
unable to follow the camp were abandoned. 'The scarcity of rain and the failure of the crops
greatly enhaunced the difficulties ; for supplies of every description had to accompany the camp
and provisions had to be collected and brought from long distances. A depdt was established
at each station for the usc of the camp during its stay there, and the remainder sufficed for the
stages between it and the next station. The arrangements for provisioning the party were
good and no inconvenicnec was expericneed during the whole of the field season. O\;'ing to
the drought, the streams which were abundant the previous scason were found dry in mauy

places.

(5.) Mr. Henry Beverley has in his Narrative Report of last season, 1870-71, deseribed
the country so carefully and minutely that I can add nothing more to it, for the country in
which he worked was similar to that in which I was employed,—in fact, it was a part of the
same country presenting the same features and peculiarities of configuration.

(6.) The sides of the triangles were mostly long. During favorable weather no deten-
tion occurred. T completed onc station in December and five stations, including an Azimuth
in January. Marching was tedious and trying, and much time was lost in crossing over the
hills through the (ghats) passes. It occupicd -my camp 8 days to reach Pincha ITLill Station
from Kaurilbiding Hill Station, the direct distance being only 29-3 miles; each stage was from
12 to 16 miles and two of these were of greater length.  The tortuous paths strewed with stones
over the roughest ground traverscd by man and beast was most trying to all in camp and
more especially to the carriers of the great Theodolite, who although assisted by coolies could
barely make much progress in ascending and descending these stony hill paths. To clear these
paths of stones and rocks would cost immense sums of moucy and occupy months of labor.
They were therefore merely widened for the great Theodolite by the jungle being cleared and
by the removal of large rocks, or, if these could not be removed, by nvoidi?lg them.

) (7.) The great Theodolite could not on two occasions come up, and the men had to
bivouac in the jungles and join camp the next day. As has already been said much time was
lost in marching from station to station owing to the cirenitous routes we had to adopt to take
advantage of the easiest known passcs to cross over these mountain ranges. Tlese delavs
would have been greater had not Mr. Beverley furnished me with the routes from station to
station, and how they should be visited with reference to one another. He had been over the
country and was able to give me the most direct routes to each station of each figure and all
unnccessary detours were thus avoided by visiting cach station according to the programme pro-
vided by him. P
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(8.) About the middle of February the jungle was fired in all directions and smoke spread
gradually. The haze set in about the same time and the atmosphere became daily more unfa-
vorable for observations, until the whole country was enveloped in haze and smoke, and nothing
could be seen. Our luminous day and night signals could not penetrate this thick atmosphere.

(9.) TFrom the 23rd February to the 24th March, I was detained at Munas Hill Station
for the observations which were completed in a month during occasional breaks of favorable
weather. At the above station not a single angle to lamps was observed. At the next station,
Bili, I was again detained for nearly a month: a few showers of rain accompanied by storms,

two of which were very severe, enabled me to complete my observations and released me from
this station.

(10.) The above two stations furnished the base for the Southern Section of the Bildspur
Meridional Series ; and on completing them the junction with the Coast Series was accomplished.

(11.) I proceeded to Tulsi Hill Station, the centre of the first pentagon of the Bildspur
Meridional Series Southern Section. Occasional showers of rain cnabled me to progress rapidly
with the final observations which terminated at Bardwar Hill Station on the 4th May 1872. There
was sickness during the whole ficld season, but at Birdwér 10 and 12 men were daily prostrated
with fever; I thercfore closed work and returned to recess quarters, My second attack of fever
occurred here and I returned to Wilter by dik and was seriously indisposed on the journey;
since my arrival I have had frequent returns of fever.

(12.) There was very great sickness in camp this field season, not a single man in the
whole party escaped from fever. My first attack occurred at Kélingkonda Hill Station, my
third Station in January, while observing aun Azimuth there. I persevered with the obser-
vations notwithstanding my daily bouts of fever. Fortunately Mr. Beverley was in camp and
assisted me both in the observatory and office, and I am greatly indebted to him, for had he not

been present, the star could not have been observed by me single-handed owing to the bad state
of health I was in at the time.

(13.) Sickness reduced the strength of my native establishment considerably, and so
crippled me that T had to carry the stand and telescope of the great Theodolite and most of the
Government property on coolies. Sorac of the sick men were useless during the whole field
season and were sent home when T returned to recess quarters. Those men who returned with
me comparatively well have, since coming in, had frequent relapses of fever, and most of them
have enlarged spleens and are still in hospital under treatment. 'There were no casualties in

the field, but since returning to Wilter 5 deaths have occurred, 4 from fever and 1 from
dysentery.

(14) The operations have entered the Bastar and Jaipur states, and I believe the
country will improve as we procced northwards, and there will not be so much sickness during
the ensuing scason in the more open country through which the operations will be carried on.

(15.) Wild animals are very numerous in the tract triangulated last season, and tigers
are most destructive : villages have been deserted and some of thc passes have been closed owing
to their depredations.  While engaged in observations at Kaurdlhiding Hill Station, I ordered
a good portion of my camp to proceed to the first stage en rowfe to Pincha Hill Station and to
await my arrival there. These men were kept at bay for hours by a tiger which I was informed
took possession of the road that had been cut for the great Theodolite. The camp moved on
in a body when he had retreated into the jungles after the men had yelled and shouted for
hours. Often the villagers cautioned us not to procced by paths which were in possession of

these man-cating tigers, which, waiting their opportunity, carried off numbers of people as they,
unsuspicious of daunger, travelled on the path.

(16.) The inhabitants are few and the hamlets very distant from onc another. Very
few large villages were met with. Frequently a single large hut was seen; its occupants
consisted of fathers, sons, and grandsons with their wives and children. A spring of water or a
stream, a small cleared pateh of ground for cultivation of grain, with a few lime, orange, jack
and mango trees were suflicient to satisfy the wants of the family. "The inhabitants are steeped
in ignoranee and vice: men, women and children drink toddy from the sago palm, or distil spirits
from the Maua flowers which they aleo dry and retain for food. They drink to excess, are
very poor and wear a rag 4 inches wide and two fect long to hide their nakedness. Among
some of the lill tribes mude fizures are the rule and not the exception. The authorities have
tried to civilize them by distributing cloth among them but they will not clothe themselves.

(17.) Owing to the party being short-handed, by the absence of Mr. Bell on furlough
and the crippled state of my native cstablishment during the catire field season from sickness,
very little secondary work Las been done: what has been accomplished has been executed by me
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with the great Theodolite. A great deal more could have been done had T men to renew the
hill marks of the Topographical Survey which were consumed by fire aud had the wc'nther been
favorable. Many of the poles of the 'l‘upograplncal' Survey, indicating their stations, were
obscrved from one station only, the weather becoming unfavorable they cguld not be seen
from Munas and Bali Hill Stations when the jungle was fired and the haze set in.

(18.) T was not unmindful of the importance and value of Secondary work in connection
with our principal operations. I trained Mr. Wrixon for the work and detached him on the
24th February to lay down Jaipur, but want of experience and bad weather prevented his com-
pleting the Secondary work I assigned to him.

(19.) Mr. Henry Beverley, Surveyor 1st Grade, was detached on the 17th January after
the Azimuth obscrvations at Kélingkonda Hill Station to extend the Approximate operations.
He revisited Bardwar and Saikarpan Hill Stations which he had fixed the previous season, and
continued his operations and connected with the stations of the Northern Section Bildspur
Meridiona! Series Malewa and Bamnai. The fruits of his labors are 16 stations selected, the
hills clearcd of jungle and platform’s constructed. His zeal and energy have been most con-
spicuous, for notwithstanding the great sickness among his men he [_)ushcd on until he complet-
el his portion of the work and effected a satisfactory connection with Mr. Clarke who carricd
on the Approximate Series of the Northern Section. Mr. Beverley was delayed by bad weather,
and as the scason was far advanced and the men of his establishment were prostrated with
fever he could not undertake Secondary work. He joined me at Tulsi Hill Station ml‘d remained
in camp assisting me at two more stations Pothdongri and Saikirpan ; he was again detached
to alter a compound figure iuto two single ones. As the whole of the Approximate work has
been completed, Mr. Beverley can, the next season, be employed uninterruptedly on Secondary
operations.

(20.) Mr. E. P. Wrixoa, Assistant Surveyor 2nd Grade, was employed in recording
obscrvations and in current office dutics until the 23rd February. He was detached on the 24th
of the same month to lay down the town of Jaipur by a series of Minor Triangulation, and
after that to lay down the town of Bastar. Owing to the hazy weather during the latter part
of February, the whole of March and the first week in April, he was unable to do any work as
he was aiming to connect Jaipur with large triangles. This is the first timc Mr. Wrixon has
been detached on Secondary Triangulation, I trust his want of experience combined with the
unfavorable weather which set in immediately after he was detached will plead for him for the
small out-turn of work. Mr. Wrixon twice suffered from fever in the field and his detachment
suffered greatly from repeated attacks of fever.

{21.) TIn conclusion I have to refer to the Hospital Assistants who were with me during the
last field season. The fivst-class I{ospital Assistant who accompanied me from Walter was an
experienced, attentive man and fully competent to take charge of a large camp. e was how-
ever old and infirm and was very soon disabled from repcated attacks of fever. A sccond-class
Hospital Assistant succeeded him ; this man had been employed under Colonel Saxton, Deputy
Superintendent Topographical Survey, in charge No. 8 TParty. He was acquainted with the
country and he could not help joining when posted to the Bider Longitudinal Serics, but he
was so intimidated that shortly after joining he complained of illuess. He travelled in a ddli
and was of very little use during the remainder of the season. 1Ie was always complaining of
his own illness and he sickuess in camp, and was continually urging me to close work after
the Ist April.  On the plea of ill health he was inattentive and careless. He went to hospital
shortly after my arvival at Walter, and has obtained leave on Medical certificate for 7 months,
The third-class [ospital Assistant doing duty at present with me promises well.

22  The following is the out-turn of work executed during the ficld scason :—
g 1

Principal stations newly fixed .. .. .. .. 13
No. ot Principal Triangles completed .. .. 18
Arca of Principal Triangles in square miles completed .. 3011
Length of Principal Series in miles . .. .. 128
Azimuth of vcrifieation 1

No. of Sccondary Stations whose positions and heights have been fixed 7

No. of Sccoudary Triangles of which all three angles have heen observed 1

Arca of Sccondary Triangles exterior of Principal Trinngulation, square
ruiles ..

.. .. .. 2109
No. of points fixed by intersection but not visited . .. 22
No. of Principal Stations sclected in advance including Malewa and

Bamnai of Northern Section, Bildspur Meridional Series .. 18
Length of Approximate Series in miles .. .. .. 115
No. of Platforms constructed for Principal Stations . 14
No. of miles of pathway made . .. .. 99
No. of hill tops cleared of forest and jungle .. .. 15

No. of Statious protected and closed .. .. .. nonc
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The area of the Principal and Secondary Triangles completed during the ficld scason
1871-72 is 5150 square miles, at 2 cost of Rupees 34,768-12-8, which gives a rate of Rupees
6-12-6 per square mile.

Extract from the Narrative Report—dated 12th July 1872—of W. G- BEVERLEY,
ESQ., Assistant Superintendent 2nd Grade, in charge of the Eastern Frontier
Series (Assam Valley Triangulation).

(2.) The party marched from Gowhatty on the 17th December vid Naugong, and pro-
cceded on to Kankochan Hill Station where I arrived on the 2nd January.

(+) At the ciose of last season there were only two stations sclected and built in
advance, and although Mr. O’Sullivan had laid out the Khelibiishon pentagon, he was doubtful
whether the stations of Cheniibidishon H. S. and Sapanajung H. S. as then selected, were mu-
tually visible, as he had not been able to determine that point finally the previous season from
the very urfavorable weather at its close. The rcjection of one of these points and the conver-
sion of the figure into a series of simple triangles seemed also probable. I therefore waited at
Kankochan H. S. until Mr. O’Sullivan had decided on the position of the forward station Che-
nidbidishon H. 8. which he did by the 9th. The principal observations at this station being
completed I marched on to Khclibdishon H. 8. and having taken all the observations there, I
proceeded to Chenghchishon H. 8. where 1 arrived on the 24th January. T was detained here
four days waiting for the signal at Sapangjung H. S. On the evening of the 27th I received
a letter from Mr. O’Sullivan informing me that he had at last been compelled to rejeet that
point and 1 closed at this station and left on the 28th January.

(5.) 1 had desired Mr. O’Sullivan to reject Sapanajung II. S. in case he should not
be able to see it from Chenidbdishon H. S. as the best part of the field season had already gone
and much time had already been lost. The station of Chenidbdishon II. S. is situated on the
outcrmost of a series of parallel ridges of uniform height and densely wooded, the site selected
was the only onc which conld command a view of the plains to the North and East and also be
visible from the back stations, hence it was not considered advisable to remove it, as it would
not only have created delay, but involved rc-observing the angles at two stations, but above all
made it difficult to carry the series into the plains which it had now become necessary to do.

(6.) Mr. O’Sullivan had reported on his return to rccess quarters at the close of the
field scason of 1870-71, that he had received reliable information that the Lotha Ndgds across
the Dhunsiri River would prevent the entry of any Survey parties into their district. As this
information had not been alluded to in the General Report, nor in the instructions for next
scason’s work, the method of proccdure for carrying the triangulation into the plains and other
considerations involved, were not discussed by me at Head Quarters with yourself. I was
informed by the Commissioner of Assam when I requested his opinion as to entering the Lotha
Niga hills, that no Survey operations could for the present, be carricd on in the tract in ques-
tion, as the tribes were hostile.

(7) T was in hopes however that it might have been possible to carry on a series,
with alternate stations in the plains and in the outermost low range, which from the maps,
appeared to lie in and along British boundary and were uninhabited, and I communicated with
the District Officers on the subject and was informed, after considerable delay, that the
Sibsagar District had been closcd to the Hill tribes and stockades crected to prevent their
ingress into Assam ; that no Survey party could entcr into the Hill Districts without a very
strong Dhody of police, which couzld not then be furnished, and thet the maps were quite
untrustworthy, as the British boundary was at least 7 or 8 miles from the foot of the
hills.

(8) My plans for continuing the triangulation along the hills having thus been
bafMed in every way, 1 was compelled to resort to the plains and the triangulation was carried
down on the side Kankochan H. S. to Chenidbdishon H. S.  With the hope of being able to
obtain peaks on the outer range, the station of Golaghit had been sclected by Mr. 0’Sullivan
and a platform and pillar built. As the hills were no longer available, Mr. (’Sullivan was
durected to carry the series by symmetrical, single triangles through the plains of Sibsigar.
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(9.) It was somc time before I could decide on the most suitable course the series
should take ; proceeding in a direct linc was inadmissable as the centre and southern portion
of the District is studded with tea plantations and grants, the owners of which were not at all
disposed to have lines run through their estates, or their property injured, even on payment of
compensation, which was given in one instance last season, and was excessive in regard to the
damage sustained. This was a consideration of the utmost importance as the means at the
disposal of the party would not admit of such heavy compensation as would he demanded,
while the progress of the work would probably be delaycd by opposition and litigation. I
therefore decided on carrying the series along the course of the river by which means very
heavy jungle cutting, as well as tca plantations would be avoided and the height of the towers
would be reduced, and there would be little or no compensation to be paid, thus making it the
most economical course to adopt; at the same time the triangulation was not intended to be
restricted to the river, but to deviate therefrom whenever it should be found necessary.

(10.) When the direction of the series had been decided upon I returned to the hills
and visited Cheniabdishon H. S. and took the observations there, including those to Golighat
T. S. and Bor-Chapri T. S. at the latter of which stations Mr. O’Sullivan had now built a
masonry pillar. Observations at Chenidbiishon H. S. were completed on the 23rd February,
at Bor-Chapri T. S. on the 26th and at Golighét T. S. by the 7th March. After this I took
up the Approximate work until the beginning of April, returning to Kankochan H. S. to
complete the observations to Bor-Chapri T. S.

(11.) The Approximate work during the past season has been carried only a very short
distance owing to the lateness of the season, the nature of the country, the scarcity of local
labor and the continued unfavorable weather. The out-tnrn of work is small but no energy
has been spared, nor means untried to overcome the difficulties which had to be encountered
and which are in my opinion greater than in any other part of India. The difficultics ex-
perienced in the selection of stations in the plains of Assam are manifold.

(12) The country does not slope down gradually from the foot of the hills to the
Brihméputra River, but consists of a sunccession of low ridges frequently covered with almost
impenetrable jungle, not running parallel to the strcams which gencrally flow down from the
mountains at right angles to the river, as may be naturally supposed, but in most instances at
right angles to those streams, with an abrupt fall into tke basin of the Brihméputra. Tt is
difiicult in such undulating tracts with wide level bits of country, to fix upon any particular
length of side, aud it was found impcrative to have the side Golighdt T. S. to Madaigfon T. S.
10'4 miles, while the height of the tower at the latter place, it will be necessary to build
over 30 feet to cnsurc mutual visibility. The series carried along the course of the river will
render so great a licight unnccessary for future stations.

(13.) Frequently extensive patches of tall grass and reed jungle were met with, which
elephants were employed, by Mr. O’Sullivan, to crush down on the rays, by means of heavy
logs dragged by them. In some places the rays have been carried through boggy and swampy
ground with thick tall reeds which had to be cut one by one. Occasionally belts of jungle
hed to be traversed, the trces in which, with few exceptiof\s, were of no great diameter, but
were so interlaced with canes and bamboos, and had so heavy an undergrowth, that it was a
most arduous and tedious undertaking to carry a narrow gap through. Between Bor-Chapri
T. 8. and Nikori Chapri T. 8. Mr. O’Sullivan was occupied nearly threc wecks in carrying a
ray, the undergrowth on which was not only very heavy, but hid from view high mounds raised
by earth-worms. In ground of this nature perambulators were useless and Mr. O’Sullivan
adopted a rope 132 feet long made impervious to wet by means of wax and oil, and which was
tested cvery morning.

(14) Local labor was rarely procurable in Assam and the District Officers scarcely
gave us any assistance whatcver, although the villages occasionally met with were able to
furnish a large number of coolics, and with proper parwdnas the mauziddrs would have
readily provided them. The difficulty of obtaining supplies for the camp was also a source of
delay. Thesc difficultics arc however likely to be very much diminished next season, and with
a better knowledge of the country and our requirements, an establishment now Jtrained to
plain’s work, the progress in the ensuing season may be confidently cxpected to be more rapid
and satisfactory. P

(16.) The triangulation in the hills traversed the country of the Mikir and Ri il
Niga Tribes whose characteristics have been already deseribed byyMr Rossenrode, as Wclin:tgsr:;c:
various insect annoyances, to which the party was also subjected during the last field season,

t]l()llgl not to the samc cxtent No an noyance was Xper f tiger an wild
. 1 nce cxperienced d
rom gers d 1
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(17.) Very little Secondary work has heen obtained, smoke and haze obscured the
atmosphere from about the middle of January, and though ocecasional sharp showers cleared
the air for a day ortwo, the distant peaks were invariably enveloped in haze and fog.
Throughout the season, the weather has been very unfavorable, there had hardly been a week
of uuninterrupied dry weather, and at the Dbeginning of April the rains were so Leavy, that,
in two days the plains were completely submerged.

(18.) The district of Sibsigar in Upper Assam is one of the healthiest in the pro-
vince and unless the rains are protracted, field work can he resumed early in November
with safety. The atmosphere is gemerally very clear throughout that month and up to the
middle of December, and I have hopes of being able to get a large amount of Secondary
work early next season, soon after taking the field, which I purpose doing in the beginning of
November. The health of the establishment was on the whole pretty fair. Four deaths
occwrred during the season, two of which were from complaints of long standing. The party
arrived in recess quarters in the first week of May.

(19.) Mr. O’Sullivan accompained me from Gowhatty. Before taking the field he
was employed in equipping and organizing the Native Establishment and in training men in
the use of the heliotrope. As soon as Mr. O’Sullivan had fixed the station of Chenidbdishon
H. S. he descended into the plains and was employed on the Approximate Series. He
sclected 4 stations, built masonvy pillars at two, carried about 55 miles of trial and 30 miles
of final rays, and was compelled to close work on the 20th of April from waut of supplies.
Mr. (’Sullivan’s progress, in spite of the great difficulties and hardships e had met with, is
very good. His thorough knowledge of Assam and its people, his detcrmination aud energy,
and zeal for his duties, combined with professional aptitude, render him the best fitted for

conducting so difficult and troublesome an operation as the Approximate series in the Assam
Valley.

(20.)  Mr. Bryson accompanied me to Kankochan H. S. as observatory recorder and
also took part in the principal observations at two or three stations. On Mr. O’Sullivan’s
taking wp the Approximate work in the plains, he was at first employed to superintend the
building of one station and to carry a ray from Goldghit . 8. to Madaigion T. S. Subse-
quently he was deputed to Sccondary work chiefly with a view of fixing all the Revenue Survey
paka pillars on either side of the Brihmdputra River. Mr. Bryson from an utter want of
encrgy and interest in his duties, has repeatedly failed to carry out my instructions, or to
complete the work allotted to him.

(21.) Mr. Harris was transferred temporarily from the BrahmAputra Series for the
purpose of building the pillars required on the Lastern Frontier Secries. He was much
delayed by the wnusual detention of the Assam steamer and joined the party on the 17th
March.  He took up the work assigned to him at once, and although new to the country and
the langnage, was able to make his arrangements with his usual judgment and prudence.  The
continued heavy rain throughout the time he was engaged on his work threw him back
considerably, and he could only complete two pillars and build the foundation of a third to a
height of 1 foot, besides preparing materizls &e., for a fourth station.  Mr. Harris returned to
recess quarters some time after the rest of the party, on the 28th May.

Extract (rom the Narrative Report—dated 15th July 1872-—cf Lieutenant M. W. RO-
GELS, R.E, Cficiating Deputy Superintendent 3rd Grade, in charge
Bombay Party.

(1) The Head Quarters left Bangalore on the 6th November and marched to Gutti and
thence by train to Riichure, rcaching the first station of the scason, a few miles north of the
river Kistna, on the 26th November. T at once commenced obscrvations and continued them
without intermission until the series was brought up to the sides Shilapali-Goraegat « Topkonda
of Sir Andrew Waugh’s Great Arc. This was completed on the 1st March.

(2.) The country, throngh which the series passed this season, helongs to H. H. the
Nizim and is apparently little known or visited.  About 20 miles north of the Kistna, n range
of hills runs from east to west, parallel to the river, which is about 1200 fect above the sca;
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on ascending this range the country is hilly and very stony in parts, and with a mean elevation
of 1800 feet. There are no roads and the villages &c. seem to be generally in a state of decay,
owing, I was told, to the failure of the rains for some years past. The greatest portion of the
country traversed was JAgir-land, held by noblemen who reside in Haidarabad, and have appa-
rently no care whatever for their dependents. In most of these Jigirs (the Nizém’s authorty
seems only nominal ; the present Minister, Sir Saldr Jang, is however improving this state of
things and is resuming all the J4girs which were held for military service and are not family
possessions, 'This has been done in several cases under my own notice, and the result to us
has generally been—that where, under the Jégirdir, my assistant last year complained of hin-
drance and incivility, I have been agreeably surprised at the dffcrence under the new réyime.
The new state railway runs across this tract of country and will probably bring roads and a
better state of things in its wake.

(3) The country to the west of the series is very stony; slate of arough description is
plentiful and is used in many places for roofing, and all the villages are built of a whitish stoue
which gives them a ncat and clean appearance at a distance.

(4.) Towards Bider the whole country riscs again and forms a second plateau, with an
elevation of about 2000 feet. Along the southern portion it is covered with thick jungle, which,
together with the flatness of the ground, caused considerable delay and trouble in effecting a
junction with the old work which itsclf appears to have bcen carried out of the meridian in
order to avoid that portion of the country. The soil about Bider is red, and ironstone
ahounds, and at Koyer and many other villages a good deal of iron is smelted; they do
not, however, quarry very much, but use the ironstone gravel which seems very rich in
metal,

(5.) On the completion of the Principal Series, I took up a Minor Series to fix the
city of Haidarabad, and the cantonment of Sikandrabad. I used the 24-inch Theodolite in
all cases save onc, where T was obliged to choose a very rocky and difficult hill, in place of
the hill of Golkonda, which I had reckoned upon occupying. At the instance of the Resi-
dent, my signaller was allowed to make a mark and shew lis heliotrope from the fort, but when
I arrived near the city mysclf, I was informed that no Xuropean was allowed into the fort or
cver had been, so I was obliged to sclect a new point. Save the Chdr Mindr, a large building
at the junction of thie main streets, there arc no prominent buildings in the city itself; the
Mecca Masjid, though a well built handsome building, having no minarets of any size. This
Series was finished on the 6th April. The next portion of the revision was 100 miles north
and the weather had by this time become very hazy and hot, so I determined to march back
to Gulbargah which I reached on the 14th.

(6.) I there placed the theodolite, tents &c. in safety and proceeded by train to Banga-
lor, which I reached on the 20th April.

(7)) The principal work of the field season has been as under ; —

The ecries has been advanced 86 miles and completed. 56 angles have been ohserved at
16 Principal Stations forming the northern portion of a double polygon, one double polygon
and the larger portion of a double polygon and compound figure, which forms the junetion of
thic two series ; the whole eovers an arca of 3099 square miles.  An Azimuth was observed at
Kodangal 8., and 4 Zenith distance stations fixed around for Captain  Herschel. 84 Secondary
angles at 2 principal and 8 sccondary stations were observed, on the Iaidarabad Series, with
the 24-inch Theodolite, covering an arca of 832 square miles.  (All Sccondary and Intersected
points, obscrved by the party, were fised in height as well as position.)

(8.)  Aneroid Barometer observations for height have been carried on regularly through-
out this and the last ficld scason whereby the heights of all the hills on which the stations
are, and halting grounds, have been fixed.  This scason the heights of hills have been taken
by simultancous observations with two ancroids, a method of very fair accuracy. I have the
honor to forward herewith a list of heights in tlie serics from Bangalor to Bider and Haidara-
bad, containing two lines of road and numecrons places in the districts. The heights from
Bangalor to Gutti, were determined by simultancous observations.  Captain Herschel arranged
to place his assistant and barometer at my disposal and T marched to Gutti, myself one stage
in advance, wherehy daily simultaneous differences were taken, the barometers being com-
pared cvery evening. This arrangement when practicable should be very fairly correct.
I shall be obliged, should this table of heights be printed, if a few copies of the table be print-
cd scparately and forwarded to me, as myself and Major Braufill often reccive applications for
heights in Mysor &c.
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9.) At the instance of the Resident, Mamsabddrs were appointed by IT. H. the Nizim’s
Clovernment to accompany the camp of myself and Mr. Price. The one for the latter gentleman
did not appear, but to Mamsabdir Muhammad Faiydzuddin Khén and his sepoys who accompanied
me I am much indebted ; without their aid, I should inevitably have been delayed, and possibl
have been brought into unpleasant collision with the employes of the Jagirddrs; as it was, I had
very little trouble. My best thanks are due to the Resident and H. H. the Nizdm’s Minister for
the help they rendered to me.

(10.) Mr, Pricc was employed in selecting and building stations on the Approximate
Series; he selected 6 and built 13, besides sclecting 8 Zenith distance stations for Captain
Herschel. 1 have alluded to the difficulties of the junction figure, which necessitated a high
perforated pillar station with a wooden platform for the observatory tent. Whilst selecting and
building near Nander on the Sironj-Bider section of the Arc, his camp was attacked by small-
pox and I am sorry to say he lost his wife ; he himself suflered severely at the same time from
fever, and I therefore directed him to rejoin me at Gulbargah whence he proceeded to
Bangalor with the Head Quarters. As usual his work has been good and he has spared him-
self no exertion to carry it on; he is a very praiseworthy and able assistant. He has had the
entire selection of the Scries, and I trust that on the completion of his 9 years service he may
be promoted.

(11.) Mr. Bond worked at and completed the Kadapa (Cuddapah) Minor Series, he tri-
angulated a direct distance of 90 miles by 11 triangles covering an area of 1124 square miles, his
instrument was a 10-inch Theodolite and his average triangular error 1-36 seconds. In addition
he fixed 33 intersected points and olosed all the stations of his initial sides. After finishing at
Kaddapa he marched to Karmil and began a short series to connect that place, but his
hecalth gave way under the exertion and great heat and he was ordered by the Surgeon of
Karnil to return to Bangalor. T have already communicated with you on the state of his
health, which has been severely tried in the department. The quality of his work speaks for
itself and I am entirely satisficd with it and that he has worked to the utmost of his power,

(12.) Mr. Torrens accompanied me as recorder for the first six wecks, during which
time he instructed Mpy. Oldham in his work ; he then went with Mr. Price and selected and
built a principal station, after this he prepared the Haidarabad Series; I then sent him to
Captain Herschel under whose directions he marched north and selected 3 stations for Zenith
distance observations and also reconnoitered the country with a view to choosing stations for
doubling the Great Arc at that point. This ycar has been his first at any independent work
and I see no reason to alter my favourable opinion of him. He has now served his time for
promotion which I trust he will get when a vacancy occurs.

(13) Mr. W. Oldham joined the depertment in October, from Bishop Cotton’s School
at Bangalor where he had been acting as under Master; he has been with me as recorder
during the season and worked well aud obtained all the necessary knowledge in departmental
forms. At the cnd of the season he closed 3 stations independently and has altogether given
me satisfaction.

(14.) During the last recess, one double Polygon, onc Pentagon and one Azimuth
were computed, together with all the Secondary work, bringing up the Series to date.
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Heights in Mysor, Balldri (Belary,) Kadapa (Cuddapah) end the Nizdm’s Dominions.
« Bombay Party. Seasons 1869-70-71-72.

HoES ot
Name of Place. o & Remarks and Deseriptions.

g £

3 [
Bangalor 2989 | Barometer Cistern in Civil Hospital.
Nellanangalam 2905 | Ground level at Traveller's Bungalow.
Sompur 3050 D}H.‘O ditto.
Tumkur 2681 Ditto ditto.
Ramédeverabetta .S, 3883 | Trigonometrical mark on hill near Turakur.
Agraharam village 2530 By bridge over Surnamuky River South bank.
Maddagiri village ... 2462 | Road outside gate on Sirah rond.

Do. H.S. 3935 | On corner tower of highest fort on drug.
Maddbgaisi village 2452 | On Paugarh road opposite Police théna.i.

Do. Drug ... 3376 | Highest point of hill.

Maddak Sira villago 2173 | On Paugarh road in tope beyond Town.
Do. Drug 2936 | Col. Lambton's old station mark.
Raddam village 1902 In tope S. of village.
Pennalonda 1862 In tope outside walls close to Bangalor road.
H.Di,, HS.... gogé gn storlr‘le 01:11 t]{\? hifglll‘est portion of fort.
indupur 20 on Temple N. of Town.
Yerrakonda TLS. ... 2820 | 2 miles West of Gutti road at 69th milestone.
Tonaglur H.S. 2goo | Kadapa District. © on side of hill.
Mitiapalli village ... 1929 | Village West of Innaglur, in tamarind tope.
Halsurbetta H.8. ... 3341 | A %ttle \{Vcst of Gutti road at 16th milestone from
angalor.

Do. village ... 2994
Ambaji Drug H.S. 4339 (? on high hill 2} miles W. of Chintamanipet.

Do. village 2089 | Tope N, of village at foot of hill.

Maukli Drug  H.S. .. 3610 | On road from Pedda Ballapur to Hindupur.

Do. _ camp . 2562 | At 11th milestone from Pedda Ballapur.
%untapﬁrlgllage . 2663 |3} miles N.N.W, of Doduirmangs.

augar S. 3026 | On Sultin’s Battery in Drug.

].)(2. __ village ... 2062 | On high road below the drugg; outside village.
Chikapilli village 1848 14 miles from Paugarh on road to Riidrug.
Kamakonda Dru 537 | High hill 3 milo East of rond e

alonda Drug. .. 3537 igh hill 4 mile East of road.
Kumbadiir village 1781 18 miles from Paugarh on road.
Dasrampilli village 1807 27 ditto ditto ditto.
Kallidn Drug H.S, 2383 | © on platform in fort, E. of village.
Davandelbottn H8. 2358 3 milow N. W, of Kaltin wilnger * "€
8. 2395 2434 miles N. W, of Kallidn village.
Urakonda H.S. ., 2193 | % imile East of Gutti-Bangalor Road at the 105th
o milestone ; near Chinna Kotapilli village.
Kaunagaunpalli village 1384 17 miles from Chinna Kotapilli on the road from
o Darmaveram to Kallidn Drug,
KoIr)ul:mpllh v}l}lgge 1582 Camp between Hill and Village.
0. S 2286 2259
Haluir village ... 1175 Camp 8. of village.
Daverkonda H.8. ... 1824 1840 | Near tank E, of Hundi Anantdpur.
o.  camp... 1163 On side of tank E. of hill.
Kudligi village ... 1332 13 miles from Anantdpur on Balldri Road. -
U%:;pl Drugl\ill;ngo 1298 Camp 8. of village on Balldri Road.
o. S 1731 1725
Zenith (llﬂf‘:m'lcc station ! l_lr,7c; 2 miles 8. W. of villago.
IToniir ILS. 1593 | 1 mile N. E. of village on old Ballari Road.
Gaddakal villago ... 1429 Camp N. of village in tamarind tope 22 miles from
Bulllluz“ on the Gutti Road @ General Cullen’s height
420,
Do. H.S. 17
) H. 790 1823
?‘mmnmlh village 1270 Camp on road 8. of tank.
]iullll'(’]:‘l.k]l;l 1432 | © onroof of railway station, Genl. Cullen’s 1500,
nD.m Rn!-t 1976 | Base of Flagstaff in chief battery. @
G 0. Railway Station 1484 | Railway levols.
uIt)t; Den . 1232 ’{Iqwlu ; at cemetery foot of drug.
: g 213 2io1 ighest point.
?(and‘t'b“']l)ln'd-s. 1173 | Trigonometrical station 3 miles S. of Gutti.
adripilli village ... 1173 Camp { miles N. of Ndgdsamudra village.
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Heights in Mysor, Balldri, Kadapa and the Nizdm’s Dominions.
s Bombay Party. Seasons 1869-70-71-72—(Continued.)

i1
= 83 s
Name of Flace. o 8- Remarks and Descriptions.
g £
o B
i |k
Boglemaurkonda H.S, 2350 | ® on top of hill.
Kondantr village ... 1024 Camp in tope N. of village 3 mile W. of road.
Paumdi H.8. 1680 | Flat topped hill close to Bangalor-Gutti Road.
Yainigamarri village 1634 ] mile N. of village and E. of Karnil-Gutti roed.
Sudépalli village ... 1155 Coamp ]]Jg tank 2 miles E. of Karnil rond,
Kottur village 1357 Camp E. of village.
Katomornj H.8. ... 2052 2053
Shitabanda village 1373
Bandimaddagu village 145)
Pulikonda H.8. ... ‘1811 180z | © on solid tower 16 feet high.
Hospetta village ... 1321 )
Gongondla village 1354 | Highest point of low rocky hill.
Kerra Bellagal H.8. 1423 | Hill 8. E. of village of Kerra Belldgal,
Krishnadodi village 1055 Camp on bank of tank W, of village.
Adoni Drug H.S. ... 1997 2000 | Trigonometrical ®
Malliabad H.S. ... 1791 { Hill 4 miles S. of Raichur. Nizim’'s country.
Do. village ... 1372 Camp on a knoll E. of village.
Durrur HS. L 1805 | In Gedddwal Réja's territory.
Do. camp 1257 N. foot of hill ditto.
Nandinia village ... 1210 Camp in palmyra tope E. of village.
Kotdpalli H.S. . 1576 1579 |4 miles N. of Kistna River.
Do. camp ... 1285 Half way between hill and village.
Chintalikinta H.S. 1759 | In Deodrug tiluk 8 miles S, of the Kistna.
Do. village 1285
Janikalu H.S. 1555 | In Manwi tdluk 9 miles N. of the Tongébudra.
Do. eamp ... 1292 Close to hill, opposite side to village.
Kinikerray village 1251
Yedagiri village 1225 G. I. P. Roilway Station is 1} miles W.
Bima River 1164 Naikal Ferry. Water level in December.
Ditto 1189 Ditto on West bank.
Naikal H.8, 1610 1611
Do. village 1207
Yedagiri Drug 1792 | Highest Tower.
Gannépur village ... 1328 1 mile E. of village,
Nardinpet village ... 1454 Rija’s garden N. of Town.
Muktul village 1295 | Roof of highest house.
Inpéhgat H.S. 2308 2340
Do. camp ... 1758 4 mile S. of Trivallupur village.
Yeddalapuram village 1960 % mile E. of village above the ghit.
Undurke village 1732 3 mile S. W, of village.
Korlah village 1563 } mile S. of village.
Hudngi 8. 1440 1438 | Trigl. Station in field 1 mile N. of village.
Andaki 1445 Camp close to North of village.
Nellagat HS. ... 2048 2036
Rabbanpalli village 1892 Camp half way between hill and village.
Chittapalli village... 1862 In tope on road 8. of village.
Kodnngal 8. we | 1907 1914 | On rising ground 2 miles N. of villnge.
Kushgi 1706 Tope N. of Town on road from Kodangal,
‘Worval 1739 i mile W. of large tank and N. of rond.
Antawaram 1825 N. E. of village.
Pochamagat H.8. 2371 2358
Kusmasamudram ... 2008 Close to village on S. side.
Tandir 1508 East of village near tombs of Nizim's officers.
Ganndpur H.8. 1584 1606
Indir village 1658 Close to West nide.
Daravid 1738 Tope E. of village.
Anantagiri H.S. 2311 2311
Keravalli 1934 } mile N. close to hill.
Koatpalli - 1728 | Foot of high Tower in village.-
Mothakapalli H.8. 2284 2282
Do. camp 1965
Bachinapalli 2090 N. E. of village.
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Heights in Mysor, Balliri, Kadapa and the Nizdm’s Dominions.

#» Bombay Party.

Seasons 1869-70-71-72—(Continued.)

5 3
£ £
Name of Place. K §5 Remarks and Desoript
E £
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Kandenmarrei T.8. 222 2240 | Lower mark, ground level.
Bihilpur . 2162 Large tope 1 mile S. of village,
Womekonda HLS.... 2196 2158
Do. camp.. 1987 S. of hill,
Kipénagar 2080 1 mile E. of village on Bider Road.
Shilapali H.S. 2229 2199
Pedda Chilmaira 2103 Tope E. of village and N. of road.
Goraegat H.S. 2052 2071
Do. village ... 1963 Foot of hill, village side.
Topkonda H.8. 2185 2182
Gazulgida 2040 Camp N. of village.
Kothapalli 1973 By stream in tope E. of village.
Cheballoh H.S, 2201 2187 | © on low hill W. of temple.
Bakawaram 1799 In plantation E. of village.
Gaganpahir H.S. 1995 2016
Do. cnmp 1814 In tope near road 6 miles from Haidarabad.
Husainsavalli Dargéh 1830 In tope, N. of road near Golkonda tombs.
Golkonda Fort 2024 | © on rock in fort.
Durgdpahér H.S. ... 2089 | On range of low hills N. of Golkonda.
Naubatpahir H.8. 1867 | Small hill between Haidarabad and Sikandrabad.
Do. camp... 1719 §. End of Husain Sdgar tank.
Mulkagiri H.S. 2007 | Low hill 1} miles N. E. of Lancer lines Sikan-
drabad.
Chér Minér 1739 | Balustrade; top of minaret about 65 feet higher.
Chnddarghét Ch. ... 1736 | Basement of pinnacle.
Baldram 1977 | Resident’s flagstaff, lower cross piece.
Kishara H.S. 2089
Do. camp 1786 N. of village halfway to hill.
Lechmipur HS. ... 211§
Nizémpet village ... 1930 Tope B. of village.
Sadulnagar 1724 In tope W. of road and S. E. of village.
Suldapur H.S. 2089 2088
Umdanagar 1792 East of village.
Undol .| 1637 Tope B. of Town. General Cullen 1709.
Tadmentr H.S. | 1864 1851
The High road from Bangalor vid Gutti-Adoni-Rdichur.
Bangalor 3131 | Roof of observatory at S. E. end of Base-Line on
Gutti road.
Davanhalli 2950 2956 | Ground level of bungalow compound.
Chota Ballapur 3023 Ditto.
Pantasamudram 2713 Ditto.
Gaontwarpalli 2359 Varanda level.
Palsamudram 2237 | Ground level.
Pennakonda 1862 In tope near old ddk bungalow.
Chinna Kotapilli ... 1433 1444 Bungalow compound.
(Darmueveram) 1201 | Level of grounh at old palace. (Old roed.)
Martir 1269 Bungalow compound. New road.
Hundi Anantapur 1156 1152 | © on stehseeldar's house in town.
Garuldinni 1080 In tope close to old bungalow.
Yeggawopalli 1068 Rond brldge parapet 152 miles from Gutti.
Gutti 1220 1 mile 8. E. of railway station.
Jonagiri 1361
Patiikonda 1548 Camp close to fort wall on N. side.
Adoni 1418 Cnﬂp in tope close to foot of drug. Genl. Cullen
95.
Hulikanéva 1201 15 miles from Adoni.
Tongébudra 1046 On N. bank E. of road. Haidarabad State. Genl.
Cullen's height of Madaveram on S. bank 1089.




“"n [Ssason 1871.72,
Heights in Mysor, Balliri, Kadapa and the Nizdm’'s Dominions.
*Bombay Party, Seasons 1869-70-71-72—(Continued.)
Nams of Place. ﬂ é':‘:f Remarks and Descriptions.

T
4 &

Réichur | 1326 In Réja’s tope between rail and fort,

Kistna River .| 1116 South bank. General Cullen 1129.

Sikandrabad v
Pattancherru e
Kundi -
Seddshipet e
Kumkonl R
Burra Yekali
Cherrakpilli
Mungulghi
Hominabad

Kinpi

1
Korkotah
Gulbargah

The Road from Sikandrabad to Gulbargah.

1791
| 1757
e | 1757
.| 2054
2035
1980
1943
...| 2030
W | 1864
. 1439
1456

Cistern of Barometerin Meteorological observatory.
Bungalow compound. Genl. Cullen 2062. ? error
Ditto.
Ditto. Genl. Cullen 1825.
Ditto.
Ditto.
Ditto.
Ditto.
Ditto Road branches off from Sholapur road.
Ditto Close to Mulédmari River.
Ditto  do.  Binathora River.
Camp at 135th milestone.

Aneroid Levels taken in the train from Gulbargah to Gutti, compared with Madras Railwey
values, the latter being level of rail,

Name of place. 5 ?_ Remarks.
£ B
i |4
Gulbargah Station 1488 .
Shahabad 1351 1306
Yedagiri 1171 1194
Kistna River 1104 1139 | G.LP. Level 1143. G-. T. Survey height 1146.
Ditto 1044 Bed of river.
Chiketigir Station 1130 1151
Raichur 1287 1311
Matmarri 1185 1206
Tongibudrs River 1050 1081 | Bridge level.
Do. Station 1061
Kusgi . 1211 1236
Adoni 1350 1364
Nuncherlah 1550 1553
Gundukal 1412 1411 | Trigonometrical height of station roof 1432.
Gatti ... 1193 1203

The Aneroid Heights of Trigonometrieal points, though given for the sake of comparison, have
not been used. Each Aneroid Height, (except in the railway heights) is a menn derived from two
adjacent Trigonometrical Stations. . .

All these heights are derived from olservations taken with two gold band Aneroid Barometers (by

Cooke and sons) at 9-30 A.M. and 3-30 P.M.

The ohservations were corrected for instrumental errors and also for dnily variation ; this latter
quantity being derived from the fised Mercurial Barometers at Bangalor, Karnil and Sikandrabad
Meteorological Obacrvatories.

E.g. To oblain the height of Kudligi villoge
Height of Uderpi Drug H.S,, 1726
Observed difference of height

1st resultl 1335

— 390

Height of Daverkonda H.8., 1840
Observed difference of height — 610

2nd result 1330 Mean height 1333

The railway heights were taken at all hours of the day and night, and hourly variations applied.
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Extract from the Narrative Report—dated 15th July 1872—of Major B. R. BRAN-
FILL, Deputy Superintendent 2nd Grade, in charge of the sMadras Party.

(1.) The Madras Party under my charge had not entirely recovered from the previouns

unhealthy field season, when, the first burst of the

Recess Seoson onded 1sb November 1671 N.E. monsoon being " over and the computations

complete, it was possible to take the ficld on the 1st November 1871, but bad weather detained
us till the 10th of that month.

(2) I may here mention that the computations of the previous ficld season’s work shewed

- o : that the point Aneimudi (a high peak in the Aneci-

Reputed highest hill in Southern Indin. mallei hills) was no less than 8,837 feet above the

sea, 195 feet higher than Dodabetta in the Nilgiri hills, hitherto supposed to be the highest
point in Southern India,

(8.) My instructions were to leave the Southernmost Section of the Great Arc on which
. . this party had been engaged for three or four seasons
thf::i?né:ﬁ:fiékixg:eﬁltuﬁ;ﬁl\(&“mon) to completo 1, eviously, and to take up the remaining triangula-

tion of the Mangalur Longitudinal and Meridional
Series, about 110 to 120 miles on each—probably two season’s work.

(4.) The Approximate Series of the whole was stated to be complete, with the exception
. . . f two stations about the point-of junction near
t Iread leted. 0 pomt ot )
Eatire Approximoto Sorics olready comple Mangalur; but only five stations in advance of the
side Nughalli-Nérdyan Drug (observed in 1867-68) were built. I was furnished with charts of
the approximate scries, and descriptions of the five stations built.

(5.) As soon as the weather permitted, on the 10th November, the party left Bangalor,
and reached Nughalli on the 17th and 18th marching in two parties for the sake of observing
a Barometric Leveling traverse, by meaus of corresponding simultaneous observations with two
pairs of Aneroids—the result of which, notwithstanding the unfavorable state of the weather,
proved highly satisfactory, the closing error being only about 7 feet. Barometric obscrvations
were also taken daily throughout the scason at 10 a.ar. and 4 r.». by the main party, and by
two of the assistants detached.

(6.) At the commencement of the ficld season I made the following disposition of the
party.

I myself remained with the main or ohserving party to take the Principal observations

Disposition of party until Lieutenant McCullagh should become suffici-

' ently practised with the 24-Tnch Theodolite to con-

duct the work alone. I then purposed examining the Approximate Series in advance, and after

that to set up the self-registering Tide-Gauge at DMangalur, which had been named as a

Tidal station, lcaving Licutenant McCullagh to complete the final observations with the 24-Inch
Theodolite.

Mr. Mitchell was directed to complete the Ammedikal polygon, of which two stations
remained for selection, and then, in accordance with my instructions to select and observe a
series of triangles cxtending along the coast south of Mangalur as far Ponnani in latitude
10° 48'.

Mr. Norris, whose health was still bad and unable to bear the trying weather we now
experienced, viz., cold wet nights with strong dry and hot N. I, winds by day, I directed to take
up the station building in the low country to the west of the Ghits, and afterwards to assist me
at Mangalur, whilst Mr. Potter was sent to build the stations above the Ghéits and northward
up the Meridional (Approximate) Secries, and Mr. Lascron remained as Office assistant and
Observatory recorder with the main party.,

(7) At Nughalli H. S. I observed an Azimuth to § Ursz Minoris at Western Elonga-

An Azimuth observed at Nughalli 1.9, thl_’l; and :51 (IIC\'.) Cephei at E;stern Elongation ;
whicli, owing to rainy and cloudy weather caused

a delay of four days. The result of the obscrvatious shews the computed Azimuth as brought
down from the Calcutta Basc to be 3"-774 too great, or the observed Azimuth in defect 377744,

the diffcrence being in the samc direction as, but grcater in amount than that previously ob-
tained on this Serics.

(8.) A further delay of several days oceurred, by the signal party sentto occupy the
Deloys great Pushpagiri 11.8. (the “ Soobramunny Hill” of
o Atlas Sheet No, 43) being misled, and attempting to
ascend from its inaccessible side,
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(9.) Butamore serious delay was met with at Sitanhalli H.S. the central station of the
. . . fiest polygon, where, after some days fruitless efforts

Failuro of Approzimate eries. to obtain a signal from D4séni H.S., the N. flank
station, the ray proved impracticable, being obstructed by a large portion of the top of an inter-
vening hill, I selected a new point on the Déséni group of hills, fortunately without much diffi-
culty, leaving Lieutenant McCullagh, who by this time was quite able to carry on the observations
alone, to measure the new angles; but this failure of the Approximate Series costus no less

than 10 days of the best weather for observing.

(11.) The principal observations were carried on without further hindrance than that

- caused by the forests and mountainous country

Difficult country. of the Malnidd and Western Ghéts, in which clouds

and heavy mists frequently obscured the signals, and the distances traversed between each

station were very great, occupying eight days on the average, and as many as eleven and
twelve days in two cases.

(12) About the end of January whilst observing at Pushpagiri H.S., Mr. Potter

failure of the old A cmate Seri reported that the Approximate Series had again

20d failure of the eld Approximate Series. failed in Kudurei-Mukh H. S., the first point common

to the Longitudinal and Meridional Series, and that his station building was ata standstill until

he should receive fresh instructions how to proceed. These I sent him immediately but
owing to the great distances, nearly three weeks elapsed before he could resume his duties.

(14.) In view of the somewhat small and ill-conditioned figures provided, and think-

. . ing that the number of the stations must be reduced

Me. McGill's plan of Series abandoned, and Ap- 5" eysure the completion of this triangulation
proximate Series recast. N .

next scason, I determined to remodel tlie series

in advance, by throwing back (eastward) the side of junction and selecting a figure to the

North-East of Kudurei-Mukh above the Ghats, that should as it were, ‘“cut off the corner,”

leaving Mangalur to be fixed by an independent quadrilateral figure, which (latter) however

had to be abandoned during the observations for two single triangles, the greater diagonal

being too loug for observation at that season of the year. The country being rugged and

roadless, I proceeded on foot from Kudurei-Mukh to examine it to the N. K., and suc-

ceeded, with Mr. Potter’s assistance, in sclecting three new points of a figure by which

I hope the series will be improved and abridged, and rendered capable of completion next

season.

(15.) As the season was now (at the end of TFebruary) far advanced I suspended the
Approximate Series work, and, having direcled
Mr. Potter to huild the remaining stations, and to
close and deliver to the civil authorities thosc visited and finally observed at this season, I
proceeded to Maungalur for the Tidal operations, after satisfying myself regarding the con-
nection of Mangalur pillar station with the main Series.

Approzimate Series operations ended.

(16.) Meanwhile and till the end of the senson, Lieutenant McCullagh with the

. o main party had heen greatly impeded in his obser-

byP::imv}:::Lg::."""g hindored and finally stopped  yations with the 24-inch theodolite by the hazy

weather setting in. At DBallamallei, the south-

westernmost flank station, he was detained 15 days, at Ammedikal (central station) 18 days,

and at Kudurei-Mukh 25 days, until the 10th May, when, as there was no hope of complet-

ing the observations before the beginning of the monsoon, he closed the season’s observing

and marcled to Bangalor, where the party arrived on the 28th May, having suffered much
latterly from fever.

(17.) T had instrnctions to set up one of the new sclf registering Tide-Gauges by Adie
London, at Mangalur, which I accordingly proceeded to do. I found the river (Netravati)
which runs northward past the town of Mangalur,
separated from the open sea for several miles, by
a spit of sand varying in width from 100 to 400 yards, and 10 or 12 feet above sea level in
the highest parts. 1 learnt that this spit had heen extending northwards steadily for many
years, driving the river month and bar continually before it. The older parts of the sand spit
were covered with a growth of sea pink and many other plants, and were apparently very firm
and not liable to shift. Some years since, a breach was ¢zt in the spit to allow the river to enter
the sea & mile or so short of its mouth at that time, and rather above (south of ) the town: buta
very few tides sufficed to fill up the gap, of which now therc is scarcely a trace to be found. From
this and other local iuformation, there seemed good reason to suppose that the sand spit
might be considered more than sufficiently permanent for a year’s tidal operations,

Tidal operations at Mangalur,
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(18) As I could hear of no better place on the coast nearer than Kirwir (or
Saddshighar) which is beyond the limits of the
A Tidal obsorvatory decided on and begun, and & ¢,ip 1 [ation remaining to be done, I determined
masonry well sunl. to make the attempt to establish a Tidal observa-
tary here, although there was some room to doubt of success ; and accordingly I sank a masonry
well in the hLighest part or ridge of the sand spit, where it was 12 feet above sea level
and 30 yards away from high water mark on the beach, about a mile south of the river
mouth, and nearly opposite the town of Mangalur.

(19.) The sand was very firm at a small depth below the surface where it was slightly
moist, but exceedingly ¢ quick” at the permanent water level below, Wh.lch I saw reason to believe
to be considerably higher than mean sca level. The well was begun a little above this, and sunk
Dy emptying the sand continually from its bottom, and adding to its height, until there was
always a depth of 6 foet of water or more in it, and 10 feet of masonry above high water
mark.

(20.) Communication with the open sea was now established by means of wrought
iron gas piping, of one inch bore, with a copper
perforated nozzle, extending 40 or 50 feet beyond
extreme low water mark of spring tides into 4 or 5 feet of water, the other end being intro-
duced into the well at about the mecan level of the sea, which was the lowest that could
be managed even at low water, owing to the wash of the waves and the persistent high
level of the water standing in the sand spit. A syphon end extending to the bottom of the
well having been added to the inner end of the pipe, it was found that although the
communication with the sca was apparently free enough about high water, at low water
the pipe was inadequate to empty the well more rapidly than it filled by percolation from
the sand below. It was nccessary therefore to introduce a watertight case or cistern that
should only admit or deliver the sea water by means of the pipe. This proved an cxceed-
ingly difficult task, more especially so as the season of perpctual rollers from the South-Westward
and ahecavy surf on the coast had set in by this time, (the beginning of April) and prevented
the removal of the pipe in order to let down the case entirc.

Communication with open sea established.

(21.) After one or two trials I succeeded in securing a water-tight case of wood
(10) ten feet in depth in the required position
with the pipe standing. This occupied the time
till the end of April, and the result appeared to be satisfactory, but being mnear the time
of neap tides the range of the tide was too small to test the efficiency of the arrangement
thoroughly, when, rather suddenly, the free communication with the sea ceased; the water
having shoaled and covered the sea end of the pipe with about a foot of sand.

A watertight cistern or case of wood introduced.

I found that water would still flow out of the cistern freely, but that even with
Tho pipe choked by deposit of sand a considerable head of water outside it would
e pipe 7 P ’ scarcely flow in at all.
(22) By this time a masonry platform with deep foundations had been built to support
Masonry platform completed ond self-registering the iron bedplate of the self-registering Tidc-Gauge
Tide-Gnuge ect up. tobe set up, a small thatched hut or observatory
erccted, aud the instrument wth clock put in position ready to start.

(23.) The severe gale of wind from the W to N. W. doubtless connected with the devasta-
ting storm which occurred at Madras about the same
time (Istand 2nd May,) now took place and consi-
derably altered the shore line, washing away much of the sandspit almost up to the observatory
and well, and shoaling the water for some distance out to sca.

Damage by severe gale of 1st and 2nd May 1872.

{?4.) The scason of high surf was now too far advanced to do anything further, and not-
withstanding the statement that the alteration
of shore line and sea bed was very unusual, it
seemed best to pack away the instrument safely and defer further operations till the close of the
monsoon.

Tidnl operations closed.

(25.) T regret to add that the unusual violence of the monsoon has made further encroach-
ments, and the Exccutive Engineer to make sure of
saving the materials from being lost has removed the
ohservatory hut, but not before much damage aud loss had occurred from the violenee of the
waves.

Further damage nnd removal of obsersatory hut.

(26.) To sct up a Tidal obscrvatory and maintain it in operation for a twelvemonth on
thic sandy shore of an open coast, like that of the

Consicerations agninst success nt Mangalur, . . . . .
A € Indian Peninsula, is an affair of such difficulty and
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expense, and at best so uncertain of success, that it can hardly be recommended ; and I greatly
fear that Mangalur must be abandoned asa Tidal Station, and a protected spot sought for, If
the pipe of communication with the sea be made long enough to be_ beyond the line of swrf and
shifting bottom, the bore must probably be enlarged beyond a practicable limit, to ensure rapidity
of action; and I doubt if any manageable length of tube will secure it from the liability to be
buried or shifted on the sandy shore of the Western Coast.

(27.) Tattribute the success of the Tutico}l‘in Tidal operations just completed, (see para
o 37) to the protection of the harbour and the fact that
Renson for success at Tutukudi (Tutikorin.) the end of the tube could always be got at and ex-

amined.

(28.) During the progress of the Tidal observatory, three new permanent stone Bench-

marks were marked in the usual manner and con-

Permunent Bench-marks fixed and levels deter-  pacted lyy Spirit leveling with each other and with

mincd, Captain Basevi’s points leveled in December 1869,

(the results agreeing well with his), and a double line of levels was carried by Mr. Norris to the

new G. T. Survey piller Station at the Lighthouse recently built and observed at, about a mile
or more distant.

(29.) Onthe 7th May 1 left the instruments &c. in charge of tlic Executive Engineer at
Mangalur and proceeded to Bangalor where I arrived

Return to Bangalore. on the 1st June.

(80.) The following is a brief statement of the field season’s work :—(15) Fifteen Principal
Stations were visited and (40) forty angles obscrved,
fixing (10) ten new principal stations, by (11) eleven
triangles embracing an area of 3239 square miles, executed at a cost of Rs. 14 per square mile,
and extending the Series above (100) one hundred miles from Last to West across the mountain
range of the Western Glits, besides a good proportion of Secondary and incidental work ; 55
Secondary points fixed, spread over 2053 square miles beyond the principal triangulation; also
a year’s series of Tidal curves secured, with hourly readings made and tabulated. Also a con-
nection made by Spirit leveling between the closing station of the Scries at Mangalur and
several Tidal Bench-marks,

Brief statement of Scuson’s work.

(31.) T trust that you will endorse my belief that the amount of work done and progress
made, has been satisfactory in spite of unusnal hindrances.

(32.) 1 beg to point out to you thatalarge share of the Principal observations was done
by Licutenant McCullagh alone, and that although
thisis his first season’s practice, with the 2i-Inch
Theodolite, the results, tested by the computed errors,
weights, and corrections, appear to be very good, and compare very well with the results of other
observers in the Department.  Thus the mean triangular error, usually large (about 0"-5) with
the theodolite in use with this party (No. 1 Troughton and Simms-altered) is only 0"-33, whilst the
mean probable error of the (10) forty angles is only + 07-14, the mean of the 7 previous scasons
being + 0-18. I consider these good results are duc in a great measure to Lieutcnant
MecCullagl’s extreme care and aptitude for the work. This officer was attached to this (the
Madras) party in October, just betore taking the field, in a bad state of health from which he
recovered but slowly : during November, December and January he took a large share of the
office aud obscrvatory work, the details of which le soon mastered, and from Ist February he
had sole charge of the main or observing party which he conducted to my satisfaction to the end
of the Field scason.

I am greatly obliged to Lieutenant McCullagh for the very willing and able manner in
which he carred out my wishes, and I have mueh pleasure in stating that I consider him in cvery
way fit for the sole charge of a Trigonometrical party.

Lieutenant J. R. McCullagh, R. E., Assistant
Superintendent 1st Grade.

(33.) Mr. Mitchell’s outturn of work is as follows:—Two Principal stations selected

Mr. J. W. Mitchell, Assistant Surveyor 1st Grade, and eleven Minor Series stations, forming a single

Scries of eleven triangles, extending about one

hundred and twenty miles along the coast to the South of Mangalur and bridging the gap lelt

at this place in the chart of Colonel Lambton’s triangulation. He observed the angles at five

of the southernmost stations. ‘The mean error of the two triangles observed is 77-3.  So large

an error must be attributed to the extremely unfavorable state of the weather during the

observations. Mr. Mitchell also finally closed one Principal station and kept up a series of

Barometric observations throughout the scason, aud only reached Bangalor on the 8th June
suffering much from sickness,
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(34.) Mr. Norris has built three Principal stations with ordinary platforms, one masonry
pillar (11} feet high), two wooden observatory
platforms (10 and 12 feet high), cleared some two
miles of rays, exccuted one or two miles of Leveling, and finally closed two of the Principal
stations. Mr. Norris was ill when he took the field, and frequently suffered from fever. It was
on this account that I sent him at once to the low country near the sea, in the hope that his health
would improve, and I believe it did so, but he was very frequently unfit for work and unable to
bear much exposure in the forenoon and middle of the day.

Mr, O. V. N&n‘is, Asst, Surveyor 3rd Grade.

(35). Mr. Potter has done 2 good season’s work in spite of unusual difficulties. He has

built, and well built, seven platform stations all on
- the top of high hills or mountains, finally closed five,
and has selected one principal and six secondary stations, clearing and making 12 miles of

athway. Nearly all his work being in the mountainous country of the Western Ghits and
i/[aln{ld of Mysor, labor and materials were only procurable with much difficulty and delay,
Mr. Potter took a series of Barometric observations throughout the season, and his weekly
diaries, reports with sketch-charts, observations and monthly papers were always well done, and
sent in with regularity andin a workmanlike style. He and his party suffered very severely
from fever in the Field. I have mneh rcason to be pleased with Mr. Potter’s conduct and beg
to bring his name to your notice for favorable consideration.

Mr. C. D. Potter, Asst. Surveyor 3rd Grade.

(36). Mr. Laseron as Office - assistant and Observatory recorder has worked well, and
I have cvery reason to be satisfied with him. The
angle books, field computations, and office records,
Lave been duly kept up with neatness and regularity. Mr. Laseron’s capacity, attainments
and willingness are greater than the mere performance of his duty requires, and his conduct
is as already often reported, unexceptionable. He has scrved well for more than threc years
in the Department and 1 therefore beg to recommend him for promotion on the first oppor-
tunity occurring.

Mr. E.W. Lescron, Assistant Surveyor 4th Grade.

(37). In addition to the Trigonometrical work detailed above, I have to report the
completion of a year’s Tidal Observations at Tu-

The Tutukudi Tidal Observations completed. h
tukudi.

In May 1871, I set up a self-registering Tide-Gauge (No. 1 by Adie, London), checked
its performance by means of a temporary Gauge and connected it with the permanent Bench-
marks previously provided for the purpose.

Captain G. A. Phipps, Master Attendant for the port of Tutukudi most kindly under-
took the duties of tidal obscrver, daily dating the curves traced, winding the clock weckly
and keeping it right, and, changing thc sheet of paper on the drum every fortnight, whilst
the services of a native writer were retained for the daily register of anemometer, baros
meter, and thermometer rendings, and a copy of the meteorological notes made in the
Master Attendant’s office. The level of the instrument was re-tested in November 1871,
and again at the end of the year’s work in June 1872 when Lieutenant McCullagh was deputed
to examine, test, dismaritle and pack up the instrument. This duty he carried out to my entire
satisfaction, thus closing what T trust will prove a most valuable and accurate register of the sca
level. I have taken hourly readings of the registered curves, as well as readings of every high
and low tide through the entire period. A special report will be sent in as soon as the pre:
liminary reductions have been made and tabulated, but I take this opportunity to express my
great obligations to Captain Phipps for his uniformly ready assistance, and for his constant
attention so freely accorded. i

Extract from the Narrative Report—dated 29th August 1872—of Captain W. J, Heavi-
side, R, E. Officiating Deputy Superintendent 3rd Grade, in charge
No. 4 Extra Party.

(1) The Party reached Hecad Quarters, Dehra Dun, from Tibet on the 19th of
Scptember 1871, Mr. J. B. N. Hennessey, Deputy Stuperintendent lst Grade, was then in
charge.

(2) TFor some six wecks after the arrival of the party in Dehra, Mr. Hennessey, with
Mr. Macdougall’s assistance, was occupied in arranging the affairs, and sorting the papers of the
late Captain Basevi, This was no light task,
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Owing to the sudden nature of Captain Basevis’ death, in a place where the facilities for
carriage were most limited, and where he had nonc of the conveniences afforded by an
office; it was but to be expccted that his private and professional papers would not be sorted.
Morcover, he alone, in India, was thoroughly conversant with the pendulum operations : and the
computations for the last stations at which he observed had not been completed. It was,
thercfore, most essential that every record which could throw eny light on the smallest detail
of his delicate and valuable operatious should be preserved : not ouly as a guide for his successor,
but, also, that none of the hard earned results connected with his memory, should be lost to
posterity. With this end in view Major G. H. Basevi kindly permitted all the properties, both
public and private, which Captain Basevi had with him at the time of his death, to be brought to
Dehra intact. There were also other hooks, papers &c., which had been left at Dehra. These
were all eavefully gone through by Mr. Hennessey who was thus enabled to collect all records and
notes which Captain Basevi had preserved in the course of the operations from 1865.

(8.) After the papers had been sovted, the instruments were examined. The knife edges
of the Pendulums were well oiled, and the whole apparatus carcfully packed away.

(4) Mr. Macdougall then took up the reduction of some of the pendulum observations.
He afterwards assisted in the Computing Office for about 2 months.

{(5.) At the time of Captain Basevi’s death I was in England on furlough. Being
offered the charge of the party, with a vicw to completing the pendulum operations, T left
England aud arrived in Dehra on the 11th of April.

(6.) T took over charge of the party from Mr. Hennessey and on the 20th of April the
party moved up to Masdri.

(7.) The pendulum obscrvatory at Masiri had been recently used for basc-line bar
comparisons. The removal of frame-works and pillars from the obscrvatory, as also filling up
the pits into which the bars had been lowered, occupicd some days. During this time the
vacuum cylinder was opened out, cleaned, painted, and made as air tight as possible. It was
then found that the frame-work and arrangement of the apparatus, as used in the plains of
India, had been somewhat modified by Captain Basevi to mcet his requirements in the high
table lands of Tibet. A certain amount of reconstruction was thercfore necessary. Captain
Basevi has left a detailed account of the methods he employed in observing, and, also, drawings
of the different parts of the apparatus. DBut there are many little details connected with
the work which arc only to be learnt by experience. TFor instance, the large air pump was
not taken to Tibet and had lain by some time; it required thorough cleaning, when put
togcther and set to work it was some days before the proper size of the piston wads: the right
length of the stroke: and the correct adjustment of the values was hit upon, so as to reduce
the pressure in the cylinder below one Inch. There were similar delays with other parts of

the apparatus and eventually the rains commenced before every thing had been got into
thorough working adjustment.

So long as the fine nights Iasted, I occupied myself in comparing clocks and chrono-
meters, and in taking transits of stars.

(8.) During the recess, I have been engaged in arranging my predecessor’s papers
under headings ; and in hecoming acquainted with the methods he followed in observing and
in computing out his results. I have also practised clock comparisons, observing coincidences
with the pendulums, and other details connected with the work. I think I have now attained

suflicient knowledge of the operations, to enable me to commence a regular set of observations
at Masiri, so soou as the rains cease.

(9.)  Mr. Macdougall has been chiefly employed during the recess in making duplicates
of the Pendulum computations.  He has afforded me assistance by his knowledge of the forms
of computation and of the places in Captain Basevi’s books, where tables &e., are to be found.

(10.) Iam greatly indebted to Mr. Hennessey for the cordial assistance, and for the
many uscful hints he has given me in the course of my work. Mr. Hennessey was associated
with Captain Basevi, in determining many important matters connected with the Pendwlum
experiments, and his knowledge has, therefore, been to me invaluable.
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Extract from the Narrative Report—dated 15th Augnst 1872—of H. KEELAN, ESQ,,
Officiating Deputy Superintendent 2nd Grade, in charge
Bilaspur Meridional Series.

(2) 'The party left Chandr (Chunar) on the 19th of November to resume the operations
on the Bilispur Scries; and arrived at the Tower Station of Pathaidi on the 17th December,
where it was required to obscrve the verificatory Azimuth, which could not be obtained at the
close of the operations of 1870-71, owing to unfayorable weather.

(3.) On the following day the 18th the thatch roofing was removed, and the tower
found in excellent preservation. On the 20th the obscrvations to & Urse Minoris were begun,
and finished on the 26th of December.

(4) Immediately on my arrival at Pathaidi station, I instructed Mr. Surveyor L. If.
Clarke to proceed without delay to the stations of the pentagon formed round the station of
Charkédi, to clear all the rays and commence the preparation of materials for the construction
of the towers of the figure, during the abscnce of, and whilst I retained the services of Mr. H. E.
T, Keelan to assist in the star observations at Pathaidi, in consequence of the inexperience of Mr.
Probationary Assistant Surveyor H. Healy in observatory dutics: he having recently joined
the department.

(5.) On the completion of the Azimuthal Observations, I instructed Mr. Surveyor H.
E. T. Keelan to relieve Mr. L. H. Clarke of the work entrusted to him; whilst I proceeded
mysclf, to the stations on the eastern fank of the series to build the platforms and cut the
roads to them: Mr. Clarke meanwhile, was ordered to clear the rays and prepare materials for
the tower stations forming the two quadrilaterals with the hill points.

(6.) After finishing the platforms at the hill stations of Siligh#t, Chapora and Khaléri,
I retraced my steps northward to begin the final observations; but, owing to numberless diffi-
culties to be surmounted, the towers of the Charkadi pentagon were not ready before the 20th
of I'ebruary, when obscrvations were commenced ; and by the end of the month were completed
at the tower stations of Bardha, Latda, and Guma.

(7.) During the month of March, final observations were completed at the tower sta-
tions of Charkddi and Jerwa, at the hill station of Silighdt, and a few zcros at the hill station
of Chapora.

(8.) During the month of April, final observations were completed at the hill stations
of Chapora and Khaldri, and the tower stations of Achola and Mahisamand; after which, I
proceeded to erect the rectangular pillars, and transfer the earc of the hill station platforms of
Silighat, Chapora and Khaldri, to the village officials. I then crected a substantial thetching
over the tower of Mahdsamand, and marched with the camp to Jabalpur to recess the esta-
blishment.

(9.) The season’s final work consists of one pentagon and two quadrilaterals. The
Approximate Serics, extending about 60 miles from the North, on the base Mahdsamand to
Khaldri, consists of 4 quadrilaterals, and completes the junction with the triangunlation brought
up from the South, on the base Pendra 11.8. to Deopahiir H.S. of the Bildspur Series. And
lastly, the Minor Triangulation to determine the position of the Civil Station of Riipur.

(10.) Inthe proscention of the season’s work, it was found, that owing to the character of
the Chattisgarh district, through which the Bildspur Scries passes, being of a wild nature, there
cxisted no buildings or temples or other permanent objects to fix.  The inhabitants, who are
chiefly aborigines are content to dwell in huts hnddied together, in smaller or larger groups
bearing a name.  Occasionally may be scen a demolished Budhist temple in the depths of a
dense forest, on sites where in some remote period existed a large brick, or stone built town;
so that there are no objects in the country to observe to, and therefore, no secondary points
were determined from the prineipal stations of the series, except one building, the large modern
temple of Bandlhidr—erected recently by a scet who emigrated from the north into these pro-
vinees about a hundred or more years ago.  On this account, I detached Mr. Sutveyor I. L. T.
Keelan into the more open part of the district to the westward, to determine the position of the
Civil Station of Rdipur, as well as to fix as many buildings, temples, &e., as he could manage

to sce along the course of the Minor Triangulation, But cven here, thie country was quite devoid
of buildings.



22_" . [Srasow 1871-72.

(11.) Mr. Swmveyor L. H. Clarke was, ns already mentioned, detached from the station
of Pathaidi with instructions to clear the rays and prepare materials for towers of the Charkidi
pentagon; when on the 30th of December he was relieved by Mr. Surveyor H. E. T. Keelan,
and ordered to procecd upon similar work connected with the stations of the 2 following qua-
drilaterals, all of which he did satisfactorily ; and by the 20th of February completed the towers
of Achola and Mahdisamand, when he received fresh orders to proceed without delay and extend
the Approximate Series southward, on the base Mahdsamand T.S. to Khaldri H.S., as directed
in the following extract of my letter of instructions to him on the subject, dated 22nd Febru-
ary 1872.

“The series will be composed of polygons; and it will be advisable to select at
“ least two figures in advance in the direction of the parallel lines indicated in the plan fur-
“ nished you; so as to form a satisfactory junction, if practicable, during the present season,
“ with the approximate series now being carried up by Mr. Surveyor H. Beverley from the
 south, and with whom you must put yourself in communication and exchange plans of figures
“ selected from north and south.”

(12.) Mr. Clarke lost no time in this undertaking, and T was glad to find that by the
end of March he had formed the desired junction upon the base I’endra H.S. and Deopahér
H.S. by means of 4 quadrilaterals. On the whole Mr. Clarke has done a good season’s work ;
and I deem it necessary to bring the same to your favorable notice.

(13.) Mr. Surveyor H. E. T. Keelan was first of all empioyed in assisting at the cir-
cumpolar star observations at Pathaidi Tower Station, on the completion of which, I directed
him to relicve Mr. Swrveyor L. H. Clarke of the duties on the Charkidi polygon; and notwith-
standing the great difficultics he had to encounter, especially in the supply of water to build
the towers, which, in most cases, had to be carried to the spot from long distances, he com-
pleted all his towers by the 20th February. I next instructed him to extend a Minor Triangu-
lution to fix the position of the Civil Station of Riipur, upon the base Achola T.S. to Mahisa-
mand T.8., which he completed by the 12th of April, and joined my camp on its march up to
Jabalpur shortly after.

(14.) Mr. Assistant Surveyor H. Healy, who joined this party on his appointment to
the Survey in October, was daily instructed in the use of the small theodolite on the march
from Chanfir to the Central Provinces, and was subsequently sent under Mr. Clarke’s orders
to be instructed in ray tracing and clearing, until his services were wanted in the observatory.
This young assistant I am glad to state readily became familiar with the work required to be
done 1n the observatory and office, and promises in due time to become a useful hand.

(15.) The following computations appertaining to the Bilispur Series operations were
completed during the recess of 1871.

I. The duplicate copies of Principal and Secondary Horizontal and Vertical Angles
completed —means and angles deduced and compared with their originals.
II. Computations of 36 weights of angles, in duplicate.

IIT. Polygonal computations of the Gathaora and Pathaidi hexagons, in dupli-
cate,

IV. Computations of 14 Principal Trianglesin the above polygons, in duplicate.

V. Computations of Latitudes, Longitudes and Azimuths of 10 Principal Stations,
in duplicate.

VI. Computations of IIeights of 10 Principal stations, in duplicate.

VII. Computations of 10 Sccondary Triangles, Latitudes, Longitudes, Azimuths
and Heights of the Bilispur, Ratanpur and Bisrimpur Minor Triangu-
lation, in duplicate.

VIII. Preliminary Chart for season 1870-71, on the scale of 1Inch=4 Miles, with
nuerical data inscrted thercon.

(17.) During the past field season a great deal of malarious fever prevailed amongst the
men of the Establishment; and the Assistants, as well as myself werc not cxempt from it.
The country is of a wild character; and it is more so southward. .

(18.) The total expenditure during the official year 1871-72 is Rupees 40,333-10-9. The
total arca triangnlated is 643 square miles, and the average cost per square milc is Rs, 62-8-11.
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Extract from the Narrative Report—dated 30th August 1872—of Captain
T, T.'CARTER, R. E, Deputy Superintendent 2nd Grade, in charge
No. 3 Extra Party.

(1) On the retirement of Mr. C. Lane, Deputy Superintendent 2nd Grade G. T.
Survey, on the 3rd of October 1871, and pending the arrival of an officer of the Senior
Department, the charge of the party was held by Mr. A. W. Donnelly, Surveyer 2ud Grade
G. T. Survey, and under his orders the party left thqu' recess quarters at *Benares on
the 8th of November, with the view to commencing operations at the G. T. Survey Bench-mark

at Parsoni, embeddedg of 2 mile from the village of Parsurman, on theroad (under construction)
from Muzaffarpur to Purniah, the terminal point of last season’s work.

(2.) On taking the field, Narsing Dis Native Surveyor was in charge of No. 2 Level,
pending the arrival of an officer to the permanent charge of the party.

(3.) The programme of operation as laid down by the Superintendent in his letter No. %

dated the 27th of October 1871 was as follows:
From the % embedded at Parsoni near the vil-

lage of Parsurman to continue the line of levels vid Séhibgunj (Néthpur) to Purr_lial?, connect-
ing with the Great Trigonometrical Survey tower stations of Rémnagar aud Dighi and such
others as might be conveniently near the main line of levels. From Purniak to carry the line
down to Kardgola ghit, cross the *Ganges river and effect a junction at the G. T. Survey
Bench-mark at the Pirpanti Railway station E. I. Railway, thereby completing the circuit
from Gorakhpur to Pirpanti. After this to commence a fresh circuit from Purniah, and after
connecting with the base-line stations of the Sondkhoda base, to continue the operations
down the road from Titalia to Dinfjpur, connecting with the stations of the *Calcutta Meridonial
Series.

Superintendent’s instructions.

(4) Mr. Donnelly arrived at Parsurman on the 11th of December, and after the custom-

- ary tests had been made to ascertain the stability
of the Beuch-mark embedded at the close of the pre-
vious season’s work, and after the level staves were compared with the portable Iron standard
bar and the collimation of the levels themselves examined under Mr. Donnelly’s directions,
work was commenced on the 13th of Dccember from the Great Trigonometrical Survey Bench-
mark at Parsoni.

Commencement of work.

(6.) T arrived at *Bombay on the 16th of December from one year’s leave to England on
private affairs, and there found instructions to pro-
ceed to Purniah and take over charge of the party ;
arriving at Purniah on the 25th of December, I placed myself in communication with Mr.
Donnelly with the vicw to ascertaining the point up to which the operations had heen carried,
and what progress the work had made; on receiving his reply T was enabled to join his camp
aud took over charge from him on the 8th of Janunary 1872.

Captain Carter takes charge.

(6.) Trom the 13th of Deccmber to the 8th of January Mr. Donnelly had completed

) , 64 miles of double lcveling.  Starting from Parsoni

pcg‘;ﬁﬁ;ffs of the work under Mr. Donnelly's su- (5 Survey Bench-marle the main line had been
carricd to Singesar Thén, from which point a branch

line was taken to fix a permanent mark in the small civil station of Madalhpur. From
Singesar Thin a branch line was also carried to the Kotganwah Factory at which point it
broke into two lines, one procecding south ; conuecting the tower station of Dighi. Another
north connecting the tower station of Rimnagar; returning to Singesar Thin the main line was
continued in the dircction of Néthpur, as far as Latona village connecting with the tower
station of Latona. From Latona village the leveling for the rest of the season was carried on
by myseclf using No. 2 level (hitherto used by Narsing Dés) and Mr. Donnelly using No. 3

level ; the Native Surveyor whose leveling had been very satisfactory, returning to his ordinary
duties of rccorder.

(7.) Trom Singesar Thin the main line of levels were carried across country following

Leveling aeross country. a cart track, chicﬂy through high grass, as far as

) ) the village of Dewinganj on the road between Sapol

and Pratibganj, during this portion of work the progress was considerably delayed owing to its

heing impossible to take obscrvations at long distances in consequence of the refracted state of
the atmosphcre due to the high grass through which the levels were taken,
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(8.) From Dewinganj the line was (after connecting the tower station of Dewfnganj)
carried along the road to Pratibganj and thence to Sidhibganj on the left bank of the Kosi
river, the river being crossed at this point, thence continuing along the road to Purniah, con-
necting en-roufe with the tower station of Ghiba of the N. E. Longitudinal Sernes.

(9.) At the request of the Collector of Purniah a number of paka points were fixed in
the vicinity of the station to serve as checks on pro-
posed leveling operations to be carried out by the
municipal authorities, connected with the draining of the station ; values above sea level and a
chart shewing their position were made over to the civil authorities.

Pakn points fixed at Purninh.

(10.) Proceeding from Purniah the main line was continued along the road to Kar4gola
ghit at which point the river Ganges was crossed, thence via the village of Pirpanti to the
G. T. Survey Bench-mark at Pirpanti Railway station fixed by Lieutenant Trotter R.L. in 1864,
completing the circuit from Gorakhpur to Pirpanti on the 20th February.

The height of Great Trigonometrical Survey Bench-mark at Pirpanti rail-

. L way station as determined by Licutenant feet
Difference nt Pirpanti. Trf)tter in 1864 . . 155-03
The value now obtained applying the corrcction for circuit error at Cawnpur
and Dilddrnagar viz. + 552 feet .. .. .. 15581
Difference .. . —078

which error to prevent disturbing the values as given in tables alrcady published has been
provisionally distributed between Parsoni and Pirpanti. Neglecting the circuit error at Cawnpur
and at Dilddrnagar the difference of level between Pirpanti G T. Survey Bench-mark as
determined by Licutenant Trotter R.E. in 1864 and that now determined would be 0-23 feet.

(11.) On the line from Parsoni to Pirpanti 97 bench-marks were fixed, of these 5 were
bench-marks of the (. T. Survey pattern embedded

Bench-mark B . S . . . .
ench-morks fixed in the vicinity of trigonometrical stations as dirceted
in Superintendent’s memo No. 1—% of the 19th of December 1871; 4 embedded bench-marks

(with pillars built to indicate their position) viz. at

Gaumanti, } way between Purniah and Nithpur.

Purniah civil station (Collector’s Kacheri).

Near 14th iron mile post from Karigola ghit.

Karigola ghét (Post office compound).
of the remainder 59 were paka points, such as wells, temples, &c, on which the letters %TK?—'
were engraved at point where staff was placed; and 24 were iron mile posts on the road from
Karigola ghét to Purniah, the staff resting in all cases on the top of the post. '

(12.) Some difficulty was experienced in carrying the levels across the river Ganges the
narrowest point at Kardgola ghat being 30-83 chains,
the ordinary divisions of the leveling staves could
not be read at this distance, and a foot had to be mcasured on paper, divided into tenths
and half-tenths and then attachied to the staves, even these divisions could with difficulty be
read with any degree of accuracy, except in the early morning and towards sun down, at which
times the refraction is greatest. By multiplying the number of observations and taking morn-
ing and evening sets on two consecutive days, altcrnating the order of observation on the second
day the difference of level between the right and left bank of the river was as {ollows.

Crossing the Rirer ®*Ganges.

By Captain Carter No. 2 level (mean of 5: observations) .. 3380 fect.
By Mr. Dounclly No. 3 level (mean of 51 obscrvations) .. 3338 feet.

(13.) On the complction of the cirenit from Gorakhpur to Pirpanti, the party marched
back to Purniah and commenced a new cireunit from
the G. T, Survey Bench-mark at the Protestant
church along the main road form Purniah to Dirjiling as far as the Rimganj tower station
at the N. E. end of the Sondkhoda base-line, the tower station of Sondkhoda at the S.W. end of
the hase-linc being also counceted ; the work was elosed for the scason at the G 'I'. Survey
Bench-mark ciubedded in the vicinity of the Ramganj tower station on the 22nd of March.
The length of this portion of the scason’s work was 68 miles and on this line 4 beneh-marks of
the G. 1. Survey pattern were embedded and pillars built to indicate their position viz. at
The encamping ground of Belgichi

Ditto Assuragarh

Ditto Ghaisal
and at the trijunction of the village lands of Singdhai, Bagaligach and Magdama, ncar the 9ith
mile post from Kardgola ghat, besides these 17 paka poiuts were fixed and 56 iron mile posts.

New circuit from Purninh,
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The leveling was closed for this season at the R4mganj Tower station on the 22nd of Mareh,
the party arriving at Purniah on its retnrn march on the Ist of April; after making arrange-
ments for the safe custody of the instruments. Government stores &c. at Purniah, and furnishing
the eivil authorities with values of the poiunts fixed in the vicinity of Purniah, as ahove
mentioned, it arrived at Sahibganj the ncarest station on the E. I. Railway, on the 10th April,
en-route to Head Quarters Dehra Dun, the native establishment (with the exception of 7 men
left in Purniah in charge of the Government property deposited there, and a few men required
at Head Quarters during the recess) being permitted to proceed ou leave with orders to be at
Purniah on the 10th November 1872 by which time the country will have sufficiently dried up
after the rains, to permit of the operations being continued.

(14.) Before leaving Purniah for rccess quarters, receipts in duplicate for all paka

. o - pillars, indicating the positions of embedded Bench-

Bcﬁgﬂf-:':.{rkgf Paka pillars indieating position of 14 kg’ were drawn up and delivered to the civil

’ authorities with the view to these permanent marks

being made over to the safe custody of the owners of the ground on which they are built, as

in the case of Tower and Platform stations of the G. T. Survey as laid down in Departmental

order No. 1 of 15th January 186G, the reccipts for these pillars duly signed have beeu received

from the Magistrate and Collector and have been made over to the Officer in charge of the
Computing office, the duplicates being retained by the person in charge of the pillars.

(15.) During the season’s work the following Tower Stations of the Great Trigono-
State of Irigonometrical stutions connceted. metrical Survey of India werc connected viz:—

Heights of remaining
Portion of Paka Pillar

Dighi T. 8. (N. Malincha Series) .. .. .. .. -
Rémnagar 1.8, (N.E. Longitudival Series.) .. .. .. . 139
Latona '1'.8. (Ditto ditto) .. .. .. .. 270
Dewinganj T.S. (Ditto ditto) .. .. .. .. 14 0
Ghiba T.S. (Ditto ditto) .. .. .. .. 8§ 0
Sondkhoda T.S. (Ditto ditto) } Sonnkhoda Basc-line Perforated Towers
Rémgan) T.S.  (Ditto ditto) stations, complete.

a statement as to the state of these towers will not be out of place here; the 1st five are of the
old pattern towers, namely solid masonry pillars in the centre of mud built towers, in all these
cases the kacha part of the tower has fallen, and only so much of the paka pillar remains as
given ahove, under these circumstances the only means of conncction was by digging into the
paka pillar, about the ground level and reaching the ground level markstone.

The Towers at the ends of the Sondkhoda Base-line viz: the Sondkhoda and Rimganj
stations were found in good order, with the exception that the arching over the mark at the
Rimganj end was broken in and the mark exposed, this was built over again. The towers
were carefully closed, the walls cleared of all shrubs &c. and whitewashed.

(16) The total out-turn of work during

Oul-turn of work. " :
" the season has heen as follows viz :—

245 miles of double leveling.
7 Trigonometrical stations connected.
16 G. T'. Survey Bench-marks embedded and connected.,

8 Paka Pillars built indicating positions of embedded Beneh-marks.

76 Paka points fixed and the letters (»E-’!‘-"»F'cngravcd thercon.

80 Iron mile posts connccted on road from Kardgola glhit via Purniah to Dirjiling.

(17.) Drawings shewing the position of the leveling staff at 53 of the 76 Paka
Drasing of Beneh-marks. Beneh-marks have heen made and )l’l“ accompany
thie records of the past field scason’s work accom-

panying this rcport.

(18.)  The lincof levels protracted on the scale of one mile to the inch will he completed
shortly and will then be forwarded.
(19.)  In conclusion I begto bring to your notice that during the time 3r. Dounelly was
Conclusion, in charge of the party his arrangements appear to
have been very satisfactory, and subscquently he
has assisted me to my entire satisfaction.

The Native Surveyors Amjad Ali and Narsing Dés, have worked hard and in every way
deserved my approval.

The health of the party was very good.
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Extract from the Narrative Report—dated 27th August 1872—of Major C. T. HAIG,
R, E, Officiating Deputy Superintendent 1st Grade, in charge
Guzrat Party.

(2.) T received charge of the Party from Lieutenant McCullagh, R.E., on the 23rd
September 1871 on my return from England from two years sick leave.

(3.) Captain Pullan and Mr. Connor joined after we had taken the field, the former on
18th December, and the latter on 5th November in place of Mr. A. Bryson who had come with
us to Surat but was then transferred to Captain Campbell’s party., Ontaking the field I also had
Mr. Goslin as an assistant, but he left me on 15th December, having sent in his resignation.

(4.) Before reporting on the work done this year it will be as well to state briefly what
had been done previous to my taking charge. The whole of the operations of the party were
confined to six consecutive Shects (30' Longitude and 15' Latitude) on the same meridian,
excepting, by the way, 5 stations selected and built by Licutenant Baird, R.E., for a Series of
triangles to be run along the course of the river Mahi. Of these six sheets, numbered from 8
to 13, one only (No. 12) had been mapped; No. 8 had been three-quarters covered with net
work triangulation and ready for plane tabling ; Nos. 9 and 10 had been half got ready ; Nos. 11
and 13 had been got rcady with the exception of about the space of one plane table, i.e., one
cighth of a sheet in each.

(5.) The index map therefore, on which all work done was conventionally indicated,
presented rather a patchwork appearance; but this was owing to the extreme difficulty of tri-
angulation in a dead flat country studded with trees varying in profusion from that of an English
park to that of a dense forest, so that almost in no instance had a triangulator completed in a
field scason the portion of work expected from him.

(6.) This was especially the case too in the laying out of the Mahi Series of triangles
alluded to above, and although the length of the Scries is but 64 miles and it had been worked
at for two ficld seasons, only 7 stations had been selected covering altogether about omne-third
of its extent.

(8.) Three sheets (8, 11, 13) this year have been topographically surveyed, the blank
halves of shects 9, 10 and also a fresh sheet (14) have been prepared with points ready for plane
tabling, so that the index map were it not for the unfortunate loss of a plane table would now
present a most orderly appearance, though I am sorry to say it does not admit of any greater
out-turn of topography next season than that of this year which is however tolerably fair,

(9.) The lost plane table was being brought to Pina from the field by Mr. McA’Fee.
In *Bombay while looking after the safe removal of some theodolites from the Railway van
the tin case containing the original plane table must have been carricd off by one of the coolies
thinking it belonged to another passenger. Mr. M@A’Fee took all the means he could think of
to recover it, invoking the assistance of the Commissioner of Police and offering a reward of
Rs. 50, but hitherto it is still missing.

(10.) T now proceed to details. The Party left Pina on the 23rd October for Surat
where the tents, instruments and field equipment had been stored. At Sirat miscellancous
work, such as preparing and projecting plane tables and bringing wp sundry arrears, occupied
us till about the 10th November, when, having started off the Assistants to their respective
duties, I left for *Kaira visiting Bhroch (Broach) and *Baroda to acquaint the Civil authorities
of the general programme of the season’s work as far as it concerned their respective districts,

(11.) At *Kaira I took up the question practically regarding the feasibility of utilizing
the maps of the Revenue Survey which has been the subject of theoretic discussion since 1867.

1 have already rcported at length in my No. ;—! dated 26th January 1872 on the results of my

investigations : suffice it liere to say that I connected, by traversing, withour triangulation two
points in the boundaries of scveral alternate villages (by slternate I mean separated from each
other by one intervening village) : 1 then projected these fixed points on a planc table and witha
pentagraph traced ont on the plane table {from the Revenue Survey maps cach village, making
the corresponding points on the Revenue maps tally with their respective counterpoints already
laid down, then I attempted to fit in between the alternate villages thus projected the houndary
of the intervening villages from the Revenue Survey village maps. 1 found, and I was quite
prepared to find, that I was attempting an impossibility, butin this way I determined exactly
what amount of labour would he entailed in compiling a general map from the Revenue Survey
village maps and also the degree of accuracy inthe maps thus obtained, and I have as stated
above fully reported thercon,
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(12.) At *Kaira T was joined by Captain Pullan to whom I had intended giving some
triangulation in sheets 6 and 7 for which I had prepared a field chart with all the stations
of the Abu Meridional Series included in those sheets projected on it, but I was obliged
to abandon that plan on account of Mr. Goslin’s leaving, so I entrusted Captain Pullan with
the topograhy of Sheet 8. Being an old Kumaon av_Jd Garhwal surveyor, he soon brought
his experience into play though his work was sometl}mg.new to.hlm, for in place of having
several pole and brush marked hill tops continually in view, as is the case in hilly country,
here, after leaving a trigonometrical station it requires a keen search on the part of the
surveyor to find a spot where he can even sec two of his points, so that a very great pro-
portion of the work has to be dome on the back and forward ray principle. The scale too
was new to him, but he soon got into full swing and then trained a Native Surveyor Bhaw
Govind, who had never used a plane table before. IHe had also working under him Shaikh
Kisim a Native Surveyor of 4 years standing, and both of these men are very favorably
reported of by Captain Pullan.” Shaikh Késim turned out 172 squarc miles, and Bhaw Go-
vind 109 square miles which is very fair for his first season and it is moreover extremely
neatly drawn. Captain Pullan rigorously examined their work and found it throughout most
exact. Captain Pullan himself turned out 242 square miles in his own good style. As he
did not commence work till 26th December and Bhaw Govind independently not till 25th
January, it was nccessary towards the close of the season to send him a reinforcement in
order to secure the completion of the Sheet so I gave him assistance which relieved him of
one out of his cight plane tables, It is this plane table that has been lost.

(13.) Mr. D’Souza started on his work on 1st November and worked away assiduously,
covering Sheet 14 with trigonometrical points, until 11th May when he had fixed and taken
angles at 98 new stations besides observing also at 13 old stations. His triangulation extended
also over above one-eighth of Sheet 15. His work lay in a country thickly studded with
villages each of which is a plantation of cocoanut trees, and the villages are so close toge-
ther that it was generally impossible to lay out triangulation of more than 14 mile sides, a
large portion indeed of his sheet is a forest of cocoanut trees. The number of stations
he visited (111) being on the average 18 a month, and the average of his triangular error
8" speak as to the quantity and quality of his work. Though the area covered by him
cannot compare with that ordinarily covered in a season by Mr. McGill in the adjoining
*Kattywar Survey, still it is very creditable considering the extreme flatness of the country
combined with the almost uniform obstruction of the cocoanut trees. In the course of his
work, he cxtensively conneccted stations of the Sdrat city survey with his triangulation which
will enable me to prepare a very accurate map of Sdrat without much labour. At the close
of the season Mr. D’Souza also inspected and tested a couple of plane tables sketched by
Luxumon Ghorpuray and Vital Vishnu,

(14.) Mr. Christie was placed in charge of the Mahi Series of triangulation, which
he has completed after a season of almost continuous tardy up hill work beset with the
obstacles of o dense forest through which most of his rays had to be cut. As beforc men-
tioned several of the stations of this Series had been selected, rays partially cut and some
of the stations built before this year, so that Mr. Christie was in a measure committed to
take in hand and complete a lot of half finished work which had previously been left un-
finished owing to the great difficulties of clearing rays through dense jungle and to the
opposition of the Gaikwér’s subjects; G stations had previously been sclected at the south
end of the Scries and 5 at the north, and out of the 22 rays between thesc stations 8 had
been cleared and 1 partially clearcd. But these triangles had too long sides, thcy varied
between 7 and 10 miles and it is impossible to know whether a ray of that length merely
determined by signal fires crossed a village midway or not. Mr. Christic found one of these
rays that had been previously partially cleared was quite impracticable owing to its crossing
a village in the forest and it was also impossible to shift the ray slightly on either side, for
the latent village was one of three in echelon, so that a complete change in the arrangement
was necessary cutailing the rejection of 2 stations and 4 rays which he had nearly cleared.
Mr. Christie, appreliending this danger of determining rays by signal fircs, laid out the new
rays after this on the ray trace system, hut as soon as he got clear of the previounsly selected
stations he contracted the width of the Series by shortening the sides so as to take as much
advantage as possible of the open space of the river itself. By this means and with the as-
sistance of Mr. MeA’Fce during the months of May and June, he suceceded in completing the
Scries.  That part of it which 1s entircly his own, though double thic length of the portions
at the extremities put together only occupied him four months in selecting and clearing whereas
he was occupied 34 months on that part which was supposed to have been already laid out.
The final angles he observed with a 10" Theodolite by 'I'roughton and Simms working to

a0 . . . .
l_gT) and ;7o using luminous signals throughout. There is however one
slight inconsisteney in the Scries. The observations at one station (i.e. two angles) were
taken by Mr. McA’lFee with a G-inch Troughton and Simms’ Theodolite. This happened

through the extreme difficulty of crossing tlic Mali which was much flooded, and Mr, Christie

two pairs of Zeros
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thought it best as Mr. MeA'Fee was on the other side of the river for him to take the ob.
servations and save probably a week in the completion of the series. It was then near the
end of June. The side of emanation is Poida-Ghordrdo of the Guarit Longitudinal Series—
2 Principal Series run by Lieutenant Nasmyth with an 18” Theodolite—and the side of veri-
fication is Sarod-Duhéran of the Guazrft Coast Series—a Secondary Series run by Mr.
D’Costa with a 12" Everest Theodolite.

y ’{he following Tabular Statement will shew at a glance the quantity and quality of

is work,

Stations Selected, .. .. .. .. .. il
Miles of ray cut, .. .. .. .. " 149
Ditto trace traverse, .. .. .. .. 36
Stations obscrved at, . .. .. .. 24
Triangles with 3 observed angles, . .. .. 23
Intersected points, .. .. .. .. .. 7
Heights fixed, .- .. .. . . 20
Mean Triangular error, .. .. .. .. 4"3
Error of closing (side = 5493 miles), .. .. .. 0”3 feet,
Length of Series, . .. .. .. .. 64 miles.
Area Triangulated, .. .. .. .. .. 400 sq. miles.

(15.) Mr. McA’Fee was appointed to cover the blank portions of sheets 8 and 9 with fixed
points for the planc table Surveyors either by triangulation or traversing, extending the trian-
gulation, wherever he could do so without much ray-cutting but substituting traversing for
triangulation in close and thickly wooded country. As sheet 8 was to be topographically surveyed
during the season, he of course took up that sheet first and on the completion of the field portion
of this work he had to stop and reduce his observations. In sheet 8 he fixed 5 new trigonome-
trical stations and visited 4 old ones and ran 136 miles of traversing fixing a sufficiency of points.
In the traversing he was assisted by Gopél Vishnu a traverse Surveyor transferred from the
*Kattywar party. Mr. McA’Fee was attacked with fever against which he battled, but he was at
times unable to work by reason of it. Hc had it off and on for rather more than a month so that
he was not ready to start on sheet 9 till 19th March by which time he furnished Captain Pullan,
who by the by worked with him for one week computing—with all the points required in the
eastern plane tables of sheet 8. During the season he also took observations at 5 stations
(disconnected with his triangulation) where vertical angles were wanting, in order to compute the
heights of a portion of last year’s net work triangulation which by some oversight could not be
computed for want of vertical observations at two or thiree stations connecting that season’s
work with the old triangulation. On the 21st April he took up the sketching in a plane tuble
in shect 8, the one afterwards lost, in which he sketched 40 square miles, excrcising the while
supervision over the traversing which was being carried on in sheet 9 by Gopdl Vishnu and
Ganesh Bdpuji (1st) who was sent to work the available traverse party left vacant by Mr. McA’Fee
taking the plane table party which arrangement was consequent on Mr. Hickie falling sick
leaving a plane table party vacant. Altogcther his traversing amounts to 309 miles giving an
average of rather more than one point per 2 square miles.  After completing the plane table
die joined Mr. Cliristic and assisted him in clearing the rays and sclecting stations on the Mahi
Series so that he did not return to recess quarters till 4th July along with Mr. Christie.

(16.) Mr. Connor had to complete the nct work triangulation in sheet 13 and visit a
chain of stations of the previous season’s triangulation for the purpose of taking vertical
observations which had been altogether left undone, which he finished by 29th December having
laid down 37 triangles and taken verticals at 233 stations besides. The arca covered comprised
58} square miles over which he laid down altogcther 50 new fixed points. There was alsoa
traversc of 83 miles run in ground thickly wooded. On the completion of the field portion of
this work he had to reduce his observations, compute his triangles and the latitudes and longi-
tides of his stations and points, hecause sheet 13 is one of those shects that have been topographi-
cally surveyed this year. Ior these reductions 1 therefore directed him to join Mr. Cusson to
whom the topography of the sheet was entrusted and the two worked together for a mouth and
8 half when he commenced the traversing of the blank portion of sheet 11 which has also been
topographically surveyed this ycar but after spending a tew dags on that work during which he
fixed onc station by triangulation and ran 26 miles of traverse, I sent him on to sheet 10 to
cover the blank eastern half with fixed points by traversing or by triangulation if practicable.
1 gave him a Native Surveyor with anolher traversing party to run minor traverses, Ganesh
Bapdji (1st) who was afterwards succeeded by Ganesh Bapuji (2nd) and altogether that half sheet
has been decorated with 134 miles of traversing giving on an average 13 fixed points per
square mile. The whole of the half sheet is thickly wooded which rendered triangulation
impracticable.

(17)  Mr. Hickie was entrusted with the topography of sheet 11 and under him were
placed two Native Surveyors Balwant Govind and Mukund Dinkar cach with a plane table and
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party.  The latter being a new hand, Mr. Ilickic had first to train him to the work not quite
ab initio as he had rcccived some instruction last reeess from Mr. ID’Souza. Mr. Hickie was very
unfortunate in losing his health which I fear will render him a delicate subject for some time to
come. He had some years previously been a victim to chrouic diarrhaea but had while serving
on this side of India been enjoying an immunity from it until last December when it was again
induced by the work on the coast which he sketched himself and where he was frequently for
hours with his feet wet in the mud; that and the sun over head brought back his complaint
which weakened him very much. When I visited him in January I noticed he was looking
very much pulled down, but he continued to battle against the discase and worked on till 1st
March when he was obliged to come into Bhroch for medical trcatment which afforded him
relief for the time, on which he resumed his work until the middle of April when he was obliged
togive up and come again to Bhroch and then the Civil Surgeon discovered that his complaint
was much more serious than he had at first supposed. He was for a short time very scriously
ill but he was restored to comparative strength again and I then, during the remainder of the
season, employed him on sedentary work in my office, fair copy of angle books &e. During the
ficld scason he with his own hands sketched with the plane table 126 square miles and closcly
inspected fhe work of both Balwant Govind and Mukund Dinkar who respectively turned out
166 and 64 square miles. The latter was employed from the 18th April under Captain
Pullan. Mr. Hickie was also employed for about a fortnight traversing as the eastern por-
tion of sheet 11 was too scantily provided with points.

(18.) Mr. Cusson was entrusted with the topography of sheet 13 and under him
were Luxumon Ghorpuray and Vital Vishnu, the former a lad trained during the previous
geason, the latter a newly entertained lad. Mr. Cusson kept Vital Vishnu working with him
until 156th December when he started him independently. Mr. Cusson as I have stated in
gara. (16) was interrupted in his topographical work by having to compute with Mr. Connor

or o month and a half and again on 20th March when there were but two planc tables
to be completed in sheet 13 which were made over to Luxumon Ghorpuray and Vital
Vishnu, I directed him to take up a plane table in sheet 8 which he had half completed
when Mr. Hickic’s falling sick necessitated another change and I sent him to take Mr.
Hickie’s place, relieving him in sheet 8 by Mr. MeA’Fee as mentioned in para. (15).  Alto-
gether Mr. Cusson with his own hands turned out 190 square miles of topography.

(19.) T have thus the pleasure of reporting favorably of the whole of my Assistants,
every one of them having worked zcalously and well, and the result of their combined
labors must be considered highly satislactory, comprising as it does the Topographical
Survey of three shects and the completion of the preliminary preparation of a similar
area for topographical sketching next season, besides the completion of the Mahi triangula-
tion. This cousidering thie tender age of the party is 1 cousider very successful.

(20.) T have also the pleasure to report the abscnce of any serious collisions with
i})structive or litigious natives which, after the reports of Colonel Nasmyth aund Lieutenant
¢Cullagh, is I consider matter for congratulation.

(21.) Great obstruction was anticipated and indeed had been previously expericnced
from H. . the Gaikwar’s subjccts in regard to cutting trees, but I represented through the
Resident at ¢Baroda the fact that most of the other large states in India had handsomely
tontributed towards defraying the cost of the Survey of their territory and suggested it
would be afler all but a trifling contribution on the part of the Baroda Darbir to yelicve us of
the onus of settling and awarding compensation for trees &e. This rcprcscntati(& produced
the desired effect and the Darbir sent mea Wakil (whom I attached to Mr. Christic’s camp)
o settle all difficultics in the way of cutting trees and to deal with all claims for compcusa-
tion as cleims against the Darbdr and thus no further difficulties were cxperienced,
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Extract from the Narrative Report, dated 14¢h August 1872—of Captain W-M. CAMP-
BELL, R. E., Officiating Deputy Superintendent 2nd Grads, in charge
No. 2 Extra Party.

In the report which I submitted on 21st September last, giving a sketch of my em-
ployment on special duty in England during the preceding nine months, I mentioned that the
new Zenith Scctor with other instruments’ had just arrived in *Bombay, and I shortly after-
wards informed you that all these instruments had reached me at Puna in good order.

According to my instructions T despatched the instruments appertnining to the Electro-
Longitude equipment to the carc of Captain Herschel at Bangalor, and I sent an astrono-
mical clock to your address at Dchra Dun, while I made all preparations for using the
Zenith Sector for my own latitude observations during the approaching field season.

(2.) The work assigned to me was, to take observations for latitude on the Man-
galur Meridional Scries at points as evenly distributed as possible between Kem H. 8., in
latitude 18° 11’ (where Liecutenant Heaviside had closed his series of observations) and
Mangalur in latitude 12° 53' at which place I was instructed to choose a station, which
should be also suitable for the proposed Electro-Longitude observations.

The average distance between latitude stations having always been considered as 1°,
you advised me in case of the nature of the country requiring greater intervals, to endeavor
to obtain two, or cven three stations suitable for observation in each locality.

(3.) I had the following information to guide me in my selection of stations,—Ilst
under instructions from Lieutenant Trotter, Mr. Wood had reconnoitred the neighborhood
where it was advisable to select the first station south of Kem, and reported that out of 12
stations visited by him, Majdla in latitude 16° 47" was the ouly one that secemed suitable.

2nd. Lieutenant Trotter who had himself executed the triangulation from latitude
15° 30 to latitude 14° 26’ told mc that he thought Kundgorl in latitude 15° 15’ was the only
point suitable for latitude observations in that portion.

These two stations being decided upon, and that at Mangalur being obligatory, it
only remained to find a fourth point about latitude 14° to complete the set, dividing the
total distance of 5° 18’ into four intervals averaging 1° 20’ each.

Accordingly this was the course I fixed upon, with the intention of using two stations
in each locality if the nature of the country would admit of it.

(4.} The principal triangulation of the series from latitude 14° 26' to Mangalur, and
again that of the Longitudinal Scrics for some distance cast of Mangalur, had not been exc-
cuted at the beginning of last ficld scason, and as it was a matter of considerable importance
that the latitude station at Mangalur should not only be equally suitable for the longitude
observations, but should also be a station of the principal triangulation, or at least be capable
of easy connection therewith, the best course appearcd to be to proceed myself at once to
Mangalur and select the station to answer if possible all these requircments.

This arrangment was also convenient, because it admitted of my returning from Man-
galur, through the district about latitude 1.1° where I wished to select a latitude station, to
meet the Party, (which should in the meantime have mavched from Pidna under charge of my
assistant) at one of the points already fixed on viz. Majdla and Kundgorl.

(5.) In accordance with this programme I despatched the camp from Dina under
charge of Mr. Bryson (who had only just joined me from the Guzrit Party) with iustruction
to procced to Kuudgorl and preparc that station for observations.

The choice of Kundgorl, for the first station to be observed at, involved a return march
northward to Majila, but it was the more convenient course for several reasous, chicfly be-
cause it suited my movements best with regard to time, and also gave me more opportunity
of seeing the localities to bc worked in, before committing myself irrevocably to any onc
station.

(6) T left Bombay for Mangalar by stcamer on 19th November taking my servants
and camp equipage with mc as fur as Kamte (Coompta) where I landed them with instruc-
tions to procced to Gursuppa by boat and there await my rcturn from Mangalur.

(7.) On arrival at Mangalur I found a party of signallers with their heliotropes, sent
to meet me by Major Branfill at my request. 1 lost no time in sending thesc men out to
the 3 adjoining stations of the approximate triangulation, with which I wished if possible to
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connect my proposed latitude station, substituting it for the station of the approximate
series mearest to Mangalur, which being 4 or 5 miles distant from the Telegraph office, I did
not consider suitable for the Electro-Longitude observations.

The Telegraph office is so very low lying and hidden from the surrounding country
by higher ground and trees, that fixing trigonometrically any point in its neighborhood would
have involved very considerable expenditure.

After some trouble I succeeded in finding a point to satisfy all requirements, close to
the lighthouse and within a mile of the Telegraph office, and therefore capable of temporary
connection therewith at slight expense.

(8.) Taking the first steamer available I reached Kamte on 28th November; and
thence joined my people at Gursuppa next day.

From Gursuppa there is an excellent road over the Ghits to the north-west corner
of Mysor, wherc I made a hurricd inspection of the stations of the approximate series which
seemed available for my purpose.

The season was so far advanced that I could not afford to spend so much time over
this as I could have wished, but I satisfied mysclf that at least onme station was fairly
suitable, and then hurried northward as rapidly as possible joining the Party at Kundgorl
on 16th Dccember.

(9.) Some days were lost in consequence of the station not being ready to receive
the observatory tent and instrument, and observations were not finished till 30th December
and I started for Majila on 31st December. In the meantime I had deputed Mr. Bryson
to examine the two neighboring stations Inddr and Ganigud with a view to taking obser-
vation at one or both, but he reported them as unfit. I then sent him in advance to
Majila to prepare for the work there.

(10.) On the march, I took the opportunity of inspecting the station Naoldr next
adjoining Kundgorl to the north, and finding it very well adapted for my purpose, resolved
to take a sct of observations therc on my return from Majila. :

(11.) The Party reached Majila on 12th January and again I was delayed for 2 or 3
days owing to the ditliculty of getting work done promptly. I sent Mr. Bryson to ex-
amine two stations Dandoba and Mawinhunda adjoining Majila, winch Mr. Wood had not
been able to visit the year before, and he reported that the latter was suitable for a
latitude station. Ihad preparations made accordingly and atter completing work at Majdla
proceeded to Mawinhunda and finished observation there on 7th February.

(12) From Mawinhunda the Party returned south to Naoldir, where I took a set
of observations and then revisited Kundgorl for a second set, which appeared to me desir-
able because of the adoption of some changes in the method of observation (which will be
noticed later) after the first visit,

(13.) 1T finished work at Kundgorl on 9th March, and marched southward, whither
Mr. Bryson had preceded me with instructions to examine the two stations which I thought
likely to be suitable, and prepare them for obscrvation if his examination proved satisfac-
tory, which Le did and I took a set of observation on each. These stations which I have
named ‘ Hunawali” and * Koramoraguda” are not as vet fixed by triangulation, which was
closed at Chanderguti a few miles to the north by Licutenant Trotter in 1867 and has not
been continued since, but they both belong to the approximate serics, and are likely to be
fixed next season viz. 1872-73.

(14.) After Mr. Bryson had finished the preparatory Dbuilding at thesc stations, as
I did not expect to require his services at Mangalur, 1 sent him northward to re-protect
and re-transter the stations at which 1 had taken observations, as well as any others which
he might find to require it.

(15.), T was terribly dclayed at both Hunawali and Koramoraguda by clouds and
fogs, the latter of which driving up from westward every night, used to put a complete
stop to observations generally as carly as 11 p. »., and did wot clear off again till the sun
got high in the heavens next morning.

Thesc fogs may interferc with the triangulating party more seriously than they did
with me, as they envelope the hills and obscure terrestrial objects generally some time before
they close overhead and stop star observations,

They commence carly in the hot-weather and increase in intcnsity as the season wears
on, being also worst in the neighborlood of the Ghits,
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{16.) I did not finish observations at Koramoraguda till 13th April, when I marched
for Gursuppa, having decided that much the most convenient and economical route for trans-
porting the Party to Mangalur at that season, was by the good Ghat road to Gursuppa aund
thence by boat down the river to Honawar and by native sailing vessel to Mangalur. The
journey was made successfully and the Party reached Mangalur on 22und April.

(17.) T put up the instrument a few feet due east of the Trigouometrical station, which
being on a pillar several feet in height was not suitable.

Here again, clouds rendered my life a burden to me, for night after night I got either
no work at all or only two or three observations; and in the end I considered myself very
fortunate in completing my observations on 17th May ; but I was forced to give up the idea
of observing at two or more supplementary statious as I had proposed doing,

(18.) On 21st May I left Mangalur by stcamer for Bepur (Beypore) and thence came
on to Bangalor by rail, arriving on 24th May.

(19.) I shall now give a slight description of the stations which I visited.

“ Majéla” and “ Mawinhunda,” are both situated on flat-topped isolated hills standing
in a plain, the general level of which is very equable.

The hill at Majala is about 560 fect above the plain, at Mawinhunda about 540 feet.
At the first thereis aslight preponderance of matter to the North and in the latter to the South,
but in neither case is there any reason to expect appreciable disturbance of the plumbline.

(20.) ““Naolir” is on a low sharp peak, 100 or 120 feet above the level of the plain,
which is, in the immediate neighborhood, rather broken by undulations.

¢« Kundgorl” stands on a slight swell in the middle of a very gently undulating plain.
The general level of the country surrounding both of the last stations is very equable. In
neither of these do I see any reason to assign a preponderance of matter on oue side or the
other, far less to expect any appreciable influence on the plumbline.

(21.) ¢ Hunawali ” and “ Koramoraguda” are situated on hills in an undulating coun-
try of equable gencral level, but considerably broken up by hills, detached in groups, or in
small ranges running inland from the Ghits. The country to a great extent, and the bascs of
both the hills in question, is covered with jungle.

The station “ Hunawali” is on the highest point of a sharp ridge running North-East
and South-West ; its height above the plain is about 770 feet. There is probably some slight
preponderance of matter on the southern side below the hill, but the hill itsclf has a small
excess to the North,

« Koramoraguda” is on a round topped hill about 450 feet above the plain, the highest
point of a little range running nearly East and West. There is a slight excess of matter in
the plain below the hill to the South, aud the mass of the hill itself is rather greater to North
than to South of the station.

(22.) At neither of these stations do I think there is any thing sufficient in the con-
figuration of the ground to justify a guess as to the direction of irrcgular attraction; but
it must be remembered that they are both in the neighborliood of the Western Ghits and
the great drop from the Mysor plateau into the low country of Kanara, averaging fully 2000
fecet. This change of level is to the West, aud several miles distant in both cases ;.but its
line trends south-eastward and therefore the deficiency of matter causcd thereby also lies to
the south of the stations, but at 2 much greater distance from them in that direction.

(23.) The station at Mangalur is on the lighthouse hill, about 160 feet above the
sca. There is nothing in the features of the ground in the vicinity sufficient to caunse irre-
gular attraction, but the mass of the high country above the Ghits lies to the Last and
North-last aud the sca to the West.

(24) I shall now make some remarks on the method of obscrvation and on the in-
strument.

In the first set of observations at Kundgorl I made no use of the capability of the
instrument for change of zcro, but I introduced this at Maj4la.

) (25.) In the middle of my obscrvations at the latter place I had a letter from Cap-
tain Ilcrschel in which he informed me, that he had tried the experiment of reversing his
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instrument bodily, with so decided an effect on the results that he considered such reversal
proved to be almost essential, I had long before comtemplated making this reversal among
others, but was deterred owing to the labor it involved of taking the instrument entirely to
pieces, which labor however Captain Herschel avoided by the expedient of revolving it, all
standing, on a metal fulerum introduced under the centre of its base plate. The morning after
receiving his letter I reversed in this manner and have done so ever since, taking half the
observations at a station in each position of the instrument.

(26.) At Mawinhunda I farthgr introduced a reversal of the sector with regard to the
microséopes. This change was a very troublesome one and its advantage problematical, but after
adopting it I continued it at three stations, and then abandoned it, because I found that with
uncertain weather, such as I bad at the latter end of the season, every change of this sort,
which divided the total observations to be obtained into groups, each to be taken in its own
position, became a fertile source of delay.

(27.) At one time I adopted the plan of changing the order of position (East and West)
of obscrvation with alternate stars, at another on alternate nights. Both methods I think lLave
arguments in their favor, but I am now of opinion that the former is the best. It is the one
that Captain Herschel has adopted.

(28.) Early in the season I gave up all attcmpt at selecting stars in * pairs” with
your sanction, and made it my first object to obtain stars depending on the greatest number
of observations at Greenwich, using for this purpose both the seven-year Catalogues of 1860
and 1864. At the same time I always used an equal number of stars North and South of the
Zenith, and endeavored to maintain an equality between the mean Zenith Distance, North and
South.

The importance of using “ pairs” scems to me to be almost entirely removed by the
introduction of changes of Zcro, whereby (cxcepting chance coincidences) a fresh set of gradua-
tions is used for every observation, whether of the same star or uot.

(29.) I have discovered only one feature of the instrument which gave me uneasiness,
viz., an iostability of the zero of levels and microscopes, and level of transit axis, which have
a tendency to changce all together. T attributed this want of stability to the fact that the frame
or “cradle” carrying the levels and microscopes and supporting the transit axis, stands upon
four bearings, exactly cqual pressure on which it is impossible to maintain. The contact is
effected by a steel bolt assisting gravity and working through a thick brass plate. Consequently
as the temperature varies the tension of the holt aund therefore the pressure of the cradle on its
bearings also varies, and these bearings not being exactly in the same plane, or not all equally
rigid (two being provided with an adjustment) strains are sct up, causing the changs of zero
noticed, between which and the temperature of the observatory 1 traced a decided counection.

(30.) When I first noticed these changes they cansed me some anxiety but I have not
traced any injurions effect in the zcro error given by each observation, and it must be recol-
lected that the most valuable feature of this instrument is, that any change of the sort is of no
consequence whatever, provided stability may he reckoned upon for the time occupied by one
double observatjon or for about 5 minutes only.

(31.) Throughout the scason the instrument was carried on spring carts, which I con-
structed for that purpose at Pina, with a very great saving in pay for bearers, as these carts
were dragged by the Khalisies of the Istablisliment, aided when requisite by ordinary coolies.
They answered their purpose admirably and passed over some very bad, rough tracks, not worthy
the name of road.

(32.) T rcgret that T am not in a position to judge of the obscrvations by their results,
which owing to the small computing power of the Party, have not yet been arrived at. The
progress of the work has beeu greatly impeded by the necessity which I found myself under
of recommending the grant of one month’s privilege leave to Mr. Bryson, on very urgent
private affairs.

(33.) Mr. Bryson only joined me at the commencement of last Field season; indeed
he had already taken the ficld with the Guzrit Party, when he was transferred.  He was there-
fore quite inexperienced in the work which he has had to perform.

1 am very glad to be able to speak highly of his capacity and willingness to learn new
duties and of his zeal in performing them, and 1 have nothing to complain of Lut a slight
tendency to overlook details,
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(34.) Nearly all the recording was done by my native writer, who is a very useful and
hardworking observatory assistant.

(85.) I shall conclude this report with a short résumé of the season’s work. The Party
left Pina, on the 9th November and marched under charge of Mr. Bryson to Kundgorl H.S.
close to *Dharwar, where I rejoined it on 16th December, having in the interim visited Manga-
lur and selected a station there.

Between the 16th December and 17th May, observations were taken at seven stations
and a second set at one of them, the distance travelled during that time being about 450 miles

by land and 100 by sea. The weather during the early part of the season was favorable for
observation, but in April and May very much the reverse.

(86.) The following is a statement of the cost of the operations.

The total cost of the Party during financial year 1871-72, was Rs. 17,788, which divid-
ed between 8 determinations of latitude, (including a second of one station) gives the average
cost Rupees 2,223-8-0. This average however is not a fair one; as during the first five months
of the year the pay of the officer in charge (Lieutenant Trotter acting) was not dcbited against
this Party.

Extract from the Narrative Report—dated 6th September 1872—of Captain T. T.
CARTER, R.E, Deputy Superintendent 2nd Grade, in charge
Brahmaputra Series.

PERSONNET. (1) 'The Party as per margin left *Calcutta
Mr. W. G. Beverley (in charge) Asst. Supdt. 2nd  O1 the 18th of November 1871 in charge of Mr.

Grude. ’. G. Beverley (who was also in charge of the
_AsaistanTs. Eastern Frontier Serics) arriving at Kéliganj on the
M. 0. T. Neuville, Surseyor 2nd Grade. Brihmdputra River on the 28th of the month, where
Mr. G. A. Hnrris, Asst. Surveyor 1st Grade, Messr E -
1 Native Doctor. Tessrs. Nenville and Harris landed to carry out
51 Koldshics. the iustructions as conveyed to them by Mr. Bever-
15 Barkandiz Gunrds. ley_

(2.) Tnaccordance with the programme of operations submitted for approval to the Super-
intendent G. T. Survey of India in Mr. Beverley’s letter No. 106 of 1871, Mr. Neuville was to
complete the approximate series fixing definitely the sites for the Alangjini and Gobindpur
Tower Stations, as some doubt existed whether the positions originally fixed for these Stations
by Mr. Beverley in the Season of 1870-71 would last owing to the encroachment of the river.
Mr. Neuville was then to fix the position of the Rangira Hill Station and visit the hill station
of Giropdra to sce if the rays to the plains were clear, subsequently Mr. Neuville was to examine
the rays

Narsingbhanj to Kaslidoho.

Kashdoho »» Kanchlipéra.
Géropira ,» Kanchipéra.
Giropdra ,» Halka-Char.
Garopira ,» Janakipur.

and if necessary make the final clearings.

(3.) At the completion of this approximate work, Mr. Neuville was to take up a minor
triangulation to the Civil Station of Maimansinh if time permitted, if not, he was to pay the
compensation due on the above mentioned rays.  Mr. Neuville carried out these instructions.
The station of Alangjini was found intact and a position chosen for a new tower to he built at
Gobindpur, in place of the site originally sclected up to which the river had encroached to
within 40 feet.  The final rays above deseribed werc cleared and compensation for trees paid.

(4.) The completion of the approximate work occupied Mr. Neuville to the 15th of Feb-
ruary, when he procecded to take up the minor triangulation to Maimansinh, on the side Poerbari
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to Rashidpur of the Brihméaputra Series, but as time would not have permitted him to haye
completed the triangulation as far as Maimansinh during the season, and the 12-inch
Theodolite with which he was to have done the work had not arrived, it was abandoned after
taking trial rays for the lst triangle of the series, He then proceeded to pay compensation
for trees cut, in accordance with Mr. Beverley’s instructions as ahove mentioned. This
occupied Mr. Neuville till the 15th of April, wheu he proceeded to Calcutta and thence to Head
Quarters, Dehra Dun, arriving on the 9th May.

(5.) The approximate work has been completed (with the exception of building certain
towers and platform stations to be afterwards eny.
merated) aud the rays cleared up to the junction of
the series with the Assém Longitudinal Series, Mr. Neuville’s work during the past field
season is I think deserving of commendation,

Approximate work.

(6) Mr. G. A. Harris on landing at Kéliganj on the 28th November proceeded to
complete the building of the tower stations of the
Series, but having completed the Tower Stations as
per margin, he was directed to proceed and take up the building of the pillars on the Lastern
Frontier Series, leaving Kéliganj for *Gowhatty on the 24th of February.

Bonarpirs, Kanchipira, Bhatibochigari.

(7.) There remain to be built the following Tower and Platform Stations namely, at
Kashdoho, Narsingbhanj, Gobindpur and Alangjini
stations, and 5 Platform stations, viz., at Giropéra,
Peshkarbhita, Rangira, Singimari and Samding.

Tower and Platform Stations to be built.

(8.) 'The side of continuation for the ensuing season’s work, will be Parkoksa to Poelsa of
the Basalia Polygon, but Mr. Neuville reports that there is much fear that the station of Parkoksa
will have been carried away by the river during these rains, in which case a new pillar will have
to be built in the vicinity of Parkoksa and two triangles re-observed in the Basalia Polygon.

(9.) The charge of the Party was made over to me, vide Departmental Order No. 21, dated
the 13th May 1872. The information given in this
report is chiefly derivable from Mr. Neuville the
Senior Assistant with the party. The Party will take the field towards the end of October and
an endeavor will be made to complete the work by the end of the field scason 1873-74. There
remain 3 Hexagons, 2 Pentagons and a Quadrilateral to coioplete the Series.

Captain Cartor takes charge,

(10.) I regret to say that Mr. Neuville, on the return of the Party to 1Tead Quarters, was
obliged to avail himself of two months privilege
leave to recrnit his health which he wishes to state
has suffered severely during this, as well as the previous field scason.  Of the Native Establish-
ment, about 20 per cent were generally ill with fever or dysentery.

Health of the Party.

Extract from the Narative Report—dated 14th September 1872—of (laptain
H. TROTTER, R.E., Deputy Superintendent 3rd Grade & T. Survey, in
charge *Kattywar Burvey

*

(3.) The Party left recess quarters at Pina ahout the 20th October, all the Assistants
and Native Surveyors, proceeding as usual by rail to Sdrat, thence across the Gulf of ¥Cambay
by bandar-boat to *GGogo, our starting point tor the interior of Kattywar. A few days march
took them to the ground they bad to survey and nearly all had commenced work by the 20th
November.

(4.) T returned myself to Piina from privilege lcave on the 9th November, the arrange-
ments for taking the field having been ably conducted during my absence by the Assistant
Superintendent Mr. McGill. Mr. Fielding had remained behind in Pdna under my instructions
to complete some of the mapping and records: and by the 14th November, I was able to
despatch to Head Quarters, for publication, the whole of the fair copies of the maps completed
during the previous season viz. sheets XXVI, XXVII and XXVIII of the Kattywar Survey
scale 2"=1 mile,
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(6.) On the 15th of the same month Mr. Fielding and I started for the districts and
on arrival at ¥ Bombay, were somewhat alarmed at reading a paragraph in the newspapers to
the effect that a tremendous storm had swept over the Gulf of Cambay on the 12th, and that
many vessels had been wrecked, especially between Sdrat and Gogo; that the sea wall at the
latter place had been washed away and a great amount of damage done; that a number of tents
had been swept away, amongst them those of an assistant in the Trigonometrical Survey. This
was so far satisfactory, in that it was probable that the assistants had safely arrived ; but know-
ing that the usual camping ground at Gogo was situated immediately behind this very sea wall,
and fearing that very probably the whole of our teuts, instruments, stores, records, &c. (which
had been despatched by country craft direct from Bombay along with the Subordinate Native
Establishment and the Assistants, and my own lLorses) might have been deposited 'there as usual,
I was naturally very anxious until, on my arrival at Gogo on the 20th, I lcarned, that by a
great piece of good fortune, owing to the unhealthy state of the camp followers, Mr. MeGill
had dirccted the whole of the IHead Quarters camp to await my arrival at Warte), about 12
miles inland, instead of at Gogo, where I had expected to find them. Thus no harm or damage
was done to Government or to my own property; but Mr. Ficlding’s tent had unfortunately
been pitched in the usual place and he found, on his arrival, everything that he had more
or less injurcd by the salt water. His tents and boxes had been carried away by the force
of the waves and had becn deposited at a considerable distance off, close by the missionary’s
bungalow. Altogether, iowever, it is a source of congratulation that so little damage was
done. Had the storm occurred a few days earlicr the consequences might have been most
disastrous.

(6.) Mr. Wyatt left Pdna at the samc time as the other Assistants, proceeding from
Bombay by pattimar (country-boat) direct to Jafarabad, a port on the sea coast of Kattywar
situated in sheet XXIX, a portion of the survey of which sheet had been left unfinished the
previous season and which 1 had deputed Mr. Wyatt to complete.

(7.) The whole of the Assistants worked steadily and well throughout the season
which may certainly be considered to have been a successful one, the actual amount of work
compieted being as follows :— -

(8.) 2036 squarc miles have been topographically surveyed on the scale of 2" to the
mile, 1940 square miles have becn covered with
a net-work of triangles preparatory to topographi-
cal survey, 779 lincar miles of Taalluka boundary have been traversed with theodolite and
chain, every boundary stone having.been fixed, besides which 156 lincar miles of traverse have
been run along the margin of the season’s work to test the accuracy of the detail survey.

Amount of work done.

(9.) The majority of the plane tablers commenced work in sheet XXV and worked
steadily northwards, completing before the end of the season the whole of the topography
of sheets XXIII, XX1V, and XXV, a very satisfactory out-turn of work considering the
number of hands employed (viz: five Luropean Assistants, two of whom were quite new to
the work, and five Natives of whom one was a raw-hand). The ground in sheet XXV was
mostly flat with the exception of one plane table, but in the shects to the north there was
an enormous amount of detail, requiring a large expenditure of time and labour to survey.
Had it not been for this I might probably have a still little larger out-turp of work to record ;
for the past season has happily been an wnusually healthy one and there was comparatively
little sickness in the ficld though 1 regret to say there has been a great deal since our return
to quarters.

(10.) Whilst the majority of the Assistants were employed in those three sheets, Mr.
‘Wyatt was hard at work in shect XXIX where he had first of all to complete a piece of tri-
angulation, then run some traverses, and finally complete the topography of that portion of the
sheets XXIX and XXX which was left unfinished last year. This was all completed satisfacto-
rily before the end of May.

(11.) T had thus the satisfaction by the end of the season of having the completed
portion of the Kattywar Survey in a more compact form that it has ever yct presented. It
will be secn by reference to the Index Map that the topography now completed includes sheets
V to IX, X1I to XIX, and XXJI1 to XXX. This will evable degree sheets VI and VII to be
preparcd on a scale of 4 miles to the inch.

~ (12.) T am happy to say that in the ground we have been surveying during the past
season nearly the whole of the Tialinka boundaries have been properly demarcated by the local
committces appointed for the purpose, and that in the maps we shall send in this year there
will be comparatively few * undemarcated ” boundaries to disfigure them.

) (13.)  Whilst the filling in, of the topographical detail in sheets XXTIIT to XXV and
in XXIX and XXX was progressing, Mr. McGill was carrying on the triangulation in the
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north, over the ground to be surveyed topographically during the approaching field season.
Sheet XXII had been triangulated in season 1870-71, and I had instructed Mr. McGill to

endeavour to complete the triangulation of sheets X, XI, XX and XXI: this was finished by
the end of the season.

(15.) During the approaching season nearly all hands will be employed on the topo-
graphy of sheet XXIT and of those sheets that have just beea triangulated over by Mr. McGill,
who will himself be employed in triangulating in the vicinity of Réjkot.

(16.) I have been in frequent consultation with Colonel W. W. Anderson, the Political
Agent of Kattywar, as to the ground he would now wish taken up for survey, and he is anxious
that I should commence operations in the vicinity of Réjkot, (the Head Quarters of the
Political Agency) good maps of the country about which are very much wanted, that portion
of the existing map of Kattywar being exceedingly unreliable. To show the urgent necessity
that exists for a more reliable map of the country, than that which at present exists, I may
mention 2 or 3 comparisons I have made between our work of the past season and the existing
map, which was compiled in the Chief Engineer’s Office, Bombay.

Correct According to existing map

Distance in miles between Anandpur and Cholila 204 26
Ditto ditto Adkot and Panchaorda 3 73
Ditto ditto Babra and Jasdan 14 17
Ditto ditto Karasia and Jasdan 7 2}

(17.) Besides these linear inaccuracies the lines of watershed and drainage are in many
instances entirely incorrect ; so much so that for any engineering purposes, the old map may be
considered as worse than useless. I recently had a visit in my office in Pdna from the Agent
of the Bombay *Baroda and Central India Railway, with reference to a proposed extension of
their line from Wadwén (sheet XII), the present terminus of the Railway in Kattywar. Aun
examination of the original maps of the past season induced him to lay out for detail survey
altogether a different line to what he had originally intended.

(18.) T now proceed to report separately on the work of each Assistant. Lieutenant
A. W. Baird, Assistant Superintendent joined the party in June, on return from sick leave
in England, and has recently been appointed to the independent charge of a Party now
being formed for the purpose of carrying on tidal and spirit leveling operations in Western
India. During the few months that he has been attached to this office, Lieutenant Baird
has been very regular in his attendance at office and has been of very great assistance, both
in the ordinary computations and also in the reduction and arrangement of the traverse
computations, We have now in the office a large mass of records connected with the
Tialluka traverses and Lieutenant Baird has becn indexing and arranging these in a methodical
manner, a work which will save much time and trouble hereafter.

(19.) Mr. McGill left Gogo on the 9th November, but the great storm of the 12th
which was felt nearly all over eastern Kattywar) was followed by a succession of storms more
or less severe, during which a great quantity of rain fell, delaying very considerably all the
Assistants on their march and making the journey to the interior a most unplcasant one, as the
roads in Kattywar after heavy rain are all but impassable. These heavy showers continued up
to the 20th and did e great deal of damage to the grain crops, then in course of collection, as
also to the cut grass, a great quantity of which was ruined, and nearly all the remainder more
or less damaged : cotton however was henefited by it, and perhaps on the whole it did as much
good as harm, as the previous fall of rain had heen very scant and the young crops of all kinds
were much in want of moisture. Notwithstanding the rain Mr. McGill was able to commence
his observations in sheet X1I on the 20th November, and by dint of that hard and steady work
on which I have more than once had the pleasure of reporting, completed the work allotted to
him by the middle of April. Many of his stations of observation were old Tower Stations
of the Kattywar and Guzrit Longitudinal Series and considerable difficulty was expericnced, as
in most cases the platform surrounding the paka central pillar had erumbled away; and as
the greater number of these towers were from 20 to 40 feet in height it was a matter of
no small trouble to ercct wooden platforms to support the obscrvatory tent, especially in
a country where timber is very scarce and difficult to procure. Mr. McGill adopted a plan
of sending to the headmen of all the surrounding villages receipts for ropes, bamboos, timber,
&c. These rcceipts contained a promise to return all the stores when done with. By this
means he used to collect in an hour or two material sufficient to construct his platform, which
was erected in a few hours more at a cost of a few rupees, whilst had he not adopted this
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expedient, he might have been delayed days at each station and spenta small fortune in the
purchase of stores from the neighbouring towns of Dholera an Wadwén. It is rather a
peculiarity of the district that men will often lend material when no amount of persuasion will
induce them to sell.

(20.) This district triangulated over by Mr. McGill is almost a dead flat with very
little detail and will prove easy ground for our Surveyors. It is, like the rest of Kattywar,
divided into numerous petty states, the north-western portion is mostly the property of
Dhringdra one of the four first-class states of the country. I paid a visit to the “ R4j’’ as
the chief of the State is called, during the cold weather and the Darbir Officials have always
been very obliging and ready to help us as far as practicable, affording a marked contrast to
the peighbouring state of Wadwin, which has obtained rather an unenviable reputation of
an opposite kind,

(21.) The Dhringdra R4j is an enterprising and energetic man, and is pushing on of
his own accord various works of improvement, such as the construction of roads, building of
dharms4lds, planting out of trees, and in even helping forward the construction of a railway,
which amongst other benefits will carry away to distant markets the excellent building stones
of various kinds that are found in his territory, more especially to the north of the town of
Dhréngdra where beautiful sandstone is procurable.

(22.) The other principal states in the District are Talsana, Rdjpura, Lakhtar, Bajana
and Patri. Portions also of the states of Limri and Wadwin enter into these sheets, which
nearly all belong to the district of Kattywar called ““ Jhalawar” or country of the “Jhalas” a
tribe of R4jpits said to have scttled down in these parts in about the 8th century. The ori-
ginal name of this tribe was ¢ Mukwahana” a name said to be still existing in Central India.
Several of the smaller states once formed a portion of Dhringdra and although now actu-
ally entirely independent, their chiefs do not consider their investiture on succession to the
crown complete until presented with a dress by the Dhrdngdra Réj.

(23.) With the exception of occasional low stony ridges bare of cultivation the coun-
try is entircly flat, and is on the whole fertile. The sandy soils produce bijri and jawari
crops and the blacker soil which was once very famous for the quality and quantity of its
wheat is now chiefly covered with cotton. The water of the district is not good, towards the
Runn it is brackish and is mostly collected in tanks, a great many of which get dry in the
hot weather following a bad monsoon, in which case wells are generally dug at the bottom of
the tank. A more elaborate description of the country will be given after it has been topo-
graphically surveyed.

(24) Mr. McGill in the course of the season’s operations covered a space of 1760
square miles with 165 triangles, besides measuring 947 triangles (only 2 angles observed) for
purposes of fixing points for our detail Surveyors. He observed from and fixed the heights
of 103 stations, besides fixing the heights of 98 stations which he did not visit, altogether
a first-rate season’s work ; other details connected with which will be found in the tabular
statement attached to this report.

(25.) Mr. F. Ryall, who joined the Party during my absence on privilege leave in
October, left for the field with the other Assistants at the end of that month. He had never
had any previous experience in plane tabling, so I sent him to learn under Mr. Gwynne, one
of my best trained hands. He was somewhat slow in picking up the work and remained
with Mr. Gwynne until the end of December, when he commenced independent work. His
progress was for some time very slow, but as the season advanced, he got on faster and at the
close had completed 85 square miles of survey on the 2” scale. I am glad to say that his
mapping was very carvefully and accurately dome. Mr. G. Anding rejoined the party from
sick leave on the lst of June, since which date he has been employed in miscellaneous com-
putations under Mr. McGill.

(26.) Mr. J. Wood was transferred from the Astronomical to the Kattywar Party short-
ly hefore we took the ficld. He had no prior cxperience in the work of a topographical party,
but he practised with a plane table in the neighbourhood of Tiina before lcaving for the
districts. He also, during the latter half of November, worked with Mr. Gwynue preparatory
to commencing independent work. During the season he completed 114 miles of detail
survey. His out-turn would have been greater, but there was a good deal of detail in the
ground he had to survey; besides which 1 made him constantly change boards with a young
Native Surveyor (Nilkant) who was out in the field for the first time and whom it was ncces-
saty to train in habits of accuracy, which I thought would best be done by constantly checking
his work by an accurate and careful Surveyor, such as Mr. Wood has proved himself to be.
This assistant has been very regular in his attcndance in office and has been of much use
both in the computations and mapping.
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(27.) Mr. Gwynne smrveyed during the scason 161 square miles. This is not so large
as his usual out-turn, but most of the ground he worked over was hilly and full of detail;
besides which he was in the early part of the season considerably delayed by‘having to instruet
‘Mr. Ryall and one of the Native Surveyors in the theory and practice of plane tabling, The
ground surveyed by Mr. Gwynne is as usual well and truthfully delineated. In recess Mr.
Gwynne has been most useful: his skill and experience in preparing the maps coupled with
his steady application to work makes him a valuable assistant in the office.

(28.) Mr. T. Rendell worked well in the field, completing the survey of 216 Square
miles, part of which was intricate and with a good deal of detail. His work is accurate and
neatly executed. In office, since return to Head Quarters Mr. Rendell has done good service
in looking after the reduction of the traverses, although I regret to say that illness has somewhat
interfered with his regular attendaunce in office.

(29.) Therc is a great deal of labour now incurred in the reduction of our Tialluka travers-
es, the calculations and plotting of which occupy the time of about four assistants during the
whole recess, and as unfortunately some of the men who exccnte the traverses are not sufficiently
educated to be entrusted with the computations, a great deal of extra labour is thrown on
to the hands of those who would otherwise be employed in the ordinary routine work of the
office. 'This would indicate the necessity of refusing to entertain in future as Native Surveyors
candidates who have not sufficient knowledge of English and of elementary mathematics to
enable them to compute out their own traverses.

(30.) Although the system now adopted of computing out by rectangular co-ordinates
all our traverses, causes great additional labour yet it is no doubt more than compensated for
in the increased value of the results, as our traverses can now be plotted at any time on any
desired scale and will be of great use in future surveys for revenue purposes.

(31.) Mr. E. N. Wyatt has, as usual, done a first-rate season’s work, viz., triangulated
over 140 square miles of country, computed out his triangles in the field and surveyed topo-
graphically on the 2 scale 245 square miles (in sheets XXIX and XXX) of country, parts

of which were very hilly and intricate. Besides this he has run 41 miles of traverse along
Tialluka boundaries.

(32.) As before explained there was a quantity of unfinished work, both triangulation,
detail Survey and traversing to be finished in sheets XXIX and XXX before those sheets
could be got ready for publication. It was a very hard season’s work to get through, and
I sclected Mr. Wyatt for the purpose knowing that he, if anybody, would accomplish it.
I am glad to say it was completed to my cutire satisfaction, although I much regret that Mr.
Wyatt has since suffered severely in health from his exertions in the field. Details regarding
Mr. Wyatt’s triangulation will be found in the “Tabular Statement.” Considering that it
was his first attempt at triangulation, the results may .be pronounced good. His traverses:
however have a rather larger error than most of those cxecuted by other Surveyors during
the past season. This is probably owing to his not having the same opportunities of testing
the length of his measuring chains as those Surveyors who were working near my own camp.
His errors were nearly always in deficiency.

(38.) Mr. Wyatt only returned to Head Quartcrs late in- May and on the 1st July
left Pina on three months privilege leave.

(3+) Mr. W. Ficlding has turned out 219 square miles of detail survey in a very
creditable manner and would have done more but that I kept constantly changing boards with

some of the junior Surveyors a process which, though decreasing materially the out-turn of
work, adds very much to its value.

(35.) Mr. Fielding worked steadily and zealously throughout the season and continues

to give every satisfaction. IHe also has been granted three months privilege leave which he
availed himself of on the 1st of August.

{36.) Of the Native Surveyors Vissaji Ragondth has been very useful in the field in
preparing and projecting plane tables, in occasional eompntations, in giving out traverses and

other misccllancous work. In Pdna he has been mostly employed in the traverse compu-
tations.

(37.) Govindji MahAlay surveyed 260 square miles of country in very creditable style
and has worked hard and steadily in office iu plotting traverses, &c.

(38.) Vishnn Moreshwar surveyed 222 square miles in good style and though fre-
quently sick has been uselully cmployed in officc in tracing, drawing, &c.
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(89.) R4oji Nariyan and Shridhar Saccarfm surveyed 174 and 258 square miles
respectively. Both these Surveyors, especially the latter, have much improved both as regards
quality and quantity of their work; although in their anxiety for a creditable out-turn
they arc occasionally apt to hurry too much over their ground..

(40.) Nilkant Vittal, brother of Shridhar Saccarim and a new hand this season, com-
pleted 82 square miles of country and bids fair to become a good Surveyor.

(41.) OF the Traverse Surveyors, Nursu Dinkar, Krishna Govind and Boliji Bhosaker
completed respcctively 299, 170 and 270 miles of boundary traverse and the two latter in
addition traversed 75 and 81 miles respectively of check lines. The traverses this scason will
stand very favorable comparison with those of former yecars. They have all been computed
out and corrections applicd from the true geodetical distances.

(44} Owing to the large out-turn of ficld work during the past two scasons and the
amount of work involved in the traverse computations as well as the absenee from sickness of
many of the Assistants, our computations and mapping arc somewhat in arrcars, but I hope,
before the close of the recess, to be able to send to Head Quarters for publication fair copies of
all our last season’s maps.

(45.) The conntry under detail survey by Mr. Wyatt in sheets XXX and X XXT has becn
described in former reports. The Northern part of his work forms the Southern portion of the
Gir Range of mountains, one of the few places in India still forming the haunt of the Lion,

(46.) T have on many occasions during the past few ycars, while passing through the
Gir, tried hard to shoot onc of these animals, but I have ncever been rewarded by success until
the present year, when accompanied by Mr. Wyatt, who was surveying in the neighbourhood,
we had the good fortunc to bag two full grown ones and two cubs.  As I do not know ol any
naturalist or sportsman (Dr. Jexdon not excepted) who has written any account of the habits of
the Lion, a few details may not be uninteresting. It is erroneous to suppose that the Kattywar
(Guzrdt) Lion is maneless, although in the specimens I have seen, the manc has been constderably
shorter and of lighter colour than that of the African species. One that T shot, supposed to
have been eight years old from its containing that number of lobes in its liver, had the hair
covering the back of the hecad and neck not more thau a few inches long.  The dimensions of this
animal taken as it lay dead on the ground were as follows :—

Length from nose to tip of tail .. .. .. .. 8 10
»  of head and body alone .. .. .. .. & 11’

, of tall .. oo .0 Lo o0 L o0 L0201
Height at shoulder .. .. .. .. .. .. .. 3 4"
Girth of Neck .. .. .. .. .. .. . .. 2 ("

”» Chest .. .. .. .. .. .. .. .. 4 1

" Fore-arm .. .. .. .. .. .. .. 1 ¢
Length of hair on mane .. .. .. .. .. .. 5"

(47.)  In appearance its colour is very much like that of a camel or a female nilgde, and
I have on one occasion when at a distance actually mistaken a lion for the latter animal. From
its colour it derived the name, by which it is known in most parts ot Guzrdt, < Untia-Bag” or
“Camel colonred Tiger.,”  In the Gir however it is always called ““Sdwa),” a name that I do
not think is known out of Kattywar. The male is rather darker than the female and is a little
heavier about the head and shoulders;, the female being very much the same shape as the com-
mon tiger. Their habits are somewhat similar to those of the tiger. They always travel at
night lcaving their daily resting place about sunset. Their first visit is generally to the water,
after which they wander aboutin scarch of food, often going many miles over hill and dale in
their nightly peregrinations.  In passing from one favorite resting place to another they gene-
rally make uscof the best roads the country alfords, and 1 have often met their foot-marks
going for miles along the road T have been myselt traversing; and if one did happen to travel
in that country on a fine moonlight night, I can imagine nothing more likely to ocenr than a
chance rencontre with one of these forest kings. They feed chiefly on nilgde, simbar and
wild hog, a single blow of their paw generally sufficing to break the back of the largest animal.
They sometimes commit considerable depredations on the herds of buflaloes that are taken into
the Gir for grazing. Owing to the great heat, the cattle are generally allowed to wallow in the
mud and lie under trees during the lottest part of the day; and at night they arc driven out to
grazc. As a rule they keep together, in which case they are never disturbed by the Lion;
but if by chance asick one should lag hehind or should any wander away to a distance from
the rest of the lerd, the Lion, if there be one near, is sure to bag it, however big and power-
ful it maybe. Aslong as the herd keeps together, however, thercis no fear, as the Lion dare
not attack, If thekill be made carly in the evening and the lion e hungry, he will at ouce
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commence eating it, but will always leave it about daylight end go and rest for the day at some
secluded spot in the neighbourhood, either down near the water in the shade of Caranda and
other trees, or, what is perhaps more common, they will go on the top of some neighbouring
hill where they may get a cool breeze and where they lie out in the open under the shade of a
big stoue or, when procurable, of a large banyan tree.  When disturbed they do not slink away
like a tiger or panther, but walk or run upright without any attempt at concealment. Being
very nearly the same colour as the ground and of the scorched lealess trees with which these
hills are covered in the hot weather, it is very difficult to see them before heing seen oneself;
and this generally happens, owing to the frequent absence of undergrowth in these jungles
before the sportsman gets within range.

(48.) T have never heard an authentic instance of an unwounded lion attacking a
man, but when wounded, I should say that their ferocity would fully equal that of the
tiger. It is a curious fact that not a tiger or a bear exists in a wild statein the whole of
Kattywar. Panthers however are very numerous in the Gir as well as in other parts of
the country.

(49.) As far as I know from my own experience and from enquiries I have made,
I am of opinion that there are not more than fifty lions in the whole country. The female
generally lLias two cubs, but probably, as is the case with other animals of the kind, there are
three born—it being supposed that the first born is always devoured by the mother.

(50.) The country surveyed topographically in sheets XXIIT, XXIV and XXV has
also been described in last year’s report. A fuller description will be given when the general
report on the degree sheet is prepared.

(51) Late in the season, after inspecting Mr. Wyatt’s work, I went down to the south
and examined very carefully the whole coast line between Diu and Verawal with the object
of selecting stations for tidal observations. There is a place near Diu, to the N. E. of the
island, which I think would be very well adapted for the purpose. It is the spot where obser-
vations were taken by Mr. D’Costa under Colonel Nasmyth’s superintendence in 1855. There
is a low deep channel to the W. of th: island of Diu, just opposite the town of Brancavara,
which for some reasons would be more suitable, but which would not be so well protected du-
ring the S. W. monsoons. I'rom this place up to and beyond Verawal there is no suitable
spot. There are many creeks which might at first sight look promising, but a little inves-
tigation always brings to light the existence of a bar with a little or no water over it at low
springs. I have communicated the result of my investigations to Licutenant Baird who has
now been entrusted with the carrying out of the proposed tidal observations. I applied to the
Bombay Government for the loan of a steamer or other vessel, to enable me to make a more
eitensive examination of the coast line, but competent anthorities decided that it would be too
dangerous a trip to undertake so late in the scason; and I was obliged to content myself with
the examination of a comparatively small strip of coast. I hope however that arrangements
will he made to enable Lieutenant Baird to carry out a very complete survey of the coast
during the approaching cold whether ; so that, on the arrival of the new instruments now being
constructed in Eungland under Colonel Walker’s superintendence, it is to be hoped the tidal
observations on this side of India may fairly be started.

(52.) The total expenditure on the Party during the past financial year has been
Rupees 68,830, against 66,359 of the previous year, whilst the out-turn of work finally
completed is 2,036 square miles, against 2,064 of the former year. Deducting Rs. 3,600, the
cost of the Boundary Survey Istablishment, we have an average expenditure per square
mile of mapping completed of Rs. 32-0-7, against Rs. 30-10-4 of 1870-71 and Rs. 58-9 of
1869-70.

(58.) 1t is again o pleasure for me to be able to acknowledge the cordial assistance
we always reccive from Colonel W. W. Anderson the Political Agent and the Assistants
under his orders. The country is in a somewhat disturbed state, the police arrangements
being very incflicient, owing to the enormous number of petty states into which the country
is sub-divided ; but although there have been bands of mouunted and well armed robbers.
traversing the country, against whom I have been more than once warned by the Political
Asgistants, I am happy to say that in no instance have they interfered with or annoyed
either myself or any of our Survey Partics, although villages have been attacked and looted
within a few miles of wherc my assistants have been working. The large tracts of wild
hilly ground existing in the Gir and other places in Kattywar, afford admirable places of
refuge for these bands, when the plains become too hot to hold them.
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Extract from the Narrative Report—dated 29th August 1872—of Lieutenant J. HILL,
R.E, Assistant Superintendent 1st Grade G. T. Survey, in charge * Kumaon
and * Gurhwal Party.

(1) When the skeleton sheets of the large scale survey of Masiri and Landaur were
completed, a reduction by photography was made from them at the Head Quarters’ Office
to serve as a guide map for Masiri and Landaur. Three of those sheets, which include the
most important part of the sanatarium, were published in the summer of 1867, and the guide
map was published in April 1871. During that interval of four years several houses had been
built, and other changes made, and the above-mentioned reduction was only published so as to
be a convenience to the public until a more perfect guide map could be prepared.

(2.) Oan the returnof the party to Masdri in the last week of April 1871, the pre-
paration of a second edition of the guide map wag
commenced, on the basis of the reduction mentioned
) . in the preceding paragraph. This second editio
G‘%‘(‘i‘ztiy““? for MosGri and Landour.  Second containsall the t,chrz)mges that have taken place in thl;
’ sanatarium since the preparation of the original
maps. It is furnished with a table of distances, and an index, and a number of new barometric
heights are also entcred in it. The measurements for the table of distauces were made by
Mr. J. Low with a perambulator of Sir A. 8. Wangl'’s pattern, and in addition to them some dis-
tances were extracted from a table prepared by Mr. J. B. N. Hennessey several years ago, and
kiudly placed at my disposal by him. The new houses which had been built, and the other
changes which had taken place in Masiri and Landaur were laid down by Messrs. J. Peyton
and T. Kiuney on the original large scale maps, and afterwards entered in the guide map by the
latter officer, who assisted greatly in the gencral preparation of themap. Mr. H. Todd took the
barometric height observations with an aneriod barometer of 44 inches diameter. A similar
stationary instrument was read in my office at intervals of half an hour during the time lie was
engaged on this duty, and the curve of atmospheric pressure indicated by it was used to correct
the readings of the transported barometer :  the results thus obtained have proved very satisfac-
tory. On the completion of the map in September 1871 it was sent to the Head Quarters office
at Dehra Dun, and there published.

The Recess of 1871.

(3.) The main work of the recess was thc preparation of the fair maps of the Kosi
Valley Survey, which comprise 8 large shaded sheets,
and the saine number of skeloton charts.  The pre-
paration of those maps was a work of time, for they wereintended to enable an Bngineer to mea-
sure the slope of tlie ground at any particular spot in the survey, and to attain that object it was
necessary to adopt a rather laborious method of shading, as explained inmy last year’s Narra-
tive Report, and the shading was eftfected by the interpolation of horizontal lines according to a
scale of shade¢ which gave a vertical interval ol about 15 feet between the Aachures. In
the skeleton charts the hill shading was omitted, but the dotted contour lines were retained.

Kosi Valley Survey Maps.

(5.) The field work began with the extension of the triangnlation in the higher mountain
ranges of Gurhwal, Messrs. J. Low and T.. Pocock
were scleeted to perform it. Their work consisted
in extending, as far as the limited time available would permit, the two minor series of
traingles on which they had been engaged in 1869. Mr. Low extended his series up tle
Mina valley from the temple of Badrindith to the village of Ghastoli, and fixed a suflicic:t
number of points to cnable the topographers to finish the'survey of the valley ; and Mr. Pocock
was able to complete thoroughly the triangulation of the Niti valley from the village of Kar-
giti to the Nit1 Pass. The details of their work are included in the tabular statement on
page 45—a.

Survey of the Ligher ranges of the Himnalnyas.

(6.) On reaching the Niti Pass, Mr. Pocock chose three stations on thc watershed
(all of them just over 17,000 fect above the level
of the sea) from which he was ablc to fix the
positions of 8 remarkable peaks beyond the *Sutlej. One is the famous Kailds Parbat, the most
commanding peak visible from the Niti Pass; another is a peak about 7 miles to the unorth of the
Choka La, laid down as Sipju by Mr. Pocock.

Trans-Sutlej Peaks.

(7.) The difficulties to he overcome in carrying a triangulation over such valleys as those
of the Mdna and Niti are by no meany insignificant. Both those valleys are enclosed by moun-
tain ranges the average height of whose peaks is considerably over 21,000 feet above the level of
the sea, and the spurs are as lofty as the ranges from which they spring, until they come within
a few miles of the main watercourses of the valleys. The valleys present the appearance of narrow
gorges overhung by stupendous and inaccessible precipices, and itis obvious that in such ground
n'triangulptor has little or no choice as to the shape of his figures, but has in mauny cascs to content
himself with observing from any commanding point on which Lhe may be able to set up his in-
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trument. To the physical difficulties he has to encounter must be added the difficulties of obtoin.
ing carriage, supplies, and fuel. In these ranges the forest line ceases at an altitude of about
11,000 feet above sea level. Up to an elevation of 14,000 fect firewood is carried up from the
forests and stacked for use; but above that elevation the Surveyors are dependent for fuel on the
root of a small wild plant which is found at elevations of 13,000 feet and upwards, and the task of
collecting a sufficient quantity of this root is one of great labour. There heing very little cultiva-
tion in these regions, the inhabitants descend during the mouth of October to the lower districts
of Kumaon and Gurhwal and barter their salt for grain which they carry back to their homes in
the mountains. In order that Messrs. Low & Pocock might carry on their work successfully,
they had to look to the civil anthorities for assistance. This was given them most eﬂ'ectually;by
Captain Garstin the Senior Assistant Commissioner of Gurhwal. He arranged for their supplies,
their carriage, and their tuel, and, as in former years, did every thing in his power to help on the

progress of the survey.

(8.) The chief work of the field season c}onsisted in colmplcting p\}w tri;nlgulation of both

. the country to the east of Naini-Tal and tle Bh4ba;

The Field Season of 1871.72. tracts between Haldwdni and Bharmdeo, and iur

surveying topographically the districts round Baizndth, Bageswar, Lohdghéit, Pitorigarh, and

a part of the Bhdbar to the south of Kili Dungt, all of which are within the district of Kumaon.

It was also thought necessary to triangulate and sketeh some ground opposite Hardwar where

the low sandstone hills on the left bank of the * Ganges extend for a short distance beyond the
boundary of Gurhwal, and terminate in the plains to the north of Asafgarh.

(9.) The triangulation was apportioned to Lieutenant H. M. Chambers R. E., and
Messrs. E. C. Ryall, L. Pocock, and T. Kinney, and the topography to Messrs. E. C. Ryall,
J. Peyton, J. Low, L. Pocock, H. Todd and E. Litchfield.

(10.) I shall confine myself to the general character of the work done. Its details are
to be found in the tabular statement on the preceding page.

(11.) Lieutenant Chambers was employed in my camp familiarising himself with the
Lieutenant .M. Chambers, R.E. use of a 12-inch theodolite, till the beginning of the
) ' new vear. During that time the ground allotted

to him for triangulation was being staved. It lies to the east of Naini-Tal, and is of a height
. . . varying from about 1,500 to 7,500 feet above sea-
Triangulation eust of Naini-Tal. level. It is chicfly remarkable for a cluster of
emal} lakes grouped together in the neighbourhood of Bhim-Tal. In other respects it is like
ground of a similar altitude in other parts of Kumaon, such as has been described in former

reports.

(12.) During the winter months the people of this district leave it to cultivate their
fields in the Bhébar. Carriage could not, thcrefore, be obtained on the spot, and it became
necessary to hire permanent coolies from other districts to enable Licutenant Chambers to carry
on his work.

(13.) There was then a considerable quantity of snow on the higher ground, and it
chanced most unfortunately that while Licutenant Chambers was crossing a snow-drift on the
11th January he fell and sustained a fracture of the collar bone. This accident obliged him to
take sick leave, and he was not permitted by the Surgeon who attended him to resume work
until the 25th February. He succceded, however, by making great exertions, in finishing his
triangulation by the end of the ficld season; and the results of Lis work, as since tested by
computation, have proved very satisfactory.

(14) Mr. Ryall was employed on the triangulation (including its computation,) and
Mr. E. C. Ryall. Surves of Chindipahir the sketehing of the hill tract of Chdndipahdr op-
o B 7 oF Fndipuhdr posite Hardwar mentioned in para: (8.) Inintricacy

this piece of ground is unequalled by any part of Kwmnaon or Garhwal. Its survey, which was
a matter of no little labour, 1 found, on inspection, to he thoroughly well done,

(15.) Mr. Ryall has furnished the following notes deseriptive of the Chandipahér hills.

*“ The Chéndipahdr portion of the Sewiliks, in the Bijnaur District, is bounded on the West by
the river GGanges and on the Nouth-Fast by the Paili Ran up ta its junction with the Khara Sot : from
thence the bonudary runs up the Khara Sot about 2§ miles, tarns up intoa small tributary in w North-
weaterly direction. crosses a low ridge and goes into the Glasiram ka Sot, continuing nlong this Sot till
ita junction with the Ganges.

“ The whole of this tract of conntry is densely covered with forest.  The Northern slopes of the
hills are principally clad with Sil trees.  The Southern sides of the hills are generally ragued, and are
consequently almost entirely deserted by Sdl trees. The bottom of (he hills iy densely covered with
bamboos, which contribute a good deal to the revenue, giving employment to scores of bamboo cutters.
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“Tt appears that owing to the great demand for charcoal in the Rirki Workshops, the Chéndfpahér
hills have been made over entirely to the Superintendent of the Rirki Workshops, who leases out certain
tracts of forests to charconl burners.

“The formation of the hillsis chiefly of sandstone, identical with that of the SewAliks of Dehra Dun,
The whole formation is so very much broken up that it presents a sea of confusion, and renders the
tracing out of the different little spurs, knolls and strenms (which are almost alike one another) & matter
of great difficulty.”

(16.) The Principal Hill Station of Chéndipah4r (which belongs to the Great Arc Series)
having fallen out of repair, instructions were received
to undertake its restoration. As Mr. Ryall was on
the spot I entrusted this work to him, and he commenced upon it as soon as he had finished his
survey of the contiguous hills. The slipping away of the whole of the Southern half of the origi-
nal platform caused a great deal of damage to the side of the hill below the station, and it was
ouly after cutting down for about 22 feet that Mr. Ryall found ground firm enough for a founda-
tion. He completed the repair of the station in 10 days, and then started to take up the work
assigned to him in Kumaon.

Ropair of Chéndipahir H. 8.

(17.) Mr. Ryall’s work in Kumaon consisted in completing the triangulation of the

Bhébar Triangulation Bhdbar hills which extend from Haldw4ni eastward

' to Bharmdeo. These hills are even more densely

covered with forest than those to the West of Haldwéni, aund the ground in general is

somewhat intricate in character : carriage, also, is not to be procured without considerable diffi-

cu ty. Inspiteof these drawbacks Mr. Ryall was able to finish his triangulation, and at the
same time a most exccllent season’s work, by the second week in April.

(18.) Mr. Peyton was employed in the Pitordgarh district. From its eastern margin

Mr. J. Peston. above the river Kdli he was able to sketch 48 square

. o, miles of the Nepil border. The part of Nepél so

Topography of the district round Pitordgarh. sketched seems to be of a bolder and more rugged

character than the country opposite to it in Kumaon. Mr. Peyton closed work in the last

week in April. Before Le did so, I inspected his ground and found it, as usual, faithfully and
artistically delineated.

(19.) Mr. Peyton gives the following particulars regarding the district he surveyed.

' The Pitordgarh district is highly cultivated ; but a great many of the villages, especially those
near the Kali river, ure surrounded by deuse belts of jungle, the Chir pine being the predominating tree.
The Dhaj mountain on the north throws out very thickly wooded spurs in the directicn of the Kali, with
a very gradual descent for about G miles, and then an abrupt fall, with steep precipitous ground, on the
edge of the river. This appears to be a remarkable feature of nearly all the ridges, which rise precipi-
tously from the river, and theu slope up very gradually to the main range which forms the watershed of
the Kéli and Ramganga. The Askot district north of Dhaj is traversed by a large tributary of the Kali,
colled Charma Gndb, and has a good deal of undulating ground, all under cultivation, the villagers being
chiefly Dotidls from Nepil, who have been cumpelled by the high rate of land asscssment to leave the
Maharaji's territory and settle in Kumaon; and all the productive land on the banks of the Kili is
is now in their possession, the Chir fovest being extensively cleared, and villages rising on all sides, with
broad green belts of cultivation, forming a most pleasing relief to the sombre monotony of the forest.
So rapidly is the work of reclaiming forest going on, that probably in o few years very little jungle will
be left ; in fact only in such places as are rendered inaceessible by huge precipices.

“The rock and general formation is limestone, but here and there a crumbling kind of sandstone is
preduminant, cspecially in the lower spurs overhanging the Kali.

“The roads, both Government and  village, are generally steep in this part of Kumnon. Besides
the great main road to Almora, which has a very steep gradient on both banks of the Ramganga and
Sarju, there is a tolerably good road to the higher districts on the north, much used by traders from
Thibet, who bring large flocks of sheep laden with borax, which they sell in large quantities at Rémnagar,
Bharmdeo, and other places at the foot of the hills. There is o very fair road from Pitordgarh to
Julaghit, casily passable for mounted travellers and laden cattle, about 12 miles in all, or easy two
marches by halting hall way at the village of Munakot. Leaving Kumaon by the suspension bridge at
Julaghit, that road rises by a sharp zig-zag for about a mile, and then running along the crest of a high
range with a gentle ascent, leads to the Fort of Baitharri in Nepdl.  There are also some good villnge
paths leading nbout the higher ranges in Askot. The custom of tho villagers being to establish cattle
sheds on all the open plateaux and easy ground, it follows that fair paths will be found running along
most of the great ranges.  Besides the main road to Almora, there is a civcuitous road vid Thal, and
Bageswar, which is much used during the time when fairs ave held at both places, in February at
Bageswar, and in May at Thal,

“In the Pitordgarh district, wheat and rice are the great staples of production.
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(20.) Mr. Low closed work in the Mfina Valley on the 5th November, and started for
Kumaon to take up the sketching of the ground in
the ncighbourhood of Bageswar. He reached Ba-
geswar and commenced his work there on the 19th
of the same month. The country to the north of Bageswar on the right bank of the river Sarju
he found to be the must difficult to sketeh. The lhills are there precipitous, lofty, and covered
with dense forest. The rest of his ground presented few difficulties. It contains here and there
a cousiderable amount of fovest, but in general it is open, well cultivated, and dotted with
numerous villages. He finished his work in this district hy the beginning of April, and then
marched into K4li Kumaou to sketch the part of the frontier which lies immediately to the
north and south of the junction of the Sarju and Kéli rivers. In addition to surve@ing this
piece of country he was able to sketch 45 square miles of the Nepdl frontier which were
visible from his ground. On inspecting his work, T found it to be well and earefully done, and
to exhibit a marked improvement on the last work he turned out on the same scale in 1869,
He closed work for the season at the end of the first week in May.

Mr. J. Low.—Topography of grdund round Bage-
swar, and in Kili Kumaon.

(21.) The following arc Mr. Low’s notes on the part of the country he surveyed.

“The most remarkable place in the portion of country sketched by me is the town of Bageswar,
colebrated for its Bazar, Temple, and two large fairs, the first and larger held in the Ilatter end of
January, and the second and smaller in February or March. The fuirs ave partly sacred festivals held
in honour of the deity Bagnéth, to which flock devotees, pleasure seekers, and traders from the
surrounding patites, and from Thibetan Tartary. Trade transactions also take place to o large extent,
it being the emporium for all the surrounding country. The articles offered consist of the household
property in common use, besides cloth, wearing apparel, skins, salt, borax, Thibetan ponies, and cattle
from Gurhwal and the Chamba states. The Thibetan ponies being in greatr equest at the civil stations of
Almora, Rinikhet, and Naini-Tal, fetch very large prices. Regarding the other articles of merchandise;
salt, borax, and skins from the interior of Thibet form the principal staples of trade; the transport
of the two former being effected Ly means of sheep and goats, which, on account of the rugged nature
of the hills, afford the simplest and easiest method of carriage. In consequence of tho utility of these
nnimals to the traders large prices are offered, and it is not an unusual! thing for Rs. 6-8 or Rs. 7 to be
given for a good Chamba goat, which goats are always in consequence of their size and strength taken
in preference to the sheep and goats of other districts. Salt is only procurable here st Bageswar,
unless it be in the plains at Rimnagar many marches away. Regarding the borax; as Thibet is the
only place in the east from which it is to be had, it ean be readily understood that the trade in it is
very great. Several thousand maunds of this article pass through Bageswar every year.

“The principal river is the Sarju, which is joined at Bageswar by the Gumti. Tts banks during
the rainy scason are very malarious, but in the winter they are the resort of cattle dealers as they
afford luxurious pasturage.

“Of the roads, the chief one running by the right bank of the Sarju may he considerced the high
way, being the one by which the traffic of Thibet is transported. After reaching Bageswar it is
joined by those coming from Smneswar, Katur, and Sanadar, the Katur road being used by travellers
from Gurhwal, the Sameswar by those travelling from Rdnikhet and Hiwal bgh. These roads are in
excellent preservation.

¢ In the Karaihi pattz, in this district, are a few iron mines worked only to an extent to suit
the requirements of the neighbouring pattss. They are worked by Domes, or the lowest class of people in
Kumaen and Gurhwal, who prefer using only the bark of the Chir pine for smelting purposes as it burns
with great intensity and emits no smoke.

«« The ground I surveyed topographieally in Kdli Kumaon is well enltivated. The spurs of the
hills run down into the large streams in a very precipitous manner, and the cultivated parts are therefore
to be found in the more elevated porlions of the spurs and ridges.

“ From Tamli (v group of villages in Talla Des) there isa newly cut road abont 3 feet wide
leading to Lohdghdt. The road from Lohdghdt vid Pncheswar, to Pitordgarh, which was formerly o
regular made road, is now only a footpath, and this footpath is now scarcely traccable when it passes
through cultivation.

“ There are ferrics over the Sarju at Khet Patoli and Dilifilna, near Pacheswar. To cross the
Kili into Nepal rafts floated on dried pnmpkin shells are ninde use of ; another methad is to cross by
swimming, the swimmer being aided by 2 couple of these shells tied together, on which he rests his
chest.”

(22.) On completing the triangulation of the Niti valley, Mr. Pocock marched south to
take up his work in the Bhibar. The portion of
ground nllotted to him there lics near Kili Dungi,
to its south, and is thickly covered with forest exeept
in thosc spots where clearances have been made for cultivation. Tt is also quite flat, and it
had therefore to be surveved prineipally by the method of traversing., Before commencing
the topography of this tract, it was nceessary for Mr. Pocock to fix a few trigonometrical

Mr. L. Pocock.—Topogrphy in the Dhibar and Kali
Kumaon.
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points to serve as checks on his traverses. This he did by observing both from the points
themselves and from trigonometrical stations on the low hills near K4li Dungi which command
his ground ; and he also computed out in the field the points (12 in number) he thus deter-
mined. He finished his Bhiibar work by the end of February and started to take up the sketching
of the country south of Lohdghdt in Kdili Kumaon. He closed his work for the season on the
15th April, and I found it, on inspection, very carefully and accurately done.

(23.) Mr. Pocock has furnished the following notes on the ground he surveyed.

“ The first portion of the ground surveyed by me lies between longs. 79° 15" and 79°30. Tt is
bounded on the South Ly the fiscal boundary of the Tardi, and on the North by latitude 29°15° which
is about three miles from the foot of the hills. Except such parts as are cultivated, the ground is densely
covered over with large forest trecs. The Sissu, growing over the sides of the large open ravines, is the
only large tree of any value. The Khair (catechu) grows every whercin close neighbourhood with the
Sisau : this trec is much used by catechu dealers. The Sissu in former day's, owing to its great value,
was used most recklessly by the people of the ncighbouring districts, and owing to the slow growth of
this tree, the last 16 or 17 years of conserviug the forest have not been sufficient to produce any large
Sissu trees. Besides the many trees to be met with, there are large undergrowths of plants and
creepers ; more especially down in the Tardi portions where the cane grows in great abundance. The
Tarai is» most difficult tract to traverse over, owing to the many swamps that intersect it. Without
guides it is almost impossible to go through it.

“The part of the road from Muridabad to Kili Dungi'which passes through this work is in fine
order. No hackeries are permitted to truvel on the metalled portion. The other roads are in good order
during the winter and spring months. During the rains they are very little used, and not kept in repair,
and the grass grows on them to the height of ten and twelve feet. The grass is always cut away on the
sctting in of winter,

“The second portion of my work lies in the Champiwat pargana in Kili Kumaon, between lati-
tudes 29° 15 and 29° 20" and longitudes 80° 0’ and 80° 15",

“The Champiwat Valley, nearly 5,000 feet above sen level, is very picturesque, covered as it is
with villages and cultivation, and surrounded by hills covered with oak and chir. I came across several
clumps of deodér (cedar) which are all considered sacred.

“When commencing work on this ground T found it very difficult to procure coolies and provisions
as nearly all the inhabitants were down in the Bhibar.

“Most of the ground in this work is covered with forest, and is in some parts very precipitous.

“The road from Bharmdco ved the large village of Bilkhet to Champiwat is in a very bad state,
as it is now never repaired. The new road from Bharmdeo to Lohdghat vid Champdwat is a fine, geutly
sloping one, and is kept in splendid order”.

(24.) Mr. Todd marched into Kumaon to take up his work in the neighbourhood of
Baijnsth. Towards its northern boundary and to the
west in the direction of Bhadkot peak, it is lofty,
steep, and densely covered with forest. In other
parts, althongh there is a large proportion of forest, the country is comparatively open, and
contains, in addition to a large amount of general cultivation, numerous tea plantations. Some
of these plantations seem to have been abandoned, and others are only partially cultivated, which
is perhaps owing to the planters having found out that a large poorly cultivated area is not so
remuncrative as a small one highly cultivated and richly manured. Mr. Todd has delineated his
ground with minute accuracy, and has shown its varied character with cxcellent effect. He
finished his work on the 11th April.

Mr. H. Todd.
Topography of the ground round Baijnith.

(23.) The following arc Mr. Todd’s notes on the portion of country he surveyed.

“The ground sketched by me is chicfly composed of hizh ridges varying from 6,000 to 9,000 fect
abave sea level and mostly covered with dense forest of oak and pine, the oak confining itself to the western
and northern ridges where the ground hecomes more rugged and precipitous and rises to a higher eleva-
tion.  The pine is to be found on comparatively more gentle and rounded slopes,  Deoddrs arc only to be
found in clumps, and chiefly about temples.  The largest clump is to the extreme south of my work, the
wood of which is utilised by Government for bridges &c. in the vicinity. The valleys are mostly all open
and the greater portion of them is under heavy cultivation.  The Daijndth valley is the only one where a
good poriion of the ground lies waste, owing to a deseription of grass difficult to nproot, and destructive
to all enltivation.  The roots of this grass have been known to penctrate through those of the tea plant.

“ From the number of tea plantations seattered through my work planters seem to have been under
the impression that the ground was well adapted for such cultivation, but judging from the number de-
serted and the condition of others 1 presume this is not the case.  The largest and most productive of the
plantatious are Kosini and Dunagiri, but a good portion of the latter has been allowed to run waste.

“The roads intersecting my work run for the most part along the valleys, through cultivation,
and are of easy slope and in fair order.  The principal one keeps along the Kosi till within half a
m_ile of Kosdni ten plantation when it ascends the ridge that forms the watershed of the Guamti and
Kosi rivers; then, with a stiff descent of two miles on the north face of the ridge, runs through very
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open ground, passing through Baijndth and erossing a high range on the north, descends into the Pin.
dar Valley, keeping along the south bank till its junction with the Alalfnanda., where one road branches
oft north to Karnprag, and another to Srinagar. At right angles to this road and starting from Sames-
war is a very fair road to Bareswar which, with a gradual slope, ascends the Mansdri gadh and, crossing
& wooded ridge which closes the valley on the eaxt, dips down into the Sarju Valley. At the point
where this road branches ofl’ from the main one another leaves in an opposite direction, along the Sali
gadh, towards Dwirdhdth.  Higher up auother road starts from Baijndth keeping along the left bank
of the Gumti with a tolerably easy slope the whole way to Bageswar. All the above high roads are
practicable for Inden eattle and mounted travellers.”

(26.) Mr. Kinney accompanied my office and was emploved on general current work,
. He has proved himself a very efficient assistant,
Mr. T. Kinney. In March 1 sent him for a few days, for training
and practice in minor triangulation, to Mr. Ryall who was then working to the east of Hald-
whni. On sending him back to my eamp, Mr. Ryall reported that “ Mr. Kinney showed great
willingness and aptitude, and the little time that was devoted to his instruction was fully made
up to me by him.” The work he did while with Mr. Ryall is shown in the tabular statement
on page 45— .
a
(27.) Mr. Litchfield marched into Kumaon with Mr. Peyton to take up the plane-
Mr. B F. Litehficld tabling of the country immediately to the west of
T ’ M. Peyton’s ground.  Mr. Litchfield, although he
had had some training in plane-tabling on laurge scales, had never donc any independent work
on the l-inch scale. Mr. Peyton was accordingly directed to see him start work, and give
him any assistance that might seem necessary.  Mr. Peyton considered that his supervision
was only necessary for the first day : on the second he left, and Mr. Litchficld continued his
work alone. At first Mr. Litchficld worked slowly, but lie took great pains, and what he
turned out, if its area is not very large, I found on inspection to be accurate and satisfactory.
At the cnd of the season he was working at afair rate, and his sketching had then improved
cousiderably in style. He closed work on the 13th April.

(28.) The following arc Mr. Litchfield’s notes on the part of the country he surveyed.

“The Lamkeswar range runs through my work nearly east and west, and is steeper on the south
side than the north. The top and higher portions of the ridge are densely wooded, but the valleys
and lower spurs are mostly cultivated. The ground near Gangolihdth is undulating and nearly all
cultivated ; and that to the east of Rameswar is like o basin, and also ncarly all under cultivation.

“The Pitordgarh road is very steep and bad on either side of Gangolihith whereit descends to
the bridges over the Sarju and Rimganga. A much better voad is the one from Lohdghdt to Pitord-
garh which crosses the Sarju ahout two mites and a half below Rameswar. A fair is annually held at
Rameswar at a spot on the right bank of the river just below the junction of the Sarju and the
Rimganga. The river is fordable at the junction, but is very rapid lower down. At Rameswar there
are several resting houses and a temple.  There is very good fishing near Rameswar.

“Ncar the village of Bhaneswar there is n remarkable cave which is regarded as very sacred by
the people.  They believe that there are there four subterrancan passages leading to the four sacred
dlaces Rameswar, Bageswar, Pacheswar and Sameswar, and my guide pointed them out to me as he
]l-d me along the eave.  This cave is o constantly visited by the natives that the stones are as smooth
as glasy, and the rock perfectly black from the smoke of the torches.

“In the part of the country T surveyed, the villagers were very much harassed by packs of wild
dogs which killed nearly every ammal they came across. I never succeeded in shooting one, but some
villagers brought me o pup that they had eaught while the pack were devouring a deer. It was ofa
dirty bult colour, with upright cars and a bushy tail, resembling a wolf. 1t refused all food, and died
in a couple of days.”

(29.) The time available for ficld operations was necessarily short, and that time was
further curtailed about a month by bad wenther. Bear-
ing this in mind, the gencral out-turn of work is
large ; and its exccution is, without exception, creditable to the assistants.

Genernl Review of the field operations.

(30.) In the lower parganas immediately above the Bhfhar it is impossible, during
the winter mouths, to obtain carringe and supplies on the spot; for these districts are then
deserted by their inhabitants who go to carry on their cultivation and graze their cattle in the
Bhdbar. It was, therefore, necessary in these deserted districts to go to the expense of hiring
permanent coolies from clsewhere.

(31.)  The Blidibar districts in the neighhourhoods of Kili Dungi and Ialdw4ni are denscly
populated during the winter months by cultivators from the higher districts, and also by a large
number of idlers and cattle grazers who come down to cnjoy the mild climate of the Bhébar,
but who do not assist in its cultivation.

(32.) During the field season there were no deaths from disease, and only onc by an
accident. A Khalde1 working with Mr Ryall fell over a precipice and was killed on the spot,
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There were several cases of fever and dysentery, duc probably to the large amount of bad
weather expericnced during the season; and two men in my camp were attacked by small-pox,
but by taking the usual precautions it did not spread. On the whole the health of the party
was good during the field season, and the men worked willingly and well.

(83.) Before leaving the subject of the ficld operations, I Leg to acknowledge the
assistance which has in general been rendered to me by the civil authorities. My thanks are
also due to Captain Campbell of the Forest Department for the great assistance he afforded
the Survey while it was being carried over the forest districts in his charge.

(84.) On returning to quarters, the computations connected with the triangulation
carried on during the field season, and the prepara-
tion of the fuir maps of the country sketehed at the
same timec were taken up. The fair maps (four in number) will be ready for publication before
the end of the recess.

The present recess of 1872.

(35.) On the 30th May of the present recess was announced, to the decp regret both

. o of myselt and all the other numbers of this party,

Death of Licutenunt If. M. Chambers, R.E. the sudden death of Licutenant H. M. Clmnllhers,

R.E. He joined us on the Ist July 1871, and siuce then, up to a few days before his death,

he had been working among us faithfully and well, winning respeet and regard hoth on account

of his attainments, and his amiable and muauly character.  The Department has lost in him a

most promising officer, and 1 feel sure that his untimely death has been felt as a personal
sorrow by all who kuew him.

(37.) Since the commencement of the recess the Assistants have been employed on
computations and mapping. They are doing good work, and are giving every satisfaction.
The native draftsimen also are working diligently and well,

Extract from the Narrative Report—dated 6th September 1872—of Captain J.
HERSCHEL, R.E., Offg. Deputy Superintendent 1st Grade G. T. Survey, in charge
No. 1 Extra Party.

The present Report has been delayed in the hope that some results of the last field
season’s operations, similar to those contained in postseripts to my former reports, might be in-
cluded in 1t.  Unfortunately I am not able to append them, the reductions being still incom-
plete. It must therefore be contined to narvating the movements of the party, the distribution
of the stations of observation, and such details of method as may seem of interest.

(2.) This was the 3rd season during which the Zenith Scetor had been in use. It was,
on arvival, to be employed in determining latitudes along the southern half of the Great Are,
viz. from Cape Comorin to Llichpur; at such intevvals, of a degree or more, as the nature of
the country would permit or indicate as advantageous. During the two previous scasons it had
been used 1n this way at Bangalor, at Cape Comorin, at two intermediate localities, and lastly
near Ballari (Belary). It remained to fill up the gap hetween the last named station and Elich-
pur.  This has now been done; somewhat less thoroughly perhaps than might have been origi-
nally hoped for—two of the intervals heing rather large but as uniformly and completely as
various difficultics and other considerations would permit.

(3.) About this time last year it had heen decided that the Solar eclipse which was to
occur towards the middle of December should be taken advantage of.  Previous experience of
work of the special kind contemplated led to my being divected to arrange to be present. It thus
came about that it was not till the 20th of December that T was free to join my camp in person.
The delay however was not so great on this acconnt as would scem to be the case, as the first
station to be visited was not far short of & moutl’s march from Bangalor, and preparations (not
requiring my presence) were neeessary, which would occupy anothier week or ten days.

(4) In cffect the party left Bangalor in the heginning of November, about 15 or 20
days later than I should otherwise have directed.  This had to be made up by extreme economy
of time during the following months, as under any circumstances there was plenty to do; and
eventnally by staying out in inteuse heat, longer than any body liked. IHowever the work was
accomplished.  The gap mentioned above was filled up by 4 groups of stations which I will now
proceed to indicate more precisely.
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(3.) They are named the Darur,+ Konangar, Somrana, Bapeaon, groups, after the
principal stations round which they are respectively sitnated. The last three of these were, in
a measure, obligatory; being stations at which our late lamented comrade and fellow-labourer
Captain Basevi had taken pendulum observations for the determination of the local force of‘
gravity. The first is in the tract known as the Rdichur Dodb, between the Tongdbudra and
Kistna rivers about 25 miles east of the well known Railway Station of the above name. The
last is about 20 miles S.W. of Amrdoti, in east Berdr. The others are at intermediate points
in the Haidarabad Territory. I may here conveniently give the geographical positions of the 9
groups which form the subject of this and the prcvious two reports, as well as of some other
points along the same meridian at which latitudes have been observed in former days; with a
view to showing the distribution.

TABLE of Southern Arc Latitude Stations.

]
S
§ g ) Initial of observer and year of observation
NamcSntf;atGlOl(lg)(G) o a A]ﬂn:)x. AEE:(:,X‘ Lambton (L) Evcrcst}(E) Waugh (W)
ton s .. o Camphell (C) Herschel (H)
[=]
7
i o 1

Cape Comorin G.| 6| 8§ 13|77 44| L. 1809 (at Punne); H. 1871.
Mallapatti G.| 4 9 29|78 3| H.1870-71.
Pachapéliam G.; 311 0|77 45| L.1806; H. 1870.
Bangalor G. | 313 3|77 40| L. 1803 and 1806 (Doddgunta) ; H. 1870.
Paugarh G.| 2|14 3|77 25| L.1805-06 Paugarh and Bomdsundrum.
Homir G.| 5|14 54|77 8| H.1871.
Namthabad S.| 1|15 G677 40 L. 181l
Darir G. 516 12 | 77 44 | H. 1871-72.
Kodangal G.| 5|17 8|77 42| H, 1872
Damergida S. 1118 3|77 43| L. 1815, E. 1825, W, 1840-41.
Somtina G.| 4|19 577 42| H.1872
Badgéon G.| 4|20 44|77 39| H.1872.
Ashti S.{ 1|21 3|77 40 | Unknown.
Ladi S. 1128 9177 45 | C. 1864-65. [65, and 1865-66.
Kalianpur S. 1|2k 71377 42| E, 1823,W.1839-10,E. 1810-41,C.1864-

(6.) TInthcahove table T have indicated the vear, and name of previous observer, where
there was occasion. It will be understood that the concurrence of Colonel Lambton’s name
with mine implies that he had observed at one of the stations composing my group.

1]
(7.) Had circumstances admitted of it a group, or station, would have been desirable
between A«kti and Lidi; but an interval of 2° though greater than what has been aimed at, is
not exceptional, and is of no real consequence.

(8.) I may remark that I have rcason to helieve that, apart from constant errors (which
a precise knowicdge of the instrument which he used and of his method of observing can alone
enable us to surmise—and thesc are not forthcoming) Colonel Lambton’s observations are suffi-
ciently good to be included in the list; and that T Lave heen engaged at intervals in reducing
them. The main difficulty is the labour of computation, owing to the want of the requisite
astronomical tables, for reducing for the apparent motion of the stars, for those early years. I
Lope however to be able to deul with this satisfuctorily as soon as the current work is further
advanced.

(9.) The 4 groups which I have named as representing the last season’s out-turn con-
tain 18 stations of obscrvation viz. 5, 5, 4, and 4 respectively. Of these the precise geodetie
positions of the st two groups, viz. those about Danrtr and Konangar, can alone he considered
available for immediate comparison with the astronomic values—the principal triangulation which
was being conducted by Licutenant M. W. Rogers R.IZ., along the line of the Great Arc north-
wards from Dangalor, having been overtaken at the last named station. The next group in
order—that of SouTavi—surrounds (but does not include) the principal station so named. 1t
was considered on examination to be both unsuitable and difficalt of ascent—in fact impractica-
ble. I could not hat admire, though feeling it undesirable to imitate, the zeal which mnst have
animated Captain Bascvi in accepting such a station for his opcrations. e had camels how-
cver, and I had carts. Whether he was able to take any of them to the top, T do not know ;

t I‘i;-lil;;l;i;\(-ﬂognlﬂ' Vj‘)nrrun;.’ )
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but T should have had to depend wholly on coolies, and the delay wonld have heen serious. The
determination of the astronomic latitude at 4 neighbouring points round about the hill will, I
believe, answer the purpose nearly if not quite as well.  Of the Banciox group it is suflicient
to say that a direct comparison with the geodetic position will be possible at once, at the central
station ; but at the outlying three which complete it, only whenever these shall be trigonome-
trically connected.

(10.) I have next to mention a few changes in the routine of observation, which were
introduced with the object of climinating constant errors.  (Sce paras: 16 and 17 of last report).
Mo obviate the liability supposing it to exist, of the microscope run changing its value from time
to time, the following rule was tramed.  Whenever the index minute to be recorded is 2 or 7, 12 or
17 &e., the microscope reading is to be taken from the upper and lower graduations, both readings
being entered in the record.®  The record is thus made to supply divectly a current check on the
run, and data for a corresponding correction ; and possibly, if continued, for an examination of
the graduation. Runs were obtained in this way in the course of work, at about 200 different
readings ; and, as far as they go, they prove that at no single oue of these is the graduation no-
tably falsc : the evidence is insufficient to establish more as yet. They do however establish
that the “run,” though on the whole constant, is liable to slight alteration at different stations,
thus justifying the practice.

(11.) In my last report I mentioned that a peeuliar source of error scemed to exist in
the levels of this instrument.  Being unable to acconnt tor it, but feeling that it directly vitiated
the results, I resolved on the first opportunity to put in practice adesign 1 had for reversing the
instrument on its pier, and then to take a set of observations in the reversed position.  The op-
portunity was supplicd by the Ballari Treasury. [Being just about to cross the Kistna and
move far into the Haidarabad Territory a supply of coin was essential, hut this I could not get
for a long time.] The reversal of which I speak was effected by introducing a small metal
button under the centre of the instrument, after prizing the latter up on one side with a lever.
On lowering it upon the button a condition of unstable cquilibrium obtained in which the ins-
trument could be turned round, so to speak with a finger, with perfect safety, the feet just
grazing the stone slah on which the instrument stands.  On trial the method proved so satis-
tactory that I was perhaps too casily convinced, when 1 came to reduce the obscrvations provi-
sionally, that it was imperative to put it in practice at cvery station. 1 am far from saying that
the conclusion was wrong; only that later experience raises a doubt whether the constant crror
which I did detect in that instance will be traccable in all.  One thing is certain that, as in all
cases of reversal, onec or more of the class of constant errors will be eliminated. It will he
eminently satisfactory if the practice of reversal, as carried out during the remaining 14 sta-
tions, should prove that the eliminated errors ave insigunificant in amount. 8till more if it
should appear that, but for it, the whole scason’s work would have contained errors which
could not have otherwise heen proved to exist. Lor the sake of past work however, I am in
hopes that some definite conclusion may be arrived at which may rescuc it from that suspicion.

(12.) As a rule from 30 to 35 stars were observed each night; and two full nights, or
even two nearly full ones, were cousidered suflicient for each station—the instrument being in
the reversed position on the second. In gencral the stations of a group are within a short
march of each other; so that it was possible in good weather, to begin a new station every
3rd night. Thus the Kodangal group of 5 stations occupied only 15 nights (February 4th to
February 18th) from first to last. The next would have been done at the same rate, but for an
accident t1in putting up the instrument at the last station. The damage sustained was repaired
during the day, but the anxiety and labour of cffeeting it (thermometer 95°—100°) prevented
my getting a good night’s work, and then the weather changed. By still further reducing the
number of stars, this speed might be kept up; but as it was, nothing but the necessity of get-
ting thirough the work could have reconciled me to the wearisome round of putting up or taking
down the instrument at least every other day. At cvery station too—and indecd every night
almost—the meridional direction has to be sought out by trausits, and adjustments repeated,
before the regular work can he commenced, all of which though harassing does not shew in
the record. Latterly this had generally to be doue with the thermometer at or about 103°.
The cxternal temperature recorded at the last station, on the last night, on commencing work
at 7-40 P.M., is 98°; falling however to 80° by 3 A.M. at which hour the Secctor and obser-
vatory were taken down (for the last time) by moon-light, and a march of 8 miles effected.

(13.) This station was within hall a mile of a Railway station (N&gpur branch): but
on the last day—when all the arrangements werc complete for breaking up the camp and
returning by rail to Bangalor at once—we learnt to our disappointment that we could not
use it, but must march down the line to the next principal station, some 16 miles distant.

'. I give this rulo in full, because it seems to he suitable for ndoption genernlly—in azimnthul as well os vertieal
observations. It increases the number of microscope readings by 1 in & (or less if relaxed)—but removes all possibility
of orerluoking an erroncous run. *

1‘] A [ull rej.ort wus communicated at tho time. The injurod part has.boen since re-examined and nearly all truce
removed,
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(Lt) Thus ended the most eshausting field season, which I (individually) have experi-
enced. 'To those of the party who entered upon it six weeks earlier than I did, with a march
of 240 miles, the latter portion with its intense heat must have been still more trying. The
table which I have given shows that the latitude of 20° 44" was reached, that of Bangalor being
13° 0", This diffcrence represents a divect distance of nearly 550 miles which was of course
largely excecded by the wanderings in the Haidarabad wildernesses, where no road ever was,
Moucli of the country traversed was unutterably stony, and unsuited for wheeled carriage, which
is almost unknown there. The long distances which had to he gone over to get from one group
of stations to another supplied leisure it is true, for the partial reduction of the observations,
thus in some measure redeeming the time otherwise so fruitlessly expended; but I may con-
clude this narrative with the earnest hope, that no party cugaged in work of this kind may
ever again have to go over so much ground in search of suitable sites.

(15.) T very much regret that I cannot produce any final numerical results. So far as
an estimate may go, however, I may hazard the conclusion that a remarkable disturbance of
attraction will be found by comparison of the astronomic and geodetic amplitudes between
Hoxur and Danrur.  These groups are only 1° 18" apart, yet there scems to be an abnormal
attraction producing a discrepancy of mnearly 9" of are—the presumption being that the plumb
line is drawn north-wards at the northern station by nearly the whole amount.

(16.) The same presumed effect is somewhat modified at the next group, 0° 56' to the
the north, where it amounts to only 6” or 7. Itis about the same at BapsaonN. This presump-
tion rests mainly on the general agreement (exceptat Bangalor) of the astronomic and geodetic
values at all the southern points and, with e reservation as to the correctness of the adopted
elliplicity with which the latter are computed, on the absence of any bias towards one sign or the
other in the apparent local deflection in other parts of India. I believe thisis the largest
deflection yet found in this country, which may not be dircctly attributed to mountain masses.

(17.) There docs not appear to be—so far as I can yet judge—any strong additional
evidence of the sensifiveness of local attraction to small change of place. 1t is traceable indeed,
but not with sufficient distinctness to requirc me at present to add to what I have alrcady said
on this subject in a former report.

(18.) The health of the party has, on the whole, been exceedingly good. Two cases of
small pox occurred, but both happily recovered. Of these the Native Doctor—Hospital Assist-
aut 1. Sovcriappen whose name I mention specially as having canght the disease in the
performance of his duty—supplied one. Vaccination was resorted to to check the liability to
infection, at the small military station of Hingoli which we happened to reach at the time.
I may meution that this was the only Station which we approachedduring the season.

POSTSCRIPT, dated 30th September 1872,

(19.) The reduction of the observations deseribed in the hody of the report having
now been brought to an end —though much remaius to he done towards tracing errors o their
source—I am enabled to snmmarize the principal results. It will he convenient to exhibit
them in the same tabular form as before.  In explanation of the Table which follows it is only
necessary to say that the Geodetic latitudes of the first two groups are those furnished by
Lieutenant Rogers and are based on the astronomic latitude of a point near * Calcutta; while
that of Badgion S. though in the same terms, i.e. derived from thc same origin, has heen
obtained by applying the geodetic amplitude (according to Everest) between Baveaoy and
Depatna—the northernmost point to which Licutenant Rogers’ operations extend—to the
latitwde of the latter station furnished to me by that officer. At the time of writing the body
ot this report—in which it will be scen that I have estimated the difference at Badgdon at
G” or 7" instead of 11"—T had overlooked the fact which has now heen forced upon me by the
diserepaney between the latitude so obtained and that given in Everest’s ¢ Meridional Are”
(and which I find mentioned in the 26th paragraph of Colonel Walker’s Report for 1868-69)—a
discrepancy of 47 in latitude gencrated in the triangulation between Kalidnpur and Caleutta.

(20.) The whole of the triangulation of Southern India derives its latitude element
from the asironomic latitude of Calcutta, which was supposed lo be nearly identical with that
which would be assigned by good triangulation emanating from the origin Kalidnpur. This
supposition was based on the assumption that the existing triangulation, though admittedly
inferior, would not prove so misleading as it is now known to have been. The result is
important.  All latitudes derived from the Calenfta origin must he diminished by 4° to make
them comparable, geodctically, with those derived from Ialidnpur: or, vice versd, t‘h(_z latter
must he inercased by 47 This is equally applicable where the question is one of differcnces
between astronomic and geodctic latitudes.
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(21.) There is no virtue in the astronomic latitude of Kalidnpur any more than in
that of Calcutta, or of any other point where dircet observation might have supplied an origin
for computed latitudes; and if we assume that the Calcutta latitude was unaffected by local
attraction, then that of Kaliinpur is too small by 4" and a correction of—4" must be applied
to all values of A, —X. in Northern and Western India while those shown in the present Table
need no such correction. On the other hand if we assume that the Kalidnpur normal is true,
and not locally deflected, all the said values of A —X stand unimpecached, while the present
ones must receive a corrcction of + 4”.  In any case however there is only & change in local
disturbance between Kalidnpur and Babeaon of 7” instead of the 117 which, for the sake of
uniformity, I am obliged to show in the Table.

(22.) The difference of latitude between Badgdon and Kalidnpur is 3° 20' and the
change in disturbance is 7, or about 2" per degree. 'This is not much when we remark that a
change of 1”7 may occur (as between XXV and XXVI or between XXVII and XXVIII) in
about 8 or 10 miles. But a little further South we find—from Ho~Nvur to Danur, distant from
each other only 1° 15’ in latitude and 35" in longitude i.e. 98 miles,—a change of 8". Ttis
absolutely impossible to admit that any errors of measurement can account for more than a
small fraction of this amount and therefore the conclusion caunot be avoided that the attraction
is disturbed in a grossly irvegular way, which makes it a matter of indifference, so far as any
question of I'igure alone is concerned, whether the results are rigorously correct or not.

{23.) And now as to the degree of accuracy to which these may lay claim: I am not
in & position to say what the “ probable error” is theoretically ; but judging from the accord-
ance infer se of results depending on the observatious of successive nights taken severally, it is
pretty safc to say that no one of the co-latitudes given above is in error so much as oue-tenth

of a second.

(24.) The effect of reversal has been investigated closely, without any more decisive
results than these—1st The observations are very slightly Dbiassed by position : but the effeet
is barely traceable becanse 2ud They are all subjcet to errors of greater magnitude, which take
eflcet in an intermittent way and scem to be due to the positions of the bubbles in the levels.
Lirrors of this class affect the observations in groups, and if a night’s work consists of only
one or two such groups, the mean result for that night has often a lavge error from this source,
which masks that whicli might otherwisc be more confidently attributed to the orbiculation of

the instrument.

(25.) On the whole, thcre is insufficient justification for any alteration of previous
results on this account, but the system of reversal has obviously so much in its favour that in
my opinion it ought never to be neglected in future operations. And, with regard to what I
liave said above about an irregularity in the levels aifecting groups of observations, I suggest
the propriety of purposely and frequently altering their readings during the course of work,
and of making a rc-adjustment of level, say every hour, apart of the routine. The level
corrections arc the weak point : it is fitting that they should receive the most attention.
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Comparison of Astronomic and Geodetic Latitudes. 1871-72.

Number of Station Geodetic Co-latitude Differ- | .
Difference
and Ast ence | o Me
Name of Group Latitude |Longitude [ Geodetic n:n:i(::_ Ao —Ac an
° 1] " -] ron - ’ " " n
Cape Comorin Group 813 77 44 ... |81 47 - 013
Mallapatti » 9 29 78 3 ... |80 31 042
Pachapdliam 11 0 7745 .. |79 O 1-49
Bangalor " 13 3 77 40 ... 176 57 662
Honir » 145 77 8 ... |75 6 010
XX 16 95433 | 77 36 39 173 50 567 | 1336 {— 769 | + 0351
XXITL 6 3996 43 54 53 2004 2814 810 + -10
XX1V 7 5750 48 19 52 250 11-21 871 - 51
b.0. 4 17 2307 46 58 42 3693 | 4602 9-09 - 89
XXVI 18 960 37 17 41 5040 | 5780 7-40 + 80
Dérir Group 16 12 77 43 ... |73 48 — 820
XXVII 17 4 87177 38 50 |72 55 51:29 | 5901 | — 772 — 118
XXVIII 7 19:33 44 56 52 4067 | 46:68 601 + 0353
XXIX 8 001 40 53 51 5999 | 6640 641 + 13
XxXx 10 5661 36 57 49 339 967 628 + 26
XXXI 11 310 43 35 48 5690 | 63-17 627 | + 27
Kodangal Group 17 8 77 41 ... |72 52 — 654
XXXIT1 19 1 77 40 ... |70 58 3839
XXXIII 2 46 .. 57 17-23
XXXx1v 9 44 . 50 3565
XXXV 7 38 .. 52 4535
Somtdna Group 19 & 77 42 ... |70 55
XXXVI 2041 ... |77 35 ... (G918 ... 3776
XXXVII 44 26 39 ... 15 33 4445 | =11
XXXVIIl 44 44 . 15 5667
XXXIX 48 37 ... 11 52-86
Badgdon Group 20 45 7739 ... |69 15 I —11

NoTE.—A, Ac stand for observed and computed latitude, or distance of zenith from the equator.

When A, —Ac is+,

Ao OF the observed distunce, is greater than Ac or the computed distance ; 7. e. the astronomic is N of the geodetic zenith,

and therefare the plumb-line is deflected towards the Soutl.

deflected townrds the North.

Vice versd when Ag—A¢ is — (18 nbove) the plumb-line is
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Extract from the Narrative Report—dated 1st May 1872—of J. B. N. HENNESSEY,
Esq., Deputy Superintendent 1st Grade, G. T. Survey, In charge Computing Office.

On 1st May 1871.

PERSONNEL.

J. B. N. Hennessey, Esq., . Deputy Superintendent 1st Grade.
W. H. Cole, Esq., M.a., .. Assist. Superintendent 1st Grade.
Licutenant H. M. Chambers, R.E. Do. 2nd Grade.

Computing Branch.

Mr. C. Wood.
Bibu Gunga Pershad.
Cally Mohun Ghose.
Kally Coomar.
,» Gopal Chunder.
and 8 other native computers including map and record keeper and librarian.

2
»n

Printing Branch.
Mr. M. J. O’Connor.

(1.) The following changes have occurred in the establishment of the Comput ing Office,
during the last 12 months. Lieutenant H. M. Chambers, R.E., having completed his course
of instruction, was transferred to the ¥*Kumaon and *Gurhwal Party on 1st July, and Mr.
Peychers, Assistant Surveyor 1st Grade, was transferred to this office on 1st September: a
vacancy created by dismissal was duly filled, and nominations made to four other computerships
of suitable candidates. Also, the retirement of Mr. W. H. Scott on pension, led to the
appointment in his place, as head of the Drawing Office, of Mr. G. W. E. Atkinson, Surveyor
4th Grade, on 1st April 1872; Mr. Atkinson having joined this Office on 1st January 1872.

Calculating Branch.

(2.) The circuits of the triangulation included in the Sironj-Chach quadrilateral having
Co . been made consistent, as described in my last report,

mputations, . N . .
there remained a2 large amount of calculation, chiefly
in connection with the ausiliary principal stations, to complete the triangulation in question.
Accordingly, 268 triangles, entering in groups of 2 and upwards into 110 figures, were subjected
to the usnal conditions and made consistent by the method of least squares; so that the whole
mass of this work now stands reduced by the most accurate of modern processes, which is cer-
tainly not more elahorate than is due to the very superior quality of the field operations. The
computations of the principal stations involved 818 triangles, 115 new deductions (double) of
latitude, longitude and azimuth, and verification and correction of several hundred deductions

approximately calculated, all in duplicate.
(8.) The ordinary computations performed

Continued, . A .
ontinue are given in the following staterent.

Subject Quantity
Numbered pages of, and indexed 41 vols: of angle books.
Mecan readings examined or computed, . . 47 openings ditto.
Abstracted obscrved angles, .. 704 angles. .

Computed zero means and general mcam, .. .. 370 do.

Compared abstract of observed angles, .. 733  do.

Computed latitudes, longitudes and azimuths ofSecondary Statlons, 88 single deductions. ©
Do.  weights of obscrved angles .. .. 450 angles. s
Do. differences of heights of Principal St'ltxons, . 1500 =
Do. circumpolar Star obscrvations for azimuth .. 14 stations. &
Do.  “indeterminate factors” in tcrms of errors, .. 4 compound figures |
Do. observations for time, .. 25 sets. =

{Twicc a day throughout

Do. reduction of Mcteorological observations
the year.

(4.) The principal triangulation having been computed, as already described, it became
Seccondary Triangulation. necessary to take the secondary work into consider-
ation: points of this class arc frequently valuable

for purposcs of aficr survey and their value is rapidly on the increase with the demand for
Railways, Roads, Canals &ec., and the surveys these projects entail. Cousiderable care and
dlwrlmnmtlon arc, however, essential in de 'llll]"‘ with the Sccoudary triangulation, so as ta secure
its full utility ou the onc lnnd and ou the other to avoid redundant calcu]atlom which if
attempted would probably lcnd to morc work than could be accomplished. In view of these
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Calculating Branch.—(Continued.)

desiderate a general scheme is being elaborated in connection with the subject under notice,
and a suitable process has been devised for producing the consistency required in these opera-
tions: the method of calculation hos been applied in 3 instances, and it appears to meet the
required want satisfactorily.

(5.) The results compiled for the press are as follows:—1 simple and 3 compound

- . figures, and 11 quadrilaterals ; pages 192 of Synopsis

Compilation of Colewlations. of Prilllcipal Stations Latitudes:’ Longitudes, Azi-

muths, Differences of Height, Heights and Descriptions of Spirit-levelled Bench-Marks; pages
200 of Observed Azimuths; and 17 pages of Spirit-levelled Stations of season 1870-71.

(6.) Besides the compilation of computed or observed results, to be set up in book form,
Compilation of data for Numerical Charts, sud ex- noticed in para. (5), a somewhat similar procedure is
ammnution of the same, required for numerical charts and their accompani-
ments to meet the urgent wants of surveys now in progress. In the absence of such charts, a
manuscript copy of numerical tables has to be prepared for each applicant; and this work
must needs be repeated for adjacent operations at least, at a loss of time and liability to mis-
takes which all repctitions must involve: add to this, tables without diagrams lose a sensible
portion of their value. As an effectual remedy for all these drawbacks, Colonel J. T. Walker,
R.E., Superintendent G. T. Survey, devised an extension of the detailx formerly given on charts;
so that his modern numerical chart supplies all essential numerical and descriptive facts, chiefly
on the diagram or chart of triangulation itself. The numerical chart thus composed is photo-
zincographed, so that facsimiles are available at a moment’s notice. It will however be readily
seen, that the value of. these charts falls to zero, unless scrupulous care is exercised to secure
accuracy in the preparation of the single manuseript required for copying or reducing with the
camera; in fact, each such chart, of so much value to every Survev Ixecutive, is a diagram
illustrated with the epitomised results of n small volume. It therefore follows, that the required
compilation of data for Charts and examination of proofs, involves no little labor at the outset,
though the result is highly satisfactory and economical in the end. During the twelve-month
under notice, 4 numerical charts were compared against the original computations, and data
compiled for the following :—
CHARTS.

Northern portions of ¥*Bombay triangulation, . . 3 sheets.

South Konkan Series, .. .. ..

Great Indus do. ..

Gurhégarh, do. .. . ..

Révi and Chingh Minor Triangulation, ..

Bider Longitudinal Series, -

»

OEY . »
Assam Valley do, (1870-71), »
Gora do. ..

Rahin do. .. . . »
Great Are do. (1869-70), »
Bildspur do. .. »
Great Arc do. (N. Section), ”»

20 O3 it DD b DO i e RO P N

N. W. Himalaya do. .. .. . .. . ”
Also, a synopsis of sides for the whole of the Sironj-Chach quadrilateral was prepared, for
piotting diagrams to illustrate the ‘ reduction of figures” given in the printed volumes passing
through the press.

(7.) Consequent on orders by the Government, a careful comparison was made between
two spirit levels, one by Messrs. Cooke & Sons,
the other by Messrs. Troughton & Simms, and a
suitable line was levelled over by Mr. C. Wood and the undersigned with the view of affording
data for reporting on the relative merits of these two instruments. The usc of a 1st-class
Theodolite and the departmental method of observing azimuths were taught to Licutenant
J. Hill, n. £, Mr. W, H. Cole, ™. 4., and Mr. W. G. Beverley. Twenty-five sets of observa-
tions were taken for time. And meteorological observations, twice on every day of the
year, were made as usual at Dehra Dun Observatory, and the reduced results supplicd to the
reporter on meteorology, N. W. Provincest; also similar observations were taken at Masun for
about 6 months.

(8.) The correspondence, lists and descriptions involved in the protection of the
Protection of Stations G. T. Survey stations have been persevered in as
- heretofore, and I need scarcely add that such pro-
tection is hardly of less importance than the primary surveying operations. The station marks
are essential for all after surveys, and will serve the required purposes for an indefinite numnber

Instrumcntal work.

+ Cost of maintenance of Meteorological Stations.—This sccma the proper place to stuto that the ebservalory at
Dehrm coste the Meteorological Department nothing ; both the establishn.cut and the instruments belong to the Great
Trigonometrical Survey, (Beport for 1811 on Maeteorological observations N. W, Provinces, by Murray Thomaon Esq,
MD.,FRS,K)
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Calculating Branch.— (Continued.)

of years; rigorously speaking, points once destroyed cannot be restored without a repetition
of the original work, and at a corresponding cost of time and mouey ; and it is easily under-
stood, that in the absence of all such points, the value of the operations by which they were
fixed is materially diminished, at least so far as posterity is concerned. Fully recognizing this
fact, Colonel Walker, with the approval of Government, cstablished the system of protection
now in force. It is, however, a matter for regret, that what appears a simple duty, so plainly
set forth in Colonel Walker’s instructions, should entail a considerable amount of work in
repeatedly preparing copies of the same lists for local officers, in calling their attention to
defective returns or to the absence of all returns, and in repeating explanations and directions
which arc either lost or disregarded. I can only hope that in course of time these drawbacks
will gradually disappear. During the past 12 months, about 400 letters and dockets have
Leen written on the protection of the G. T. Survey principal stations; 33 duplicate or sup-
plemental lists of 155 stations have been supplied to the local officers, and check lists of 661
stations in 93 districts have been prepared for reference in this office. In all these duties,
Mr. C. Wood has rendered valuable assistance.

(9.) The following are some of the miscellaneous duties discharged. Prepared Tables
of Stars common to the two 7-year Greenwich
Catalogues; also, Tables of Colonel Lambton’s Zenith
distances, and 2 copies of Synopsis of results of the Quadrilateral Sironj-Chach. Compared,
examined and passed for the press the whole of the work, comprising 1,143 pages, mentioned
hereafter under the head of “ Printing Office.” Iunstructed Licutenant H. M. Chambers, . E.
in the computations of the department. Supplied data to 23 officers, involving a considerable
amount of computation as well as compilation. Examined 2 candidates for the junior branch
of the G. T. Survey, &ec., &c., &c.
Photo-zincographic Branch.

(10.) The work performed by the Photo-zincographic Branch is given in the following
table, under the heads of Maps, Numerical Charts, Plates and Diagrams, and Professional
and Office forms.

Miscelluneous.

Maps
. When No. of No._of
Subject published parts }()‘:')i]:\ltce E:i
Prints of maps published in former years, . . 51 | 1497
Routes between the Panjib and Lastern Turkcstan, .. May, 1871, 1 66
Masiri and Landaur sheet No. 10 skeleton, .. . » » 1 111
" 5 10 contoured, .. .. 2 » 1 102
20 . .. » ” 1 132
Gmdc 1\qu to Mastiri and L'm(laur, (1st edmon) . . » » 1 44
Masiri and Landaur sheet No. 4 contoured, .. . June, ”» 1 105
" , 8 skeleton, .. .. » » 1 105
”» ,» 8 contoured, .. .. ” ” 1 105
» w1 ” .. .. July, » 1 105
»”» 5 1 skeleton, .. .. . » 1 108
3 »” 2 » . .. » » 1 107
”» s 2 contoured, .. .. » » 1 105
» » 3 » . ” » 1 105
2 5 4 skeleton, .. .. ”» » 1 108
» s, D contoured, .. .. » ”» 1 107
. » 6 . . .. ” ” 1 | 105
”» » 6 skeleton, . .. » » 1 105
» » 11 3 .. » 7] 1 105
" 5 11 contoured, .. .. » »» 1 105
» » 13 ”» .. .. ” » 1 106
» 5 13 skeleton, .. .. » ”» 1 105
» » 22 ” o . » » 1 106
”» » 22 contoured, .. .. » » 1 105
» » 23 ”» .- . » » 1 105
” 5 23 skeleton, .. .. " ’ 1 | 107
» » 3 »”» . .. Augt. » 1 107
. ] » b ” .. .. ” » 1 107
Spirit Levelling operations No. 3, (3rd edition) .. .. » » 1 110
Kumaon and Gurhwal sheet No. 8 skclcton, .. .. s »» 1 40
”» » 9 contoured, .. .. » » 1 40
» » 24 » .. .. n n 1 40
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Photo-zincographic Branck—(Continued.)

Maps

. Wlhen No. No. of
Subject published pm-t: f }f:‘iln)xitc:d

Index to Guzrit Survey, . . .. .. Septr. 1871. 1 474,
,» Kattywar , .. .. .. Octr. » 1 465
Spirit Levelhng operations No 14 .. .. .. » ”» 1 105
» 15 .. - . » » 1 105

Eastern Butlsh Frontier skelcton, . .. . »» » 1 26
contoured, .. .. .. » »» 1 26

Delli Map, . .. .. .. Norr. » 1 309
Indexz to Kosi v'ﬂley Sll.l vcy, .. »”» »» 1 410
Guide Map to Masiri and Landaur (2nd edmon) .. » » 1 222
Spirit Levelling operations No. 9 . Decr. » 1 103
Kosi Valley Survey sheet ,, 3 skeleton, .. .. ,, . 1 111
2 ,y 8 contoured, .. .. Jany, 1872, 1 103
Kattywar sheet No. 27 .. .- .. . Feby. 2 1 103
, 28 .. .. ”» ”» 1 105

Route map from the Panjib to Badu]\slmn, .. .. ” 2 1 441
Index to Level Charts, .. .. ”» » 1 480
Kosi Valley Survey sheet No. 1 skeleton, .. .. ”» 2 1 105
> 5, 1 contoured, .. . » » 1 105

2 » 2 ”» oo o » » 1 105

”» » 2 skeleton, .. .. » . 1 105

}) » B » .. .o » 2 1 105

2 5, D contourcd, .. .. » > 1 105

» » 6 .. .. » » 1 105

» 6 ckeleton, . .. ”» » 1 105

Chamba map, upper left half (for Supdt. Chamba States) .. » » 1 100
Kosi Valley Survey sheet No. 4 skeleton, .. .. March, 1 105
» 5 4 contoured, .. .. » ” 1 105

» » 7 » . . » » 1 103

”» 5, 7 skeleton, .. .. ”» ” 1 105

1] » 8 »” . . » » 1 105

5» 8 contoured, .. .. . » 1 105

Kattvw'\r sheet No. 26, .. April » 1 105
Chamba map, upper n"ht half (for Supdt Chamba Slales) .. » »» 1 100
,»  lower " Do. do., .. » » 1 100

' left hnlf Do. do., .. 2 »”» 1 100

Mirza's route to Badukshdn, .. .. .. .. ' ” 1 52
Total 118110131

Numerical Charts. '

Great Arc Revision, season 1869-70, N. Scection, .. .. June, 1871, 1 66
Northeru portious of Bombay No. 3, .. .. .. ”» » 1 65
[ 3] s .. .. » » 1 67

Great Arc Revision, scason 1869-70, S. Section, .. . » » 1 G5
Great Indus Scries No. 3, .. .. . .. August, ,, 1 65
Northern portions of Bombay No. 6, .. .. .. » ” 1 63
" » 5, .. .. .. Septr. » 1 65

Great Indus Series No. 11, .. .. .. . »» » 1 G8
1o . . » ,, 1 66

Bll.npnr Meridional Scries, season 1810 /1 .. e » ’ 1 66
Assam Valley Triangulation, season 1870-71, .. .. Octr. » 1 65
Great Tndus Series No, 1, .. .. .. .. ” »» 1 G5
South Konkan Scries, .. .. . .. Novr. ’ 3 65
Great Indus Series No. 2, .. .. .. .. Deer. 1 1 65
” » 4, .- .. .. .. »” »” 1 G?

,» 10, .. .. .. .. 2 ” 1 G5

Bider Lonﬂltndmal Series, scason 1869-70, .. . »” ” 1 G5
Northern portions of Bomlny No. 8, .. .. .. | Jany. 1872 1 GO
Gurhégarh Meridional Scries, seasons 1838-60, .. .. s 1 1 G5
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Numerical Charts.

. When No. of No._of
Subject. published. pnrl:. pﬁ'?::;i:i
Khégén and Peshdwar triangulation, .. .. . April 1872. 1 8
Ravi and Chindb River triangulation, .. .. .. ”» » 3 64
Great Arc Revision, season 1870-71, N. Section, .. .. ” 35 1 65
Total .. 26 | 1375

Plates and Diagrams.

[ No. of copies

Subject . ‘ When published. printed.

June 1871, 520

August ”» 483

Septr. » 305

Bench-marks &ec., &c. .. . .. .. gf’t‘l ” 1322

»

l Decr. ” 793

{ Jany. 1872, 216

i Febry. » 1035

‘ Total, .. 4937

Professional aud Office forms .. .. .. .. .. .. 13,655

7248 Maps and 547 Numerical Charts were issued doring the year. The forms were
expended as fast as they could be printed; indeed the demand was greater than the supply, so
that I look forward to the arvival of the two additional presses despatehed from England under
orders from the Secretary of State for India. Contrasting the work performed in 1870-71
with that done in 1871-72, we Lave the following :—

Year. Maps. ‘ Charts. Plates and Diagrams. Forms.
1870-71 6,165 839 13,205 10,482
1871-72 10,131 1,375 4,937 13,655

Though the total number of priuts of all sorts is about the same in the two years con-
trasted, a far larger amount of the elaborate kinds of work, maps and charts, has been performed :
both these sorts of prints arc pholo-zincographed.  Hitherto the forms were zincograplied from
pen transfers, to adisit of introducing in new teansfers such improvements as were suggested
from time to time. It is, however, an advantage, in the cases of certain well-established forms,
to take negatives of them, and this has accordingly been done in those instances where it
appcared desirable.

(11.) An abstract of the worl exccuted since 186G-67 is given below.

1866-67 | 1867-68 | 18G8-69 | 1869-70 | 1870-71 | 1871-72
Subject No. of | No.of | No. of [ No. of | No. of | No. of
prints. | priuts. | prints. | prints. | prints. | prints,

20,509 | 16,443
10,482 | 13,655

—T

Maps, Charts and Dngmms, .. 7,118 7,376 5,538 | 1
Forms, .| 5152 | 10531 | 10,800 | 13,
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Typographic Branch.

(12)) The work performed by the printing office during the past year and since 1865-66
is conciscly stated in this table,

1865-66 | 1866-67 | 1867-68 | 1868-69 | 1869-70 | 1870-71 | 1871-72

Pages composed, .. 377 756 641 697 693 819 1,143
Do. printed, .. | 58,329 | 93,411 | 126,696 | 155,025 | 106,231 | 234,828 | 241,348

the total pages composed during the past year may be subdivided under the following heads.

Observations and Calculations for the volumes of the Great Trigonometrical

Survey in hand 547 pages.
Pamphlet of Levelling operations, scason 1870-71 .. 21,
Report to the Government, season 1870-71 .. 108 ,,
Data for Charts, Descriptions of Bench-marks, Routes, Professional Orders

and Memoranda .. 472

Total .. 1143

Drawing Office.

(18.) The introduction of Photo-zincography for the purpose of copying Maps, Numerical
Charts &ec., has necessarily produced an influence on the Drawing Office wlere the originals to
be copied are chiefly prepared : the draftsman now must needs draw under the conditions most
favorable for the Photo-zincographic process; so that these two branches, the drawing and
copring, are completely dependent on each other. This relation has induced an amount of
genceral supervision of the Drawing Office at my hands, and recently when a small expansion of
this office, to mcet urgent demands, was sanctioned by the Government, the selection of
candidates and the organization of this establishment devolved on me, in aceordance with the
orders of the Officiating Superintendent. I am glad to report, that the head of the Drawing
Office, Mr. G. W. E. Atkinson, is now provided with a promising class of workmen, and I expect
thicy will prove eflicient assistants in time, under his care and training.

No. 4 Extra Party.

(14) Captain W. J. Heaviside, r.E., received charge of this party from me on 20th
April 1872, and as he has been good enough, at my request, to mention the duties discharged
by mc between 19th September 1871 (the date the party returned to Dehra Dun from camp), and
transfer of the party to him, it is unnecessary for me to make any repetitions here. I may add
that the duty of completing the late Captain Basevi’s valuable observations has been entrusted
to Captain Heaviside, and that in compliance with the Superintendent’s wishes, I shall have
much pleasure in assisting Captain Heaviside to become acquainted with the processes followed
by Captain Bascvi in taking Pendulum observations.

(15.) In conclnding this report, I trust I may be permitted to express my acknowledg-
ments of the services rendercd by my assistants, Me. W. H. Cole, M. a., continues to
co-operate with mc both cordially and with excellent results, and the general efficiency to
wlich he has now attained enables lim to originate projects of no little value. Mr. C. Wood
is as valuable an assistant as ever; lie is always ready to take a share in any duty whatever that
may be in hand and he invariably works both quickly and well. Mur. Peychers has proved a
uscful and most willing hand and I fully expect that in course of time he will beccome as
competent as he is willing. Hibu Gunga Pershad contiuues to render exccllent service, and
his experience combined with his stcadiness and intelligence have cnabled him to acquire &
familiarity with the duties of this Office which he is always ready to make good usc of. The
services of Bibis Cally Mohun Ghose, Kally Coomar, Gopal Chunder and Tarapodo are deserving
of commendation, nor have I reasons to be dissatistied with the remaining computers ; some of
thiese are young hands who have been admitted on such excellent recommendations, that T expect
to be ablc to report very favorably on their progress in dne course. Mossrs. Ollenbach and
Dyson in the Photo-zincographic office continue to work willingly and effectively. Mr. O’Connor,
the printer, is as cflicient as zealous in the discharge of his duties.

Total Eclipse of the Sun. December 11-12, 1871.

(16.) This eclipse was observed at Utakamand, Nilgiri hills, Lat. N. 11° 24/, Long.
T., 76° 19, Height above sea level 8,612 feet, under the directions of Colonel J. F. Tennant,
R.E., P.R.S., &c., who was assisted by Captain J. Waterhouse from the Surveyor (}cncr_ul’s
Calcut(a Otlice and by Captain J. Herschel, R.E., and myself from the Great Trigonometrical
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Survey. Colonel Tennant has already written a report to Government on the expedition
which he conducted, besides his communication to Dr. I’Iuggius which appeared in the
monthly notices of the Royal Astronomical Society, vol: XXXII No. 3, January 1872; in
addition, I have my own report to Colonel Tennant on the part of the operations assigned
to me: it may therefore Le sufficient to make a few extracts from these papers, confining
myself generally to those portions which touch on my own duties.

Extracts from Colonel Tennant’s report to Government.

“The photographic operations werc under the general charge of Mr. J. B. N. Hennessey of the
“ @. T. Survey, with whom was nssociated Captain Waterhouse, for the special purpose of attending
4 to the technical manipulations.”
» » * * * * * * *

“ The lens employed was one of Dallmeyer's largest * Rapid Rectilinears” of 4 inches (10 ¢. m.)
 aperture, and about 33 inches (83'7 c. m.) equivalent focus. Thiy was attached to o cylindrical metal
“ camera, which was mounted on an equatoreal stand, and a clock was provided to keep the cumeru auto-
* matically up to the object to be photographed” * » *

“ The camera was furnished with 6 dark slides, cach to hold a plate 5" square.” #  *  *

Ertracts from Mr. Hennessey’s report to Colonel Tennant.

(5.) “After due discussion and consideration Colonel Tennant decided that we should try to
“ gecure 6 negatives during totality, and that the successive periods of exposure should be 5* 10° 15*
“ 15%, 10%, and 5*; this conclusion of course assumed that the sky would be frec from cloud or mist. As
“will be seen, these periods afford intervals of 19 scconds between consecutive negatives to change the
# glides, besides o period to spare at the commencement and end of 5 seconds.

(6.) ““Subject to these conditions we procecded to rehearse our pnrts, Captain Waterhouse
4 changed the slides and opened and shut them. Mr. Willis + counted seconds 1 to 130 audibly, following
“ the hand of a chronometer placed before him, while | made the required exposure by uncovering the
“lens, and also noted the limiting scconds.  After a moderate amount of practice we found ourselves able
 to carry out the prescribed programme leisurcly and with certaiuty.

(7.)  “T may here add a few words with respect to the counting. My agreement with Mr, Willis

“ was this : some 10 or 15 seconds before totality 1 was to call out “mark 0 : on this he should keep
“ repeating the word “nought” as the hand marked a complete second ; meanwhile I was to watch the
“ sun and to give the signal “count,” dircetly totality oceurred ; when in place of saying ‘“ nought,”
“ Mr. Willis was to commence counting the seconds audibly, beginning with 1 and going on to 130, or
“ until 1 stopped him. [ had a small paper board strapped to the back of my left hand on which I record-
» ¢ ed the limiting seconds of each exposure. These arrangements were found simple and eflectual, and under
“ favorable circnmstarices they would furnish the means of noting with some accuracy the times when tota-
“lity began and ended. They however involve a very moderate amount of mental arithmetic from the

“individual in my place, but the tax is so limited that most persons could do the needful after a little
“ 1
practice.

(8.) “The morning of the 12th December dawned with but little promise of affording us a clear
 yiew during the coming totality. The sky was free from cloud and the stars shone brightly at 2 a.a;
1 couple of hours later we were enveloped in o mist, which at times was so dense that objects only 50 yards
* distant were hardly visible in the gray light of dawn : and as the light increased and we ceuld see through
“little gaps in the fog, there appeared floating below an endless mass of clouds, which the brisk
* goutherly brecze kept driving against us. Notwithstanding we went through the last rehearsal of our

¢ parts, and nt 20 minutes to totality as agreed on 1 gave Captain Waterhouse the signal to commeunce
“ immersing the plates.

(9.) *“Some 10 minutes before totality I focussed the camera on the solar cusps, and about 5
“ minutes later we were all at our posts ; the first slide was in its place, the instrument was set and being
“ driven satisfactorily, and we were ready to perform our parts 1f permitted to do so : meanwhile the mist
“ kept streaming persistently agninst us; it came up clinging to the sarface of the hill and in depth it
* probubly did not extend beyond 50 feet above us, but it was sufficiently dense to make the distant hills
“ appear quite dim and in addition it varied in density from one moment to another, thus making the task
“ of timing the exposures hazardous if not hopeless.

(10.)  “In expeetation of a elear sky, 1 had purposed availing myself of the ample leisure T should
“have enjoyed, to wateh the shadow of the celipse, to gtudy the corona with the view of making sketches
“ gubsequently and in fact to exaunine and note all that appeared ; but the presence of the mist made it
“ cgsential that | should devote my attention entirely to the duty of exposing. It was also plain, that
“ under existing circumstances, the programme det ailed in para. (3) should not be adhered to, and [ resolved
“ to act to the best of my judgement in tho matter.

(11.) “ As totality approached I was surprised while looking at the sun to find an apparent
“ abseuce of all mist ; this however was by no means real, for the fog appeared plainly, driving over us as

t Mr. Willis voluntcered his scrvices for tho occusion nnd performed his purt with every desirable skill and
accuracy.
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* before, whon I directed my view some 10° below the sun. T accordingly kept a steady watch in this
“ direction during the periods of exposure, and I am thus able to stute with certainty, that thropghout
* totality the mist was driving over us in one continned and generally diminishing stream, which varied in
« density but which was always plainly visible. Watching the mist in this manner and guided by its
* donsity in regulating the exposures, 1 opened and closed the lens for negatives Nos. 1 to 4, so that” the
* durations of these exposuresare by no means comparable. Subscquently [ resolved to make the longest
* exposure that cuuld then be afforded, preceding this by one of 5 seconds. This lead to Nos. 5 and 6
« the latter of which was barely within the limit of totality. The times and periods of exposure the,
¢« former reckoned from commencement of counting are as follows :— !

Duration,

Negative No. 1. was exposed 4'to 19* from commencoment of reckoning (i.e. totality nearly.) 15°
Ditto 2. do. 34 to 44 ditto ditto 10
Ditto 3. do, 65 to 63 ditto ditto 8
Ditto 4. do. 74 to 80 ditto ditto 6
Ditto 5. do. 88 to 93 ditto ditto 5
Ditte 6. do. 103 to 123 ditto ditto 20

“ 1 estimate that when Mr. Willis counted 1, the totality had lasted $ second, hence approximately the
“ duration of totality was about 122 seconds.

(12.) * Tt isbardly necessary toadd that T accompanied Captain Waterhouse into the dark room,
“or that I anziously looked on while he developed the negatives with his vsual skill and eare. The
“ addition however enables me to offer my testimony of the fact that the negatives were all fully developed,
“and this may Le desirable in presence of the circumstance that the longest exposed negative No. G
4 exhibits the least details of the corona; o deficiency which is most nearly approached in No, 5 which had
‘ the shortest exposure : moreover during the exposures of Nos. 5 and 6 the mist was least dense. I may
“ here odd for what it is worth, that so far as 1 can conjecture 8 seconds exposure would have been ample
‘“ at our station had a clear sky prevailed.

(13.) “ Though as already stated T was deterred from looking steadfastly at the appearance of the
“ eclipsed sun, I yet took every opportunity of glancing at it and did so for perhaps 2 or 3 seconds at
“atime. Thus viewed, the general outline of the corona looked like a snud glass or ficure 8, in which com-
¢ parisons the 2 re-entering angles must be understood as exaggerated much beyond the reality. There
* were no couspicuous prominences ; but of those visible, the ones about the vertex were the strongest. [
' gaw no rays or streamers stretching preatly beyond the moon, and so far as [ could estimnte, the entire
‘ phenomena of the corona were included withinan annunlus of half the moonw’s dinmeter around her edge.
“ In brief, what J remembered to have scen Guring totality is exhibited in the negatives Nos. 1 to 4, They
“ contain details of which | was unconscious, but | am not aware that they are deficient in any respect.

(14.) * Before parting with the set of six negatives T examined them as closely as the dull light of
“ a cloudly afternoon would permit, and | was naturally struck by the closo resemblance they bore to one
* another, for 1 had been led to expect that the coroma shifted from side to side, or at least that certain
* of ita features altered consideralily in some way with the moon’s progress.  This progress certainly docs
* not produce any readily apparent change in the corona; nor yet are the vays most abundant in the
“ radial prolongntion of the prominences: in fact a prominence is visible almost exactly under cach
“ angle of the two main rifts, which rifts are nearly North and South.  As to the vifts they exist only in
* the absence of rays. Thusthe two main rifts arc entlined by the termination of mys, which just at the
¢ re-entering angles where they are shortest, jut out some 5 or 6 minutes from the moon's edge. The
 longest mys appear beyond the lower limb, and here they are full 18 minutes or more in length,  In general
“ the rays are radinl from some point in the eclipsed body, unless a possible bundle in, 1 think, the lower
* and right hand corner is an exception.  The tips of theso rays present the curious appearance of o sheaf
‘ of corn when its cars are blown over by the wind.

(15.) * Apart from the local examination which no doubt each set of negntives will undergo, it
“ appears highly desirable that all the sets taken at Baiknd, Avanashy, Ceylon, Australia, Dodabetta, &c.,
* ghould be collected together and compared by competent examiners ; it need hardly be added that such
“ comparison should he made between the negatives and not. hetween prints, for the latter cannot be relied
* on as sufliciently exact representations of their originals. The Baikul and Dodabetta negatives were taken
¢ with similar instruments and will therefore readily admit of comparisen ; it will be intercsting to enquire
“ whether the latter negatives, taken at a considerable height differ in any respects from nll the other
 gets, Coloncl Tennant’s method of mounting will sccure the negatives from ordinary risks,”

Extracts from Colonel Tennant’s letter to Dr. Huggins *

“Now to the photographs. We have had some glorious mornings. Yesterdny Horachel and
“T wero up ot 7 Argis, but had no great amount of examination, as our intention was to focus slit,
“ &e. on stara.  Though the evenings have been misty, at times the mornings have beon very clear,
“ and we hoped they woulldl remnin so.  Tast night was very elear, and continued so till nbout 2" 30"
“ &, m., when it became cloudy, and afterwards rained slightly. By the time for getting up it wae less

@ Monthly Notices of the Boyal Astronomical Society Vol. XXXII. No. 3. January 1872.
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“ thick, and rain had ceased, but a wind had sprung up from the S.E. (I believe), which, of course,
¢ kept a driving mist on the hill. The Sun seemed fo lose as much power by obscuration as it gained
“by rising, and was powerless to disperse this as it would otherwise have done, and our instruments
“were dripping. This 1 had thought possible in such a case, but I had hoped that the fine weather had
“set in, as such mist seems abnormal so late in the season. Very few minutes after totality the mist
‘“ vanished from the returning heat.

“Under these circmustances one might have thought photographs hopeless, and I went despond-
“ingly to ask for results. 1 found, to iny great astonishment, that they had six apparently good ones,
“which is due to Hennessey, who exposed, having thrown over our programme, and increased his ex-
*“ posures, while Captain Waterhouse, who did the photographer’s part ably, backed him by rapidly
“ changing the slides.”

Eztracts from Colonel Tennant’s report to Government.

“ From the original photographs Captain Waterhouse has made some pusitive transparencies on
* glags which give a good pgeneral idea of them. I take, however, the following descriptions from the
“ original negatives, some of which give a great deal of detail which is lost in copying.

“No. 1 is perhaps the most perfect. It had an exposure of 15 seconds near the commencement
“of the eclipse. [ have fonnd that the middle of the eclipse was at 14h. 27m. 4s. Greenwich mean time
“according to the tables, Mr. Hennessey, who had most facilities for marking the duration of totality,
“gives it as a little more than 122 scconds. Irom these data, and the reckoning formerly given, I
“reckon that this plate was exposed (rom 14h. 24m. 7x. to 14h. 26m. 22s. of Greenwich mean time.
“The disk of the moon is surrounded by a narrow, very lnminims border almost indistinguishable from
“the prominences, but whose inner edge is sharply defined by the moon, except in one or two places, and
““ whose outer one varies very much in distance from this, and is much less sharply defined. There is
“much cncronchment of light on the dark surface of the moon, and this is greatest at the places of
“ prominences, and especinlly at the lower part of the disc where the solar cdge is nearest. Herve the
“encroachment nearly obliterates the dise in some places, and presents a very marked outline ; here, too,
*the brilliant band is brightest and widest, and its outer edge most defined.  Outside this is the corona,
“at the bottom are scen several rays with ill-defined edges. One of these to the right (S) of lowest
“ point is markerdly curved ; the outer end pointing 3. W, ‘Ihe great vift to the south, and a less marked
“one to the north, each have a prominence at the base j—close to the vertex is seen the small rift which
‘¢ was speetroscopically examined.  There is structure clearly scen in the whole of the coromn, and,
“except iu the vase of the enrved ray of which | have spoken, it scems to me that there is a tendency
“to radinte from prominences.  Some of the Jongest rays may be faintly traced to a distance of Jths of
“the moon's diameter.

“No, 2,—Tt is cvident, on looking at this, that the chemical action has heen much less : the
“encronchment of the general licht on the lnmar dise is mueh reduced, while that of the prominences is
‘“more conspicuous. The broad band of Jight at tho hottom of No. 1 giving an appearance of a well
“ defined portion of corona has disappeared, and the licht now decreases gradually from the moon's edge.
“The ontline of the lower edue of the south rift is shown ay more curved ; but comparisou shows that
“this is not 8o much a real change of [ora, as the result of the fainter portions being less depicted.  The
“radial stracture of the corona is as marked here as in the last photograph, and the same tendeney to
“stream from prominences may be recognized with perhaps more licility., The exposure may he con-
“sidered to have lasted (rom I4h. 20m. 37s. to 14h. 26m. 478, of Greenwich mcean time. Thereisa
“good deal of fog about the plate.

“ No. 3.—Here the active effects nre evidently between those in Nos. 1 and 2 ; the outline of the
* gouth rift is restored very much to its appearance in No. 1; and the photograph otherwise requires
“little remark. 1t may be considered to have been exposed from 1th. 26w, 58s. to 14h. 26m. 6s. of
“ Greenwich mean time.

“ No. 4 isa good deal like No. 2, save that the lower prominences, heing more covered, the
“ glare there is much less.  Placed on a dark ground, and viewed as positives, these two photographs are
* very similar; viewed as transparencies, Noa. 2 has decidedly more detail and extent. 1t may be considered
“ag having Leen exposed from 14h, 27m, 17s. to 14h, 27m. 23s. of Greenwich mean time.

“ No. 5.—This has less detail than any of the preceeding photographs, and there isa want of
“ gharp definition, showing that {here was some motion of the camera relative to the object.  This may
“De due to the action of the clock ceasing, as I have mentioned it did during the exposure of plate 6,
“and | an disposed to think it is so, but the short exposure makes the effect small, and leaves this
¢ photograph available as evidence of the general permanence of the corona during totality. It may be
“ considered as exposed between 14 27m. 31s and 14h. 27m. 36s. Greenwich mean time.

' No. 6.—As T have mentioned before, the clock manifestly eensed acting during this exposure.
*“ Tooking at the upper cdire one sees the suceession in which the peaks of the chromosphere appeared,
“and it is evident that o niomentary exposure would have sufficed for depicting these” * * * » &

Extracts from Colonel Tennanl’s Report to Government.  Conclusions.

* Spectroscope and polariscope have so far agreed in assigning a solar origin to the main pheno-
“menon of the corona ; nnd, if we examine the photographs, we shall have the same result, It is quite
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«jimpossible not to connect the south prominence with the corresponding rift, at whose base it lics, and
“whose sides clearly in a general way radinte from it. A comparison of No. 1, and the later photo-
‘graphs, shows that the conneetion lasted, aud that in fact, the moon passed over the corona. Nos, 1
“and 3 do not show any changes in the forms and positions of the portions of the corons, and an
“examination of the later photographs, Nos. 4 and 5, though the definition is not so perfect, quite
“supports this, That on the true solar corona is superposed an atmospheric phenomenon is probable
“enough ; but, ns I suid in 1868, the corona is solar. 1t is the atmosphere of the sun in its colder parts,
“1t li]s, indeed, to some extent self-luminous, but mainly it shines, as I reported in 1863, by reflected
“light.”
B * * * * * * * *

“ The following, then, secms to be the constitution of our sun. There is a nucleus which gives out
4 gontinuous white light like solid or liquid bodies, and even dense gases : surrounding this is a layer of
 heavy vapors intenscly heated, but far less so than the nucleus; in which, if a state of equililrium eould
“ exist, the heavier vapors would Le lowest. Above this is a lnyer of glowing hydrogen of very slight
* density aceompanied by that gas which gives the line Dy.  Still further up these gases in a cooler state
« hecome mixed with what gives out the green line K 1474, and lastly, that alone seems to remiain,

“ Of the solar nucleus we know little certainly, possibly we never shall know much, asit is
 almost hidden from our view, but we do know that its temperature is so high that we have reason to
“ believe that unless subjected to enormous pressure every terrestricl element would be vaporized.
It has Leen estimated in millions of degrees, but such statements ¢an convey no intelligible idea. We
“ do not know anything of the substnnce producing the chromospherie line Dy, Professor Respighi's
“ obgervations at Podoocotta would go to show that it is inseparnble fromn the hydrogen of the chromo-
“ gphere. The substance, however, producing the green line K 1474, is one of the must interesting. We
“ not only meet the evidence of its existence in the sun, but when the higher layers of our own atmosphere
* are renched we meet, at the great height at which Aurorns take place, a substance which gives out a
“light apparently identical, and again Angstrom nnd Kirchhoff have assigued the power of wiving this
“line to the vapor of iron. 1t seems nearly impossible that at the low temperature which we know must
“exist in the upper strata of our atmosphere there can possibly be iron vapor. s it possible that iron
“ possesses the property of occluding the gns, whose distinctive line is K 1474 ? If it be 8o, this gas must
“be nnder ordinary circumstonces of temperature and pressure almost immeasurably rare.”
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