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Major J. T. Warxer, Engineers,
Officiating Superintendent G. T. Survey,
To .
The SECRETARY TO GOVERNMENT OF Ixp14,
Military Department,
Fort William.
Sir

1 havo the honor to marrate the progress made in the course of the operations of the
Trigonometrical Survey, since its late Superintendent, Sir Andrew Waugh, submitted his last Ta-
bular Progress Report, with his No. 18,115, dated 31st January 1861, to your office.

2. Government having objected to the form of the Tabular Progress Reports hitherto sub-
milted, T proceed to adopt n formsof Report, somewhat similar to the late Surveyor General's
triennial narratives of the progress made in this Department, which I trusk will meet with approval,

8. The operations in Knshmir under the superintendence of Captain Montgomerie have made
good progress, notwithstanding tho increasing difficulties which have had to be encountered as the
work progressed, and entered higher and more inhospitable ground. 1In the yeoar 1861, the trian-
gulation wns extended over an area of more than 12000 Square Miles, including some very cle-
vated and diflicult country in Zanskar, Rukshu, the Upper Indus, aud in Khagan and Nubra,
At several points it was emried up to the Chinese Boundary, and stations were visited in the
neighbourhood of the Parang npd Baralacha passes, where a junction of secondary points was
formed with the North West Himalaya Series, tho basis of the Degree sheets recently published
in Culeutta by the Surveyor General. The stations in Ladak on the Upper Indus were very high,
generally over 17,000 feet. Mr. Johnson took observations at one station more than 20,600 feet
high, the greatest altitude yet attained as a station of obscrvation. Several remarkable penks
Trans Indus, probably forming the watershed between the Chitral and Swat Vallies, were fised
from the stations West of Khagan.

4. The ‘Topography embraces an avea of about 14,500 square miles exccuted on the scale
of 4 miles to the inch, leaving but a very small portion of little Lhibet unfinishied, and completing
the greater portion of Nubra, Ladak, Rupshu, (or Rukshu) and Yanskar. Several of the Salt
Lakes on the Table land of Rukshu have been surveyed. Some exceedingly diflicult ground was
sketched, by Captain Austen, in little Thibet, varying in altitude from 7,000 to 28,300 feet above
the Sea. The glaciers he hag discovered and surveyed are probably the largest in the world out of
the Aretic regions. The Baltoro Glacier, in the Braldo branch of the Shigar Valley, being no less
than 86 miles long. The Bialoganso is nearly as long, and forms, with the glacier on the Nuggair
side, n continuous mass of ico nearly G4 miles in length. To delineate them properly a great
amount of roughing and exertion, and not = little danger, had to be undergone by Caplain Austen, as
it was necessary for him to encamp on them for days, and to ascend to grest heights on either side.

5. Tho carrying out of themo intcresling operations has involved vast labor and exposure.
The country was found to be barren and desolate in the extreme, and the weather very unfavour-
nble, in consequence of the extraordinary heavy rains, for which the year will probubly be long
remembered. Contrary to their wont, the clouds crossed over the South of the Himalayae to the
Northern side, bringing Leavy falls of snow in August, and generally hindering the work. Sup-
plies and firewood had to be carricd great dislances, argols of Yak dung being often the only fuel
available. Under these circumstances, the outturn of worle is most crediluble to thoe Officer in
charge and his Agsistants.  Captain Montgomerie testifics to the zeal and cheerfulness with which
nil under his orders have exccuted the difficalt tasks assigned to them. Ho also acknowledges the
cordial assistunce which the members of the Survey have invariably receivod from the Muba Rejah
of Kashmir and his higher officials.

Caplain dMontgomerie repovts, that ** Lieat. Thuillier extended the Trianzulation across Khagan, and
fixed a nnmoer of points Trans Tndus, thos making a good (oundation for turther exteusion, completing a good
season’s wark, and altogether making very good progress.”’ 5

** M, Johoson pushed on his work with his wsnalencrgy and snccess over very difficult gronnd, involv-
ing the ascent of some very elevated peaks, Notwithstandiug the natnral dithicalties of the countr, the
bad weather, he crossed Itukshu, and completed a good season’s work, and made very satisfuctory progress.”

“ Mr. Beverley triangulated a very elevated piece of country and tinally fixed the position of HHanle
the most important toin! on the Upper Indus, in the South Eustol’ Ladak,—altogether progress very satisluctory
amd ont-turn of work =ood,

* Mr. Clarke made good progeess in Zauskar, and completed a satisfactory seasou’s work.” -

* M. Neavitle continned his Triangulation in Nubra, and made very [laiv progress, having to visit sevo-
ral very high statione,”
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(6.) The Kashmir party being employed in mountains which are only necessible during the
Summer months, its Field Season is the period of recess of the Trigonomelrical parties employed
in ordinary districts. The usual Burvey year commences in October, by which month the compu-
tations and maps of the preceding field Senson are generally brought up, and'the party is ready
to take the field again. Tho Kashmir Survey year is excepiional and commences in March. The
Officers in charge of the various parties submit their respective annual Reports on the termination
of the Field operations, which nre the real test of the-advance made during the year. Thus the
Superinteadent of the Depnrtment cannot prepare Progrdss Reports for striclly synchronous periods.
Sir Andrew Waogh's last report embraced the Summer of 1860, aud the preceding Winter.—
Tho present narrative embraces the Summer of 1861, and the Winters of 1360-6I and 1861-G2,
and consequently gives the progress which has been made in two successive field seasons of
ordinary Triangulation, and ono senson of the Kashmir operations.

\7.) The COAST SERIES,: between.Calcutta and Madras was placed under the Superin-
tendence of Captain Basevi, Bougal Engineers, in the autumn of 1860, the exigencies of the
Department having required his transfer from the Trans-Indus Frontier all the way to the
Madras Coast.—His operations commenced in the vicinity of Vizagaptam, and were proceeding
towards Rajabmundry, when on appreaching the hill of I{apa in the Rampa estate, he found that
his signallers had been driven away from the hill with threats of violencc, and that the inhabitants
of the Distriet were assembling to prevent him from ascending. “The estate is Reunt free, and " the
people are a lawless set, though under the control of the Godaveri Magistracy. Captlain Basevi,
having obtained an extra Military Guard and a body of Police, made his way to the summit of
the hill without molestation, and took the recessary observations. One day, the people set fire to
the grasson the hill, which was about-8 feet high, and a Rajah brought intelligence that they were
collecting to attnck the Surveyors ; but the fire was extinguished, and the attack was not attempted.
Coptain Besevi's chief apprehensions were for the signallers whom he had to leave bLehind at the
slation, Lut a guard was left with them, and they were unmolested. The only serious inconveni-
ence occasioned was in having to construct the station on a block of laterite several feet below the
hill, for the summit was covered with dense jungle which there was no means of clearing awny
without the nssistance of the villagers, all of whom had absconded.

(8.) TFortunately, such interruptions are of rare occurrence, only happening in the unusually
lawless districts around Hyderabad. The operations proceeded without further opposition or hin-
drance, excepting from the physical difficulties of the ground passed over.—The distriet between

the Godavery and Kishna Rivers was crossed, with considerable trouble, owing to the absence of

high hills, and the undulating nature of the ground which was oll the more difficult becanse cover-
ed with dense jungle. Thus the selection of stations in such o manner as to form an unbroken
chain of quadrilaterals and polygons, became o very tedious and laborious undertaking, involving the
repeated rejaction of positions which at first promised the requisite evisibility in all directions, but
were afterwnrds found to be deficient in some essential relation. Nevertheless, in the two field sensons

“Mr. Low nssisted Captain Montgomerie, in computing and current duties of the Scason. Ho was
subsequently employed on Topogruphical work, in which he made very fair progress.”

* Captain Aveten completed his sketeh in first rate style, made very good progress in all directions,
and turned out a first rnle senson’s work.”

¢ Lieatenant Melville, commeneing in the north of Zanskar ( of Zaskar) surveyed a lurge portion ofit,
including all the large glaciers, to tho West, as welil ag those, at the head of the Butnai river. Some of these gla-
cicrs were 15 to 7 miles'in length. Total progress very gnod, and with the Trigonometrical points now nvailable,
he will be ablo lo complete the sketch of Zanskar during the ensulng season.  Whilst surveying,
Lieutenant Melville made very successful and characteristic Photographs of Gluciers, and of
the Counlry generally. His progress in Photography has been very rapid, and highly creditable. Coptain
Montgomerie has no doubt but that Lieut. Melville will become a proficient in the art.”

!¢ Lieutenant Do Drett was trained inthe use of the Plang Tuble, nnd nssisted Cnptain Montgomerie in
the computetions and cucrent daties of the Series, and will no doubt bo able to turn out n piece of independent
work during the ensuing scason.” )

‘' M#. Kynll skeiched a large portion of the Shaltow, and Shayak or Nubra vallics, the ground varying
in height from 27,000 fect to B0U0 feet, including some very large glaciers, one of them 24 miles in length.
Notwithstanding the very great difficulties of the ground, Mr. Nyall made very good progress and turned out a
llrat rate season’s work, und executed it in good style.”

¢ Mr. Todd sketched a very ruggod and difficult piece of the Upper Indus and nlso a portion of Mukshu,
night down 1o the Parang Pass, altogether a very elevated and desulate plece of country, which Mr. Todd
rketched very characteristicnily, nnd notwithstanding the difficultics of such a country, he wade very good pro-
gress and turned out a first rate season’s work.

“ Mr. DBolst sketched a portlon of the Indus Valley, and ol Rukshu-—progress fair, and execution
characteristic and neat.

* On the Const Series, the principal operations consizt of 52 Triangles, arranged so s to comprise one
double an five single polygons, und onc quadrilateral, 21 Triangles were measurcd during the first Senson, with
n 2 (oot Theodolite by Barrow, giving n mean trianzuler error of 0° 65, and an equal number measured the next
venson, with asimilar insirument by Troughton and Simme, gave & mean error of 0°.37—Azimuthal obser-
vations on Circumpolar Stars were taken at J stations,

The selection of stations devolved almost entirely on Mr. Clnarkaon, excepling when he was so delayed
by the difliculties of the ground that Caplain Dascvi had to suspend the triangulntions und proceed o his nssis-
tance. Alter crosning the Kistna River, Mr. Clarkson’s advance was very rapid, and le succeeded in sclecting
Stations ns far South as Nellore, 140 miles heyond the terminal side of the triangulation.

Mr. Howard was employed in conducting o seconlary serics immediately along the Sea Coast. He
worked on fastand well as he had hills and clear ground, but on mpproaching Coconada, his progress
was mach retarded by liaving to clear every ray throngh very valnable gronnd, at ling in mangoe topes and
palmyra trees. His triangles extond over a distance of about 100 miles, defining the Coast Line well, and fixing
the positions of the lighthouses at Coconada and Coringa,—points of Nautical importance,

Mr. Ellison was employed in buiding Platforms at the Principal Stations, and he subsequently carried
n SBecondary Series of Triangles to Ax the position of Rajashmundry and Dowleishwaram. In December 1461
lie was transferred to the Assam Scries.

Mr. F. Ryall wasemployed as recorder, and alterwards in building Stetions aud in econdary Tri-
angulation, in which his progress was very satisfactory.
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the principal trinngulation was eavried a distanco of upwards of 180 miles. It has'now resched
a point in the Guntoor district near the meridian of Madras, whence it will merge into the meri-
dional are which is intended to connact Jubbulpore and Madras, and to be exitended Southwards
into Ceylon. )

9. After completing his trinngles thus far, Captain Besevi returned to Vizagapatam, to select
a site for the Base line of verification, which it is proposed to measure in this neighbourhood.
He succeeded in ob!aining n suitable site, but not until his field operations had been so long pro-
tracted that it was the middle of Juue before he could break up his Camp end return to quarters,
In the event of Captain Smyth's expedition into Centra! India taking place, Captain Basevi has
been nominated to accompany it in the capucity of Astronomer and Topographer.

10. The INDUS SERIES, running parallel to the Western Froutier of Dritish India, was
completed by theclose of the Field season 1859-60, when the late Surveyor General dceided on
carrying an obliquoe serics along the South East Bauk of the Sutlej, from Mittunkote to Feroze-
pore, to tie up the Punjub Meridionnl serics, and form & basis for future trinngulation into the des

- gerts of Sind and Rajpootana. Certain small portions of the Indus triangulation which had been

cxecuted with a two foot theodolite gave unusually large re-entering errors. Lieutenants Herschel,
and Thuillier, both of the Bengal Engineers, and 1st Assistants of the G. 'T'. Survey, werc con-
sequently sent to revise them with the Great Theodolite, while Mr. Armstrong was selecting
Stations and building Towers on the line of the Sutlej. 21 principal triangles were ably and ra-
pidly revised, after which Lieut. Thuillier proceeded to join the Kashmir party, while *Licut. Her-
sehel took in hand the Sutlej Trianguiation. This consists of a Series of single triangles, of which
one flank rests on thesand hills fringing the Bahawulpore desert, and the other in the lowlands
which are periodically inundated by the Sutlej. Thus the greater portion of the rays traverse
moist jungles of tamarisk and long grass, alternating with ridges of sand, forming a combination
which is peculiarly troublesome in disturbing the atmosphere, and causing lateral refractions to per-
plex and weary the observer and impnir his measures. The Principal operations consist of 38 tri-
angles, extending over a distance of 132 imiles from u side of the Indus series below Mittankote to the
vicinity of Pak Puttun. Being entircly in the plains they cover an area of only 1960 miles.

11. Lieutenant ITerschel reports that *“ all the principnl towns and villages along the line
of the Series have been fixed where practicable. They are necessarily few in number, as the
country is more and more thinly populated from Ahmedpur eastwards as far as the British
boundary. TFrom Bahawulpore to Fazilka, the towns become fower and of less importanco, rerching
a climax of insignificance in Bahawulgurh, the capital of noarly half the whole state, which is
nothing but n hamlet without 2 single pucka house in it, and deriving its importance npparently

¢ Licutenant Herschel teok astronomical obsevvations for the direct determination of azimuth at 9
stalions at an average distance ol 72 miles apart, His mean triangniar error is 0."53. In 85 angles his mean
probability of error is 0'25 hetween extremes of 0-10 and 0'38. He has given the following interesting table
as a test of the accuracy of his work.

(A.) Maximun difference between observations.
g
2 " " " " N .y " - "
s 0 1 2 a 4 5 (] 7 8
A = to to to to to to to to to o

28 P

ZE z lu 2y 3-1 4" :)‘! 6" 7,\ Sn; 9‘ EO‘
2 1 ° 0 0 0o 0 0 0 0 1
3 223 251 923 1] 0 0 0 0 0 667
4 3 13 G5 22 1 0 0 0 0 104
o [} 1] 4 29 I3 1 0 o 0 52
6 0 0 0 5 11 5 3 0 0 24
7 0 0 0 0 0 0 0 o ! 0 0
8 o 0 0 0 0 0 ] 1 0 1
9 0 0 0 [} 1 0 0 0 0 1
Totaw 227 209 126 56 26 G 3 1 0 - 750

Total 0 10 3 '=658.  Total greater than 3' =92

. Inthis Table the unit is a set of measures of an angle on a single Zero, the arruments being A tho
waximum ditlerence between the respective mecsures forming n set,and B the number of ineasures.
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from nothing but the prestige of an old ruiued fort, and the residence in it of the temporary hold-
er of the largest ( but by no means the richest ) Kordari in the stotes. The country is singularly
poor in Mosques, temples, tombs, or indeed prominent buildings of anykind. "

12. The RAHOON MERIDIONAL SERIES,* under the charge of H.Keelan, Esq., 1st As-
sistant G. T. Survey, has advanced a distance of 176 miles, by 83 Principal Triangles, arranged in
quadrilaterals and hesagons, covering an Aren of 4130 Square miles. It haslaid down portions of
Jaypoor, Ulwar, Deoli, Boondi, nnd numerous other places of importance, In one more field
season, it should reach the Longitudinal Series botween Calcutta and Kurachi, whero it will
terminate. The published Charts of the Kotnh and Boondi torritories indicate o succession of
hills over which it was supposed that the triangulation might have becn carried and cowpleted
last senson. But the ground was found to be the very reverse of what had been expected, and
to require the construction of Towers, thereby protracting the operations into another Season,

13. The GOORHAGURH MERIDIONAL SERIES, tunder the charge of Geo. Shelverton Esq.

Civil 2nd Assistant G. T. Survey, traverses o meridian close to that of Umritsur, and was brought

to a termination last Senson by joining the Arumlin Series, which had some years previously been
corried, by Captain Rivers of the Bombay Engineers, up sn adjscent meridian, as far as Ajmeer,
from the Great Longitudinal trinngulation. From Sirsa to Ajmeor it crosses a desert tract, of
which Mr. Shelverton reports that ‘‘ the main diffieulties encountered were scarcity of wator, of
Luilding naterial, of laborers and of provisions—the country traversed had suflered for three
years from estreme drovght; large villages originally containing upwards of 500 families had
been deserted by all except first class Formers who were too proud to work. Wholesome water
was scercely procurable, and water even for building purposes had frequently to be conveyed from
distnnces of 4 and 5 miles. The larga reservoirs of water upon which the inhabitants depended
for their supply during the greater part of tlie year had invariably been eshausted, and the expen-
sive kuchn wells of the country barely sufficed for local wants. It was therofore under very adverse

Lienicnant IIerschel hias introduced an improvement in the referring marks at present used in the

Survey. Instead of having tvo aperiures one for alamp, the other for a heliotrope, hie made both lamp and

ivitope illuminate the sume piece of ground glass, the aperturo of which was limited by a cirenlar ditphragm
nmeter suitable to the distance. Thus oue object is intersected instend of two, and there is no flickering
or unsteadinness of signal from wind or imperfect direction of heliotrope ; there is no dnzz'e from too bright n
sun, nor total disappenrance in its absence, for the mere reflection of tho sky suffices to illuminate the glass in
tolerably elear weather.  One milo is considered the best distance for such a mark.

Mr. Armstrong was employed in both seasons in selecting stations.  He has formed a junction with the
sonthern extremity of the Jogi Tita Scries, and Jaid out his trinngles so asto Terge into the Goorhazurth Series
to the East of Ferozepore. He was subsequently employed in carrying a Scries of trinngles with o 14 inch
Tneodolite from the vicinity of Puk Puttun towarda Mooltay, via Hurruppa, Cheechawutni, Talomba, and
Mukdoompur, near which Inst place tho trinngulation hasat present closed.

Mr. Geo. Ilyall was chicHy employed in constructing the numerous tower stafions which it was neces-
rary to erectin the lowiunds of the Sutlej, e nlso nssisted Mr. Armstrong in selecting eites. e carried
sceondary scrics of trinngles to ix the position of Shoujababad, Mylice, Futtchpoor, and Karor, and finally maie
a reconnoissance from Bahawulgnrh into the Desert, fura distanee of about 65 miles, us far as Anoopgurh, vn the
Jogi Tila Meridian, to nscertain the feusibility of continuing that Seri¢s in a Soutlerly direction, which had
Tong hecn douhied, but is now preved (o be quite practicable, as the desert wos found to have nuwwnerous sand
hills suitable for Trigonometrical stutions.

Mr, \W. Trotter acteld throughout the field season of 1860-6! ns Lt. Ilerschel's immaecliate Assiatant in the
Office anik Ohservatory. giving every fuction. He subsequently resigned his appointmeut in the Survey
having obtamed nn Ensign’s Commiasion in H. 3s. 34th Regiment. e wus anceceded by Mr. J, T. Burt who
has workedl well.  The greater portioa of the party returned to Head Quarters by. the 13th May, followed on
tue 3lut by Mr. Avmsirong.

*Mr. Keelan employed Colonel Wangh's 2 feet Tneodolite Nu. 1 in his triangulation. The average error
of lis 33 trinngles is 0.736. The mean probability of angular error is 0.30, between extremes of ¢ 12, anl
063, Azimuth observations wese taken at 3 stations. The Secondary trinngulation covers un area of 7040
Square Miles.

In the Seazon 1960 61, Mr. N. A, Delletty astisted Mr, Keelan in selecting aites, on which he afterwards
built the requisitc Stations. e earricd a Series of 37 secondnry triangles over a distance of 170 miles, to Iny
down the position of Ulwar and other towns. During the following recess, he was disabled by w severenceident
frem immediaicly resuming ficld operations, and has cver since been temporarily attuched to the Coinputing
Office in consequence.

Tn 1860-61, Mr. M. C. Hickie carried a Sccondary Serles of 33 (riangles over a distance of 130 miles to fix
Sambher, Jexpoor und other 10wna.

In 1361-G2, Mr. C. J. Carty, who was attached to tl:e levelling operations, volunteered to teke Mr. Dele
letty's place fur atime, and while hia camp was marching 10 Seronje, procee led by dak to the Arsbu'li range, to
select statlons northwards from the side of the Longitudinal Series, with which the Ralioon was 1o form a
He Inbored very energetically under most trying eircimstnnces, never pausing though daily ill with fever.

In 1568-62, Mr, [I. Keelan Junior carried n creditable Secondary Serics of 23 l'rinnglcs over a distance
of 120 miless and determ'ned the positions of the cuntonments of Deoli, aud the city and Fortress of Bogudi, and
numerous other positions, !

Mr. C. Braithwaite acted as Obsersatary Assistant with mach intellizence and promise,

Jjunction,

t Mr. Slielverion employed Colorel Waugh's 2 feet Theodolite No, 2 in his trlangulation. The avorace
error of his §1) triangles is 0. 31, Tlhe mean probabitity of angniar creor 1a U+4G between’ extremes of 0°18 nned
0-£7.  Azimnth olscrvations were laken nt only one station. The Secondary trinngulation covers an aren of
10954 Square Miles.  Owing to the paucity ot good natural of artificial objects, 152 Secondary Station murks
were Luiit for future reference. ’

Mr.A. W, Donnelly is very favonrnblr raported of by Me. Shelverton, for tho amonnt of work hic has
accomplished in selecting stations, builling towers aud platforme, and exzcuting Secondury triangulation eme

bramng “20 trinngles, aned a Scrics of 160 wiles in length, slarting from awnd terwinating on the Principal Series

1o fix Bickarecerand Nagour.

Me, M. C. Hirkic executed & network of frinngles 88 miles long by 16 broad on the enst flank of tho
Eeries, aml is reported 1o have Jaid out his grownd judiciously,

Me. F. Beil is reported 1o hnee worke| well in the preliminary operationa, and afterwards in executing
n series of Secondary Ananglecover 8 distance of 104 miles, through the desert, on the parallel of 99° 30" o the
werl liun of 737 avd thenea Saml o Biknneer, to jcin Mr. Donnelly's Scries,

Mr. . WYL E, Atkiuson was of juucii use as OUbservatory Assistant.
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cireumstances that the Goorhagarh Mevidional Series was conducted during the Field Season of
1860-61.

14. During the following scason the deserts of Biknneer, Sheklawati and Marwar were
extensively traversed, and o very large arvea ol Loth principal nnd secondary trinngulation was
cxecuted, reflecting much credit on Mr. Shelverton and - his Assistants, who skiliully and energo-
tically availed themselves of the facilities offered by mounds and bhills, commanding extensive
prospects, to fix a large number of positions of importance. In the two seasons the triangulation
was carried a direet distance of 342 Miles by 50 consecutive triangles, covering an area of 4,454
Square Miles. -

15. The ASSAM PARTY,* ja cliarge of C. Lane Esquire, Chief Civil Assistant, was em-
ployed in 1860-61, in triangulating along the Eastern Froutier, from the South of Gowhatty to
Cherra Poonjee. Liecent prohibitions regarding the impressment of Coolies occasioned much em-
barrassment, notwithstanding that the majority of the Cossyahs arc porters by trade ; delay was
thus caused in taking the field, and often afterwards. Mr. Lane reports that it frequently preved
of assistance, as o turning point to the arguments employed to persuade these loyal people to act
as porters, to tell them they were required *“ on Her Majesty's Service,” interpreted *“ Maha Ra-
nee ka kam.” The operations were further impeded by clouds and mists;, and latterly by storms
of such severity that on one accasion the whele of the Bunder Bazar, on the bank of the Scorma,
was utterly destroyed and no vestige left, Fina! observations wero taken for 19 principal tri-
angles arranged in o double Series, extending over a direct distance of G2 Miles, and covering an
aren of 1207 Square Miles. Eight important Snowy Penks of the Bhotan Himalayas were fixed.

16. During 1861-62, Mr. Lane was nbsent on leave on medieal certificate, wlien his place
was nbly filled by Mr. W. C. Rossenrode, who extended the triangulation n direct distance ot 89
miles Eastwards through Cachar towards Munnipoor, and 25 Miles Southwards towards Indepen-
dent Tippernh, in all 114 miles, by 80 triangles arranged in a double series covering an aren of
2024 Square Miles. Some of the stations were situated in the Jynteeapore District, but the
abservations at them were fortunately completed before the present rebellion broko out. Recip-
rocal observations had still to be taken to them from other stations around, necessitnling the
employment of Hindoosteni clashees to worl the signals on them ; the men, though robbed and
threatened, maintained their posts during the rebellion, and only came away when signalled to
do so of the termintation of tho observations.

* The nrea of Secondary Triangulution executed during both sensons is 10,250 Sqnare Miles, lixing 1he
positions of Silchar, Syliiet, Jyntinpoor and nunerous other places of importance. QOue azimuth only was de-
términed by astronomical observation.

Mr. W. C. Rosscurode was employed in 1860-GI in sclecting sites for stutions, and-in sccondary trian-
gulation, making gaod progress,

Mr. H. Beverley wans employed in secondary trinngulation, building etations, clearing rays, and opening-
out paths tor the large Theodolite emnployed in the principal operations. e was subsequently deputed to select
stations within the Dritish Territory, to Le used in case the attempt to cross Indepesdent Tipperalh might prove
unsuccesslul.

Mr. A. DeSnuza wns directed by Mr. Lane to make a Topographical survey of the Cosain plateau, of
which he accomplished about a thousand square miles, on the seale of 4 miles 1o the inch, Subscquently he fell
ill with imAammation of the knce joint, and os there wns no one to take his place, the topogenphy could not be
extended further. He was ordered to Sea for change of air, and is now nssisting in the astronomical observations
tor the deterinination of the longitude of the Andaman Islands,

Mr, Lane having ulde obtained sick leave it became necessary to cail up Mr. Ellison from Vizag-
apatan to join the partv.

Mr, Shuter was enployed na an obscreatory assistant and in desultory sccondary triangulation ; he is
reported L> have been diligent aud assirluous,

Mv. lossenrode teports we follows of the tribes whe inhabit Twdepeadent Tipperah: “The Court of
the Rojnh at Agratolla is composed entirely of Bengalees, A Bramin of Bengal has the sole manngement, and
conducts the affairs of the state. Being n Bramin, lie is also the spivitual adviser of the Jajnh, wha pays him
the greatest reverence and respect, sud remains standing duvinfz any interviw which may take place hetween them.
The Prahoo, as this Beamin is ealled, is not very popular from having cut down the expenses ol the Rajnh, re-
duced his retinue, dischareed many of his retainers, and sold the superfluons elephants and horses. ~ He las
doue much good since the country has becn under hts monagement, A younger brother of the Rujuly, Barchand
Thakoor, resides nt Agralolln.  He has recgived the rudiments of an Knglish education, mnd has been taught
Chermnistry, Medicine and Photography, und ses himecll taking lik He tukes no part in business, and
scems to bave no influence whatever.”

, ' The court being composed of Bengalces, none of these men were willing, or would volunteer their ser-
vices when nn ngent was required, to accompnny Mr. Elison, and their reluetance to do so may be attritntuble to
the dl!hcullnes they woulil have to cnconnter in an unexplored, uninlabited portion of the country through which
Mr. Eliison puinied out to them on the map that the work would hnve 1o be conducted. :

. **Oo enquiry, Mr, Ellison Iearned that the courtry wns uninhabited owing to the inroads of the Kachak
Kooklel_l, nn Independent tribe, who lenve their hills and fastnesees in the interior, and make frequent forays,
plundcrmg_un(l murdering the Tipperu Iajah’s people. The great dread of this savage and inlmman tribe causes
such a panic throughout this portion of the ceuntry, that uil the inhabitants deserted their villages anl setiled
on the Frontier, or inthe Cachar, Sylhet and Comiila distriets, and no perswnsion wilk indnce them to nccompany
o smoll detaclonent sach ns Mr, Ellison’s wns. Witha lnrge nemed force able 1o repel any attack, these very |Jl’0¥"-m
formerly subjects of the itaja ot Lippera, nre ready 10 render every assistance, and to guide the forces, in order
that the Kachak Kookies may be severely panisherd, nay exterminatell from the conntry. :
' There ure several tribes in bndependent Tipperah. ‘The Kookies, Nagna and ‘Tipperns inhabit the hills
and ,]_unulen They select nloenlity for their Village, clenr it ami the surronndinyg hills and valleys, and cultivure
the rich virgin soil for twa, three or at the utmost, four ars, and then remove to some other equally fuvornble
locnlity.  They chicfly culiivate coltan, a fourth of which is given to the Najn annually; o porrion is epun and
manufuctured into conrse cloth for haosehoid use, and some picces of cloth of betier texture, ns well ns the surplus
cotton, aro taken to the nenreat Hant, or wmnrket, and exelunged for goats, pigs, fowls ov ornnments. They
8lso cultivaie rice, ynios. and a grmn termed chena, (wWhich erows only on these hills,) for their own consnmption.
The lfnnkie‘ und Nagns liave no caste, they eat dogs, i eats; in fact every animal sl every bird is eaten. The
Kookies ol Aesam, Cachar, Manipur, aod ‘Fippera have difforeut dialcets, and the smune way be snid of the lan-
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17. T have already reported (1) that on learning that the Bengal Government had ordered o
Survey of Tudependont Tipperah to be made, I arranged with Mr. Buckland the Commissioner of
Chittngong, for our T'riungulation to be carricd across Tipperah, on the direct line from Cherra
Toonjee to Chittngong, inglead of taking on extensive circuit westwards, as was originally con.
templated, in order to keep within British Territory, and away from a frontier believed to be
insecure. Mr. Ellison was deputed to enter Tippernh to reconnoitre the connlry, and scleet sites
for the stations. He was considerably delayed by having to wait for the Rajah's Agents, but ho
made some progress, and is reportod by Mv. Buckland to have *¢ behaved with much tact and
patience, nlthough he hnd to enconnter the usual obstrucliveness of tho Rajuh and his people.”
Mr. Ellison has supplied some intoresting information regavding the Iill tribes inhabiting Indes
pendent Tipperal, which I havo extracted farm Mr. Rossenrode’s report and given in the foot notes.

14. The BONBAY PARTY,* under the superintendenco ot Lieutenant now Captain C. T.
Haig Bombay Engincers, st Assistant, wns engaged in 1850-61 in completing the triangulation
nocessary to conucct the Guzerat longitudinal series, on the parallel of 23°, with the Singi meri-
dional series, which had been Lrought up from Bambay as far as Surat, by Captain Rivers, some
years previously.  The connexion was satisfactorily nccomplished, notwithstanding that the sec-
tion of the party employed in selecting stations, got entangled insomo malarious Jungles, where
hoth Europeaus and Natives wore attacked with Jungte fever, an:d had to retire io Broach until
the sickly season was over.  In ¥861-G2 the Guzerat Longitudinal series was extended east.
wards to the Ibanpisura series on the meridian of 739, and a series of triangles on the meridian
of Oodeypore was carried between it and the Karachi Longitudinal, thus completing the Trian-
gulation of the northern portion of the Bombay Presidency. The principal operations involve
126 miles of trinngles arvanged in a donble series, and ahout 199 miles arrangod singly, the
total number of triangles being 42, covering an avea af 7-130 square miles,

19. The LEVELLING OPERATIONS. § under Captain Brantill, of the late 5th Bengal
European Cavalry, 2nd Assistant, have made good progress, having in the two field Sensons been
carried from a point near Mittunkote, on the Indus fline of Levels, to the Dehra Dhoon Base
Line, via Bahawulpoor, Ferozepoor, Loodiana, Lmballa, and Saharunpoor, and thenco on fo the
Seronge Base line in Central India, via Meernt, Allyaurh and Gwalior, over a distaneo of
999 miles.  In the course of these operations, Stone Deneh Marks were fixed at distances of 12 to
15 miles, and the most substantial milestonos met with by the road sile were also determined, for
tuture reference by Canal or other Enygincors engaged in levelling operations. 4 satislactory
connexion has been made with the Ganges, and the FEastern Jumna Canal levels, and those of the

Allahabad anll Agra Railway, which are now capable of being reduced to the mean Sen level as
a common datum.

¢ of the Nagwe of the above named places. Tue Tipperas, in dreas, appearance, wl liabits, resembic the in-

They have their own tangunge an i nre n Jow easte of Himdoos 3 frorn constaal intereonrse
the people of the pluins they are move civitized, and wnderstned  Bengali.  The Tioperas are eanilid,
straighit-forward, cheerful, il of il the hil tribes med with on tn's =ik ara wmost trastworthy and infellicent.

N aeqn snllen, morose, ircicherons sty and cammot be convitivtel or depended npon.  They
with their neighbours amd consequently resain their basbarisn Tive Kachar Kookivs ave an inde-

pendent tribe, and nothing i3 known of them except that thiey make (requeat incursions, rob, plun: er, and murder
the inhnbltans,”

® Astronomical observations for azinath were taken at (wo stationa,

Of the Meridional Serics, gonth of Qotipoor, Caplain laig reparia re 1ollows :—¢ The conntry throuch
which this serics runs is inhnbited by the willest sct of savages that' ] have as yet ecer had 1o do with. The
thieves (who forn n portinn of tle inhabitnnts of every Village) for the sake of the clothes a man has on hig
bavk, assanlt him; if he attempts to cscape, they bring him down with a shower of arrowa, utterly regardiess of
his life.  On thie ,C ication by e gers ws nttended with great risk, and consequently Messrs,
DaCostn and McGill were each anacquninted with the other’s progress until they actually miet, otherwise I had
intendo them to be in frequent communication. [t fs partly dae to this that the Serics hag n hend in the contre,
ml partly because the Raja of Snloomber, a very refractory chief, would not permit a Sintion ta be built on his
hill, althongh directed to do nn by the Political Agent.”

Mr. DuCnstn was cmployed in carrying a Sccondary Serics of trianglea nlong the west Const of the
Gull of Bombay, from the m .uth of the Saburmuthee River to Gogo, aver a flattract of conntry, which fora creat
portion of tho yoar is entirely nnder waler, Also in selecting principal stations for the Mungalore and Ooilipoor
Series, over a meridionnl distance of upwards of 180 miles. e lud ont a Secondary Sories down the Eaat roast
of the Guil of Cambny ns fur ns Surat, and cariied other triangles to fix the position of Baroda. His scrvices
ur: very favorably reported by Captain Haig.

Mr. G. MeGill was employed in selecting and buililing stalions in A malarioas fract of count
hail often previously Leen ntlempted, but never before with success, sickness and other difficultics havin
driven hack the Survegors.

Mr. Aoding rendered valuablc nasistanec in the observatory,

ry which
iuvarinbly

and in desultory duties.

t Mr. Carty worked with Captain Branfill during the Season 1860-61 i the next Scason he carried an
independent line of levels [rom Seronge to Allyghur, nssisted by Ramchuml, an intelligent and hard working
nntive of Lahore who wns unce in tho service of the unfortunate Xlolohe Schlagintweit. The first year, Nam-
chiund exccuted 175 milea of branch levels 1o fix positiens of hmportance.

In 1861-02, Mr. C. Wooil assisted Captuin Benniill, by whom hicis favorably reported of.

Durinyg the course of the level'lng operations, it lias often been noziced that though the indapendent re-
sults obininer) at ench station by the respaclive obscrvers dffer il at ull by almost imperceptibly nivute quanii-
ties, tho differences have a tewslency to go one way, and have oc 1} Inted to large
On this curions and perplexing subjeet, Capiain Beanfill reports ns follows :

“ 1 think we can n!l suhscribe to the following facts—The state of the weather and the season of the year
bave n very consuleruble efleet on onr reanits, as shown by the difference between obeorvers. We have found
tha the npeparent law of our differences is leaat deveioped some time in the middle of the cold senson. Inn
run ot bal weather (i e. bad for the work) the npparent Inw ot our diffrrence 18 for the most part inarked when
the atng<plere is clearest, nnd when we have supposed our observations Lo b freest [roi errur ; and converse-
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20. Tho COMPUTING OFFICE in Calcuita, under the Superiniendence of Baboo Radanath,

Chicl computer, was engaged in completing the triplicate manuseript volumes of the Genernl reports
of the Parisnath, Hurilong and Chendwar Meridional Series, nud in furnishing elements for the
various Topographical and Revenue Survey Parties requiring thom. In March last, Baboo Hadn-
nath retired on a ponsion, aftor 30 years’ service, during which ho had repeatedly carned the np-
probation of the suceessive Surveyors General under whom he had served. On his resignation it
was deemed advisable to remove Lhe computing office from Calcuttn to the Head quarters of the
Trigonometrical Survey at Dehra Dhoon, to bring it into more direct connexion with the Superin-
tendent of the Department, andalso with the field partics whose computations it has revised and colluted.

21. The distant location of the computing office had entailed the formatiou of a small office
at Head Quarters under the superintendenco of J. B. N. Henneasay Esq., 1st Assistant G. T.
Survey, composed of Nutive Surveyors, and newly joined Sub-Assistants, who thus had an oppor-
tunity of being rigorously ¢rained in the theoretical portion of their new duties. This litlle office
lins lately completed tho triplicate manuseript copics of tho General report of the North Eastern
Longitudinal Triangulation’ between Dehra Dhoon and Purneal, in two thick imperial volumes ; it
has also becn employed in revising the computations of the mountain triangulation of the North
West Himalaya Series, computing 3 volumes of the report of the Levelling operatious, and prepar-
iug the tripliente general report of the Trans Indus Fronticr Survey; also in supplying clements,
examining candidates, instructing new assistants, and other current work. On the transfer of the
Culeutta Oflice to Dehra, all but one of the old comnputers took their discharge, but fresh men havo
Dbeen entertained, and I have overy reason to expect incrensed efficiency from the new computers,
under the direction of Mr. Hennessey.

22. The Drawing Office, under superintenderce of W. II. Scott Esq., Civil Assistant G. T.
Survey, has been chiefly employedin compiling Maps of Kashmir, and Laduk, from the plane tablo
sheets sent in by Captain Montgomerie. The first of these large maps has alveady been transmit-
ted to the [Tome Government, the second is well advaunced. Ten original preliminary charts of the
‘Triangulation in diflerent parts of India have been forwarded for tho usc of the Survever General's
Ollice, and duplicates have been prepared for the Geographer to tho Secretary of the State for India.
Triplicato charts have also been constructed for the manuseript volumos of the General Report.

23, Between the completion of a Survey, in this country, and ils publication, a long interval
invariably elapses, during which even the Supremo and Local Governments are without access to
valuable information, acquired, but unimpartible because of tho costlineas of manuseript maps and
the time occupied in their construction. I have therefore been induced to attempt to employ pho-
tography for making rapid copies of our maps and chaits, as a temporary substitute for the linal
engravings. ‘L'his process has of lnte year been extensively adopted in the Ordnance Survey of
Great Britian for reducing maps, as a substitute for the pentagraph. Two conplete sets of photo-
graphic apparatus werz sent out to this country by the Secretary of State for India, for similar
cwployment, and it is with one of these that I am endeavoring to have our maps copied. The ope-
yution is by no means easy, for tho apparatus has had to be specially adapted to make full scale
copics, a ud not redu :tions merely, for which it was originally intended, and tho maps require to be
drawn with speeial referenco to future copying or reducing by photography. An ordinary finished
map eaunot be reduced without o large portion of the names becoming too microscopic to be easily
legible.  In the first Kashmir Map the rivers wero colored in blue, and the broken Iand and low
hills in red, the higher ranges being in Indian ink. Consequently s photograph of it would show
no rivers, aud would invert tho depth of shading of the high and low hills, bringing the Intter into
excessivo prominence.*

21, Captain Melville, who has already been mentioned in conuexion with the Topogra-
phical Survey of Kashmir, has attained considerablo skill as a photographer, and succceded in
making an excellent reduction to half scale of tho second Kashmir Map, before any names were
printed on it.  The reduction will havo the names inserted by hand, and will then be ready for
being copied to full scale, and nfterwards printed, for ns extensivo circulation as the limiled
mcans ot my disposal will permit. I have every reason to hopo that with Captain Melville's
assistance, I may Do able to snpply o want, which has often been seriously felt.

25.  In concluding this repott of the operations of the Trigonometrical Survey, I am happy
to be nble to oxpress my opinion that the progress made on all sides, both in the field, and during

Ly in a run of good seather, when the air is hazy from smoke or dust, or grcatly agitated by wind, and in
short, when wo huve found most dillicuity in rending the staves, our resulis have most coincilded with each cther.
Our differcuces do not appear to vary with the distances of the stuves. On the contrary the diflerences are
perhaps even more marked ns the day grows older, and the distances of the staves from the instrument are re-
duced,  The general direction in azimuth of the line of our work hns some connection with tho cumulative
differences, and we have noticed that the tendency 1o difler is more murked when procceding fowards o cerlnin
puint of the comnpass, than when procecding from Lthat point Llowards its opposite.”

* A Map of Asin between the purallels of 20° nud 609 on the scale of 100 geographical miles to the
inch, has been recently cowpiled nnder my superintendence, partly in this office, und partly in the Survevor
Genernl's of whieh I had temporary charge from 10th Junuary to 24th March lust. It zives the most receat
intormaticn available from our own nud other sources of the countries between St Petorsburg and Pckin,
Tabolsk wnd Culeuttn.  The boundnrics of the territories respectively under British and Russiun protection
are shown, nod the caravan routes from India to all parts of Asin. ‘The Map is now available in the office of
the Surveyor General, Calenita.

Mr.  Jumes Pexton has renderod valuable assistance in the drawing office, having executed the hill
shading of the whale of the Kaghmir Mups, and of a Map of Jhelum and Rawul Pindee, from the Topogruphical
Surveys ol Captain Robingon.
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{he rocess, by the Survey parlies, and by the offices at Head querters; hias been most satisfactory,
and I would Tespectfully solicit the favorable notice of Governinent for the Officers, already cited,

in charge of the respective parties and offices.
g 1 have the honor to be,

Sir,
Your most obedient servant,

) Masor, ENGINEERS,
Offg. Superintendent,
Great Trigonometrical Survey of India.

Mr. Harry Duhan, Extra Assistant, in charge of Corresponding branch of this office, accompmnicd
m ¢ to the Presidency, and carrled out the arrangements for the transfer of the computing office from Caleuttn
to Dehrs, and hag invariably been of much assistance.

Mr. Robert Scott has been employed in the Corresponding offics and ns genoral store keeper, and hps
been most assiduous in the execution of his mullifarious duties.

Pn'ntzd_ at the ““ Hills" Press—by ApDooL Azsc:
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