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THE OPERATIONS OF THE

GREAT TRIGONOMETRICAL SURVEY OF INDIA

IIN 1872-73.

The following is a summary of the several operations of the present
year, given in the order in which they will be found described in this report.
1. Trigonometrical. The Bildspur Series, Southern Section, Meridian 82°
I1. Trigonometrical. The Bildspur Series, Northern Section, Meridian 82°
III. Trigonometrical. The operationsin the Assam Valley.
IV. Trigonometrical. The Jodhpir Series, Meridian 723°.

V. Trigonometrical. The operations on the Meridian, 75°, and the paral-
lel, 13° of Mangalore.

V1. Trigonometrical. The Brahmaputra Series, Meridian 90°,
VII. Topographical.  The Survey of Kattywar.
VIII. Topograpkical.  The Survey of Guzerat.
IX. Topographical.  Himalayan Surveys in Kumaon and Gurhwal.

X, Geodetic. Electro-telegraphic determinations of difference
of longitude in the parallcl of 13°, }
XI. Geodetic. Astronomical determinations of latitude.
XIL. Geodetic. The pendulum operations.
XIII. Tidal. Determinations of mean-sea level.

XIV. Geographical. Trans-Himalayan explorations.

XV. Computing Office. Examination, final reduction and publication of
the obscrvations. }

XVI. Cartography. Preparation and publication of various Charts
and Maps, }
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(2.) The operations carried on during the year under review have pro-
duced the following out-turn of work ;—of Principal Triangulation, with the
great theodolites of the Survey, 92 triangles, covering an area of 11,058 square
miles, and disposed in chains which, if united, would extend over a direct
length of 416 miles, and in connection with which seven astronomical azimuths
of verification have been measured ;—of Secondary I'riangulation, with smaller
theodolites, an area of 3,224 square miles has been closely covered with points for
the topographical surveys, an area of 11,532 square miles has Dbeen operated in
pari passu with the principal triangulation, andin an area of 7,290 square miles of
a portion of the Himalayas, which is inhabited by independent tribes, several points
have been fixed which will be valuable for preliminary geographical require-
ments ;—of Topographical Surveying, an area of 2,731 square miles has been finally
complefed in the Himalayas, on the scale of one inch to the mile, and an avea of
3878 square miles, on the two-inchscale, in portions of the Bombay Presidency,
in the course of which 2,734 linear miles of boundary and check lines have been
traversed ;—and of Geodetic Operations, the amplitude of the arc of parallel
between Madras and Mangalore has been determined by the electro-telegraphic
method, and the pendulums of the Royal Society and those of the Rlussian Imperial
Academy of Sciences have been swung at five stations.

(3.) The principal triangulation has been executed as usual with the largest

theodolites, the azimuthal circles of which have -
diameters of either 86 inches, or of 24 inches. T | Cometricul | ¢
The average theorctical probable error of the | fserved Angles| Triangles. | 83
angles, and the average geometrical error, of | %™ [T % %7 2 | ik
the triangles—the amount by which the sum | 8 |E| 8 in
of the three ohserved angles of each triangle | 2 l=| & |&3
differs from 180° + the sphieroidal excess—are ) o o ]

. . . . . 3 | £0716 | 21 | 0”45 | Uills
shown in the table given in the margin. Ion
the course of the operations of the present sea- ILo 48| 2L116| 36 |
son two great circuits of triangulation have 1v. 12 ‘15 | 14 |,
been closed, one formed by the chains of tri- v . 14| 25 65
angles on the meridians of 80 and 62° and the P 1
parallels of 18” and 21, the other by the chains VI 48 29|16 94 |Plains.
on the meridians of 75° and 78> and the paral- I —
lels of 13° and 18° A series of triangles has —\“"mgt‘f‘,.—-\l oo X078 | 056
been commenced on the meridian of 721°, ema-

nating from the Karichi (Kurrachee) Longitudinal series and trending north-
wards, which, with another serics to be exeented on the meridian of 70° will
suffice (o fill the gap which at present exists in the triangulation of Western India.
The Beahmaputra Servies, wmeridian 90°, has been so far advanced northwards that
in all probability it will be comydeted during the next field season.

() The secondary triangulation which is heing carvied up the Assam
Valley has made very little progress, the reasons of which will be found explained
in Scetion IIL

(5.) The transit instruments, chronographs, astronomical clocks and other
apparatus for this Survey—the construction of which was commenced ten years
ago in England and France, under Colonel Strange’s superintendence, and has
been reported on by him from time to time in various communications to the
Royal Society and the Royal Astronomiecal Society—were received in this country
in time to permit of their being used in the present year. They were employed
in the determination of the differences of longitude hetween Madras, Bangalore and
Mangalore by the electro-telegraphic method.  The astronomical determinations
of latitude were snspended to allow of the Officers usually engaged thereon being
employed on the longitude operations.

(6) The pendulum observations which were commenced in the year 1866
by Captain Basevi, and suspended on the death of that Officer in 1871, have been
resumed ; the operations remaining to be done in India have been completed ; the
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pendulums have been taken back to England, and final observations are now
being made at Kew, the base station.

(7.) Much attention has been paid to the requisite measures for the pro-
tection of the stations of this survey, which are scattered over all India; it has
been found that a large proportion of those which were constructed even at the
commencement of the present century are still forthcoming, though no steps
appear to have been specially taken to ensure the protection of any of the stations
until the years 1865-66, when stringent orders on the subject were issued by the
Government of India, lists were circulated to the District Officials, and periodical
reports on the condition of each station were called for.

(8.) The final reduction of portionsof the triangulation and the publica-
tion of the Volumes of the . Account of the Operations &ec.,” which give the
results of this laborious operation, have made satisfactory progress; the publica-
tion of charts shewing the preliminary results, which are deduced on the completion
of each field season’s operations, has been kept up to date, as has also that of the
maps which are constructed by the three Topographical Parties. A second edition
of the map of Turkestan, which contains much new information of the geog-
raphy of Central Asia, has been published, as also various other maps which will
be duly described hereafter.

(9.) During the summer of 1872 I was employed in theIndiaOffice, London,
in examining the condition of the copper plates of the Indian Atlas, and in carrying
out the requisite measures for the completion of such portions of the Atlas as it
was considered desirable to have engraved in England rather than in India. These
operations have been fully reported on in Mr. Markham’s Abstracts of the Reports
of the Indian surveys, published in 1872 and 1873. I need here only add that a
portion of my duties in England was to acquire sufficient information of the prac-
tical details of superposing a surface of steel on an engraved copper plate, by the
electro-type process, to be able to introduce the method into this country, for em-
ployment in the Surveyor General’s Office in Calcutta. The requisite apparatus
was duly provided in England, and on its arrival in India I proceeded from my
Head Quarters in Dehra Doon to Calcutta, in order to initiate the process, which
was soon placed on a satisfactory footing, and is now worked whenever necessary.

(10.) Whilein England my attention was drawn to the tidal investigations
which were being carried on under the direction of a Committee of the British
Association presided over by Sir William Thomson ; I found that it was very desir-
able that the tidal operations in this country should, when resumed, be conducted in
a similar manner, in order to contribute towards the attainment of a better know-
ledge of the laws of the tides. With the sanction of the Secretary of State.for India
I made arrangements to procure all the requisite self-registering instruments, and
to acquire the practical details of the reduction of the observations by the method
of harmonic analysis which is practised and recommended by the British Associa-
tion. The instruments have been received in this country, thoroughly examined,
and put into good working order; and all the requisite arrangements have been
made for commencing operations by a series of tidal determinations on the coasts
of the Gulf of Kutch, which will be immediately undertaken,

(11) I landed at Bombay on the 31st October 1872, after an absence of
nearly two years from India, and on the following day I resumcd the direction of
the Great Trigonometrical Survey, which had been administered during the whole
term of my absence by Major T. G. Montgomerie, R.E,, to whom my best thanks
are due for the manner in which he conducted the duties of the Department, and
whose services have already been acknowledged by the Government of India and
the Secretary of State.

(12) I now procecd as usual to report on and give an abstract of the
operations of the several Survey Parties and Offices. TFurther details will be
found in the Extracts from the Narrative Reports of the Executive Officers given
in the appendix, which also contains a paper of “ Notes on the maps of Central
tAcSIcEIL and Turkestan” which have been published in this Office under my superin-

ndence.
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NO. L.—TRIGONOMETRICAL.

THE BILASPUR SERIES, SOUTHERN SECTION, MERIDIAN 82°

(13.) The longitudinal chain of triangles which extends from Bombay to
Bider and thence to Vizagapatam was completed during the field season of 1871-
72. Ithen determined to utilize the opportunity afforded by the presence of Mr.
Rossenrode and his party in the neighbourhood, to carry a triangulation on the
meridian of 82°, from the said longitudinal series nofthwards, to meet the triangu-
lation on the same meridian which was being brought down from the Calcutta
Longitudinal Series by Mr. Keelan, and which could be more easily and satisfac-
torily executed by surveyors already familiar with and located in the country, than
if it were conducted continuously from mnorth to south by other surveyors new to
the ground. . . - ) i
(14.) Mr. Rossenrode had much difficulty in recruiting his establishment,
in providing pack-bullocks—the only means

PEBSONNEL. of carriage available in a country which is

W. C. Rossenrodo Esq., Depy. Supds. 3rd Grade,  very hilly and intricate and is almost wholly
Mr. H. Beverley, Surceyor 1st Grade. devoid of roads—and in obtaining carriers for
. E'. ?’?"\'vsrx‘:u‘ﬁ,yfsf:.dsg;?e(?ér 3rd Grade. his great theodolite; a panic had seized the

indigenous hamdls or bearers in consequence
of the mortality which had prevailed among them during the operations of the
preceding field season, and men had to be imported from Hazaribagh who had
been previously employed by Mr. Rossenrode. All the preliminary arrangements
were however completed in time to permit of the party taking the field in the
middle of November, the earliest date at which it is judicious to do so in this re-
gion of malaria and fevers. After a month’s march from Vizagapatam Mr. Rossen-
rode reached the terminal stations of last season’s triangulation where his work
had to commence, and in the three following months he carried the final opera-
tions northwards, a distance of 96 miles, to the parallel of 20° 24/, where they form-
ed a junction with Mr. Keelan's operations on the northern section. Principal
observations were taken at 17 stations, forming three polygonal figures which
cover an area of 2,360 square miles, An azimuth of verification was also deter-
mined by astronomical observations.

(15.) During the previous field season Mr. Rossenrode had been unable
to have a sufficient number of secondary points fixed to render his operations as
valuable as they should be for geographical purposes; he had only two assistants
and was obliged to employ them chiefly in the preliminary operations for the great
triangulation, During the present season this omission has been amply rectified,
and a large amount of secondary triangulation has been cxecuted, over an avea of
upwards of 5,000 square miles, in which there ave 83 stations whose position and
height have been determined, and 203 points fixed by intersection but not visited.

(16.) Mr. Rossenrode and his assistants are to be much congratulated on
the satisfactory completion of these arduous operations. The country in which
they were laboring is one of the most malarious and deadly in all India. It was in
this region that Colonel Everest commenced his career as a Trigonometrical Sur-
veyor, in the year 1818: a few months afterwards he was stricken down by jungle
fever, the most baneful enemy of the operations of the survey. Half a century
was allowed to elapse before the work was resumed; but in 1869-70 Mr. George
Shelverton was deputed to take it up; he too suffered much from fever, but he
remained at his post, with a steady persistance and sclf devotion which, in the
following year, cost him his life, and lost the Government the services of an able
and very deserving officer. In this last season of the operations, Mr. Rossenrode
and each of his European assistants and the whole of the native subordinates and
camp followers, witliout a single exeeption, suffered more or less from fever, but
fortunately of a less virulent type than had been met with to the south, and the
number of fatal cases was comparatively slight.
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(17.) In his Narrative Report, Mr. Rossenrode gives an interesting des-
cription of the Banjdras, the class of people by whom the chief trade of the
country is conducted, and whose existence appears to be devoted to purchasing
grain in the valleys and plains in the interior and carrying it to the towns on the
sea-coast for sale; theroads, or rather foot paths, being of the very worst descrip-
tion, passing over rugged hills and through tangled forests, the grain has to be
transported on pack-bullocks; and the Banjira and his wife and family and all
his belongings, travel with the bullocks, and have no other home than their tents
and camping grounds. )

(18.) In the ensuing field season Mr. Rossenrode and his party will be
employed in Burma, in resuming the operations which were suspended in the year
1870,

NO. IL.—TRIGONOMETRICAL.

THE BILASPUR SERIES, NORTHERN SECTION, MERIDIAN 82.°

(19.) The principal triangulation which was required to form a junction
between the terminal points of the opera-

P L. . . . . .
FREONIE tions of the previous year in this section of
H. Koolan Eaqr, Diepy. Supdt. ard Grade. the series and those of the present year in
Me. L. H. Clarke, Surveyor rd Grade. . . 1 db
. J. C. Clancey, Awst. Surveyor 4th Grade. the southern section, has been completed by

Mr. Keelan, by observations at ten stations
forming four quadrilateral figures which extend over a direct distance of 55 miles
and cover an area of 680 square miles. A verificatory azimuth has also been de-
termined by astronomical observations at one of the principal stations, This
portion of the work has been well done, but in other respects the performances of
the field season are not as satisfactory; no secondary triangulation was executed,
nor were any attempts made to connect the stations of the Topographical and
Revenue Surveys, of which there are scveral in the neiglhborhood of the Trigo-
nometrical Stations ; this work will have to be done before the operations can be
considered to be complete. Mr. Keclan describes the country as the wildest tract
it has ever been his lot to work in, covered with forest and presenting no well
defined points to fix; his party had been materially weakened by the transfer of
one of his assistants to other duties; but as the amount of the principal work
which had to be performed was not very much, I am of opinion that with better
arrangements aud a little more enterprise the secondary work as well as the
primary would have been completed.

(20.) By the junction of the two sections of this chain of triangles, the
circuit formed by the Jabalpur and the Bilaspur Meridional Series and by the
Calcutta and the Bider Longitudinal Series, has been closed ; its lengthis about
1,130 miles, and the discrepancies at the side of junction—as exhibited on the
completion of the preliminary calculations of the triangulation, without any correc-
tion for errors generated in the course of the circuit—are as follows; linear, 0'49 of
a foot in 1494 miles, which is equivalent to the six millionth part of the side of
junction ; in latitude 028, in longitude 07:02, and in height 20 feet.

NO. III.—TRIGONOMETRICAL.

THE OPERATIONS IN THE ASSAM VALLEY.

(21.) The cxtension of the triangulation into the upper portion of the
Assam Valley has long been a desideratum, in order to conncct the Revenue Sur-
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veys of the Sibsigar and Lakhimpur districts—which were commenced several
years ago—with the general survey, and also to fix points on the hill ranges lying
to the north of the valley, for the elucidation of the gengraphy of regions which
are at present inaccessible to Europeans, being occupied by variousindependent
bill tribes. Every effort has been made to push on this triangulation as rapidly
as possible, but the difficulties met with have been very great, and the progress
has been far slower than that of any similar operations of this Survey in modern
times.

(22.) Thedifficulties arise from the following causes. First, the whole sur-
face of the country, in the hills as well as the plains, is covered with patches of
forest and with dense jungles of bamboo and long grass; in every instance more
or less clearance is required to render the stations mutually visible ; when the sta-
tions can be placed on hill peaks it is only necessary to cut the trees down to the
level of the summit; but in plains the entire length of line between contiguous
stations has to be cluued and some idea of the labor may be formed from the fact
that a single line occupied a party of twenty five cutters thirty six days to clear;
if arainy scason intervenes between the cutting of a line and the final observations,
a second clearance becomes nccessary, as in these regions grass and bamboo jungle
grows up very rapidly on the line during the rains. Secondly, the country is
very sparsely inhabited; supplies and laborers have frequently to be imported
from a distance, and even where large villages are met with the inhabitants can
only with great difficulty be induced to render any assistance, though highly
paid for it.  Thirdly, the most healthy time of the year for field work is usually
the least favorable for observations of distant points; the atmosphere is always
clearest and most transparent immediatcly after the termination of the rainy
season, and in the brief period which usually oceurs between the first showers—
the chota barsdit—and the sctting in of the regular rains ; but at these times mala-
ria and jungle fever are most rife and the country is very deadly, more parti-
cularly for persons employed in ficld operations which necessarily entail great
exposure. When the dry season sctsin the villagers invariably burn down the
grass and bamboo jungle, and then the atmosphere hecomes pervaded with smoke,
which hangs like a pall over the whole country, and shuts out from view all
distant objects and somectimes even near ones; at these times observations become
impossible, and the surveyors have to be employed in the preliminary opera-
tions of selecting and constructing stations and clearing lines.

(23.) The Assam Series was commenced in the season of 1867-68 at the
stations of the principal triangulation in the neighborhood of Gowhatty, by Lieut.
Larminie, R. E., who was only able to carry it over a distance of 56 miles in that
and the following field season. In his anxiety to push on the work more rapidly
Licut. Larminie took the field, at the commencement of the season of 1869-70, so
soon after the cessation of the rains that most of his men were stricken down with
fever, and by the time they had recovered and were fit for work the favorable sea-
son for observations had passed, and the party had to be employed in preliminary
operations for future work. In 1870-71, the triangulation was advanced a direct
distance of 86 miles by Mr.W. C. Rossenrode, the best season’s work yet per-
formedin the course of these operations, but due in some measure to the prelimi-

nary opentionq whicl had been previously completed by Licut. Larminie. In the
following year Mr. W. G. Beverley carried it 40 miles further.

(Zi) During the field season now under review several points have heen
fixed on the Lill ranges to the north of the

: valley, but the pr1n01pal chain of triangles
r{r'.Gd_l?:_“i',‘:frif’q',;!::“;“f:c";“,rz',':lt G’,“de' has Dbeen advanced a distance of less than
w W.G OSullivan,, TR twenty miles. This is mainly due to the
w J.0. Hughes ,, , 4th circumstance that political considerations
necessitated the abondonment of the original design of carrying the operations
over the northern spurs of the Niga Hills, for which armngoments had been made;
Mr. Beverley was therefore compellod to turn down into the plains of the Brahma-
putra River, the region of tree-forests and densc grass and bamboo jungles, where

PERSONNEL.
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every line has to be opened by laborious clearances. I am sorry to have to add
that much delay was also caused by an injudicious selection of the two stations
at which the season’s operations terminated ; the indispensable precaution of carry-
ing a trial line between these points before constructing the towers had been neg-
lected, and when the final line came to be cleared a large house was found standing
midway between the two stations; this house was too valuable to be pulled down
and therefore the towers had tobe built up to a considerable height and then high
platforms had to be temporarily erected on them for the support of the lamps and
heliotropes. All this .caused much delay, which was the more to be regretted as
it happened at a time when the atmosphere was favorable for observations, before
the natives had commenced their periodic burnings of the grass jungles.

(25.) The final operations have now been carried up to points in the vicinity
of the Dhansiri River, one of the stations being situated at Gola-ghat. Preli-
minary operations for next field season have been carried up to within seven miles
of the town of Sibsdgar. Several high mounds and ruined temples have been met
with, on the left bank of the Brahmaputra river, which are likely to be made to
serve as sites for stations; but this will depend on whether corresponding sites can
be met with on the long island of Majhili, which stretches from a point a little be-
low Sibsdigar to a point near the junction of the Dhansfri river with the Bralhma-
putra. On that island it will be necessary to have five or six stations, only two of
which have as yet been sclected. Mr. Beverley reports “ that Mr. O’Sullivan, who
was employed in this duty, would probably have completed the selection had not
his progress being stopped from want of provisions,” and that it will be necessary
next season to carry supplies for men and animals in boats from below, and to
make such other arrangements as may render the surveyors wholly independent
of local assistance. He also states that this is the most difficult portion of the
triangulation which remains to be executed, and that when the Majhili island has
been left behind the operations may be readily advanced into any portion of the
Upper Assam basin.

(26.) Mpr. Beverley reports that the secondary triangulation has completely
defined the Dufla Hills, which form the lower range on the northern side of the
valley, between the meridians of 93° and 94°; the points laid down will be useful in
the projected survey operations to define the British Boundary. Some peaks have
been observed in the snowy ranges beyond, but as they were only seen on two
occasions, they cannot yet be considered to be definitely fixed. 'There is still a
considerable blank in the determinations of hill peaks west of 93°, which Mr.
Beverley hopes to be able to fill in at the commencement of next field season,
should the atmosphere be sufficiently clear to permit of his seeing the hill ranges.

NO. IV—TRIGONOMETRICAL.

THE JODHPUR SERIES; MERIDIAN 724°.

(27) Ground was broken on this series for the first time during the ficld
season under review. In the previous scason Licutenant Rogers had been em-
ployed in completing the revision of the scction of the Great Are between the
base-lines at Bangalore and at Bider, after which he returned to Bangalore to
spend the recess scason. He had thercfore in the first instance to proceed with
the greater portion of bis party and instruments by rail from the centre of the
Madras Presidency, to Ahmedabad, the northernmost station of the Bombay and
Baroda Railway, and then to march vid Deesa to Erinpiira, where he had arranged

to meet the agent of the native state of Jodbpur who had been deputed to attend
him throughout his operations.
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(28) The Jodhpir Series is onc of the two internal chains of triangles

PRRSONNEL, which remain to complete the great figure
Lieut. M. W. Rogers, R.E., Asst. Supdt. 1st Grade. known, dCPﬂl‘tmentﬂH)’s as the North-West
Mr. \Cv ;Tl;:nrt‘;m Assistant, Surveyor :1;3 » Quadrilateral, the exterior chains of which
w A Bryson, . v ath directly connect the basc-lines at Sironj (in
» W. Oldham, » »  dth o, Central India), Dehra Doon, Chach (near

Attock) and Kardchi. Operations were commenced at the stations of Sitinda and
Bonik of the Longitudinal Series which forms the southern flank of the Quadri-
lateral, and they were carried northwards with a view to closing eventually on
the Sutlej Series.

(29.) As no opportunity had been previously afforded of undertaking the
usual preliminary operations for final triangulation, Lieutenant Rogers occupied
himself for some weeks in selecting sites for stations and having the necessary
structures erected thereat. When this work had been sufficiently advanced to be
entrusted to his assistants, he commenced the measurcment of the principal angles,
and fixed twelve new stations, forming two polygonal figures and a quadrilateral
which extend over a direct distance of 95 miles and embrace an arca of 3,706
square miles. The preliminary operations were advanced to a distance of 52 miles
beyond, in readiness for next field season.

(30.) The country passed over is very favorable for our operations; it ig
sandy and free from the dense growth of forests and tropical vegetation which else-
wherce has caused such difficulties and retarded progress; and it has numerous
isolated hills and sand-hillocks which present favorable sites for stations of obser-
vation. The chief difficulty met with was in the scanty supply of water, and tho
bad quality of the little water that was to be had, and this difficulty will increase
as the operations advance farther into the deserts of Rajputina. On the other
hand the Jodhpir Durbar—unfettered by restrictions such as are placed on the
British Officials in Assam—rendered most cordial and effective assistance, and
Lieutenant Rogers reports that he has never before met with so little hindrance
and annoyance in the prosecution of his operations.

(31.) In addition to the principal operations, a goodly amount of secon-
dary work was done, fixing the positions and heights of 15 visited stations and
60 unvisited stations, in an area of 2,443 square miles, mostly in the Nizam’s Domi-
nions where the operations had been arrested at the end of the preceding season
by the ill health of the assistant employed on them. Two groups each of four
subsidiary stations, on the Great Are, in latitudes 19° 5" and 20° 44/, where Cap-
tain Herschel had taken astronomical obscrvations for latitude, were connected
with the principal triangulation.

(32.) The general progress of the operations and out-turn of work is very
creditable to Licutenant Rogers and bhis assistants,

NO. V.—TRIGONOMETRICAL.

TIHHE OPERATIONS ON THE MERIDIAN, 75°, AND THE PARALLEL, 13°,
OF MANGALOREL.

(33) The triangulation on the meridian of Mangalore is primarily depen-
dent on the Bombay Longitudinal Serics from which it was carried southwards,
in the field scasons 18G3-67, by Captain ITaig and Licutenant Trotter, to the
parallel of 114°, where the operations were suspended. Daring the present
field scason it has been resumed and completed by extension southwards until it
formed a junction with the Longitudinal Serics which connects Mangalore with
Madras.
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(34.) The recent operations have been performed by Major Branfill and
Licutenant McCullagh, who also completed

Major B. R, Bm;ig?:;f;;r,dt‘ ond Grade. a few triangles on the Longitudinal $cr1cs
Licut. McCullagh, R.E., Asst. ,, Ist the measurement of which had been arrested
Mr. . W-Mitchell, Asst. Survegor 1t by a variety of untoward circumstances
"G DDotter,  n w3 during the preceding field season.  When the
» B W Laseron, o, 3d survey party commenced operations this year,

so large an amount of work had to be performed to forge the remaining links
which  were required to connect and complete the two chains of triangles, that
the chances against its being done in one season were very considerable. The
work was almost too much to be finished in the given time, but on the other hand
it was too little to occupy two ficld seasons profitably. Such instances are not
of unfrequent occurrence in the operations of this Department, and they occasion
much anxiety; for when triangulation is completed in one part of the country it
may—and very generally does—happen that the nearest point at which the sur-
veyors can be profitably employed is several hundred miles distant, and thus a
great portion of the naturally limited and too short field season is liable to be de-
voted to the unremunerative occupation of marching from one place to another.

(85.) 1In the present instance there was not only a large amount of work
to be done, but the most of it lay on the crests of the Western Ghats in a region as
to which Licutenant Trotter had reported—at the close of his operations in 1867—
that ¢ the progress of the future operations will now be necessarily slow, the phy-
“sical features of the country and the bad climate being both difficult to over-
“ come; the country over which the principal triangulation will pass is very hilly,
¢ wild and thinly populated, and carriage is only to be procurcd with great difficulty.”

(36.) The design of the triangulation had been laid out some years previ-
ously, but there was reason to fear that this important work had not been done with
sufficient circumspection and care, for two instances had already becn met with in
which certain of the stations selected were found to be mutually invisible, whercby
great delay was occasioned, for the observations had to be suspended until new sta-
tions had been selected and constructed ; thus this essential portion of the opera-
tions required to be carefully examined, which added in no small measure to the
labors of the field scason.

(37.) Warned by past experience of the delays to which operations in
Southern India are liable when commenced early in the season, before the cessation
of the autumnal rains of the north-east monsoon, Major Branfill deputed Licu-
tenant McCullagh to the northernmost portion of the triangulation, to commence
observations in the district in which the influence of the monsoon is least felt; thus
favorable weather was secured and the observations of the principal angles were
carried on continuously without any hindrance. Meanwhile Major Branfill pro-
ceeded in person to examine the stations already selected, and finding that the
original plan, if adhered to, would entail the crossing and recrossing of the ghats
such a number of times as to cause great delay, and render it impossible to complete
the operations in the desired time, he re-modelled it in such o manner as to reme-
dy this defect as far as practicable, and thus contributed in no small measure to
the success of the scason's operations.

(38.) The out-turn of work is as follows ; 59 angles were measured at 19
principal stations forming two polygonal and two quadrilateral figures, which
cxtend over a direct meridional distance of 105 miles, embrace an arca of 3,330
square miles and complete the connection between the Mangalore meridional and
longitudinal scries ; the positions and heights of 74 secondary stations, and the
positions of 53 unvisited points, have been fixed. These results are the more
satisfactory in that much of the marching about had to be done on foot, the
roads—or rather foot-paths—being in many instances impracticable for horses.

(39.) Three of the principal stations newly laid down are those at which
astronomical observations for latitude had been taken last year by Captain Camp-
bell, and one of thesc—in the ncighbourhood of Mangalore—is the western
cxtremity of the Madras arc of parallel, the mcasurcment of which has becn
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undertaken during the present season and which will be deseribed in section X of
this report. An azimuth of verification was measured by Licutenant McCullagh
at one of Captain Campbell’s stations to the north, and another at the same time
by Major Branfill at Mangalore, a second great theodolite having been sent round
by steamer from the Mathematical Instrument Department at Calcutta for the
purpose, which was returned on the conclusion of the obscrvations.

(40.) On the return of the party to recess quarters the reduction of the
principal observations was taken in hand, and it was found that the geodetic
elements of the triangles from the Bider basc-line and the Bombay longitudinal
series agree very closely with those of the triangles from the Bangalore base, and
the Mangalore longitudinal scries; tho length of the circuit formed by the
triangulation is about 1,050 miles, and the discrepancies at the side of junction
are as follows; linear, 006 inches per mile—or almost exactly the millionth part
of the side—in latitude 0707, in longitude 0”19, in azimuth 3709, and in height
b feet. These results are at present provisional only, but it is improbable that
they will bo materially altered, and they may be accepted as a satisfactory evidence
of the accuracy of the operations, when the length of the circuit of triangulation
thus completed and closed is taken into consideration.

NO. VIL—-TRIGONOMETRICAL.

THE BRAHMAPUTRA SERILES, MERIDIAN 90°

(41.) The operations on this serics, during the two previous field seasons
1870-72, had been entirely restricted to the preliminary work of selecting sites
for stations, erecting towers on them, and clearing the intermediate lines; thus
the field season now under review was mostly devoted to the measurement of the
principal angles and to secondary work.

(42.) Captain Carter took the field at an early date, with an establishment
composcd for the most part of the surveyors

PERIONNEL. who had worked with him on the spirit-
Captain Corter, R.E., Deputy Supdt. 2nd Grado, leveling operations of the previous year, as
Mr. A, W. Donnelly, Surseyer Znd Grade. the surveyors hitherto employed on the
w H. Henly, Assistant Surveyor 4th Grade. Brahmaputra Series had been transferred to

ﬁgj;ﬁ“ﬁ?f" Sub-survegor. the triangulation in Assam. He and all his
» M. Neusille was on leavo of abeence on medicel assistants Were new to the ground, but never-
ccrtiﬁc:Lc dl\:rilug the entire field sea;sl‘on.e " theless satlsfactory progress was made.

(43.) Atthcoutsctconsiderable delay
was occasioned in consequence of one of the towers at the side of extension pre-
viously completed having been washed away by the river. A new station had
therefore to be built and connected with those behind before any further advance
could be made. 16 principal triangles—forming two polygonal figures and the
greater part of a third—were completed; they embrace an area of 865 square
miles, wholly in the plains, and extend over a direct distance of 56 miles.

(44.) This was Captain Carter’s first season’s performance in prineipal tri-
angulation, his work in this Survey having hitherto heen mostly topographical—in
Kashmir and Ladak, and in Kumaon and Garhwal—and geographical, as when he
served with the Abyssinian expedition and on the Peshawar frontier. He was
much let and hindered by unfavorable atmospheric conditions throughout almost
the entire ficld scason; during the mornings for several hours after sunrise the
country in which he was working was covered with a dense fog of mists and ex-
halations ; in the evenings this was succeeded by the smoke of the village fires
which were generally impenetrable to the lights of the signal lamps ; thus obser-
vations during the night, which is usually the most favorable time of all for them,
were rarely practicable, and as a rule they could only be taken during a few hours
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before sun-set to heliotropes ; towards the end of March even the light reflected from
heliotropes could not penetrate the dense smoke then caused by the bm‘nm‘g of the
grass and rice-stubble which is always done at that time of the year. The only
chanco then remaining of being able to prosecute the observations was in getting
a fall of rain to clear the atmosphere; but this year little rain fell up to the end
of April, by which time the whole party was more or less prostrated by fever and
over-excrtion. Thus Captain Carter was reluctantly obliged to close work before
he had completed his last polygon, but he succeeded in carrying the operations up
to a point sufficiently near the terminus of the series to render it highly probable
that the triangulation will be completed during the ensuing field season. )

(45.) A series of secondary triangles was carried eastwards from the prin-
cipal serics to fix the town of Mymensingh.

No. VII—-TOPOGRAPHICAL.

THE SURVEY OF KATTYWAR.

(46.) The operations of this survey have made very good progress, an area

of 2,642 square miles having been topographi-

~ cally surveyed, and an area of 2,680 square

Ceptain H. Trotter, R, Dy, Supdt. 8rd Brade, in  yyjjeg triangulated in advance for the work
charge up to 6th April 1873, when relieved by . v 3

Capt, A. Pullan,8.C, Offg., Dy Supds. 3rd Grade.  Of mext year. This large out-turn is due in

PEREONNEL.

J. MoGill Eeqr, Assistont Superintendent. some measure to the circumstance that the

Mr. F. Ryall, Burveyor 4th Grade. > . Y .

w 3. Wood, ditto dth topographical operations lay chicflyin the

. ’1; C. Gyune, Assiatant gu:veyol‘ }:: Grade.  northern portions of Jhalawar, in a bare

1} - » n . . .

 E. Wyat, ditto 20d ., and sterile country which is bordered on the

n W. Fielding, ditto ¥d north by the Runn of Kutch, and presents
Hative Surveyors. fow features for survey as compared with the

Vieji Ragonath, Qovindji Mahals, Nersu Dinker rich districts to the south. 740 miles of Ta-

and seven others. luka boundary lines have been traversed with
the theodolite and chain, as well as 409 miles of lines to check the detail work of
the plane-tablers,

(47.) The topography of the eastern half of the province has now been
nearly completed, the operations having been advanced westwards to within a
short distance of Rajkote, the chief town inthe province. Of this town a survey
will be made, on the scale of 12 inches to the mile, during the ensuing field season.
‘When the operations of the general survey reach the shores of the Gulf of Cutch,
every effort will be made to connect them with the survey of that Gulf which was
made by Lieutenant Taylor, I. N.; the original maps of the survey have been lost,
but Licutenant Taylor had fortunately retained copies for his own use, and litho-
graphs of these have been made in England and sent ont to this country.

(48.) Shortly before the termination of the field season Captain Trotter
was withdrawn from the charge of the operations, and his services were placed at
the disposal of the Forcign Department, with a view to his joining the mission
which is about to be sent by the Government of India to the Atalik Ghazi, the
present Ruler of Eastern Turkestan.

(49.) The boundary traverse lines have all been reduced and found to
stand the usual tests in a satisfactory manner; there are fourteen circuits whose
united lengths amount to 149 miles, and which close with an average error of 0-49
per 1,000, and there are forty-five traverses between trigonometrical stations, the
united lengths of which amount to 590 miles, and whose average difference from
the corresponding trigonometrical values is 1'04 per 1,000; the greater discrepan-
cy in the second instance is clearly due to a slight, but practically unimportant

error in the unit of length of the measuring chains as compared with that of the
triangulation,
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(50.) The operations of the year have been reported on by Captain Pullan g
but Captain Trotter has furnished some interesting memoranda—which will e
found at page 27-a of the appendix—descriptive of the aspect of the country sur-
veyed and of the adjoining portion of the Runn of Cutch; also of the salt works
reeently established by the British Government in the neighbourhood of the Ruun,
at Patri, which placc has been connected with the Bombay and Baroda line of
railway, by a branch line from the station of Viramgim.

NO. VIII—TOPOGRAPHICAL.

THE SURVEY OF GUZERAT.

(51.) The operations of this survey, during the present year, embrace the
topography of portions of the Kaira collecto-
rate, the whole of the Pitlid Mahal of the
territory of the Gaikwar of Baroda, and nearly

PERSONNEL.

Mijor C. T. Haig, R.T., Olfz. Dy. Supdt. 1st Grade.
Caplain A. Pullan, 8.C., Asst. Do, 1st

Mr. A. ])l'ﬂmlz:l,\ o, Surveyor 2nd the whole of the Cambay territory. Thearca
A Christie, Asst. Sur 1sk i y : :
N Mot Surreyor PP finally completed was 1,175 square miles, in
" ']Ii.iTl..Cl"qnnor, (ll_itlo gnél " addition to which an area of 791 square
" ¥ Wickio, e a . P ! )

" 6. D, Cosson,  ditto ad miles was triangulated, and 773 lincar miles
» G T. Hall, ditto 4th of traverses were executed in advance for
Sub-Surveyors., future topographical operations.

Gopal Viehnu and cight others. (52.) When this survey of Guzerat

was conumenced I had reason to hope that
much of the work of the elaborate Revenue
Surveys of the British portions of the I’ro-
vince might be combined with it, so as to permit of the construction of a good
topographical map on a scale considerably larger than that of the standard scale—

one inch to the mile= ﬁ,ﬁ,—of the Indian Topographical Surveys. Captain Nas-
myth, who had been deputed fo examine the revenue maps, had reported “that
*“ they contained a variety of details which will suffice for ordinary cngineering
“ requirements in the layiog out of railways, tramroads and canals for irrigation,
“ such as the growing necessities of this fruitful province are evermore urgently
“ demanding.”  Subsequently however, when the practical test of going over the
ground and determining the true distances hetween the boundary pillars of the
villages and other obligatory points was applied, by the operations of this survey,
large disercpancies were met with in so many instances as to create an impres-
sion—on the part of the Executive Officers—that the revenue maps were not to
be relied on for topographical purposes, and that any attempt to utilize them
would be more laborious, in the long run, than to make a new survey of the
cntirc province. ‘

53.) But in India topographical surveys are invariably exceuted hy the
method of plane-tabling on a basis of points fixed by triangulation or traverses,
and not by the ordinary land-surveyor’s method of chain measurements, Fox
surveys on small seales, planc-tabling suffices admirably, and it is unquestion-
ably the best method that could have heen devised for the preliminary or first
swrvey of India; it is particularly well suited for the delincation of unwooded
hill tracts and broken ground; it is moreover admirably adapted for surveys of
Native States which do not need to be very claborately executed, for it may be
carried on without any chain-measurements, operations which are liable to causo
considerable suspicion and alarm in the native mind.  But T am of opinion that it
is very ill adapted for the survey of such a country as Guzerat, which is a rich and
fertile plain covered with trees and habitations, and with numerous high enelo-
sures which cut off the view in all direetions, and embarrass operations which ean
only be carried on salisfactorily when the surveyor is able to sce three or four of

Rerenue Surveyors.

Mr. A, Dalzell, Asst. Supdt. and 4 Nalive Surveyors.
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his swrronnding fixed points. Morcover the process of plane-tabling is not
susceptible of being independently checked and verified in as satisfactory a
manner as that of chain measurement, and consequently much has to he t.n_lsl'o(l
to the skill and integrity of the surveyor. Another objection—ant one of the
gravest of all—is that there is no numerical record of the angulir and lincar
determinations, such as would facilitate references to clear up (_llsput.o,d points as
to boundaries and other matters, or to permit of the work being mapped on a
larger scale whencver it may ha desirable to do so ; thus beforcan cr}lm'gu(l map could
he constructed it would be necessary to male a new survey of all the details of
the ground, and only the triangulation and traverses on which the first survey
was based would be available for the second.

(54.)  For these reasons, and because geographical maps of Guzerat are
alveady available, which—though much inferior to the preliminary maps of the
Survey Department—have for many ycars been made to suffice for gencral pur-
poses, it is obvious that the present topographical survey of Guzerat should be so
oonducted as to farnish maps of greater general utility than the standard prelimi-
nary maps of the Department. This can only be accomplished by supplementing
the triangnlation and the traverses on which the subsequent work is based by a
considerable amount of accurate chain measurement of the details of the ground,
and then commencing the plane-tabling, which would thus become ratlier an
cxamination of the previous work and the meansof giving the finishing touchcs,
than what it now is—the sole means of acquiring all the details.

(55.) But the present organization of Topographical Survey Partics is not
well adapted for operations which involve the laborious and slow process of chain
measuring ; it consists of a highly paid staff of surveyors—mostly Europeans—
who are skilled in the use of the theodolite and the planc-table, and many of
whom possess considerable artistic skill in the declincation of the features of the
ground, an operation for which European agency is always desirable, as natives
of this country are rarely met with who can do it well.  Morveover it is not desirable
to employ natives in positions in which they must be trusted and yet cannot be very
closely supervised without going through examinations which are almost as laho-
rious as the oviginal operations. Consequently asarule therc are very few native
surveyors in the establishment of a topographical party. But chain measuring
is aprocess which natives can be readily taught to excente with all the requisite
aceuracy and which can be made self-verificatory, and on which it is therefore not
desirable to employ a highly paid staff of Europeans. Conscquently a large increasc
in the proportion of the native to the Europcan element would have to he made
before a topographical party would be in a position to undertake operations
which involve considerable additional labor, without causing o material increase
in the cost of the Swrvey, as measured by the relation between the actual out-
lay and the area surveyed.

(66.) But as alj changes of organization take some time to carry out, if
will be evident that the only prospeet of obtaining a more detailed and claborate
survey of Guzerat than the standard preliminary survey of other parts of India,
by means of the agency which was available for the purpose, lay in combining
with the topograplical” operations the results of the extensive measurements of
minute details whieh had alveady heen executed by the revenue surveyors, It is
trae that those measurements had not heen performed with any pretensions to a
high order of accwracy ; the idea of conducting them in such a manner as to serve
the purpose of a general survey had been discussed at the outset and deliberately
set aside, on the grounds that the doing so would imperil the suceess of (he finan-
cial operations, which were deemed of greatest importance. Thus it hiad come
to pass that each village had been surveyed and mapped separately, without any
attempt to make a systematic connection of the several surveys, which were con-
sequenlly isolated.  Nevertheless a considerable amonnt of minnte detail had been
measured, and in many places with considerable cave; the principal marks to
which the measures had been veferved were stilt in existence, and their positions
could be fixed by the operations of the topngraphical surveyors ; and thus a com-
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bination could be effected which might reasonably be expected to give a much larger
amount of minute detail, and more accurate results, than mere plane-tabling over
ground which is pre-eminently unsuited for such a system of survey.

(87.) The first attempts which were made to incorporate the revenue
survey details failed, apparently for two seasons; first, the original marks which
were lixed by the topographical surveyors were so few that the intermediate details
had to be fitted in by combining several of the village maps together, and it was
found that this could not be done satisfactorily ; and secondly, the marks which
were selected to be fixed were almost invariably situated on the exterior bounda-
ries of the village lands and rarely in the interior, whereas—for reasons which
will now be explained—the interior marks would have been best adapted for the
purpose. In the Bombay Revenue Surveys a system of operation has been fol-
lowed which is diametrically opposite to that of the corresponding surveys in
Bengal; one or more so-called ¢ base lines’ are always measured in the interior of
the village lands, in the first instance, and all subsequent measures are referred to
these lines by off-sets; whereas in Bengal theperiphery of the village is first surveyed,
and all the interior details are subsequently referred to it. The Bombay system
nccessarily gives greatest accuracy in the central portions and least on the exterior
boundary lines of the villages, while the converse is the case with the Bengal
system ; the former is unsuited, per se, for effecting a combination of the village
maps into a general map, whereas the latter is peculiarly well adapted for this
purpose, and it is mainly owing to this circumstance that the revenue operations
in Bengal have been so valuable for topographical purposes, while in Bombay
every attempt to construet general maps from the revenue materials has hitherto
failed altogether or met with very qualified success.

(68.) Immediately after my return to India I proceeded to Poona—where
the Offices of the Guzerat and Kattywar Survey parties are established during
the recess—with the object of inspecting the operations, and more particularly
of ascertaining what had been or could be done towards utilizing the revenue
survey materials. I found that little had been done hitherto, but that Major
Haig was fully alive to the importance of the measure and much more sanguine
as to its feasibility than any of his predecessors had been. I had consultations
with Colonels Francis and Prescott, under whose superintendence the Revenue
Surveys had been carried out, the details of which I wished to combine with the
topographical operations. Eventually the conclusion was arrived at that in order
to cffect a satisfactory combination it would be necessary for Major Haig to be
supplied with all the data of the revenue survey measurements, as given in the
original ficld books, in addition to the lithographed village maps which had hitherto
been the only materials available for the purpose. This however would necessitate
a certain amount of co-operation on the part of the revenue surveyors with those
of this survey, for the field books had been prepared in a manner which was
intelligible ouly to persons familiar with the details of the operations and not to
any onc clse; and they were written in the Guzerati language, not in English,
the language in which all the records of this survey are kept; thus it was obvious-
ly desirable that a few of the revenue surveyors should be attached to the
topographical survey, and placed at Major Haig’s disposal, in order to enable him
to reap the full benefits of the work which had been already done and to effect
the requisite combination with his own work.

(59.) In the month of January a memorandum was drawnup, conjointly
by Colonel Prescott and Major Haig, on the steps to be taken for detaching an
officer and one of the native establishments of the Revenue Survey from their
ordinary duties, and placing them at Major Haig's disposal. The said native
establishments are usually comprised of surveyors only, and not of chain and
flag-men or other underlings, for the services of such men are usually provided
gratis by the villages in which the fiscal operations are being carried on, But in
the operations of the professional survey these men are paid for by the Govern-
ment, and their wages form a considerable portion of the cost of the survey. The
sanctioned cost of a revenue native establishment is Rs. 6500 per mcnsem, and
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it was found that of this sum only two-fifths could be devoted to provide for sur«
veyors and that three-fifths were required for the underlings. It was therefore
proposed that a certain number of surveyors, whose aggregate salaries would not
exceed Rs. 200 a month, should be drafted into the party to be formed to work
under Major Haig, and that the sum of Rs. 300 should be made available for the
wages of the underlings ; also that Mr. A. Dalzell, Assistant Superintendent of the
Revenue Survey, should be attached to the party. These proposals were specdily
sanctioned by the Bombay Government.

(60.) It was not however until the 25th February, when the greater
portion of the field season had passed, that Major Haig was joined by Mr. Dalzell
and the native establishment, and was able to commence the long contemplated
operations. Thus not very much work could be done, and it is still premature
to draw any positive conclusions as to the result of the experiment. Major Haig
reports that what has been done is sufficient to prove that great use may be made
of the revenue survey materials in improving the accuracy of the topographical
maps, when a more extensive and systematic conncction is made between the
fixed points of the two surveys than had previously been attempted; he also
anticipates that the combination—when supplemented by the addition of the
topographical details which have hitherto been purposely omitted from the revenue
maps,—will permit of the construction of topographical maps of all the British
portions of Guzerat on the scale of four inches to the mile, instead of the standard
scale of one inch to the mile, and that this will be effected * with a proportional
amount of additional detail and accuracy in minutiee, for which improvement the
public will be indebted to the Guzerat Revenue Survey.” I sincerely trust that
these anticipations will be realized, and I am very sure that Major Ilaig and his
assistants will do their best to secure so desirable a result.

NO. IX.—TOPOGRAPHICAL.

HIMALAYAN SURVEYS IN KUMAON AND GURHWAL.

(61.) Considerable progress has been made in the Survey of the British
Districts of Kumaon and Gurhwal, which
has been for two years under the executive
Lieut. J. Hill, R.E., Offz. Dy. Supdt. 3rd Grade. . . .

H. J. Ifarman, R.E, Asst.lSupdt. 2nd Grade, Ch&l gt’ Of Lleutenant J' Hl'u’ R'E‘ TOPO'

»
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]firo.'rniz""?om?j' Asst, Supdt. ';n«{ " graphical operations were carried on in the
. J. Peyton, Surveyor, " , . 8

T Lo yen ad " Mina Valley, in the lake country to the east
" ﬂ‘li?"{’jk' Assistant Surveyor, ;St'd " of Naini Til, in the country round Lohur
” - dodd, » n N 4 : . .

" 1 Kinney, " ad | Ghadt, in the portions of the Gori and Rim-
»  EB. F. Litchficld, " " ne ‘il le 1 icini

R " d ganga valleys which lie in the vicinity of

Askot, and in the part of the Sub-Hima-
layan tracts known as the Bhdbar pergunnahs whieh is situated between Haldwéni
and the Sardah River.

(62.) The district under survey has a range of over 25,000 feet in altitude,
from the level of the lands at the southern foot of the Himalayas to that of the
summits of the peaks of the great mountain chainsin the interior; it conscquently
presents cvery variation of climate, from that of the lowlands of the Terai which
are deadly during—and for several months after—the rainy season, to the regions of
glaciers and perpetual snows which are only accessible during a few months of
summer; this prevents the work being carried continuously over the entire dis-
trict, and necessitates the employment of the surveyors in’ different loealities at
different times of the ycar, and thus entails the expenditure of a considerable
portion of the ficld scason in merely marching about; for the surveyors have fre-
quently to be transferred considerable distances from ground where they can work
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no longer, to other ground whero they can be advantageously employed. It is
further inconvenient in retarding the completion of the maps, and preventing the
publication of the successive sheets in continuous order, as is generally done in
other surveys.

(63.) During the year an area of 2,734 square miles has been topographi.
cally surveyed on the scale of one inch to the mile, and 353 square miles were
triangulated in advance for future operations. This is a larger out-turn of work
for the number of persons engaged than I am altogether prepared to welcome;
for many diflicultics and drawbacks were met with. In the higher ranges the
winter set in unusually early and with exceptional severity, and elsewhere there
was much fog and rain; the health of the surveyors was not good, three of them
breaking down altogether; and labor was very scarce and diflicult to procure, in
the Bhabar more particularly, where cholera was rife among the inhabitants, who
were leaving their homes panie-stricken. On the: other hand a considerable por-
tion of the area topngraphically surveyed is at an altitude ranging from 10,000
to 25,000 fect above the sea level, where the operations were necessarily restricted
to sketching the principal features of the country without any attempt to obtain
great accuracy or much minutix of detail, and the survey could be carried on with
considerable rapidity. Lieutenant Hill examined a considerable portion of the
work which has been done, and his report of the performances of the several sur-
veyors is generally most satisfactory.

(64) Licutenant Hill has appended to his report an interesting table
showing the average ratc of work per diem, in square miles, in different portions
of the district undersurvey. Hefinds that in the higher ranges, where the opera-
tions partake of the mature of a reconnoisance, from 9 to 14 squarc miles were
surveyed daily; but that in the moderately high ground of the Sub-Himalayas
the rate was about 3 squarc miles; in all the instances from which these calcula-
tions were made, the ground had been triangulated before hand and points fixed
for the planc-table sketching of the topographical surveyors, whose rapidity of
progress and aceuracy of delineation is greatly dependent on the number of points
previously laid down for them on the ground, and projected on their plane-table
sheets, before they commence operations.

NO. X.—GEODETIC.

ELECTRO-TELEGRAPHIC DETERMINATIONS OF DIFFERENCES OF LOVGI-
TUDE, ON THE PARALLEL OT 13°

(65.) All great national surveys have, for many yecars past, been made to
contribute data for the determination of the fizure of the cavth; hitherto these
data have mainly consisted of measurements of the distances hetween successive
points situated on or ncar a common meridian, and of the astronomical arcs of
amplitude batweon these points; it is only of late years that attempts have been
made to obtain corresponding data from mcasurements of the distances hetween
points situated on a common parallel of latitude, and of the astronomical arcs of
amplitude between them. The reason of this is that the required astronomical
data arc very readily obtained in the case of meridional ares, by determining the
latitudes of the geodetic points, which is onc of the simplest problems of practical
astronomy; but on arcs of parallel longitudes are required instead of latitudes,
and the astronomical determination of an ahsolute longitude—within the requisite
limits of precision—is well nigh impracticable, and it could only be accomplished
by observations extending over very long periods, with most cxpensive and elabo-
rate instruments. Dilferential operations have thercfore been resorted to instead
of absolute detcrminations; the chronometric method of deducing differences
of longitude has been frequently cmployed, and with very valuable results
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wherever it has been practicable to employ a large number of chronometers, and
to transmit them backwards and forwards repeatedly by sea; but on land this
method is not satisfactory because of the jolting to which the chronometers are
more or less subjected in transport from station to station, and which necessarily
tends to alter their rate and affect their performances. When however pl.aces
are connected telegraphically, their differences of longitude can be determincd
with great precision ; and thus of late years advantage has been taken of the nets
of wires which overspread large portions of Europe and of America, to determine
differences of longitude with the aid thus afforded. In America these operations
were required for gcographical purposes only; but in Lurope, which is covered
with a net of triangulation of which there is as yet no counterpart beyond the
Atlantie, and which amply suffices for geographical purposes, their chief interest
lay in their value for geodctic investigations, and they were undcrtaken mainly
with the object of throwing light on the figure of the carth.

66.) Exactly eleven years ago I obtained the sanction of the Secrctmjy of
Statcand the Government of India to a recommendation which I had submitted
sometime previously that a sct of first class instruments, with all the latest
improvements, should be constructed in Europe and sent out here to be used for
geodetic operations in connection with the triangulation of this survey angl the
Government lincs of tclegraph. In the year 1863 Colonel Strange was appointed
by the Secretary of State to design and superintend the construction of the
requisite instruments, or to procure such instruments as had already been construct-
ed and were suitable for the purpose. o

(67.) In1871-72, thefollowing instruments were received in this country ;
two transit instruments of 5 inches effective aperture and b feet focal length,
designed by Colonel Strange and constructed by Messrs. Cooke and Sons of York ;
two astronomical clocks, by the Messrs. Frodsham of London ; two chronographs
designed by Mv. Foucault and constructed in Paris by Messrs. Secretan and
Hardy; also various relays, batteries and other electrical apparatus.

: (68.) I determined to employ these instruments, in the first instance, on
the arc of parallel which crosses the southern peninswla in latitude 13° and
extends from Madras on the cast to Mangalore on the west coast, passing through
Bangalore about midway. Thereare telegraph stations at each of these places, and
great facilities for communication between them, Madras being connected with
Bangalore by a direct line of railroad, and with Mangaiore by the railroad to the
port of Beypore on the west coast, between which and the port of Mangalore
stcamers are counstantly plying. These were very important advantages to sccure
at the commencement of operations the early stages of which would necessarily
be of a tentative and experimental nature, for every thing had to be learnt of the
capabilities of the instruments and the telegraphic lines by which the stations of
obscrvations would be connected, and thus it was most desivable that the operators
should be able to meet cach other readily, to discuss and claborate their pro-
ramme of operations, and also to compare their personal equations,

(69.) The arc of parallel which was selected, for the preceding reasons, as
that on which to commence the electro-telegraphie determinations of longitudes, is
morcover of peculiar interest in that it is situated much nearer to the equator
than any similar are which has yet been measured in any part of the globe, or is
likely to be measured for many years to come, for such operations must necessarily
be restricted to Burope and India until other rvegions have been trigonometrically
surveyed as they have been.  The ave may be deemed a short one, and terminating
as it does at both ends on occans it is obviously incapable of extension; yet its length
is 6% 24/ 12" or about 364 miles, which is by no means insignificant, though it is
small in _comparison with the lengths of the ares which will he measured licre-
after in Central and Northern India, Morcover it was on this arc of parallel that
Colonel Lambton first endeavored, in the years 1802-5, to determine the length
of a degree of longitude by the mcthod of observing the astronomical latitudes
and azinuths of a scries of reeiprocating stations along it, a method which—though
ill adapted to low latiludes—was the only one then feasible for Lim to cmploy.
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Thus it will be seen that circumstances have necessitated the selection of the same
parallel of latitude for the commencement of the determination of longitudinal
arcs, by the modern electro-telegraphic method, that was chosen at the commence-
ment of the present century by Colonel Lambton for his corresponding investiga-
tions.

(70.) When the requisite instruments arrived in this country they were
forwarded to Bangalore, where Captain J. Herschel, R.E., and Captain W. M. Camp-
bell, R.E., were quartered. As both these officers had been employed for several
years in astronomical operations, and Captain Campbell had spent several months
in the office of the India Store Department in London, in assisting Colonel Strange
to examine the instruments on their receipt from the makers, I selected them to
carry out the operations, and I have every reason to be gratified with the man-
ner in which they have accomplished the duty assigned to them. '

(71.) They commenced proceedings by setting up the two sets of instru-

ments at a distance of about fifty fect apart,
PERsONNEL. in the compound of a house at Bangalore,
Cupt. J. Terschel, R.E., Dopy. Supdt. 2nd Grade, tp test their performances, and at the same
N g’é”fiﬁﬁﬁl}"l{ﬁl’b.%ﬁ;aym.“ 3!':: » time to aqquire_a practical fami]ia'rity with
., J. Bond, . 2nd ., their manipulation; this work occupied nearly
two months of the field scason. In January
the instruments were dismantled and removed ; one set was taken to the north the
other to the south end of the base-line which had been measurcd in the vicinity of
Bangalore in the year 1868; a temporary telegraph line had been previously erect-
ed to connect the ends of the base, the length of which is nearly 7 miles; thus
an opportunity was afforded of taking observations at stations sufficiently remoto
from each other to present difficulties similar to—though not quite so great as—
those which would eventually be met with on long lines, but yct close enough to
permit the operators to meet each other daily for the purpose of comparing their
results and making such modifications as were found to be nccessary from time
to time ; moreover as the stations of observation were also stations of the triangu-
lation, the results would be valuable eventually for determinations of differences
of local attraction on the prime vertical, as well as for the primary object of exper-
imenting. The month of February was devoted to observations at the stations at
the ends of the Bangalore base-line, during the first half of which Captain Herschel
operated at the south end and Captain Campbell at the north end, while during
the second balf their positions were reversed.

(72.) In the following month operations were commenced on the line
Madras to Bangalore. The station of observation at Madras was the well known
Government Observatory which has been established there for so many years and
is the point to which the longitudes of the stations of this survey have invariably
been referred ; at Bangalore the station was the south end of the base-line, which
had been connected for the purpose with the Government telegraph lines, as the
Madras Observatory had been many years previously.

(73.) And now for the first time Captains Herschel and Camphell found
themsclves hampered with the difficulty of employing a telegraphic wire which
could only be placed at their exclusive disposal for a few periods and those very
brief. Though the operations were invariably performed during the night, when
the ordinary traffic on telegraph lincs is comparatively little, it was found that
the unrestricted use of a wire could, as a rule, be only conceded for four periods
of fiftecn minutes each, at intervals of two hours apart; on two nights however
the use of the wire was granted for two hours at a time, but the then unfavorable
state of the weather at Madras prevented this concession from being taken to
account there. Under the circumstances it was fortunate that the operators had
already acquired, from their previous experiments, a sufficient familiarity with the
details of the operations to enable them to make the most of the golder moments
thus charily presented to them.

(74.) 'The operations at Madras were conducted by Captain Camphell, and
on their completion in April, he proceeded with his instrumecnts to Mangalore,
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established an observatory at the trigonometrical station in the neighbourhood, and
connected it by a temporary line of telegraph with the permanent line which
passes through the town, at a distance of about three quarters of a mile. The
operations at the Bangalore Station were conducted throughout by Captain Herschel.

(75.) In the Narrative Reports of Captains Herschel and Campbell—
which are printed in the appendix—full details will be found of the procedure of
the operations, as well as minute descriptions of the several instruments ep:lploycd,
with elaborate criticisms of their performances which point out both their defects
and their good qualities. It is unnecessary for me to do more in this place than
to give a brief summary of those reports. ]

(76.) Two methods of procedure were adopted, depending on the length
of time for which the exclusive use of the Government telegraph line could be
secured. When the period was limited to a quarter of an hour at a time, signals
were interchanged for clock comparisons four times nightly, viz., at 8& 30m,
10% 30m, 124 80m, and 2/ 30m ; the clock at one station being placed in communi-
cation with the chronograph at the other station was made to transmit a series of
signals—at successive seconds—to that station, which were duly recorded on the
chronograph ; then the clock at the second station wasmade to transmit signals to
the chronograph at the first; one minute was considered thie minimum duration of
a set of signals, and a complete comparison of both clocks usually oocupied from
three to five minutes. The clock times were determined by observations of the
transits of stars over the meridians of the stations, the same stars being observed
at both stations; these observations were taken in the intervals between the sig-
nals for clock-comparisons; from G to 10 stars were observed in each interval,
giving—in a full night’s work—complete pairs of observations at both stations to
40 or 50 stars. For this method any star is well suited, whether its place is known
or not, provided observations are also taken to a few wellknown stars, to determine
the clock rates which are wanted for application to the short interval between the
transit of a star over the two meridians, which corresponds to the difference of longi-
tude. This precaution was taken and thus the choice of stars was unrestricted.

(77.)  Another method of procedure was adopted on the nights when the
exclusive use of the line was granted for a period of two hours; the transit obser-
vations for determining the clock times were recorded on the chronographs at
both stations, first by the observer at the eastcrn station as a star passed over his
meridian, and a few minutes afterwards by the observer at the western station
when the same star reached his meridian ; observations were also taken as in the
other instance, for local clock rates. Of the two methods pursued this is unques-
tionably the most satisfactory, but it could only be employed very partially.

(78.) The opcrations would thus appear to be very simple and easy, and
they may in truth be carried out with little trouble when the object aimed at is
solely to obtain determinations of differential-longitude of a sufficient degree of
accuracy for ordinary geographical purposes. But the requirements of geodesy
necessitate that the utmost attainable accuracy and precision shall be secured in
every stage of the operations for the solution of the problem; and this entails a
careful scrutiny of all the facts of observation, and an elaborate examination of
the errors which may arise from defects in the several portions of the instrumental
apparatus, as well as from the “ personal equations” of the operators. These errors
are all very minute, and some of them are very difficult to measure and to elimin-
ate from the observations, but they must be investigated and eliminated, or the
final results will not be entirely trustworthy. They were chiefly met with in the
performances of one of the transit instruments and one of the chronographs, in
the management of the chronographic record, and in the transmission of signals
along the linc; but the determination of the personal equations of the operators
was singularly satisfactory, though it happens to be the weak point of all electro-
gelggtl'aphic longitude obscrvations in Europe and America of which I possess the

etails. ‘

(79.) The two transit instruments are of almost identical dimensions and
were both made by Messrs. Cooke & Sons; but No. 1 was constructed partially
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or wholly—it is uncertain which—of aluminium bronze, and No. 2 of gun metal
throughout. No. 1 appears to be faultless; but No. 2 is defective, and liable to a
kind of flexure—occurring either in the tube or in the axis—which causes the
horizontal collimation to vary considerably with the direction of motion of the
telescope, the collimator readings being 17 greater when the telescope is brought
down from the zenith than when it is raised up from the nadir. The two chrono-
graphs are called A and 8; they are apparently precisely similar in construction,
but the regulator of B has a uniformly continuous action, whercas that of A acts
by jerks; the fact was known to the makers but they failed to trace the cause,
which is still undiscovered; the result is that B is considered ‘“a miracle of
regularity” while A is pronounced “very provoking.”

(80.) The chronographic record consists of a mark made on the paper
covering the revolving barrel by the passage through it of an electric spark of
high tension, which is generated in a Ruhmkorft’s coil by the interruption of a
strong galvanic current from a Bunsen battery. Both the clock-beats and the
observer’s signals are thus recorded on the paper. The clectric sparks pass into the
paper from the points of two pens or styles—one in connexion with the clock, the
other with the observer’s tappet—which are attaclied to a frame that moves parallel
to the revolving barrel. To each Ruhmlorff’s coil a relay and a battery is attached.
Two galvanic circuits are formed, one connecting a primary battery, a relay and
its battery and coil with the clock and chronograph, the other connecting a similar
apparatus with the observer and the chronograph. Signals are in all instances
caused by a break of the current from a primary battery, which is performed auto-
matically by the clock and at will by the observer.

(81.) The introduction of a relay necessarily causes a certain amount of
retardation between the generation of a signal and its record on the paper, the
magnitude of which is mainly dependent on the adjustments of the armature of
the relay through which the current is passing, and as two relays must be em-
ployed errors may be caused by differences in their action. Tortunately such
differences are susceptible of being accurately measured on the chronograph-
barrel, by special operations for the purpose which are described in para. 33 of
Captain Campbell’s report; but it is necessary that a strict similarity of circum-
stances to what obtained during the actual signals should be maintained during
the measurement of retardation. Captain Herschel writes that ¢ constancy of
* current is the sine qua non of a corrcct handling of retardation; ergo equality
“under these circumstances must be attained; every relay must have its own
“Dattery, and these must all be equal; and the line must have a battery of its
“own so apportioned that the long civcuit current shall balance the short circuit
“ current.”

(82.) The line wires between the stations at Madras, Bangalore and
Mangalore were connected continuously without the intervention of relays; thus
the difficulties prescnted hy relays were fortunately restricted to the observatories,
where alone it was possible to measwre and allow for the amount of retardation
which was generated.

(83.) It wassurmized that in transmitting currents along the line wires
there might be a difference between the velocity of transmission of positiveand of
negative currents, and that the presence of earth currents might affect the veloci-
ties of the galvanic enrrents, accelerating in one direction and retarding in the
opposite. The following values of the actual times of transmission of positive and
negative currents,in both directions,were obtained on the two sections of the line,
the length of wire in the eastern section being 218 miles, in the western 245 miles.

Madras to Bangnlore Bangnlore to Mangalore.
From cast to west with positive current, 0-010 second 0028 sccond
.  woest to cast . " ‘010 ,, 0022 .
»» east to west ,, negative ,, ‘014, 0003 ,,
,  wost to east ,, ' ' 014, 0011 s

These results show that no sensible influence, in one dircction more than the other,
was exerted by earth currents. The velocity of the positive galvanic current was
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somewhat greater than that of the negative in the eastern section, but materially
less in the western. Captain Campbell attributes some of the large difference
in the latter instance to relay action. .

(84.) The general mean of all the determinations gives a velocity of 17,000
miles per second, which is materially greater than the velocitics deduced in the
course of similar operations in Europe and America; as however several relays
were used on those lines and none on these, such a difference is only what might
have been anticipated.

(85.) It will be apparent from what I have stated that Captains Herschel
and Campbell have conducted their operations with scrupulous care, and devoted
themselves to the climination of all errors, however minute, which were liable
to be generated. TFrom their reports it will be seen that they met with great diffi-
culties in the manipulation of the Foucault-chronographs; these instruments are
of a very complicated construction ; morcover the recording paper on the barrels
requires to be kept at a certain degree of moistness, and if it is either a little too
dry or little too damp the electric spark fails to make a mark on it; its state is
therefore greatly dependent on that of the atmosphere; thus in the dry climate of
Bangalore in February, Captain Campbell could scarcely keep his paper damp
enough, whereas a week afterwards, at Madras, he was obliged to have a lamp
burning under it to prevent it from being too damp.

(86.) The employment of chronographs permits of a large number of obser-
vations being taken with very little additional trouble at the time, as compared with
a corresponding increase in the number of ‘eyeand ear’ obscrvations. Buton the
other hand thesubsequent labor of reducing the observations is greatly increased,
for every mark on the paper has to be measured and its position tabulated
numerically. Up to the present time the observations on the line Bangalore to
Mangalore have been reduced as far as practicable, but they may still require
certain corrections for the flexure of transit instrument No. 2; those on the line
Madras to Bangalore and on the base-line at Bangalore have only been partially
reduced.

(87.) The following preliminary results have been obtained, which will
probably be found not to differ very materially from the final results. Tor
the sake of comparison they are placed side by side with the corresponding
differences of longitude obtained from the chain of triangles recently completed
by Major Branfill.

) Telegraphic. ]Trigonomctrical.
I. Madras to Bangalore,... 0 10 3909 0 10 3961

II. Bangalore to Mangalore, ... 0 10 5676 0 10 5717

Madras to Mangalore, .. 0 21 3585 0 21 36'78
The telegraphic determinations are in both instances less than the trizonometrical,
on the first section by 0752 (second of time), on the second by 0741, and on the
entire line by 0793, which is equivalent to 13”795 (seconds of are.)

(88.) The values of the individual scctions of the telegraphic arc are
somewhat impaired by reason of the defects of transit instrument No. 2 and
chronograph A which have already been mentioned. But as those instruments
were uscd at the central station throughout, while the superior instruments—
transit No. 1 and chronograph B—were used at the two end stations, the errors
in the sections must cancel cach other to a considerable extent in the determina-
tion of the entire are, the value of which may be legitimately compared with the
corresponding trigonometrical determination.

(89.) Tbe latitudes and longitudes of the stations of this Survey have for
the last forty years been computed with the following clements of the figure of
tl}e earth, which are generally known as Everest’s first set of Constants, acl,ld are
given at page 115 of the Account of 1he Measurement of an Are between the
Parallels of 18° 3" and 24° 7', London 1830 ;

cquatorial scmi-axis 20,922,932 fect; ellipticity s
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Subsequent investigations have slightly modified these dimensions of the mean
figure, and Captain Clarke gives the following elements in the appendix to his
Comparisons of the Standards of length, London 1866 ;

equatorial semi-axis 20,026,062 feet; ellipticity -

(90.) TUsing Captain Clarke’s elements instead of Colonel Everest's, the
trigonometrical determination of the difference of longitude between Madras and
Mangalore would be diminished by 3”5, and thus be brought into better accord-
ance with the telegraphic difference, which however it would still exceed by 10”5,
There is at present little rcason to suppose that further investigations of the mean
figure of the earth, or corrections to the telegraphic determination, will very
appreciably reduce this difference. We arc thus met by the fact that the telegraphic
value of the arc of longitude between Madras and Mangalore is materially less
than the trigonometrical value. This fact is however consistent with the results of
Captain Basevi’s pendulum observations, which show that the density of the
strata of the earth’s crustis greater under the depressed beds of oceans than it is
under lands elevated above the sca level ; thus the direction of the plumb line at
Madras, on the east coast of the continent, is most probably deflected to the east of
the normal to the mean figure, while at Mangalore the direction of the plumb line
is deflected to the west of the corresponding normal; the length of the arc
between the apparent zenith points is consequently diminished and must therefore
be less than the length deduced from trigonometrical operations.

(91.) Captain Herschel having been compelled to take leave of absence
to Europe shortly after the completion of the observations, the work of reduction
has devolved mainly on Captain Campbell, who has reported very fully on it, and
has also described very minutely the instruments, the modus operandi and the
difficulties which were met with in the scveral stages of the operations.

(92.) Captain Campbell bears grateful testimony to the attention and
courtesy which were rendered to him, on all occasions, by the officers of the
Telegraph Department with whom he was brought into contact, mentioning more
particularly Messrs. J. Burke and W. P. Johnston ; and he adds that his best thanks
are also due to Mr. Pogson, the Government Astronomer at Madras, who took a
Pleasure in facilitating his operations in every possible way.

No. XI.—GEODETIC.

ASTRONOMICAL DETERMINATIONS OF LATITUDE.

(93.) The obscrvations to determine the astronomical latitudes of certain
stations of this survey for geodetic purposes werc held in abeyance during the
present year, as thc two astronomical parties under Captains Herschel and
Campbell, by which they had been carried on, were both employed on the longitude
observations which have just been described. The reductions of the observations
of the previous year which were remaining in hand have however been completed,
and Captain Campbell has devoted much attention to investigating the cause and
the effects of a serious defect which has been found to exist in zenith sector
No. 2, and is of the nature of flexure in the tube of the telescope. The cause has
not yet been clearly traced, but the effects are found to be very sensible, and the
value of the results might have been materially impaired but for the precaution
which had fortunately bLeen taken to observe pairs of north and south stars,
whereby the influence of the error was eliminated. The sister zenith sector No.1
has fortunately shown no trace of this crror, and has given great satisfaction to
Captain Herschel. It is a singular circumstance that one of the two zenith
sectors, as well as one of the two transit telescopes, should turn out to be defee-
tive, while the other instrument of the pair is entirely satisfactory, and there is no
apparent difference of construction which could cause the difference of per-
formance,
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No. XII—GEODETIC.

THE PENDULUM OPERATIONS.

(94.) Captain Heaviside, having been nominated to complete the pendulum
operations which were suspended in consequence of the death of Captain Basevi,
was employed for some time in acquiring

PERSONNEL. a knowledge of the manipulation of the pen-
Captain W. 4.t Heaviside, R. ., Deputy Superin-  dulums and the reduction of the obscrvations.
tendent 3rd Grade. He then commenced operations by swing-

Mr. H. E. Keolan, Surveyor 3rd Grade. A e
"r J. W. Mncdodgnll, Asst, Swrveyor 2nd Grade. 11T the two pcndulums apner tammg to the

Royal Society at Kaliana—the Dbase-station
of the operations in India—to ascertain whether they had varied in length since
they were swung there in 1870, before being taken to the higher Himalayas by
Captain Basevi. This was the more necessary in that on the occurrence of the
sudden death of that officer, at a remote spot on the clevated table lands of Ladak,
they had to be dismantled and packed up by his native servants, without supervi-
sion of any kind, no European being within a distancc of several marches; that
these men did their work carefully and well is shown by the fact that theresults
obtained by Captain Hecaviside at Kaliana, are practically identical with those
obtained by Captain Basevi nearly three years previously, which proves that the
pendulums cannot have met with any sensible injury in the intcrim.

(95.) This fact established Captain Heaviside proceeded to complete the
original programme of operations, swinging the pendulums at Bombay, at Aden,
in Egypt, and finally at Kew the base-station in England,

(96.) Simultancously with the obscrvations with the Royal Society’s pen-
dulums, Captain Heaviside has taken observations with the pair of pendulums
belonging to the Russian Imperial Academy of Science which were sent out to
India in 1870 for the purposc of being compared with those of the Royal Society.
-The Russian pendulums may be employed to determine cither an absolute value of
the length of thesecond’s pendulum, or differential values of the force of gravity
at different places. Absolute determinations have been made at Kaliana and
at Kew, and differential ones at Bombay, Aden and Ismailia.

(97.) Captain Heaviside, when last heard from, was still in England and
was preparing to repeat the determination of thelength of the second’s pendulum,
with the same *¢ convertible pendulum” which had been used {or this purpose by
Captain Kater in 1817, and which has been placed at his disposal by General Sir
E. Sabine. This undertaking will form a very appropriatc finale to the opera-
tions. On its completion, Captain Heaviside will return to India, and commence
the final reduction of the several observations, in order that the results may be
published as soon as possible.

No. XIIIL—TIDAL.

DETERMINATIONS OF MEAN-SEA LEVEL.

(98.) In my administration report for 1866-67 I stated that proposals
‘had emanated from Dr. Oldham, the Supcrintendent of the Geological Survey, and
been sanctioned by the Government of India, to the effect that investigations
should he made of the secular changes in the relative level of land and sca which
were believed o be going on at various places on the eoasts of the Bombay Pre-
sideney and more particularly at the head of the Gulf of Cutch. TFor these
investigations it would be necessary to take complete series of tidal observations,
at intervals of afew years apavt, at a certain number of pointson the coast linces,
and to conncct these points by very carcfully exceuted lines of levels, I was
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called on to undertake the operations, and I had procured a number of self-regis.
tering tide-gauges from England and was about to have them erected and the
work commenced, when I was suddenly required to take steps for an immediate
and very considerable reduction of expenditure, in consequence of the financial
difficulties in 1869-70 ; the operations were therefore postponed sine die. They
are now being resumed.

(99.) The delay which has thus taken place is not to-be regretted, as T am
now in a position to have the investigations carried on in a more complete and
elaboratc manner than had been originally contemplated, and consequently to
acquire fuller, more comprehensive and more accurate results than were at first
desired. IIappening to be present at the meeting (at Edinburgh) of the British
Association for the Advancement of Science, in 1871, I ascertained that a com-
mittee of the association—presided over by Sir William Thomson—had initiated
a system of tidal investigations which was anticipated to secure scientific results
of the highest value. On studying the details of these operations I found that
my original programme, which contemplated tidal observations of only a few week’s
duration, would be inadequate to detect the existence of minute secular changes
in the relations of land and sea, and that no conclusive results could be obtained
unless the observations were carried over a period of rather more than a year at
the commencement and a corresponding period at the close of the term of the
investigation. I further saw that if this were done the value of the operations
would be greatly increased, for the results would not only serve the purpose for
which they were originally contemplated, bnt would materially contribute towards
the attainment of the better knowledge of the laws of the tides which is consi-
dered by the British Association to be so important a desideratum, and which is
cxpected to lead to an evaluation of the mass of the moon, to definite information
regarding the rigidity of the earth, to an approximation of the depth of the sea
from the observed velocities of tide-waves, to the retardation of the earth’s
rotation due to tidal friction, and also to the various practical benefits which must
accrue from accurate predictions of the height of the tide at any given time.

(100.) TFor these reasons I submitted a proposition to the Secretary of
State that Lieutenant Baird R. E., Assistant Superintendent, who was thenin
England on furlough, should be deputed to study the practical details of the
method of tidal registration, and of the harmonic analysis of the observations,
which are reccommended and practised by the tidal committee of the British
Association. My proposals were sanctioned and Lieutenant Baird was employed
for some mounths under my divcctions in doing what was wanted.

(101.) Mr. Adie—the well known optician and mathematical instrument
maker—had constructed the self-registering tide-gauges which had been previous-
Iy sent out to India, and of which the most remarkable feature is their unusually
long barrels (length five fect) which were provided in order that the tidal curves
might be drawn on the largest scales practicable; he was requested to supply
another tide-gauge on the same pattern but with a few modifications which
appeared desirable, the most important of which was the substitution of a chro-
nometer escapement instead of a pendulum or gravity cscapement for the driving
clock, in order to permit of the instrument being erccted on positions where the
concussions of the sea-waves would interfere with and perhaps stop the action
of a pendulum clock. Licutenant Baird made an experimental trial of the
performances of this tide-gauge at Chatham, the results of which wcre very sa-
tisfactory.

(102.) Tt is well known that the risc and fall of the tides on a line of
coast is materially influenced by the direction and force of the winds, and that it
also varics inverscly with changes in the barometric pressure, Thus no tidal re-
gistrations can be deemed complete without simultancous registrations of the
conditions of the atmosphere. Consequently a supply of sclf-recording anemo-
meters and barometers was obtained, in order that every tidal station should be
supplied with one of cach of these instruments. The anemometers register both
dircetion and velocity, and arc similar in design to Beckley’s ancmometer, but
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are very much smaller in order to be light and portable; the barometers are ane-
roids, for no mercurial self-registering barometers were met with which qould be
safely carried about. These instruments were all constructed under my instruc-
tions by Mr. Adie, and though they are by no means faultless they may be relied
on to give fairly approximate results which will be of some value and vastly better
than nothing at all. Mr. Adie has also supplied other instruments which will mate-
rially facilitate the preparation of the diagrams for the b;lrrcls of the tide-gauges
and the subsequent measurements of the curves on the diagrams.

(103.) One of the principal duties on which Lieutenant Baird was em-
ployed in England was the preparation of an account of the practical application
of the harmonic analysis by which tidal observations are reduced for t_he British
Association., The procedure leads to much more df.:ﬁnlte apd_ conclusgvc re_sult-s
than what are afforded by any other method of reduction, but it is exceedingly intri-
cate; though perhaps not more laborious in the long run thar} other methods
would be, when manipulated so as to furnish vesults of equal precision and bearing
on such a wide range of subjects, it needs very full and precise explanations for
the guidance of the computers. Licutenant Baird went through the whole of .the
details with Mr. Roberts of the Nautical Almanac Office by whom the tidal
reductions are made for the British Association; and with that gentleman’s aid
he drew up a pamphlet of Notes on the subject, for the use of the Officers of this
Department, which has been publisbed by order of the Sccretary of State, and
fills 51 pages of closely printed cctavo. ) )

(104) On my return to India I deputed Lieutcnant Baird to make a
reconnoisance of the coasts of the Gulf of Cutch, with a view to selecting tidal
stations and more particularly to determine in what manuner the instructions
which I had received from the Government to establish a station *“at a point as
far into the Runn of Cutch as possible to which the tide has free access,” could
be best carried out. For a point to have free access with the sca it is necessary
that it should always have at least 4 or 5 feet of water at lowest tides, and also
that the sea should approach it directly and not through tortuous channels; the
point must also be either on the edge of the main land or at no great distance
beyond, because of the difficulty and expense of constructing a station on the
fore-shore. From what I had previously heard of the Gulf of Cuteh I was appre-
hensive that it might not be possible to find a point at the cdge of the Runn
which would satisfy all the requisite conditions,

(103.) Licutenant Baird procceded in the first instance to Juria Bandar
(Jooria Bunder), where he fitted up a large country boat to be used in navigating
the creeks and channels of the gulf, and secured the services of a good pilot to
accompany him in his explorations; the selection turned out to be a very fortu-
natc one as the pilot knew almost every creek and mud-flat on both the Cuteh
and the Kattywar coasts of the gulf. Embarking at Jiria, Lieutenant Baird
crossed to Nowandr Point on the Cutch coast, where he found a spot which is well
adapted for tidal observations, having a minimum depth of 19 feet of water within
336 fect of a site for a station. He then proceeded eastwards towards the head
of the gulf, along a coast which for a cousiderable distance presents a great
breadth of fore-shore—composed of mud of great depth with mangrove bushes
growing over it—and is covered at high tide and left bare at low water.  After
long scarching he was fortunate in discovering a position ncar 1Ianstil Point, at
the head of the gulf, which is well adapted for a tidal station, having a minimum
depth of 72 feet of water within 160 fect of a site for an observatory. Lieutenant
Baird then returned westwards along the Kattywar coast, cxamining all the crecks
and inlets, and finding nothing hut long muddy fore-shores, until hic reached Okha
Point at the entrance to the gulf; there he met with a rocky fore-shore having a
minimum depth of 23 feet of water within 220 feet of a site for a tidal station.
The three places selected appear to be well adapted for the proposed operations,
which is the more fortunate in that Licutenant Baird believes them to Le the only
suitable points which are to be met with for the purposc; the only matter for
regret is that an intcrmediate point could not be found on the Kattywar coast
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between Okha and Hanstal, for Nowandr being on the opposite coast will require
to be connected with the two other stations by a very long line of levels passing
round the head of the gulf.

(106.) Licutenant Baird derived much assistance in his explorations from
the admirable charts which were constructed by Lieutenant A. D. Taylor of the
Indian Navy, in 1851, copies of which, on the full scale of the original survey,
had becn recently lithographed in England on my recommendation.

(107.) The feasibility of establishing stations at suitable points having been
thus satisfactorily ascertained, the preliminary arrangements were then taken in
hand. The question whether it would be preferable to set up the tide-gauges on
stages crected in thie sea beyond the low water line, or on masonry platforms con-
structed on shore at the high water line, was carefully considered ; obviously it is
desirable that the comununication between the surface of the ocean and the gauge
which registers the momentary variations of level should be as dircet as possible,
in order that the tidal curve may be accurately delineated ; but it would be impos-
sible, without incurring great expense, to construct a staging in the sea of suffi-
cient strength and permancnce to serve for two series of obscrvations, each
lasting more than a year and separated by an interval of several years. For
this reason it has been decided to construct the stations on shore, at the line of
high water.

(108.) The following arrangement has been adopted. Masonry wellsof a
diameter of about three feet will be sunk at the stations to a depth of several feet
below the lowest tides; in these wells iron cylinders, of a diameter slightly
exceeding that of the float of the tide-gauge, will be set up vertically and even-
tually connected with the sea Dby an iron piping carried along the shore down to
the low water line, where a flexible piping will be attached and carried into deep
water. The cylinders will be closed below with an iron plate, to prevent the
entrance of the water which may be expected to percolate through the sides of
the well whenever the tide is falling. The flexible piping will terminate in a
rosc suspended a few feet above the bed of the sea, in order to prevent the
entrance of silt as much as possible, and it will be attached to the iron piping in
such a manner that it may be readily removed and cleaned whenever necessary.
The interior diameter of the piping will be two inches, which has heen computed
to be sufficient to permit of the transmission of the tidal wave from the sea to
the cylinder in the well, without sensible retardation, so that the height of the
water in the cylinder may be expected to be always the same as that of the surface
of the sca. The tide-gauges will be set up over the cylinders, and their iron bed-
plates will indicate the planes to which the tidal measurements will be referred, and
they will be connected by leveling with permancnt bench-marks fixed in the
ground in the vicinity of the stations.

(109.) Licutenant Baird has been employed during scveral months at Bom-
bay in making all the requisite arrangements.  Cylinders have been constructed in
suitablo lengths to be casily transported to the tidal stations and then put together.
The tide-gauges have been tested by employing them to register the tides in the
harbour of Bombay for several weeks continuously, and sundry alterations and
improvements have been made to them. The sclf-registering barometers and
anemometers were tested at the same time, and the injuries they had received
in transit out to this country and from the rusting of portions of the working
gear have been repaired.  Every thing has been done which could be thought of
to ensure the instruments being found in a satisfactory condition when they are
set up for work at the tidal stations. It was a matter of great importance to have
all this done at Bombay, where there arc excellent workshops and skilled artificers,
for such advantages are not to be met with in the places where the instruments will
be set up for observation. 1In all these operations Lieutenant Baird received much
assistance from Major Merewether R.E., who permitted him to have full use of
the workshops and artificers of the Bombay Iarbour Defences, and allowed him
a site for testing the tide-gauges.
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(110.) Lieutenant Baird is now engaged in constructing the stations on the
coasts of the gulf of Cutch, and when they are ready the obscrvations will be
commenced. Ile has worked with great assiduity and skill, and with a hearty
interest which I trust will be rewarded in due time by the successful completion
of the operations.

NO. XIV.—GEOGRAPHICAL.

TRANS-HIMALAYAN EXPLORATIONS.

(111.) TFor some years past it has been customary to publish with the annual
Reports of this Survey an account by Major Montgomerie of one or more special
explorations exccuted by his native agents. 11l health has unfortunately deprived
the State of the services of this officer, but I trust for only a short time; he has
gone to Europe, taking with him the maps and journals of an exploration—Dby one
of the Pundits—from Shitgatzé north-eastwards to the great Namchd Lake, and
then southwards to Lhassa, of which he was to have preparcd an account for
publication with this Report; but as it has not yet been received it must be pub-
lished separately hercafter.

(112.) Explorations are being carried on at the present time in various

directions. A Pathdn has been sent to the region beyond the Hindd Kish range,
with instructions to penetrate if possible into the ferra incognifa to the north of
the river Oxus, into Shighnin, Roshdn, Darwiz and Kirategin. One of the
Pundits has been sent into the part of Great Thibet which lies beyond the north-
ern watershed of the Brahmaputra River. Tour of the Pundits have been
attached to the Mission which has been recently sent into TEastern Turkestan, in
the expectation that they may Dbe able to make their way back to India by various
routes through the Desert of Gobi and Grcat Thibet which are closed to Buro-
peans.
! (113.) I very much regret to statc that intelligence has been reccived
of the murder of the Mirza, whose exploration of the route from Badakshan
across the Pamir steppe to Kashgar is described by Major Montgomerie in a paper
accompanying my Report for 1869-70, and is a valuable contribution to the
geography of those regions. The Mirza had been sent on a second exploration
with his son-in-law as an assistant. He had to travel through Afghanistan and
at first he was able to send in reports of his progress pretty regularly; but for
several months he had not been heard of, and at last a rumor was received that he
had heen murdered.  Enquirvies have been instituted, but as yet no very definite
information has heen obtained. It appears probable however that be had travers-
ed the road from Ilerat to Maimana, and was proceeding northwards, when he
and his eompanion were murdered by their guides during the night while asleep ;
a servant is said to liave escaped and given informatjon which led to the appre-
hension and subsequent exeeution of the murderers, by order of the Governor of
Maimana. At first there was reason to hope that the rumor might have been
unfounded ; for the Mirza was belicved to have heen exploring in the dircetion of
Hissidr and Kavategin, far away from the place where the crime is said to have
been committed ; but as no letters have been reecived from him for nearly a year,
and he would probally have returned some months ago had he lived, itis to Do
feared that this faithful and intelligent emissary has fallen a victim, and that his
son-in-law who accompanied him perished at the same time. Endeavors are
being made to obtain full information on the subject, and to get possession of an y
of the Mirza’s papers which may be still forthcoming,
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(114) Enquirics are being made with a view to secure the services of a few
natives of Assam whoare privileged to enter the hills north of the valley which
ave occupied by independent tribes, with a view to training them to make ex-
plorations in those hills in the first instance and afterwards in the regions beyond,
and more particularly to make a survey of the portion of the Bralmaputra
River which as yet has not been explored. The replies which have hitherto been
received from the district officers show that there will be great difficulty in get-
ting suitable persons for the explorations, but I still hope that it may be managed
by Mr. Beverley, who is conducting the triangulation of Assam and has been
requested to take this matter in hand.

(115.) But the quarter from which I have most reason to expect soon
to reccive valuable and exact geographical information is Eastern Turkestan. On
learning from Mr. Forsyth that he was about to be deputed on a mission to the
Atalik Ghazi, I strongly urged the necessity of his being accompanied by an
Officer of this Department, to undertake the duties of a geographer and turn to
account any opportunities which might be presented of exploring regions of which
little or nothing is at present known. Mr. Forsyth cordially entered into my
views, and supported the proposals which I submitted to the Government of India,
by whom they were favourably received. Captain Henry Trotter, R.Ii., who was
then conducting the Survey of Kattywar, was consequently placed at the disposal
of the Foreign Department and appointed a member of Mr. Iorsyth’s Mission.
Pending the return from Constantinople of the Atalik Ghazi’s Envoy who was to
accompany the Mission, Captain Trotter spent some time at my head-quarters in
practising such astrononical observations as would be required, and more parti-
cularly those for the determination of absolute longitudes; forms were prepared
and printed for facilitating the reduction of the observations, in order that they
might be computed out on the spot and immediately utilized in the construction
of a map of the country, because far more comprehensive and satisfactory results
should thus be obtained than when the observations are reduced and the map
constructed some time afterwards. Captain Trotter was well equipped with ins-
truments, all of which are of the lightest and most portable kinds suited to his
requirements, and he was furnished with charts on which the fixed points of the
Indian triangulation to the south and the Russian astronomical determinations to
the north had been projected, to facilitate his own operations in the intervening
region. Two other officers attached to the Mission, Captain Chapman, R.A., and
Captain Biddulph, A. D. C. to the Viceroy, spent a short time at my head-quarters
in practising observations and reductions, with a view to utilizing any opportunities
which may be presented should they be detached from the head-quarters of the
Mission on independent explorations, A Kashmiri surveyor—of the Rajputana
Survey—and four of the Pundits have been sent with Captain Trotter. I have
done all in my power to promote the success of the geographical operations, and in
my next annual report I hope to be able to announce that a rich harvest of re-
sults has been secured.

NO. XV.—THE COMPUTING OFFICE.

EXAMINATION, FINALREDUCTION AND PUBLICATION OF THE OBSERVATIONS.

116. The Computing Office has heen employed in its usual duties of care-
fully examining and reducing the observations, and publishing the ultimate results
of such portions as have been finally treated and the preliminary results of the pro-
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tions which await further data before they
can be finally disposed of. One of the prin-
cipal features of the year's labors hus heen a
re-adjustment of the seccondary trianznlation
which is based on the several principa! series
appertaining to the so called North-West
Quadrilateral, whiclh embraces the operations
of this Survey in the area lying to the north
of a line running westwards from Sironj (in
Central India) to Kurrachee, and to the west

of a line running from Sironj to the Himala-
yas. Another important operation is the
passing through the press of the observations,
reductions and final results of the principal
triangulation of the North-West Quadrila-
teral, which is now all but completed, and
will furnish sufficient matter to fill two thick
quarto volumes which will be numbered 1II
and IV of the Account of the Operations &c.

117. As the whole of the contents of these volumes will not be needed
by geographers and surveyors, an abstract or synopsis is being prepared which
will give the descriptions and co-ordinates of the stations, and the sides and angles
of the triangles, of the principal triangulation, and also the corresponding data of
the secondary triangulation. This information will be published in a separate
volume for cach of the principal series, in which form it will be most convenient
for the public in general. The first of these synopses is now nearly ready for
issue; it is devoted to the operations of and emanating from or otherwise connected
with the chain of triangles known as the Great Indus Series, and will contain—
inter alin—the positions of the whole of the points that have been fixed beyond the
British Frontier, points situated mostly on the spurs of the Hindu Kish range,
and on the Safed Koh and Sdlimdni ranges and their spurs.

118. The general principles on which the reduction of the observations
is conducted have been described in suflicient detail in the annual reports for the
last five years which have been submitted by myself and by Major Montgomerie ;
it is unnecessary therefore for me to say more on the subject in this place than
that the operations are very laborious and require constant and vigorous supervision,
and that I have every reason to be indebted to Mr. Henunessey for the assiduity
with which he devotes himself to the direction of the computing office and its
several branches, and to acknowledge the skill which he brings to bear on the
many matters which come under his consideration. Mr. Cole also has rendered
a variety of most valuable services which I am very pleased to have this oppor-
tunity of acknowledging.

Mr. M. J. O'Connor )
and 18 Nutive Compositors and Distributers

Phofozincographic Branch,

Mr. C. G. Ollenbnch
» C. Dyson, with 2 Native Draftsmen &e.

Drawing Branch.

Mr. G. W. Atkinson, Surveyor 4th Grade,
Shaikh Saidudeen and 5 Native Draltsmen also
18 Assistants and Apprentices

NO. XVIL.—CARTOGRAPIY,

. 119. The most interesting of the maps which have been prepared and
published during the current year is the second edition of my map of Turkestan, of
which the first edition was published in four consecutive sheets in 1867-68. So
great has been the progress of geographical exploration in the last five ycars that
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the map had become insufficient for present requirements, and it needed numerons
corrcctions and additions. As the value of a map of this nature—which has
necessarily to be compiled from a variety of sources, some very much more
reliable than others—is greatly enhanced by a knowledge of the authorities from
which the data have been derived, I drew up a memorandum on the subject in g
paper which is entitled ¢ Notes on the Maps of Central Asia and Turkestan which
have been published in the Office of the Great Trigonometrical Survey of India,”
and of which copics were issued with the second edition of the map; a copy is also
appended to this report.  'While the map was passing through the press additional
information was received of the geography of Khiva and portions of northern
Persia which nccessitated the publication of an “Addendum” with it. Shortly
afterwards further information was reccived, and consequently Re-prints of sheets
No. 1 and 3 have been published, which embody all the Iatest information received
up to the present date. Lo these re-prints a note has been attached explanatory
of the alterations and additions, and a copy of this note is also appended.

(120.) 'The northern boundary of the territories of the Maharajah of
Kashmir has been brought back in the second edition of the Turkestan map to a
considerable distance within the line indicated on the first edition of the map, and
and in my notes I state that this had been done on the authority of Mr. Forsyth.
I had followed the delineation given in the map of Eastern Turkestan which was
compiled in the Surveyor General’s office in 1871, under Mr. Forsyth’s superin-
tendence, to illustrate his report of his first journey to Yarkand; in that map the
the altered boundary line is shown, but on the authority—as it now appears—of
a map constructed by the late Mr. Hayward, which Mr. Forsyth had furnished
to be used in the compilation of his own map, unfortunately without stating that
he objected to the alteration. Under the circumstances it is to be regretted that
any alteration was made, and that Mr. Forsyth should have been brought forward
as the authority for a line of boundary to which he strenuously objects.

(121) During my absence from India Major Montgomerie commenced
the compilation of a series of *“Trans Fronticr Maps,” on the scale of 16 miles
to the inch, containing all the most recent information of the regions beyond the
British Frontier. These maps are prepared on a skeleton form, showing the posi-
tions of towns, villages and mountain passes and the course of the river, but
omitting the hills. The following have now heen published; No. 4, comprising
portions of Afghanistan, Kafiristan, Badakshan, Bokhara, Karategin, Swat,
Bajour, Panjkora, and Chitral; No. 7, comprising Chilas, Gilgit, Yassin, Kunjut,
Sivikul, the Pamir Steppe, Kashgar, Yarkand, Khotan, and part of Chincse
Thibet; and No. 9, comprising Nepaul, Sikkim and portions of Bootan and Great
Thibet.

(122.) Good progress has heen made with the series of Level-Charts on
which the results ol thie leveling operations for Canals, Railways and other
public works are shown, after having heen connected with the main lines of level
of this Survey and reduced to the same datum, 7z the mean sea level at
Kurrachee.  Sheets No. 8, 10, and 23 (sce accompanying Index Chart) have been
published and No. 6 and 26 are in a very advanced state,

(123.) In addition to the above, twenty preliminary charts of the trian-
aulation in varvions parts of India have been published, and several final charts
are in hand which will be published with the synopses of the results of the trian-
culation. A large amount of miscellaneous work has heen performed, and an
improved system has been introduced for the examination of the maps received
from the Survey Parties. By the photozincographic process 21,171 copies of
charts, maps and diagrams have been printed of which 8,443 have heen colored by
hand for issne to the public and to Government officials, and 12,549 copies of
forms for ealeulations and office work have been zincographed for the current
requirements of the department.
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(124.) It now only remains for me to acknowledge the valuable services
which have been rendered by my Personal Assistant Mr. H. Duban, and by Mr.
Robert Scott, whose multifarious duties in connection with the corresponding
office and as general store-keeper bave been very carefully performed.

(125.) An abstract of the out-turn of work executed Ly each of the
survey parties whose work can be exhibited in this form is given on the following
page. I am happy to be able to express my opinion that the progress made on
all sides during the year, by the Survey Parties in the ficld and in recess, and by
the Offices at Head Quarters, has been generally most satisfactory.

J. T. WALKER, Covoy¥eEL, R.E.,

Supdt. Great Trigonometrical Surcey.
Denra Doox, }

Dated 9tk January 1874.
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Abstract of the out-turn of work executed by the Great Trigonometriecal
Survey Parties, during the Official year 1872-73.
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Extract from the Narrative Report—dated 15th July 1873—of W. C. ROSSENRODE, ESQ., Deputy
Superintendent 3rd Grade, in charge Southern Section Bilaspur Series.

(3.) On receipt of my Narrative Report and rough chart of last season, Major Mont-
gomeric, R.E., remarked “In brief I cannot accept principal triangulation devoid of secondary
work and on this point I must call your attention to letter No. :Tﬂ‘, dated 21st October 1868, from

the Superintendent G. T. Survey.”

(4) Mr. Bell rejoined the party on the 26th October last, and before commencing field
operations I arranged the following programme for accomplishing the utmost quantity of secon-
dary work, in compliance with your orders to the late Mr. Shelverton above cited. My short-
comings the previous season were attributable, not to inattention to your orders, but to a paucity
of assistants, owing to which, I could not execute the secondary work you desired. For the
same rcason another important duty could not be attended to; the construction of rectangular
pillars, and the handing over of the stations completed to the local authorities. 1 endeavoured
during the late field season to accomplish both, by detaching all the three assistants to carry
out your wishes, retaining only a native writer to assist me in the observatory and in office
duties, .

To determine the positions of the towns of Jaipur and Jag-
dalpur, the residences of the Rdjas of Jaipur and Bastar; to lay
Mgr. BEVERLEY down all towns and villages within the principal triangulation of
the first polygon and a half, and to fix the position of the civil sta-
tion of Koripiit.
Mr. B Was assigned the remaining polygon and a half, and he was
R DELL {instructcd to determine the positions of all important places.
To construet rectangular pillars, and to place the completed
Mr W stations under the protection of the local authorities. He was also
R WRIxXON directed to execute as much secondary work as lie possibly could
within the principal triangulation completed the previous season.

(5.) TIhad much difficulty in entertaining men and cattle to proceed with me on field
duty. The inhabitants of Wilter, Vizagapatam and Vizianagaram, dread the Jaipur and
Bastar jungles, owing to their unhealthiness. The men who had hired their bullocks the pre-
vious season, for conveying the baggage of the party, demanded extra hire. I'resh men were
engaged by paying eight annas per bullock in excess of last season’s hire ; their agreements were
taken on stamped paper, and by advancing them a month’s hire for cach bullock, I secured the full
complement of baggage cattle for the whole party. The bearers who had carried the great theo-
dolite would on no account take service, owing to 5 deaths having occurred the previous season
after their return to recess quarters. I was in a measure prepared for this, and arranged for
bearers from Hazdribigh who had servéd with me in Assim, Cachar, Tipperah, Chittagong and
Arracan.

(6.) All preliminary arrangements having been made the lampmen left Wilter ou the
14th November to occupy their respective stations. The main camyp followed on the 20th and
reached Séldr, a large town, on the 28th by stages. Here heavy rain fell, and continued day and
night without intcrmission until the afternoon of the 1st December.

(7.) Tapprehended much sickness in camp owingto the continuous wet weather; the
men were without proper food, and had to sleep on the damp ground; the straw was wet, and
nothing dry could be obtained. A large quantity of wood was purchased, fires were made for
the men to dry their clothes, and to keep them warm. My fears however were groundless ;
with the usual precaution of administering quinine to the men, and removing them at once, when
the rain ceased, to the high hills of the Kordpit range, the healtl of the party remained good.

(9.) 1 reached Burdwar, my first station, where I closed operations the previous scason,
on the 10th Dceember, completed work on the 12th and marched next day to the sccondary
station of Amd.  From thenee I proceeded to Sirsi IL.S. where T arrived on the 19th: that very
night an epidemic broke out among the pack bullocks, 4 of which died on the 20th, 2 more
casualties occurred the next day, and I'lost five others before I reached Motigion H.S. on the
24th December.  Having lost 11 baggage bullocks I separated those which were stricken from
those which had not taken the disease. The former were sent hy casy stages to the station in
advance where I intended observing an azimuth.  This arrangement saved the cattle, but sickness
broke out in camp ; the Hospital Assistant, the Obsevatory Recorder, the Jamadar and 10 other
men were prostrated with fever. I removed the camp from the foot of the hill in the forest to
an open elevated spot near the village of Motigion, threc miles distant from the station; and
alter completing my observations, 1 marched to Karia H.S., taking the sick men with me to the
station, and locating the whole camp on the summit of the hill, I lost one maun on the 1st
January 1873 and the others gradually recovered.



4‘—,1 [Seasox 1872.78,

(10.) On completing my observations at Motigfon, H.S., I wrote to Mr. Beverley to
join me at Karia H.8.: T had only e native recorder and he was prostrated with fever. Mr
Beverley was of very great assistance, for he not only recorded, but sided me in reading tht;
microscopes. Karia was the centre of a hexagon and the azimuth observations were taken here
and with Mr. Beverley’s assistance I completed my work rapidly. I am very much indebted
to him for aiding me, and taking part in the observations. The 8 day’s halt at Karia materially
assisted in re-establishing the health of the camp. Fresh bullocks were purchased to replace
the 11 which succumbed to the cattle plague, and being set up I made a fresh start and proceeded
to Lambidongri H.S. Mr. Beverley resumed his secondary triangulation.

(11.) Lambidongri is situated on the highest point of an extensive plateau thickly
wooded. The signal party who had preceded me made a good clearance for the camp : on my arri-
val I had many more trees felled, the grass and under growth was cut and removed, fires were
lighted round the encampment after the night observations and were tended, fed and kept
burning till the morning ; every precaution was taken to ensure the health of the party, but dur-
ing the three days I was detained there 16 fresh cases of fever occurred.

(12.) The remainder of the season the camp was never free from sickness; the Hospital
Assistant suffered very much. He was a hale, hearty, active man when he left for the field; he
returned a mere skeleton, devoid of energy. The Jamadir after lingering for upwards of two
months died on the 4th March at Jerar village at the foot of Deodougri H.S.

(13.) It was impossible to move about with so many sick and feeble men, I therefore
established depdts for them, selecting the most open, and healthy localities, and removing them
as I advanced with the work. It may not be out of place to mention that at one time I had 36
men in hospital ; berkandazes, kalasies, bearers and camp followers.

(14.) The final operations made good progress notwithstanding the crippled state of
the establishment. The stand of the theodolite and telescope were carried by coolies, and
coolies did mostly all the work, under the directions of the few effective men in camp: all the
principal men including the Tindal were ill, I was myself suffering from fever. To be able to
continue my duties I had recourse to large doses of quinine daily, which brought on partial deaf-
ness. 1 may here remark that not a single man escaped the fever of the country, even the cooks
who are generally the most healthy, owing to their constant proximity to the purifying influ-
ence of fire, suffered repeatedly this season. The fever however was not of a” virulent type;
although it spared no one, and could not be radically driven out of the system, few casualties
occurred.

(16.) I closed final operations at Attanga my last station on the 10th March, thus com-
pleting the southern section of the Bilispur Meridional Secries exactly in three months. Final
angles were taken at 16 principal stations, and one secondary station, A large quantity of
secondary work was accomplished during the above period.

(18.) The country through which the operations, both principal and secondary, were
carried on, varied in height from 5,000 to 2,000 feet above sea level. Ranges of hills were crossed,
elevated plateaux traversed, every description of ground was met with, all of which was densely
wooded ; some portions were very difficult with scarcely a village; between the stages, other
portions were cultivated, and had villages 3 and 4 miles apart. Colonel Saxton, Deputy Superin-
tendent in charge No. 3 Topographical Survey, Central Provinces and Vizagapatam Agency,
whose experience extends over many consecutive seasons, and who is quite conversant with the
country and its people, remarks in oue of his reports ‘ In the physical features of the "country
there is little more to notice, all being hills and jungle, waste and desolation, with the scantiest
population sunk in ignorance and vice.”

(20.) Wild animals are numcrous. Tigers are very destructive, and frequent desertions
of entire villages occur annually from the ravages of these animals. At Karia II. 8. one of
my pack bullocks was carried off in the afternoon, and all the endeavours of the keepers and
villagers to rescue the animal alive, proved ineffectual ; the tiger standing over its prostrate victim
deliberately satisfied himself with its blood and theu retired into the jungle. Mr. Beverley who
joincd me at this station lost a bullock the same night.  The cattle were removed the next morn-
ing to a safer locality after this sccond scizurc and no more losscs were sustained. At There
H.'S. one of my goats was carried away by alcopard during the day close to camp, the men were
about at the time and rescued her ; that very night my best milchgoat was taken and no trace of
her could be found. 'Wild buffaloes are numerous, and very troublesome when they are met with
on the line of march. A solitary bull having posscsion of the path kept a few men of my camp at
bay for some time until the elephant came up with the rear baggage, he decamped on secing the
elcphant approach and left the path free.

(21.) There is no regular commerce in the country through which the triangulation was
carried on this season, for want of roads. The export of grain is very large, and the Banjiras
couvey it on pack bullocks to the towns where there is a demand for it. In the Jaipur and
Bastar Réja’s territories, the revenue is paid partly in money and partly in grain, which latter is
collected separately, each kind in its own granary, and the Banj4ras purchasc it and convey it to
the profitable marts at Pérvatipuram and Vizianagaram ; from these two places it is carted to
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Vizagapatam. Numerous bands of Banjdras resort to the above depdts, large quantities being
readily obtained from the respective Rija’s officials. The Banjdras are an interesting people
and an account of them would notbe amiss. 1have met them frequently in the above states,
and on the line of march on the high road, T have met their interminable string of bullocks.
The tinkling of innumerable bells announces the approach of Banjira cattle laden with corn;
the leading bullocks are decorated with plumes attached to the head between the horns. Brass
sockets tastefully worked are fitted on to the upper portions of the horns, the remaining por-
tions are enclosed with cases; the head has a covering, the neck a collar to which bells are at-
tached ; all these are ornamented. The tail pieces and packs are also decorated. Shells enter
largely in ornamenting the several pieces, which are tastefully arranged and worked to adorn
the useful animal, The costume of the women is very striking and picturesque ; it consists
of 2 petticoat made with strips of cloth 6 to 8 inches in width of many colors, of the brightest
gayest and most gorgeous hue, which are put together to form this garment. A patchwork bodice
of various colors to match the above, and a sheet edged with tinsel or red, thrown over the
shoulders, completes the costume. A profusion of jewels of all metals from gold and silver
to base brass are necessary to complete the toilet. Large gold nose rings, some jewelled,
others plain silver, ear-rings covering the entire ear, strings of beads of all colors and sizes
round the neck, the arms covered with bangles and amulets, the ankles decorated with massive
metal ornaments to which are attached small bells, add greatly to the novelty of the costume
of these peculiar people.

(22.) Long before daylight the trappings of the bullocks are put on and they are laden.
The march begins with the leading bullock advaneing with waving plumes and tinkling bells ;
others follow 1n succession, with a cock perched on the load of one, a hen on another, 2 childon a
third, a kid on a fourth, a litter of pups on a fifth, and so on, until all their livestock and the
children of the gang are accommodated. The laden cattle are followed at intervals by a damsel,
robed and adorned as above, driving and vociferating to the lazy and unruly under her charge :
after a few minutes a man follows, and is heard shouting and talking to the bullocks as if they
understood what was said, and castigating them when necessary, Each man carries a weapon
of some description to defend himself when necessary.

(23.) The whole band is escorted by dogs which are seen following the men, women or
cattle all along the line of march, exercising their vigilance over all. The goats, sheep, cows
with their calves, and mares with their foals, bring up the rear accompanied by the aged, sick or
infirm of the gang mounted on ponies. The loads are every now and then adjusted, the cattle
which entangle themselves among the forest trees, are extricated, and on the Banjira proceeds
to his destination with his grain laden cattle, his worldly goods and chattels, his wife, his children,
and his livestock ; he leaves nothing behind. With his sheet of gunny, which he pitches for
shelter from dew and rain, and with all his belongings, he is contented and happy as any other
living man in the enjoyment of ease and comfort. Each band of Banjdras elects its own chief,
who 1s implicitly obeyed. The chief settles disputes, and administers justice to all. These people
scldom resort to courts of justice. They arc an independent, intrepid, hardy race, going through
uninhabited forests swarming with wild animals. Their encampments are well chosen, mostly
on banks of streams, elevated and open. Their bullocks are picketed in rows, a long rope with
knots equally placed 3 feet apart to which are attached halters aaswers the purpose; the ends
of the rope are fastened to piles driven deep into the soil, and the halters secure the cattle.
Large fires surround the encampment and are fed and kept alive by the men on guard who
watch turn about. The numerous dogs with each gang guard and protect them effectually and
will not allow the cattle to stray nor an intruder to approach. 'The dogs are of a peculiar
breed, large, fierce, powerful and intelligent, and are very much attached to their owners. They
live with the family and are fondled and caressed by the children,

(24.) Mvr. Henry Beverley, Surveyor 1st Grade, was employed during the entire season
upon secondary operations. I have already alluded to the assistance I received from him during
the azimuth observations at the central station of Karia. With his usual energy and zeal he
has accomplished a large quantity of work, having determined the positions of 7 important places,
connected 10 Topographical stations, fixed 52 secondary stations and 102 intersected points and
villages. His triangles having all threc angles observed amount to 53. The heights above sea
level of nearly all his secondaries have heen determined.  In addition to the above he has con-
structed rectangular pillars over six principal stations and placed them under the protection of
the local authoritics.

(25.) Mr. Beverley and his detachment have one and all suffered from fever, notwith-
standing which he worked on and ceven took hisstand at the theodolite with fever on him. The
wavy undulating nature of the country, densely clothed with jungle, having villages scattered here
and there screened or rather imbedded in the forest, might have disheartened a less experienced
Surveyor in determining their positions. The difficulty of laying down the villages was great
and the labor trying ; he however progressed steadily and systematically, and the result has been

the large quantity of secondary work which is shown in the rough chart accompanying this
report, ‘
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(27.) Mr. F. Bell, Surveyor 3rd Grade, was employed throughout the season upon
secondary work, and has determined the positions of 5 important places, connected 4 Topographi-
cal stations, fixed 21 secondary stations aud 39 iutersected points and villages, and obtained 35
triangles all three angles of which have been observed; and heights above sea level of most of
his secondary stations have been determined.

(28.) Mr. Bell and his establishment suffered from fever ; at one time almost all in camp
he himself included, were prostrated. He like all the members of this department bravely main.
tained his ground, treated himself and his men most successfully, and perseveringly advanced his
operations notwithstanding the sickness in camp and the difficulties he had to encounter in the
prosecution of his labors.  He remained out latest in the field and did not close work until the
weather beeame unfavorable.

(30.) Mr. E. P. Wrixon, Assistant Surveyor 3rd Grade, has throughout the season been
employed in constructing rectangular pillars over principal stations and handing them over to
the local authorities. He has built and made over 17 stations. In addition to this he has accom-
plished some secondary work in last season’s triangulation. He observed at 10 principal and 7
secondary stations, obtaining 21 triangles of which all three angles have been determined, and 4
triangles of which only two angles have been observed, and determined 35 intersected points.

(31.) Mr. Wrixon and his small detachment suffered much from sickness and he lost
three men from fever. At Singandma H.S. he was so ill from fever that he intended proceed-
ing to Colounel Saxton’s camp, which was not very far removed from him, for medical aid. A
favorable change taking place just then enabled him to continue his work. On his return to
Wailter he had another bad attack of fever. He hadto go over the ground of the previous
scason, visiting each station of the Bider Longitudinal Serics. The very difficult ground of the
Eastern Ghits which he had to traverse has been described in my last narrative report. I provided
Mr Wrixoun with lime for 10 rectangular pillars and he arranged for the remaining stations.

(33.) Mr. Beverley having determined the positions of the large towns of Jaipur, Jag-
dalpur, Kordput and Naurangpur, has furnished the following information regarding them :—

Jaipur—The town of Jaipur is the seat of the R4ja, a semi-independent Prince, the Chicf
of a tract of country ahout 200 miles in length and 50 in breadth. Jaipur is situated on low
ground to the south of low undulating hills, the most southeasterly of which is Doseabata, and
within six miles of the high mountains which surround it on three sides, and there is an isolated
hill 2,000 fect in height to the northward. The town is therefore in a hollow and consequently
unhealthy throughout the year ; it consists of about 1000 huts inhabited chiefly by the retainers
of the Rija and traders. A metalled road from Kordpit passes through the town from east
to west, all the rest are mere village paths ; on both sides of this road are large thatched houses
with mud walls belonging to traders and influential men ; and in their midst is the residence of the
Rija, a large upper-roomed paka building with a tiled roof, situated on slightly elevated ground
and commanding a view of the town. The residence of the Assistant Agent and Police Officer
was to the west of the town; owing to the unhealthiness of the place, this has since been
abandoned, by the officials for Koripit on the Ghéts, distant about 15 miles to the eastward.
Jaipur is surrounded by several groves of mango trees; these are planted in rows, each about
20 yards apart, with matlhematical preeision, the trees in each row being the same distance
from one another. The place is surrounded by a number of tanks more or less large, ore to the
west being halt a mile in length.

Kordpmit.—When Mr. Turner was appointed Political Agent of Jaipur in place of Captain
Smith, who was obliged to go on sick leave, on account of the notorious unhealthiness of the
town of Jaipur, he was given the option of residing on the high plateau which nearly surrounds
Jaipur; he took advantage of it and selected the present site about 15 miles east of Jaipur.
The Public Works Department is now engaged on a good cart road from the head of the Ghits
to the town of Silir, in the plains to the east, which when completed will facilitate consider-
ably the export of grain from Jaipur and Bastar to the sea coast. At present the only available
mode of conveying grain is by pack bullocks which makes all grain brought into Vizagapatam,
very expensive,

The civil station of Kordpit obtained its name from the small hamlet of Kora, ¢ pit”
being an affix signifying a very small village, but it is in the lands of both the small village of
Koripit and the large one of Khumba; the boundary line between the two villages passes over
a small hill in the centre of the town, on this hill is the Trigonometrical station. The latter
village was abandoned after the civil station was formed ; the site is now occupicd by the Police
lines and the Sub-Magistrate’s Kachahri. The sitc of Korapit is well chosen, it is in the
centre of an extensive tableland, about 2,900 fect above sea level, bare of trees. A large square
tank in the centre of the town and to the west of the Trigonometrical station, is being excavated
which will supply the station with water. Kordpitisin its infancy, the residences arc temporary
buildings, but permancnt ones are in course of construction for the Agent, Superintendent
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of Police and for all Government offices. From Kordpit to Silir, the nearest native town in the
plains is 48 miles, of which 25 miles is on the high tableland up to the Ghats, and 23 miles
from thence to Saldr.

Naurangpur is a pretty considerable town extending for about a milein length from
north to south, but is very narrow; itis situated about a mile from theright bank of the
Indrabati river, which takes its rise in the Ghéts and proceeds westward till it falls into the
Godévari. During the cold weather it has a depth of 3 to 4 feet of water, but it overflows
its banks during the rains, and sometimcs destroys the crops a couple of miles on either side.
There is but one street through the town of Naurangpur from which branch off very narrow
lanes or village paths to the huts; these are of mud walls with thatched roofs, except the
R4ja’s house and the Sub-Magistrate’s Kachahri. To the east and west of the town are three
large tanks respectively which supply it with water; on the bank of the centre tank, to the east,
is the Trigonometrical station. A fine avenue of mango trees planted in four rows extends
from Naurangpur to Magigura village about 2 miles.

Jagdalpur is the residence of the Réja of Bastar; his former place of abode was at
Bastar, or Juna Bastar, the lutter is now quite abandoned, and the site of the old town is a
forest: a few small scattered villages at the outskirts of the forest still go by the name of
Bastar. The distance from Bastar is 10 miles. Jagdalpur is on the left bank of the Indra-
bati river which herc is deep throughout the year. The town is immediately on the bank of
the river, and is inhabited only by the RAja and his retainers. In a large mango tope to the
south of the town a weekly market is held, and there is a fine, large tank extending about a
mile in length to the west of the town.

Mzr. Bell has supplied the following notes:—Karial, the residence of a R4ja, consists of
three to four hundred huts. The Réja’s residence is paka, and is built in the form of a quad-
rangle with a minaret at each corner. One thing I noticed as peculiar while in the Karial
Taluk, i.e., the people would on no account give the name of their paternal parent, although
they unhesitatingly gave their mother’s name. In all my travels this is the first time I have
met with this peculiarity, usually it is just the reverse.

Karial 1s faced on the western side by a marsh extending fully the length of the town
(there is first-rate snipe shooting to be had in it) it is very low and surrounded by hills on the
south and southwest, the hills run in long ranges. The Tiluk of Karial consists mostly of well
watered strips of land dotted with hills, and is separatcd on the west from the Nawagarh T4luk
by a high and continuous range of hills about 20 miles broad. It belongs to the Raipur District,

Central Provinces.

Sihoa H.S. The hill of Sihoa is considered to be the source of the Mahinaddi River,
and like all old places of note it has its legend. The following is what I picked up during my
stay :—Once upon a time there lived a Jogi (hermit) in a small cave, still extant on the hill top,
where Le was supplied with food and water by a little girl, the daughter of one of the townsmen
(for it was then a large place and of some importance). One day the child forgot to take the
hermit water, which caused her great anxiety and fear ; however, when the old hermit saw her
distress, he questioned her as to the cause and being told, he ordered her to pass her hand thrice
round the “Tombie” (gourd) and then to remove the cover, On doing what she was bid, she
found to her surprise the gourd was full to the brim. One day the gourd broke, and being full
at the time the contents percolated through the hill, and taking the form of a stream flowed
eastward ; on perceiving what had happened, the old jogi demanded what the waters meant
by imitating the course of most other rivers, about that part by flowing to the east, and
ordered it to go to the west; the order was obeyed, and the river having goue a short distance
in an easterly direction suddenly turned and proceceded to the westward. Since that time
(I could not get the date) a fair has been held annually in commemoration of the occurrence,
which is largely attended. A few streamers mark the former abode of the Jogi. The hill has
once been fortified, traces of which are still to be seen, and it is naturally rather formidable
being almost perpendicular on three sides and consisting of rocks on the fourth side ; on nearing
the top of the hill it becomes very steep, and the path admits one person at a time only, being
very narrow, and is completely commanded by a couple of overhanging rocks of great size like
bastions, Before the use of large guns this place must have been very formidable; it was
occupied by a band of marauders. Prior to the country becomming settled, Sihoa is said to
have been guarded by a hundred horsemen and fifty foot, but this force has been gradually re-
duced to a handful of police; Sihoa is now in the Raipur District of the Central Provinces.
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Extract from the Narrative Report—dated 15th July 1873—of H. KEELAN, ESQ., Deputy
Superintendent 3rd Grade in charge Bilaspur Meridional Series.

(2.) The party reached Jabalpur from Head Quarters on the 9th November, and marched
from thence on the 20th to the Raipur district to resume operations, and arrived at the tower
station of Mahdsamand on the 16th December, where it was intended to observe a second veri-
ficatory Azimuth (the first was talcen about 50 miles higher up at the tower station of Pathaidi)
but owing to the low swampy nature of the country around Mahisamand 2 suitable referring mark
could not be found in the direction required, and in consequence the azimuth ohservations were
taken at the hill station of Remai, 12 miles lower down, a station equally free from any apparent
local disturbance. On the 20th, observations to § Urse Minoris were begun, and completed on
the 27th of December. The weather throughout these observations remained fair, though fears

were entertained during the preliminary arrangements, that it would not be so, as it was daily
cloudy during this time.

(4.) Immediately the ohservations at Remai hill station were completed, Mr. Surveyor
Clarke was detached to build up all the platforms and cut roads for the large theodolite at the
several hill stations selected the previous season; in the meanwhile, I returned to the tower station
of Mahdsamand to begin the final observations there.

(5.) During the month of December final observations were completed at Mahdsamand
station.

{6.) During the month of January final observations were completed at the hill stations
of Khalé4ri, Guhia, Remai, Jogi and Jatia.

(7.) During the month of February final observations were completed at the hill sta-
tions of Malewa, Bamnai, Pendra and Deodongri. These two last points define the closing
side of the northern and southern sections of the Bildspur Series.

(8.) The final principal angles were commenced on the 30th December, and in order
to close the work on the side of junction (Pendra H.S. to Deodongri H.S.) from the mnorth,
before the signal parties of the southern section came up, the observations were carried on
steadily to the 17th February; but notwithstanding the effort to obviate clashing, a short delay
of one day did occur to Mr. Rossenrode, when the above named stations were finally cleared by
me for the observations connected with the southern section.

(9.) Intheinstruction conveyed in your Office letter of the 21st October last, a second
Azimuth was to be observed at Pendra H.S., provided its position was free of local disturbances ;
but I had strong doubts, viewing the country from the north in the early part of the season, of
securing these observations, on account of the close proximity of a formidable mass of elevated
hills running south and east of Pendra, 15 miles off, and on which the station of Deodongri stands,
It was eventually found on closer inspection of the country in the neighbourhood, that it
would not answer for either an Azimuth or Latitude station, and the project was therefore given
up. The camp then broke up at Pendra and marched up towards Jabalpur, where it arrived on the
24th March, and thence proceeded to Chanér (Chunar) vid Rewah and Mirzapur. The march was
long, tedious and trying; the country travelled over could not have been less than 500 miles.

(10.) ‘There is no secondary triangulation executed in the last season’s portion of the
principal operations as there are no defined points in the country of any kind whatsoever. Itis
without exception the wildest tract it has ever been my lot to work in, at the same time very sparse-
ly inhabited, on account of the numerous wild animals that overrun the district, especially wild
buffaloes. The Native Doctor Moti Ram would have been killed by one of them, a solitary
infuriated beast, the terror of the neighbourhood, but for the ready assistance he received from
villagers who were at hand to rescue him. On the other hand, the party had only two assistants.
Mr. Surveyor Clarke was employed in building platforms, cutting roads, preparing materials for
building rectangular pillars and transferring them to the native officials, and Mr. Assistant
Surveyor Clancey was employed in the office and in recording observations in the observatory.

(11.) The men of the Native Establishment suffered much from jungle fever; the
average daily number of sick were 15, nearly all through the season.
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Extract from the Narrative Report—dated 31st July 1873—of W. @. BEVERLEY, ESQ., Assistant
Superintendent 2nd Grade, in charge Assam Valley Triangulation.

(2) The camp started from Gowhatty on the 25th November. T had intended taking
the field early in November as stated in my Report for 1871-72, but was unable to do so before
the above date, owing to the lateness of the rains, the delay of the men in rejoining from leave,
and the necessity for entertaining new men.

(4.) Asthere were no stations ready in advance for the final ohservations, I took up
secondary triangulation, while the assistants were employed in selecting and clearing rays, and
in building pillars. I commenced work at Bishnith on the 8th December, and visited the hill
stations of Kamakia, Kandali and Longboai for the purpose of fixing the Civil Stations of Nau-
gong and Tezpur, such of the Revenue Survey platforms as could be seen and all the prominent
peaks to the north and south of the Brahméputra River.

(5.) A good number of peaks were observed to at Kamakia H.S., on the 16th December ;
but by the time I reached Kandali on the 22nd, all the ranges to the north were completely ob-
scured. The firing of the grass jungles had begun earlier than usual, the smoke from which,
combined with the heavy fogs that sometimes did not rise up from the valley till 2 and 3 r.u,,
prevented my getting much secondary work. Several days were spent at Kandali and Longboai
without any results, and I proceeded to take up the principal work, visiting the Revenue Survey
station of Kamargdon, en roufe, where some observations to peaks were obtained after three days
very heavy rain.

(6.) Final observations were commenced at Cheniabinshon H.S. towards the end of
January, when the pillars at Goldgh4t and Bor-Chapri had been built up to the required heights.
The Nikori-Chapri pillar having fallen down soon after completion, I suspended the principal
observations at Kankochan H.S., on 12th February, and took up approximate work and ray
clearing, returning to Kankochan H.S. on the 25th with a view to fixing some peaks—
weather permitting—while the pillar was being built. The observations at this station were
completed on the 2nd March. From the unavoidable delay in building up the pillars, the
angles at each station could not be all observed at once, and it became necessary to visit
some of them a second and third time. The Bor-Chapri pentagon was out of hand on the 2nd
April: the observations at two stations of this figure were taken with the 12-inch theodolite,
in consequence of the injury occasioned to the 14-inch on the Gol4ghat tower, and which was
reported to you at the time. The results obtained from this instrument were very satis-
factory, observations being taken on ten zeros.

(9.) The principal work for the past season is only one pentagon: this is an exceed-
ingly small out-turn, and is due wholly to the approximate work not being well in advance. I
have in last year’s report drawn attention to this circumstance, and to the difficulties peculiar
to Assim in selecting stations, to which may be added the very great delay in building stations
from the frequent heavy falls of rain, commeuncing in February and continuing with few breaks
throughout the field season. If the approximate work had kept well ahead of the final obser-
vations from the first year of the survey, a larger out-turn might have been more reasonably
expected than we have been able to show.

During last season, Mr. O’Sullivan has been able to select six points ahead on the left bank
of the Brihmiputra, and will probably have three more in connection with them, selected on the
right bank, very shortly after taking the field. I purpose employing two assistants for a short
time in building the stations, and hope to have the approximate work for the future always suffi-
ciently in advance of the final work, and thereby have a larger out-turn.

(10.) The secondary work has completely defined the lower range or Dafla hills, on the
north bank of the Brihmdputra and east of 93° 25, and also fixed several peaks on the inner
ranges between Long. 92° 30' and 94° 15'. These points would be useful to the survey intended
to define the British boundary to the north, ortoany party that may accompany the rumoured
expedition into the Dafla hills, Four peaks on the snowy range also have been added, but as
these were only seen twice, some uncertainty for the present exists as to their positions. Three
Revenue Survey stations have been connected with the G. T. Survey and some more would
have been fixed had they been accessible, and not builtin the depths of grass and forest jungle.
In the Lotha Néga hills four or five peaks have been laid down ; some of these are common to
the Topographical Survey carried on last season, and serve to make a sort of connection between
the two surveys. Two hills in the Civil and Military station of Tezpur as well as the Church
and Lunatic Asylum have been fixed, also the Assistant Commissioner’s house in the Sub-Divi-
sional Station of Golighdt. The Civil Station of Naugong could not be fixed for want of time,
but this may be done in the ensuing season.
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(11.) The approximate work, it will be seen, has been carried up to near Sibsigar. M,
O’Sullivan reports that the jungle on the right bank of the Brahmdputra River, on the Majhili
island, is very heavy and will be a source of considerable delay. It would therefore be advantage.
ous to keep along the left bank up to Dibrugarh, only crossing over when the forest on that side
becomes heavy. The side Bor-Ali to Gaurisdgar will be best adapted for extension up the valley,
and the side Gaurisigar to Cintamunigarh for turning into the hills. There does not appear to
be any difficulty in the triangulation being taken once more into the hills at this point, as they
are inhabited by more tractable tribes, and there are numerous tea gardens scattered along the
boundary, and even beyond it. 1 would therefore propose for the ensuing season that the survey
be carried along tlie hills entirely, after we have once entered them, or have one flank resting in
the plains should there be any political objections to our going further into the interior.

(12.) 'The country traversed by the triangulation last season has been already described.
The same difficulties in progress were experienced in the clearing and cutting of rays through
patches of heavy forest and reed jungle. The country ahead, on the left bank as far as the
approximate work has extended, Mr, O’Sullivan describes as less difficult; some of the rays
will require little or no clearing. The stations too, have been selected on high mounds and old
temples, which will be serviceable in reducing the heights of the pillars.

(13.) Inadequate carriage has been the occasion of much delay, As local labor was not
available, the elephants of the party were employed to convey materials for building, provisions
for the establishment and also to crush down the jungle on the rays. Iftwo or three more
elephants could be attached to the party much inconvenience would be avoided. It was neces-
sary last season when marching from one place to another to make frequent halts, while the
baggage had been sent ahead, and unfortunately neither elephants nor other animals could be
obtained on hire in the Sibsigar district by which time might have been saved.

(14.) Mr. Harris was employed throughout the season in building stations. Those at
Goléghét and Bor-Chapri were respectively raised to a height of 23 and 24 feet. The pillar at
Madaigdon was built to a height of 35, and Nikori-Chapri to 25 feet. That at the latter station
had to be built up a second time.

(15.) It was found necessary to erect s pillar 12 feet high on the Nigri Ting hillock, in
order to overlook the numerous trees scattered over the tea gardens which exteud all round
and up the slopes. An ancient, high temple, surrounded by trees, crowns the summit of this
hillock. It was proposed to ercct a platform on the top of this temple from which a very exten-
sive view is obtained, and by clearing the ray between it and Goldgh4t, a double pentagon would
have been obtained. The guardians of the temple gave at first their consent to our proposal, but
subsequently declined on superstitious grounds to permit what they considered a desecration of
the shrine. The site for the station was therefore selected outside the wall of the enclosure, on
the slope towards the N. W. corner.

(16.) This pillar was completed by the 13th April, and Mr. Harris crossed the Bréhmi-
putra and took up the building of Rodonga and Bekhuli Mukh stations.

(17.) Mr. Harris’ progress has been rendered very slow from the wet weather which pre-
vailed almost throughout the season. The bricks after being moulded had to be protected from
rain, and although dried in the sun imbibed moisture so very rapidly, {the fall of the Nikori-
Chapri pillar was due entirely to this circumstance), that it became nccessary to kiln-dry them
before they could be used. The soil too, was in some places so ill adapted for making bricks, that
they had to be moulded and baked at long distances from the stations, and conveyed thence by
elephants and boats. Mr. Harris, with his usual good management, employed his materials to
the hest advantage, and with due regard to economy.

(19.) Mr. O’Sullivan was employed on the Approximate series. e commenced work
early in December in re-clearing and carrying final rays between the stations selected the previous
season.

(20.) 1 have mentioned in my last report the delay in cutting through the forest jungle of
Assfm. This forest fortunately occurs only in patches on a ray, and some ides of its nature may
be formed from the fact of one ray last season having occupied Mr. O’Sullivan with a party of 23
cutters 36 days to carry. There 18 also much loss of time in re-clearing final rays a second season,
as the grass and bamboo jungle grow very rapidly and heavy during the rains. o

(21.) On completing ray clearing, Mr. O’Sullivan took up the selection of stations in
advance at the heginning of March ; and by the 3rd April had carried the Approximate series up
to within 64 miles of Sibs4gar. Exclusive of Nigri Ting, 6 stations have been selected and fixed
on the left bank of the Brahméputra. These points could only he determined on after reconnais-
sance, since no information of any kind could be obtained from the Asséimis, who appear to
know little or nothing of the country beyond the bounds of their villages, and the maps we relied
upon were rather incomplete in some necessary details. L

(22) Mr. O’Sullivan reports the country on the left bank, in the Jorhét division, to be
a little more open than on the other side, on the Majhili island, and to have scattered about high
mounds—the sites of villages, old temples abandoned or ruined, and high tank banks, with
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numerous paths and roads. ITe has shewn considerable judgment in his selection of stations in
advantageous positions and convenient of access, and in carrying the series over to the left bank
entirely, at a point where it may be readily advanced into the hills or extended up the valley.

(23.) Mr. O’Sullivan crossed the Brihmaputra on 14th April and selected and fixed
Bekhuli Mukh station, and would have probably completed the selection of the three remaining
stations on the northern flank, had not his progress been stopped from want of provisions. No
assistance could be obtained from the Mauzaddrs who were invariably away from their Mauzas,
and applications to the district officers were of no avail. It is a remarkable coincidence that the
Mauzadirs of the Sibsdgar District were always absent at the Sadr Station when called on
by the surveyors for assistance. This is the second season that Mr. O’Sullivan and his establish-
ment and elephants have been, as it were, starved out of the Majhili.

It will be necessary next season to carry supplies for men and animals in boats from below,
and to make such other arrangements as may render it possible for us to be wholly independent
of assistance from district officers or Mauzadars.

(24.) Mr. Hughes, immediately after entering the Department, was posted to this Survey.
He accompanied Mr. O’Sullivan to the field and was trained in ray carrying, and in the use of the
theodolite. He joined the main camp for a short time, and acted as Observatory Recorder.
Mr. Hughes has shewn much intelligence and aptitude in learning the duties of his profession,
and will in time become an efficient surveyor.

(25.) The assistants have throughout the year worked cheerfully and well, and i spite of
hardships and privations, and various physical discomforts and annoyances incident to field life
in Assim, have continued to evince a zeal for their duties.

(26.) The field scason has been unhealthy ; nearly every one has sufferred more or less
from malarious fevers and other complaints, returning to quarters much debilitated. One death
only took place in the establishment,

(27.) The party returned to quarters at the end of May, remaining out a little longer in
the field than was necessary with a chance of obtaining more work if possible, but the weather
was quite opposed to progress.  The low ground was under water about the 25th April from the
continuous heavy rain ; little work was got after the 16th of April. Unless prevented by untoward
circumstances, the party will leave recess quarters towards the close of October so as to be on
the ground early in November.

(28.) The accompanying chart on the scale of 8 milesto the inch, shews all the work of
the Assam Valley Survey from its commencement. There is a great blank west of Long. 93°0,
and I propose to take up secondary work from Silang (Shillong) and carry the observations up the
valley so as to fix points on the ranges to north and south and fill up this blank. These observa-
tions could be curried on until the principal stations ahead are ready.

Extract from the Narrative Report—dated 27th June 1873—of Lieut. M. W. ROGERS, R.E,
Assistant Superintendent 1st Grade, in charge Jodhpur Meridional Series.

(2)) During the recess season I received instructions that the party was to be employed
during the next field scason in Rdjputina, on a Meridional Series, emanating from the Kardchi
Longitudinal Scries, and proceeding north, on the meridian 72° 30" to meet the Sutlej Series.
As the preparations of the last field scason bad been made with & view to doubling the Great
Arc in parts between Bider and Sironj, the whole arrangements for the season had to be
changed.

(3.) 'There still remained some stations of the last year’s work to be closed, and a portion
of triangulation to conncet Karnil, which Mr. Bond had been obliged to abandon last year from
ill health : besides this, in the selection of the Arc, north of Bider, there were two groups of
Zenith Distance Stations which had been selected for Captain Herschel last season, and at
which he had observed. Until these were connected with the triangulation, his observations
would be uscless, I therefore despatehied Messrs. Torrens and Oldham, with as many men as I
could sparc, as carly as it was possible after the Monsoon, Mr. Torrens to take up the Karndl
triangulation and Mr. Oldham to close as many stations as he could before 1 required his
services in the ficld.

(4.} The main party reachcd Alimadabad on the 8th November. Having made all arrange-
ments for the scason’s carriage, and left the great theodolite in charge of Lieut.-Colonel Grifliths,
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R.E., the Exccutive Engineer, I marched vid Disa to Erinpura where the guard and vakil for
the party had been sent by the Jodhpur Government.

(3.) On the road, I visited the Station of Mount Abu, to see if any place could be got for
the recess quarters of the party, but I found that the demand for accommodation was far in excess
of the supply. After leaving Krinpura, I employed myself in conjunction with Messrs. Price
and Bryson in selecting stations and laying out the Approximate Scries.

(6.) As soon as this was sufficiently advanced, the great theodolite was brought up from
Ahmadabad by Mr. Oldham, and on the 31st January I commenced the principal obscrvations
at Sinda H.S. of the Kardchi Series. 'The observing was now pushed ou as rapidly as possible,
for the best portion of the observing season had been spent in the necessary preliminary
operations, Delay was experienced twice (two or three days each tiunc) on account of sudden
and impenetrable mists, and at the last station of the season I was dctained eight days observ-
ing two angles, and this was the first week in April, and the weather after this never cleared ;
80 I think it will be necessary in this series to begin work sufficiently early to get the obser-
vations finished by the end of March. Observations were closed at Dodo H.S. on the 8th April;
I thence marched southwards, closing, in conjunction with the detaclied parties, all the stations
observed at during the season. The detached parties having joined the main camp on the
borders of Marwar, I marched vid Disa to Ahmadabad, reaching Pina on the 8th May.

(7.) The following is a brief outline of the season’s work.

The Approximate Series was commenced and carried forward 147 miles, 25 principal
stations being selected and built; 14 principal stations were visited for ohservations and 44
angles observed, fixing 12 new principal stations by 14 triangles, embracing an area of 3,706
square miles, and extending the series northwards 93 miles. An azimuth was observed at Thob
H.S., in Lat. 26°., to two circumpolar stars.

7 Zenith Distance stations were fixed on the Great Arc for Captain Herschel ; besides, a
good proportion of secondary work was done—38 points fixed—embracing an area of 2,443
square miles, outside the principal triangulation. :

All secondary and intersected points have been fixed in lieight as well as in position.

As the observations, from which the season’s work isin a great measure judged, were
not able to be commenced until two months of the season had passed, I trust you will con-
sider that the progress of the party has been satisfactory.

(8.) The country through which the season’s operations havc been carried is sandy and
flat, with an elevation towards the east of ahout 700 fect, diminishing towards the west and the
Luni river to 300 or 400. South of the Luni river small detached ranges and isolated hills are
numerous. Their sides are very steep and covered with jungle. Many of them rise toa
considerable height above the plains, several to over 2,000 feet.

(9.) Jallor, which is the principal town in this part, has a large fort in fair preservation,
with a garrison and several pieces of old-fashioned cannon; itis on a precipitous hill, rising
1,330 feet above the plain, it is however commanded by a still higher pealc of the range. I
was allowed to place a mark in the fort and obscrve from it, and was told that I might build a
principal station in it if I pleased. To the east, towards the Luni (which flowing west,
across the series, turns south and skirts its western flank) the country becomes barren and
sandy, generally nothing but sand hills covered with low shrubs, water scarce and brackish and
villages few and far between. The hills disappear, and save the sand hills the country is level
for 70 miles, as far as the Balmir hills.

(10.) North of the Luni the country becomes still more sandy and desolate, and the water
is almost entirely brackish. Near Pachbadra there are extensive salt works, but there seems to
be hardly any cultivation, and often such as there is, appears to have been destroyed by locusts.
These were very destructive last year. The people dig trenches, square in section about one
foot wide and deep, for miles around their fields. They say that when the young locusts, which
will be every where about this next season, are born, they make for the ficlds, fall into these
trenches and being unable to fly or climb the perpendicular sides, they perish in them.

(11.) There are but few villages which possess a well of fairly drinkable watcr, and the
people supplement the supply by making small reservoirs which they eall “tankas” ; these are
cylindrical, about six feet across and eight or ten fect decp, and are plastered with a coating of fine
polished chunam ; in these they collect rain water and covering them with brushwood &c., leave
them until the well supply fails.

(12.) Towards the end of the season the party snffered a good deal from the badness of
the water, and I am afraid that matters will be worsc as the serics advances.

(13.) The Jodhpur Darbir sent with me a guard of sepoys, sowdrs and a vakil, and a]s_o
sent a vakil to Mr. Price.  Captain Roberts, the officiating Political Agent, also sent one of his
establishment with me. Thanks to these helps I experienced no trouble in carrying out my work,
and I have never had o ficld season in which I have met with so little hindrance or annoyance.
My best thanks are due to the Jodhpur Darbr for their help to mysclf and my assistants.
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(14) Although there are a good many Bhils and other thieves about, I only had one case
of robbery from my men in Mérwir, and in that case restitution was promptly made, In
Sirohi however one of my peons going for supplies was attacked and robbed on the high road in
open day, and my claims for compensation were rejected by the Political Agent for Sirohi, on the
ground "that the men had not engaged a Bhil to protect them; this decision considerably
increased the expenses of the signal parties, as, after it, I had of course to sanction their
hiring one of the dangerous class to protect the Government property when away from the main

camp.

(15.) Mr. Price had charge of the Approximate Series and pushed it forward with great
zeal, sparing himself, as usual, no troublc to complete his work satisfactorily. He selected 22
principal stations, built 9, and closed 5, and showed himself in every way worthy of thc promo-
tion he received just before taking the field,

(16.) Mr, Torrens completed the Karnil triangulation (an area of 473 square miles) and
fixed that station. He then marched northwards and fixed two groups of Zenith Distance stations
for Captain Herschel, in doing which he re-traversed the whole of the heavy march spoken of by
Captain Herschel in his last report.  On his road he closed 26 stations of the Great Arc Scries,
This was Mr. Torrens’s first seasou at independent observations, and he had, unfortunately, to
contend against unusual difficulties; the Zenith Distance triangulation had been laid out for
the great theodolite, and the rays were many of them too long for the powers of his instrument
and signallers, and before he finished his observations, he experienced the usual misty weather.
His instrument was a 10-inch theodolite, and his average triangular error 2":5. The health of his
party was very bad at the commencement of the season, more than half his men being generally
useless from fever; in addition, cholera was prevalent in the Karnil district, but happily his
camp escaped.

(17.) His Highness the Niz4m’s minister kindly attached Mansabdar Muhammad Fai4z-
udin Khén (who was with me last year) to Mr. Torrens’s camp, and thanks to his exertions, every
aid and assistance was rendered to the camp. I and my party are very much indebted to the
Resident and His Highness the Nizim’s minister for their kinduness during the last three ficld
seasons,

(18) Mr. Bryson joincd onthe 1st October from No. 2 Extra party; he was employed
during the scason on the Approximate Scries, sclecting and building.  He selected 1, built 16 and
closed 3 principal stations, and worked throughout the series steadily and well, affording great
help to Mr. Price and myself in our exertions to get the series well started this season. I have
named him to you for promotion when a vacancy occurs, and his conduct this season quite enti-
tles him to my best recommendation.

(19.) Mr. Oldham, during the first portion of the season, was employed in closing sta-
tions on the Great Arc. He then joincd me and aided in the Approximate Series. He brought
the great theodolite from Ahmadabad, and acted as observatory recorder throughout the obser-
vations ; he worked well during the recess and has steadily improved himself in all branches of his
work, e is now a good recorder and uscful assistant, and I have every rcason to be satisfied
with him.  Besides his ordinary work he closed 6 principal stations.

(20.) During the last recess 2 double polygons aud 1 very complicated compound figure
were computed, together with all the secondary work of the principal and Haidarabad Minor
Series and the greatest portion of the Kadapa (Cuddapah) Minor Series. Owing to the alteration
in the locality of the work, and the distance the party had to go, a small portion of the season’s
calculations remained unfinished : these will be brought up this recess.

Extract from the Narrative Report—dated July 1873—of Major B. R. BRANFILL, Deputy
Superintendent 2nd Grade, in charge Madras Party.

(1.) The recess of 1872 with which this report commences, was a short one of 4
months, beginning only about the middle of June 1872, on thic return of tie party from the ficld
where it had been detained by bad weather and pre-
) vented from completing the observations required to
finish the Mangalur Longitudinal Series. All the stations had been visited, but 3 or 4 angles
I\]’cr?llllfomplctc when the onset of the Western Monsoon obliged the obscrving party to abandon

1¢ held.

_'l‘h.is accounts for the comparatively small out-turn of results obtaincd, and for the fact that
no preliminary chart was sentin,  As however the office work was continually interrupted and

Recess of 1871-72.
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hindered by the ill Lealth of the members of the party, contracted in the jungles and ¢ terai”’of the
Western Ghits during the previous season, little, if any more could have been done than was done,

(4.) I here beg to refer to paragraph 42 of Lieutenant Trotter’s annual narrative report
Uncommon difficulty of the coming senson’s work  dated 20th August 1867, in which he states that the
anticipated. progress of the series, to the southward of the sta-
tions he closed on, Chandraguti-Hallibail, must be slow in future, in consequence of the natural
difficulties of the country and climate.
(5.) The season’s work before us was indeed
Details of the difficulties to be met. one that promised to task us to the utmost, and I was
by no means sanguine of success.
The series lay for above 100 miles along the
The Westorn Ghéts, crest of the Western Ghits, a tract of hills and
forests, clouds and mists, rivers and torrents.

Three or four roads (two of them bridged) cross the line of the series from east to west, but
there are no cross country roads in the direction of
the series, é.e., north and south near the Ghiéts, nor
any villages in the country, except a very few on the main roads.

The population is exceedingly scauty, dwelling in houses or huts scattered singly over the
country, one or two at each patch of cultivation.

No croses roads nor villages.

(6.) 1hadalready determinedto remodel the Meridional Series, north of Mangalur, reject-
ing the stations of the original (Mr. McGill’s) Approximate Series below the G hits, and carrying the
series entirely above (i.e. east of) them. Part of this
Ihad laid out last season, and part of the old Approx-
imate Series of the Bombay Party could be incorporated ; only, after last year’s experience, it was
necessary to re-examine all the rays, more particularly so as six or seven years had clapsed
since their first selection ; about one-third of the whole distance remained to be selected afresh.
5 stations had to be examined and repaired, 7 built, and 20 to be closed.

(7.) Tam happy tostate that the whole of the principal triangulation, Meridional and
Longitudinal, terminating at Mangalur has now
been finished, with a large proportion of secondary
points, and I can confidently assert that had I re-
tained the original plan of the series, by which the Ghits must be crossed and re-crossed
several times, it could not possibly have been done this season.

(8.) I attribute our success to the good fortune of a comparatively favorable and healthy

) season, and perhaps chiefly to the fact of my having

.,ff,',"’ffi’:fb'ﬁ;?;’f?::&'ﬂifi’iiﬁ&'f.:ﬁ,hﬁ."ﬁf‘m“ the assistance of Lieutenant McCullagh, R. ., to

whom 1 entrusted the conduct of the principal ob-

servations with the 24-inch theodolite which enabled me to complete the Approximate Seriesin

person, and to spare an assistant for the minor triangulation to the southward intended to fill up
the great gap in Colonel Lambton’s triangulation between Kannar (Cananor) and Paniani.

Revision of the Approximate Series necessary.

The two series terminating at Mangalur now
completed.

(9.) Taking advantage of the first break of fine weather in the North-East Monsoon
rains, the Party took the field at Bangalor on the 20th October, and after a march of about
300 miles commenced operations in the middle of November on the terminal side Chandraguti-
Hallibail, of Lieutenant Trotter’s triangulation of 1866-G7. )

(10.) We commenced work at the northern extremity of the season’s task, to avoid,

R i as much as possible, the region where the North-

Operations begun at the north end of the series. ¢ Monsoon clonds and rains are heaviest; and
this is supposed to be worse the farther south you go in this part of India in November.

(11.) The disposition of the party was as follows:—I myself, with a party of 9 klas-

. sics, undertook the examination and completion of

Disposition etatement of the party. the Appraximate Series.  Lieutenant McCullaghhad
charge of the main party of 27 klassies and lampmen and conducted the final observations with
the 24-inch theodolite, with Mr. Laseron asrecorder and officc assistant. Mr. Mitchell with a
party of 11 klassies, I sent to complete the final obscrvations of the minor series to the south-cast
of Mangalur which he had laid out and commenced last season, with the 12-inch theodolite.

Messrs. Norris and Potter hiad each charge of a building party consisting of a mason
and 2 klassies, and were sent to examine and repair the old stations used, to build the new ones,
and finally to close the whole of them as soon as done with; the former on the west, and the
latter on the east flank and centre of the series.

(12.) 1 took up the Approximete Series at Hukli H.S., examining and repairing the

The Approximate Series completed by Major station, which had been alrcady selected and built by
Branflll. the Bombay Party; afterwards visiting and ohserving
in succession the stations of Hugadi, Sidéshwar, Kodacladri, Bissali, Sidéshwar, Ilebbe,
Walkunji and Sidéshwar.
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I rejoined the main party at Ségar, on the Brd January, having marched 481

. . . miles (42 marches) in the 7 weeks, besides ascend-

Who then joins the main, or observing party. ing and observing at 7 hill stations, each about

1,200 feet above its base; 17 of the marches being across country, and mostly performed on

foot. (13) Meanwhile, Lieutenant McCullagh with the main party had completed obser-

Liout. MecCullagh's progress with the main party, ~Vvations at 5 principal stations, ea_ch over'l,OOO feet

obgerving. high and 4} warches apart, besides having had to
‘descend and re-ascend one of the ghéts or passes to the coast. ) o

(15.) Aftermy joining the main party, Lieut. McCullegh continued the principal

Liout. McCullagh chief observer, Major Branfill observations and confluct of the single parties &e.,

nseisting and superintending. whilst I assisted him in the observatory, superintend-

ing our progress and the operations in general, .

(16.) There being no roads between many of our stations, we had on several occa-
sions to leave our camp and baggage for periods of a week or two, and on one occasion the
main party was for three weeks separated from the camp and its supplies.

(17) During the ten weeks ending 14th March, final observations were completed

. . at 11 hill stations, each 1,350 feet high, on the
Amount of work done by main or observing party. average, and 4 days' marching apart,

42 principal angles were observed, giving an average of 1'4 angles per diem for each
day’s (and night’s) observing. i - .

(18.) Two sets of Azimuth observations were requisite, but in order to push on the
principal triangulation to the utmost, and ensure its completion this season I had postponed
them to the last. ) )

You were able to send me a spare 24-inch theodolite by sea to Mangalur for the_purpose ;

. this I procecded to use myself, whilst Licutenant

Azimuth observations at 2 stations, McCullagh, after completing the principal triangu-

lation, proceeded to Koramér H.S., one of the Zenith Distance stations (in latitude 14° 8')

Koramir Azimuth completed, and veturn of main observed at during the previous scason by Captain

prrty. Principal triangulution completed. W.M. Campbell, He accomplished his task on the

27th March and reached Bangalor on 15th April, thus closing a very fortunately successful
season’s work., )

(19.) On the 8th March when the observations at Andr II. S., the last station but

Major Bran(ll leaves the main party for azimuth ~ one, were finished, Ileft the main party and marched
at Mangalur. to Mangalur, 100 miles distant, which with a fair
road I acomplished in six days, arriving on the 14th March. It was nccessary to raise a
platform in order to observe from. This work occupicd 4 days and was only just completed
on the 19th, when the steamer arrived with Barrow’s 24-inch theodolite (No. 1) which I landed,
sct up and began observing with, the same evening.

A complete set of circumpolar star observations for Azimuth to @ Urse Minoris (Polaris)
at western elongation (the same star used by Lieu-
tenant McCullagh for the Azimuth at Koraméir H.S.)
'was finished by the 24th of March, and on the 25th I packed up and despatched the instrument
back to Caleutta by steamer and left for Bangalor the same day.

(20.) Altogether 59 principal angles have been observed this season at 17 stations, of
which 7 were newly selected and built, forming a
double series of triangles, comprising one double
polygon, one hexagon, and two quadrilaterals, covering 3,330 squarc miles, and extending the
Mangalur Mecridional Series, which is now complete, 105 miles from north to south, aud at the
same time completing the Madras and Mangalur Longitudinal Series at Mangalur.

Two Azimuths of verification have heen observed, and 74 secondary points, with their,
heights complete, fixed, embracing an area of 4,064 square miles exterior to the principal tri-
angles. ADout 150 baromctric heights have been observed, and all the principal stations finally
closed and delivered to the local civil authoritics.

(21.) 8 statious of Colonel Lambton’s triangulation were found, with {(®) mark-stones
in position, and duly occupied or connecected. 10
other points of the old survey have also been con-
nected, but as no station (©) marks were found their identification is not exact.

Mangalur Azimuth completed.

Dricf, genoral statement of field work done.

Connection with Colonel Lambton's atations.

(22.) I have compared our (the Madras Party) mean preliminary geodetic values of the
Comparison of salies of the common torminal id final side Chandraguti-Hallibail, derived from the
. e the Dom ba T gt N 120 Caleutta Base (vid Madras and Mangalur) with those

with those of the Bowbay Purty 1666-67. of the Bombay Party derived frong1 the)Bidcr Base,
with the following results—which are the closiug differences or errors generated in a circuit of
1,050 miles of principal triangulation—the Meridional Serics extending 350 miles north and
south, and the Lougitudinal Serics 170 milcs east and west,
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Closing difference, or circuit error linear = 0 ‘1 ft. = 006 inches per mile.
s s ' » in latitude 0707 = 7 fect.
3 » » 7 »» longitude 0":19 = 19 feet,
) ) » » » azimuth 309

1) » » » » height 5 feet.

(23.) With regard to the last item,( CI have farther to remark that our heights in this

) ] L handraguti) neighbourhood are about 40 feet les
Ch?;?npn?\:i?.n with Colonel Lambton's heights near than Colonel Lambton’s published values of the sam:

) points, which is about the same difference in amount
and sign as was obtained by a similar comparison of the heights of common stations of the
Great Are north of Bangalor; on the other hand, near Mangalur, 100 miles south of Chand.-
raguti, our heights are 40 feet greafer than Colonel Lambton’s values of the same points,

(24.) I have not the means of making a rigorous comparison with Colonel Lambton’s

Compnrison with Colonel Lumbton’s values near  geodetic values of his stations near Mangalur, but
Mengalur, in longitude. I am able to state that his value of the longitudinal
arc, Madras—Mangalur, is 38" greater than ours, just about double of what the difference
was midway, near Bangalor, and in the same direction. .

(25.) In latitude our values agree much more nearly with Colonel Lambton’s, but
there appears to be a slight cumulative difference,
I have still less means for making an exact linear
comparison, but I have some reason to suppose that Colonel Lambton’s unit of length
was too great and his numerical values of the sides of his triangles therefore too small, not-
withstonding the fact that his value of the longitudinal arc is, apparently, too great.

(26.) Reverting to a comparison of heights, whereas in the vicinity of Bangalor Colonel
Lambton’s values (derived from the sea at Madras
like ours) were greater by 30 to 40 feet, near Manga-
lur they appear to be 40 feet less than ours. Ihave been unable yet to seek the source of this
discrepancy.

(27.) On referring to Vol. X ofthe dsiatic Researches, article IV page 382, his closing

A mistake in the published stotement of Colonel error { + 86 feet) when corrected for an error,
Lowmbton’s closing error. which Captain Herschel detected and has pointed
out to me, viz. the omission of a minus sign before 22-6 feet (the trigonometrical height of his
final staton) appears to be — 366 feet referred to low water mark, say—34 feet referred to mean
sea level ; whence our values would appear to be about 6 fect too great.

(28.) But we have another and independent reference to sealevel. In November and
" December 1869 Captain Basevi, R.E., determined the

sea level at Mangalur by a month’s observations of

high and low water, and referred it by levelling to
some permanent masonry buildings. Last year, under my directions, Mr. Norris connected
our Mangalur station with these, and with some new permanent stone bench-marks, placed and
marked for the purpose, by a line of levels which has been checked hy the Executive Engineer,
and found to accord well with his own. I have therefore some confidence in stating that the
Mangalur (pillar) station, near the Light house and Idg#h, is 186 feet above mean sea level,
(the ground level there being 174-6 feet). But our trigonometrical value of the Mangalur station,
derived from sea level at Madras is 196 feet, whence
it appears that our values are 10 feet too great.
(29.) I aminclined to attribute this large closing error of 10 fect in a great measure to
sudden variations in the local deflection of the plumb-
line in the sides (of triangles) between staiions above
and below the Ghéts: and this view is perhaps partially confirmed by the abnormally high fact-
or of refraction obtained in these cases.

(30.) From the configuration of the country I should expect to find greater casterly and
north-easterly attraction (i.e. westerly and south-
westerly displacement of the true Zenith) at the sta-
tions on the western edge of the Mysor highlands,
which, as it were, overhang the low country, than at stations situated well out in the low lands,
west of the Ghéts, or at highland stations some distance inland, i.e. east of them,

In latitude and distance.

In heights,

G. T. 8. heights tested by reference to the sea level
ot Mangalur by levelling.

Closing crror of new G.T.8, heights = + 10 feet

Cause of large closing error suggested

Considerable variation of local and mountnin attrac-
tion to be expected.

(31.) Lieutenant McCullagh, R.E. T have much plcasure in reporting the valuable
assistance I have received from this Officer. He
has invariably carried out my wishes and dircetions,
end has conducted the laborious duties entrusted to
him to my, and I trust to your, entire satisfaction.

As a test of his ability to conduct the operations, and of the quality of the work
obtained T need ovly refer to tabular statement 11 attached, from which it appcars that although
the mean triangular error is large (07+65), as has hitherto generally been the case with the
24-inch theodolite (Troughton and Simms’ No. 1, alfered,) in use with the Madras Party, yet

Licutenant J. R. McCullagh R.E., Assistant Super-
intendent 1st Grade.
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the probable error of the angles obtained this season is only + 0”144, and the mean of all
75 angular corrections computed 0”24, I trust you agree with me in thinking this highly
creditable to Lieutenant McCullagh’s powers of observing and carefulness, this being his second
season’s practice with a 24-inch theodolite.

1 beg to express my obligations to Lieutenant McCullagh for the ready and cheerful
way in which he has backed me up in completing the series, and I repeat that without his
assistance, I do not think it could have been effected this season.

(82) Mr. J. W, Mitchell, owing to s \'nrictydolf; adverse c]ircumstnnﬁes 4.I)f ‘fvh}':ch rainy,

: cloudy and hazy weather were the chief, has a very

Mr. J. W Mitchell, Asst. Survegor 1t Grade. smally amount of triangulation to shew for the
season’s work,

He visited 7 stations and completed only five triangles.

It must be allowed that the country (Kurug and the Western Ghéts) was difficult, the
weather extremely bad or unfavorable, and the rays unusually long: his signalmen suffered
from fever and were frightened by wild beasts.

I am glad to state that his observations seem to be very good, the average maximum
difference between the extreme values in fifteen measures of each angle being 7”4, and his mean
triangular error 4”6 (see table IV.)

.{33.) Mr. Norris accomplished the task assigned to him. IHe examined and repaireg
. ) 2 old stations, built 2 new platform stations, an
Mr. O. V. Norris, Assh, Survoyor 3rd Grade. finally closed and delivered 9, (about 50 days” work).
He ascended 13 hills, each about 1,500 feet high, clcared or made about 12 miles of pathway and
marched 1,165 miles in 96 days. He was delayed 40 days in a season of 199 days, 18 of them
by sickness.

(34) Mr. Potter performed the task I gave him moderately well. He built 5 and

) finally closed 9 platform stations (50 days’ work)

Mr. C. D. Potter, Asst. Surveyor 3rd Grade. a.sceu{ling 15 hillg over 1,200 feet high anc{ marched

1,068 miles in 86 days, being delayed 32 days out of 179 in the field. He also observed some
secondary angles with a 7-inch theodolite at a few stations.

His progress was not rapid, and I had occasion to find fault with the insufficiency of
foundation given to one or two of the stations which he built, also for the most surprising error
of embedding a permanent {©) station mark, on one side of, instead of precisely plumbed under-
neath, a pole and brush signal that had been previously erected and observed, which he found
inconvenient or inadvisable to remove. I need scarcely say that I ordered him to revisit the
spot and place the mark-stone correctly.

(35.) Mr. Laseron has done a very good season’s work. He accompanied the main

arty for 5 months and performed the duties of

Mr. E. W. Lnseron, Asst. Surveyor 3rd Grade. gbseivatory recorder and Ic))ﬂ‘ice assistant with his

usual ability, neatness and regularity, to my entire satisfaction, and that of Lieutenant
McCullagh who reports most favourably of him.

The principal angle books were kept up in duplicate, notwithstanding the rapidity of the
observations when there were two observers.

After the completion of the principal triangulation, I directed him to execute some minor
triangulation with the 7-inch theodolite to fix some secondary points where they appeared to be
most required. This he appears to have done very well, having observed 12 measures each of 55
angles at 13 stations, forming 18 triangles with a mean triangular error of 4"-6, and fixing 9
new points, with vertical angles to each, in two months, during which he marched 345 miles in
30 days, ascending 9 hills, each about 1,100 feet high and returned to Bangalor on the 30th May.

I am very well pleased with Mr. Laseron’s first essay in iudependent triangulation. He is
already a good observer, and if he continues to take pains to improve, and gains a little more
experience he promiscs to become a very superior trigonometrical surveyor.

(36.)  Although the progress of the main party was not actually stopped by sickness, yet
the hospital was never empty, and not 2 member of
the party escaped without suffering from the common
bilious or jungle fever, or from the rheumatic complaints rife in the districts traversed.

Bicknees in camp,

(41) I have to rcport that the instruments and equipment of the party generally are

The instrumonts in usc with the party genergllyin  in serviceable order, or in course of repair to be
good order. made so.

The principal instrument, Troughton and Simms’ 24-inch theodolite No. 1 (altered) is in

- good working order and adjustment. As the old cases

The 24-inch theodolite, ; H
! and corrying apparatus were getting shaky, I have
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renewed them with lighter and move convenient ones, and I am now havin

tripod stand made which I trust will be as steady as‘, and considerably lighgerat}li:::: tlﬁ?f,ﬂ
one.

(43.) The observatory tent has gradually been renewed, little by little, during the last
few years, and very much lightened by substituting
bamboos for the heavy tie and cross” rods of solid
I thiak that the gain in lightness of cuiamnent hee, .
. hink that the gain in lightness of equipment has materially aided our I
striving still to reduce the weight of every thing to be carried, to ayminimum. progress, and Lam

Obscrvatory tent gradually renewed of late and
lightened,

(46.) The country traversed by the Series this season is one of great beauty and interest,
Superficially it consists of forest clad hills and valleys
of no great height or depth, diversified by open grassy
glades and downs, mauy streams and rivers, with some prominent peaks, and many bold bluffs and
precipitous cliffs. ‘
(47.) The prime feature of the country is the irregular ridge line of the Western Ghits
Tho ridge of the Westorn Ghit. running generzlly N. N. W.and S. 8. E,, at a dis-
. tance of 10 to 30 miles from the western coast, be-
tween 15° and 13° North Latitude, and rising from a height of 1,500 feet in Sunda, to 3,000 feet
in Manjerabad. ’
(48.) This part of the country is called the * Malndd” (or Male-nidu) ** Rain district”
The Malnéd from the excessive amount of rain which falls here.
’ On the western slopes and summits of the Ghats,
(by Ghéts is usually intended the 4ills as well as the actual passes and valleys between them) the
- rain-fall from May to October is very heavy, fro
Heary rain-fall. 150 to perhaps 308 inches or more, falgng in az'sing?;
season, and this combined with frequent dense fogs and clouds, when there is no rain, night and
morning, and also with the moisture wafted in from the west by the sea breeze during the hot
months of February to May, produces and reproduces such a vigorous growth of plauts and tree
that the people can hardly keep their clearings free from jungle. .
(49) The head of the Naggar Malnid may be considered to be the Koté Kén or Kuduré-
A Mukh and the Baldl Rayana Duruga; or perhaps, the
Features of the Malndd. parallel range of high hills a few miles toPthe II)IOI‘th-
ward running from the Variha Parvata at Ganga Mulla near the edge or ridge of the Western
Ghiits where the Tunga and Bhadra rivers rise, eastward by the great Vedachala and Angrikal
hills to the grand conical peak of Mdrti Parvata (the “Calasa Peak” of Indian Atlas sheet

No. 43.)

(50.) The valleys here are from 2,500 to 3,000 feet above the sea, but fall rapidly towards
The drainam " 1o Northand N. E the north and north-east to 2,000 feet, beyond which
he drainoge generslly to the Rorthand . & their slopes are more geutle and undulating, but

with a decided northward and north-eastward tendency.
The Bhadra, Tunga, Choradi and Warda (Varada) all flow in this direction.
(51.) But the Shéravati which rises in the rocky fastness of Kauli Duruga, and drains the
Bid4rdr (vulg. Bedenore) or Naggar basin, after a
Drainage of the Noggar basin alone by the 8he-  north-westerly course of about 40 miles, precipitates
::&t;fu;g“'e N. W. ‘The Gérsappa or Kurkanui 545 qaterg by a single drop of more than 800 feet at
' Kdirkanui into the Gérsappa valley or ravine, and so
to the west coast. Some officers of the Indian Navy, &c., measured the main fall from a cradle
suspended in front of it from a cable stretched across the ehasm. They found the pool at the
base of the R4ja fall 829 feet below its summit and 132 feet deep. 'The river here is perhaps
some 400 yards wide, but the main cataract falls in a narrow chasm at the north or right bank of
the river only 40 or 50 yards wide. Thercare 3 otlier very beautiful cascades, but their fall is
broken by projecting rocks.
(52.) 'The declivities on the western face of the range from Kudure Mukh to Gersappa
are very steep and frequently precipitous, so much
_The western face of the Ghéte very steep or pre:  ¢q that I suppase they very commonly attaina gra-
crpitous. dient of 30°, i.c., a fall of 1 in 2, the height being half

General appearance of the country.

the actual base.
(53.) Numecrous peaks rise above the average height of the range by 500 to 1,000 feet,
but few of them exceed 3,600 feet above the sea;

The pesks of the Ghits. Chandraguti (2,794) Kodachédri (4,411), and Kudure
Mukh (6,215) feet stand out very conspicuously above all the rest, only equalled by Merti in the
Tunga Bhadra Dofb, and only surpnssed by the Chandra-drona (Moon [i.e. crescent] shaped)
hills, alse now commonly called the Baba Budan hills (rom the name of a Muhommedan Pir or
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Kallandar who lived and died there some years ago, and is reported to have introduced the coffec
plant first into Maisir.

(54.) The ghdts, or passes themselves, running east and west through the range, are nu-
merous, being on the average only 10 miles apart, and
though mostly disused and impracticable now, attest
the fact that there was formerly much traffic between
Maisdr and the west coast. The existing traffic is large, and is maintained by means of 4 or 5
new ghits, most of which are open and some of them already availablg for wheel carriage.

(55.) In point of fact however, trade is chiefly cffected by pack cattle, some thousands
of which daily throng the passes and their approach-
es throughout December, January and February,
carrying rice, betel-nuts, pepper, cardamoms, sandalwood and other exports to the coast, to ex-
change for salt and manufactured goods. Many Lambanies, (or Banjéries), besides numbers of
country folk from the eastward, are employed as drovers, and it is probably by these and by the
Koramirs, Kerachédrs and other gipsy tribes infest-
ing the country in the dry season, that robberies are
committed. Our camp was robbed four or five times without the thieves being discovered.

Thoe numerous old passes superseded by 8 few new
roade,

Traflic by means of pack cattle.

Gipey drovera.

(56.) The population of the Nagar Malnéd appears to have diminished greatly from
Diminished population. what it must have been at some time.

The large towns which once existed, and particularly the city of Nagar, named Haidar
Nagar by Haidar Ali, instead of its older name
Bidarur (Bamboo-town), as the Kelladi Nayak called
Bidar-halli (Bamboo village) when they made it their capital, are {almost deserted, and from
the frequency of the deserted rice fields we observed, the rural population has also probably
decreased in recent times.

(67.) 1 find more difficulty in conceiving how a large town and agricultural population
ever existed in the Malndd, than how it has de-
creased to its present state. The Rdjas and Pili-
gérs or feudal and predatory chiefs having disappeared, the merchants and artisans disappeared
with them, and are only to be found in places where they can practise their craft under the pro-
tection and by the aid of a strong governing power. With these classes too the agricultural
populetion also decreased for want of encouragement, and under stress of a difficult country
and an unfavourable climate. Formerly no doubt the great attraction here lay in the fact that
the rulers of the country spent their revenue here.

(58.) The more recently deserted rice fields noticed, indicate a further decrease in the

The deserted rice fields partly duc to decline of rural population, which may be largely due to the
serfdom. decline of slavery or rather of domestic serfdom, which
was once general in this part of the country (the Maln#d), but is now disappearing.

(59.) 1tissupposed that the introduction of Coffee has been one cause of the decline of
serfdom. The coffee planters require labourers and
offer high wages for them, and in order to obtain
them, pay largely in advance, a temptation that serfs,
who had been accustomed to receive their food and clothing &e. in kind, were unable to withstand,
and thercfore left their old masters for the coffee plantations.

(60.) Inrecent times also the native merchants have ‘“sold up ” the old landholders, or
supplanted many of them in their valuable areca (Kanarese Adiké) or betel-nut palm, pepper, and
cardamom gardens, or have opened fresh gardens and coffee plantations for which they must have
labourers. Like the European coffee planters before mentioned, they too pay high wages
(3 or 4 annas a day for a continuance, and }}erhap'j tw]i)ce as much on occasions), and both alike,

Lo after absorbing all the labouring population of the
Som‘;ﬁ:-:bmmed in gangs from the lowlonda of country, obtain coolies in ganégs 1;‘rtl;m the South
Kanara lowlands by means of large advances made
to the village headmen, many of whom are large ereditors and send those indebted to them
up to the coffee estates and gardens to work off their debt by manual labour, (receiving their
daily food only from the planters) during the open months December to March or April, after
which time the coolies return regularly for the rainy season (May to October) to their homes
in the lowlands. ‘

(61.) TIn this way I supposc a habit of migration is being established amongst a
large class of the population, and the result to us is that no coolies, or day labourers, are
tobe had in the district of palm gardens and coffec estates, except from the old landholders,
“Gauda” or “Heggade” (the latterare Jain) village headmen, and they have already too few
domestics to cultivate all their own fields, and are unwilling to allow them to work elsewhere.

(68.) All who can, quit the Maludd when, or rather before, the rainy season begins,
cxcept jungle fowl, bison aud elephants, who roam at leisure during the rains, retiring to the

Deserted towns and rice fields.

Tho sent of government removed tho chicf couse.

Aleo to the abeorption of all spare labor by tho
coffee plantatione.
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fastnesses and thickets of the ghéts and the tarai, when the weather clears and the human 1o 0.
lation returns. Popu-

(69.) I should not omit to mention that during the last few seasons we have witnessed the
Period of tho bomboo. apparently simultancous seeding and death of the
bamboo.

I believe I noticed cases of the bamboo flowering and dying in small patches in 1865.66
in Bangalor and the Eastern Ghéts, and ever since that time I have ycarly observed large tracts of
bamboo forest simultaneously sceding or dying.

This year in the Nagar Malnid I observed very few patches of bamhboo forest still alive
except in a few spots, particularly on the banks of the Bhadra River and to the west or northwesé
of the Biba Budan hills where we met with young bamboos of several years growth,

Mr. H. Stokes in his report on the Nagar Division of Maisir, dated May 1838, para : 36,
gives 12 years as the time for small bamboo to come to maturity and 40 years for the large'
kind, and he states that the small kind seeded in the beginning of 1837 round the Biba
Budan hills. At Hebbe, the N.W. point of these hills, we found a2 very dense growth of
green bamboos of the small kind, about 2 inches in diameter and 10 to 20 feet in height,
These did not appear to be at all near their maturity and therefore their period cannot be one
of twelve years. I have becn able to get mo precise information on the subject. The
common belief here is that the period of the large bamboo is about 60 years and that of a
smaller kind about 40.

The bamboo harvest (the sced being called “bidararisi” i.e. bamboo rice) is said to occur in
in a year of scarcity. But the harvest is not simultaneous throughout the country; it takes
several years for all the tracts of bamboo forest in a large province to sced, so that I suppose it may
be only that an unusually hot, dry or peculiar season is required, after the bamboo has arrived at
or near its maturity, to bring on and determine the time of its seed-bearing. The interesting fact
is, that all the bamboos in the same tract, forest or patch, secd and dic together, whilst those in
the adjoining district seed and die together a year or two sooncer or later, as if following the
period of a Meteorological cycle, slightly modified by special local conditions, more or less
favorable to them.

Extract from the Narrative Report—dated 1st September 1873—of Captain T. T. CARTER, R.E.
Deputy Superintendent 2nd Grade, in charge Brahmaputra Series.

(2.) The principal observations in connection with the Brahmaputra Series had heen stop-
ped since the field season of 1869-70; Major Montgomeric R.E., the Officiating Superintendent
decided that rather than leave these observations in abeyance for another year (when the services
of one or two parties employed in principal triangulation would be available) the work
should be carried on by the civil and native establishments of the No. 3 Extra or Leveling Party,
in conjunction with the native establishment of the Brahmaputra Secries, to which latter party
Mr. H. Healy, Assistant Surveyor 4th Grade, was transferred from the Sambalpur Series.

{4) n addition to the disadvantage of carrying on the work with an establishment that
had been employed for years back on leveling opera-
tions and therefore unaccustomed to purely trigono-
metrical work, the principal observations had heen in abeyance sincc the field season of 1869-70,
and meanwhile the position of one at least of the pillars already built had becn reported eritical
owing to the encroachments of the Jamidna (Brahmaputra) River; besides which the rays previ-
ously cleared would naturally have become overgrown after a period of three years, cspecially in
aclimate like Lower Bengal where the growth of vegetation isvery rapid; these difficulties,
anticipated on taking the field, turned out unfortunately too true.

On my arrival at Serdjganj (where the party disembarked from the river stcamer) I was

.- . . informed by Mr. Donnelly who had preceded me
Missing tower on eide of continuation. with the main camp and native establishment, that
the pillar at Parkoksa had been washed away during the previous rains. It was nccessary at once to
make arrangements to rebuild the pillar at Parkoksaon onc of the old rays. A portion of the
native cstablishment was set to work to make the necessary bricks for the new pillar, and Mr.
Donnelly was deputed to superintend them, while I procecded to Soilabari T. 8. to ercct the
scaffolding for the obscrvatory tent at that station which I was desirous of having done under
my own superintendence, in order that the scveral assistants having seen one built, might be
independent when employed on this work in future.

"The seaffolding at Soilabari was completed on the 26th November, when I proceeded to

TParkoksa to chouse a sitc for the new pillar, ascertain what progress was being madce as regards

Anticipated difficultics,
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the making of the bricks and sce that no difficulties were likely to arisc as would cause a dclay in
the speedy completion of the pillar. Leaving Mr. Donnelly to build the same, lay off new rays to
such of the stations it was necessary to observe from, to fix the new station, and to build the
necessary scaffoldings for observing therefrom, Ileft him on the 30th of November and proceeded
to build the scaffolding at Rashidpur T.8. and then commence final observations at that station.
On the same date Mr. Healy was deputed to procced to four of the tower stations in advance,
and build the necessary scaffoldings for observing from the same; the building of the scaffoldings
at the remaining four tower statious, likely to be ohserved from during the season, being entrusted
to Sub-Surveyor Narsing Das.

(5.) Observations were taken at three stations as per margin, when I proposed returning
to observe from the stations necessary to complete
the Basalia and Bigméra polygons, in both of which
Rashidpur, Decomber 10th to 16Lh. the new station of Parkoksa entered. On the 29th
g‘;‘;‘:}_‘"ﬁm » ;g:}: w 2;:11:'Jnnl,“ry. of December I received a letter from Mr. Donnelly
& " : reporting that the Parkoxksa pillar having reached the
height of 25 feet had fallen down, severely injuring two of the masons : I atonce procceded by
boat down the river to make a personal inquiry into
B the cause, which was that the bricks were moulded
out of very bad clay and not halfburnt ; the officer in charge of the construction was Mr. A. W.
Donnelly. This second mishap to the Parkoksa pillar necessitated my changing the order of obser-
vations ; the stations of the Basalia polygon and four of the Bigméra polygon, being all dependent
on Parkoksa. Returning to Gaborgrim T.8. and completing obscrvations there, they were conti-
Boladange T.9., Junuory 6th to 1dth. nued at the stations as per margin. On the 18th of
Siidipati T.8., yw  16th to 22nd. January the pillar at Parkoksa was reported comple-
Char-Sherpur T.8., ,,  23vd to 281h. ted, and by the 5th of 1'ebruary Mr. Donnelly had
Bigmira 1.8, 80tk to February 7th. finished the building of the scaffoldings at the stations
of Poelsa, Basalia, Aloakandi and Parkoksa and had cleared the rays to the new pillar at Parkoksa,
By this date hoth Mr. Ilealy and Narsing Déds had completed the building of the scaffoldings
told off to them, I was therefore independent of all my assistants, as far as my obscrvations went,
and their services were available for the approximate work and minor triangulation. After
Bigmiira, the final obscrvations were continued in

Final Observation

The Parkoksa Pillar [alls down at height of 25 feet.

Poclsn T.9. February  8th to 14th

Buslia TS. ,,  15th to 24th the order shewn,upto the 21st of April, when the work
Boilebdri T.8. ,,  25th to 28th was closed for the season. A slight hitch occurred at
Mokimpur 1.8, March 3rd to_4th the station of Soilabari T.S: on the lamp-man pro-
Parkokse T.S. »  6th to 11th li her 1 his sienal, he found h d
Alonkandi T8, o 12th to 20th cecding there to shew his signal, he found he cou

Bouarpira T.8. ,,  22nd to 28th not plumb the old mark, the pillar having deflected :
Halkncher T.8. ,,  29th o 1th April this ditficulty was got over by inserting two new mark-

Jinkipur T.S. April 15th to 21st stones, or rather, mark-bricks, leaving the original

mark-stones (inserted by Captain Thuillier) undisturbed : this necessitated my observing from
Mokimpur T.S. I had been anxious thronghout the season to complete the principal work up to
the side Kanchipira T.S. to Garopira H.S., as the pillar at Halkachar is within { of a mile of
the river, and to have observed from the two stations above named would have made the
next season’s work independent of it; but by the R1st of April (after nearly six mouths
incessant work) the whole of the party were more or less indisposed. At the Hill Station of
Garopiéra, two of the signallers had to return on account of fever, water there was scarce, and I
was unwilling to run the risk of laying up the establishment at the eud of the field scason,
especially, as they had been hard at work from the beginning of November : I determined there-
fore to close work for the season at Jankipur T.S.

From the time the party took the field (15th November 1872) up to within a few days of
its closing work (21st April), with the exception of
half an Lour’s vain on the 2ud February and on the
4th March, there was no rain.  Captain Thuillicr in his report of his operations during the
ficld season 1869-70, describes exactly the difliculties under which the observer labours while at
work in these parts, and owing to the want of rain this scason, the atmosphere was particularly
bad. During the month of December and up to the end of February, a thick fog covers the
whole country, clearing away about 10 a.xm., so that no morning angles are obtainable, At sun-
down during these months, the inhabitants drive in their cattle and at once set fire to the heap of
refuse lying near the cattle shed.  Every village is soon enveloped in smoke, and as our rays
always pass over three or four villages, observations to lamps at this time of the ycar arc impos-
sible. As the season advances, viz., from the middle of February to the end of March, the people
(preparatory to tilling the land for the rain crop) burn the grass on the chars (low lands bordering
the river) and the rice stubble which is left standing in the ficlds, leaving a hcavy, smoky atmos-
phere which makes lamps invisible, and very olten, in the case of thie burning grass crossing the
ray, interferes with observations to alternoon heliotropes. April is not much better ; then a strong
wind blows, raising the sand on the banks of the river and making it very difficult to see the
heliotropes when the ray crosses it,  The periodical N. W, storms begin about the st

‘Weather and atmosphere.
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week of April; they come on very suddenly, and though they only last 2 short time, perhaps
14 hours, it often happens, if at night, that one or two of the lamp-men have been obliged to
remove their Jamps for safety, and of course are unable to align them till next day, so that when
after a storm the atmosphere is clear and lamps can be taken, observations are often interrupted
by the instrument having been dismantled or a lamp removed.

(6.) In acountrylike Lower Bengal, a minor triangulation is almost impossible owing
to the number of villages and exuberant vegetatio;
necessitating the clearing of rays; indeed, it would
be cheaper to fix any large town by the main triangulation and large sides. Asitisone of your
orders thnfc on no account is secondary work to be neglected, it has been usual to fix the villages in
close proximity to our stations by simply taking their direction from the pillar, and measuring
their distance with a perambulator; m this way, a considerable number of villages (114 in
all) have been fixed sufficiently near enough for geographical purposes. An attempt was made to
cutin flags on large trees from the principal stations, but this entirely failed. Another way of
fixing secondary points is by carrying a traverse, and in this way, three paka buildings were fixed,
which lay near the principal work: I was anxiousto fix the large towns of Mymensing and
Bograh if possible by triangulation ; while observing therefore from the tower station of Poerbri,
1 visited the small out station of Jamélpur of the Mymensing district, and saw at once that it was
feasible to carry a minor triangulation, emanating from the side Poerbari T.S. to Char-Sherpur
T.S. along both bauks of the old bed of the Brahmaputra river, which though now a compara-
tively small stream as compared to the Jamiina river, is still calied the Brahmaputra: the jail at
Jamilpur was conveniently situated for breaking down the side Poerbari T.S. to Char-Sherpur
T.S. I accordingly, on the 7th of February, directed
Mr. Donnelly to take up this work, andit occupied
him for the rest of the season wiz., to the 19th of
April. T am bound to state that I consider that this was very trying work, and Mr. Donnelly
deserves great credit for carrying it through successfully during the months of March and April,
the hottest time of the yearin these parts; Mr. Donnelly at the close of his labours was much
pulled down : his total out-turn of work was as follows :— -

Minor Triangulation,

Mr. Donnelly takes up the Minor Triangulation to
Mymensing.

Nurber of stations observed from .. .. .. .. . 54
Do. of triangles of which 3 angles were observed .. . .. 54
Do. ofintersected points .. .. .. .. - . 13
Do. of miles of ray tracing .. .. .. .. . .. 8
Do. of points fixed by ray traverse .. .. .. .. .. 5
Do. of heights observed . .. .. .. . .. 1
Do. of paka points fixed . .. .. .. .. .. 21’
Do. of paka platforms built and fixed . .- .. 4

Length of secondary series .. miles 44

Area of secondary triangulation .. . . square miles 32
In addition to this, he had previously completed 34 miles of ray tracing to and from the
Parkoksa pillar, and superintended the construction of 5 scaffoldings for principal observations.
Unfortunately his work in recess bears a very bad comparison to his ficld work. It was the
6th of August before his angle books were brought up and the computation of his field work
could be taken in hand.

(7.) Mr. Healy having completed the building of the four scaffoldings allotted to him on
first taking the field, he was directed on 15th Ja-

Mr, Heal i . 19 .
T Heoly, Assistont Surveyor 4th Grado nuary to commence the building of the four pillars

Approzimate work. as per margin, necessary to complete the series on its
Kishdoho T.9. western flank : this work he had finished by the 31st
Narsingbanj T.8. March, when he rejoined my camp and was subse-
Gobindpur T.8. quently employed 1n recording, bringing up angle

Alungjini T.5. books, &e. I have not had an opportunity of visit-
ing any of the pillars built under Mr. Healy’s dircetion, but I have every reason to believe that
he has exerciscd a careful supervision in their construction : his monthly papers, accounts &c.,
have been well and neatly sent in, and in office he has worked hard.

(8.) About the time Mr. Healy was directed to complete the building of the remain-
ing pillars (tower stations) of the scries, Sub-Sur-
veyor Narsing Dds was deputed to build the platform
stations on the eastern flank in the Kurabari Hills, the western spurs of the Garo Hills; this
piece of work he also complcted, under difficulties, by the 31st of March. The majority of his
establishment were laid up with fever the greater part of the time, this part of the country being
very unhealthy and water scarce. Before entering into these parts, I'had secured the assistance
of the Deputy Commissioncr at Téro (Giro Ilills) and had also procured parwanas from the
Assistant Commissiozer of Goalpira, Nursivg Dés met with no dilliculties excepting those due

Narsing Dis, Sub-Surveyor.



Srason 187273 2

to the unhealthiness of the country ; he found the inhabitants only too willing to assist in road
making, bringing up water &c. I consider that great credit is duc to Narsing Dis for sucecess-
fully completing the building of these platform stations by the above date when Le rejoined my
camp, He has been of the greatest assistance to me in every way both in the office and the ficld.

The other Sub-Surveyor Amjad Ali acted as my recorder during the whole of the season
Amjad Al Sub-Surseyor. as well as assisting in the current office work.

(9.) Mr. Neuville took no part in the field operations during the season having heen
granted six months leave on medical certificate from
the 1st November 1872 to 1st May 1873, Since
the return of the party to recess quarters he has worked hard at the various computations
and given me satisfaction.

Mr. C. J. Neurille, Surveyor 2nd Grade.

(10.) On both sides of the Jamidna (Brahmaputra) river and bordering the same, the po-
pulation is entircly Muhammadan the people appear
industrious and well behaved, with large herds of
cattle, good crops and comfortable villages, they scem to live an easy, independent life. The
men appear to be stroug and healthy and those not cmployed in agriculture are boatmen.
Hits or fairs are held at all the large villages some day in the week. The constant occurrence
of fires in the villages must however be a source of anxiety, more as regards the loss of grain &e.
stored in and around their huts, than the loss of the latter themselves, which being composed of
grass and bamboos are easily replaced as both are plentiful. A mud hut is never scen, the reason
being that walls built of mud or of unburnt bricks would be washed away during the heavy rains.
In most of the large zamind4ri holdings there is one paka building called the zamindéar’s kachahri.
The chars (name given to the ground on the banks of the river left dry as the river recedes after
the rains) produce the best crops, one of the chief being jute which is grown to a great
cxtent in the three districts of Bograh, Mymensing and Rangpur, especially in the latter.
Ser4jganj is the principal jute mart in this part of the country, and has become of such importance
as to warrant the Bank of Bengal establishing a branch there ; itis also the site of a very flourish-
ing Jute Spinning Comupany, the mills of which employ some 800 natives daily, and children
from four years old are to be scen working at the machinery as adroitly as in some Manchester
Cotton Spinning Mill. The party being provided with six elephants theve was no difficulty in
moving about the camp equipage &c., but without this means of conveyance great difticulties would
arise in moving from station to station. The country heing low (not more than 30 feet above
sea level) is intersected with khéls or watercourses and covered with bhils or marshes,

People and country.

(12.) There remains to complcte the junction with the Assam Longitudinal Scries either

3 quadrilaterals or two hexagons. In addition to com-

Proposed omployment during field scason 1873-74.  pleting the principal triangulation it will be ncces-

sary to protect the pillars at the hill stations as laid

down in Departmental Orders. The assistant employed on the work will have ample time and

opportunity for sccondary triangulation and connecting with the G. I. Survey some of the

stations of the Gdro Hill Topographical Survey, and such prominent peaks as may be visible from

our hill stations. In the course of next season’s work, I propose connecting the Civil Station

of Bograh (should you think it desirable), but I am afraid it can only be doneby a ray trace

traverse, as even with small sides of one mile or so in length, 2 minor triangulation would

be impossible, cxcept at great cxpense, owing to the numerous villages that are studded about
and the amount of vegetation necessitating the coutinual clearance of rays.

Considering the circumstances under which the party took the field, being all new to
the country and work, with a native establishment, the signallers of which had grown rusty
after a cessation from principal work for a period of threc years, and a considerable delay
being caused by marching and countermarching due to the fall of the pillar at Parkoksa, in
addition to the invariably bad state of the atmosplere, I hope that the out-turn of work as
given in the accompanying table may be considered fair.

Extract from the Narrative Report—dated 22nd August 1873—of Captain A. PULLAN, S.C.,
Officiating Deputy Superintendent 3rd Grade, in charge Kattywar Party.

(1.) The party left rccess quarters on the 10th November, the Assistants and Native

Surveyors proceeding by rail to Viramgdm and the

Preparations for taking tho field, native establishment, under Mr. . Wyatt, by rail to

Bombay, tlience by boat to Gogo and from that port

hy road to Viramgdm, ~Captain Trotter joined the Head Quarters Camp at Viramgim on the
2ath of November,
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Some few days were occupied in projecting points &c, on the plane tables and then the
Surveyors proceeded to take up their respective plane tables.

(2.) The season 1872-73 has been a satisfactory one. 2,642 square miles have been topo-

graphically surveyed on a scale of 2 inches = 1 mile;

Out-turn of work, 2,680 square miles have been covered by net-work of

triangulation; 739°5 linear miles of boundary traverse

have been run and every boundary pillar or stone fixed, besides 409-3 lincar miles of traverse,
which has been carried along the margins of plane tables to test the accuracy of the detail work,

(3.) The portion of the province under survey, during the past season, was the northern
portion of Jhilawir, a bare and sterile country bordered on the north by the wide salt wastes of the
Rann of Kutch; the detail surveyors met with no obstacles to hinder the rapid execution of their
work and thus a very considerable area of ground was topographically surveyed this year.

(4.) Captain Trotter having been selected to accompany the British mission to Y4rkand,
I proceeded by order from Head Quarters to relieve
that Officer at Wadwén, and took over charge of
the Kattywar Party on the 6th of April, and from that day until the 28th April I remained at
Wadwin conducting the current work of the office and bringing up some arrears of work.
Finding that many alterations had been made in Wadwin Camp, more especially the extension of
the Railway Line to the camp and the erection of several blocks of building in connection
therewith, I made a re-survey of the portion of ground in question, and added the details, when
complete, to Sheet 12 of Kattywar, which had already been published. T also went over all the
published sheets of Kattywar, making such small corrections and addenda as were necessary
previous to despatching the maps to office of the Political Agent, Rijkot, for sale.

Captain Trotter, R.E.

(5.) Onthe 28th of April all the topographical Surveyors having completed their work, I
Return to recoss started for recess quarters and opened oflice at Pina
quarters.

on the 1st of May.
(6.) Mr, McGill, on arrival at Viramgém on the 15th November, was employed in prepar-
. : ing a chart of the triangles to be broken up by the
John MeQill Eeq., Assistant Supds. let Grode. ne%-work triangulation which he was about tol::nke up;
on the 3rd December he began work at Rijkot and carried a net-work of triangulation over Sheets

34 and 35, completing 1,400 square miles by the 26th of March on which date he closed work.

Mr. McGill is so well known as a rapid and excellent observer, and his work is always so

good that it is unnecessary for me to comment further upon it.

(7.) Mr. Ryall began work on the 28th November and coutinued sketching ground
throughout the field season. He closed work on the
10th of April, having completed 194 square miles of
survey. Mr. Ryall works slowly but accurately.

Mr. F. Ryall, Surveyor 4th Grade.

(8.) Mr. Wood was employed during the early part of the ficld season in projectil}llg
- slane tables. He commenced plane tabling on the
Mr. J. Wood, Surveyor 4th Grade. ]20th December and worked untli]l the 18th January.
He was then summoned to Dhrangdra where he remained computing until 21st February. He
again took up topographical work on 22nd February and closed work finally on the 6th April,
having completed 164 square miles of topography.
Mr. Woed is a very valuable assistant as well in recess quarters as in the field.

(9) Mr. Gwynne on arrival at Viramgim was employed in completing fair Sheets
23, 24 and 29, and in mounting and projecting plane
tables until the 16th of December, on the 18th he
commenced plane tabling and closed work on the 5th April, having completed 239 square miles of
topography 1n very good style, besides superintending and examining the work of Sub-Surveyors
Govindji Mahalay and Nilkant Vittal. Mr. Gwynne is a most valuable assistant both in the field
and in quarters, and his work this season is as thoroughly satisfactory as that of previous years.

Mr. N. C. Gwynne, Asst. Surveyor 1st Grade.

{(10.) Mr. Rendell was employed on lhis arrival at Viramgém in allotting work to the

Mr. T. Rendell, Asst. Surveyor 1at Grade. various traverse Surveyors' On. the 24“1, O!‘ De-
’ cember he commenced plane tabling near Patri, and

turned out 192 square miles of accurate and neatly exccuted work hy the 20th of March. On
the 23rd March Mr. Rendell rclieved Mr. McGill who was procceding on leave, and took up the
net-work triangulation in Shect 33. This work Mr. Rendell completed on the 20thof April, haviug
triangulated 270 square miles of conntry, altogether a highly satisfactory out-turn for the seasou.
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{11.) Onthe 28th of November, Mr. Wyatt commenced work and proceeded to trian-
gulate Sheets 10 and 10—, of Kattywar. On the
16th December he joined Mr. Rendell and com-
puted points for the R. Plane Table N.E. Section of Sheet 10. He triangulated again from
20th December to 15th January, sketched ground in Sheet 10 from 2&th January to 28th
February, commenced the triangulation of Sheet 32 onthe 11th March and completed it on
the 21st April. Completing in all 1,010 square miles of net-work triangulation and 100
square miles of plane table sketching.

Before leaving for Masiri, Captain Trotter expressed himself much pleased witl: Mr.
Wryatt’s energy and steady hardworking qualities.

Mr. E. N. Wyatt, Assistant Surveyor 2nd Grade.

(12.) Mr. Fielding commenced work at Viramgim on the 17th November and was

- . employed in preparing plane tables and completing

Mr.W. A Ficlding, Asistont Surveyor 3rd Grade. 0 " pair maps of Sheets 23, 24 and 29. Onthe

1st of January he began topographical work and finished on the 2nd of April as he was

suffering a great deal from exposure to the sun. Mr. Fielding completed in all 283 square
miles of plane table sketching of good quality and execution.

(13.) Visaji Punt was employed througliout the field season with the Head Quarters
Camp and was extremely useful. In April he
proceeded by my orders to the Rann and took
levels at a mile apart along the edge of the Rann as it passes through Sheets 10 and 20.

This piece of work extremely irksome on account of the great heat and want of water,
he completed entirely to my satisfaction. He rcjoined me at Wadwin on the 24th of April.

Visaji Punt, Senior Native Surveyor.

(14.) Govindji Mahalay was employed during the season in plane table sketching. His
work is favorably reported on by Mr. Gwynne as
far as regards Sheet 22, but I find the drawing of the
low ridges and scattered brushwood jungle in Sheet 20is much exaggerated, and calculated to
convey a wrong impression of the ground.

Govindji Mahalny, Sub-Surveyor.

(15.) Vishnu Moreshwar was employed on topographical work during the season. Mr.
Fielding reports favorably as to the quality of this
Sub-Surveyor’s work, but adds that he found him

inclined to take his work somewhat too easily.

Vishnu Moreshwar, Sub-8urveyor,

(16.) Keshu Vittal was employed during the entirc season as recorder to Messrs.
Keshn Vittal, Sub-Surveyor. MecGill and Rendell.
(17.) These four Sub-Surveyors were employed in running boundary and check traverses
Narau Dinkar, Blioluji Bhosekar, Krishna Goving, during the ficld season. T'he results of their respec-
Tukuram, Sub-Surveyors. tive work will be found in the tabular statement.

(18.)  Shridhar Succaram and Nilkant Vittal were employed on topography throughout
Shridhar Succaram and Nilkent Vittal, Sub-  the season, both turned out good work aund are favor-
Surveyoru. ably veported on by Mr. Gwynne.

(19.) Having only taken over charge of this party at the termination of the field season, I
am unable to do more than give the short outline sketch which I have given of the proceedings
of the party during the field season. Captain Trotter before leaving expressed himself pleased
with the work of all hands, and on careful comparisonof the junctionsof plane tables and the agree-
ment of traverse check lines with the detail drawing, having in view also the average triangular
error of the triangulation and the average linear and circuit errors of the traverses, 1 most
readily endorse Captain Trotter’s opinion of last season’s work. :

{20} The work which I have laid out for the coming season is as follows :—

1st. The net-work triangulation of Sheets
43,44,45.

2nd.  The furnishing of ecxtra points in Sheet 40 and the survey topographically of Sheets
40,41 to complete Degree Sheet X1.

3rd, 'The Survey topographically of Sheets 31,32,33,34,35 on a scale of 2 incles to 1 mile.

4th. The survey of the Cantonments, Civil Station and native town of Réjkot ona

scale of 12 inches to 1 mile agrecably to the instructions contained in ycur letter o dated 4th
August 1873.  Owing to the complicated nature of the state boundaries near Réijkot and intri-
cate and hilly country comprised in the 5 sheets to he surveyed topographically, it may not be
possible to complete the plane table sketching of the whole 5 sheets, but every endeavor will be
made to do so.

Arrangements for next senson’s operationa.
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Eztract from memorande forwerded by Captain Trotter, R.E.—late in charge
Kattywar Party—on the operations during Field Season 1872-73.

{1.) As Captain Pullan took charge of the party before the close of the field season and

n " has had an opportunity of carefully inspecting and

Captain Pullan’s report. examining the whole of the work, I leave to him

the duty of reporting on the amount and quality of the work performed by each individual as
well as of the cost of the survey and other details usually contained irr the General Report.

(2) The country surveyed has been as usual in Kattywar of a very varied character;
) adjoining a large flat tract of salt waste, the surveyor
Aspect of tho country. comes upou rich, well cultivated soil, bounded perhaps
on the other side by two ridges of sandstone ahsolutely devoid of vegetation. The whole of the
eastern portion of the grouud is decidedly flat with hardly a rise of any description. Near
Dhringdra however, and running down N.N.W. and S.W. from it, are numerous sandstone
ridges many of them valuable as quarries. The sandstones of Dhringdra being fumous in
Guzerat, and the Dhringdra ¢ Chakis,” or round mill-stones, cdmmon throughout the country.
Towards the south-west of the ground surveyed, the nature of the country changes :
there hills and jungle take the place of plains and cultivation. The produce of the country is
much the same as detailed in former reports : wheat, bdjra, cotton, jawiri and til being the chief
productions. Unlike the other parts of Kattywar, which have been surveyed, almost the whole
of the water supply is here procured from tanks. Where there are streams, the water is general-
ly brackish, and the inhabitants always drink in preference from the tanks of which there are
generally one or more to every village. These mostly dry up in the hot weather; but in the
majority of them there are paka wells, from which water is procured when the tank is itself
dry. Many of the large tanks in cold weather present a very picturesque appearance with the
tops of half a dozen or more wells appearing just above the surface of the water.

(8) A peculiar feature of the country is the number of large paka wells or ‘ bolis ”
generally built some hundreds of years ago in the
vicinity of what were then large and populous towns.
Some of them are very roomy and beautiful, the covering and the ornamentation of the approaches
being very elegant and elaborate. A broad flight of steps generally richly ornamented at the
sides, leads down to the water. On the first landing placc you look through a long vista of 3 or 4
cupolas, on descending a few more steps to a lower landing, you again look along and through
parallel rows of cupolas, and on getting to the bottom, and near the level of the water, you look
through a third row forming a basement of very elegant triple-storied cupolas. These are erected
over each of the 3 or 4 wells at the bottom, the whole are surrounded by a stone pathway by which
you can get access to the smaller wells and to a large open circular well at the other end, from
which water can be lifted to the top by the usual methods without the trouble of descending the
steps. The temperature at the lower landing of these wells is cool and delightful, and would form
a charming place in which to spend the heat of the day in the hot weather. Tt is a peculiarity of
these “‘bdolis” that there is nothing above ground to lead to the supposition that there is any thing
unusual underncath, a long low stone wall, 2 feet in height, being all that is visible to the eye.

Large underground wells or * Biolis. ”

(4.) With the exception of a few antiquarian remains, the country is most uninteresting,
no mountains or even hills'worthy of the name, no fine
rivers, or large forests, or picturesque views meet the
eye. Towards the north a partially cultivated, treeless plain is all that the traveller sees, with an
occasional tank whose low bauks form the only practicable points on which to erect stations for
our triangulation. This plain gradually merges into the Rann of Kutch, an extensive desert
about which much has been written by various authors but of which a short description will
not be out of place here.

It is a vast and perfectly flat tract of desert without a scrap of vegetation of any kind and
80 little lower in level than the country toits south thatin many places it is impossible to say
where the Rann begins and the mainland ceases. There is often however, an intermediate strip
of land, between the cultivation and the desert, on which grows a short stunted grass, the food of
the cattle and wild asses when they can get nothing better., On the other hand portions of the
Rann extend inland in bays meeting the sandy beds of rivers which all sink and are lost in the
sands as soon as they come in contact with the Rann.

(5.) 1In some few places islands rise out of the midst of it, generally shewing marks of
volcanic action. Someo of these islands are more or less covered with grass, to collect which carts
are scnt over at the proper season from the mainland. Tn the cold weather it is possible to
traverse the Rann with impunity, as althougb the sun is always hot yet there is gencrally a cool
breeze blowing up from the sca on the west; but in the hot weather I have been assured that to

Description of the Rann of Kutch.
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spend 2 day on the Rann would he almost certain death: I have hicard of more than one
authenticated ease where men have got lost on the Rann and have wandercd about in a cirel
until they have fallen exhausted. I can quite imagine this to be truc; for as the hot scasor(:
advances the dazzling glare is blinding and the heat overpowering. The mirage distorts and
magnifics the smallest object into the most wonderful shape ; a stick appears like a tree and a
stone like a hill, and no distant object can be seen at all,

{6.)  The composition of the surface and subsoil appears to be in tolerably regular layers
of sand and clay with a large quantity of saline matter admixed. This saline depo:it attracts
the moisture from the atmosphere and the surface is then frequently damp. TFor some months
in the year, the Rann is under water. 'When the prevalent westerly winds begin to blow in
March, the water in the Gulf of Kutch is gradually heaped up, and it advances in a slow wave
right up the Rann until the fall of the monsoon in June, by which time almost the whole of the
western portion is covered with water, varying from a few inches to a few feet in depth.  When
the rain falls, fresh wateris carried into the Rann by the rivers that empty themselves into it and
the whole becomes a vast lake—nowhere more than a few feet in depth—and which subsides
gradnally at the close of the monsoon. The admixture of fresh and salt water kills large
numbers of fish; and, I have, in crossing the Rann, come across the remains of myriads of
prawns which appear to have met their death in this manner. I have, also in the cold weather,
secn heaps of dead locusts, which fortunately for the inhabitants of Kattywar, have fallen victims
to cxhaustion in crossing this desert tract.

() The only animals that live in this wilderness are the common antelope, which
often wander out some miles and spend some hours of the day there, and rcturn to the mainland
for food and water, and the Ghorker or wild ass (Khachar is the local name). The latter breed
in the Rann islands during the monsoon months, finding there plenty of grass and water: after
the monsoon, when the waters have retired, they sometimes cross over to the mainland, and as
the Rann is then o mass of slush several inches deep, they are sometimes driven into it by men
on foot who arc able to pursue and drive them ahout until the young ones fall perfectly exhausted
and are casily capturcd. Few however caught in this manncr survive this preliminary trecatment.

(8.) The Rannis erosscd by several cart tracks which will be shown in the season’s maps.
Somc of thesc, towards the head of the Rann, arc only closed for a few weeks in the year and are
even then open for horsemen and foot passengers ; others nearcr the head of the Gulf are closed
for half the ycar, viz., from the first risc of the water in March or April until the subsidence of
the waters after the monsoons. At the hicad of the Rann, and included in this season’s mapping,

are the new and cxtensive Government Salt Works at Pétri, a short account of which may not be
uninteresting.

(9.) For more than a hundred years past, salt has been manufactured from water taken
. from wells dug in thc Rann, more particularly at Kura
Salt Monufocture. in the Dhriingdra state and in PﬁtrIi)and the ng’ighbour-
ing villages of Kharagora, Bajana and Urz on the castern border of the Rann. Government has
hitherto contented itself with levying a very heavy duty on all salt sold in our own districts; but
on account of the large amount smuggled from Kattywar and also from the above mentioned
places, Government has been compelled to undertake the manufacture itself. With this end
in view, all the old Rann works have been closed (with the exception of those belonging to
Dhréngdra, an independent state in Kattywar), compensation having becn paid for old interests
involved. All the works also on the western coast of India, between Cambay and Bombay, are tobe
or have been closed, and all that part of the country will be supplied with Rann salt, manufactured
at the Government Works. It is hoped by these means and by an introduction of an efficient
line of patrols on the frontier, between the Kattywar states and our own districts, it may be
possible both to keep the Kura salt from getting across to our own and the Gaikwar territorics
and at the samce time to prevent the Mdlwa opium from getting to Kattywar.

(10.) Prior toGovernment taking over charge of the new works at Pitri, the salt was manu-
factured by the ©“ Agrios” (as the makers arc termed) on their own aceount, in quantities limited
by Government, to be sold to private merchants at a maximum rate of 2 annas per maund.  Prac-
tically they did not get this price for it, as the merchants who purchased generally did so (on
account of the abundance of the supply) at a much lower figure. Government now employ
these snme * Agrios,” let them dig the wells and make the pans (giving them advances for that
purpose) and purchase the whole of their stock of salt (if of approved quality) at 1} annas per
maund, all round, removing the salt to warchouses on the adjacent shores that have been con-
structed for the purpose. ‘The Agrios arc therefore really much better off than they were be-
forc, as formerly that portion of their stock which remained unsold before the periodical
setting in of the monsoon (when the whole of the works are flooded and the wells and
pans filled up) was liable to he swept away. This actually occurred the year before last
to the utter ruin of the salt owners, and I am informed that 42 per cent of the entire produce
of the last five years has been washed away in the same manner.

(11.) It was proposed to manufacturc during the past season twelve and a half lakhs of
maunds of salt, which is a little above the amount cstimated as required for consumption in that
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portion of the Presidency lying between Bomhay and Ahmadabad. For this purpose 252 pans, each
250 fect long by 60 feet wide, have becn constructed. The process of making the saltis very
simple and is almost the same at Pitri as at Kura, but at the latter place, the pans are arranged in
no sort of order, being scattercd in all dircctions all over the place; whercas at Pdtri they are
arranged symmetrically in rows with spaces between for storing the salt. Assoon as the monsoon
has come to an end and the piled up waters of the Rann have retired, each ““ Agrio” sets to work to
dig a well and to make his pan. The well has first to be sunk, as without the water procured
from it the workmen would be unable to puddle and render watertight his pan. The sinking of the
well, which he accomplishes with the aid of hired labour, occupies him some wceks. He soon
reaches water, it is true, but only what is termed surface water, and which does not contain nearly
so much salt in solution as another kind of water which he reaches generally at a depth of from 20
to 30 feet, on reaching which there is gencrally a rush of very strong brine which comces up with
considerable force and rises several feet in the well : when he gets this rush of water he is satisfied
and commences to prepare his pan. Sometimes however instead of tapping the brine he comes to
a hard red clayey soil called ““ morod,” and the expericnce of the past years has shown that when ho
comes to this he must abandon all hope of getting to the brinc and start a fresh well clsewhere.
Assuming however that he has recached good water, he prepares his pan by raising a small bank of
carth all round it. He then pumps up water with the common balance pole and bucket and
covers his pan with it to a depth of one or two inches. This water sinks into the ground and he
then commences to puddle the pan by constantly (with the aid of his hired assistants) treading
the ground, a most laborious process, for the pouring on of water and treading and consolidating
has to go on until the bottom of the pan becomes quite waterproof, which from the quantity of
clay in the soil it ultimately docs of course in some soils quicker than in others.

(12.) This preliminary of well sinking and pan preparing generally occupies about two
months, when ready the brine 1s pumped in to a depth of scveral inches and left to evaporate. As
soon as the greater portion of the water has done so more water is poured on, and this is repeated
perhaps once in every three or four days. Crystals of salt soon form at the bottom and the Agrios
have to stir these crystals about frequently and briskly with a large rake. This goes on until 2
crop is rcady, which gencrally happens about the middle of Fcbruary, when all the water being
allowed to evaporate, the salt, which then forms a layer several inches in depth over the whole pan,
is taken out and arranged in conical heaps by the sidc of the pan, whence under the new arrange-
ments, instead of being left on the ground and sold as the opportunity offered, it will be imme-
diately carried on a tramway by trucks, to the central storcs, about 24 miles off and on high ground
bordering the Rann. 'There it will be weighed and handed over to the Government Official
deputed to receive it. This central store has been connected by a branch railway line about
22 milesin length (Piitri to Viramgém), which has been specially made for the purpose, and which
was in course of construction while we were surveying the ground. The salt will be carried by the
Railway Company to thcdepdts that are to be formed at Ahmadabad, Bhroch (Broach), Baroda,
Balsar and Sirat where it will be stored away and sold to the public at a fixed rate.

(13.) Instead of taking onc crop in February and anotherin April or May, a supply of
better salt is obtained by continuing the manufacturce without emptying the pan until April or
May. An average crop of 18 15 per supcrficial foot of cvaporating surface may be obtained from a
good crop up to the middle of February, and for the sccond crop a somewhat larger quantity ; if the
erop be taken at the end of the scason, only about 34 15 of salt of a supcrior quality may be
obtained per foot. Thesc quantities depend very much upon the amount of brinc that may be
pumped up, and if a man is lazy he will get a small return.  The brine also is variable in quality,
and some wells will give more salt than others. In March and April the salt is apt to receive
very serious injury from the clouds of dust and sand that fly about. The Dhringdra works at
Kura appear to suffer more from this cause than the morc protected works at Pitri. At the
former place I was told that the manufacture was generally entirely stopped from this cause and
Korr!lthc supply of water in the works runuing short about the end of March or beginning of

pril.
(14.) The heatin the Rann being so excessive, it has been arranged that all the labour of
carriage and storcage at the Government Works shall in the hot weather be carricd on at night.
At Kura the salt is generally made from surface water as they cannot obtain the brine springs which
afford so rich acrop at Patri. The reason is I believe that the whole ground at Kura is underlaid
with “ morod” and thus the water being deficient in quality as well asin quantity, they require
two wells instcad of one for cach large pan: the process of manufacture is the same.

(16.) Iestimated, after carcful inquirics and measurements, the sale of salt at Dhringdra
to be about onc lakh of maunds per annum. It has however been estimated by the Customs’ Col-
lector of Bombay at as high a figurc as four lakhs, of which he assumes that 3 lakhs arc smuggled
across our fronticr, causing a loss to our income of nearly six lakhs of rupecs. Although we have
been in correspondence on the subject, we cannot arrive at less discordant results. The calculations
arc somewhat claboratc and I need not give them here, but my own figures are confirmed by the
statements of the Darbéir Officials who liowever would naturally be disposed to estimate it at as
low a figurc as possible ; for every thing over one lakh, which has been assumed to be the probable
consumption in Kattywar itsclf of Kura salt, must be admitted to be smuggled.
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(18.) In the Kura works, the digging of the wells and making of the pans, are undertaken
by and at the expense of the “ Agrios” who are assisted by their families and follow no other
avocation. At our own works the salt manufacturers are also cultivators. The produce js
generally sold at about 12 annas the donkey load (24 maunds), but varies to from 10to 13 annas,
According to quantity of the total amount sold, one anna in the rupee is taken when the nccount;
are made up (annually) to defray the expenseof establishment, which is very small consisting of one
kirkun, one havildir and five peons : the balance is divided between the Darbér and the Agrios,
Each therefore receives say 5} annas per donkey load or 2} annas per maund clear profit to the
Darbér, and profit, less working expenses, to the “ Agrios.”
levied of 2 pies per donkey load, or Rs. 1-8 per cart load.

{(17.) The pans vary in size from 2,500 square feet to 10,000 square feet as againsta
uniform size of 15,000 square feet at the PAtri works. There are 80 wells at work but in most
cases two wells are required for each pan. I purchased salt, retail, in the village of Kura at 112
pounds the rupee.

(18.) I have heard it suggested that the brine at the Kura wells was supplied direct from
the sea by subterranean filtration. I made some experiments in the cold weather to test the same,
but could detect no positive traces of tidal influence. 1tis true, there were periodically diurnal
rises and fallsin the water of the wells, but this I clearly traced to the effect of the pumping of
the water up from other wells and the consequent lowering of the level of the water in the
adjacent wells. 1 had purposed continuing the experiments in a more careful manner in the hot
weather, but was unable to carry out this idea. It was said at Patri that the water rose much
higher in the wells in the hot weather than in the cold and this would certainly indicate tidal in-
fluence. as the periodical rise of water in the Rann in that season would certainly produce that
effect, did subterraneous filtration exist to the extent supposed.

(19.) Onthe other hand at Kura very much nearer the sea, the water in the wells is said to
be very much lower in the hot weather than at any other time ; but it may be said that the *“ morod”
underlying the Kura wells would prevent the influence of the tidal wave being felt there. Mr.

Maury, the Customs’ Officer, in charge of the Patri works, was interesting himself in the question
and has possibly carried out further experiments.

Besides this there is a small duty

(20.) T made constant inquiries along the edge of the Rann to indeavour to get some light

. thrown on the subject of the supposed secular depres-

Secular depression of the Rann. sion of the Rann; bat although the oldest inhabil{)ants
Tecollect on about three occasions, during the past fifty years that the waters prior to the
monsoon had advanced further than usual, I could not gather that there had been any perma-
nent change of a marked nature. There is a doubt in my mind that the Rann was once the
bottom of the sea or rather of alarge shallow bay. At Jhinjuwéra on the east edge, about 50
years ago (as faras I could learn from native reports) a large iron anchor was undoubtedly found
buried in mud. It was broken up within recent years and I was never able, although I repeated-

ly tried, to get hold of any man who eversaw it: I have no doubt whatever that such an anchor
did exist.

Extract from the Narrative Report—dated 11th September 1873—of Major C. T. Haig, R.E.,
Officiating Deputy Superintendent 1st Grade, in charge of the Guzrat Survey.

(2.) We were unusually late in taking the field, for the previous field season had been
unusually long, which of itself called for a long recess, but apart from this, we were detained
longer still by having to take up the work of utilizing the maps of the Revenue Survey, which
had well nigh been abandoned as an impracticable job, but which you decided {on your ins-
pection of this office} should again be proceeded with. Consequently it was not till the 23rd
December that I left Poona myself, having sent off my Assistants a few days previously.

(3.) Owing to our taking the field so late and to the locality of our topographical
work being so flat, close and wooded, we have only completed the topography of two sheets
Nos. 9 and 10 and one plane table viz., No. 8 of sheet 8, comprising an aggregate area of about
1,175 * square miles; but the triangulation and traversing have been pushed on, so that we have
three sheets quite ready to be topographically filled in, and two others partially ready which
require only some traversing for effecting the necessary connection between the Revenue Survey
marks and our stations, and besides a net-work of triangles of about 3 milc sides, extended over
about three-eighths of another sheet,

# Nors.—Ezxclusive of margins,



Smagon 1872.73.] - 31 —a

(4) The country topographically surveyed this year includes portions of six sub-
tslukas of the Kaira Collectorate, the whole of the Pitldd Mahal (pargana) of the Gaikwar’s
territory, and nearly the whole of the Cambay tcrritory, and makes complete the mapping of
a continuous strip of country comprising 6 sheets lying between meridians 72° 30" and 73° and
parallels 21° 30" and 23° reaching from the outskirts of Ahmadabad to half way between
Broach and Sidrat, and containing the large towns of Kaira, Mahmudabad, Matar, Nariad,
Barsad, Pitlid, Cambay, Jambusar, Amod, Wagra and Hansot, and the mouths of the rivers
Narbada, Dhadar and Mahi, and about 35 miles of the Sabarmati, and the same length of its
tributary the Watrak, and its confluents the Meswa and the Siri, also about 30 miles of the
Khari river, the waters of which lose themselves over the rice cultivation west of Kaira, and
eventually drain into the Sabarmati. The whole of this country is exceedingly flat, and with
the exception of the promontories between the mouths of the rivers, is finely wooded, indeed,
that of the eastern halves of sheets 8, 9,10 and 11 is so thickly covered with trees that
though exceedingly pretty to the eye of the admirer of nature, it is almost appalling to that
of the topographical surveyor.

(5.) Owing to Captain Pullan being taken from this Party to take charge of the
Kattywar Survey, 1 was unable to commence any triangulation in the Déng district which 1 had

intended to do.

(6.) On taking the field our strength comprised as per margin, and during the season
Major C.T. Haig, R.E. there were the following casualties :—Captain Pullan

Captain A. Pullan, 8. C. withdrawn from 1st April 1873 to take charge of
Mr. A. D'Souza. the Kattywar Survey, Mr. Hickie proceeded on 6
» é‘ ﬁ' {’I‘CCXTF:':' months’ sick leave from 1st March 1873 and Mr.
» E.J. Commor. McA’Fee temporarily laid up by sickness for nearly
w J. Hickie. 4 month.

A A (7.) Onarepresentation being made to Lieu-
»ome tenant Colonel Prescott, Superintendent Guzerat

Sub- Surveyort. Revenue Survey, acquainting him with the intention

g:g:ihv;l’;‘:l - of combining the results of his survey with ours, he
Rowji Narain. | acquiesced to a proposal to place under my orders
Luxumon Ghorpuray. one of his field establishments, under an Assistant

}:l:x"go?il:g“ Superintendent ; and on my meeting him at Sirat be
Balwsnt Govind. drew up and forwarded a letter to Government
Ganesh Bupuji, 2nd. begging for sanction for this proposal which waas
Vital Vishnu. granuted.

(8.) In the Guzerat Revenuc Survey the monthly cost of a mative establishment is
fixed at Rs, 500, the whole of which is devoted to salaries of Native Surveyors and a few peons,
but not in paying measurers, whose services are provided gratis by each village surveyed; but
as this service could not be rendered gratis to the establishment working under my orders, it
would have been necessary, had Colonel Prescott furnished me with an establishment of full
strength, for me to have provided an additional staff of measurers at a cost of Rs. 750 2 month,
Therefore, as my expenditure already absorbed the whole of the funds at my disposal, I was
obliged to ask Colonel Prescott to give me n small establishment, the aggregate salaries of
which would not exceed Rs. 200 a month, and to make over the balance Rs. 300 a month in cash
to me for the provision of a staff of measurers which he did.

(9.) Accordingly on 25th February I was joined by Mr. A. Dalzell, Assistant Superinten-

Ruber Parbhu Das, Parblioo Kisor, Lalu Amba- dcnt Revenue Survey, who was accompanied by a Ver-
ram, Gopnl Gunesh. nacular Clerk and 4 Native Surveyors as per margin,

(10.) I will now describe the method in which I availed myself of the resources of the
Revenue Survey maps. Tle western halves of the two sheets 9 and 10 had been covered with
a net-work triangulation (average of two mile sides) and the eastern halves with a system of
traverses, giving a larger number of fixed points than the triangulation, on account of the greater
closcness of the country. 'The triangulation had been executed under the orders of the late
Licutenant Colonel Nasmyth who had employed some Native Surveyors of the Revenue Survey
in taking measurements from the trigonometrical stations to three or more corners of the field
or ‘“number” in which they were situated, and then from these measurements inserting the
positions of the trigonometrical stations on the Revenue Survey maps. The traversing was
executed under my own orders, and that in sheet 9 Lad been laid out so as to conform as much
as possible with village boundaries ; that in sheet 10 was to have been run on the same principle,
but my instructions were misunderstood and scarcely any points on village boundaries were fixed
by it atall; so that I had to proceed by three different methods in utilizing the Revenue Survey
maps in these three differently prepared areas.

(11.) With the triangulated area I proceeded thus :—The trigonometrical stations having
been plotted, as stated above, on the Revenue Survey maps, I measured (with the aid of the scale
at foot of cach map nominally 16 in,=1 mile) the distances from trigonometrical stations to the
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* tribhetas” (village boundary trijunctions), then with these distances (altered according t
the 2-inch scale) as radii and the respective trigonometrical stations, plotted on the plane tubgleo
as centres, I described arcs, the intersections of which gave the approximate positions of ths'
tribhetas on the plane tables. I say ‘approximate” for no three arcs gave a single intersece
tion but always a triangle sometimes very small but sometimes as large as the eightieth ar;,
of a square mile ; the centre of gravity of which I accepted as the position of the triblfleta. ']I;hig
thus gave me a series of points on the plane tables, corresponding to a number of points on the
Revenue Survey maps, the details of which I was now able with a little tension here and pres-
sure there to transfer with a pantagraph to the plane tables, which I did in blue ink, retainin
a copy of the same on tracing linen in my office. This, though none of it was finally accepteg
on its own merits, proved a valuable assistance to the plane table surveyor, who filled in the
details independcntly ; the result of this portion aloue is sufficient to prove that great use ma
be made of the Revenue Survey mapsin improving the accuracy of our own, if we only taki
the trouble to make a more extensive and systematic connection between our fixed points and
theirs ; for the discrepancies between their details and ours consist only of small lateral displace-
ments, excepting of course when roads and even rivers have altered their courses, which they
have had time to do since the work of the Revenue Survey was executed ; for the Sabarmati and
the Watrak are in some places most capricious in this respect.

(12.) On the traversed portion of sheet 9, since, as stated in para : (10.), the traversing
had been laid out to strike as many points on village boundaries as possible, the transferring
of the details of the Revenue Survey maps to our plane tables was a very simple matter ; for the
tarverses once plotted on to the plane tables, wehad the proper assigned limits—if not of each
map—of groups of iwo or three maps, the details of which were easily plotted with a pantagraph.
This was done in blue and the discrepancies between it and the subsequently and independently
surveyed details, are very small indeed, and where they do occur are, as on the triangulated area,
mere lateral displacements, attributable possibly to want of proper care in the drawing of the blue
transfer.

(13.) Owing to my instructions being misunderstood, as stated in para:(10.), the traversing
in sheet 10 struck on so few points recognizable in the Revenue Survey maps, that it was impossi-
ble to lay down their detail on the plane tables at all; I thercfore had the village maps reduced by
photography to the scale of 2-inches to the mile, and then traced from these reduced copies all the
detail required on to separate pieces of transparent, tracing paper, which I made over to the plane
table Surveyor, Mr. Cusson who found them most usetul. Having fixed on his plane table the site
of a village from which the roads emanate, and having gone round the boundary fixing the points
where the roads intersected it ; he then had on his plane table two points for each road between
which he trausferred the road from the Revenue Survey tracing. To check the roads thus plotted,
he took one or more intermediate circuits, and then it was found that he could map the ground with
but half the number of plane table stations that were necessary in ground of which we had no
Revenue Survey maps, I regretted I had not adopted this simple method of utilizing the Revenue
Survey maps over the whole of sheet 9 and 10, instead of mapping a great part of the country
as ] had done approximately in blue on the plane tables before they were taken into the field.

(14.) I distributed my party as follows :—Captain Pullan and two Native Surveyors, to-
pography of western half of sheet 9. Mr. McA’Fee and 2 Native Surveyors, eastern half of sheet 9
and plane table 8 of sheet 9.  Mr. D’Souza, Mr. Hall and one Native Surveyor, western half of
sheet 10.  Mr. Cusson and 1 Native Surveyor, eastern half of sheet 10.

Mr. Christie, triangulation in sheet 15. Mr. Connor triangulating and superintending 3
Native Surveyors traversing in sheets 2, 3, and 4 (Kattywar Nos.) Mr. Hickie being in very poor
health I kept at Kaira plotting the trigonometrical stations and points on the sections of sheet 14
and a few traverses on some of the plane tables of sheet (9.)

(15.) Mr. D’Souza’s work embraced almost no British territory and so entailed no special
work in utilizing Revenue Survey maps, and 1 sent Mr. Hall who only joined the department on
22nd November 1872 with him to learn the ordinary method of plane table sketching.

(16.) After going round and seeing Captain Pullan, Mr. McA’Fee and Mr. Cusson and
their native assistants at work, and shewing them how I wished them to take advantage of the
Revenue Survey work, I proceeded to inspect Mr. Connor’s work after which I was joined by the
Revenué Survey Party under Mr. Dalzell near Sanand aud about 18 miles from Ahmadabad, in
sheet 2 (of the Kattyar Survey) on 25th February as stated in para : (9.)

(17.) T had during the previous month entertained a number of new hands for employ-
ment under Mr. Dalzell, and 1 had also prepared an equipment of theodolites, chains &e. for them,
but I had to instruct him and his Native Surveyors in the method of traversing and of connecting
traverses together, and traverses with triangulation hitherto adopted in this survey to which they
had not heen aceustomed ; and I had to give him systematic instructions to guide him in spreading
his traverse meshes properly over sheets 2 and 3. This work of instruction kept me with him
until 15th March when I left him to carry on his work,
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18.) To assist me in issuing instructions for systematic traverse operations, I requested
Mr. Dalzell to bring with him from Colonel Prescott’s office the original maps of all the villages
in the Sanand and Dholka pargauas. I had already obtained the fair copies of the general map of
the Ahmadabad Collectorate, a rough compilation on the scale of 4 inch = 1 mile, shewing the
village sites and boundaries and prinf:ipal roads and tanks. This map I found most useful,
though it would have beecn more convenient had it been on double the scale.  On it I sketched out
2 complete project of all the traversing that I saw was requisite, having first plotted approximately
on it all the trigonometrical stations falling within the two sheets, and the traverses that had
already been completed by the Native Surveyors under Mr. Connor, and the village base-lines,
the positions of which were derived from the original village maps.

(19.) In designing the project of the traversing, the end I kept in view was to deter-
mine the position of a point close to every village site, and the positions of all tribhetas
(village boundary trijunctions) which are most valuable points, as each one is a well defined point
on three different village maps; this end 1 believe has beeu fully attained.

Additional measurements were taken to the points fixed near village sites, from the
nearest field trijunctions, to erable them to be plotted on the village maps. In villages which
had been originally surveyed by the Revenue Survey by “ means of base-lines” running close
to the village site, merely the ends of the base-lines were fixed, instead of fixing a point near
the village site, which answers the same purpose and involves less trouble, but the proportion
of such villages in the Sanand and Dholka parganas is very small indeed. In the Ulpar
tdluka, Surat District, where Mr. Dalzell and his party were employed at the latter end of
the season, almost every village had been surveyed with a base-line and sometimes with
two or three at right-angles to each other.

(20.) After leaving Mr. Dalzell, I again went round visiting the Assistants engaged
on the topography, and this time visited Mr. D’Souza and Mr. Hall whom I had no time
to visit on my pervious circuit. It was when on this circuit that Captain Pullan was with-
drawn to assume charge of the Kattywar Survey, which entailed several minor changes among
the plane table surveyors which will appear in the separate reports of each Asssistant, which
I now proceed to give in regular order.

(21.) Captain Pullan, with Rowji Narain and Mukund Dinkar, completed the topo-
graphy of the western half of sheet 9.

(22) Mr. D’Souza had entrusted to him the western half of sheet 10, comprising
plane tables 1,2,5 and 6, and under him I placed Mr. Hall and Bulwant Govind. He com-
pleted No. 1 himself, instructing Mr. Hall the while, and he inspected No. 2 which he entrust-
ed to Balwant; he then divided No. 6 into two, giving one half to Mr. Hall and the other to Bal-
want, while he himself took up No. 5, he completed this on the 27th March and then I sent him
to take Captain Pullan’s place, leaving Mr. McA’lee the easier job of supervising the completion
of plane table 6. Both Mr. Hall and Balwant Govind, after the completion of the western half of
sheet 10, again joined Mr. D’Souza in the enstern half of sheet 9. Besides these he had then under
him Mukund Dinkar, Bhow Govind, and Vital Vishnu to complete the eastern half of sheet 9
and plane table 8 of shieet 8.  The work in this portion had progressed very slowly owing to Mr.
MecA’Fee’s sickness, and Vital Vishnu’s carelessness which necessitated the whole of his work to
be done over again, and for which I dispensed with his services. Mr. D’Souza’s time in this part
was almost entirely taken up in examining work doune by others,though he himself filled in a small
portion of plane table 8 of sheet 9. He only returned to Poona on 10th June.

(23). Mr. Christie was employed all the season triangulating. He first ran a series
of single triangles round the margin of sheet 15, emanating from and closing on sides of
Mr. D’Souza’s net-work triangulation of last year, which extends slightly ihto the northern
portion of this sheet. This I considered sufficient triangulation in flat British territory which
Iintended to have traversed in thc same way as sheet 14. The series comprised 40 triangles
and covered an area of 161 square miles. After completing this work, Mr. Christie took up
some net-work triangulation in sheet 32, three-fourths of which is foreign territory, and he
covered an area of 280 square miles. As he has submitted an interesting report of his season’s
work I attach it as an appendix to this.

{24.) Mr. McA’Fee had under him Bhow Govind and Vital Vishnu to undertake the
topography of the castern half of sheet 9 and plane table 8 of sheet 8. He was impeded by ill health
during the early part of the season, but during the latter portion he was able to work well at
the supervision of Mr. Hall’s and Balwant Govind’s work in sheet 10. He returned to Poona
on the 8th May. Bhow Govind worked well.

_{25.) Mr. Connor, besides supervising three Native Surveyors Gopal Vishnu, Ganesh
Bapuji 1st and Ganesh Bapuji 2nd traversing in shects 2,3,4, (Kattywar), ran two series of tri-
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angles on meridians 72° 10" and 72° 20/, emenating from sides of the Guzerat Longitudinal Scries
and closing on sides of the net-work triangulation carried into sheet 4 by Mr. I’Souza in 1868
69 and lying between the Sabarmati series and the series on meridian 72°; he also ran a chain
of triangles about 23 miles long along the east flank of the series on 72° as the greater Pportion
of that ground is foreign territory and would therefore be outside the traversing operationg
Each of the series run by Mr. Connor is about 31 miles long, they comprise 41 single triangle;
and 9 quadrilaterals, end cover an aren of 330 square miles. These two series, with that on the
flank of series on meridian 72° and the flank stations of the net-work triangulation in sheets
8,9,10 afforded points of departure and closing for the traverses which were eventually—with
the assistance of Mr. Dalzell’s party—so spread over sheets 2 and 3 as to determine the position
of a point near every village site and of several points on the boundary of every village land,
Mr. Connor also took some observations to determine the difference in level between the datums
of the Railway and the Ahmadabad and Viramgim road, so as to enable me to convert the
levels of the latter into absolute heights. He returned to Poona on 30th April.

(26.) Mr. Hickie was in too bad health to be employed on out door work, and therefore I
kept him in the office working at the plotting of traverses and triangulation on the office charts,
and in plotting some traverses on plane tables and also in pantagraphing village boundaries on
to the sections of sheet 12. He proceeded on 6 months’ sick leave from 1st March.,

(27.) Mr. Cusson, assisted by Luxumon Ghorpuray, was entrusted with the topography
of the eastern half of sheet 10. He completed this on the 15th May when he proceeded to join
Mr. Christie to assist him in the triangulation of sheet 32. I had intended Mr. Cusson to under-
tuke part of the triangulation of that sheet independently, but owing to unavoidable delayin

providing him with a proper theodolite and equipment, this intention was abandoned and so he
merely made himself generally useful to Mr. Christie.

(28.) Ihave been well satisfied with the diligence of all my Assistants and also with
that of all the Native Surveyors, excepting Vital Vishnu who has been discharged, and Balwant
Govind whose salary was reduced for carclessness. I append tabular statement showing the
amount and quality of the work done by each.

Extract of Report from Mr. Christie to Major Haig.

(8.) The country in sheet 15 was one uniform level throughout, perfectly open in the Olpad tiluka, west of the
Tapti, and also in the Gaikwadi territory, south of the Purna river up to the Roilway line : eastward it became more snd
more woody and consequently unfavorable for triangulation. In sheet 32 the country was perfectly open and level up lo
the eastern boundary of the 2nd plane teble ; at this point the character of the country is completely changed, high rocky
hills and extensive ridges densely covered with jungle, Laking the place of wide plaina of open arable ground, almost entirely
devoid of trees, except in and about the villages. With the change in the country, is noti a striking
in the appearance and condition of the inhabitants. Instead of the well clothed and well to do men snd women living
in decent weather-proof houses surrounded by many little appliances, which go towards supplying the scanty requirements
of a native home, one is painfully struck with the wretchedly ragged and altenuated appearance of the hill men (mostli
Bhils) and their families. The idea of abject poverty produced by the appearance of the people, is only painfully increase
by eight of the wretched hovels in which they live. Their huts are with hardly any exception, mere grass sheds affording
the most meagre shelter from the inclemency of the weather, owing to the clumay, careless manner in which they are put
up. In the month of May when thunderstorms, accompanied with heavy falla of rain, were of alinost nightly occurrence,
their huts were in so dilapidated a state as to offer barely more protection than might be afforded by a good sized umbrells,
Altogether the uiter indifference for creature comforts displayed by the Bhils, is perfectly surprizing. Although the country
further on is very hilly nnd densely wooded, I am told carts are used throughout. A very small portion of the land is
under cultivation owing to the scanty population which is almost entirely composed of Bhils, whose chief occupation
consista in felling timber, which they carry for salo to the nearest market. Good water js obtainable at almost every
village though wells are fow in number ; the want of them being meb by pits dug in the sandy beds of the nallas with
which the country is everywhere intersected.

(9.) At the village of Ratanpur I came across large pits which had been excavated to obtsin the well kmown
“Cambny Stone’ which are here found in large quantities. These pits are worked by ogents of the Cambay Lapidarics,
After collecting suflicient quantities they burn them in kilns when only such as 8 bright translucent appearance are
retained ; these are then packed up in gunny bags and carted to Cambay.

(10.) Wild animels are numerous though owing to the heavy cover very difficult to get at. From the closest
inquiries I could make, I was surprised to learn that these jungles up to at least the meridian of 73° 30" ore not at
malarious even in the cold weather, This seems to be borne out by the appearance of the natives who though ‘l(‘nﬂ snd
squalid from poor living, present none of the miserable offecta of sy iated by di no noticeable in  tracts
notoriously feverish such as the forests in North Canada,
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Extract from the Narrative Report—dated 25th September 1873—of Lieutenant J. HILL, R.E,
0ffg. Dy. Superintendent 2nd Grade, in charge Kumaon and Gurhwal Survey Party.

The party was employed during the recess of 1872 on computation and mapping, in-
Tho Rovess of 1872. cluding the preparation of four fair sheets of the

n Kumaon and Gurhwal Survey which were completed
and sent for publication to the head-quarters office at Dehra Din before the party took the field.

{2.) The plan of operations for the field season was as follows:—1st, to send in September

Plan of operations for the feld season. two assistants to survey topographically the whole of

the Mfna Valley and a portion of country in the east-
ern half of Sheet XII which had been left unfinished in 1868 : 2nd, in November, when the weather

becomes too cold to carry on a survey in such elevated regions, to move those two aossistants
southwards to commence the topography of Sheets XXI and XXII; and 3rd, to employ the main
strength of the party (recess duties being done) on the topography of the following districts,
viz 1, the Bhéibar tracts from HaldwAni eastwards to the Sérdah river, the lake country to the
east of Naini-Tél, the country round Lohu Ghét, and those portions of the Gori and Rémganga
Valleys which lie in the vicinity of Askot. In addition to providing for the above work, which
all lies in Kumaon and British Gurhwal, the plan of operations had to include arrangements for
commeucing a triangulation to the west of the Ganges and its tributary the Mandagni river with
the object of providing points for a topographical survey of Tiri Gurhwal, Dehra Din, Jaunsir
and BAwar in the first instance, and subsequently for the survey of other districts to the westward.
(3.) With the above objects in view, the party took the field as follows:—Messrs. L.
o Pocock and H. Todd started for the Mana Valle

The Seld seoson of 1872-73. on the 27th September. Lieutenant Harman start}:
ed for Naini-T4l on the 1st November. Messrs. J. Peyton and J. Low left on the 9th Novem-
ber, the former for the Bhébar hills east of Haldwéni, the latter for Lohu Ghit, and Mr. E. F.
Litchfield left on the same day to take up his work to the east of Naini-T4l. On the 22nd No-
vember Mr. E. C. Ryall started for the Bhébar tracts near Haldwéni, and Mr. T. Kinney, who
had been detained in quarters later than the other assistants to examine maps and to accompany
the civil authorities on their inspection of the boundary of Masiri and liandaur, started on the
4th December for his work near Debi Dhira to the east of Naini-Til.

{4) When the assistants had left head-quarters, I commenced my march to Haldwéni,
taking with me as my office assistant Mr 1. Pocock, who had lately joined the Department. Our
road lay through Hardwr, and on arriving there I made an inspectioa of the staving done by men
whom 1 had sent out before the end of the recess to prepare for the commencement of the new
triangulation of Dehra Didn, &c., and in spite of very hazy weather I succeeded in taking observa-
tions from three stations. I then continued my march to Haldwéni, which I made my head-quarters
until the 19th March, when I moved them to Almora. During the greater part of the season,
while my head-quarters were stationary at Haldwéni and Almora, I was travelling about with a
small camp inspecting the work in Sheets XXV, XXVI, XXXI, XXXIII and XXXIV. On the
7th May I despatched the head-quarters camp in charge of Mr. I. Pocock by the plains road back
to Dehra, and I myself left Almora with a very light camp to inspect the work in Sheets XXI

and XX[I, and in the M4na Valley : that done, I returned through the hills to Masdri, arriving
there on the 7th June,

(5.) I now proceed to report separately on each officer’s work, the details of which are
tabulated on page 37—a.

{6.) Lieutenant Harman’s ground was of three distinct varieties. To the north he ll‘ad
. to sketch the lake country which includes Nmm-’lﬁ_l,
Lieutenant H. J. Harman, R. E. Bhim-Tél, Sat-T4l snd Naukuchia-Til. In this
district the differences of level are very grest, and the ground, which is crowded with important
details, is also so complicated that in many instances the 1-inch scale was found inadequate
to represent all its characteristic features. Southwards the ground changes its character; the
limestone of the lake district giving place to intricate sandstone hills resembling the Sewiliks,
The northern slopes of these sandstone hills are more cultivated than any other similar ground
in Kumaon or Gurhwal (prohably on account of the proximity of Naini-T4l and the good roads
which pass through this district to the plains), their southern slopes however are uncultivated. At
the foot of these southern slopes lic the flat tracts of the Bhabar. They are in general povel‘cd
with Sdl forest on the more raised plateaux, and on the lower flats with Khair and Sissu and
other jungle. Of late years owing to the exertions of the present Commissioner of Kumaon
considerable portions have been cleared and irrigated, and in the neighbourhood of Haldwaui
in particular there is now a large extent of cultivated land.
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(9.) Lientenant Harman’s field work consisted in surveying topographieally 268 square
miles of most intricate country, in helping Mr. Ryall for a week at computations, and in doing
the work specified in the two preceding paragraphs. This was an excellent season’s work : lm-u:
in amount and, as I found on inspection, of a very thorough and satisfactory character. TE

(10.) The portion of country surveyed by Mr. Ryall adjoins and lies to the east of

E.C Ryall E Lieutenant Horman’s Bhibar ground, which it re.
. C. Rysll, Esq. .

i sembles only in a general way. To the north it rises
into sandstone hills of the Sewilik formation which are thickly covered with sdl, dhauw and chir
forest. Below these hills are flats of a much wilder character than those lying to the westward,
The flats are here almost free from irrigated clearings except at Barmdeo; they are very densely
wooded, and are intersected by numerous tortwous streams and watercourses, intermingle}l
with swamps, cane and bamboo jungle. This ground presents great obstacles to the Surveyor.
Its climate only admits of work being carried on without great danger to health during the
months of December, January and February, during which time the jungle grass is high, and
the Surveyor, shut in on all sides, is obliged to have his way laboriously cut before him, and is
restricted exclusively to the traverse method of surveying in order to map the hidden features
of the country,

(11.) While Mr. Ryall was surveying this difficult tract of country, he carried on hand
in hand with his topography a minor triangulation to determine the positions of some points
which were required for traverse purposes. He computed out the elements of these points in
the field with Lieutenant Harman’s assistance; and I may here remark that he also employed
himself on computations while marching to his ground at the commencement of the field season.
He finished his topography on the st May and then went to Naini-T4l to determine trigono-
metrically the height of the Naini-T4l lake. After his arrival there he was weather-bound for
some days, but on the 8th May he completed the necessary observations; and, his field work
being done, he started for recess quarters.

(12.) Mr. Ryall’s out-turn of work is, as usual, large. His survey embraces an area
of 270 square miles, and its execution is in all respects most creditable to him.

(13.) DMIr. Peyton’s survey was exclusively topographical and was confined to hilly
M country. His first piece of work consisted in sketch-
r. J. Peyton. . ) . . . L -
ing the portionof the Bhibarhills whichlie immediate-
Iy to the north of Licutenant Harman’s and Mr. Ryall’s Bhdbar survey. The southern part of this
hilly tract is especially troublesome to sketch, owing to the densencss of the forest with which
it is covered, and to the sparseness of the population and the consequent difficulty in procuring
coolies. Procecding northwards the hills become simpler in their character, more free from forest
and less thinly inhabited, and sketching becomes proportionately easier. Mr. Peyton finished
the survey of this tract of country on the 12th March, and then started to take up his second
piece of work, which includes Askot and part of the easternside of the Gori Valley. ‘
(14.) Within the northern limits of this second portion of his survey are some of the
spurs of the snowy range which separates the Gori Valley from the wild district of Dharma. A
very unusual fall of snow commenced about the end of April and continued, off and on, for about
a fortnight, rendering the high ground inaccessible and obliging Mr. Peyton to close work on the
17th May without having quite finished the work allotted to him. Besides the obstruction
caused by snow, his work was retarded hy a very extraordinary fog which lasted during the greater
part of April and whiel, while at its thickest, rendeved objects invisible at a distarce of a couple
of hundred yards. Inspite of these drawbacks Mr. Peyton succeeded during t_he field season
iu surveying 380 square miles of country, all the varicd features of which he delineated with his
usual artistic skill.

(15.) Mr. Low was employed during the ficld season on the topography of two sepa-

Mr. J. Low rate portions of Kumaon, Towards the close of the
o ) season he commenced, and he is still cngnge‘t:i upon

a triangulation of the Judr Valley ; hut as its details belong properly to the year 1873-74 they
are not included in the present Report.  His first duty was to finish the survey (_corqmcnced
during the previous field scason by Mr. T.. Pocock) of the portion of country \yhlch include+
Lohua Ghit and lics between Pathoragarh and Champéwat, descriptions of which places are
contained in paras: (19.) and (23.) of my last year’s Narrative Report. The country S.lll‘\'CyC(l by
Mr. Low is of a character similar to what is there deseribed.  Broad open flats, looking from a
distance almost like onc plain and terminating on the north-west in a very suddm_l fall, reach
from the now deserted station of Lohn (ihit to Deo Nith, where a gently undulating country
commences which extends as far westward as Debi Dldra. Mr. Low finished his snrvey_of' thl“.
tract of country by the middle of February and then started to take up s se_cond plece'ol
work which consisted in sketching the portion of the Rdmganga Valley which lies ncar Aﬂl}ol-
and is included in the westerm half of Sheet XXXI1.  This portion of country does not gall oll‘
a fuller deseription than what is contained in the tahnlar statement on page 37—, It is situate
close to the country mentioued in para: (1) but as it docs not quite attain in any part to an
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altitude of even 9000 fect above sca level, Mr, Low was not compelled to close work in conse-
quence of the bad weather described in that paragraph. His work was much delayed how-
ever by the dense fog and by the rain, and his health being also very indifferent he did
pot succeed in finishing his topographical work until the end of June.

(16.) During the field season Mr. Low completed the sketching of 430 square miles of
hill country. The improvement in his sketching this year is very remarkable. His R4mganga
plnne-table sketch, his most recent piece of worlk, is far better than anything he has hitherto
turned out and is in every respect a very creditable performance.

(17.) Mr. Pocock reached his ground in the Ména Valley on the 12th October and com-

. menced his sketching close to the famous temple of

Mr. L. Pocock. Badringth. I subjoin the notes he made while work-
ing in this very interesting portion of country.

“Tho portion of the Ména Valley surveyed by me lics in the Pati of Pailkhandn, Zilleh Gurhwel. The climate
is very cold in October and November, Towards the end of October the people begin to leave the valley for Cliamoli
and Karn Prig, and by the 25th November not a soul remnins at Minn. They do not return to their villages till the
months of My and June when the snow is sufficiently thawed to admit of their doing so. The ground which I have
skotched is most precipitous and in many parts it is quito inuccessible,

At Mina itself ond on the surrounding mountaine there is no forest, but lower down—commencing from Bena-
kuli where the Mina people collect their wood supply in April, May and June—wood of various kinds is to be found.
Ab Mina the only grain which graws is kofiw pdkpar, the seed being put down in May and the harvest cut in September.
The soil is so poor that it will not yicld but overy other year, and the produce is then ounly about 200 maunds. This
kotu is enton uncooked Ly the Mina people after simply making a mash of the flour; their breakfast consists of this as
a rule. There is near Mana a fine piece of level ground on cither sido of the Aluknande river which is used for culti-
vation. The mode of cultivation is similar to wihut is used all over Gurhwal. After sowing their ficlds, the majority of
the men go off with barley, rice, lour, kotr and a small quantity of gur, laden on gonts end sheep, to Tulingmat and
Chourangghar in Thibet. ‘This barley, rice, &e. is brought up from Rdimnagar and Kohdwira during the winter months
in exchango for salt and borax tuken down. In all, over three thousand gount-loads of salt are brought into Médna by the
Midna peoplo and by Blioteas ; the latter coming over the pass when they are hard pressed for barley and rice.

Thai part of the river Alaknanda (including its northern tributary the Susnwati) which lies in my work hes
its source (rom soveral glaciers, and is not anywhere fordnble, both on account of its depth and great velocity. Its bed is
of boulders, and the stream even in Octobor and November ia frozen along the sides, and would be so entirely but for the
friction caused by its violent motion.

There is n small three-cornered lnke (ench corner having a name) near Mina called Satopant or Karchdkul which
is considored holy. Tt is said that it is fathomless and that no bird cun fly across it, and it is resorted to by o few of the
pligrims who go to Badrindth. The people of the Mina Valley throw the ashes of their dead into it, and they also moke
soveral olferings at the lnke to propitiate the deity who is supposed to inhabit the spot, so thet the pass may not be blocked
up and closed for trallic by heary fulls of snow, which they beliove would be the caso if theso offerings were neglected.

The Badrinith Temple is very well known all over India, and js presided over by a high priest called the
Roulji or Raul Sihib, whe is o Brihwman of the Decean of the highest caste. ‘L'his temple is nllowed a revenue from the
Government, a number of villages in Gurhwal and Kumaon being obliged to pey to the Raulji. The deity Badrindth is
considered the most holy, because supposed to be sell-crented, and for this reason even more sacred than Jagarndth.
(Jagnrnith is of wood carved by v carpenter; hence the tradition among the natives of this country that carpenters never
attain a ripe ago.) The idol of Badringth is of some fine black stone which has the appearance of marble. In a good
senson twenty-fivo to thirty thousand rupees ave offered up at the Dadrinith shrine, and the amount allowed by Govern-
ment is seven thousand rupees; nolwithstanding this the temple is involved s good deal in debt. The debt appearas to
have been handed down. All the dishes in the tomple are of pure silver, and the top of the templo is covered with a
wash of gold.

gl‘)u: Miérchas, or Mina people, are fine strong fellows bhut nre greatly nddicted to drinking & horriblo liquor
which they extract from ricc and other grains. The Mirchas though they profess to ba Rijpits, without the sacred
thread, are of a low caste, and nre not allowed to enter the temple of Budrinith. They aro well to do, and besides their
sheep and gonts they own pouics, Thibetan dogs, yiks and jobns. The yik is very sure footed and does to ride. The
jobo is a cross between the yik and tho cow and is even a more uscful animal than the ydk, ns hc can endure greater
oxtremes of heat and cold.

On tho rond from the DBadrinith Temple to the Satopnnt Lake is a water-fall called Bosidhdra which is
belioved to stop flowing on being sighted by anybody of immoral or bad character The Mirchas firmly believe this and
tell o atory of such a thing oceurring during the timo when the British were taking Kumaon and Gurhiwal. The Réja of
Kumaon believing that by making o pilgrimage to tho Satopant Juko the progress of the English would be etopped,
determined on doing so; but no sooner did his eycs rost on Bosidhdre than it ceused to flow, for he was o tyrant and en
opprossor of his people.

The road ulong the rirer in my portion of the work is very good ns far as Mdne. Above that it is very bad in somo
parts.  Just near Mina the road erossos from the loft to the right bank over n natural bridgo formed by an immense rock
under which the river flows. Here too the river has a fall of over n hundred fect.

The Rkojpaia or Lirch—met with here just below the limits of perpetual snow—is n very uecful tree. The trunk is
;:sc(l for dallis or rallers and the bark (skdg) placed over these aud pressed down with carth, forms the roofing of the

ougos.”

(18.) Some further information regarding this part of Gurhwal is contained in para.
(7.) of my last yemr’s Narrative Report.

(19.) Mr. Pocock finished his work in the Mfina Valley on the 8th November and then
marched southwards to take up the sketching of the western portion of Sheet XXII. This part
of the country is thickly covered with forest. It contains some very high ground ; butin general
itisof a moderate clevation, the highest point here visited by Mr. Pocock being about 12,400 feet
above sea level, and the majority of his stations being very much lower.

(21.) By refercnce to the table on page 37—, it will be seen that in spite of illness Mr.
Pocock turned out a large amount of work, his topography embracing an area of 534 square
miles and his triangulation an arca of 83 square miles. This Jarge out-turn is of a very satisl
factory character, ~ His sketching has been carefully done, and, though he still lacks the manua-
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gkill which has been attuined to by most of the other members of the party, Lij
ing is steadily improving. party, his style of sketch,

{22.) Mnr. Todd was directed to sketch the part of the M4na Valley which extends fro
AMr. H. Todd. the upper limit of Mr. Pocock’s work as far nortlll:_
. wards as the Ména Pass. In accordance with ki
instructions he made for the pass as rapidly as possible so as to commence his sketching th o
and to work downwards as the intensity of the cold increased. On the 26th Octob\er he rg el
to me that he had been obliged to nbandon this picce of work owing to the utter ilmlfﬁcieported
the triangulation, and that he had come down from the pass and commenced sket.chin ertlcy ]?f
south of Mr. Pocock. During the time that Mr. Todd was up near the Mina Pass ]lg - ;
neither himself nor Lis establishment, but did lis best, I believe, to fix his poxiti(;n andspnre
mence his sketehing, though unfortunately without success. The season was :{n exce tioco“l]-
severe ane, the thermometer at noon on the pass standing at 12° below freezing point Aan(f) b natlhy
time Mr. Tadd reached his ground south of Mr. Pocock both he and his estahlishmer,nt were i} }T
knocked up; but in spite of this he worked hard and by the 12th Noyemher ljg had com letédug"
squarc miles of survey. ' ‘ P 8

(23.) Onrccciving Mr. Todd’s report T wrote to Mr. J. Low who had triangulated the
Midna Valley for bis explanation of the alleged failyre in his iriangulation. He stated in his
yeply that he consi(lerch the points he laid down were sufficient for the purposes of plane-tabling,
and that he would undertake to sketeh the ground in question himself without any additi(mgi
trigonometricul stations. Here the matter rosts for the present ; for although I had ‘intended to
decide the question when I made my inspcction of the M4ne work in May, I was unable to do sa
as the people had not returned to their villages and all the valley was closed beyond the
village of Méua which was the extreme point I was able to reach. i ‘

(24.) On cqmpleting the work specified in para. (22), Mr. Todd marched south and
gommenced, on the 19th November, the sketching of the western portion of Sheet XXI. The
following are his notes on this part of the country.

“ tlvhis picce of wprk‘comprises portions of Puinkhanda mzd_ Malla and Talls Dasoli. The country iq intﬂ'wcted
by three immense spurs jutting out from the enowy range of Lrisil and termipated by the river Alaknanda, The
northern faces of these #pure are of easy slpp_e and densely covered with chestnut, hazelnut and fir trees. The villages are
few in lnumbcr ond the cultivation very limited. The grom‘\(l under c_ultivntion yiclds é\lﬂici'.ent crops for the :upport
of the villagers ; the laurplus finds o }'eﬂdy sale among the Mirchns (the inhabitants of the Mang and Niti Valleys) whom
the severity of the chmnt.e during winter compels to migrate to these parte.  Another menns of support is the ‘rering of
:I‘le carvier sheep for which the nature of the' country is well adapted nﬂ‘orr}ing, as it does, very cxtcnsi"é? Ppasturage.
These sheep are readily ‘purchasod by the Minchns for trading purposes. The road running along the left bank of the

Alaknandn, and along which the trade is chiefly carried on, is, for the greater portion, in very fair order. The uppep
road vid Riamni to Joshimat and Nili is o very narrow one, with very steep ascents and descents.” t

(25.) While working here Mr. Todd’s health, which had suffcred severely from lis
exposure to the great cold in the Ména Valley, completely broke down. In his anxiety todoa
good season’s work he was toa lang silent regarding his illness; but at last (and after he had
succeeded in finishing more than two-thirds of his plane table) he rcported that his illness liad
increased alarmingly and he forwarded a2 medical certificate recommending that he should be gi\}en
work in a warmer part of the country.  On rceeiving it I divected him to march to Debi Dhdra
and there join Mr. Kinney who would give him a plane table I had sent him for the purpose. Mr.
Todd aceoridingly marehed for Debi Divira and arrived there on the 29th Jannary.  Mr. Kinney
wax then a couple of days nmpareh distant, but on heaving of Mr. Todd’s arrival he went at once ta
Debi Dindra and found Mr. Todd so serivusly ill, both bodily and mentally, that it was necessary for
Mr. Kinuey to accompany him to Almora which was the nearest place where medical assistance
could be obtained, 'The Civil Surgeon of Almora recommended that Mr. Todd should at once
stop work and go on leave; 1 therefore sent him with that object to Dehra, where he arrived on
the 18th ebruary,

(26.)  Mr. Todd was ahle to complete the sketching of 288 square miles before his illness
compelled lim ta stop working. T found his work, as usual, both as regards its accuracy and its
execution to be thoroughly satisfactory,

(27.) MMr. Kinney reached his ground near Debi Dhira and commenced his sketching on

Mr. T. Kinnes. the 26th December. The part of the country he

: surveyed lies to the cast of Naini-Tdl and, as regards

its general character, is like ground of a similar altitude elsewhere in Kumaon. The following

arc some extracts from the nates made by Mr. Kinney while he wes carrying on his survey.

“ Debi Dhiira is rather n peetty apot with comparatively level ground broken by ruvines; some of the spurs
being cleared aml cultivated, while eome are covered with onk and rhododendren,  About the temples and dharmsdlas
there ore a few deadnrs vlo, sameof them very fine trees and appnrently of considerable oge. There are two temples
here, or rather shrines, lor no actual temple now exists, though theve ave evidences of one or more having been here formerly,
in the frngmenta of carved stones Iging nbout and huilt into the dharmsilas, some few blocks which look like capitals of
ri\\n\n being #t3ll perfect. The two shrines are sneved to two distinet deities; the minor one, which is on the Qoglof th’.
ill, heing dediented lo n Deofa (mnsenling) who is aupposed to be a Rdjpiat; the principul ono being that of tho Debi
(female) nnd having & vesident Brinmn priest. Fhis latter sheine is situated at the base of a cavity formed by two
enormong boulders whose tops rest aummiast cach oflier ut a height of about 40 feet from the ground. There nre mAny
sl Doulders seattered abont the immediate neighbouwrhood, gome even of greater size than the two forming tho temple,
TPune ground usbout Debi Dhira is renarkably well wateed, olinost every little ravine laving water in it, A nwnber of
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dharmsdlas are built near the principel shrine for the nccommodation of the prople who visit it at the annual mels, or
festival, which is held in the month of Sdwgn (June—dJuly). T am informed that a stone throwing fight gencrally winde
up the mela—1I can obtain no other reagon for this annual ekirmish (in which it is said mon aro occasionally severely
wounded) but that it plenses the Debi.

The gropnd in the southern portion of my plone-table section is much bolder, and the ridges generally are
considerably higher than in uny other part. Auother peculiarity of Lhe topugrup]ny of this part of the country is the
occasionnl lowness of tho watersheds : ~ between two high points the ridge, in someé instances, suddenly sinks so low that
unless one were to stand on the actusl pass or saddle formed by the sinking of the ridge it would he difloult to believe
that one did not see two spurs running down from distinct ridges into a volley between.

Qn the southern ridge of the Deogiir hill the ook forest ja remarkably fine, the treps growing thickly to-
gether and attaining o great size: th_ey nre very straight too, some of them g8 tall and straight as the largest chfr pines,
pnd they are nlso branchless to o considerable height. I should imagine that this forest, cxlending ns it does a comsiderr
ablo distanee along the ridge, would be of grent value. )

At Manglaick there aro iron mines which are partly worked by Doms from various surrounding places, buf
chiclly by those of Manglalek itwelf and of Nai villoge in the Chaubhainsi Pati. The ore is smelted down in the valloy
of the Ladhia river at o place colled Bori-ka-khera, which iaalso @ depdt for the sale of the iron, na the loAdrs from all
potts of the surrounding district come to Bori fo purchase the rough metal for their work. The mine now worked ia
sjtuated below the viilage of Manglulek—betwepn it and Baliin—the former workings in the village af Manglalek itself
Lave been abandoned eince last year.

The portion of Chilsi Patito the N. and N.E. of Debi Dhira as far as Gigar and Milakot is most extraordi-
narily well cultivated ; not a trace of jungle or oven of waste lund can be seen, and the steepest ravinos are terraced ta
the very lottom. Lhere are no lees than thirty villages—many of them very lorge ongs too—within an ares of soma
eight or nine square miles.

The rond from Debi Dhiira »id Jenti to Charonj, the point of its junction with the main district rosd a few miles
north of Dol, is a new road, having been mude only some 16 years ogo, while the other road has been in oxistence sineo the
Kutir Rij, having been merely improved and repaired by the British Governmnent. The new road, though it lessens
the distance from Almora to Debi Dhira considerably, ia g very steep one and is very little used ; the district dak, however
runs on this road—the dak chaukies betsween Almorn and Debi Dhira being at Chavonj and Jenti.”

(28.) Although Mr. Kinney did not reach his ground until the field season was far
advanced, and though he lost some daysin attending on Mr. Todd, he completed the sketch-
ing of a full plane-table section on the 16th April. His work has heen oarefully and well

done, and, as usual, he has given me complete satisfaction,

(29.) Mr. Litchfield commenced to plane-table the part of country allotted to him
. east of Naini-T4l on the last day of November,
M. B. . Litehfio}d. This piece of country, which separates the hilly
country surveyed by Licutenant Harman fram Mr. Kinney’s ground, is intersected by good
district roads and is 1n general very thiokly covered with forest; it contains one lake (Malwa,
T4l), and it is also remarkable for a very sacred peak called Kailds Parbat which is annu-
ally visited by hundreds of pilgrims. Mr. Litchfield finished his work here on the last day
of February, and then marched to take up his second piece of work, which consisted in
sketching that part of the (Gori Valley, in Sheet XXXI, which lies between the ground
assigned for survey to Messrs. Peyton and Low. This piece of country calls for little descrip-
tion: it is chiefly remarkable for the number of roads which have been cut through it by
an enterprising Thibetan named Dhannu for the benefit of his countrymen who trade in salt
and borax. While working here Mr. Litchfield was much hindered by the thick fog and
bad weather already noticed in para. (14); he also unfortunately became very ill towards the
end of the field season and was obliged to close work on the 22ud April without having quite
finished his sketching.

(30.) Mr. Litchfield's field work consisted in sketching 274 square miles of hilly country,

all of which work I found very carefully and satisfactorily done. i

(3l) Mr. 1. Pocock joined the Department on the 28th October and was posted to this
Mr. . Pocock party on the same day. T have employed him on va-

o ’ rious duties, all of which he has performed to my satis-
faction, He has acted as my recorder, and has learnt to use an 8-inoh theodolite. During my
inspection tours he has taken charge of the head-quarters camp. As arule he has been employed,
in my office on enrrent work and on the ordinary computations which are caryied on in a topogra-
phical party. He has applied himself diligently to loarn his work, and has proved himself to be a
valuable officc assistant,

(32) The health of the party during the fleld season was not good. Nearly every assist-
! ant suffered more or less from ill health, and there
. werc many bad cases of fever among the native estab-
lishment. Thé men working in the Bhabar suffered most, Mr. Ryall at one time having only
ouc-fourth of his men fit for duty. A severe out-break of cholera also took place in the district
about the beginning of February and the country ynder survey was not free from the epidemic du-
ring the whole of the remainder of the field season.  Although the district suffered severely from
this out-break of cholern, the survey establishment escaped with very few fatal cases.

Tealth of the party.

(33) In spitc of many drawbacks the field season was, I think, a successful one. The
weather was, in general, most unfavourable to survey
operations. The winter set in in the Ména Valley un-
wsually early and with exceptional soverity, Llsewhere there was much fog and rain, Tho health,

ftencral Review of the field operations.
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of the assistants was not good, and three of them were compelled by illness to stop working before
the end of the field season.  Labour was very searce over the greater part of the country under
survey, and in the Bhfibar in particular it was with the greatest difficulty that the panic-stricken
inhabitants,flying from the cholera,could be prevailed upon to give any assistance to the surveyors,
‘Whole districts were deserted, and in such places the survey could only be carried on by the expen-
sive plan of hiring permauent coolies from elsewhere. Insuch a country also as Kumaon, some
parts of which are deadly and others inaccessible at certain seasons of the year, and where conse-
quently the climatic changes must influence the movements of surveyors, much precions time is
unavoidably lost in marching. Yet, by the end of the field season the large area of 2734 square
miles had been topographically surveyed.

(3+) Onreference to page 37—, it will be seen that there is little uniformity in the daily
rates of work there tabulated. This is due to the great variety in the physical characteristics
of the country surveyed, which includes ground of all kinds, from the low swampy piains of
the Bhibar aud Tarai to the inaccessible snowy ranges which separate British territory from
Chinese Thibet. In the high ground among the snowy rauges where the surveyor can exer-
cise little choice in the selcction of his stations, but must be content to sketch the country
from such points as are accessible to him, a survey partakes somewhat of the nature of a
rcconnaissance and can be carried on at the rapid rate of from 9 to 14 square miles a day.
In the moderately high ground of the Sub-Himalayas a good surveyor works at an average
rate of about 3 square miles a day ; while in the flat Bhédbar tracts, where the method of survey
employed is that of straight parallel traverses, the daily rate of work is about 4 square
miles. It will thus be seen that for a country like Kumaon no rule can be framed to fix
one good uniform rate of work, or, which comes to much the same thing, one uniform number
of plane-table stations per square mile.

(33.) While on the subject of the mcthods of surveying employed by this party I
may remark that a plan for recording plane-table traverses has been in use for the last
two years and has been found to answer its purpose. A circle is described round the gra-
ticule on the plane table and graduated to quartcrs of a degree from left to right, com-
meneing from the south—(or an ordnaunce survey cardboard protracter may be used ins-
tead). In traversing, the azimuths of back and forward stationsand of trigonometrical points
are taken by placing the sight rule over the centre of the circle, intersecting the objects, and
then reading the angles off the graduated circumference. This can be done very quickly,
for between each observation it is not necessary (as it is with a prismatic compass) to wait
while the ncedle comes to rest. The azimuths also are referrible to the true meridian and
are not mcre compass bearings: they are therefore all the more quickly plotted on an (_)l‘dl-
nary graticule; and having been read off a circle of large diameter, they posscss consider-
able accuracy. The azimuths, chained distances &c. are entered in a field book, and a re-
cord is thus preserved which is capable of being utilized at any future time, and which
would prove very convenient if an enlargement of the scale of the survey became necessary.

(37.) Since the commencement of the present recess the party has been employed on
computations, and on the preparation of the fair
maps of the country surveyed during the past field
season, four of which maps should be ready for publication before the party again takes the
ficld,

The present recess of 1873.

Extract from the Narrative Report—dated 5th August 1873—of Captain J. HERSCHEL, R.E.,
Deputy Superintendent 2nd Grade, in charge Astronomical Party No. 1.

(2) My principal subject will necessarily be that to which the field scason of 1872-73
was devoted, namely the experimental determination
of longitude-differences ; but before cutering upon
that it is nccessare that the subject of former reports should be brought to a couclusion. I
refer to the latitude operations on the Central Indian Meridian. ] .
(3.) The general results arrived at were presented in a tabular statcment in the post-
seript to my last report : there is little to add to that
Additional comparisonsof Astronomic with Geodetic  statement so far as astronomic co-latitudes are con&
Intitudes. cerned.  The geodetic elements of the SoMTaNa an
Bancaox groups have been sent to me, giving the
following comparisons, which arc not in any way specially remarkable,

Subjeots of this report.
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a
No. of Station and Geodetic Co-latitude Geodetic) ADi_ﬂ‘?' Yarintion
Group Latitude Longitudo stronomic \ o "¢ | in Group
Y
« 4 » o s n o 4 » ” ” ”
XXXII 19 1 3043 77 30 44 70 68 2957 38-39 — 882 + 020
XXXIII 2 52-09 46 2 67 791 17-23 932 - 30
XXX1V 9 33-24 43 28 50 26-76 35-65 889 + 13
XXXv 7 2372 a7 14 52 36-28 45-33 905 - 03
Somtdna Group 19 5 B 77 41 70 5-1- — 902
XXXVI 20 41 32-82 77 35 13 69 18 2718 37-76 —1058 + 61
XXXVII 44 26-93 38 59 15 33-07 4446 11-39 — 20
XXXVIII 44 14°73 44 10 15 45°27 5666 1139 — 20
XXXIX 48 18-55 38 21 11 41-45 52-83 1138 - 19
Badgdon Group 20 «M_ 77 30 .. 69 15 ) —-1119 _

() I turn now to the other part of my subject. And here I find it advisable to guard
Tongitude-dilference : possible misconception of the a,f_rainst a not unlikely misconception of the aim and
object in view. object of such operations as are now to be described.
(5.) With few exceptions, and those of quite modern date, determinations of longitude-
difference by astronomical methods have had for their ohject the longitude of points either geo-
graphically undetermined or ounly approximately known; that i§ to say, the object has been
geographical. This is the case wherever the extremities of the line of operations have been ur-
connected by triangulation. Where such triangulation exists the difference of meridian is
known thereby with much greater accuracy than
any astronomical methods not of the highest order
of precision can approach. The extension of the electric telegraph has greatly simplified
the problem in certain respects, and for the purpose above-mentioned has made the operation a
really easy one. But that purpose is in no respect the one in view at present. The Trigono-
metrical Survey of India has long since mastered the geography of India, although it has been
unable to place India correctly on the map of the world. That has been done with considerable
accuracy by the Astronomers of Madras; and will no doubt be done with still greater precision
by telegraphic determination of longitude-diflerence from Greeuwich. Still that is not the
present object.

(6.) It is not very easy to say what is the object but, spcaking generally, it may be said
to be to try whether the Barth’s form has been cor-
reetly surmised by those Geodesists who, having
compared the curvatures of different meridians (as obtained by measurements of degrees of
latitude) with each other, concluded that the meridional sections are not all alike and that the
Eartl’s form is not, as had been assumed, a spheroid of revolution with a cireular Equator, but
a spheroid with perhaps an elliptical cross section. It is obvious that here we have need of
an order of accuracy far greater than wonld suilice for geographical purposes.

(7.) Tt scems necessary to insist somewhat on the distinction here drawn, as in all the
accounts of the operations of this description to
i which I have had access—with eertain exceptions
in which the ohject is avowedly that which T hiave just mentioned—there is an undisguised faith
in the overpowering simplicity of the method which cannot fail to raise the question where is
the difficulty ? It will perhaps be sufficient to reply, that in the exceptions to which I have
alluded the wlole tenor is one of exhaustive research into minute canses of error—thet every
effort is made to eliminate or hunt them down—in order that the result may bear close com-
Pparison with trigonometrical measurement.

(8.) With <0 much of preface T may proceed to indicate the principal features of the
first attempts to put into practice the Telegraphic Method in India.

The object #ot geographical.

General notion of the real purpose.

Reasons [or insisting on the distinetion,

(9) The Equipment consists of two superb-looking transit instruments of 5 incles
aperture and 5 feet focal length, constructed under
the superintendence of Col. A. Strange by Cooke
and Sons of York : of two astronomical clocks by Frodsham and of twe chronographs by Secre-
tan and Hardy of Paris besides releys and batteries.

Equipment.
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(10.) To describe all these in detail would extend this report to too great length. I

Description of instruments confined to particular Whlll h.elEfme only indicate the main features as
foatures, they gradually presented themselves to me as requir-

ing especial attention. For I ought not to omit to
state that I came to the task profoundly ignorant of all details and more especinlly so in regard
to the proper management of electro motive force, with which I had never had 'auy practical
acquaintance. Practice and incessant study of the subject have done much to remove the
innumerable difficulties which were encountered from first to last; but I am not ashamed to
own that to the very last there remained, in the management of the chronographic record es-
pecially, a considerable amount of uncertainty.

(11.) T have thought it best hitherto to speak in the first person, so as not to involve
my colleague, Captain Campbell, in any of the statements I might make; but he will, I feel
sure, bear me out in what I have just said as to the difficulty of securing satisfactory chrono-
graphic record.

(12.) The source of these difficulties is to be found in the fact that the record consists

. Principal source of practien! difficulties to be found gf a}mm k made on the 1'.e\"_olv1ng R (ll‘u'm. and paper
in the dependence on frictional electricity. y the passlnge of an electric Spalk of hlgh tension

generated in a Ruhmkorf’s coil by the interrup-
tion of a strong galvanic current, which is, so to speak, the second ot three links in the chain
of agency between the clock or observer and the drum. We have first the line or Daniell
current, broken at will by the obscrver; its cessation breaks the local or Bunsen circuit and
current ; the interruption of the latter induces in the Ruhmkorff coil the statical electricity
whose discharge by spark upon the paper burns the required mark. But in order that all this
may happen, not only must the whole of the apparatus be properly adjusted, but the Bunsen cur-
rent must be strong enough to induce a strong spark, and the spark must find its way through paper

And on the proper hygrometric conditions of the of exactly the requisite degree ofdampncss. That the
record paper. paper may be always properly damp it must be pre-
pared with a deliquescent, and the degree of impreg-
nation with the latter must dépend on the hygrometric condition of the air. Here at Bangalore
we are at the mercy of changes of wind which set calculation at defiance; paper that will do
well enough in the early part of the evening may be almost dripping or as dey as a bone a few
hours later. Accordingly 1 found it necessary at last to have variously prepared papers ot
hand to suit different weathers.
(13.) But perhaps the Bunsen battery is the most troublesome and provoking source of
The Bunsen battery a souree of trouble, duo to failure. There are about a score of tricks which it
inconstancy. has, any one of which will impede its action or obs-
truct it altogether. Sometimes when it is out of tem-
per it will play 2 or 3 of these at once, and an hour or more will be wasted in"the attempt to
force or coax it to behave. Lastly, there is always more or less uncertainty which is in fault,
the relay, the battery, or the paper. As I say, to the last I never could guarantee a satisfactory
record ; and it is not surprising therefore that at first, with many other difficulties unexplained,
the finest nights were often the ones when least seemed to be done.
Behaviour of the clocks. (14.) Of the Clocks 1 have nothing but good to say.
15. Of the Chronographs—one is o miracle of regularity, and deserves the highest com-
Of the Chronographs. mendation. The other is very provoking.

(16.) 'The Relays have done their duty creditably, but they are I think of had pattern
and ought to be changed I cannot explain their
defeets here.

(17.) I have here merely glanced at the diffcrent sources of trouble. As a rule they

Perocisn canses of fuilure always uncertain becauss  >TC. not such as can be removed before hand; partly

of their varicty. ¥ because their causes are but little understood, partly

because they arise from and in the actual working,

by expenditure of material, hy the action of chemical products of that cxpenditure, or by change

of weather. They are matters of detail individually, hut each has a more or less direct and im-
portant share in the whole, and they are rarely all abscut at once.

(18.) Lastly, 1 may add on this subject that where the united action of two otherwise

Combined action of twe indenendsnt oporators independent observatories is essential to the success
aleo y'ﬂ‘" Lote T P of a particular class of opcrations. the char_lccs of
: miscarriage are greater than if one only is con-

Relays.

cerncd.

(19.) For the determination of longitude-difference chronographically there appear to
be two distinct classes of method, in which one clock,
and two, respectively, arc used. I am not prepared
to enter fully into the suhject of their respective
merits here, further than is requisite to explain the demands upon the Telegraph Department for
the use of the public wires. But it is necessary to take into consideration that the transmission

Chronographic determinations of longitude consider-
ed with reference to demand on public telegraph lines.
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of & telegraphic signal represents a certain lapse of time, the neglect of which would involve an
error—depending of course on the distance—equivalent perhaps to an error of measurcment of
1 foot in 5 miles. Consequently any method which
leaves this out of considcration depends in fact on
others which do not ; for the interval of lost time must he computed from an assumed velocity.
1°. If one chronograph only is used, the distant signals mus¢ be trausmitted to it, and must arrive
late, and the error in question oceurs.  2°.  Iftwo chronographs are used—and still one clock—
observer’s signals are transmitted to the clock station, arriving late, and clock signals are seut to
him, also arriving late, and thercfore malking Ais signals appear too early. This combination
therefore—of one clock and two chronographs—provides for the transmission-lapse. In both the
cases mentioned however, it is to be noted that the line-wire is required during the whole duration
of the fransits at one—the distant—station. 38°. Iftwo clock’s are used one at each station, their
errors and rates may be ascertained independently,
by any number of stars and to any degree of preci-
sion, without leading to a kuowledge of longitude-difference. But no sooner is any signal timed
by both—Deing transmitted for the purpose by the line-wirc—than the clock—difference is known
(subject as before to the delay in transmission) and heuce the longitude-difference. 'The direc-
tionin which the signal is sent will dctermine whether the clock difference is too small or too
great on account of the delay and by sending alternately the excess and defect (if equal) become
known. With two clocks therefore, and two chronographs, all that is required of the wire is to
transmit “comparison signals:” the restis local work. It is obvious however that as the latter
equipment includes the former, and with it the power of employing the methods which are sui-
table to it, the full equipment gives the choice of the 3 methods, two of which employ the liue
largely, and the 3rd only at intervals of two or three hours.

(20.) 'The quautity to be found being not an absolute time, but a difference of limes,
it is not necessary to know exactly the actual clock
errors, but the difference of these, This is a very
important point—which does not seem to have been
taken advantage of in either of the few continental operations of this kind which I have been
enabled as yet to procure. As the whole of our regular work has been based upon it to that ex-
tent over-riding such precedent as we have—I must extend this portion of my subject to explain
the reasons for adopting it. The best way to do so will be to give our actual system and the
process by which it is proposed to deduce the longitude-difference.

Transmission lapse equivalent to 1 foot in § miles.

Method where two clocks are used,

Abgolute time not required ; only diflerence of
times.

(21.) Clock comparisons are eschanged at 8-30, 10-30, 12-30, ».m. Between these
hours transits arve taken “locally” at such times that
the same sets of stars are observed at both stalions,
as far as circumstances permit. Certain intervals are arranged for taking instrumental errors of
adjustment ; and that is the whole of the programme.
The reductions may be outlined thus :—comparisons give clock differences and transmission
. . lupse : sclections from the transits give rate of each
Rationale of reductions. clock, and therefore clock-difference at any time other
than that of comparison: [orif the comparisons are sufficient, the difference at any intermediate
time is known from them alone. 1t is an open question which method will he best, in this respect.]
Transit of any star over both meridians gives two clock times whose difference equals the clock
difference at the moment of transit over the I. meridian + longitude-difference + effect of rate of
W. Clock during the interval from one meridian to the other.  The only unkuown guantity here
is the longitude-difference, which is thereforc determined from this equation. Every star ob-
served at both stations gives thus a measure of the required longitude-difference, without any
regard to its precise R. Ascension at the time, to find which would require a large amount of
really unnecessary labour. TFor it is to be remarked that the only way in which actral
(as distinct from relative) time or ratc enters in the final expression of longitude-differcnce is
in the adopted value of ratc-effect during the passage of a star from one meridian to the other
a minute quantity, not liable to scnsible error, which must enter in any case, whatever the
system or trcatment.
(22.) 1 am ata loss to account for the non-appearance of this view of the matter in any
. practical shape, in the publications to which refer-
"is?im“' for adopting o method not generally prac- e ce has heen made; for the principle which under-
lies it is certainly sound. It is possible that, col-
laterally, knowledge of stars’ places is advanced, and that longitude elone is not admitted to be
the sole object in view. And no doubt it is contrary to gencral principles to proceed by selec-
tion from observations to obtain that which might be made to depend upon all. It is however
to be remarked that the use of the chronograph makes a vast difference in the application of
such principles. The reason for not discarding observations actually made has some reference
to the labour of making them. The chronograpli gives us the means of obtaining a large mass
of available record with very little.more trouble than is required for a small quantity and it is

Ordinary programme.
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at this stage—before the real labour begins—that the selection may be made. Itis in th
reading off of the chronographic record that we must look for reasons for or against the ut'l'e
zation of all or only some of the available material. ° e
(23.) My departure on furlough whilc a considerable portion of such material remains
Anticipation of some results, still unworked, prevents me from doing more than
hazard a few numerical results; which my colleasue
Capt. W. M. Campbell, R.E., will no doubt be able in due time to present in a more satistac.
tory form. 1 should not however be acting faivly towards him, considering the large amount
of work to be done before a full report can be looked for—either in thus desertﬁxg him or
in anticipating the conclusions at which he may arrive—but for the fact that my taking furlough
last year was deferred only for the sake of commencing this work, and that 1 am n;\v enabled
to leave the prosecution of it in worthy hands. :
(24.) Thereis one respect in which there is unhappily grave reason to suspect any
Flexure of one of the telescopes supposed to appearance of accuracy which the results may here-
detract from the value of the operations. after present. Owing to some cause which has
completely baffled detection, it is almost certain that the liability of the tube or axis of one
and perhaps of the other. of the two transit tclescopes to lateral flexure is very considerablej
This is a very common failing in large instraments, I believe, but at the same time one very apt
to be overlooked owing to the great diffienity of proving satisfactorily its existence. Of course
it is still more difficult to investigate and allow for it. If it existsto the extent to which
my experiments point it will I fear be necessary to tale the fact largely into consideration,

{25.) Very careful observations have been made for the determination of our relative

Personal equation determined conclusirely, persor'ml eql_latlon, W_lth results WI‘HCh I have reason
to believe highly satisfactory. There is nothing to
be apprehended on this score.

(26.) The comparison of clocks at Mangalore and Bangalore have been all read off,
Clock comparisions supply cvidence of first rate reduced and collated for the purpose of determin-
performance ing clock-difference, relative rate, and transmission-
lapse. The results are both satisfactory and suggestive. The extreme change of relative
rate shown would amount if continuned to ouly 017 per diem; but being undoubtedly only
an exaggerated differential change due to a regularly repeated daily oscillation, it is probable
that + 008 per diem more correctly represents the range of accidental variation, at the
times of comparison. This gives a high character to the clocks. The transmission-lapse,
Transmission-lupse or retardation of delivery or retardation of the delivery of the signal is still
presents extraordinary features. more remarkable, but less easy to understand.
Whatever be its value, it consists of two distinct elements, viz:, the delay on the line,
and the delay at the magnet. From the nature of the comparison the latter is present in
both circuits—the local clock circuit and the distant clock circuit—and if to a like extent,
the effect is eliminated in the comparison; and the delay on the line is alone visible in these.
But such a condition would be accidental : theoretically there must he a retardation peculiar
to each relay, and its adjustment, and strength and direction of current passing through it;
and it is the ditference of these retardations—more correctly the excess of that belonging to
the line-relay and currcnt over that belonging to the local relay and current—which will
tend to swell the total. Instcadof an cxcess there may be a defect in which case the line
retardation may be reduced in amount if not negatived. Itis certain that the magnetic force
is more effective with a current in one dircction than another. We have here then all the
elements of diversity necessary to produce a varying total retardation and as a matter of fact
we do find the following values, the distance being 245 miles.

CURRENT.
Positive Negative
Singals from E. . .. . .. 0028 07-003
» W, .. .e .. ‘e ‘022 ‘011

These depend on a sufficient number of independent determinations to leave no doubt what-
ever that they must be explained in some such way as indicated. The mean of the four
would 1 conceive be free from every kind of error and would presumably be slightly in
. . . excess, if any thing, of the true retardation along
"X::L’:::n':gtl:‘";b'::_’::‘:ﬁ";;::nr:)h:'ce 08 great  ypo Jine. Itsvalue, "018, gives avelocity of 13,600
) miles per second, which is double the value generally

assigned. ]
(27.) Ttis hardly necessary to say that the worth whatever it may be, of the primary
operations is not in the least affected by a collateral issue such as this. Butitshows very un-
mistakeably that there may lurk small constant lapses of time in apparcnt instantaniety, which

require very close looking after.
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(28.) 1Ihave thought it nnnecessary to enter into many details of time place and season,
Comparative worthlessness of the present are from o 1n this report, because from beginning to end, though
geodetical point of view counterbulunced by practical  the venue was changed ostensibly with a view to oh-
advantages us an arc of experiment, tain local dcterminations of longitude-difference, the
real object was and could be nothing more than practice—with such ultimate fruit as successful or
unsuccessful prosecution might haply produce. In this matter one is wholly dependent on coin-
cidence of a variety of conditions, and geodesy must stand aside if these are not convenient.
Thus Bangalore and Madras were in every way suitable—and Mangalore was a convenicnt extcn-
sion of the arc although whether in part or ay a whole, it is of very little consequence to geodesy
whether the determination is good or bad. It is a short arc, across a peninsula, incapable of ex-
tension, and unreprescutative (owing to medial table land) as a part of the normal figure and
cannot be accepted as such witliout large reservation. But the presence of the Telegraph, the
Railway, the Triangulation, and the absence of the ordinary waste of time and trouble and
money in marching and camping in strange countries, made it certainly an expedient selection
for o trial campaign.

Extract from the Narrative Report—dated 19th September 1873—of Captain W. M. CAMPBELL,
R.E., Deputy Superintendent 3rd Grade, in charge Astronomical Party No. 2.

In my narrative report for season 1871.72, dated 14th August 1872, T was unable to
give any of the results of my work, viz. the determination of Latitudes on the Mangalorc
Meridional Series, becausc the reductions at that time were not nearly completed.

(2.) I havealready informed you, that as these reductions were hrought near completion,

«N—§ diffsrence Zenith Sector No. 1. a startling difference was found between the results

by N. and 8. Zenith stars respectively : the co-lati-

tude given by the former, being always in excess of that derived from the latter, or in other
words, the instrument measures all Zenith Distances in excess of the truth.

This fault will be spoken of as the “N—S difference.” A similar difference has been
found in other instruments, notably in one of the Astronomical Circles lately in use, in which
case it increased to so serious a quantity that the instrument was laid aside.

The sister Zenith Sector, used by Captain Herschel during three field seasons, shows
hardly any trace of “N—S difference,” season 1869-70 giving, N—S=—0"09 and season
1871-72, +0"-29.

The difference given by Zenith Sector No. 1 has features which, so far as I know, have
not been found in otler cases of the same kiud. The Astronomical Circle measured Zeuith
Distances in defect of the truth, the amount of error being subject to no law that could be
traced.

Zenith Sector No. 1 measures Zenith Distances in excess of their true value, and the
most superficial examination shiows that the error is a function of the Zenith Distance, being
nearly exactly in direct proportion to it.

This law has becn taken advantage of, and a sct of corrections computed for each station,
the application of which bring the results into as
close accordance as could be wished for.

The method employed was the following :—

It was assumed that the error of each Zenith Distance measured, was C. Sin Z. D., C
being a constant for each station, which was computed by the simultancous solution of a set of
equations, one for each star, of the form

M+C. Sin e—A=0.
in which A is the observed co-latitude by the star whose Zenith Distance=g, (N.Z.D. being+
and 5.Z.D.—) and M is the most probable value of co-latitude by all stars.

Attempt to correct results for “ N—8 difference.”

(3.) The accompanying tables give abstracts of the results at all stations, ‘showing the
effect of the application of thesc computed corrections, with other particulars.
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1t will be observed, that no alteration in the position or use of the instrument appears

Effect of “ N—S§ difference.” to affect the *“ N—S8 difference,” and all comparison

of the results seems to lead to the conclusion, that

this difference will not affect final results obtained from an equal number of north and south

stars, of nearly equal mean Zenith Distance. Still less might it be expected to affect the

result of observations of pairs of north and south stars, but unfortunately that system involves

the use of stars, whose places are not known with the degree of accuracy desirable, besides
other disadvantages.

(+) Intable II the effects are shown, 1st of the reversal of the instrument on its pier, and
2nd of the order of Face-observation followed, and
these are separated into two sets viz : those belonging
to the three stations at which the reversal of the Sectors with reference to the microscopes was
carricd out, (see para. 26 of my last year’s report) and of theothers, at which this change was
not made.

So far as can be judged this reversal of Sectors appears to be useful, but the number of
cases is so small that the result may be merely fortuitous.

(5) IntableILI, different values of the general mean co-latitudes are arrived at, by com-
biniug the means given by several pairs of sets of
observatious. The mean of these values is what I
should adopt as the final value, (unless indeed the proposed correction of the observed results is
allowed, in which case I should prefer the value so oltained to any other) and it is taken out at
the foot of the table and compared with the Geodetic Latitude for each station.

This comparison shows a relative northerly attraction, with reference to the origin of Geo-
detic Latitudes, viz : Calcutta, at every station except
Mangalore, where the opposite obtasins in a slight
degree. About Hunawali and Koramoragdda, the topography of the country strongly points
to the probability of attraction such as these results show, because these stations arc near the
verge of the Mysore plateau, where there is a precipitous descent of fully 2,000 feet to the low
country of Kanara, The result at Mangalore, on the contrary, is the reverse of what might have
been looked for.

Effoct of roversing the Zenith Sector.

Adoption of final results,

Apparent deviation of plumb-line.

(6.) A disagreeable feature in these results is the discrepancy between the two values cf
Discrepancy between bwo sots of observations at  the co-latitude of Kundgorl, amounting to 0"-23, but
K“ﬂdgor‘; this is capable of a certain amount of explanation.
During the first set of observations at this station the position of the instrument was the
same throughout, and is believed to have been that known as ¢ Azimuthal Stud North,” and the
Sectors were not reversed. Now at four other stations where the Sectors were not reversed, the
mean difference between the results obtained with Azimuthal Stud North, and South, was 013,
North being in excess of South, and if half of this quantity be cousidered as a correction to the
result in either position, and applied to the first value obtained at Kundgorl, the discrepancy
becomes 0"°23 —0"-07=0"16. Very little faith can be putin this mean difference of 0" 13 as it is
derived from only four values, so discordant as to give a p. e. of their mean=40"17, actually
greater than the quantity itself, but it affords a plausible explanation of the otherwise startling
discrepancy under notice. For many reasons the second value of Kundgorl is much to be pre-
ferred to the first.

(7.) The stars used throughout season 1871-72 were selected with reference to both the
Greenwich seven-year Catalogues of 1860 and 1864,
and their places depend on a mean number of obser-
vations of 26 and 19 in these catalogues respectively. 'The places adopted were the means of the
two catelogue values, weighted according to the number of observations belonging to each. Of
96 stars common to both catalogues and reduced by each to January 1, 1872, the mean difference
of resulting N, P, D, was 0"*16—that from the catalogue of 1860 being the greater.

Selection of stars,
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(8.) During the past Field Season, I have been associated with Captain Herschel in the
Ficld Seacon 187273 determination of diﬂ'crcntial_ Astronomical Longi-
tudes by means of the Llectric telegraph. Captain
Herschel, who had charge of the combined operations, has lately proceeded to Europe on
furlough. Before his departure he submitted a report of our work, but at that time the reduc-
tions were not far enough advanced to enable him to give any Longitude results, and his report
was less full in many respects than it probably would have been had he had more time at his
disposal. In the following remarks I shall endeavour to make the general narrative of our opera-
tions more complete, and to describe the instruments used, in such detail as may appear necessary.
I hope also to be able to give at least some idea of the results obtained.
(9.) The instrumeuntal equipmeut consists of two complete sets, each set comprising :
Doscription of Tustruments. a Transit Te]escope, a Chronograph, with accompany-
g clectrical apparatus, and an Astronomical Clock,

(10.) The Transit Telescopes arc by Cooke and Son of York, sister instruments known as

Transit Instrumonts. No. 1 and No. 2, of nearly identical dimensions. The
focal length is slightly over 5 feet, and diameter of

object glass b inches, the whole of which is effective. There are two wire diaphragms one of which
carries a single vertical and a pair of horizontal wires, the latter about 1' apart. 'I'he other a sct of
25 vertical wires arranged in groups of 5 each. The latter is worked by a micrometer screw,
and the former may be called fixed although a screw is provided for adjusting its position as re-
quired. (Each instrument has two “Tye Ends” precisely alike, except that tlie micrometer
diaphragm of one has only the usual set of 5 transit wires, being intended for ‘‘ Lye and Ear”
Observations.) .

The 25 vertical wires were conveniently named A, B, &c. to Y, the centre one being M.
Their mean distance apart is 36”6 = 2-44 equatorial seconds, and the groups are separated by
double intervals.

The micrometers have double heads, one graduated to show revolutions and the other

Micrometers of Transit Instruments. for divisions, the two being counected by a set of
toothed wheels. The value of a revolution was
found to be so nearly identical in the two instruments, that a mean value has Deen used for
both, viz.: 1® = 33”75, which is nearly exactly equivalent to 100 revolutions per inch of screw.
The micrometer head is protected by a eap, which being screwed on after setting to a parti-
cular reading, insures it against being accidentally disturbed. There is a small window of
tale through which the setting can be inspected. A screw is provided for rapidly traversing
the eye picee during observations, so that the star may be kept close to the centre of the field.
The plate carrying the wire diaphragm is capable of adjustment for verticality of wires.
The set of eye pieces comprise direct eye pieces of various powers, with pris}'ﬂs for
: ; oblique use, and a Bolinenberger eye piece for use
Eye pieces of Transit Instrumente. witl?the m::rcury trough. Thie latter }l?as been used
throughout for all observations, that of No. 1 instrument is much superior to that of No. 2,
both in coustruction and magnifying power, the former being about 160 and the latter not
more than 80.
There are two setting circles attached to the tube of the telescope, each 74 inches in diame-
Setting Circles. ter, graduated to 20 minutes and reading to 1 minute
by verniers, and each provided with a coarse level.
They are not fixed but can be turned round and clamped in any position, which admits of
adjustment for setting by declinations direct, or by Z. Distances &c. There is no mecans of
clamping the telescope when set.

(11.) Two kinds of wire illumination are provided:—1st. The ordinary dark wires in
bright field—2nd. Bright wires in a dark ficld, the
arrangement being as follows. In the cube of the
axis (sce para. 12) there isa light plate revolving on an axis at right angles to both telescope and
transit axes, (cut out in the centre so as not to interfere with rays from the object glass) and cup_al)le
of being moved through an arc of 45° by a rod with a handle projecting close to the eye piece.

A lamp is placed opposite one end of the transit axis, which is perforated. 'When the
plate is inclined at 45° to the transit axis, the light from the lamyp is reflected directly on to the
wires by a small black glass reflector, placed in the centre of the opening in the plate; Z.e., ap-
proximately at the intersection of the transitand telescope axes. When the plate is turned so
that its plane coincides with the transit axis, the light is intercepted by a set of fonr prisms and
reflected downwards, between the tclescope tube and an inner tuhe provided for the purpose, the
four scts of rays converging slightly, so as to strike upon four prisms attached t()'th(‘. framc carry-
ing the wire diaphragms, two on cach side, and slightly above the planc of thc.wn'cs. The latter
prisms again reflect the light at vight angles so that the rays are now nearly in the planc of t.he
wires, which thus become illuminated by the rays from the prisms on cach side, the ficld remain-
ing dark., Both kinds of illumination are fairly satisfactory.

‘Wire illumination.
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The object glass is fixed in its cell, soas to be pinched at three points only, and the cell,

Obicct glass fttings instead of l)eing_scrgwcd into the telescope tule, has

Ject glass Akngs. close contact with it ouly at three points where it is

attached by three screws, and these are equidistant, so that the object glass may be put onin
three different positions.

(12.) The frame of the telescope consists of three prineipal picces, viz. : the axis,
the object-half, and eyc-half, which pack for travel
scparately.

The shape of the axisis a central cube of 94 inches side, supported by conic frustra 93

. inches in diameter at junction with cube,and 94 inches
Aais. axiul length, tapering to 3 inches diameter and ter-
minated by enlarged eylindrical shoulders 3% inches diameter and 2} inches wide,'into which lastly
the steel pivots arc fixed, the axis having I believe been shrunk on to them, The pivots are
19 inches diameter perforated by an opening 0’9 inch diameter, and they project 1'9inches
from the axis shoulder. The total length of axis is thus 37-3 inches, and 835 inches between
shoulders. It weighs about 65 1bs. and the thickness of the metal is about 0:37 inch throughout
the cube and cones, which were cast in one picee, the cube being strengthened by ribs, The
conical parts were turned botli inside and out to insure as perfect symmetry as possible,

Of the four faces of the cube parallel to the axis, one pair are perforated by openings
of 3} inches diameter for collimation obscrvations. They can be closed with caps and are
crossed by spoles which support the illuminating plate. The other pair are cut out with open-
ings of 68 inches diameter for the attachment of the telescope half tubes, with an annular space
06 inch wide outside, turned down abont 0:07 inch or 0-08 inch below the surface.

(13.) The two halves of the telescope are each attached to the axis by 12 powerful steel

bolts, which pass through a flange at the base of the
Telescope tube. tube, } inch thick and projecting 07 inch, and screw
into the metal of the cube which is 0-37 inch thick. Thetubes are farther steadied by circular
flanges projecting about 0:07 inch and fitting into the annulus ontside the opening in the cube.
The two half tubes are quite plain except that about 1} inches from their bases, armas are east
. upon them to support levels, to which Ishall allude
Object half tube. below. 7The object lalf is about 2 feet 84 inches
long from axis to outer surface of object glass, and weighs (with dew caps G inches long but
without levels) 32 1bs.
The eye half tube is only 1 foot 10¢ inches long from axis to where it is cut off for the attach-
ment of the “eye end” {of which therc are two, vide
Eye hall tube. para. 9) by four brass screws. The “eye end” is
coroposed of two concentric tubes to allow of the focussing adjustment, (which is performed by
two opposing screws acting on a stud) it is 6 inches long measured to the plane of the wires, 3%
inclies diameter and weighs 6 Ibs.  The weight of the eye half altogether (without levels) is 40 Ibs,
The total weight of the telescope is thus 65 + 32 +40==137 hs.
(14.) Lach telescope was intended to have a set of four hanging levels, but No. 2 was
. sent out before they were ready, and the level bubbles
8ystem of Levels of Transit Instruments, . : T ar wi " H
provided with No. 1 are of very inferior quality.

When horizontal collimators, and the mercury trough (or vertical collimator) are used
together, levels are not necessary, and thus it happens that these levels have never been used
during the obscrvations with either instrument. No detailed description therefore seems called
for at present, but as the system is quite novel a few particulars will not be out of place. Close
above and below the cube of the axis, brackets are cast on the telescope tube carrying four arms,
to which again the levels are suspended on spindles, the arms being long enough to allow the
levels to revolve freely on their spindles as the telescope is rotated, always maintaining a position,
if in adjustment, at right angles to the plane of revolution of the telescope.

The system has certainly advantages over the usual hanging or striding level :—1st. There
arc four levels in place of one—2nd. They can be read

Adrantages. in all positions of the tclescope—3rd. They are
affected in the same degree as the telescope by axial flexure and by irregularvities of pivot.
On the other hand they have objectionable features, the principal of which are:—

Di 1st. Irregularities of figure of the spindle bearings,

isadrantages. h i .

on which the levels hang, will affect the levels in the

same way as irregularities of pivot figure, but in a much greater degree, because these spindles are

only 104 inches long, whercas the axis is above 30 inches.  2nd. The adjustments are very nume-

rous and troublesome, and the eflect on the level readings of residual crror in the adjustment of

the arms, varics with the position of the instrument.  These arm adjustments are of two kinds and

their effects vary as the sine and cosine of the altitude respectively. Cousiderable experience of

the system (furnished with better level bubbles than we now possess) is required, before an

opinion of its value can be arrived at.

Frame of Transit Telescope.
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(15.) The pivots rest in nearly semi-cylindrical beavings of gun metal, of their own length

. and diameter, but eut away in the lower part so tlgmt
there is contact only on two ares of about 60° each
The under surface of these bearings is spherical, fitting cxactly the upper surface of the beds-
which they rest, and to which they are attached by a bolt passing through a slotted hole, so thortl;
the whole forms a universal joint, which insures the equal bcaring of the pivots throu"hc‘mt thci'lv
length. Again cach of these beds rests on n lower or foundation plate of iron, whic?n last] n;l
placed on the masonry picrs.  One pivot bed has thivee footscrews by which the level of the {raue
sit axis is adjusted, and the other has a provision for the adjustment of Azimuth. The pivots arc;
protected from dust by well fitting caps. The weight of each pivot bed with foundation plate is
about 40 1b. )

(16.) The foregoing measurements and weights are those of No. 1 telescope and do not
profess to be very exact.  The other instrument only
) ] differs slightly in any of these particulars, but-there
is an important difference in their construction, No. 2 being made of gun metal throughout, while
either the axis alone or the whole of No. 11is of aluminium-bronze. ° ’

Pivot bearings,

Difference in construction of Nos. 1 & 2 Telescopes.

(17.) Thave gone into great detail in the description of tliese instruments, because of the
peculiar diffevences in their behaviour. The colli-
mator readings of No. 1 are remarkably constant
and are not affectcd by alteration in the manner of toking them. On the other hand the‘

Faults of No. 2 collimator readings of No. 2 alter to an extraordinary

) extent according to the method of obscrvation, owing
to which grave doubts are thrown on the value of any determination of collimation, and to an
equal degree on all work turned out with the instrument.. Captain Herschel, who used that
telescope during the observations for difference of Longitude, introduced a striet system of
maunipulation during collimation observations, admirably calculated to insure the most reliable
results at the time, which will also furnish a most valuable guide for the application of correc-
tions to the work done, in case tuture investigation should provide data for that purpose.

(19.) One is naturally led to compare the hehaviour of Transit Telescope No. 2, with
that of Zenith Scctor No. 1, having in view the possi-
bility of tracing their fanlts to similar sources, and
I liope that an investigation ol both carried on
together, may be more likely to lead to some conclusion than would be the case with either
treated alone.

(20.) In the “Monthly Notices of the Royal Astronomical Socicty” (vide February 1873
page 219) mention is made of an instrumental error
found in the new Transit Circle of Cambridge Obser-
vatory, exactly similar to one feature of our Transit Telescope No. 2. 1t would be very interest-
ing to know if this resemblance between the two instruments extends beyound the particular point
noticed.

I shall here quote from a memo. of Captain Herschel’s on the subject, some principal
points of the conclusions to which he came atteran
extensive scries of obscrvations with our telescope,
and compare them with the fuets observed with regard to the Cambridge instrument,

Captain Herschel says :—

“ Nolhing ie more clearly proved by every series of experiments, incidertally, than (hat tho same object will give o
different. intersection rending necording as the divection of previous
molion (through n quarter of a circle) is onc hing or (he other,
The reading of a hovizontal collimntor is 1 greater if the telescope is browght down (i.e. the object glass) [rom the Zeuith,
than if it is raised from Nadir. The same diffcrence is found sery generally at the Nudir, if the telescopo is turned round
in dillerent wnys, the greater reading being due to a deseent through the North.”

“ Provided that the general rotation is confinwous tho readings nt every point are constant, except perhaps at stert-
ing. If we enll the rotation through Nortly, Zenith, South, Nadir “direct,” nnd the contrary “roverse” and il alter one
or two ‘direct’ rotations the rendings (of the Nﬁ\'th and soulh collimator and the morcury trough respectively) ure

Difference of performance.

Faults of Transit Telescope No. 2 and Zenith Sector
No. 1 compared.

Similar fault found in Transit Circle at Cambridge.

Bome particulars of beliaviour of Telescope No. 2.

Remarks by Cnptaln Ilerschel.

“tlien nfter 2 or 3 “reverse” rotations the readings will he
N41 9—-17 M4+17 .
If now the rotation, censing to be continuous hecomes oscillatary through half a circle, the element of constancy disappenrs,
and o progressive change is noticenhle in readings which would otherwise be reproduceed, uniil o lnn!t 1s_|'mn-_]|u(| regnrding
which there is much conflicting evidence—as to the amount, but none s to the rign. 10 the oscillution is through the
Zenith the readings incrense, and i through the Nadir they diminish; the vate of change depending on \\'h.ut. the last
condition was, being rupid if the last rending differed ruch Trom the limil.  The total chunge is much greater in the lower
than in Lhe upper oscillution, being 4 or 5 in the latter to 27 or 3 in the former.” i
To this T may add, that after one kind of motion has impressed its cffect on th(_' Telcs.cope,
- that efleet seems to remuin permanent until motion ()f:
Additional featurce. another kind is given.  The telescope shows no sign of
recovering a normal position if allowed to remain at rest. Also that, in order to give the eﬂcctv of
any particular movement, it must be carried to a considerable cxtent, a quadrant at least. Now
quoting from the montLly notices—
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« When the instrument is turned through the gonth horizon to the Nadir, the reading of the ohserved Nadir point. is
about 1”5 in excess of that which is obtnined when the instrument is
. turned throngh the north horizon to the Nadir”' Tt isadded (poge
220) that after many exporimonts were tried to correet thiy crror without cflect—** Professor Adnms fenrs Ut there is o
defect at some point of the tube ilself so that it yiclds to a cerloin extent and does not recover ilself until its weight is
brought to uct inthe opposite direction. If this be the case, tho only curc of the evil will be to replace the fuulty tubo

by o new one." .

Partlculars us to Transit circle at Cambridge.

(21.) The chronographs arecalled A and B, and are exactly alike. They were made by
Messrs. Eiclhens and Hardy of Paris, the latter taking
Cronographs. charge of the Electric arrangements.

The instruments may be said to consist of 3 parts : —

1st. The clock work for driving and regulating.

2nd. The revolving barrel carrying the paper on which the record is impressed.

3rd. The carriage carrying the recording styles,

(22.) The regulator, so far as I know, is of quitc a novel construction. It consists

of a pair of governor balls connected, by a train of
Tho regulator. toothed wheels, with a small fan revolving on a
vertical spindle, at the rate of about 30 revolutions per second, inside a fixed cylinder, in the
circumference of which little windows are cut for the passage of air. An outer cylinder,
with a corresponding set of windows, fits closely over the fixed one, and is counected with the
governor balls in such a way that, as the latter rise owing to an increase of speed, the outer
windows come into coincidence with the inner and allow the air to pass, whereby the resistance
offered to the fan is increased and the rate of the machine checked.

The two instruments present a curious difference in the action of this regulator. In Bit

Curious diferenes in behaviour. never rests for an instant, the outer fan-cylinder being
in a constant state of oscillation ; butin A it preserves
one position pretty steadily for a while and then shifts to another. This difference has always
existed and its cause could not he traced by the maker himself. As might be expected, the rate

of B is found to be more uniform than that of A.
(23.) The barrel is 11} inches wide and 3 fect 1-6 inches in circumference, and weighs
The barrel about 45lbs. Each instrument has three spare
’ barrels. The paper used is about 3 feet 2} inches

long and is put on with common paste.
(24.) The style carriage rests on a table parallel to the axis of the barrel, and is
T . Y made to travel along it by a serew which is geared
he etyle carriage, &c. . - [ . o o
with the barrel. There are two styles carried by arms
which project over the barrel, so that the styles vest upon the paper, and trace a spiral
thereon, progressing at the rate of slightly more than } inch per revolution. The barrel is
intended to revolve once in 2 minutes; hence the whole of it is traversed by the styles in
about 3 hours, and a second of time corresponds to 0°313 inch linear space. There is a third
arm which can also be furnished 'with a style if required, but it usually carries a small
sharp-edged roller, which presses on the paper and traces a line thereon. The styles termi-
nate in rounded platinum points which should rest as lightly as possible on the paper. The arms
are insulated from the metal of the carriage by a block of ebonite. The points of the styles
cannot be brought nearer to one another than about i inch, they are therefore adjusted
to follow one another at a convenient distance apart, tracing parallel lines just so far separated
as to prevent possible coincidence of the marks made. The record is made by electricity, the
paper being prepared for the purpose, as will be explained.

(25.) There are several provisions for ungearing the barrel, style carriage, &e. and for
raisicg the styles off the paper. The details of these instruments are beautifully worked out,
a degrec of care and attention which is not often met with in like matters, being given to the
most insignificant parts.

The behaviour of B may be considered perfect, that of A is not quite so satisfactory.

(26.) The clocks are ordinary astronomical 8 day clocks by Frodsham, exactly alike,

The Clocks. with the usual arrangement for breaking an eclectric

circuit every second, viz:, by a 60 tcothed wheel

revolving once in a minute. One tooth is cut off so that oune second signal is missed, this is

made to agree with 0* on the dial, and thus the commencement of each minute can be traced.
Table IV will give some idea of the performance of these clocks.

(29.) The method of obtaining the record by electricity is as follows :—One style is al-
ways in connection with the clock, and the other is
generally at the disposal of the observer, hence they
will be spoken of as the “Clock Style” and “Observatory Style.” Each has an electrical appa-
ratus composed as under.

The method of recording by electricity.
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Ist. A metallic cirenit passes through the clock, a voltaic battery of any sort, and the

Relay-cireuit coils of a relay, the armature of which is acted opon

: ) by a spring, so that it is drawn away {rom the ‘' con-

tact stud” whenever the current is broken its range being limited by a ¢ back stop.” This
circuit is called the “relay circuit.”

2nd. A Bunsen battery is placed in a metallic circuit which passes through the core of a

Ruhmkorff, or induction coil, and is complete while

Bungen battery. the armature of the relay touches the conpi‘tact stud.’

The outer or small wire of the Ruhmkorff coil is carried to the chronograph, one end

Rulunkorff coil. being attached to the foundation plate, and the other

to a style, so that the metallic circuit is only inter-
rupted by the paper, which intervenes between the point of the style and the metal of the barrel.

(80.) The ‘relay circuit’ being broken by the clock, the relay coils become demagnet-
A signal by clock traced ized and the armature is drawn away from the

‘ contact stud’ by the spring, thereby breaking the
Bunsen circuit and causing the demagnetization of the core of the uhmkorff coil. The conse-

quence of the last effect is, that the induced electricity in the outer wire of the coil, which is of

considerable tension, owing to the length and fineness of the wire, is discharged through the

paper, leaving thereon an indelible mark, always spoken of as a‘dot’. This process is gone

through at cach beat of the clock, and second ‘ dots’ are recorded on the paper only omitting
the first of each minute.

(31.) Anecxactly similar arrangement is provided for the ¢observatory style,” the ¢ relay

Sirnil circuit’ in this casebeing broken by the observer

imilar arrangement for observer.

at pleasure by means of a key or tappet which he
holds in his hand. It should be noted that all signals are made by break of ecircuit, a method

undoubtedly superior as regards instantaniety to the opposite plan of signals by making cireuit,

(32) There must of course be an interval of time between the generation of the

«“Rotardution. singal by the clock, or obscryer and the record

thercof on the paper, and this ‘retardation’ of

the signal has been the subject of considerable discussion. The demagnetization of a coil on

inturruption of current may be considered instantaneous, for successive changes of magneti-

zation and demagnetization have been obtained at the rate of 14,000 a second ( see “ Electric

Telegraph, Lardner and Bright” page 26). 'The act in which appreciable * retardation ’ creeps in,

Where it ocoure if at all, is in the withdrawal of the relay armature

. from the ¢ contact stud ’ by the spring, for until the

separation is complete the signal cannot pass. The tension of this spring should therefore be

Precautions as great as possible, compatible with certainty

) that the attraction of the coils when remagnetized

will be sufficient to overcome it, failing which the armature will be held back and the circuit

permanently interrupted. A spring which loses its tension very rapidly on being relaxed is

the best adapted for the purpose, because the attraction on the armature varies inversely as

the square of its distance from the magnet. For the same reason the *back stop’ should also
be adjusted to allow as small arrange as convenient.

(33.) The chronograph affords the means of measuring this ¢retardation’ as follows:

M £ mensuring  retardation. If the ¢ relay circuit’ of one style is passed through
eans o € ’ the other style, so as to be complete while it (the
latter) is in contact with the metal of the barrel, then by breaking this contact, a spark is pass-

ed through the first style. The first style is placed on a strip of paper and the second on the
bare barrel, close alongside, (the metal being scrupulously clean) lines are drawn with thick
ink across the paper and metal parallel to the axis of the barrel, and the clronograph is set in
motion. The ink lines are quite sufficient to break the metallic contact and record ‘dots’ on
the paper, and the distances of thesc ‘ dots’ from the lines causing them being compared with
the actual distance of the styles apart, afford an absolute measure of the ¢ retardation’.
This experiment has been tried sufficiently to show, that with good current force allow-
R ing of strong spring tension, the ‘retardation” is
esults of such measuremont.

barely appreciable, but that it is easy to make it
very sensible by decreasing the current force, and necessitating a weak spring.

Provided that the currents used are at all fit for working with, the effect of ‘retardation ’
need cause no anxicty whatever ; because, besides the minutencss of the quantity, it must be
nearly constant, and so long as it is constant its magnitude is of no importance.

(34.) 'The paper is prepared by dipping, first in a solution of ferro-cyanide of potassium

. and then in onc of chloride of calcium, the latter
Prepuration of paper. being intended to keep the paper properly damp, but
it is always sadly dependent on the state of the atmosphere.  While working in this dry climate

in February I was driven to despair by the difficulty of kecping my paper damp enough, and
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s week afterwards in Madras, I was forced to have a lamp always burning below the barrel,
because the paper was too damp for use unless it felt quite warm to the hand.

We found chloride of calcium a very difficult article to procure, and I belicve we
bought up nearly every pound of it to be had in India, in December last.

(85.) We have always used Menotti batteries for the ‘relay circuit,’ as the most con-
venient from their simplicity and constancy, and
. . because they are universally uscd by the Telegraph
Department in this country. This part of the apparatus gives no trouble, as soon as one has
gained very slight experience in adjusting the relays.
1 wish I could say as much of the Bunscn hatterics,
which on the contrary are very troublesome and require constant care and attention., When
all goes well, that is when the Bunsen batteries are working properly, and the paper is in exactly
the right state of dampness, the record is all that can be desired, the electric spark leaving beau-
tiful black ¢dots’ but the slightest fault any where mars the record terribly, and increases in
proportion the labour of reading it afterwards. The Bunsen batteries arc also objcctionable,
because of the nature of their ingredients, iz :, Sulphuric and Nitric acids, which are very ex-
pensive, not always easy to procure, and very troublesome to carry about. Ior all reasons
the substitution of something else for this part of the apparatus, would be a very great
advantage.

Batterics ‘relay circuit.’

Objection to Buneen batteries &e.

(37.) I shall now pass on to the actual field operations. In November last we

- : began work with the instruments close alongside of

Prelimizary practico. each other, and took a number of observat?ons for
practice.

We then took up positions at the two ends of the Base-line, to connect which a flying
telegraph line had been erected, and went through
further practice, exchanging stations in the middle.
These observations when reduced should afford values of the difference of longitude of the two
ends of the Base, and of our relative personal equation, at that time.

At the beginning of March we attacked the Madras-Mangalore Are, Captain Herschel

Madras and Mangalore. remaining here, while I proceeded first to Madras
and afterwards to Mangalore.

(38.) The station at Madras was about 65 feet due north of the meridional circle of the
Station at Madras, Madras Observatory, which Major Branfill connected
with our principal triangulation in 1865.

The longitude station at Mangalore was 63 fect

due south of the trigonometrical point.
At Madras advantage was taken of the permanent wire connecting the Observatory
with the telegraph office, and at Mangalore a tcmpo-
rary line of about § mile in length was errected
between the telegraph office and our station.

At Bangalore, Captain Herschel’s station, the S.W. End of the Base, was also connected
with the telegraph office.

On Base-line.

Btalion at Mangalore,

Telegeaph connections,

(39.) Owing to the difficulty of obtaining the use of the lines except for short periods,
we were obliged to adopt the system of comparing
. clocks at certain intervals. Captain Herscliel had
obtained the concession of the line for four periods of 15 minutes cach, during each night, and
he adopted the following programme. At hours 8-30
to 8-45; 10-30 to 10-45 ; 12-30 to 12-45; and 2-30
to 2-45, Madras M.T., the line was claimed for clock comparisous.

The intervals were appropriated to observation of transits, collimation &e., thus :

_ At Madras 8-50 to 9-10, Transits ; 9-10 to 9-35, Collimation and Level ; 9-55 to 10-15,
Trausits ; the same order being repeated between each pair of Clock Comparisons.

Lxactly the same division of time was observed at Bangalore, only retarded by the differ-
ence of longitude, with a view to the same stars being observed at both stations.

Acting on this principle, any star is as good as any other for mcre determination of
differcnce of longitude, and stars were therefore
selected following cach other as rapidly as conveni-
ent for observation, care only being taken, to observe every Nautical Almanac Star available for
the determination of Clock rates. We were thus able to get 6 to 10 stars in each interval of 20
minutes, giving in a full night’s work about 45 or 50 stars observed at both stations, aud there-
fore as many individual measures of difference of longitude.

The Transit telescopes were not reversed on their pivots throughout the observations at
Madras, Bangalore and Mangalore, and the position
of No. 1 at Madras and Maugalorc were the same,

System of obeervation,

Nightly programme.

Choice of stava.

Position of Tolescopes.
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There are advantages in preserving one position, but on the whole i i :
of observations at each station wguld bg judiciéms. v # thik reversal ia the middle
(40.) 'The method of comparing clocks, which we finally adopted, was as sim le
possible. Observer at L (East Station) took the ?niti:s
. . tive, and at the agreed time gave the ordinar li
signal to the telcgraph office, continuing it until put in connection with W (West Stutiong7 caE
then placed his clock in circuit with line wire and battery, so as to transmit second si mi
‘W, who received them on his chronograph paper through the * observatory style,’ alongsidi t(;'
those made by his own clock. E continued these until an agreed instant, or until ’stoppgd b \(;r
breaking his connection with earth, and in either case he immediately prepared to receive siu{,j]
signals from W. One minute was considered the minimum for a set of signals, and the inte:r
change of two such sets composed one ‘* complete comparison,” from which a mean difference u;'
clocks can be deduced with the effect of the transmission delay of the signals eliminated. If
no hitch occurred a ‘complete comparison’ only occupied from 3 to 5 minutes and left 10
minutes at our disposal, we uscd then to repeat the process reversing the direction of
current.

The first set of signals were always transmitted with zinc to earth at the transmitting
station, and this was called ¢ forward current:” for
the second set, copper was put to earth by the
transmitter, and the current was called ¢ backward.” The idea was thata difference of trans.
mission velocity due to current direction might possibly be found, besides which in case of the
existence of carth currents (a very common case on the Bangalore-Madrasline) they might inter-
fere more with signals given with one direction of current than with the contrary, and therefore
the systematic use of both gave the best chance of success. From two ¢ complete comparisons’
the following can be deduced, viz :, two mean clock
differences, from each of which the effect of tramis-
sion delay ( = r) is eliminated, hence the relative clock rate during the interval becomes known
and lastly, by applying this rate four values of  can be found, viz : ’

r from I to W with ‘forward current’

Clock comparisons.

Reversal of current direction.

Determination of transmission delay.

r » WtoE do.
rp » E to W ,, ¢backward current’
75 o, WtE do

If », 7, &c. can be accurately determined any signal may be utilised for determining clock
difference, if only the current direction be known, otherwise no incomplete comparison can be used
without introducing an error equal to .

(41.) For two nights on each section we obtained the use of the line wire for two Lours at

Bystem of recording simultaneously on both @ time, with a view to trying the system of simultaneous

chronographs. record of transits on both chronographs, a system much
superior to that depending on clock comparisons only. Between Madras and Bangalore clouds
prevented our taking advantage of this concession, but on the Bangalore-Mangalore section we
were more furtunate, and got a good many observations, though not nearly so many as could
be desired, owing chiefly to my Bunsen batteries at Mangalore breaking down at a eritical
time,

On this system we began by a clock comparison as usual, then both of us observed transits,
each recording simultaneonsly on both chronographs, and again compared clocks, Both before
and after we each took transits for local clock rate.

(44} Ireturned to Bangalore from Mangalore on the 10th May and we then undertook
a set of observations to determine our relative per-
sonal equation,
The instruments were put up alongside of each other, and on four nights we observed a
Observations for * Personal Equation.” set of stars changing telescopes in the middle of the
’ set each might, and alternating the order so as to
eliminate the effect of change of stars’ places.
These observations were recorded with a common clock on separate chronographs.
On a fifth night we took divided transits, changing places at the same telescope in the
middle of each, and changing the order for alternate stars. We did this with both instruments.
(45.) Owing to the two styles following one another on the barrel, the events recorded
“Style Equntion.” by the leading style will appear to have taken place
7l Equetion. later, with relerence to the other, than they really
did. The correction required to reduce the ‘ohservatory style’ to the ‘clock style’ is
called the * style equation” and is generally nearly exactly one second. .
Our original system of determining the ‘style equation’ was by putting the clock in
connection with both styles, so that they recorded
the same signals on the revolving barrel.  If constant

strenth of currents could be insured for each relay, the style equation’ by this method would

Return to Bangalore.

Original method of ite determination.
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contain the cffects of ¢ retardation’ of hoth relays, and therefore in applying it to the ohserva-
o tions these effects would he completely climinated,
Objections. but practically it is impossible to maintain such con-
stancy of current, particularly when taking the ‘style equation’ in conjunction with clock
comparisons, for then the clock not only makes the double set of marks on the local barrel, but
is also in connection with line, and marking on the far barrel.
I now think the system of applying the absolute distance, measured by passing a spark
through each style on the barrel at rest, is the least
Method preferred. likcly to introduce error, the effects of ¢ retardation’
being guarded agninst by the precautions noted in para. 32.

(46.) With a view tomaintainingconstancy of current foreach relay thronghout the opera-
tion of comparing clocks and taking the correspond-
ing run for ‘styleequation’, we Degan working with
a somewhat complicated arrangement of batteries, the rationale of which would be troublesome
to explain intelligibly on paper. TIts chief feature was, that the power was divided into two
halves, one placed at each station—that is to say, if 10 cells were required to give a working
current on the line, we divided them into 5 at each end, of course taking care that thc opposite
poles were put to earth. It took us 2 great deal of trouble to bring this system into
working order when we were orly separated by the
short wire along the Base line, and when we tried it
again between Madras and Bangalore, over 200 miles apart, it was, as might be expected, much
more troublesome. I believe the difficulty was due to want of perfect insulation on the line,
allowing the current to escape to earth, a condition which must obtain in all land wires to a
greater or less degree.

If the insulation were perfect, the current force on the whole line from 5 cells at cach
end would be exactly the same as from 10 cells ot
one cnd, and if the line were cut at any point (cou-
tact with earth of course not heing allowed) all current would instantly cease.

With a battery only at one end, breaking the circuit at that end must of course cut off
all current. But with two batteries acting in concert, when the current of oneis cut off that
of the other will not cease entirely, because the faults of the whole line will remain open for its
escape, and there will be residual current of greater or less force according to the position and
resistance of the faults, This was what we found, and the residual current wus strong enough
to prevent the break circuit signals from the far station being perceived. The system worked
well at times, but invariably either became very uncertain in its action or broke down altogether
under the influence of dew, which was remarkably heavy at Madras. After struggling to
maintain it for some days, we threw it over by mu-
tual consent in favor of the simpler plan of a battery
at the sending station only, and from that time we liad no further trouble to speak of.

(47.) I think I may say with confidence, that no difficulty will henceforth be experi-
enced in carrying out such operations, between two
stations connected by a fairly well insulated wirc of
any moderatc length, say 500 or 600 miles, and I sce no reason to doubt the practicability of
using much greater lengths of such line in favorable weather. During experimental work he-
tween Madras and Bangalore, we obtained working currents onat least one occasion with only
one Menotti cell in use.

Original arrangement of battevics.

Its difficulties.

Causes of foilure,

Abendonment.

Opinion as to future similar operation.

(48.) Ishall now offer some remarks on the rcduction of the observations, The first
thing to be done is of course the transcription of
the chronograph sheets, and this is most laborious
and trying work, involving scveral distinct operations. 1sf. The sheet is cxamined, and the
transits marked out so as to be easily followed. 2nd.
The ‘style equation’ has to be applied, which I have
always done as follows:—-The best mean value of the equation that can be got from the recorded
values, is taken up with a pair of compasses and
pricked off on the paper several times over, for re-
ference and recovery in case of nced. Then putting one point of the compasses in the centre of
atransit ‘dot’ with the other 2 prick is made in the line of the clock marks, and thercfore
exactly in the position the ‘dot’ would have held had the difference of styles been non-
existent. 3rd. The position of the pricks so madc, is rcad off by a small glass seale on which

Reading off, lines are drawn dividing a second spacc into 10

. cqual parts. This heing applied to any sccond con-
taining a prick, so that the outer lines of the scale intersect the sccoud ‘dots’ the prick is
read off to 1, and by estimation to s The lines of the scale converge, so that it can be
adapted to second spaces of different lengths,

The roduction.

Transcription of chronograph sheets.

Application of style equation.®
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(49.) When the chronograph rate is very bad, and irregular, it may be necessary to apply

Remarks on the process. .the equntiop in .this way to :\v.oi.d ﬁcnsihle errors ; but

if the rate is fairly steady, as it is in the vast majority

of cases, the application of the equation to the mean of observations is all that can be reqhircd.

The process, has hitherto always been gone through as it does not take long, is more rigorous,

aud makes the record easier to read, but its advantage is certainly opeu to question, as the minute

errors intended to be avoided arve of such a kind as to be certain to cancel each other in the lone

run if allowed to enter, and moreover similar errors may be introduced in the process of applyiug
the equation,

The rate and ease of reading off is very dependent on the clearness of the record sheet,
and the rate of the chronograph. Under favorable conditions, I have pricked off and read
33 transits, aggregating 635 wires, in 2 hours, which gives an average of 53 ‘dots’ per
minute.

(50.) Every wire read is reduced to the centre wire, for which purpose the wire intervals
were computed for every star observed; the Equatorial
intervals having been in the first place determined by
numerous transits of stars of small N.P.D. The case of missed wires is so common, that this
method is very much simpler than that of reducing to the mean of wires.

(51.) All Nautical Almanac stars observed are used to determine the clock rate and
Stars obsorved for clock rate and azimuthal devin- azimuthal deviation at each station, each night,
tion. and this Ithink has been the weakest part of our
work, and the part most open to improvement in future similar operations, first by the introduc-
tion of distant referring marks or better fixed collimators, and secoud, by more attention
to the stars used for the purpose.

But no possible error in these determinations ean apprecinbly affect the results of our past

Absolute clock rate of littlo consequonco on that are. work, because absolute rate is only required for the

reduction of one clock to the other, for the interval
due to difference of longitude, or during about 11 minutes.

The importance of this point increases in direct proportion to length of the arc of longitude
under measurement.
(52.) Bothdeterminations of local clock rates are combined with the relative clock rate
Combination of clock rates. given by the clock comparisons, to deduce an absolute
rate for one clock. In doing this the relative rate by
the comparisons is considered as correct, being far more trustworthy than that given by a combina-
tion of the two computed absolute rates. The two latter are then assigned weights, (somewhat
arbitrarily) according to their agreement each day with thie mean of all days, on the grounds that
the clock comparisons, as well as the daily clock errors, show that the general clock rates were
very steady.
The following simple combination then gives the absolute rate adopted, say for the west
clock, = 27wt m (R— 1)
n+m
and R is the relative rate by clock comparisons.
This is the course which has been followed in the reduction of the Bangalore-Mangalore
observations, but it may require modification on other occasions.
(53.) The relative clock rate is found to vary slowly during each night’s work, and its
Relative clock rato varics value then is different from the value during 24 hours.
) These differences for stations Bangalore and Manga-

Reduction of transits to centre wiro.

, where 7, 7y are the computed absolute rates, with weights m, n,

lore are shown in table IV.

It would beinteresting to compare these changes of rate with readings of the Barometer
ond Thermometer taken during the observations, and it isa pity thatit mever occurred to us to
use those instruments.

(54.) I shall now proceed to give as much information as possible as to the results ob-

Resulls. tained.
The results of our observations for relative personal equation are given in table V and give a
Porsonal equation menn value of %036, Captain Herschel’s time of ob-

servation being so much later than mine. Another
value of equation will I hope he arrived at when the observations on the Base line are reduced, and
it will certainly be more satisfactory to have a value both beforc and after the principal opera-
tions, but we had both done so much preliminary practice before commencing the final work, that
we must have entered on the latter with strongly acquired habits of observation, and no after
change in our equation need I think be appreliended.

(55.) The resulting values of difference of Longitude between Bangalore-Mangalore are
Differonce of longitudo Bangalore-Mangalore given in table VI and these may be considercd as
) nearly final, though possibly open to slight correc-

tions, which may bearrived at by treatment of the results themselves,
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(56.) Let us examine how such a discrepancy can arise, first supposing it to be certain
Discordance of results esamined, that there was no mistake in the identity of the star
observed at each station. The clock comparisons
show the relative rate to progress so steadily, that it must be considered as beyond suspicion,
oo £ ) lock rat that is to say, these discordances cannot be reasonably

They connot arise from erroncous clock rate. referred to wregularities in cither clock.
The mean p.e. of a tramsit, as given by 10 cases chosen at random, is + *0068 and
Nor from observation errors of transits. + 007 for Telescqpes. Nos. 1 and 2 1:espccti\'ely,
therefore the combination of the two will only ac-
count for a probable difference of #010, and an extreme dilference of say *-025. There only re-
. main the instrumeutal corrections to e considered,
Or errors of Azimuth. viz ; the corrections for Azimuthal deviation, collima-
tion, and dislevelment for each instrument. Of these, the first must be absolved, because any
discrepancy arising from it, could not fail to be traced at once, by comparing the results of
) in onl ¢ eollimation and lovel North and South zenith stars, and if such were traced
There remain only errors of collimation " it would be easy and legitimate to correct it. We
must therefore turn to the collimation and level corrections and here we find ourselves face to
. face with the fact noted in para. 17, viz: that from
Uncertainty s to these errors of Telescopo No- 2. ) 0" o 1limation and level 1'ea(Il)ings of Telescope No. 2,
no certainty can be placed on any value assigned to these corrections, and an equal uncertainty

must attend all observations taken with that instrument.

(57.) The errors thus caused may be of two kinds—Ist. they may be very uncertain,
Resulting errors may be of two kinds. and therefore tend to cancel each other; or2nd. they

may be regular, thus introducing a constant error
in the results. If the first, their existence need cause no anxiety as regards the result of a

considerable series of observations; if the second, we may hope by a course of observations
adapted to the purpose to arrive at conclusions, which will enable us to correct the results now
obtained.
Sofar as can be judged by comparing the resulting differences of longitude, given by
. the same star on different nights, these errors appear
Most probably irregular. to be of the first kind. This is corroborated by
the observations for personal equation, when the results of both instruments are combined, and
This is corroborated by observations for personul treated so as to give a value of personal equation,
cquation. and also of the difference of longitude hetween the
two positions.
The value of the equation so obtained was very good (see table V), but the deduced
values of difference of longitude on different nights were, —0+025, — 0°-004, + 0072 — 0°'102;
mean= —0*015. Theactual difference of position was 50 feet = +0*033, which gives an error
of — 0048 to the mean deduced value, but this resnlt evidently cannot be trusted as an
indication of any constant error, because the deduced value, — 0*015, has a probability of
error = + 07036, actually more than double its own magnitude.
I have referred these discrepaucies to Telescope No. 2 only, because the collimation
readings of the other show no signs of similar faults,
Telescopo No. 1 probubly not wholly free from  j¢ would, however, be unsafe to conclude that that
puch defects. instrument is perfectly free from them, and indced it
is nearly certain that every instrument must be similarly affected in some degree, if the cause
be as suspected irregularity of flexure.

(58.) From all the clock comparisons taken between Banglore and Manglore, values of
. . ransmission time of a si viz: 7T, T
Determination of transmission velocity of o signal. the t N gual, viz: 7 7 1y 7, (see

para. 40) have been deduced (by Captain Herschel

before leaving) and are given in his report. The results are very interesting and possess features

which seem to call for remark and in some respects for explanation if possible. The only deter-

mination of this velocity by other observers to whicl_l 1 have access, are those given in the Month-

by other ob ly Notices of the Royal Astronomical Society as

7 oLher ebecrvors, follows: (See February 1872 p. 179 and February
1873 p. 233).

1st. By special experiments in America between Cambridge and San Francisco—Mean
American transmission time through 7,200 miles of wire, inclu-

ding 13 rclays=0"827, whence velocity=8,706
miles per second.

2ad. During the Electro-longitude operations in Switzerland already alluded to (para. 53)

Swise the vclocities of 7,300, 7,840 and 9,000 miles per
' sccond were arrived at.
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8rd. Your own approximate obscrvations with Major St. John R.E. between London and
Techeran gave the velocity through 3,870 miles wit

London and Tehoran. 5 relays a% more than 7,710 milesgpcr second, h

Of thesc the Americon determination appears to be the most valuable because resulting

. from special experiments, and it secms reasonable

American volue proferred. to nssm}i)e that itpwas obtained under varions condi.

tions of current dircction, in which case it should be comparable with our mean valuc of 15,312

And compared with ours miles per sccond, affording a difference of no less

: than 6,606 miles per sccond to be accounted for.

As mentioned above, the American signals passed through 13 relays, and were necessarily

. . retarded by each. Our results on the contrary are

Attempted explanation of diserepancy. only aﬂ'ectz(l by difference of relay 1-etardation,y be-

cause they are obtained from the comparison of two signals of which each passes through one
relay, and one through the line wire in addition.

(59.) The discrepancy between our values with opposite current direction is very great—
‘forward’ current giving a velocity of 9,800 miles
per second and ‘ backward’ 35,000 miles. Some
part of this may perhaps be due to relay action, as
I shall try to explain.

When the direction of the line current was reversed that of thelocal clock relay was left
as before (which was rather an oversight) and consequently in taking a comparison ¢ forward,’
both sets of signals (distant and local) passed through the relay coils in the same direction, whereas
with ‘backward’ current the directions through the two relays were opposite, and it is posible
that this difference may affect the relay retardation, and as stated above relative relay retar-
dation enters into every comparison. If this eflect does exist to an appreciable degree, it will
not be difficult to detect it by experiments which I propose to try as soon as convenient.

Counsiderable discrepancies, however, in such results as those under investigation, will

Uncertaintics of such determination. not be wondered at when the minuteness of the

quantities, (owing to the short length of wirc used)

the comparatively large errors which may possibly be introduced in the process of dealing with

them, (reading off the chronograph sheets for instance) combined with the small number of
individual observations, are kept in mind.

But all these considerations combined, seem to me to be insufficient to explain away
the difference of velocity, nccording to current direction, at which we have arrived.

(64.) 'The general arraugements with the Telegraph Department were of course made by

Pereonal acknowledgements. Capt'ain Herschel, but both at Madras .and Mangalore,

particularly the former, many details were left to

my care and I beg here to record my gratitude for the attention and courtesy shown tome on all

occasions by the officers of that department with whom Iwas brought in contact, particularly

J. Burke Esq. Officiating Superintendent, Madras Division and W. P. Johnston Lsq. Assistant

Superintendent, in charge Head Office. My best thanks are also due to Mr. Pogson, Government
Astronomer of Madras, who took a pleasure in facilitating my operations in every possible way.

My Assistant, Mr, Bond, superintended all building operations, preceding me to Madras
and Mangalore for that purpose, and also exccuted a considerable quantity of computations (for
wire intcrvals &e.) in the field. I have cvery reason to be satisfied with him, and his promotion
toa higher grade on 1st July last was well deserved.

Sincc Captain Herschel’s departure his Assistant, Mr. Belcham, has been at my disposal,
and I have found him an excellent computer.

Lieutenant Harman R.E., who arrived here, from Head Quarters at Dehra, on 20th August,
bas at your desire given me his aid in office, and I owe him thanks for the zealous mannerin
which he has attacked the work.

(65.) 1In conclusion I would express my regret, that Captain Herschel should have been

Conclusion obliged to leave in an unfinished state, the operations

) of which he has had chief charge from the beginning,

and I feel bound to guard against the possibility of any of the credit, which is due to him, being

transferred to me by the accident of his departure at sucha time, leaving the completlop of the

work, and to a great extent the reporting onit, in my hands. The conduct of thc operations was

his throughout, and whatever credit may be cousidercd due to the results belongs properly to

Lim. For my own part, 1 am very sorry that his departure should have brought to a closc our
association in these operations after so short a campaign.

Diflerence of our results duc to direction of current.

Portly explained,
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Table IV.

Longitude operations. Arc Bangalore-Mangalore, Abstract of relative Clock rates deduced from

Clock comparisons.

For each night

Clock Mean hour | Deduced Dedueed
Date difference of relative clock daily relative| Remarks
by comparisons| comparison |rato per hour) Mean clock Mean | rate per hour
dilference Lour
m s & 8 m 8 A ]
April 26th 12 25° 215 14°835
660 12 25869 15°817 N
12 26°523 16°798
» 27th 12 38063 10°837 643
"659
12 39°386 12°841
*659 12 39388 1 12°B4q
12 40° 712 14854
*623
» 26th 12 53097 10°909
660 12 53'786 11'953 3
12 547475 12°997
" 29th 13 8'068 10'973.
641
b 622

13 9352 12°977
*634
13 107616 14°972

13 9'98 | 13984 4
13 11°885 17015

This Table is expressed in sidereal time, which was about 24 hours in advance of Mean time.

" 80th 13 227967 10°985 b 623
*669
13 24308 12°988
661 13 24' 310 12°999 %
13 25°654 157024
May 1st 13 37°688 11°065 L +Gog
*635
13 38974 13°091
*630 13 38-970 13090
13 40°247 157113
‘o8
" 2nd | 13 547469 14°663
<649 13 55°088 15°61%
13 55°706 16570
‘623

» 3rd 14 9500 14°B17

A d N R et S LN R vt v N vt N/ Nt N rm?
=S
N

658 14 10°068 15679
14 10°635 16541

The published notices of the Metcorological Observatory at Bangalore gave the following
means for week, from 27th April to 3rd May. Thermometer daily means. Dry 8192, Wet 617,
Max. 95°*7, Min. 70°*8 Barometer and Humidity both steady throughout.

No such data arc available regarding Mangalore, but the daily range of temperature there
must have been much smaller than the above, and was probably included between 87° and 78°. At
Bangalorc a harsh dry west wind prevailed, generally lulling during the latter part of the night,
At Mangalore a fresh sea Lreeze blew all day, dying away at night,

The clocks at both stations were about cqually protected,
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Table V.

Results of observations at Bangalore May 1873, for determination of relative personal Equation
of Captains Herschel and Campbell.

No. of Mean vulue Combn,

Method of determination observed |—————————|  weight ExWw
volues H-c W
p.oe
s

By sharing transits, Telescope No. 1 20 + 1043 + ‘o046 45100 +2025°3
do. do. do. 2 21 + 020 + ‘0043 54300 414118
By reduccd transits on four nights, ’lelescope No.1 48 + 068 =+ ‘0063 24800 +1686- 4
do. do 2 61 + 014 =+ ‘o064 25000 + 350°0
By\\::l‘lhrl‘:c(}rtz;"u of both mstruments oombmed] 13 +038 + 0066 22700 + 8626
Sums 263 173900 +6336°1

. [
Adopted value of Equation, or (H—C) =+ %ﬁ’(); =+'036 (+°-0024) which means,

that the time of an observed transit by Captain Campbell must be corrected by + 036 to make
it comparable with the same observation by Captain Herschel.

Table VI.
Longitude operations. Are Bangalore-Mangalore. Abstract of Resulls,
INDIVIDUAL VALUES ON EACH DAY
L] »
Ap. 26Lh | Ap. 27th | Ap. 28th | Ap. 29th | Ap. 30th | May 1st | Moy 2nd | May 3rd | May 2nd | May 3rd
10 1of 10 1o/ 10° 10’ 10’ 10 10’ 10’ s E
T
? s [ 8 8 ] 2o
g6-71 | 5671 | 56°85 56 64 | 5674 | 56 87 56'92 | 56 R< 56°74 56 92 ]
‘53 78 81 176 is ‘89 72 B ‘78 8y | B3
62 76 73 “81 68 79 ‘74 80 84 70 g
74 76 75 58 66 8y ‘7z 7 78 90 af
70 74 79 i 79 "76 ‘79 'Rz 73 B | %y
635 69 71 <63 64 78 “71 76 59 83 £5 2
69 m b1 ‘y2 ‘19 ‘65 63 74 94 | S LR
39 73 “76 67 <86 3 8t 63 L w5 5
Go 78 79 68 ‘91 o7t H 03 88 AE 2
62 66 i3 67 ‘83 “61 72 75 s =2
61 68 7 ‘62 56 <63 83 67 ]
59 68 "72 "6 iT 73 79
73 66 ‘8o 73 79 79 | 56°719 | 56°852 Means
72 67 62 ‘63 87 B3 e
74 “69 -67 o *79 28
75 g | e s
71 *59 8o £33
68 ‘78 58 EZZ
66 t72 65 féi"
168 165 B —028 [ —r033 | {8 .2
-69 "63 73 -k
73 ‘56 78 -
68 70 £k
“62 EE 3
g 2 J'g
<68 Corrected Cee
§6-692 | 56688 56°727 | 56-703 | s6°701 | 56:808 | s6°709 | 66°7B4 | 56°691 | 56°Big Mcans
+:0130 | +'0075 | kortes | troros | +'eegh | +-o133 | +-0182 | troroy | 0148 + ‘0162 P e
General Mean (using combinntion weights) = 10 f:ﬂ 72'1 j: 0036
m
Genernl Mean after correction for personal equation= 10 56'759 + 0043

L] 8 )
N.B. Correction for personal equation = + 0°036 & "0024, to observed Lime of observer al Mangulore, or West Stution,
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Extract from the Narrative Report—dated 9th October 1873—of Lieutenant A. W. BAIRD, R.E.,
Assistant Superintendent 1st Grade, in charge Bombay Tidal and Leveling Party.

The Bombay Leveling Party was formed in October 1869, and I was appointed in charge
of it D.O. No. 55 of 1869 dated 27th September
1869, to be employed in connccting together and
reducing to the common datum of mean sea level, the various lines of levels which had been
exccuted in the Presidency in the course of Irrigation, Railway, or other Public works, and it
was contemplated to commence operations to determine whether any change of the relative
level of land and sea in the Runn of Cutch was going on. -

Certain changes rendered it necessary for you to order the services of the Party to he
placed under the late Colonel Nasmyth, R.E., for employment in the Guzerat Party, vide D.O.
dated 1st November 1869, In consequence of the reduction of expenditure in the Survey
Department, ordered by the Government of India, the operations of the Bombay Leveling Party
were ordered to be suspended, and the party to be broken up, by D.O. dated 31st March 1870.

By letter from the Officiating Superintendent G. T. Survey No, i—c,'l—ﬁ dated 16th August
1872, 1 was ordered to consider myself in charge of the Tidal and Spirit Leveling operations,
in the Bombay Presidency, and as & preliminary arrangement to obtain copies of all the corres-
poudence, in connection with the subject, from Major Haig, R.E., and Captain Trotter, R.E.

A few Khaldsis and one Native Sub-Surveyor were entertained in October 1872, for the
nucleus of the Party, which was then formed as the Bombay Tidal and Leveling Party. The
services of the Native Iistablishment of No. 4 Tixtra Party, were placed at my disposal for em-
ployment with the Bombay Tidal and Leveling Party on the completion of the Pendulum
operations in Bombay. This took effect on the 1st April 1873. The Native Lstablishment of
No. 3 Extra Party was also transferred to the Bombay Presidency, to be employed in the
operations, by D. O. dated 4th Augnst 1873. Mr. F. Bell, Surveyor 3rd Grade was transferred
to the Party, by Departmental Order dated 11th August 1873.

In November 1872 you ordered me to proceed on a reconnoisance of the Gulf of Cutch,
for the selection of sites for the Tidal Observatorics,
and sent me certain instructions for guidance on the
subject :  “One being required as far into the Runn
as possible, to which the tide has free access &e.” “ Another near Beyt Island and a third as
nearly as possible equidistant from the two former.” The stations were to be all on the south
side of the Gulf if practicable; if not, the north side of the Gulf to be examined. Failing to
find any of these sites, the south coast of Kattywar was to be examined.

In compliance with your verbal orders given prior to the letter above mentioned, I left
Bombay on the 13th November 1872, to carry out the reconnoisance, and procecded vid Rajkote
to Jaoria Bunder close to the head of the Gulf of Cutch; and then I reccived your letter with
instructions ahove referred to. I hired a small country boat without delay, and commenced the
examination of the foreshores of the Gulf. I informed you of some of the difficulties I had to
coutend with in procuring a boat &c. but I completed the duty sooner than I anticipated, and
returned to Bombay at once, to follow up your further instructions. The report of my recou-
noisance of the Gulf, brought to your notice the various places I visited, and examined, and
those I finally sclected.

The results may be briefly stated as follows :—Hunstul about 18 miles from Jaoria at the
head of the Gulf, Nowanar on tlie Cutch coast about
15 miles from Moondra, and Okha point, opposite
the island of Beyt, were considered the ouly points suitable. Hunstul point had 72 feet of water
at low water, within 100 feet of the shore, Nowanar 19 feet and Okha point 23 feet. Hunstul
is about 16 miles from the nearest village where drinking water can be procured, Nowanar is 9
or 10 miles from drinking water, and Okha point has Beyt within 1 mile, but a boat would
be required for communieation with it.  With the exception of Nowanar heing on the Cutch
coast, the actual positions of the selected sites almost exactly coincided with those required, and
you were pleased to convey your approval of the way the reconnoisance had becn executed.

Having sclected the sites for the Tidal observatories 1 procecded to Bombay, to carry on
. the alterations to the old machines, in order to uti-

Return to Bombny to make preparations for the  Jise tlie scales of wheels for different ranges of the
trinl of Instruments &e. . . . . o .
tides &ec., to procure pipes, cvlinders, observatorices,
&ec. and make all the arrangemcnts, for taking up every thing requisite for carrying on the
Tidal observations on the Gulf.

I arvived in Bombay on the 9th January 1873, and after a few days I arranged with
Major Merewether, R.I3., to be allowed to carry out my work at the Harbour-defence workshops.
This was the most convenient place for the purpose, as I was cnabled to have every thing doue
ou the spot without delay, and uuder my own superintendence.

History of the Party.

Reconnoisance of the Gulf of Cutch to fix three
Tidal Stations.

Results of Reconnoisunce.
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The first thing to be deeided on, was to arrange how the observatories were to be fixed,

General site of the obscrvatories settled. WhC.thcr on (]l‘_\.r land. close to high water, 3-1.1(] hﬂVillg

a pipe connection with the sca, or actually in the sea

on Diles. I submitted various proposals after having made enquiries regarding cast and

wrought iron piles &e., for your consideration ; finally you decided on adopting the positions for
the Tide Guages in the vicinity of the high water line.

A water tight iron cylinder for the float to work upand down in, with a pipe of sufficient
diameter—uviz; 2 inches—to connect with deepsea, has
to be sunk to a depth of 3 or 4 feet below the level of
the sea, at Low Spring Tides ; and the only feasible way of carrying this out—considering the na-
ture of the ground—secured to be by sinking a brick well of small diameter, toreceive the cylinder;
arrangements have been made accordingly. The cylinder having been placed in position, o two
inch wrought iron gas pipe will be connected with the bottom of the cylinder by a small bend
this pipe will then be brought up vertically toa height corresponding with 1 or 2 feet below the
lowest high water. The bank will be eut away as quickly as possible to this depth, and the pipe
taken straight out, until it reaches the slopimg surface of the shore, and this it is hoped, will be
done by working as many men as possible, in clearing away the sand when the tide is very low.
The rigid iron pipe is then to be carried down along the slope to reach low water springs. “Here
a brass connecting arrangement will be fitted, to which a flexible gutta percha pipe of 2 inches
diameter with a rose at the end, will be attached, and carricd out about 120 feet to the deep water.
The extreme end of this pipe with the rose will be supported 3 feet above the ground under water,
by a small buoy fixed to an anchor by a chain ; and this buoy again will have a chain attatclied to
it, thus connecting the whole to a mark buoy on the surface of the water, which will rise and
fall, with the tide. It is hoped by this means to secure the pipe from being filled up with silt,
and choking. Thesize of the pipe, and the number of holes of the rose, and their size, have
been calculated, (and a sufficient margin left in case of small quantities of silt getting deposited)
so that the rise and fall of the water in the cylinder may correspond with that of thesea. Two
of ““ Bull’s Dredgers” have been bought to use in sinking the wells, and the wooden framework
and bricks have also been purchased for this purpose.

The cylinders for the project have been made up in sections of 4 feet 2 inchesin length,

Genaral description of the apparatus &e. with an interval diameter of 22 inches. A sheet of
wrought iron being bent to the size required, and
rivetted to form a cylinder, a cast iron flange was fitted on to each end, and the faces of these
carefully turned. The size of the cylinders was decided on so as to utilize the iron sheets most
economically, and when finished 4 men could carry one of these sections. The lbottom section
will have a flat iron plate carefully screwed to one end, to represent the hottom of the well. The
holes for the bolts and nuts have been carefully fitted and when joined, the whole cylinder will
form a water tight well. The two-inch gas pipe was bought in Bombay and had thimbles for
connecting the lengths togcther, but it has since been found, that even with the greatest care,
therc is a chance ot leakage which would be a cause of great anxiety and trouble ; so, small cast
iron flanges have been made up to screw ou to each end, and this will render the connection water
tight, and the pipes will be more easily fixed together. A stop-cock has been carefully fitted on to
the top bend for cach Observatory, for exhausting the air in the first instance, The brass con-
necting arrangement here described, has been procured for each place, to connect the rigid and
flexible pipes.

The iron pipe is fixed by a flange at A ; at B the long flexible pipe is screwed on, and at
€ a Lrass disc is also screwed on. When the flexible pipe has to be
examined for cleaning, the disc will be unscrewed at €, (under water — A
of course) a short length of spare flexible piping with a rose at its end, I l__
fitted on, and taken out to deep water temporarily. The pipe at B
taken off, and cleaned, the disc being screwed on at B temporarily ;
then when finished, the long pipe is replaced at B, and the discat C. | I |
In this way it is hoped there will be no stoppage in the work. The 'g c
flexible pipeis 2 inches diameter with copper inside, just the same as
suction pipe. These pipes are in lengths of 50 or 60 fect, the smaller oues for temporary use only
20 fect: they have couplings and unions for connecting with cach othier. The rose at the end is
a copper cylinder ahout 24 inches diameter, with 150 holes of  of an inch bored in them, and
have screws for fitting on to the end of the flexible pipe.

The buoys are what is termed Nun Buoys,and have been procured on indent from the Dock--
yard. The smaller ones have an arrangement attached to them for holding up the rose at the end
of the pipe, and will be secured to an anchor so as to be always 3 feet from the bottom. The upper
end, as I have previously mentioned, will be attached to a chain fixed to the upper buoy, which
will float on the surface and mark the poxition, and also be the means of litting up the pipe for
cleaning.  This is a rongh sketch of the plan to be adopted, as far as we can, and it is helieved
that with very small modifications, which may be necessary, and can be determined on the spot,
that the arrangement is the most cfleclive, and simple, for the purpose. A cleaning rod, in

lengths of about 12 fect, with a brush at the end bhas also been made up.

Goenoral details of tho nrrangemeuts to be follotwed.
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The obscrvatories themselves are 12 feet by 9 feet and about 12 feet high in the eentre, the
roof sloping from the ridge to the sides which are about 8 feet high. They have hecn made
as portable as possible, and are clinker-built, but it was found in Bombay that a tarpaulin was
necessary to keep out the rain whicliis very heavy here during the monsoons. All the other mate-
rial for the construction of the observatories on the sites selected has been procured, and with the
exception of the sheds for the men in charge to live in, very little has to be bought on the spot.

Fifty Bench-mark stoncs have also been G.T.s.

made up, and cut in this manuer, ready to be laid \|—
down, = l<

A.D. 1874.

The description of the observatories in working order will more properly be reported on
when they have been finished and fixed, but what I have said brings to your noticc what has
alrcady been done. The size of the obscrvatorics has been found to he most convenient; when
all the instruments are fitted up, perhiaps an additional 6 inches in width would be an advantage.

The self-registering tide gauge No, 7, which had all the latest improvements—such as
friction rollers, improved pencil holder, swivel for the
float &c.—and one self-registering Aneroid Barome-
ter, were received {rom England in November 1872, when you were in Bombay, The remaining
five Aneroid Barometers, and six self-registering Anemometers together with some differential
scales, and other Office requirements, were received about the end of May 1873. Tide Gauges
Nos. 2 and 3 had been lying in the Superintending Engineer’s stores in Bombay for some time.
No, 1 was received from Major Branfill, Madras Party, and also Nos. 5 and 6 from Calcutta, so
that with the exception of No. 4 all the Tide Gauges, I belicve, are now in my charge.

While the cylinders, piping, and Observatories for the Tidal Stations were being made

Alterations of the Instruments &, up, the olterations to the self-registering Tide Gauges
were commenced. Friction rollers were made up here
for Nos. 2 and 8, and those that came out from England were fitted on to Nos. 1, 4and5. The
pencils for all have also been made similar to No. 7, as also swivels for the floats, and generally they
have all been overhauled. I tricd various plans for fixing the diagram on the barrel, and finally
adopted clips secured to the barrel with screws, and having & small moveable plate to be jammed by
two pinching screws, one of which is rivetted to the plate and the other free.  This has been found to
answer admirably, and it has been fitted to all the Tide Gauges. Zero lines for height, and 12
o’clock lines have also been carefully marked on the barrels, so that by rubbing with a hard pencil
on the paper diagram, they are transferred to it. I regret to say that the barrels of all the instra-
ments are not quite circular in cross section nor arc they quite straight longitudinally. Thisis the
fault of the maker who probably found tlie sheet brass too thin to turn on a lathe.  Also one of the
barrels which came from Calcutta has been seriously indented, and the pencil was bent and
rendered useless: the latter has been repaired, but the barrel must beleft as it is. Scales of
wheels for working the various tides to most advantage, to suit the5 feet barrel, as sent out by
Mr. Adie, have been fitted to all the machines, and in order to do this, various parts of the instru-
ments had to be made entirely new.

The self-registering Aneroids have also had some slight alterations made. These instru-
ments were received from England so rusty in some parts, that it was imperative that I should
hand them over to an experienced watchmaker at once. The clock hands, pointers of the
aneroids, and the small hooks at the end of the gold threads, had to be cleaned and oiled, and
when possible, covered with a coat of protecting lacquer. Also two of the gold threads were
imperfect, one being broken altogether.  The action of the escapement of the clocks in some of
those last received, have given a great deal of trouble. The repairs of these instruments have
been executed very well : alonger arm of iron heing put on to make up the deficiency of the
length of the broken gold thread. It is to be regretted however that out of the 6instruments,
2 are by no means working properly, and may have to be sent back to England for repair. Zero
lines for height have been marked on the barrels.

The Anemomecters came out safely from England with the exception of one which has
been repaired here, but all the clocks lad the main springs in such a rusty state, that it was
apparent new springs would have to be got at once, and accordingly arrangements were made
for getting out good springs without delay, and they are cxpected by next Overland Mail, so it is
to be hoped the alterations will be finished before we leave tor the Gulf of Cutch. After working
these instruments as will be afterwards mentioned, some alterations were necessary to keep out the
rain water from the working gear; this has been done by fixing on small copper covers like
candle extinguishers round the outer shafts, also by fixing a piece of tube to the bottom of the
small box on the top, to prevent water getting down the velocity shaft, and an escape hole drilled
in the box.

Thesc arc the main alterations to all the machines,

Arrival of the machincs.



("R__ﬂ [Srasor 1872.73,

The next thing to be noted is the arrangement followed in Bombay to test the working
of the machines. On account of the sca rceeding
at low water spring tides too far from the Bunder
it was necessary to adopt some plan, for the wate;
heing prevented from leaving the connceting pipe with the cylinder. This was done by vaus-
ing the 2 inch pipe to end in a small tank, as low down as possible.  As the friction at the vertical
bends would be the main cause of any retardation to the flow of water, the piping was given
scveral vertical bends in order that the test should he much more severe than the actual con-
ditions of the observations at the tidal station on the gulf of Cutch. Three cylinders were
crected side by side, 4. e. about 9 fect apart, their observatories being close together. The small
2 inch pipe in connection with each ended in a tank to represent low water mark. The basin
in which the gauges werc erected was unfortunately one ‘in which a great deal of thin mud
settled. The 2 inch piping entercd cach cylinder about 9 inches from the bottom ; it was 300
feet long in 2 instances and some thing short of that in the other.

The connection having been made, it was apparcnt after a few days that a quantity of

. . . o ) air must have collected at the upper vertical bend
pi;’e"mc“]“cs orise from the air in tho connecting ¢ the pipes, as the water did ngtprise and fall prof
perly in the ecylinder, stop-cocks were inserted at

the highest vertical bend in each system, and these when opened under water aliowed the air
to escape, and at first it scemed as if all had been extracted and the arrrangement working
properly. On the 20th May Nos. 2 and 8 cylinders were working properly, the water insidz
being measured from the top of the cylinder very carefully with a measuring rod, and compared
with the reading of a temporary tide gauge which had a fixed relative height to the cylinder.

From Ist to the 25th June, both Nos. 2 and 3 cylinders worked well, but in placing the
pipe for No. 1 down in the tank, a bad connection had been made, and there was a leak
evidently in the pipe: this drew the water outof the small tank at the first low tide, and so
spoiled the working of all three cylinders. The piping for No. 1 was carefully relaid, but it
was some time before it was considered satisfactory. No. 2 cylinder after the 25th June did
not require to have the stop-cock opened until the end of the experiments. In Nos. 1 and
3 air seemed to collect in small quantities, and it was very difficult to exhaust it, so much so,
that I tried all sorts of plans before suceceding. The difliculty was that at high water the sca
covered the stop-cock.

Now at the future tidal stations the sea will not have aceess to the stop-cock, and so if
it is opened at high water the pressure of the sea water (which is higher than the stop-cock
of course) will drive out the air, aud there will be no superincumbent column of water to
keep it in.

To get over this difficulty in Bombay I had a small tube about 3 feet long screwed into
the stop-cock of No. 1, so that on opening the stop-cock when the sca was well over it the
water did not act above the orifice to keep the air in, and it rushed out at once, and the water
inside the cylinder quickly assumed the same level as that of the sea outside.

Arrangement. followed in Bombay to test the work-
ing of the muchines,

Having set np the tide gauges on trestles and arranged their floats &ec., I then had an
ancmometer put on a shelf in ecach observatory;
taking carc to place the whole of the working gear
for outside, well clear of the ridge. In putting up these instruments great care has to be taken.
The long pipe in which the several rods and pipes work, must be allowed to assume its own
position without heing forced in any way, otherwise the crown-wheels at the hottom may be
thrown completely out of gear. Also, the cups must be fitted on properly not upside down
otherwise the spiral will turn the wrong way aud tear the paper on the barrcl and perhaps
seriously injure the instrument.

After scveral days with various results from the 3 instruments almost side by side, it was
thought advisable to put a flat flooring about five
feet square outside, immediately above the ridge
picee, to prevent cddies underneath the eups and faus.  No doubt this had some beneficial cffect,
but unforturately in the trial of the instruments, a much more serious cause of error was found
out, so that it was impossible to say, how far the arrangement acted to keep away any back
draught of air, which 1t was suppnsed would occur from the shape of the roofs.

A sclf-registering aneroid baromcter was also sct up in each observatory. A rain gauge
was also set up outside.

The levels of the bed-plates and tops of the cylinders were approximately connected for

comparisons with the temporary tide gauge, and
Levels of bed-plates of the tide gauges comueet-  maling allowance for the swell (causing the float of
cd; compurison of the beight of waler und 80 ineh he ten tid tol steadv) the water
ling on dingram. . the temporary tide gauge to be unsteady) the
juside and outside being found to correspond in level,
o comparizon of the position of the pencil on the diagram, to the depth of the water in cach
eylinder frow bed-plate was made.

Anemometer set up.

Flooring undernenth anemometer.
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During the time the machines had been put np and were being tried, Iengaged some natives
for the work in the observatories, and taught them
what was to be done, and by the time the instruments
were put on trial they were fairly well acquainted
with their duties; they were all young and inexperienced conscquently they have come on small
pay, but I havc every liope of their doing their work satisfactorily, and meanwhile I have called
them Apprentice Sub-Surveyors. I have also had daily report forms printed for transmission
to me; 3 sets of these, filled up for the month the instruments were being tried, accompany this
report just as they were sent me by the Sub-Surveyors.

Sub-Surveyors taught the work in the observa-
tories.

The results of the trials of the tide gauges may be considered very satisfactory ; there
were some interruptions, in the continuity of the
work ; but these I think are most unlikely to happen
at the Gulf of Cutcl, and with prdinary care the Sub-Surveyors ought not to have any breaks in
their work. As regards the rats cating the diagrams, I have tried poisoning them but with no
great effect : itis believed that blue stone mixed with the paste will keep them off : ants also may
get at the clocks and this will always be a source of ansiety, and these (or the rats climbing up
the pendulum) may stop the clock; still chalk lines drawn round the feet of the trestles may
prevent the ants passing up, and I have also been advised to put some wood ash all round the feet
on the floor. The diagrams, of which aset are submitted, speak for themselves, and you will
observe that the jagged lines only occur at the head of the curves, just when the swell has time
to act, viz. at the turn of the tide, when thereis no rise or fall to speak of, for some time, and so
the pumping action has time to make itself felt.

Regarding the aneroid barometers I do not consider them satisfactory instruments. Two
are useless, but of the remaining four, I am in hopes of getting three safely up to Cutch, and'if
so they will give good results. But I thought it advisable to recommend to you that one mercu-
rial barometer, should be placed in cach observatory, so that readings might be taken at different
times during the day ; these would fulfil the double purpose of being a check on the Ancroids, and
also in case of the failure of the latter thcre would be a set of independent barometric read-
ings; this proposition you have sanctioned.

With regard to the working of the anemometer, the results of the trial have given me a very
good deal of experience, and I have been enabled to make such alterations, and additions to these
instruments which I think will fulfil the purpose for which they are intended ; and it is most likely
now that 5 of the 6 instruments will give very correct results, and no annoyance with proper carc
in the future operations.

The rain gauges are simple bottles in a tin case with a tube attached to the top (which
is moveable) going into the bottle : also a glass measure: they are by Casclla: and there is of
course no trouble with them. Oue thing 1 may mention, that the rain is very local here, often
half an inch in a day more at the workshops with one of the same gauges than at the obscrva-
torics was registered, the distance between those places being about § of a mile.

Generul results.

There is still one thing to be ascertained abont the self-registering tide gauges, and that
is whether the stop-cock must be opened or not after the air has been thoroughly exhausted,
which can Dbe done in a couple of high tides. The results of the working of No. 2 observa-
tory would seem to settle the point: for, the stop-cock there was not opened for nearly 3 months,
and yet the action of the water in the cylinder was perfect during that time. But in Nos. 1
and 3 observatories air collected at the top bends. 1 feel very confident that a leak, perhaps
very small, occurrcd in the counecting pipes there. The gas pipes were serewed together by
thimbles and were very difficult to lay, and T think werc the cause of the leakage. I have,
since the pipes were taken up, got small cast iron flanges fixed on to these gas pipes, and I
am now almost sure of an air-tight connection: and the pipes will be much more casily laid.
By opeuning the stop-cocks for a second or two at high water, there will be no chance of air
collecting and it docs not interfere with the working of the instruments.

Ou the whole thien I think the testing of the instruments show, that now we may ex-
pect very good results if they arc carcfully looked after, aud no unforescen accident causes
any intcrruption.

The beneh-mark outside the gate of the Harbour Defenee Workshops, marked in Mahratta
(270), and close to the post office pillar, was con-
nceted by leveling with the bed-plates of the tide
gauges in No. 1 and No. 3 obscrvatories, and
also with another bench-mark on the 14th step at the end of the Harbour Defence
Bunder.

From this it was an easy matter to lay down on the diagrams of the tide gauges
the mean level of the sca to which the heights in the Dombay Tide Tables are
referred.

Bench-marks in connection with Town Hall datum
connectod with the bed-plates by leveling.
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T ottach the statement marked A* of the heights as shown by the diagram (being the
Discrepancy of the Disgram and the Bombay Tide actual hz_al'ghts of the water as they occwrred) com-
Tables, pared with those given in the Tables. The high
® Not printed. waters have only been compared, as of course we
had no low water shown on the sheets, with thc exception of 2 at the greatest neaps, The
tank line represented our low water line.
You will observe that the times of the high waters agree very well, but the heights are
very much out in some cases.

Greatest discrepancy in time is .. .. .. .. 42 minutes

Least »» w » .. .. .. . 1 »

Average » »w .. .. .. 14 »

Greatest »” ,» heightis .. .. .. .. 088 foot

Least ”» » .. .. .. .. 000 ,

Average » w o .. .. . .. 026 ,,

Statement marked B* shows the discrepancies of the records of the Aneroid barometers

Discreponcics of the Aneroids inter so. as read from each at 10 A. M. and 4 ». w. daily,
® Not printed. Before commencing recording the readings for the

trial month, I gave the value of each index error to the Sub-Surveyor in charge, and the figures
in red in the daily reports (a set of which are herewith sent) show the corrected values. The
index error was obtained by comparison with the mercurial barometer sent from Calcutta
which had previously been compared with the standard barometer there.

The greatest discrepancy between any two of the instruments was,  0-179 inches

The least was .. .. .. .. .. .. . 0023
The average e .. . .. . . .. 0061
Discrepuncies of A ters. Statement C* shows the discrepancies of the
® Not printed. Anemometers. You will observe that the greatest
discrepancies for each day are noted in a column for the purpose.
The greatest discrepancy of any day was . .. .. 140 miles
The least .. .. .. 10 ,,

The average of the daily discrepancies was .. .. .- 54 ,,
The directions recorded by each instrument are almost identical.
The party may now be said to be almost completely formed and consists of one Officer
in charge, 1 Surveyor, 2 Native Sub-Surveyors and
5 Apprentice Sub-Surveyors, 1 Writer, 1 Recorder,
1 Hospital Assistant (not yet joined), 1 Mechanic and about 45 Khaldsis and Peons. Mr. Bell
joined the party lately from Mussoorie and during the short timc he has been with me he has
shown himself most useful in every way, and I have no doubt will give me valuable assistance
in carrying on the operation.

Narsing Das Sub-Surveyor has also lately joined; the high character he has received
from the officer under whom he has lately been serving, and the way in which he has worked
since he joined me are sufficient grounds for considering him as likely to perform the dutics
entrusted to him in a satisfactory manner.

I have lately had some trouble with a Sub-Surveyor who resigned a few days ago. You
have been pleased to accept his resignation, and I have engaged an observer from the temporary
establishment of the Colaba Observatory on the same pay. He seems very intelligent and I
have no doubt will soon pick up the duties in the Tidal Observatory.

The Apprentice Sub-Surveyors have given me every satisfaction and I think they have
now a fair knowledge of their duties in the Tidal Observatories but notice of their services
can only be taken in the next Annual Report.

It may not be out of place to state that I had considerable trouble in carrying on the

. . work in Bombay. The machines having to be
B;I;ﬁ:;le of generally carrying on the Work in  gjtered, air lodging in the bends of the connceting

' pipe, the stoppage of the clocks and the very bad
state of some of the machines when reccived from England also the damage done by the mon-
soon to one of the Anemometers, breakage of tle gold threads in the barometers, rats cating
diagrams of the tide gauges, and ants getting into the clocks of the barometer, were all sources
of considerable anxiety to me.

Porsonnol of the Party.

The printed forms from England for the reductions of the Tidal Observations by

. . . harmonic analysis have only lately been received ;

Tnability to commence the reductions of the Tubi- )¢ gyven had they renched me early in the recess

corin Obsorvations. y : ¥ 1

I should have bcen unable to have commcnced the

reduction of the ohservations taken at Tuticorin in 1871-72 which you sent me some time ago.

1 had my time fully employed in looking atter the work here, and I had no assistant until quite

lately, for the Apprentice Sub-Surveyors were newly taken on, and had to work in the tidal
observatories.
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My acknowledgements are due to Major Merewether R.T, the Executive Engineer of tle
Antistance received from Marbour Defonce Work- Harbour Defence for the assistance he has rendered
shops. me from time to time here, aud placing at my dis-
posal the use of part of the Bunder, and generally

in giving me the use of workshops in making up the equipment for the Tidal Observatories,
Mr. Morris, the Mechanical assistant of the Harbour Defences, has becn most obliging in
every way, aud has helped me in the construction of almost all the different stores for our use,
in the alterations of the machines, and in fact throughout in many of the difficulties I had to
contend with. During the time we had the trouble with the air getting into thc connecting
pipes, he took the most lively interest in helping me to overcome this obstacle and enabled me to
get men to go into the water and raise the pipes at any time when required, and this had often to

be done long before or after the usual working hours, to suit the tides.

Extract from the Narrative Report—dated 1st May 1873—of J. B. N. HENNESSEY, ESQ.,
Deputy Superintendent 1st Grade, G. T. Survey, in charge Computing Office.

Calculating Branch.

(3.) The numerous and not unimportant duties imposed by current demands are not
susceptible of being presented in the form of a sum-
mary; an idea of their nature and extent can there-
fore be formed only from the statements which are hereafter given; but apart from these, it
may be generally stated, that amongst the leading objects kept in view during the past year,
the completion of Volumes III and IV of the Principal Triangulation and the reduction of
the secondary operations, N. W. Quadrilateral, which are to appear in the Abstract volumes
of the Great Trigonometrical Survey of India, arc to be reckoned. Volumes III and IV are
almost completely out of hand; somuch so, that they may he said to await the services of the
bookbinder, pending completion of the Reduction Chart (to illustrate these volumes) which is
in course of being engraved at the Surveyor General’s Office, Calcutta. And with regard to
the Secondary Triangulation, it may perhaps be remembered, that in my last report, mention
was made of a suitable process which I had devised for fitting in the Secondary Triangulation
by a dispersion of angular errors where this procedure was considered desirable: the Sccondary
Series of the Great Arc and Great Indus, and a few on the Rahin and Kardehi, have been fitted
in by this process.

Part of work summarized.

. . . (4.) The details of the ordinary calcula-
Ordinary calculations detoiled. tions are as follow i—
Ezamination and Correction.
Angle Books . .. . .. .. . 14 Vols:
Principal Triangulation,  Azimuths by Circumpolar Stars .. 40 Stations.
Secondary Triangulation, Log. Sines .. 280 Triangles.

Do. Log. Sides .. .. .. .. 2,553 2 (in duplicate)
Do. Latitudes, Longitudes and Azimuths
(single deductions) . .. 162 Points.
Computations in Duplicate.
Principal Triangulation.  Spherical Excess .. .. «. 21 Triangles.
Do. Weights e . . 33 Angles.
Do. Azimuth by Circumpolar Stars .. 1 Station.
Do. Do. Lecvel and Collimation Correc-
tions .. .. . 12,
Secondary Triangulation. Traverse .. .. .. .. 82 Sets.
Do. Adjusted by Apgular corrections .. 1,245 Triangles.
Do. Log. Sines .. .. . .. 6,253 ”
Do. Log. Sides .. Ve .. .. 4,410 »
Do. Feet and miles .. . .. 5,836 »
Do. Latitudes, Longitudes and Azimuths

(single deductions) . .. 3,920 Points,
Explorations. Co-ordinates of Route-Survey Khulm to Bokhara.

Do. Do. 141 other points.

Do. Latitudes by Circum-meridian observations .. 51 Points.
Do. Longitudes deduced from traverse .. .. 20
Do. Heights by Barometer .. .. .. .. 82

Do. do. Thermometer. . .. .. .. 108

9
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Calculating Branch.—(Continued.)

(3.) The work performed in connection with the Ty pogmp]nc and Photozincographic
presses, I notice, as in my last report, under two heads.

For the volumes on the operations of the G. T. Survey, §c. Compiled or otherwise prepared,
Principal Observed Angles .. .. .- . .- 10 pages.
Azimuths observed to Clrcumpolur Stars .. . . 25,
Principal Triangles. Great Indus Series .. . .. . 10 ,

Do. Kardchi » .. .. .. .. 12,

Do. Gurhdgarh ” . . . .. 6

Do. Rahin .. 6 ,
Principal Latitudes, Longitudes, Azimuths and Helghts Great

Indus Secries .. . . 28

Secondary Triangles. Great Indus Serlcs .. .. 23

Spirit-Levelled Heights Tuticorin to Cape Commm base-line .. 5 ,

Do. Section IX, Season 1871-72 . 19

Total .. 144 pages.

besides the above, 25 plates of figures for Volumes I1I and IV were roughly plotted for the guid-
ance of the drawing branch.

Numerical Charts. Compilation of datla for projection.
Budhon Series .. . . Latitudes, Longitudes, Azimuths and Heights.
Amida ” .. .. .- Do.

Rangir ,, . . Do. (in part)
N. W. Himalaya Serics. Sheet No. 3 Do.
Bombay Triangulation. Sheet Do,
No. 9. :
Reduction Chart of the N. W. Quadrilateral.
Numerical Charts. Compilation of dala for press.

Budhon Series .. . .. . Sheets Nos. 1 to 4.

Amia do. .. . .. .. Do. Nos.1and 2.

Bombay ’I‘nnngulatlon .o .. .. .. Do. No. 9.

Sutlej Series . .. . .. .. Do. Nos. 1 to 4.

Gurhigarh Series Do. Seasons 18G0-G1-G2.

Dc‘:crlptlon of Bench-Mm‘kq &c ) for Level Chart Do. No. 3.
the amount of compilation involved in above is estimated at 300 pages.

Numerical Charts. Compared.

Amia Series . .. . .. - .. .. 2 sheets.

Budhon do. .. .. .. . . . »

Gora do. . »

Sutlej  do. .. .. .. . .

Ralbin  do. .. .. .. ..

Gurhigarh do. .
N. W. Himalaya S(‘l‘ICS
Bombay Trmncrulahon .
Assam Valley (1871- 12)

.. . »
Bider and Bilispur  do. .. . . .. . ”»
Bangalore N. Sectiondo. .. .- . .. 2
Bildaspur 5 do. .

Pt o ol fd fd et OO bl 3O e

Reduction (,hurtN W, Quilllnlateral

Total .. 23 sheets.

Ezamined.

Spirit-Levelled Heights by the Revenue Survey Department, for incorporation into Level
Route Map of the Western Himalayas, [Sheets.
Index to Main Lines of Levels G, 1. Survey.
Iudex to Preliminary Charts N. W, Quadrilateral.
Itto N. E. do.
In addition to the foregoing, 1170 pages of proofs were read and compared twice, and
1029 pages of proofs were examined by asingle reader and passed for the press.
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Calculating Branch.—(Continued.)

(6.) The 24-inch theodolite in use on the Brahmaputra Series was clcaned and adjusted ;
and Captain T, 'I'. Carter, R.E., was instructed in the
departmcntal method of observing azimuths to Cir-
cumpolar Stars. Captain Chapman of the Yarkand Expedition was taught (by Mr. Cole) the use
of the subteuse theodolite, and the computation of Time, &c., from obscrvations taken with this
instrument. Captain H. Trotter, R.E., received instruction in the observation and computation
of Lunar Zenith-distances for finding longitude ; besides the discussion of various professional
subjects, preliminary to his departure with the Yirkand Expedition. A ten-foot iron end-bar
was coustructed for the Ixecutive Engineer Rdnikhet division, and the length compared with
the G. T. Survey Standard Bar A. The index errors of 18 boiling point thermometers were
determined for the use of the explorers, whose surveying instruments were gencrally examined and
put inorder. Observations for Time were taken on 13 days and the results computed. Meteorolo-
gical observations were made in Dehra observatory on every day of the year without exception ;
the daily results were reduced and communicated as usual, month by month, to the Reporter on
Meteorology, N. W. Provinces, and a table of the monthly means is appended to this report.

(7.) Cousequent on the appointment of Captain W. J. Heaviside, 1. E., to the charge
of the Pendulum party, he was instructed in the use
of the transit instrument and the methods of making
and computing observations with the pendulums of the Royal Society, processes which Captain
Heaviside’s skill and aptitude soon cnabled him to master. He was also assisted in connection
with three centigrade thermometers, and in preparing working tables of corrections for.these
thermometers and tables of differences of expansion between the Russian pendulums and their
scale ; besides such other questious as arose from time to time, on which my co-operation was
desired. The services of a check computer were placed at his disposal for some 3 weeks to
assist in the reduction of his observations, besides that 18 sets of the latter were reduced in the
Computing Office under directions from the Superintendent.

(8.) Replies to 280 letters, in connection with the protection of Stations, were drafted by
Mr. C. Wood under the Superintendent’s directions ;
and 32 supplementary and duplicate lists, including
118 stations were issued to district officers. These lists in the first instance are partially of a ten-
tative nature ; for, owing to modern altcrations in the boundaries of districts, &ec., it is only after
due reference and correspondence that it can be settled in which of two contiguous districts a
given station is situated. Speaking in this seunse, 20 districts have been settled during the past
year, making about 238 districts in all, which have been placed on this satisfactory footing ; the
corresponding check lists, including some 1,900 principal stations, have been disposed of to date.

(9.) Some of the miscellaneous duties discharged are as follows.

Prepared :—three copies of Vocabulary of Indian names and words for office use; four
Auxiliary tables for departmental use; Duplicate
of pendulum observations at Dehra and Kalina;
Polymetrical tables for Major Montgomerie’s routc map; and tables of Latitude, Longitude
and Height of points on the N. 'W. Frontier for Colonel Walker’s Map of Turkestan, 2nd
cdition. Service hooks, 120 in number, were filled in at a cost of nn little time and patience.
The Cost book of the G. T. Survey was brought up for the year 1872-73, and it, together with
the Budget comparison table, is now kept to date, mouthly. The records of the Bombay
Island survey were gencrally examined with a view to ascertaining their eligibility for iucor-
poration with other materials, Compiled and passed through the press Introduction to Great
ArcScrics for Volume IV. Supplied data to 34 Executive Officers, involving o considerable
amount of compilation and ealculation. Accounts kept and monies disbursed to explorers, for
a few weeks ; translated their letters, &e., &c. To these may be added the investigation and
detection of a mistake in the method of determining the percentage of errorin certain traverscs.

Instrumental Work.

Pendulum Obscrrations.

Protection of Stations,

Miscellancous.

Typoyraphic Branch.

(10) The work performed by the Printing Office since 1865-66 is concisely stated
hereafter.

I
1865-66 | 18G6-67 | 18G7-68 ‘ 1868-G9 ‘ 1869-70 | 1870-71 [ 1871-72 | 1872-73
Pages composed, 377 756 G641 697 G693 819 1,143 -1,45’0
Do. printed, 53,329 | 93,411 | 126,696 |155,025 | 106,231 | 234,828 | 241,348 ‘2/3,1;:7
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Typographic Branch.— (Countinued.)

the total pages composed last year may be subdivided under the following heads.
Observations and Caleulations for the volumes of the Great Trigonometrical
Survey in hand .- 787 pages,
Spirit-Levelled Heights 33

Data for Charts, Descriptions of Bench-marks, Routes, Professional Orders ”

and Memoranda .. 483
Report to Government 1871-72 . ..o nz o,
Total .. 1,420 pages.

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

(12.) The work performed by the Photozincographic branch is given in the following
tables, under the heads Maps, Numerical Charts, Diagrams and Forms.

Maps.
. Whe X No. of
Subject publioned | ety copies
Prints of maps published in former years .. e e .. 27 11,164
Index to Kashmir Triangulation Charts . .. .. |June 1872 1 111
Spirit Levelling operations, No. 11 .. .. e .. |July » 1 100
Routes in Northern India, No. 1 . »» »» 1 115
Do. do. No.3 . . NN T »» 1 108
Do. do. No.4 .. . .. ..|August ,, 1 112
Do. do. No. 2 N » 1 109
Index to Northern Portions of Bombay Tnangn]at)on » » 1 350
Do. Main Lines of Levels, G. T. Survey AR B " 1 381
Spirit Levelling operations, No. 10, 2nd edition .. .. | September ,, 1 105
Index to Main Lines of Levels, G. T. S. (reduced scale) .. ..| ,, » 1 432
Routes in North-Western Hlmaluyas (reduced scale) .. |October ,, 1 77
Index to Kattywar Survey . . .. P ’ 1 741
Do. Kumaon and Gurhwal Survey .. .. .. | November ,, 1 518
Do. Guzerat Survey . e .. N T ”» 1 5b4
Trans-Frontier Map, No. 7 skeleton .. . .. | December ,, 1 248
Kumaon and Gurhwal, sheet No. 2 skeleton .. .+ ..|January 1873 1 104
Do. do. No. 2 contoured .. I » 1 112
Do. do. No.18 .. .. ve e o » 1 109
Do. do. No. 23 contoured .. A ’ 1 105
Do. do. No.32 do. .. .. ..|February ,, 1 105
Dingri Maidan . .. . R » 1 570
Trans-Frontier Map, No.4 . .. T »» 1 60
Kumaon and Gurhwal, sheet No 17 skeleton . ..|March ,, 1 100
Spirit Levelling operations, No. 8 . .. AU » 1 105
Kattywar, sheet No. 25 .. .. . .. | April » 1 105
Turkestan Map, sheet No. 1 (2nd cdmon) . o o] m » 1 210
Total 53 |6,910
Numerical Charts.

Kashmir Triangulation, No. 5 .. . . ..|June 1872 1 70
Do. do. No. 7 PR B " 1 75
Bangalore Meridional Series, S. sectlon, Season 1870-71 T » 1 65
Rahin Series, Season 1856- u7 ve oo | duly ' 1 25
Do. do. 1852-53 . . . B » 1| 66
Bider Longitudinal Series, Scason 1870-71 . A » 1 70

Kashmir Triangulation, No. 1 .. .. . ..|August  ,, 1 7
Do. do. No. 8 . .o . .- ” 2 1 (i6
Do. do. No. ¢ .. . . R I » 1 68
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Photozincographic Branch.—(Continued.)
Numerical Charts.—(Continued.)
i When ) | No. of
Bubject published Np[:xngr ];?&fi
I
Kashmir Triangulation, No. 10 . .. <« ..|Scpter. 1872 11 62
Do. do. No. 9 .. . .. . » 1] 65
Sutlej Series, No. 1. .. .. .. ..|October ,, 1 (151
Kashmir '1‘r1augulnt|on No. 2 .. . .. el 5 1 65
Assam Valley Triangulation, Season 1871- 72 .. N » 1 65
Sutlej Series, No. 2 .. .. .. .. .. | November ,, 1 65
Kashmir Triangulation, No. 4.. .. .. P ' 2 67
Do. do. No. 3 . . . U » 2 G5
Raluin Series, Season 1856-57 (2nd edltlon) . .. ..|December ,, 1 65
Sutlej Series, No. 3 ‘e . S » 1 €6
Ralitin Scries, Season 1855-56 .. . R ” I G5
Sutlej Series, No. 4 .. . .. ..|January 1873 1 67
Bilispur Senes N. section, Se'lson 1871 72 .. e oo » 1 65
Northern Portions of Bombay Triangulation, No. 9 .. PR ) 1 66
N. W. Himalaya Series, No. 3 R »» 1 67
Bider Longl. and Bildspur Meridl. Senes, Season ]871 72 .. | February ,, 1 65
Gurhégarh Series, Season 1860-61 .. [ Y » 1 66
Budhon Series, No 2 .. .. .. .. A » 1 65
Do. do. No.4 . .. .. [ ”» 1 65
N. W. Himalaya Series, No. 1 .. .. .. ol o »» 1 66
Do. do. No.2 .. . N ’» 1 63
Budhon Series, No. 1 - .. .. .. .. .. | March s 1 65
Do. do. No.3 .o . .. AR 5 1 64
Gora Series, No.2 .. .. | April » 1| ,65
Bangalore Meridional Series, N. Sectxon, Season 1871 72 R ' 2 67
Total 37 12,206
Diagrams.
Subject When published | ¥0: 0 covics
printed
(| May 1872 931
Juue » 1,317
July » 640
August » 190
September ,, 513
Diagrams of Bench-Marks and Plates of Figures to illustrate J October ' 478
Vols, 11l and 1V, November ,, 448
Deccember 529
January 1873 1,247
IFebruary s 2,862 -
March ”» 1,752
L| April ’ 1,146
Total, .. 12,055
Professional and Office Forms, .. .. . .. 1872-73 12,519
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Photozincographic Branch.— (Continned.) :
5,634 Maps and 3,254 Charts were issued during the year. The forms were expended, as usual
as fast as they could be printed. Contrasting the work performed since 1870-71, we have

Year Maps Charts Diagrams Forms
1870-71 6,465 839 13,205 10,482
1871-72 10,131 1,375 4,937 13,655
1872-73 6,910 2,206 12,035 12,549

An Abstract of the work executed since 1866-67 stands as follows.

Number of Prints
Subject

1866-67 | 1867-68 | 1868-69 | 1869-70 | 1870-71 | 1871-72 | 1872-73

Maps,Charts and Diagrams,| 7,118 7,376 5,538 | 12,315 | 20,509 | 16,443 | 21,171
Forms, .e .. 5,152 | 10,531 | 10,800 | 13,571 | 10,482 | 13,655 | 12,549

thus in 1866-67 the total of the prints was 12,270; in 1872-73 this total was 33,720; in other
words the work has nearly trebled in 6 years; in fact, the value of the process canuot be
ranked too high.

(13.) T conclude my report for the year 1872-73 by noticing the conduct of the assist-
ants placed under my care.

Mr. W. H. Cole, M.A., continues to be the excellent assistant I have always found him;
his natural abilities are now all the more valuable that his experience is growing matured, and
these combined with his patience and good temper enable me to leave many a subject to his
entire control.

In all the details of my duties, I could wish for no more efficient assistant than Mr.
Charles Wood: he continues active, willing and
quick in detecting mistakes. Mr. H. W. Peychers
is fast hecoming a very useful hand, and I have good reasons to he satisfied with his conduct.
Baboo Gunga Pershad maintaius the excellent opinion I have frequently expressed of him;
in addition, his paticnce and care in going through the tedious process of training new computers
arc commendable. Bahoo Cally Mohun Ghose has, I am glad to say, paid more attention to
practical matters, by which his general attainments, which are good, promise to be enhanced.
Baboo Kally Coomar Chatterjee continues to be aceurate, painstaking and trustworthy. Nothing
could exceed Baboo Gopal Clumnder’s care, and were it only possible to induce him to *“ put on
a little more steam,” his value would be increased ; he takes care of the records to my satisfac-
tion, besides discharging the duties of a computer. Baboo Tarapodo continues steady and
useful. Of thenew hands, Mizaji Lal mukes Inimself gencrally uscful, a most desirable trait,
which Shoshec Bhooshun Shome seems inclined to follow. “T'he other new hands are sufficiently
promising to admit of the hope that I may be able to notice them by name next year.

Mr. Ollenbach continues hardworking, painstaking and neat fingered: he works with
undiminished interest, and I hope to be able to add,
that his methodical procedure is equal to his zcal.
Mr. Dyson is the same cheerful, ready hand as ever.

Mr. O’Connor is zcalous and generally efficient as I have always heen able to report of
him : he would add to my peace of mind could he
but induce his compositors and pressmen not to
transplant blunders into proofs, where acenracy prevailed before.

Mr. Atkinson has now discharged his new duties as Chicf Draftsman for more than a year,
and promises to prove cqual in accuracy, method and
management to the requirements of his place. I
trust in due course to he able to report, that by dint of careful study and reflection, Mr. Atkinson
maintains his knowledge of geographical subjects up to date, as well as manages and improves
the promising assistants under his charge.  Shaikh Saidoodeen Hoosain coutinues to be one of
the neatest of draftsmen, besides that his knowledge of cvents and records in the drawing office
makes him generally useful: the other draftsmen have given me satisfaction, and of the
assistant drattsmen Shamlal and Poorno Chunder promise to become excellent hands.

Calculsting Lranch.

Photozincographic branch,

Printing branch.

Drawing branch,



I~

[}

HrasoN 1872-73.]

*390f T¥.26Z3 ‘(2407 UOF UWIIY 040qV WIANEL) Io)omolvg jo Sl Furmodyiaof 61 p109ad OU JUIIO SHUN[Q IO A\ —TLON

0486 L3811 £F-16 F0-LL 99-4¢ G0o-¢4 9654 FAR 16-€8 09 G6 18.001 ‘1830,
032- ee1 10- (428 218 00. €0- 09- 00- 00. o aaquisoa(
Gl 00- 00. 00- 00. 0. LT, @6 00- 10- daquiasoN
00. 00- 6e-1 6€-3 <0- €6- 02. 891 09- Gs-9 €0 ‘4aqo10Q
671 €0-1T 8L€L 9¢-22 €0 188 099 18-L 61-3 08.0% 1e.6 ‘aaquinydag
FL.2T 6£.88 o182 6191 8.3t €9-€3 0%4€8 6228 812 2s-ev cLye
0818 2¢.9¢ S0-t8 99-08 9215 69-8¢ cLie 09-L8 9698 99-8% €C-$3
€031 Te18 104 963 €89 166 158 Gs- HEIE 61-g1
981 ha 1€ 00- c8. 12.¢ €c.2 te.
83 1 gF. 191 1. 8. TL 093 12. (3 —_
<s. 00 130 4 ez L ¥t tF-1 _— (48 691 e
€33 re. 6¢1 g1 82-L 91 81.3 00. _ | —
859 9 ¥0- 191 692 21 |- 9¢- €8 _ “Suvnuvp
*sa1ou] *sa1ouY *gatouy *saqouy ICEIELY ¢ saauy UL | gayou] “s3Iu] “sayauy *8d1 U] ey "HINOMNW
‘BL8T ‘T48T ‘0481 6981 ‘BISL ‘2981 ‘9981 “e981 ‘1981 ‘€980 '¢98I ‘To8t
ST OL 198T WOHI FOIAJO0 XTAYAS "I "H NOOU VHHIA IV TIVI-XIVHE JO TOVHLISAV
03. 1 2 1 00- ‘N 0-0¢ | €.L8(9.29 | L.8¢ 8. |{9TL | O-OF _a.mm 96¥%. | 1-6% ; ¢TL. | L-8F | 269- cRe. £0G- <8L- 199 _ €86- Topﬂouuﬁ
18 1 1 1 | oo- ‘MPN [0-€9|2-88|¢.co 219 |8.1F 618 |0.5p | %36 | o€F- | €.0% ! I8e. | T.04 | G69- L19- 99L- 18L- a89- £68. | 29quaioN
00. 0 T 0 00- ‘N G:09 | 6-€p | S.9L | 8-04 | 1-€5 (098 | 8-0¢ | 666 | L1S- | £-09 "ez9. | £-6¢ | ong- 169- 1€¢- v L08. ; 1390310
6491 | s8I 9 14 00- ‘N €.0L | ¥.9¢ [ .08 | L-9% | 6-C9 |8+8 | 8-09 (8200 | ¢BL- | C-8L | 928. | G- 1L 98- 0%k 1 6€9. 2aquuagdag
vLE3| 83 9 8 00- A\ P-4 | 2-19 | 8-18 | €64 | 0-1L [F68 | 9-69 | €100 | 828 | L-9L 1 L18- | €-SL tTev. y7g- _ €19 om:..mzd
0816| 92 | 8 L |oo- ‘N 0-€4 | 859 | L-18 | .64 | 8-69 | L88 | 6-¢9 |€.£0L | 1€8- | 3-¢L  L€B. | 8-%L e sp
€03L| B1 | ¥ ¥ | 00- A V.14 | #-€9 | 2-08 | £-18 | 6.04 | 8501 | £.89 | +-¥1L| wi¢. | ¢.69 ! 619. | &-0L 8¢ eung
96T | ¥ 3 z | o0- "N 1-¥9 | €.8F | 0-2L | L-18 | 8.19 | L.66. | 0.28 | G-011 | 9ze. | .28, L€y | L-6S £19- 3o
8zt | % 4 ¢ |[10- M 2.9¢ | 9-.F [ 0.9L | 0-T4 | 0-7¢ | 9.86 | 1-6F | c-90L| cs€. | 0-€5 ! oLF. | 8-1¢ c1g- dy
se. € € g | oo- ey 1.99 | G-€F | ¥-29 | 6-69 | €.03 | 106 | €-¢% | 9.001 | €2€" | G-0% ; 1¢S. | ¥-€8 898- yaeyg
fre 9 9 % | oo- ‘M 8-Lv | 1-2€ | 8-€9 | 0-L8 | 0-9¢ | ¥.8% | L.8€ | L1G [ €¢b. | %.5F | 899. | L-TF @18 fiwnaqa g
859 6 9 9 00- ‘N 0-8F | T-€€ | L-79 | ¢ €-9¢ {90%4 | T-18 {064 | 66S- | 4-4¥ | @8- | O-LF ©06- L2 Leanump
o ° ° o ° ° 3 o o | o , ut eL81
= w gl 21 8| & 2| B EB| B 5 2| g E
— = = = 3]
B 2l . =23 e N I g E| R| Eledlm EE |l om | FE| 3 = e H N ]
M d b2 oz 3 - 3 I = - o | |® sz E EF £ 2% = < = = & =
E S | o2 | 25|38 g 22| B 2 FZleg| g3 |22 | a2 | E 2| B (-2 = 3 L & z %
= w= oz | 39 & s = [ e< | 52| F2 | %5 8 E |5 £ T s - kS £ E %
F | % |af|lel|lze < el | & |Se|TF|TF|FFIEE F |SE| F |25 B & 2 B s &
o= e | ° ) £ 5 [ 8 - I = % =g | = ge | ¥ e 2 : 2 “HAIKOK
2 e 2 = eg ) = < M e - - (=) - ° (=] W = H o)
(3 |5 ]2z ] - o o = 5 E g 5 =N B ; : PUVAX
2 = | B5 | B | ¥ £ - :
- 28 ] R LY K4 RV 6 1
B FE £ -a1ag zag p— 208 m\aq | o m\% o w W o 4 v
‘NIVY ‘qao01) ANIM ‘HILINOKRIIN Y, _A_EmEb:EoEvE:.H:ououﬂ_ ‘gIluxoavyg

“uoo@ Yo ‘Dipuf Jo Faaung ' puspusjuriadng ayp fo aoyfp ayp 1w day avpsibay ayp wosf usloy synsou pporfojosoaiay X THINOW




78

[SBasoN 1872-73.

Annual Return of amount of Work executed in the Drawing Branch of the Office
of Superintendent G. T. Survey, from 1st May 1872 to 30th April 1873.

Number of
sheets or
diograme. | Sealo
DESCRIPTION OF WORE, o Linch REMAnES.
9 =
2| &
g 14
=
Compilation Miles.
Map of Turkestan in 4 sheets. 2nd cdition . ] 4 82 | For Photo-zincography.
Bheet No. 4 Northern Trans-British Frontier .., w1 16 ditto.
Do. No.7 diuto ditto ditto o w1 16 ditto.
Do. No. 4 Map of Routes in Northern India vee el 1 16 ditto.
Map of the Dingri Maidan and Upper Arun River e | 1 8 { ditto. Rz(i:lc:mn to ¥
Sheet No. 6 of Spirit-Levelled Heights 1 2 ditto.
Do. No.B ditto ditto 1 2 ditto,
Do. No.10 ditto ditto (2nd edmon) e |1 2 ditto.
Do. No. 23 ditto dilto . o 1 2 ditto,
Do. No. 26 ditto ditto 1 2 ditto.
Section IX of Spirit Levelling Operuhons 1571-7 to illustrate .
Buok of Meiy s 1 20 ditto.
Index Map to Main chcl Linos of the G. T. Survcy 1 40 ditto. ditto,
Index Charts
Kashmir Triangulation w1 32 ditto.
Northern Bombay Triangulation 1 16 ditto, ditto.
Preliminary Numericnl Churts of the N. W. Qundnlateml 1 2 ditto.
Final Numerienl Charts of the N. W. Quadrilaternl e 1 a2 ditto.
Preliminary Numerical Charts of the N. E. Quadrilateral 1 32 ditto.
Final Numerical Charts of the N. E. Quadrilateral e 1 32 ditto.
Preliminary Numerical Charts
Kashmir Triangulation, Sheet No. 7 (projected by Mr.W. G, Be\'erley) 1 4 ditto,
N. w. Ulmnln)n Scrics, Scnson 1851-52, (in 2 sheets) ... 2 4 ditto.
Budhon Meridional Series, Nos. 1 to 4 4 4 ditto.
Rohan ditto ditto, Senszon 18535-56, and 1836-57 (redm\vn) 2 4 ditto.
Qurhigarh ditto dilto ditto 1860-61 (redrawn), and 1661-62 2 4 ditto.
Blluspur dilto ditto  ditto 1871-72 Norlhern Section 1 4 ditto.
Assam Valley Prisngulation, Senson 1871-72 ... 1 4 ditto.
Rangir Meridionn] Series, Nos. 1 to 3 3 4 ditto.
Bider Longitudinal and Bildspar Meridional Scrlcs, Scnsan 1871 12 1 4 ditto,
Bnn;ulorc Meridional Series, Scnson 1871-72, Northern Section 1 4 ditto.
Aman ditto ditto, Nos. 1and 2 N 2 4 ditto.
Northern Bombay Triangulation, Sheet No, 9 ... w1 4 ditto.
Gora Mcridional Series, Nos. 1 and 2 2 4 ditto.
Final Numerical Charts
Qrent Arc Series (Principal Triangulation), Nos. 1 to 6 .. 6 4 ditto,
Karichi Longitudinal Scrics  (clitto) Nos. 1106 ... [ 4 ditto,
Plates.
Of Figures to illustrate Volumes 11T and IV of the operntions , ,
¢ of the Great Trigonometrical Survey of India 28 ditto. ditto.
Miscellaneous.
Colored 8,443 copics of mnps, and performed numerous other
miscellancous duties,
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Notes on the Maps of Central Asia and Turkestan which have been compiled and
published in the Office of lhe Great Trigonometrical Survey of India, under
the superintendence of Colonel J. T. TWualker, R.E.

In the year 1862 I was called on to compile a map of * Asia between the
parallels of 20° and 60°” to accompany the Report on the Trade and Resources of
the Countrics on the North Western Boundary of British India, which was pub-
lished by the Punjab Government. While thus occupied I realized how very
slight and inaccurate was the knowledge then possessed in India of the regions
lying between the Russian and the British Frontiers. I went to England in 1864
and found that neither in the India Office nor in the archives of the Royal Geo-
graphical Society was any better information forthcoming. It appeared that our
knowledge of the Geography of these regions was almost solely derived from the
maps which had been compiled in 1711 by the French Jesuits in the service of
the Emperor of China, and for which the only data had been “divers very exact
journals,” “itinerary distances,” and the “latitudes and longitudes given in the
tables of Nassir Addin, Olug Beig, and other Eastern Astronomers, quoted by
Ab{’] Feda.”* These maps had no pretensions to accuracy and they contained
very little detail; and the Messrs. Schlagintweit had recently come to the conclu-
sion, from their own observations, that the positions of Kashgar and Yarkand on
the Jesuit’s maps were erroneous by 2° in longitude.

(2.) This state of things being most unsatisfactory, I obtained the per-
mission of the Secretary of State for India to proceed to St. Petersburg, to ascer-
tain whether any more accurate and valuable information might be obtained
from Russian sources. The Russian Government was known to have recently
obtained, by the treaty of Pekin, a grant of land in Kashgar, in Bastern Turkes-
tan, for the errection of a factory; the Russian frontier had been recently carried
south-wards into Western Turkestan, and thus embraced a portion of what to
Englishmen was still a ferre incognita ; and there was much reason to believe that
Russian Officers had alrcady acquired a large amount of information regarding
the regions to the south of their frontier line, and that they would not be unwil-
ling to impart this information to a British Officer.

(3.) At 8t. Pctersbuarg, I reccived cvery assistance from Lord Napier,
the British Ambassador, by whom I was introduced to General Milintine the
Minister of War, M. Golovinne the Minister of Public Instruction, and Ad-
miral Liitke the President of the the Russian Geographical Socicty. I readily
obtained access to the Avchives of the Geographical Society, which were replete
with valuable publications and maps, many of which had not yet found their way
to England. To obtain free access to the Topographical Department of the War

% See Pere du Ualde's Ching, und more particwarly the Geographical bservations on the Mup of Tibet, by Lure
Regis.
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Office was anticipated to be a more diffieult matter, for in all parts of the world
the time honored custom still prevailed of treating the documents in such offices
as secret and confidential, and not to be shown to foreigners ; but General Miliutine
at once authorized my admission to the Topographical Office, and I have every
reason to belicve that Iwasshown all the maps it contained of the regions in which
I was interested. In one respect I was disappointed; I found thatthe Russians had
not carried their explorations to any thing like the distance beyond their frontier,
that the British had done in India; though they were then holding the north-west
portion of Kokan, around Tashkend, they had very little knowledge of the central
and eastern portions of that important Khanat; the treaty by which they had
obtained a grant of land for a factory in Kashgar was still a dead letter, only one
Russian Officer having visited Kashgar, and he went there in disguise and was un-
able to take any observations for fixing it’s position; and it appeared that such
knowledge of Turkestan as was possessed by the Russians was derived, for the
most part, from the same sources as our’s,—namely from the maps of the French
Jesuits, which were a century and a half old. But there were expectations that
this state of ignorance would not last long; the Russian Government had ap-
pointed as Political Agent to the Native States in Turkestan an accomplished
astronomer, M. Charles Struve, who was expected to determine the correct posi-
tions of all places of importance near the boundary line, and thus it was hoped
that very valuable data for the rectification of the existing maps would be soon
forthcoming.

(4.) T obtained the following maps;

1. Southern and Eastern Siberia including parts of Mongolia and Chinese
Tartary, recently published by the Russian Geographical Society.

2. Central Asiabetween the parallels of 20° and 50° and meridians 40° to 90°
East of Greenwhich, by the Topographical Department of the War office ; 1863.

3. Western Siberia, and the countries between the parallels 42° to 62°, and
meridians 62° to 85° by the Topographical Department of the War Office ; 1848.

4. A manuscript map of the Khavnat of Kokan, based on information
recently supplied by the Russian Consul at Guldja.

5. A catalogue of the latitudes, longitudes and heights of all positions of
importance in Asiatic, Russia, Persia, Chinese, Tibet and Tartary which had been
determined up to 1863 by triangulation or Astronomical observations.

6. Various publications of the Russian Geographical Society.

(5.) Returning to England Isecured the assistance of Mr. Robert Michell
in making translations of the various Russian documents I had received and in
transliterating the names on the maps; and for some years afterwards, up to the
time when Mr. Michell obtained an appointment in the India office, I was regu-
larly supplied by him with translations of Russian publications furnishing new
information on the Geography of Central Asia.

(6.) In 1866 my map of Central Asia was published; in it’s compilation
the whole of the regions to the north of 40° were taken from the Russian sources
indicated in the prececding paragraph; all to the south of 38° from British
sources ; for some portions of the intermediate belt of two degrees in latitude it
was still necessary to depend on the maps of the French Jesuits which have already
been mentioned, though additional details were furnished by recent itineraries.
The position of Tlchi, in Khoten, having heen lately determined by Mr. Johnson,
in conncction with the operations of the Trigonometrical Survey of India, furnished
a point to which the details in the Jesuit’s maps could be referred with aceuracy,
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so that there was reason to hope that the correct positions of the chief towns in
Eastern Turkestan had been fairly approximated to.

(7.) Very shortly after the publication of this map, I received from M.
Otto Struve, Director of the Poulkova Observatory, a list of nearly fifty positions
near the southern borders of the Russian territories, which had lecn recently
determined by his brother Charles, whom I have already mentioned as having been
deputed for this purpose by the Russian Government.* The results shewed that
the existing maps required a considerable amount of rectification, and strange to say
to a much greater extent in latitude than in longitude. Thus the town of Chemkend,
which had been hitherto supposed to be in latitude 42°43" and longitude 69°40" from
Greenwich, was found to be in Jat. 42°18" and long. 69°36"; Tashkend required to be
placed upwards of thirty miles further south and about twenty to the east, and
generally a very considerable amount of southing was required for all the chief
towns between Aulicata and Bokhara.

(8.) I then commenced the compilation of the map of “ Twrkestan, with
the adjoining portions of the Russian and the British territories.” It was con-
structed in four sheets which were published consccutively during the years 1867
and 1868. For the southern portions of this map, which indicate the regions
immediately adjacent to the British Fronticr, there were then no other materials
available than those which had been used in the map of Central Asia, but I had
obtained several Russian maps, in addition to the astronomical points, for the
correction and amplification of the geography of the regions contiguous to the
Russian TFronticr. Of these the most accurate and valuable was Admiral
Butakoff’s map of the Sir-Daria (Jaxartes), and Severtsoff’s Geological map
of the country lying between the Sir-Daria and the River Chui. I also obtained
copies of the sketch map of Northern Bokhara with the conterminous portion
of Turkestan, which was prepared for Saturinofl’s Journal of Struve’s mission
to Bokhara in 18G5, the Chart of Routes in Kokan from Tashkend to Namangan
and Margilan published by the Russian Geographical Society in 1867, and a map
of Turkestan published at 8t. Petersburg by A. Ilyin.

(9.) Geographical science, when it is not advanced by sound and sys-
tematic surveys but is dependent on information acquired from the itineraries of
travellers and from cross questioning the inhabitants of a ferra incognite, has to
make it’s way by zig-zags of approach, often over-shooting the mark to which it
is directed, somctimes perhaps going wrong altogether, but yet always endeavor-
ing to reach it’s goal by successive approximations, This is pre-cminently the case
as regards the geography of the portions of Central Asia which respectively lie
beyond the boundaries of the Russian and the British territories, and more so as
regards the former than the latter, for accurate and continuous surveys on a
trigonometrical basis have now been carvied up to the British frontier, through-
out it’s entire length, whereas on their side the Russians have not yet had time
to cxecute such surveys, and their maps are mostly compiled from reconnoisances
and itinerarics, of varying ovders of merit, which are put togethor on the basis
of a few points whose positions have been determined astronomically. It is
cvident therefore that until all such data have been superceded by the results
of a rigorous and systematic survey, Central Asian geography can only bo
considered as a preliminary approximation, which is liable to be largely corrected
in future.

* While engnged in these operntions M. Struve was taken prizoner, and held in captivity in Bokhura for several months,
which probubly was one of the couses of the subsequent extension of the Kussion boundary in thut divection,
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(10.)  Sir Roderick Murchison, in his address to the Royal Geographical
Society at the anniversary meeting in May 1869, said of the map of Turkestan
that “this work of Colonel Walker’s does not enter into great topographical
detail, but it is invaluable as a combined view of tlie sound results obtained up
to the latest date, and marks a step in our chartography of that region such as
has not been made for nearly thirty years.” DBut such has been the progress of
geographical exploration, on the part of the British as well as the Russians, since
the publication of that map that it is now found to need numerous corrections
and additions, and to be altogether insufficient for present requirements. It
moreover contains a grave error in an attempted rectification of the course of
the Zarafshan river; in the preceding map of Central Asia that river was shown
as rising in the hills south of the Khanat of Kokan at a distance of about 44° to
the east of Samarcand, and trending westwards, between two parallel ranges of
mountains, until it reached the vicinity of Samarcand ; but in Saturinoff’s map (see
para. 8) the source of the river is placed in the Lake Iskunder at a distance of
barely a degree to the east of Samarcand, and the two ranges to the south of
Kokan give place to asingle range; the propriety of this rendering was supported
by arecent determination of the position of the town of Kokan, placing it more
than a degree to the south of the position which had been previously accepted.
These supposed rectifications were introduced into the Turkestan map, but they
have now been found to be erroneous; the river Zarafshan was afterwards
explored to it's source by M. Fedchenko, and the original rendering of the river
is now known to be much more accurate than that by which it was for a time
supplanted.

(11.) To correct this error, and to utilize the results of recent surveys and
explorations, a new edition of the map of Turkestan has been prepared. It has
been extended west-wards to embrace the Caspian sea, which was not shown in
the first edition. In it’s compilation the following recent maps and documents
have been used in order to correct and add to the details in the first edition.

From British and Asiatic Sources.

{. Trans Himalayan Explorations under the superintendence of Major
Montgomerie ; »iz., the Pundit’s Explorations of the Upper Basins of the Indus,
Sutlej and Brahmaputra rivers, 18653-67; the Mirza’s Route from DBadakshan
across the Pamir steppe to Kashgar, 1868-69; and the Havildar’s route from the
Panjab to Badakshan, through Swat, Dir, and Chitral, 1870,

2. Two skeleton maps (without Lills) by Major Montgomerie, called
«Trans Frontier Maps, compiled from Route Surveys and Astronomical Obscrva-
tions made by British and Asiatic explorers from the side of India”; 1872-73.

3. Captain Carter’s chart of trigonometrically fixed points west of the
Tndus, between the British Frontier and the water-shed of the Hindu Kush;
1869-70.

4. Map of the Sistan houndary by Major Lovett; 1872.

5. Teport of General Sir Frederic Goldsmid on the Sistan boundary ;
1872,

6. TRoute from Bam to Sistan and thence to Meshed by General Sir I
Goldsmid, 1572,

7. TRoute from Shiraz to Bam, Major Lovett; 1872.

8. Youte from Teheran to Bushire, by Major St. John; 1871.

9. Map of Alfghanistan compiled in the Quarter Master General’s Office,
Simla, 1571.
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10.  Colonel Johnstone’s Sketch Map of the North Western Frontier, from
Fort Abazai to Fort Mackeson, 1869-70.

ll. The communications of Messrs. Hayward and Shaw to the Royal
Geographical Society, published in the Socicty’s volumes for 1870 and 1871,

12. Map of Central Asia, by John Arrowsmith, 1872.

1871 13. Map of Eastern Turkestan, to illustrate Mr. Forsyth’s Journcys,

14. Travels in Central Asia by Mir Izzat-Ullah, in the years 1812-13,
published 1872,

5. Journey from Peshawar to Kashgar &c. by Faiz Buksh, 1870.

6. Route from Kokan to Peshawur, vid Karategin, by Shazada Sultan
Muhamad of Kokan.

17. Map of Independent Territory west of Indus and south of Oxus, com-
piled by a Moulvie in the service of Captain Ommaney, Deputy Commissioner of
Hazara.

18.  Reports of the meetings of the Royal Geographical Society, published
in “Ocean Highways, the Geographical Record” by Clements Markham, C.B.,,
1872-73. :

19.  Colonel Yule's Introduction to the second edition of Wood’s Oxus,
1872.

20. Map of Central Asia, compiled at Topographical Department of War
office, and corrected to March 1873.

From Russian Sources.

21.  Additional astronomical detcrminations of position, by M. C. Struve.

22. Map of the Khanat of Kokan, by M. C. Struve, scale 20 versts=1
inch; 1871,

23. Map of Turkestan by Captain Liusilin and Colonel Narbut, of the
Russian Topographical Department; 1871.

24. Map to illustrate Baron Osten Sacken’s Route from Vernoe to neigh-
bourhood of Kashgar; 1868.

25. Topographical sketch of the Zarafshan valley by M. Fedchenko; in
the Journal of the Royal Geographical society for 1870.

26. The principality of Karategin, by General Abramof, Chicf of the
Zarafshan district; in the Journal of the Royal Geographical Society for 1871.

27. M. Fedchenko's accounts of his expedition up the Zarafshan valley
in 1870, and his travels through the IKhanat of Kokan in 1871, as translated in
“ Ocean Highways"” from the proccedings of the Imperial Russian Geographical
Bociety for October 1872, and published in the proceedings of the Berlin Geographi-
cal Society.

28. Chart of Central Asia, by the Russian Topographical Department;
1863 ; new edition corrected up to cnd of 1872,

(12.) I very much regret that I am unable to add to the above list
M. Fedchenko’s new map of Kokan, which I have made several efforts to obtain
but hitherto without success. It should be very valuable, for M. Fedchenko has
succeeded in penctratink into Karategin, and reaching the neighiborhood of the cele-
brated Tirak pass between Kokan and Kashgar, and he has thus had great opportuni-
ties of correcting erroncous geography ; le is stated to believe that he has cleared
up “many points which are yet problematical,” and also to be of opinion that ¢ there
remains now but very little to determine on onc of the great geographical mys-
teries of the world.,” T am informed that he is preparing an elaborate account of
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his explorations and solutions of geographical mysteries, and that the publication
of his map will be postponed until his hook is ready.

(13.) It is desivable that I should here point out the geographical altera-
tions and additions which have been made in the construction of the second edition
of the map of Turkestan now in publication, giving my reasons for them wherever
necessary.

I. The map has been enlarged so as to embrace the region between the
meridians of 46° and 58° East of Greenwich, to which much intercst attaches at
the present time.

2. The error in the course of the Zarafshan River, noticed in para. 10,
has been rectified.

3. The route from Badakshan to Kokan, ¢id Kolab and Karategin, is
stated by M. Fedchenko to have been originally traced inaccurately, because of the
errors in the position in Kokan: Itis now made to cross the great range of
mountains to the south of Kokan nearly a degree to the east of the position for-
merly accepted, at the Karategin pass of M. Struve’s map. Much additional
information regarding this route and the valley of the Surkhab river has been obtain-
ed from the Itinerary of Shazada Sultan Muhamad of Kokan, whose route from
Kokan to Lungur Eshan goes throngh several places on Abdul Majid’s route ; from
Lungur Eshan to Abigurm the Shazada’s route keeps near the river Surkhab,
passing through several places noticed in General Abramof’s account of Karategin,
while Abdul Majid appears to have taken a more dircet route to Kolab, keeping
away from tlie river and crossing several spurs of the Darwaz hills.  From Abigurm
the Shazada procecded zid Baljawan, which is believed to be near the Surkhab
River, to Kolab, where his route joins that of Abdul Mejid.

4. TIn the delincation of the Khanat of I{okan M. Struve’s map has been
exactly followed up to the meridian of the Karategin pass, 72° 20"; but from that
point castwards, I have thought it desirable to make some considerable deviations.
M. Struve places the Tirak pass* very much closer to Kashgar, than is reconcileable
with the information given in the itineraries of Muhamad Amin, and Mir Izzat-ullah;
he makes the distance from Kashgar equal to 2'7 tenths of the distance between
Kashgar and Kokan, while they agree very closely in malking it 44 tenths of that
distance, the difference being equivalent to about 1§ of a degree in longitude. M.
Struve’s geography of this region is probably based on native information which is
no better than that furnished by the itineraries of Muhamad Amin and Izzat-ullah ;
T have adopted 2 mean batween his value and their’s, and assumed the Tirak pass
to be at 3:6 tenths of the distance from Kashgar that Kashgar is from Kokan. I
thus place the pass in long, 74° 15’, instead of 74° 55" as by M. Struve, but our
latitndes are the same, iz, 89" 42", The position adopted for the first edition of
my map of Turkestan was 39 18’ by 72° 48/, nearly half a degree to the south and
a degree and a half to the west of the position now adopted. I trust that the
amcertainty about the position of this pass—which is an obligatory point of the
highest importance—has been cleaved up by the labors of M. Fedchenko. He is
reported to have said, in a preliminary account of his travels, that the pass should
be shifted 80 versts (53 miles) to the west and 30 versts (20 miles) to the north
«of the position hitherto given on the maps”; but as it is not stated on whaé maps,
the information is indefinite; it tends however to confirm the propriety of my
deviation from M. Strave.  In the new edition of the Russian Chart of Central

_:T'ﬁ:r;u: #pelt '1‘vnr‘I:, Turnk, 'linrr:r_i-—h) vativus anthortlics, and Teezuk by the trunslator of Mir Tzzat-Ullal's

travels.
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Asia (28 of para. 12) the pass is placed in lat. 40° 8 by long. 73° 30°. The geo-
graphical zigzags of approach to this pass would scem to Lave gone very wide of
the mark hitherto. .

5. Thave placed the town of Kashgarin lat. 39° 29, long. 76° 12/, and
that of Yarkand in lat. 38° 20, long. 77° 30, the positions determined by Major
Montgomerie from the route surveys of his native explorers, and upheld by him
in his recent Trans Frontier skeleton maps.

6. The original delineation of the district of Tashkurgan has of course
been superceded by the Mirza’s survey of the route from Badakshan across the
Pamir Steppe to Kashgar. A comparison of the Mirza’s route with those of
Muhamad Amin and the map constructed by Captain Lumsden from Muhamad
Amin’s itineraries, shows that there is much probability that the Sussogh Kul of
Abdul Majid’s itinerary is in reality Wood’s Sirikal or Lake Victoria, though it
has hitherto been placed about 45 miles to the north-west of that lake ;* Muhamad
Amin gives a lake—merely called Ab-i-Pamir Kalin—in a similar position rela-
tively to another lake which he calls Sivikul and which was therefore supposed to be
Wood’slake. Butit is now quite clear that this Sivikul is identical with the Mirza's
Barkut Yassin Lake, which lics about 40 miles to the south-cast of Wood’s Sirikul ;
as the word Sirikul literally mcans a lake on a summit, and there are many lakes
so situated in this region, the name is not suflicient to ensure identification. The
merging of the Sussogh Kul into Wood’s lake has a very important bearing on
the geography of the Pamir Steppe; it throws the starting point of our best
itineraries across this region to the Tirak pass considerably to the cast, and as the
position of the pass has been carvied still further to the east, I have found it
necessary to move Lake Karakul about 14° in the same direction.

7. The region lying between the eastern edge of the Pamir Steppe, the
valley of the Surkhab River and the River Panja of Wakhan—the southern branch
of the Oxus—covers an area of about 40,000 square miles which is still a Terra
Incognita to Englishmen. It is probably a highly elevated plateau, which culmi-
nates in the Bam-i-Diniah, the highland of the Pamir on which Wood’s lake is
situated. To the south-west it is bounded by a prolongation of the spur from the
Hindu Kush range northwards passing Dbetween Ishkashm and the upper sources
of the Kokcha river, which must take the form of a highly elevated searp on it’s wes-
tern face, which towers over the valley of the Kokeha, while it’s eastern face has a
comparatively slight command over the elevated plateanx of Wakhan and Shagnan.
1t is not improbable that this searp is prolongednorthwardsand then north-castwards
into Karategin, and thatit’s crest is the watershed between the Terra I ncognita and
the valley of the Surkhab River. The whole of the drainage of this region appears
to join the Panja River on the cast side of this range, the united streams forming
the Oxus, which, after bursting through it’s mountain barriers, and descending from
a probable elevation of 7,000 feet to one of 700, enters an alluvial plain as a noble
stream having a breadth, opposite Sarchasmah, of upwards of a mile in winter and
some six miles in summer during the melting of the snows. The Shazada Sultan
Muhamad is my authority for the breadth of the Oxus at this point, and though he
may have exaggerated it, yet the fact that neither his itinerary nor that of Abdul
Majid mentions the passage of any river on theroutes between Lungur Eshan and
the Oxus, shows that the existence of large rivers flowing westwards through the

Terra Incognita into the Surkhab is highly improbable, and strengthens the pro-

* Mujor Monlgomeric I Gnd lus ndopted this siew, und is supported in it—though will sumc besitation—Dby Colonel

Yule,
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bability of these rivers joining the Oxus above the point of it’s entry into the low-
lands,

8. A recent writer in the Times—sce the Mail of 9th April, 1873—in
reviewing Colonel Yule’s edition of Wood’s Oxus, draws attention to “ the curious
forgeries produced by dearth of information concerning Central Asia.” e says of
these forgeries that * they have been adopted in Colonel Walker’s map, and trans-
ferred from it to others, even that of the Topographical Department; thus the
course of the Oxus in it’s northern bend, and the districts of Shagnan, Roshan,
and even Wakhan, are tortured out of shape and place.” This would be very
sad and pitiful if it were only true. But as a matter of fact Shagnan and Roshan
do not appear in either of the maps which I have published hitherto, though they
will be found in the new edition of Turkestan. On the other hand Wakhan has
always been shown without having undergone a process of torturing, for it was
placed exactly as Wood—the only Englishman who has ever been there—placed it,
and Wood’s rendering is accepted and followed by Colonel Yule. Shagnan and
Roshan fall within the Zerra Incognata, as will be at once evident from an exami-
nation of the attempts to give them shapes and places which have been made by
the geographers who are believed to have known or to know most about them,
For example, Shagnan—which in deference to Colonel Yule will hereafter be
spelt Shighnan—is shown in Wood’s map as the portion of the valley of the Panja
river below Wakhan, having the direction 8. 8. E.,, to N. N. W, with a length
of about 60 miles. In Colonel Yule’s it lies in great part in a lateral valley,
called the Shak-dara, about 30 miles to the north of and nearly parallel to, the
course of the Panja River through Wakbhan; it has the dircction N. E. to 8. W,,
with a length of 110 miles and an average breadth of 80 miles; beyond it (north-
wards) a third parallel valley is shown, which Colonel Yule thinks may be the
Vallis Commexdarum. Colonel Yule and Lieutenant Wood agree in locating
Shighnan wholly between the 37th and 38th parallels of latitude; but accord-
ing to M. Fedchenko (see Ocean Highways for December 1872, page 289) the
Shighnan territories must reach to a distance of at least a degree further
north, for he says that the valley of the Muk-su separates them from the Alai
plateau; he believes that they “lic to the cast of Darwaz, extending probably
two degrees along the meridian ”, or in other words that they embrace an area
which is far greater than has hitherto been imagined by the best Inglish autho-
rities on the subject. The matter is one of no small importance, if Colonel
Yule is correct in his statement that Shighnan acknowledges the supremacy of
Badakshan.

9. 1In the first cdition of the map of Turkestan the District of Darwaz is
placed wholly to the north or on the right bank of the Oxus, and it is retained
there in the second edition, because I have failed to discover any satisfactory
authority for extending it to embrace a portion of the region on the left bank of
the Oxus; the fact however that this has becn done in Colonel Yule’s map and
Lieutenant Wood's also is, I must admit, a strong argument against the validity of
my own conclusions, and the accuracy of my information.

10. Colonel Yule observes in his Essay that I have “more than once ex-
pressed an opinion that therc is no well-defined range where the Hindu Kush is
represented on our maps”, and he adds that he thinks thesc words are far too
strong. They appcar to be quoted from the printed report of a discussion at
the meeting of the Royal Geographical Socicty on the 24th April 1871; I
cannot find them anywhere else. The words taken by themsclves may well
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be considered to be too strong, hut Colonel Yule has overlooked the circum-
stance that they were spoken with reference to Mr. Shaw’s discovery of places
in the Karakoram range where there is a break of continuity in the range, and the
line of watershed is almost lost, and can only be traced with difficulty, on the high
table lands into which the range disappcars for a while to reappear further on
beyond them. Speaking of the Hindu Kush rangz I expressed my belicf that a coun-
terpart to the break of continuity in the Karakoram would be met with there, and I
think there can be very little doubt of this. Ata subsequent meeting of the Royal
Geographical Socicty, on the 13th May 1872, I said of the portion of the Hindu Kush
range which lies to the north of the valley of Chitral that, as our geographical know-
ledge improved, ““ we should probably find that the system of mountain chains, as re-
¢« presented in our maps, would require great alteration, that the dark range now
« pepresenting the watershed would be found much lower than is now supposed,
“ and that the higher ranges were to thesouth of it.”” Colonel Yule must I think
agree with me, for in his recently published map the watershed has, for the first time,
becn greatly subordinated, and nearly disappears altogether, in the vicinity of the
passes leading out of the upper Chitral valley into the Sarhad Wakhdn and Pamir,
where hitherto it has invariably been shown as a great range towering over all others.
The depression of the main line of watershed as compared with the great moun-
tain ranges is a well known feature in Himalayan geography, the counterpart of
which doubtless obtains in the Hindu Kush range also. And I find that Major
Montgomeric has recently arrived at the conclusion that the watershed line between
the Hindu Kush and the Karakoram ranges lies considerably behind (to the
north of) the line of high peaks which he fixed trigonometrically several years
ago, and which have ever since been accepted as the actual line of watershed,
whereas they are now ascertained to belong to off-shooting higher ranges.

1. Numerous additions and rectifications of the geography of the countries
between the watershed of the Hindu Kush and the British Frontier line have been
made on the basis of Captain Carter’s triangulation, by which upwards of a hun-
dred hill peaks have been newly ficed in this interesting region. The Havildar’s
expedition through Swat, Dir and Chitral to Badakshan has not only furnished
very valuable details in itself, but has been otherwise serviceable in enabling Major
Montgomerie to utilise the results of an exploration through the Swat valley to
the sources of the Swat river and thence westwards into the Panjkora valley,
which was made some years ago by onc of his explorers, who was unfortunately
murdered in Swat; his papers were recovered, but they were wanting in some
particulars which were necessary for their verification, and this missing link has
been furnished by the Havildar's survey, which fixed the closing point of the
previous survey.

12. The geography of Kaflivistan is still dependent on the valuable rough
sketch which was compiled by Lieutenant (now Major General) Peter Lumsden
in 1858, from information supplied to him by Kaffirs; this sketch was published in
Major H. B. Lumsden’s account of the Mission to Kandahar, ‘and it’s general
accuraey has been corroborated by Captain Carter’s recent operations, which have
tixed a large number of hill peaks in Kafliristan and proved that the disposition of
the mountain vanges is very closely in accordance with what is shown in Licutenant
Lumsden’s sketch.

13. Colonel Johnstone has ascertained that there is a very remarkable
bend in the conrse of the Kabul river through the range of hills which separates the
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valleys of Jellalabad and Peshawur, and his delineation thereof, in his map of the
North Western Frontier from Fort Abazai to Fort Mackeson, is corroborated b
Captain Carter’s opcrations. On the authority of the map of Afghzmistaz
which was constructed by Colonel Garden, late Quarter-Master-General of the
Army, from the route surveys of the officers of his Department, the river is shown
on all modern maps as having a nearly straight course through those hills; Colonel
Garden’s surveyors however worked through the Khyber pass, from Jz’xmrud to
the vicinity of Lalpura, and did not traverse the course of the river, so they could
only shew it approximately, whereas Colonel Johnstone has succeeded in survey-
ing it’s course westwards beyond the Peshawur valley up to the bend in question.
On the other hand beyond the berd his map is based on native information, and
it brings Lalpura several miles to the east of the position which is given by
Colonel Garden, most probably from actual survey. Colonel Johnstone’s r%ndering
of Lalpura is followed in the map of Afghanistan compiled in the Quarter-
Master-General’s office at Simla in 1871, but I think on insufficient grounds; I
have therefore retained Lalpura in the position assigned to it by Colonel Garden.
As regards the great bend in the Kabul river, I may observe that it is not a new
discovery but the re-discovery of a fact which was well known to Lieut. Wood,
who states at the end of his book that, on leaving Afghanistan, he and Dr. Lord
embarked on the Kabul river at Jellalabad * on rafts of inflated skins, and dropped
down with the stream to Peshawur;” so remarkable a feature could not have
escaped the attention of so accurate a geographer, and accordingly it will be found
duly portrayed in the map accompanying his book.*

14. A route survey, the details of which have not yet been published, has
been carried by Major Montgomerie’s Havildar from Kabul to Bokhara; it
slightly alters the positions of Balkh and Karshi, which may now be considered
to be known very approximately, and it adds new details which, though somewhat
meagre, are not without interest. Unfortunately the Havildar did not pass suffi-
ciently near Shahr-i-Sabz to be able to determine whether M. Khanikoff is
correct in placing Yakobak some 30 miles to the east of that town, or M.
Fedchenko in removing it to about half that distance to the south. M.
Fedchenko’s rendering, being the latest, has been adopted.

15. The valuable surveys of Major’s Lovett and St. John in Persia, and
along a considerable portion of the line of boundary between Persia and Afghanis-
tan, have been ecarefully incorporated into the new map, and the details of the
countries on either side of the lines of survey have been re-adjusted so as to
harmonize as closely as possible with the rectifications now furnished.

16. The surveys of the Pundits near the sources of the Indus and the
Sutlej Rivers have been incorporated into the new map, and alsoa route from
Rudok to Keria and Khotan, passing to the east of the Kuen-lun range, over the
Aksai Cliin or White Desert ; and a few corrections and additions have been made—
on the authority of Messrs. Forsyth, Shaw and Hayward,—to Mr. Johnson’s delinea-
tion of the regions to the north of the Karakoram Range and the Changchenmo
valley, which had been previously adopted.

® Tt is much to be regrotted that this map was constructed on so small a scale; this was eridently dono to ennbic it
to cmbrace the course of the Indus from Altock to Knrachi; but at the present time the chief interest of the book and
map eenters in the regions north of the paralicd of 34 and if the original surveys are still fortheoming their publication
an o large senle would be n great boon to geogranhers ; had this been done originally, the mistake in the delineation of
the Kabul River would probably nnt have been made.  As regards the position of Lalpura, T have heard from Colonel
Julinstone, since the nhove was in type, thut he has discovered sn error in the constructivn of his mep which accounts for

bis diengrecment with Colupel Garden.
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(14.) As regards boundaries, they are the &éfe noire of a geographer, more
particularly when they are shifting and uncertain; but they increase the interest
with which a map is regarded, and as approximations are better than nothing at all,
some of the principal boundary lines are shown approximately in the new map.

. Tor the Russian Boundary I have adopted the line given in the latest
of the Russian maps already cited, on which it is shown; the last map of all
however does not indicate any portion of it to the west of a meridian line passing
nearly midway between Bokhara and Samarcand.

2. The northern boundary of Persia has been carried along the entire
course of the Atrek river from the point where the river enters the Caspian Sea to
the point where it’s principal source is supposed to originate; thence it is drawn
eastwards for about one hundred miles and then diverted to the south-east, in
a nearly straight line, to the point where the Heri-rud crosses the parallel of 36°;
here it is made to meet the northern boundary of Afghanistan. The boundary
between Persia and Afghanistan is thence drawn as following the course of the
Heri-rud river south-wards to a little above Shahesk (lat. 34° 40°) where it leaves
the river and is carried due south to the parallel of 33° and then is bent slightly
west-wards to cross the road between Lash-Jowain and Birjand at the wells of
Chah-i-Sagak ; thence it is carried south-east and south-wards to the Sistan Dis-
trict, through which it follows the line demarcated by General Sir F. Goldsmid,
which is generally south-east down to the fort of Nadali—lat. 31°, long. 62°—and
south-west onwards to a point, in lat. 30° long. 611°, where it is supposed to meet
the boundary of Beluchistan. Thence the boundary line betwecen Persia and
Beluchistan is carried in a south-easterly direction towards a hypothetical point
in the valley of the Mashkid river, in lat 27§° long 631°, which is beyond the
limits of the map.

3. The northern boundary of Afghanistan is drawn as trending E.N.E.
in a nearly straight line, from the point where the Ileri-rud River crosses the
parallel of 36° to Khoja Saleh on the River Oxus. It is carried thence up the
course of the Oxus and it’s principal source—the Panja River—to Wood’s Lake
Victoria, in conformity with the line of boundary which has been approved of by
the British and the Russian Governments.

4. A very considerable portion of Eastern Turkestan, which in the first
cdition of the map was shown as Chinese Territory, is now subject to the Atalik
Ghazi, whose territorial acquisitions appear to be daily increasing; this is more
particularly the case eastwards towards China, where they have extended beyond
the limits of the map; even westards there has been some extension, according
to M. Fedchenko, who says that “a large portion of the Kokan Khanats must be
cut off and madc over to the territories of Yakdb Beg”. I have not attempted to
assign any boundaries to the countrics under the sway of this acquisitive potentate.

5. The northern boundary of the territories of the Maharajah of Kashmir
has—on the authority of Mr. Forsyth—Dbeen brought back a considerable distance
from the line indicated in the first edition of the map. It is now carried along
the northern edge of the Chang-chenmo valley and over the ridges of the Kara-
koram and Mustagh ranges, up to a point on the meridian of 75°, whence it is
turned south-west to meet the meridian of 74°% and is then carried—as formerly—
along the ridge of the range on the southern side of the Gilgit Valley down to the
River Indus. The highly elevated but uninhabited region of table lands between
the Karakoram and the Kuen-lun ranges, was believed—on information derived
from Mr. Johnson—to appertain to the Maharajah of Kashmir, at the time wlen
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the first edition of the map was published; it would however appear to be a sort
of no-man’s-land at the present time. Yassin and the valleys of the upper
sources of the river of Gilgit are at present subject, if at all, to Chitral rather
than to Kashmir.

(16.) I cannot close these remarks without expressing my obligations to
M. Otto Struve, the Director of the Imperial Observatory at Poulkova, for favor-
ing me with the results of his brother’s astronomical determinations from time
to time, immediately after they were deduced; to the Baron Osten Sacken—Ilate
Secretary to the Imperial Geographical Society of Russia—to whom I am indebt-
ed for many valuable communications; and to Captain Liitke, the present Secre-
tary, who promptly responded to my application for geographical information, by
sending me one of the few photographed copies which had been made of M. C.
Struve’s valuable map of Kokan. To Mr, Clements Markham, C.B., of the India
Office, and to Colonel Thuillier C.S.1. Surveyor General of India, I am indebted
for early copies of all maps giving new information of the geography of Central
Asia, which have been published in England or communicated to the India office.
In the compilation of my first maps I was largely indebted to the late Mr. Wil-
liam Scott, who for many years was Chief Draftsman in the office of the Trigo-
nometrical Survey at Dehra Diin; the compilation of the present map has been,
in a great measure, my own work, but in executing it T have been much assisted
by my present Chief Draftsman, Mr. George Atkinson.

J. T. WALKER, CoroxerL, R.E,,
Dehra Dun,

4th June 1873. Supdt. Great Trigonomelrical Survey of Tidia.

Postscript, December 11¢h, 1873.—~8ince the preceding notes were pub-
lished, I have received a letter from Mr. Forsyth in which he demurs to being named
as my authority for the alteration in the northern boundary of the territories of the
Maharajah of Kashmir which brings it a considerable distance within the line in-
dicated on the first edition of my map of Turkestan. Further correspondence has
elicited the fact that Mr. Forsyth was not aware that I had simply followed the
delincation adopted in his own map of Eastern Turkestan (see clause 13 of art. 11)
which was compiled in 1871 under his superintendence—in the Surveyor General’s
Office at Calentta—to illustrate the report of his first journey to Yarkand; there
the new boundary line is shown, but on the authority—as it now appcars—of a
map constructed by the late Mr. Hayward, which Mr. Forsyth had furnished to
be used in the compilation of his own map, unfortunately without stating that he
objected to the alteration. Under the circumstances it is to be regretted that any
alteration was made, and that Mr. Forsyth should have been brought forward as
the authority for a line of boundary to which he objects most strenously, in oppo-
sition to the views held by Mr. Ilayward and other persons.

J. T. W,
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Note on the alterations and additions in the Re-prints of Sheets No. 1 and 3 of the
2nd edition of the Map of Turkestan, whick were published in the Office of the
Great Trigonometrical Survey of India in November 1873,

It has been thought desirable to incorporate into Sheets No. 1 and 3 of the
Turkestan map (2nd edition) the information which was appended to them in a
separate “ Addendum” when they were published—in April last—and which was
not received in this office until after they had been passed through the press.

(2.) The opportunity has been taken to make some alterations in the
delineation of tlie boundaries of Persia in accordance with information reccived
since the issue of the map. It must be understood however that any delineation
of this and of other boundary lines which have not been determined and swrveyed
can only be considered as an approximation, to serve as a pis aller until conclu-
sive results are obtained from actual survey.

(3.) The hills in the basin of the Atrck River and its affluents have been
taken from the latest edition of the London War Office map of Khiva; further
details of the Sir-daria District have also been added from recent maps of the
Russian Topographical Department.

(4.) Major Lovet, R.E., who was employed on the Sistan Boundary Com-
mission, has furnished a list of a few errata in the routes from Shiraz to Bam and
from Nasirabad to Birjand. In making the requiste corrections a serious error
was discovered in the positions of Birjand and Kdin and all places on the road
between them; the data by which they had been laid down—on sheet No. 3—were
the latitudes and longitudes which are given in Major Evan Smith’s Tabular
Ttinerary of the march of the Sistan mission from Bunjar to Mashad; but the
longitudes there given of Birjand, Kdin and all intermediate places are found to be
half a degree too great or too much to the east, by comparison with the details
of the distances and bearings which are given in the itinerary, and with Major
Lovett’s map of the route. Thesc errors have been corrected in the Re-print.

J. T. WALKER, CoioNEL, R.E.,
DeurA Doonw, Supdt, Great Trigonometrical Survey of India.
6¢h January 1874. ;
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