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GENERAL REPORT

ON THE OPERATIONS OF THE

Great Trigonometrical Suyvgy of India

IN

1876-77.

Tne- several operations of the present year, taken in the order in which
they are described in this Report, are as follow : —

(e r————

! Paow or
| lh\pnrt ! App: ndix.
No. I.— Trigonometrical. The Madras Coast Series 3 | 33—
» I11.— Trigonometrical. 'L'he Secondary Triangulations :
in the Assam Valley 4 19—y
»  1IL.—Trigonometrical. The Secondary 'l\langulatlons
in Burmah ... 5 1 12—,
" IV.— Trigonometrical. The Eastern Frontier Series,
Moulmein 6 14—,
. — Trigonometrical. The Rastern Sind  Series,
Meridian 70° . 7 16—,
» VI.—Topographical.  The Survey of Kattywar ° 7 15—,
»»  VIL—Topographical. " The Survey of Guzerat 8 21—,
v VIIL.—Topographical. The Survey of Kumaon and
Garhwil .t 10 ! 20—,
' 1X.— Spirit Levelling. Operations in Guzerat oo 11 34 —u
” X.—T%dal Investigations. Analysis of observations: i
at tidal stations in the -
Gulf of Cutch and at.
Tuticorin e |12
» X1.-—Tidal Investigations. Programme of Tuture |
Operations... 17
" XII.—Geodetic. Electro-telegraphic deterninations of ‘
Difference of Longitude | 18 85—,

w XIIL,—Geographical. XExplorations on Northern Trans-
Indus Frontier . 21

»w XIV.—Head Quarters Offices. Computlng ; Prmhng ; i
Drawing ; Photozinco- i
gmphlc, Correspond- i
ence; and Stores ... 23 | 5g—,
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(2.} The operations carried on during the year under review have prodiced
the following out-turn of work, Principal Trivngiiation : 67 triangles have
been measured, fixing 53 new stations and covering an area of 5,019 square miles,
in three series or chains, which, if united, would extend over a dirvect distance
of 269 miles; astronomical azimuths of verilication have been measured at two of
the principal stations. Secondary Triongnlation : an arven of 5,400 square miles
has been closely covered with points for the topographical survey ; an avea of 3.100
has been operated in par/ passu with the principal trinngulation ; and in an area
of about 23,600 square miles, lying mostly in portions of the Himalayas which
ave inaccessible to Europeans, a number of points have been fixed which will
be valuable for geographical rectifications.  Topography : aweas of 959 and G40
square miles have been completed, on the respective scales of half an inch and
one inch to the mile, in the British portions of the higher Himalayas ; and an
area of 3,704 square miles has been completed, on the two-inch seale, in portions
of the Bombay Presidency, in the course of which 2,717 linear miles of boundary
and check lines weve surveyed.  Geodetic Operation : the amplitudes of three
ares of parallel, between trigonometrical stations in Southern India, were deter-
mined by the electro-telegraphic method; and the differences of longitude be-
tween Bombay, Aden, and Suez have also been determined in the same manner,
Geographical Explorations : much valuable work has been done on the unsur-
veyed portion of the River Indus, and in and around the Kohistan which con-
tains the sources of the Swat and the Panjkora rivers.

(3.) The principal triangulation has heen executed in the nsual manner with

= ‘_ == the great theodolites—instruments
‘ P;,fq"u‘n"v';.",.“,?fl?.':,“ﬁf";(igi";":f-'f;zﬁ::-m“ whose azimuthal circles have din-
: nmeters of either 36 or 24 inches.

Series described in

Section i
Number. | Magnitude. | Yumber. Mogauge. L€ average theoretical probable error
| J of the angles, as deduced from the
T i evidence of the several measures of
! [ st l x0"17 " 18 | 0" each angle,—and the average geo-
v wio 81 4 ' 17 1| a6 meteical error of the triangles—the
v . l | a2 [ ag amount by which the sum of the
! | | three angles of cach triangle exceeds
T —— or is in defect of 360° + the spherical
Avemews .0 . 0720 | 051 excess—are shown in the margin, for

. — e . cach of the three series in which
principal triangulation was carried on during the present year.

(4.) The administration of the department during the year devolved first
on Major L. R. Thyillier, R.E., from the 4th April to 31st October 1876, and
afterwards on J. B. N. Hennessey, Esq., M.A., F.R.8., &c., from the latter date
until the 13th January 1877, during my absence in Europe on furlough. The
report for last year was drawn up by Mr. Uennesscy.

(5.) I now proceed, as usual, to report on, and give an ahstract of, the several
operations. Further details will be found in the extracts from the Narrative
Reports of the Executive Officers, which are given in the Appendix.
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No. .—TRIGONOMETRICAL.
THE MADRAS COAST SERIES.

(6.) The charge of the Madras Party was taken over by Captain Carter,
R.E., on his return from furlough

PERSONNEL. - .

Uaptain T. T. Carter, R.E., Deputy Superintendent, 3rd Grade. on 20t_h November 18761 from

Mr. G. Beleham, Surveyor. 4th Grade. Cﬁ-]’)t{lv] n Campbe]l, Br-E-, who had

.. C. D. Potter, Assistant Surveyor, st Grade. held it as a tcmporarv measure
,» A. H. Bryson, " . Id B

during the recess, on Major
(now Licutenant-Colonel) Branfill’s departure to Lurope in May.

(7.) Captain Carter lost no time in making his preparations for taking the
field, and he reached the scene of his operations by 1st December. During the
preceding season, nearly all the stations had been chosen and built for two
hexagons in advance of the final triangulation. Captain Carter’s first care was
+o complete these stations, choosing definitely those which remained doubtful,
clearing the rays where necessary, and building the pillars and scaffoldings for
the instrument and signallers. He then took up the final triangulation, and
dwring the season completed these two hexagons, and a third which his assist-
ants had selected and prepared in the meantime. The season’s work also
included the sclection and building of stations, and the clearance of rays for
another hexagon in advance of those finally observed; and one astronomical
determination of azimuth.

(8.) The country is very unfavourable for triangulation, being flat, with
innumerable groves of valuable trees. The villages are numerous, and each
covers a great quantity of ground; lécomotion, moreover, is by no means easy,
owing to the want of roads. The famine, which was raging in Southern India
during the season, made the question of supplies a difficulty ; prices being ex-
cessively high, and the inhabitants sometimes unwilling to provide food at any
price offered. During the beginning of the season, a water famine also seemed
imminent, and there was a good deal of cholera in the “district. Considering
that the country was new to him and the dificulty he met with, the out-turn of
work is very creditable to Captain Carter, who was, as he reports, well sewnde(l
by his assistants.

(9.} To obviate the necessity of heavy expenditure in building towers at
the stations, Licutenant-Colonel Branfill had introduced in the previous season
a system of raising the signals on lofty scaffoldings, and the theodolite on a
high tripod-stand of wood. This system was followed hy Captain Carter, the
signal being generally raised 45 feet, and on one occasion as high as 60 feet,
from the ground, while the theodolite was generally raised about 24 feet. The
system requires extra care on the part of the signallers in plumbing their signals
over the station-marks, but it has been found to work well; and it certainly
efleccts a considerable saving of expense, for it enables the triangulation to be
carried on without the construction of substantial masonry pillars raised to a
height of 20 to 30 feet above the general level of the plains, as is otherwise
neeessary.  The advantages from an economical point of view have, however,
heen allowed rather more weight than is altogether desirable. The principal sta-
tions have been raised to a height of only one or two fect above the ground-level,
whicl is searcely sufficicnt to enable them to be readily identified many years
henee, when the present generation has passed away, as it is desirable that they
should be.  Instruction have therefore been issued to Licutenant-Colonel Branfill
to raise all stations sitnated on level ground to a height of not less than 10 feet,
and then to erect the tripod for the theodolite, or the scaffolding for the signals
on them. Thus the requisite command of view will be sceured by tem[ﬁ)rar\:
arrangements withm‘xt undue sacrifice of promincnce and pel'maﬁenco in the
strueture of the stations.

(10.) The nature of the country precluded the possibility of exccuting

much secondary triangulation, but whatever practicable was accomplished
Captain Carter endeavoured to find all the ns of the old triangulation by
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Colonel Lambton, which he knew to be in his neighbourhood, with a view to
their incorporation in his own triangulation ; but in only one case was he success-
ful. This points to the importance of carefully marking the principal stations
of this Survey at the outset; it is now evident that this was not sufficiently
attended to originally. ’

(11.) Lieutenant-Colonel Branfill returned from furlough, and relieved
Captain Carter of the charge of the party, on the 1st June 1877. The reductions
of the observations, and the construction of the preliminary chart, have been com-
pleted under his supervision. He has also prepared a list of the commonplace
names met with in the districts operated in, with their traditional root-
meanings and local applications, which is very interesting; it will be found at
page b—a of the Appendix.

No. IL—_TRIGONOMETRICAL.

THE SECONDARY TRIANGULATION IN THE ASSAM VALLEY.

(12.) These operations have been carried on by Licutenant Harman, R.E.,
with his customary energy, and,
) . , on the whole, with good results,
lniellll:s:::;:::t{{éi (I;I:Rfm, R.E, Officiating Assistant Super- notwithstanding thegma,ny diffi.
Mr. O'Sullivan, Surveyor, 4th Grade. culties met with.
» J. P. McCarthy, Assistant Surveyor, 4th Grade, (13) It was mentioned in the
general report for 1875-76 that two hill-peaks affording desirable sites for
survey stations were unfortunately in the Abar territory, and that the permission
of the Abar chiefs to visit them had been soughtin vain. During the past season
arrangements were sanctioned by the Government to permit of Lieutenant
Harman's visiting these peaks with an escort of 100 men of the 44th S. L. I.
This measure was carried out successfully, and, although confined to the two
hills in question—Dipa and Nari by name—afforded valunble results, enabling a
large amount of line-cutting to be avoided which would have heen necessary
had the triangulation been restricted to the plains. Topographical sketches
were also obtained of about 100 square miles of plain country and 300 square
miles ®f hills, hitherto unsurveyed.

(14.) Much heavy work was necessary in clearing the rays, and, as in many
cases the lines led through tea-estates, great care was required to spare valua-
ble trees and avoid liability for compensation. Licutenant Harman remarks that
Mr. O’Sullivan, who did most of the clearing, deserves credit for his economy
in this respect; very lofty signalling scaffoldings were occasionally employed.
The weather was frequently very unfavourable for observing, or indeed for field-
work of any kind, as there were many days of incessant rains, which not only
flooded the nullahs and turned the forest-paths into streams of mud and water,
but brought out myriads of leeches which cansed the greatest annoyance.
Much cane-jungle was met with at times, which is difficult to hreak through
even with elephants, and causes very slow travelling in the case of bare-legged
natives. On one occasion a large cargo-boat belonging to the party was
swamped in a storm on the river Dihang, and, although recovered once, was
swept away again, and sank finally. A case of records which went down with
the boat was fortunately recovered by a Miri with a spear.

(16.) Lieutenant Harman mentions meeting with magnificent specimens of
rubber trees, which sometimes caused great delay when it was necessary to fell
them. One of these trees, which was on the top of a forest-clad hill, was of
much use, as it afforded the means of obtaining a station at a height of 112
feet above the ground, for the purpose of connecting Lieutenant Harman's
triangulation with that of Lieutenant Woodthorpe, R.E,, who was carrying on
a topographical survey in the neighbourhood.

(16.) The work of the scason comprised the final observations of 19 tri-
amgles, extending over a distance of 53 miles, along the banks of the Brahma-
putra river to within a few mil*’ Sadiya; the sides being made short in order

PENSONNEL,
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to minimize the difficultics of Jine-cutting, the area covered was, only 240 square
miles ; 125 miles of new rays were opencd, and 16 s.fatm}\’s‘ built in this triangu-
lation. On the secondary scvies, ““ Dibrugarh-Jaipur,” 3 trian gles were com-
pleted, which embrace 75 square miles and entailed 63 niiles of ray clearing. The
positions of 110 peaks on the suwrrounding hill-ranges have been fixed by inter-
sections, and the heights of 92 of these peaks were det('rmum_d.

(17.) The health of the party was generally good. Lieutenant Harman
himself, however, suffered from a slight sunstrolke at one time, and tOW.ﬂI'dS the
end of the season he was thoronghly knocked up and became very ill. He
would then have had to take leave of absence on medical certificate, but that
T summoned him to the Head Quarters at Mussoorce. IHere he completed a
considerable portion of the computations connected with the work of the previ-
ous field-season, and prepared various programmes for geographical explorations
in conneetion with the work of the next season, which were successively sub-
mitted for the consideration of the Government of Indin and the Chief Com-
missioner of Assam. Before final orders were passed, it was necessary for him
to go to Sinla, to explain matters in person to the Foreign Department. The
programme sanctioned will, T trust, lead to a considerable increase of our know-
ledge of the hitherto unexplored regions bordering the Upper Assam Valley.

No. TIL—TRIGONOMETRICAL.
THE SECONDARY TRIANGULATION IN BURMAH.

(18.) The state of these operations at the commencement of the season was
as follows. Three series of se-
condary triangulation had been
My W G Beverley, Officiating . Assistaut Superintendent, 1st p(ll‘ti&l]y carried out, and stations
o 3 (I';ln‘::;'l,p:s‘\lr\‘ovor. and Grade, had been chosen for part of a
J. W. Mitchell. Surveyor, 4th Grade. fourth. These W(‘,l‘e—(l) theseries
D. J. Collins, Assistant Surveyor, 4th Grade. from 1\{)’&110118‘ to Ca])e Negl‘ﬂis :
(2) the one from Prome to Thayetmyo and Tonghu; (3) the one from Rahgoon
along the coast, westwards; and (4) a chain of triangulation nearly on the meri-
dian of Tonghu, intended to meet the second of the above in the neighbour-
hood of Tonghu. )

(19.) These secondary chains of triangles all emanate from the principal
triangulation of the Lastern I'ronticr Series, and were projected with the following
objects. No. 1 to fix the position of Cape Negrais and the Alguada lighthouse,
while it would enable the town of Ilenzada, and the civil station of Bassein near
which it passes, to be laid down. It was carvied forward 36 miles in a dirvect
line during the scason, through a very difficult country, leaving about 80 miles
remaining to be done.  No. 2 is to determine the positions of the stations of
Prome, Thayetmyo, and Tonghn; besides which, it will, when comapleted in con-
junction with No. 4, fill-in a bend of the frontier which the main triangulation
could not follow. Early in Mareh it had been nearly completed for a distance
of about 44 miles by Mr. Low ; while of the fourth, ahout 56 miles were com-
pleted by Mr. Mitehell, some of the stations visited by the latter having been
previously chosen.  There then remained a gap of ouly about 50 miles between
the two, which Mr. Beverley considered counld be completed by Mr. Low during
the rest of the season, so he recalled Mr. Mitchell for work elsewhere. Unfortu-
nately Mr. Lowjnst at that time fell sick, and was obli zed to take leave of absence ;
and, although he retuwrned to duty after a few weeks’ absence, he was unable
to do much more triangulation, and consequently the gap still remains to be
filled up. The 3rd scrics is intended to determine the position of the Krishna
Shoal light ; but, through various causes, this was not earried out, which is per-
haps the less to be regretted as, during the monsoon succeeding the field-season,
that light was destroyed, and it is highly improballe that the new one which is
intended to he built will be in exactly the same position. About 70 miles of
this triangulation remains to be done.

(20.) The opcrations generally were carried on through most difficult coun-
try, the hills met with being flat-topped, denscly wooded, and without any

PrrsoNNEL.
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characteristic features to distinguish one from another. The diffienlty of
obtaining Ilabourers was also very great, as the country is sparsely inhabited,
and the Burmese coolies object strongly to being absent from home for more
than a day or two  Each of the officers of the party suffered much in health.
‘The postal communications were very irregular and unsatisfactory. The out-turn
of work was much affected by these causes, and falls short of the average; but
the surveyors appear to have worked zealously and well. It would perhaps
have been more Judicious on the part of Mr. W. G. Beverley, who was in com-
mand, to have secured the completion of Messrs. Low and Mitchell’s triangula-
tion before removing the latter; but he could not have foreseen Mr. Low’s ill-
ness, which upset lus arrangements.

(21.) On 18th May, Mr. W. G. Beverley obtained furlough for eight
months, "and the charge of the party was made over to Mr. H. Beverley, by
whom the recess duties were carried on, and the report for the year was submitted.

No. IV.—TRIGONOMETRICAL.
THE EASTERN FRONTIER SERIES, MOULMEIN.

(22.) On the retirement of Mr. Rossenrode, which took place on the 1st
November 1876, as was duly

PrRSONNEF. v ¢
Captain J. Hill. R.E., Assistant Superintendent, 1st Grade. noticed in the 'laSt report-, the
Mr. }I‘[.CBLLVIPI'IF‘V, Sx;veyor, 1st Grade. . charge of the series was tempora-
w J.C. Clansey, Assistant Surveyor, cade. . pag ¢
10 Hughee, o RuTer 3rd Grode rily entrusted to Mr. H. Beverley,

. pending the arrival of Captain
J. Hill, R.E., on his return from furlough, Captain Hill did not reach the
party until the 16th March ; consequently all the arrangements for the field-
season, and nearly all the actual operations, were carried out by Mr. H. Beverley,
and under his orders ; indeed, the programme of the season was so nearly com-
pleted when Captain Hill joined, that he judged it best to allow Mr. Beverley to
finish the principal triangulation.

(23.) The out-twrn of the season comprises the completion of a compound
figure round Yehudoung H. 8., which was partly observed during the preceding
season, and the exccution of one hexagon and two quadrilaterals in coutinuation
to the south, bringing the triangulation down to the parallel of 14° in latitude.
Twelve stations were visited, affording 17 triangles which cover an aggregate area
of 2,032 square miles, and carry the series forward over a distance of 92 miles.
The approximate scries was carried 56 miles, leaving a hexagon in advance of the
completed principal triangnlation in readiness for next scason’s opening observ-
ations.  As regards secondary triangulation, the state of the atmosphere
prevented the determination of “The Three Pagodas ’—an important boundary-
mark between Siam and Tenasserim—which is to be regretted. The town
of Yeh, and two others, being the only ones of any importance which were met
with, were laid down.

(24.) The country is a difficult one to triangulate, being forest-clad, alinost
destitute of roads, and very thinly populated. Many miles of pathway had to
be cut by the men of the establishment, and long detours were sumetimes neces-
sary hetween stations ; for instance, in one case a direct distance of 18 miles
necessitated a circnitous march of 80 miles. The sparsencss of population neces-
sitated special arrangements to sccure instrument-carviers and labourers, and
also to provide food for the establishment. Mr. Beverley appears to have shown
good judgment in his arrangements, and energy in-the execution of his work ;
and the resulls do him much credit. )

(25.) The operations of the field-season were brought to a close under
Captain Hill's direetions, on the 24th April, when the partV left Tavoy and pro-
ceeded to Moulmein for recess quarters. The party was fortunate in being
nearly free from sickness throughout the scason, although cholera and small-
pox were prevalent in some of the villages visited.

(26 This triangulation has now reached the parallel of Bangkok, the
eapital of Siam, and a chain of triangles of little more {han 100 miles in length
will suflice to councet that important city with the triangulation of India. The
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distance from Tavoy to Bangkok by sea being over 2,000 miles, it is obvious
that a divect trigonometrical connection will be of great value to gheck ﬂ‘nd
rectify the Marine Surveys which have been carried along the coast-lines. The
Government of Siam has therefore been invited to allow of the execution of the
proposed chain of triangles,

No. V.—TRIGONOMETRICAL.
THE EASTERN SIND SERIES, MERIDAN 70°.

(27.) It was stated in the last report that Captain Rogers, having completed
the Jodhpur Series on the meri-

C MW R RP R“g}””' b Superintend dian of 724°, took up the Eastern
aptain M. W, Rogers, R.E., Officiating Deputy Superintend- . i 10 Af .

ent, 3rd Grade. Sind Series, 21° of longitude to
Mr. W. C. Price, Survevor, 4th Grade. the west, and prepared a large

» C. P. Torrens, Assistant Sarveyor, 3vrd Grade.
4t

CEE Pramtys number of principal stations for

the final observations. In the
season now under review, these observations have been completed at 28 stations,
affording 32 triangles arranged in six figures, »iz., four hexagons and two
quadvilaterals. The series has been carried forward over a distance of 125 miles
on the preseribed meridian, and embraces an area of 2,455 square miles.
Stations have also been cliosen and prepared for a distance of 98 miles in
advance of the final observations. The naturc of the country does not give
much scope for secondary triangulation ; but this part of the work was not
neglected, and the positions of a mwmber of reveuue survey stations and
boundary-pillars were determined. Captain Rogers worked energetically and
well, and he reports that he was well seconded by his assistants.

(28.) The country passed throngh was generally a desert, of a worse deserip-
tion than that met with in former seasons on the Jodhpur Series, which has
been described in former reports. It is composed for the most part of parallel
ridges of sand, of considerable beight, and with steep slopes covered with low
thorn-jungle. Nisrehing through such country, when the direction of the march
can be in no way altered to suit the lic of the sandhills, is most tedious work.
Captain Rogers describes the curious formations, known as “ Draefls,” which
occasionally occur in this desert. These are tracts of many miles in extent,
where the regular sandhills disappear, and give place to a variously-moulded
surface of continually shifting sand, utterly devoid of vegetation. 'These
draens are seldom crossed by the natives, and when the survey-party was forced
to cross one, careful preparations had to be made in the first instance, and the
progress was very slow, five miles proving to be a fatiguing march. Itisa
remarkable fact that occasionally wells are found in small patches of hard soil
in the midst of these wastes of sand, and that the water in such wells ##
invariably good, thongh everywhere else it is scarcely drinkable. In fact, to
obtain potable water in this region is a constant difficulty, one district of

zll'][)‘”ut 30 by 40 miles being reported as gltogether without that necessary of
ile.

No. VI.—TOPOGRAPIIICAL.
THE SURVEY OF KATTYWAR.

(29.) Major Pullan has been carrying on this survey, but with a smaller
— stafi of assistants than he had last year,
Major A. Pullan. 8.C., Officiating Deputy Superin- which has n(*cossul'ily reduced his out-turn

tendent, vd (frade. of work as compared with the previous
J. Mc@ill, Esq.. Oliciating Assistant Superintend- - P

ent, 1st Grade, scason.  This will be seen by the follow-

r. ¥. Bell, Surveyor, 8rd Grado. g ll'_{lll'(’.s —_

»w N.C. G_wyr_lnc. Surveyor, 4th Grade. -

» W.A. Fielding, Assistant Surveyor, 2nd Geade., Senson ¥enaon

G Hall, , R R I

» H. Corkery, “ " 4h -

o ol Keating, . . AUh ., . ! . o or: . .
Visagi Ragonnth Gm"ndx]i. Head Sub-Surveyor ; g‘:ll'“:ﬁ:(:r{)ll;:?:nl ']";.'.:(i' ‘1)':“]}; square miles,

an o AN Bal) 2,002 » »

Ten other Sub-Surveyors. Traverse L,6vo 52 linear
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(30.) The operations this year were carried on in portions of the Hallar and
Soruth divisions of Western Kattywar. The principal towns which came within
the area of country surveyed are—in sheet 46, Bhayawadar, Jodlipur, and Dhank ;
in sheet 47, Upleta, Dhoraji, and Kuntiyana; in sheet 48, Bantwa and
Wanthali; and in sheet 50, Virdwal and Patan, which last is remarkable for the
ancient and world-known Hindu temple of Somnath, now snid to be fast
falling to picces, and requiring some steps to be taken to arvest the progress of
decay. ‘The country is generally thickly populated; and it is well watered by
several rivers, of which the most noticeable are the Moz, the Bhadar, the
Uben, the Harna, and the Ojat—the last a deep stream, which, after pursuing a
tortuous course to the west, falls into the Bhadar viver close to its mouth at
Navi Bandar, on the shore of the Gulf of Cutch.

(31.) During the recess season of 1876, fair maps of four sheets were pre-
_pared, each in four sections, on the scale of two inches to a mile, for reduction and
publication on the one-inch scale. Reductions of eighteen sheets surveyed in pre-
vious seasons were prepared, on the scale of one quarter inch to the mile, for
incorporation into the Atlas of India. The out-turn of work of all kinds, both
in the field and during the recess, is very creditable to Major Pullan, who was
well seconded as usual by Mr. McGill.

(82.) Steps will be taken dwing the field season which is now progressing
to extend the triangulation into Cuteh with the view of commencing the topo-
graphical survey of that Province.

No. VIL. ~-TOPOGRAPHICAL.

» THE SURVEY OF GUZERAT.
(33). Lieutenant-Colonel Haig, R.E., supervised the ficld operations of
PERSONNEL. this survey until about the
Lieutenant-Colonel C. T. Haig, R.E., Deputy Superintendent, middle of March, and then pro-
C‘J;"l_ U"l“"d'f:C for. RLE.. Depte Superintendont. 3rd Grad ceeded to Europe on furlough,
Bp Aan . . Larler, 3 Y C‘p\l ." upcrmten C"h T Tade. : 1) .
Lieutenant J, E Gibbs, R.E, Ollicinting Assistant Superin- makmg‘ O,V(‘l thc chax g(" of the
M:erxlu}n. 2nd Gr.'u]es. ] . party to his Assistant, Licutenant
. A. I)'Souza, urveyor, 1zt Grade. oH nl .
A Christin ”F ath o Gibbs, R.E, .l)y whom the
w CIL NeA. Fee, ., .o general operations were super-
» EI, ﬂ"(k: ;\55'8‘““» 2ud vised during the remainder of the
» G. D. Cuseon, » " » .
" 8.F. Norusn, Y 4th field-season and the commence-
» C. Norman, " -, ment of the recess. On the
SUB-BTRTETORS. 13th June, Captain Carter, R.E.,
Mr. Ferns, took over the charge from
dopaf“{;‘i{'&u Licutenant Gibhs, and he has
and retained it up to the present
Eighteen Native Sub-Surveyors and Apprentices, ® time.

(34.) The out-turn of the work of all descriptions has been very satisfac-
tory. Anarea of 1,988 square miles was surveyed topographically on the seale
of two inches to the mile, the Bnitish districts in minute detail for publication
on thesamescale,'the Native Statesin less detail for publication on the one-inch
scale. This arca falls in sheets Nos. 15, 28, 29, and 80 of the survey (see the
Index chart, opposite page of the Appendix), and is sub-divided between
British districts and Native 8tates in the following proportions:—

Kaira Collectorate ... T £ ) squarelmiles.
Brimisn {Surut " vee e 204 ”»
Panch M4hals e X3 »
Baroda e 1,202 »
Native {Snehin Leooo32 »
Rewakanta ... 120 ’»

The area which was triangulated and traversed in advance for future
topography comnsists of 2,200 square miles, appertaining to shects Nos. 6, 7, 26

and 27; and 280 square miles for the survey of the forests of the Dangs,
sheet 52.
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(86.) The following maps were drawn and sent in for publication, viz.-—
three of the sections of sheet 78 and as many of sheet 79, drawn for reproduc-
tion on the two-inch scale ; and the four sections of each of the following sheets—
Nos. 30,78, 79, 80, 81, and 82, drawn for reduction to the one-inch scale. In
addition to this, sections 10 and 12 of sheet 14, on the four-inch scale, were
entirely re-drawn, as the maps first drawn were found to be unsuited for photo-
zincography ; and the proofsof 15 sections of the four-inch survey were examined
and corrected after photo-zincography.

(36.) Two of Eckhold’s omnimeters, manufactured by Messrs. Elliott Bro-
thers, were employed in running traverses through the Dang forests. These
instruments are theodolites which are furnished with an auxiliary appliance
for cnabling the vertical angle subtended by any objcet to be measured with
great accuracy, whereby, when the height of the object is known, its distance
may be readily determined. The usual object is a pole, the exact length of
which has been carcfully ascertained in the first instance. With the omni-
meter and its subtense pole, distances of several hundred yards may be mea-
sured over rugged and Dbroken ground, where it would be very difficult or
impossible to employ a chain, with a degree of accuracy not materially less
than that with which the same distances may be measured over smooth ground
with the usual measuring-chains. Besides which, one and the same set of
readings to the subtense pole enables both the altitude, and the horizontal distance
of the point on which the poleisset up, to be readily determined, with asufficient
degrec of accuracy for most practical purposes, provided that the distance
hetween the instrument and the pole does not materially excced a mile. As
theodolites, these instruments were found to be very inferior to those of the
same sizes which are ordinarily employed in the operations of this Survey; but
for the special purposes for which they were required, they gave better results
than had been cxpected, and they are certainly very useful instruments for
carrying a line of traverse over a difficult country where chaining is impossible.

(37.) An interesting account of the chief towns and rivers falling within
the area of the year's operations will be found in Lieutenant Gibb's report, at

nage 21—, of the Appendix. And I may here observe that the annual reports
for 1873-74 and 1874-75 contain valnable papers by that officer on the portions
of the Dangs in which he had been operating. This year he had collected
rock specimens for the purpose of determining the petrology of portions of
the district, and was preparing additional notes on the botany, to be added to in
the following year and then published. :

(38.) But I grieve to state that, on returning to resume operations at the
comniencement of the fleld-season of 1877-78, Licutenant Gibbs was attacked
with cholera, when encamyped at a place in the Ahmedabad district, far from
medical assistance of any kind ; being unconscions of his eritical condition, he
would not allow his servants to send for the neavest doctor, nor even to inform his
friend, Mr. LeMessurier, who was encamped a few miles off, until it was too
late. 1Ic died on the morning of the 21st November 1877. Though the
youngest, hie was one of the finest and most valuable of the officers of this
Department.  Gifted with rare abilities, and with the capacity of turning thosé
abilitics to good advantage, full of ardour in the prosecution of his own work
and most willing and anxious to assist others in every way, his death is as mucl;
to be regretted in the interests of the public service, and more particularly of
this Department where he was so highly appreciated, as it is mowmed in the
circle of his family and friends.

(39.) Of the naturc of the country operated in, Lieutcnant-Colonel Haig
states in his report (not printed) that, *“with the exception of the southern poﬁ
tion of sheet 30, the whole of the country under final survey this scason lhas
been thickly wooded and much intersected with tortuous and precipitous mvin‘e;
and water-courses.  This has made the progress slow, though all the European
a,ﬂsm.ta‘nts have wprked well.”  Of the mapping, Captain Carter states tlmtl “a
considerable portion of the drawing of the maps for reproduction [to full scale]
is done by Mr. T. A. LeMcssurier, who is in charge of the party of the Gﬁzemt
Revenue Survey which is attached to this office, with a view to our utilizine the
detail shown on the village maps by transferring the same to our two-inch maps
of British territory.  The surveyor’s duty in the field-season is to fix by tra‘ve‘rse
the tribeta or boundary-marks where three villages meet., These points ave
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then plotted on our planc-tables, and the village houndaries are transferred to
the plane-table by proportional compasses adjusted to the tribetas. This work
is done by the Revenue Survey establishment on return to Head Quarters.
We arc fortunate in having an officer of Mr. LeMessurier’s acquirements and
drawing abilities, who is thus a great help in turning out the fair maps on
which we show the details taken from the Revenue Survey.”

No. VIII.-TOPOGRAPHICAL.

THE SURVEY OF KUMAON AND GARHWAL.

(40.) After the ficld-operations of this survey during the season 1874-75
had been completed, only a small

PELSONNE: area remained to be done, lying
E. C. Ryall, Esq, Officiati i ; : : )
Sud Z‘;rmle. sq., Officiating Assistant Superintendent, at the extreme north-east end
Mr. ‘\IV P’f:y(g&t)ln. Surveynr,zlst1 Grade. of the district. It was thought
» . Todd, I 2nd . H
» I Kinney, Assistant Surveyor, 1st Grade. best to lea,\fe the survey 1]:]:
w . Pocock, -, o 3d o, abeyance during the season of
- R I"H?Xl“'““‘"k' ” w  Ahoy, 1875-76, with a view to applying
Six Native Surveyors. the whole strength of the party

to the survey of the Dchra Din
distriet, which was by these means completed in that season. The survey of
Kuwmnaon and Garhwil was resumed this year under charge of Mr. E. C. Ryall
with the staff detailed in the margin, and I have much satisfaction in being
able to report that the whole of the field-work is now complete.

(11.) Thbe field-party consisted of Messrs. Ryall, Peyton, Pocock, and

Warwick, an‘d two native sub-surveyors, Mr. Todd remaining at Head Quarters,
Dehra Diin, in charge of the mapping office, where he was temporarily assisted
hy Mr. T. Kinney. Mr. Ryall and party left Almorah for the scene of their
work about the middle of April.
) (42.) The winter of 1876-77 is reported to have been exceptionally severe
in these regions; and the spring and early summer of 1877, up to as late as
June, were unusually cold and wet. The start from Almorah, long delayed by
heavy rain, was eventually made in fine weather, which proved only a break in
the wet, as the rain hegan again on 17th April and lasted till 8th June. Such
weather was very much against the surveyors, the field of whose operations had
an average 9levat10n of about 16,000 feet above sea-level, and occasionally
rose much higher; thus Mr. Ryall’s highest point of observation was 19,600,
while Mr. Pocock exccuted one plane-table section at an average elevation of
19,000 feet. The snow-line was found to be much lower than usual, and the
inhabitants of the upper valleys, who move up to the higher pastures during
(‘.?l(:]l summer, were detained in their winter homes long beyond the ordinary
time. As the surveyors depend on these people for the greater part of their
supplies, it was impossible to proceed with the work until they could bhe
persuaded tq move, and some delay was experienced on this account. Thus
Mr. Ryall did not succeed in getting over the Untar Dhurra pass, which has an
clevation of 17,350 feet, until the 3rd June.

_ (143.) On' the 8th Mr. Ryall reached Hundes, a district of Chinese Thibet
Iying north of Kumaon and Garhwdl. He hoped that his arrival before the
passes were fairly open would be unnoticed, and would enable him to reach the
l)m}lg of the. Sutlej river, which he proposed to survey along, back to his hase in
British territory, before the jealousy of European intruders entertained by the
natives should interfeve with his movements.  ITe was disappointed in the hope
of his arrival being unnoticed, as he was met at the very boundary by two
natives, who immediately proceeded to report the fact to the officials of the
distriet.  Mr. Ryall, however, was fortunate in heing able to give reasons for cross-
me the boundary which were deemed sufficient, so he was p(‘\nnittcd to go on with
his work.  After doing all he could in Hundes, he hastened back to form a
eonnection between the work there and the hase on the Unta Dhurra ridge, as
well as fo ohserve the third angle at some of the stations in the Milam Valley,
which, owing to heavy rain and other causes, had been left unobserved in 1871
When he had done this, he finished the topography of this valley, the entrance
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into which, through a stupendous gorge ahout 12 miles in length, overhung by
large masses of granite precipices, is described as most'fornudable. The road.
consists for the most part of a series of narrow steps built along the faces of
steep hillsides or rugged precipices; and, in other parts where this is impracti-
cable, planks leading from one ledge to another are laid across. ]
(44.) Mr. Peyton was entrusted with the survey of the Byans Valley, which
he completed satisfactorily ; some notes on his work and the topography of the
valley will be found embodied in Mr. Ryall’s report. At Garbia, the largest
village in the valley, Mr. Pcyton noticed that the Tartar physiognomy by no
means predominated, and, although the noses were generally somewhat broad
and the cheek-hones large and prominent, yet he saw some faces which in any
country would be acknowledged to be pretty and expressive. .
(45.) The total out-twrn of work reflects much credit on Mr. Ryall an.d his
assistants, considering the nature of the ground surveyed. An area of 870
square miles was triangulated for topography, and aveas of 959 and of 649 square
miles were sketched topographically on the respective scales of half an inch and
one inch to the mile. Besides this, a larger number of peaks were fixed in an
area of about-13,000 square miles of territory beyond the Bri@is]} frontier,
which will be of great value in rectifying and amplifying the existing sketch
maps of that region ; the additional geographical information thus acquired will,
I trust, form the subject of a future Trans-Himalayan exploration report from
the pen of Mr. Ryall. )
(46.) Mr. Ryall was supplied with four of the new portable mercurial
barometers designed by Captain St. George. These barometers have arrange-
ments whereby the tubes can be readily filled with mercury without any
considerable  admixture of air, so that a practically perfect vacuum may he
obtained whenever desired; the tubes are intended to be emptied whenever the
instrument has to be transported about, and thus the risk of breakage is very
much less than for a barometer carried about, as usual, with its tube full of
merceury. The instruments were filled and read at various’ heights, ranging
trom 11,000 to 19,000 feet, which had been independently determined by the
triangulation ; the differential barometric determinations agreed fairly with the
trigonometrical asarule, though there are some startling differences which have
not yet heen accounted for; the absolute heights were far more frequently in
defect than in excess, which tends to show that little air can have got into the
tubes during the process of filling them with mercury, and is so far satisfactory.
The process of filling is, however, a tedious one, and difficult to accomplish when
the fingers are chilled at very high altitudes ; but the barometers are strong and
portable, and, with moderate care, they may be carried over the most rugwed
mountain regions without much fear of breakage.
(47.) The operations of the present year have completed the topographical
survey of Kumaon and Garhwal, which is a matter of much gratification.

No. IX.—SPIRIT-LEVELLING.
OPERATIONS IN GUZERAT.

(18.) These operations are under the charge of Captain Baird, R.E., and
during season 1875-76 two parties were em-

PersornEL. ployed, one dirvectly under Captain Baird

Captain A. Baird, R.E., Officiating Assist- himself, and the other under Mr. Rendell. At
:\l:-]m’l:s."]}linnll:t-':]ﬁ-'fll' 1‘:::;;:::? Survevor the end of that field-season, Captain _Bull‘(l
18t Grade, AW Y went to England on three months' privilege
Narsing Dass, Sub-Surveyor, leave, and was afterwards detained there on

) . duty in connection with the reduction of the
tidal observations in the Gultf of Cutel which had been made in the previous year.
The Tevelling operations now under report were consequently confined to one
party under Mr. Rendell, working on instructions drawn up by Captain Baird
hefore proceeding on leave, »

_ (49.) They comprise 358} miles, carried out on the usual rigorous system of
this Department, by two observers working independently and® checking each
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other station by station. Of this, 1834 miles was a part of the main line,
between the Gulf of Cutch and Bombay, commencing a little below Ahmedabad
and running south through Broach and Surat down to Damaun railway station,
where it was closed for the season. The remaining 174$ miles are distributed in
branch lines connecting important places en ronte, such as Cambay, and places
along the railway of His Highness the Guicowar to Dabhei, and along the branch
line of the Bombay, Baroda, and Central India Railway from Anand to Pali.

(50.) The heights of 306 permanent bench-marks were determined, several of
which were also points of the Railway and the Irrigation systems of levelling,
which have thus been connected together and referred to the same datum as
that of the Survey Department. The value of such checks is proved by several
cases of discrepancy which were discovered by Captain Baird. The out-turn of
work is satisfactory, both as respects quantity and quality, and is very creditable
to Mr. Rendell.

No. X.—TIDAL INVESTIGATIONS.

ANALYSIS OF OBSERVATIONS AT TIDAL STATIONS IN THE GULTF
OF CUTCH AND AT TUTICORIN.

(61.) In previous reports I have given the history of these operations, and
described the several steps which have been taken in order to obtain continuous
registers of the momentarily varying changes in the sea-level, at the points on the
coasts of the Gulf of Cutch, and at 1'uticorin, where tidal stations had been erected.
The observations also included continuous registers of the barometric pressure,
and of the velocity and dirvection of the wind, which were taken by self-recording
instruments at each station pari passu with the tidal registers. When all the
observations were completed, the ordinates of the several curves were measured,
(taking full account of clock error whenever there was any) and then tabulated
for each hour of every day. The numerical results thus obtained serve as the
data on which the analysis of the observations was subsequently based.

(52.) This analysis, I felt assured, would be best performed with the assistance
and co-operation of Mr. Robherts, of the Nautical Almanac Office in London, by
whom all the tidal observations taken for the British Association had been, and
are still being, reduced and analyzed, under the superintendence of Sir William
Thomson. I therefore obtained sanction for Captain Baird to remain in Eng-
land, and reduce his observations with Mr. Roberts’ assistance. The results will
be presently stated. But first it is nccessary to give a brief epitome of the
method of mvestigation which has been followed, and which is deseribed in detail
in the notes on the Harmonic Analysis of Tidal Observations, London, 1872, and
in various numbers of the proceedings of the British Association.

(53.) The rise and fall of the level of the ocean, twice, or nearly so, in twenty-
four hours, is well known to be due to the attractions of the sun and the moon.
If the orbit of the earth and that of the moon were quite circular and lay in the
plane of the equator, and if the moon performed its revolution round the carth
in the same time that the sun appears to revolve around the earth, then there
would be two tides daily, differing from each other in form—should the sun and
moon not be in conjunction—but recurring alike from day to day. The moon,
however, makes her circuit of the earth in 48 minutes over the twenty-fouwr hours
and thus the sun makes thirty apparent circuits of the earth while the moon is only
making twenty-nine ; morcover, the orbits of the carth and of the moon arc not
circular, nor are they situated in the plane of the equator. Thus the positions
of the sun and moon, relatively to the earth, are momentarily varying in dis-
tance, declination, and right ascension. Consequently, the level of the occan is
subject to momentary variations in the dynamical action of the disturbing
hodies ; and these cause a variety of tides which recur periodically, some in
short, others in long, periods.

(54.) In the present investigations, the short and the long period tides have
heen analyzed by different methods. The former—which here embrace all
tides recurring in periods of or about a day in duration, and in any aliquot part
of the quasi-diurnal period—have been treated in accordance with the synthesis
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of Laplace. Thus a number of fictitious stars are assumed to move, each uni-
formly in the plane of the earth’s equator, with angular velocities which are
small in comparison with that of the earth’s rotation, so that the period of cach
is sometliing not very different from 24 mean solar hours.  Each star is supposed
to produce a primary tide in its guasi-diurnal period, and also varions sub-tides
which run through their periods respectively twice, three times, or oftener during
the primary period ; some of the stars, however, do not produce a full-period tide,
but only sub-tides in the sub-periods.

(55.) The portion of the height of the sea-level above or below its mean
height (with reference to some fixed datum line), which is due to the combined
influences of the several tides produced by any one of the fictitious stars, is given
by the following well-known expression of the law of periodicity :—

o)+ R, cos(2nt—s)+ R, cos(Inf—z)4...

‘in whieh /% is the height above mean sea at any moment, £ is the time expresserl
in mean solar hours, commencing at 0" astronomical reckoning, and n is the
angular velocity of the star in degrees of arc per mean solar hour, so that
360° =-2 denotes the period of the star in hours of mean time. R, is the amplitude,
and ¢, the cpoch of the full-period tide; R, ande, R, and e, &c., ave the
amplitudes and epochs of the sub-tides, whose periods are one-half, one-third, &e.,
that of the primary period. The amplitude is the semi-diameter of the circle
whose circumference indicates the path of a tide. The epoch is the are which,
when divided by the angular velocity of the tide, gives the hour angle when the
height of the tide is a maximum ; this occurs, on the day of starting, when
nt==+ for a primary tide, when Znf=c¢, (and again 12 gquasi-hours afterwards)
for a tide whose period is half that of the primary, and so on.

(56.) Thus, if we now put % for the height of the sea-level at any moment,
and 4 for the value of the height of the mean sca-level which results from the
combined influnce of the whole of the fictitious stars, we have——

h=dAd+ = {R, cos(ni—s)) + R, cos(2nf—e,) 4 . . .}

where the symbol 3 stands for the summation of the whole of the terms within
the brackets which relate to all the fietitious stars.

(57.) There are two principal stars, respectively called § and M for brevity,
the first of which represents the mean san, or that point in the plane of the
eartl’s equator whose hour-angle is equal to mean solar time; the second repre-
sents the mean moon, a point moving in the plane of the equator with an
angular velocity equal to the mean angular velocity of the moon. The other
fictitious stars respectively furnish the corrections to S and M for declination and
parallax, to M for lunar evection and variation, and to S and M for the compound
actions which produce what are called Helmholtz Tides, &c. The 24th paut
of the period of star 8 being an hour, that of any other of the fictitious stars
may be conveniently spoken of, and is here called a quasi-hour. '

(68.) To find the argument (the angular velocity n of the preceding
formulee) for cach fictitious star, various combinations have to be made of the
following fundamental angular velocitics, viz. :—

h=R, cos(nt

v, the enrth’s rotation . ... =15°0410686 per mean solar hour.
a, the moon’s revolntion round the earth ... = 0-5490165 " "
#, the carth’s revolution vound the sun .. = 00410686 " .

@, the progression of the moon's perigee... 00046418 "

The several fictitions stars whose tides have been analyzed in these investi-
gations arc—

S, with argument # = y—p =15
) y—a =14-4920521
K " Y =150410686
0 » y—2n =13-9430356
r " y—2p = 149580314
J " y+o—a = 155854433
Q " y—30+a =13-3986609
p » y—20+17 =13-9841042
N . y—r+ia = 142198648
L ' y—lo—}a =14-7642394
v ' y—io—id+ g =1 915
A “ v—lo+lo—n = Lk 278127
I\‘IS " y—Lio—ly = 14-7460261
and SM " y+ o—2n =15'5079479
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(59.) The grasi-hour angles of the several fictitious stars, other than 8, at
mean noon of the day of starting, were found by putting
y= the Siderenl time,

n= the Sun's mean longitude =y,
o= the Moon’s mean longitude,
o—i& = the Moon’s mean anomaly,

and taking the corresponding numerical values of each element for the hour
and station from the Nautical Almanac and Hansen’s Lunar Tables, and then
substituting these values in the preceding symbolic expressions for the hourly
variations of the several stars.

(60.) The number of stars and the angular velocity of each star having
thus been decided on, ¢ priori, from theoretical considerations, the values of
the constants R and « for the tidal constituents of each star have to he deter-
mined from the evidence afforded by the tabulated values of the height of the
sea-level for every hour of the day during the entive period of observation,
which should not be less than 371 days. The values of the constants have
been computed for the several tides at the three stations of Okha, Nowanir, and
Hanstal, and are given below. It will be remembered (see Section XI of my
Report for 1874-75) that Okha is situated at the entrance to the Gulf of Cuteh,
Nowandr midway up the Gulf, and Hanstal at its upper extremity; also that
continuous observations over a period of not less than 14 months were obtained
at the upper and lower stations, whereas at the middle station, Nowandr, there
was a break of several months, in consequence of an alteration of the foreshore
during the monsoon of 1874 ; thus the results for Nowandr are far from being
as exact and complete as those for the two other stations.

Tuble of the Constants.

Okha. Nowandr., Hanstal.

Feet, ° TFeet. . ° Feet. °
ll’\:()'U7'1'1|El= 14989 Waanting. Rl=U‘12'J'2., sl=16~1-'01

S B,=1-2224, e = 1437 | R, 18933, ¢= 5533 R, =10277, e,= 8451
The star 8 RB=00132, ei=116:57 | B =0'0131, ¢ =359-50 B =00211, ¢ = 6174
| | 4
( It =00030, ¢, = 2002 Wanting. I{‘G=O'OUG‘J, ,~166"57
R, =00006, ¢ =210-81 Ditto. B =00025, ,=15863
IR =01122, ¢ =120:R6 Ditto. R =01208, ¢ =15561
Iy=36036, ¢, =34808 | I, =58448, e, = 2532 | I =6-629], ¢ = 4052
Il =00289, ¢,= 2210 Wanting. B, =00534, e= 03:55
I = 01265, ¢ =10888 | R, =01023, ¢ =275:00 It =06803, ¢ =331'55
I = 00056, ¢, =272'57 Wanting. 1.',6:0-2750, € =2804
i

o

The star M

R,=0:0102, e =10006 |  Ditto. R =0:0726, ¢ =15436

Mok T e e | hope
Pl “.e= e 2 s &) b, =06767, ¢, = 8803

The star O [ B = 0B05, € =827 | I = UTOST, ¢ =33204 | R =0RR07, ¢, =34076
The star P o RSUBREL =310 | R =U2806, ¢ =34202 | B, =03839, ¢ =35365
The star J o | B =001231, e =176:32 | I =0°1698, € =10177 | R 01081, ¢ =222:61
The star Q R = 011596, ¢ =32468 R =01697, e =33514 | R =01618, € =343:23
The star L | R,= 01510, ¢ =22477 | By=03560, ¢ =22603 | R = 03802, ¢ =23832
The star N o, =0TER), 6 =B2204 B, =12205, ¢= 1172 R,=11535 ¢ = 2676
The star A o | B =00712, ,=20440 | B =01406, £,=25110 | R1=0-2208, ¢ =219-57
The star v o Ry=01592, 6= 850 R =0-2075, e,= 543 R,=02864, ¢ = 4824
The star p o | Ry=0 1806, ¢,=18426 | B 04026, =18644 | R =0:5300, ¢ =179-74
The star 8M - R,=0-0435, £,=20124 Wanting. R, =0130Y, e2=29774

The star MS . Ry=00619, ¢ =11237 Ditto. B = 03388, ¢, =1301
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(61.) Tt will be seen that the principal tides ave first the quasi-semi-diurna)
of M, and then the semi-diurnal of 8 and the guasi-dinrnal of K, which range
from one-third to one-fourth of the former, S and M heing the principal stars,
their su-tides, down to the three hourly tide of 8 and the corresponding tide of
M, have heen computed. For K the guasi-diurnal and semi-diurnal tides were
computed ; for the stars O to Q only the primary tides. Ior the stars L to SM
there are no primavies, and the tides of longest period are the guesi-semi-
diurnal ; for MS the longest tide is the guasi-demi-semi-diurnal ; these, being
the prineipal ones tor each star, have heen computed.

(62.) Here it is necessary to ohscrve that the number of sub-tides which
have to he investigated in each instance, in order to evaluate the full influence
of the star, is a matter which can only be decided after considerable experience
of such investigations has been gained by the analysis of the tides at a great
variety of stations. It was therefore lett to Mr. Roberts, whose practical
familiavity with the subject probably exceeds that of any other individual, to
prescribe the number of terms to he computed for each star.

(63.) On inserting the numerical values of the constants R and ¢ in the
gencral expression, and substituting for »¢ its values in succession for every
hour from the starting-point, the height (in feet) of each tide and sub-tide may
be computed for every hour. The sum of these gives the portion of the height
of the sea-level at that hour which is due to the influence of the short-period
tides. This usually far excceds the portion which is due to all other causes, and
is thus frequently taken to represent the whole height.

(64.) Should it be desired to compute the hourly heights for any day of any
year, without commencing at the starting-point of the observations, as may be
necessary when tidal predictions are required, the values of y, », ¢, and @ must
be found, as in paragraph (59), for mean noon of the day which may be adopted
as the new starting-point; the guaesi-hour-angles of the several fictitious stars,
other than 8, at that moment must then be found, after which those for
the succecding hours may be obtained by successive additions of the respective
hourly increntents which are due to each star,

(65.) The values of the constants R and « having been determined for each
of the three tidal statious, the next step taken was the calculation of the height,
of the sea-level at each hour, throughout the entire period of registration at
each station. The differences hetween the observed and the computed values
were then taken as the data for caleulating the influence of variations in
baromctgic pressure, and in the velocity and direction of the wind, on the sea-
level. Equations were formed in which the unknown quantities were B, the
effect of a barometric pressure of oneinch, and V and E, the ctfects of the North
and the East components respectively of winds blowing at the rate of 10 miles
an hour. Of these equations there were as many as the number of days of
observation ; they were solved by the method of minimum squares.  Corrections
were then computed for the daily variations of the atmospheric influences on
the sea-level, and were applied to the values of height resulting from the
previous investigations of the short-period tides.  Tinally, the differences hetween
the heights thus determined and those actually observed were taken as the
data for calculating the influence of each of the long-period tides.

(66.) The cvaluation of the atmospheric influences gave the following
factors for changes of sea-level duc to a barometric pressure of one inch, and to
north and east winds travelling with a velocity of 10 miles per hour:—

" . At Okha. At I1anstal.
arometric pressure ... 0356 feet — 04 :
North Wind a A 8.;‘:3; foct
Taust Wind 4 UIGL L 4 0087

These 1'e511!ts are not satisfactory; the height of the sca-level at Okha
appears to increase with an increase of barometric pressure, which is scarcely
possible. It happens that at this station the changes of pressure occurred, as a
rule, s1multnneous1y with the changes of wind; and thus it is imposs’il)l(s t;)
determine the separate effect of cach, otherwise than by some arbitrary method
of treatment. The observations will therefore be again analyzed, with a view
to ascertaining whetlier they may not he made to viaeld more consistent results
Mcanwhile, the values of the atmospheric factors already obtained must be
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considered to be only approximate, giving fairly accurate results when employed
collectively but not individually. )

(67.) Of the constants for the long-period tides the following values have
been computed for the stations of Okha and Hanstal, after the elimination of
atmospheric influences by employing the preliminary values of the factors which
are given in the preceding paragraph. At Nowandr sufficient observations are
not forthcoming for the evaluation of either the atmospheric or the long-period
tides.

Long-period tides, and tkeir Constants.
(¢r—&) Lunar monthly elliptic tide,
2 ¢ Lunar fortnightly declinational tide,
2 (7—n) Lmni-solar synodic fortnightly tide,
7 Solar annual elliptic tide,
2 »  Solar semi-annual declinational tide,

Okhn, Hapstal,

Teet. ° Tide, Feet. °
R=0'058, ¢=311'38 (0—a) R=0'107, e= 1417
, 0070, ,, 5273 2a ,» 0142, 4574
, 0136, ,, 24019 2(a—n) » 0°163,,, 1176
, 0162, ,, 311 7 , 0024, ,, 19532
,» 0121, ,, 14475 219 » 0090, ,, 156:38

(68.) The present appears to be a good opportunity for giving the tidal
constituents which were calculated by Mr. Roberts for the Port of Tuticorin,
from observations taken there in the year 1871-72, by Captain Branfill,
gith ];1, self-registering tide-gauge similar to those employed in the Gulf of

utch.

Short-period tides at Tuticorin, and their Constants.
Feet. ° Feot. °
El = 0039, o= 108-78 Star P o I =0064, £, =281'78

R,=0429, ¢,= 0550 o d o Iy=0011, ¢=18170

Star § oA L =0073, ¢ =292:65 R =0274, e, =132:80

C
R“:("("(B, 6= 51-34 RZ=0'143, 52=11(3'25

R=0007, ¢ =26275  , Q o R=0032, =008
R =0000, ,=23464 . L o B =0030, £,=242-50
R, =0506, e,= 5581 . N o B=00072, £=38:60
R=0015, ,=162'86 Star A e B=00019, =248-45
Star M
R =0022, ¢ =19276 n ¥ o R,=0022, ¢,=3558
R=0010. ¢, = 4501 v B oo R=00106, ,=18383
R =0r004, ¢, =3Y074 » 2SM oo R=D011, ¢,=24637
Star O oo Bi=0112, ¢ =31425 »  MS e R=0018, . _ 28299
Long-period tides at Tulicorin, and their Constants.
Feet, Q
Lunar monthly e <. R=0024 e=313-15
Lunar fortnightly ey 00065 . 6054
Luni-solar fortnightly... ey 0016 » 30785
Solar annual e 4, 07390 » 31335
Solar semi-annual - vy 00RO » B7HO

Here there were no data for evaluating the atmospheric tides separately, and
it is prohable that the magnitude of the amplitude of the solar annual tide is in
great measure due to atmospheric influcnces.
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No. XI.—TIDAL INVESTIGATIONS.

! PROGRAMME OF FUTURE OPERATIONS.

69.) The following important orders on the systematic record of tidal
obsergvations at selected points on the Coasts of India, were issued by the Govern-
ment! of India in the Department of Revenue, Agriculture, and Commerce,
unde date 4th July 1877:— '

! ¢ Governor General in Council observes that the great scientilic advantages of a
systematic tecord of tidal observations on Indian coasts have frequently been urged upon,
and admitted by, the Government of India. Hitherto the efforts in the dircetion of such a
record [have heen desultory and in many cases wanting in intelligent guidance and carcful selec-
1 the points where the observations should be recorded. Additional importance has
recentlly been given to the subject by the institution of a Marine Survey Department, for whose
operatfons acenrate tidal observations are a necessity without which no permanent record of the
changés of ground in the different harbours of the coast can be kept up.

The advantages to be expected from well-considered and carefully conducted observations
ides are mainly the following :—

(1) They enable standards to be fixed for the purposes of survey.

(2) They afford data for the calculation of the rise and fall of the tides, and thus

subserve the purposes of navigation.

(3) They are of scientific interest apart from their practical usefulness as stated above.
e first two of these advantages are of strictly local bearing : an accurate survey of a
wssential to the safety of the shipping frequenting it, and correct tide-tables are neces-
| the convenience of navigators and for engineering purposes within the port itself.
The Governor General in Council is of opinion that, in view of these considerations,
ort where a tide-gauge is set up should pay for its” establishment and maintenance from
ads.  The third object, the scientific results to be expected from the record, will be
‘iufrtly provided for by the appointment by the Government of India of one of its own
sfto supervise and control the local observations, and to arrange for their utilization to the
extent, possible. Thegharges will thus be divided in a manner appropriate to the
ages 10 be secured.
4} His Excelleney in Council accordingly resolves to entrust the general superintendence
and copntrol of tidal observations upon Indian coasts to Captain Baird, R.E., Deputy Superin-
tendenft in the Great Trigonometrical Survey Department, who will be guided in his operations by
the orders and advice of the head of that Department. This will involve no new charge upon
Imperfal Funds, for Captain Baird has for some ycars past been engaged upon observations of
this nn&;’lll'e in the Gulf of Cutch and in reduction of the observations in England : the work

1

2
of the

is of a fnature which properly falls within the scope of the operations of the Great Trigono-
metri:l Survey ; and the object of the present change is merely to provide for its extension and
svstematization under an undivided control.  Caplain Baird will thus remain a member of the
Departiment, and his operations will form ove of the subjects to be treated by the Superiutend-
ent in his annual report.
6. The first duty of the Superintendent will be to instruct Captain Baird to determine, in
communication with the Governments of the maritime provinces, the points where observations
should jbe carried out. The necessary gauges (where these do not already exist) will then have
to be yprovided from port funds, and the establishments entertained under the sanction of the
Local Governments. It will probably be most convenient that all Captain Baird’s communi-
cations| with the establishments in charge shonld pass through the Local Governments, but this
point nhay be sctiled as may be found most expedient in praetice. -
{{70.) In accordance with these orders, enquiries have been, and are being,
made! with a view to ascertain the ports at whicl it will be desirable to estab-
lish tiglal stations. The suitability of a port for this purpose will depend, first,
on a sjte heing available thereat, on which a self-registering tide-gauge may be
erected, so as to be cither immediately over the sca, or connected by pipin
with the sea at some point where there is a depth of not less than 10 to 15 feet
of‘ water at the lowest tides; secondly, on the presence of a port officer, who
will excreise a general supervision over the operations, and correct the clocks of
the several sclf-registering instruments, whenever necessary, cither by direct
determinations of time, or by arranging to get the true time from the nearest
telegraphic office ; thirdly, on the feasibility of making arrangements for the
periodical inspection of the instruments at intervals of not less than six months
generally, and more frequently when no officer is resident on the spot to super-
intend the operations,
(71.) So far as has yet been ascertained, the ports which seem likely to
answer all the required conditions are Aden, Kurrachee, Bombay, Carwar
_Beypore, Paumben, Madras, Vizagapatam, Akyab, Rangoon, and Port Blair.
¢ The following ports are believed to be unsuitable: Surat, Mangalore, Canna-

\
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nore, Cochin, Muttrun, Negapatam, Coconada, False Point, Diamond Harbour,
Moulmein, and Mergui.

(72.) At Aden a self-registering tide-gauge was erected by the local officers
ahout two years ago; but the registers have been taken in such an qnsa:ﬁtlsfac-
tory manner that the results are not of the slightest use. Captain Baird is now
arranging for the establishment of a tidal station there, with proper instruments,
and trained men to take charge of them. At Kurrachee a tide-gauge, fwhich
was originally set up by Mr. Parkes, has been in work for several years, aid has
furnished the data from which tide-tables for the port have been comjPuted
annually by Mr. Parkes. In course of time the present gauge—the sc le of
which is very small—should be replaced by one of those which are u ed by
Captain Baird, and an anemometer and a barometer (both self-registering)
should be set up beside the gauge. But it is not desirable to interfere with the
working of the present arrangements at Kurrachee un'tll other ports, at Wl_llch
nothing is now being done in the way of tidal obscrvations, are duly provided

| for. At Bombay, Carwar, and Madras, instruments are now being setup by

Captain Baird. ‘

)

) Nk
e ™
No. XIL—GEODETIC. N

LECTRO-TELEGRAPHIC DETERMINATIONS OF DIFFERENCES OF JoNGI.
TUDE IN SOUTHERN INDIA, AND BETWEEN BOMBJAY AND SC 47,

(73.) Measurements of differential longitude, with the aid of the electric-

PrnsoNNEL telegraph, were commerficed in

Captoin (now Majorj W. 3. Campbell, R.E., Officiating S‘?“ﬂ”}'” India in  tlv “year

Deputy Superiutendent, 2nd Grade. 1872-73, when the t()“O\Vlllg

W.G.i;ldl-luavmde, R.E., Deputy Superintendent. 3rd 4105 hetween stations of th(k Great

[\ . . - '

Mr. C.J. Neuville, Surveyor, 2nd GGrade. Trigonometrical ~ Survey = were

' f g‘ C(Ynnor, Assistant Surveyor, 1st Grade. measured by NI&_‘]OI‘ Herschel and
, J. Bond, ” " "

Captain Campbell :—
(1) M:u]ras—Bangélnre
(2) Bangalore—Mangalore ,_
They are fully described in my report for that year. Operations were then sus-
pended for two years, and were resumed in 1875-76, when the following arys were
measured by Captains Campbell and Heaviside :—
(8) Hyderabad (Bolarum)—Bombay
(4) Bellary—Bombay
15) Hyderabad—Bellary
(6) Madras—Iydcrabad (Bolarum) :
(7) Madras— Bellary !
(%) Bangalore—Bellary :
(74.) In the present year the following arcs have been measufred by
Captains Campbell and Heaviside :— i
(9) Vizagapntam— Madras ' Y
(10) Vizagapatuin—Bellary !
(11) Mangalore—Bumbay
Thus differential determinations of longitude have been completed o
arcs between points in Southern India which had already been comnected
together by the great triangulation, whereby a considerable amount of ifpiforma-
tion has been obtained which is of much value for geodetic requirements.
(75.) When these opdrations were commenced, T determined that the
be carried on, at least for some time, with great caution, and in such a
as to be self-verificatory, in order that some more satisfactory estimate npight be
tormed of the magnitudes of the errors to which they are liable, than wjould be
ufforded by the theoretical probable errors of the observations. It was levident
thut the observations might be burthened with various crrors—some possibly
constant—in the determination of the local {imes, and also in the transmission of
the signals hetween the stations, and that no estimate could be formed of, either
theabsolute or the relative magnitudes of these ervors, unless steps were thken to
verify the results by independent processes of operation. The simplest arrange-
ment appeared to be to select three trigonometrical stations, as A, B and C, at

{y

should
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nearly equal distances apart, on a telegraph line forming a circuit, and, after
having measured the longitudinal arcs corresponding to A B and B C, to mea-
sure A C independently as a check on the two first arcs. This is the principle
which has been adopted as far as was practicable. The stations have been
chosen on the telegraph lines in such a manner as to throw a network of
triangles over the face of the country. In a few cases the lines of telegraph
run in tolerable proximity to the sides of the triangles thus formed, and furnish
an independent line for each side ; more frequently, however, a line runs through
a triangle, sending off branches to the stations right and left; and it occasionally
happens that the wire is wanting on one side, and the electrical connection-is
made by linking-up the wires on the two other sides. Here this is less of inde-
pendency as regards the errors involved in the transmission of signals, but the
local times are still determined independently, as on a true circuit, and it now
appears that this is the point which it is of most importance to secure.

(76.) It had long been questioned whether the errors to which operations of
this nature are liable were due in greater measure to the astronomical or to the
electrical parts of the observations; but experience has now shown that when
there is direct electrical communication between the stations, without the
intervention of relays, as has always been the casc in our operations, the aggre-
gate of the errors in the signalling between the stations is immaterial in com-
parison with that of the errors in the determination of the local time by astro-
nomical observations. (See paragraphs 12 and 22 of Captain Campbell’s report
in the Appendix.) Thus it has been ascertained that the two ares first measured
have suffered to some extent, and are not as valuable as those subsequently
measured, because of a defect in the construction of one of the two transit
instruments which were employed in the time determinations, and not because
of any sensible imperfection in the electric arrangements.” This defect, which
was known at the time, though its exact locus could not be immediately discovered,
was traced home and rectified before any of the subsequent ares were measured.
But even with astronomical instruments which have no sensible defects, the
several errors which are linble to obtain in the determination of the times, more
particularly those arising from the personal equations of the observers, are found
to materially outweigh those which occur in the transmission and receipt of
the signals on an uninterrupted line of telegraph.

(77.) With regard to the determination of personal equation, an interesting
circumstance was discovered this year, ¢iz., that in observing transits of stars,
Captain Campbhell’s equation, relatively to that of Captain Heaviside, varied
according as the star appeared to cross the field of the telescope from right to
left or from left to right. Thus the original equation for all stars during the
previous year had been

. 8,
) C—H = + 064 + -006
which it became necessary to replace by two new equations, viz.—
8 s,
C—H = + '102 = 009 for stars north of the zenith.
S, S,
C—H=+ 041 = 003 south »
The previous reductions were corrected accordingly, with the effect of bringing
the results into still closer harmony than the original values, which are given
at page 15 of the report for last year. °

__ (78,) The following table gives the telegraphic and the trigonometrical
differences of longitude on each of the arcs :—

Telegraphic, Trigouomettical.
A B B—A.

m. s, m s,
(1) Madras—Bangalore 10 3904 10 3961 + 057
(2) Bangalore—Muangalore 10 5677 10 5717 + 040
(3) Hyderabad (Bolarum)—Bombay 22 4885 22 49-52 + 067
(~!<) Bellary—Bombany o 16 2696 16 2742 + 046
() Hyderabad (13olarum)—Rellary 6 2188 G 2210 + 022
(6) Madras—Hydvrabad (Bolarun) 6 546y 6 pi8l 012
(7) Madras—Bellnry 13 1656 13 1692 M 0"38
(8) Bangalore—Bellary 2 3736 2 '57‘:5-1‘ - ' 5
() Vizagapntam-—Madras 12 979 1: ’ ‘\"!'v‘) — U'U
(10) \’i'l.ugup:llalhl—”c“:u‘_y 25 26:39 ":; 2.6‘63. + 0];2
(11) Mangalore—Hombny 8 737 _;3 755 Igig




(20 )

The telegraphic circuit errors are as follow :— -
8,

@+ (5 —@) ==—00

G+ 6 — (M =+001

@+ E)— & +() =+002

M+ (9 —Q10) =—004

M+ ® —(7H =—016

@+ @®— (A1) —(@) =+018

The first four errors are small, and show the work to b_e .of a high order of
accuracy ; the two last errors are those of circuits containing the two faulty
ares (1) and (2), which were measured before the defects alluded to in one of the
transit instruments had been discovered and rectified; their magnitude is
believed to be almost entirely due to this cause. )

(79.) It will be noticed that the trizonometrical values are, in almost all
cuses, greater than the telegraphic. This is partly due to the circumstance that
the constants for the Figure of the Earth, which always have heen and are still
used in the computation of the geodetic latitudes and longitudes of this Survey,
are not quite exact; the most modern and exact investigation of the figure—
that by Colonel Clarke, C.B., R.E., of the Ordnance Survey—show that our
differences of longitude corresponding to the trigonometrical distances between
points in Southern India, should be diminished by about +;'%zth part of their
magnitudes. It is also partly due to local deflections of the plumb-line at the
stations of ohservation, and is in accordance with the results of Captain Basevi's
pendulum obsevvations, which indicate a probably greater density in the strata
of the earth’s crust under the beds of oceans than under continents; for then
the plumb-line at stations on the coast would be deflected from the continent
towards the ocean, and this would diminish all astronomically determined arcs
between stations on the coast and those in the interior, and still more diminish
the arcs between stations on opposite coasts of the continent. The excesses of
the trizgonometrical over the telegraphic ares which span the Indian Peninsula
are 0°63s. = 9”5 for Madras to Mangalore, and 0-68s. = 102 for Vizagapatam
to Bombay, of which probably 3”0 are due in the former and 59 in the latter
instance to thé constants used for the figure of the carth, leaving 6”6 and 4”3
respectively of excess, which may be due to local attraction of the nature in
question.

(80.) On the completion of the operations between Bombay and Mangalore,
Captains Campbell and Heaviside proceeded to determine the differences of
longitude hetween Bombay, Aden, and Sucz, in order to complete the connexion
between England and Indin, of which the seetion from Greenwich to Suez had
alveady heen cxecuted on the oceasion of the Transit of Venus in 1874, under
instructions from Sir G. B. Atry, K.C.B., Astronomer Royal.

(81.) It now hecame necessary to maodify very materially the procedure
which had been adopted for the previous operations, in order to meet the
transition, from land-lines of telegraph and their several recorders, to submarine
cables and the syphon recorders hy Sir William Thomson, which are exclusively
used in the offices at the extremities of the cables at Bombay, Aden, and Suez.
In his narmtive report, from which copious extracts are given in the A ppendix,
Captain Campbell has given an excellent description of the manner in which
this transition was effected, pointing out the various expedients which suggested
themselves from time to time, until at last 2 method of operation was devised
\\2l|ich was found to work very satisfactorily as regards the specific ohject in
view, and also to oceasion the minimum amount of interference with the regu-
Iar _\\'urk of the telegraph offices.  The chief merit claimed for the method
devised by Captain Camphell for comparing clocks through a cable is that
it may be called automatie, inasmuch as no personal equation of ohserv-
my or repeating signals can enter, It is believed that this is the first instance
of snch perfection of method having been attained, as it was not possible in
observations taken hefore the introduetion of the syphon recorder. Great credit
s due ) to ('qptnin Campbell for the admirable manner in which he surmounted
the various (ll”"l.’ﬁllltiPS presented to him at almost every turning; and to Captain
Ileaviside for his valuable co-operation.

‘ (82.) The Government has also much reason to be indebted to the Enstern
Telegraph Company for granting the gratuitous use of their cables, not only
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during the actual work of signalling, but during the preliminary tentative
measures ; these involved an amount of intercommunication by cable _which
would have added very seriously to the cost of the operations, had it been
charged for at the usual rates. ) ]

(83.) The values of differential longitude which were obtained are—

h. m 8.
Bombay — Aden =1 51 1908
Aden — Suez =0 49 4266

The value of Madras—Bomhay which has been obtained by Captain Campbell,
from a combination of tha ares already capitulated, is 011.‘29111. 13-b4ds. Th'e
longitude of the stalion at Suez relatively to the Greenwich Observatory is °
9. 10m. 13-21s. as determined under the direction of Sir G. B. Airy, Astronomer
Royal. Thus the longitudes now determined for India are—

h. m 8.
The Station at Aden =2 59 5589 ]
The Observatory at Bombay = 4 51 15 88 - Tust of Greenwich.
The Observatory al Madras =5 20 59 ~125
(84.) The longitudes of all places in India are usually ed to Green-

wich through the Madras Observatory, the position of which been deter-
mined at various times by astronomical ohservations. The latest determination
of that nature is Hh. 20m. 57-3s. = 80° 14/ 19" cast of Greenwich, which has
for many years been the accepted value, and is given in the current Nautical
Almanacs ; this value is thus shown to be 2:12 seconds of time, or 31'8 seconds
of are, in defect of what may now be considered to be most probably the true
value.

No. XIII.—- GEOGRAPITICAL.
HIMALAYAN EXPLORATIONS.

(85.) During the ycar 1876, the Mullah, one of our explorers, made a
survey up the coursz of the Indus from the point where it enters the plains
above Afttok, to the point where it is joined by the river of Gilghit. All other
portions of the course of the Indus—from the table-lands of Thibet, whete it takes
its rise, down to its junction with the occan—have long since been surveyed ; but
up to the present time this portion has remained unexplored, and has been
shown on our maps by a dotted line, the usual symbol for geographical vagueness
and uncertainty. Here the great viver traverses a distance of some 220 miles,
descending from a height of about 5,000 feet to that of 1,200 feet above the
level of the sea. Its way winds tortuously through great mountain ranges,
whose peaks are ravely less than 15,000 feet in height and culminate in the
Nangn Parbat, the well-known mountain whose height, 26,620 feet, is only
exceeded by a very few of the great peaks of the Himalayas. The river in
many places is hemined in so closely by these great ranges that its valley is but
a deep-cut, narrow gorge, and, as a rule, there is inore of open space and cultura-
ble Iand in the lateral valleys, nestling hetween the spurs of the swrrounling
ranges, than in the principal valley itsclf.

- (86.) The positions and heights of all the most commanding peaks in this
region had been long tixed by Captain Carter’s observations at trigonometrical
stations on 1he British Frontier line ; hut no European has ever yet penetrated
into it* Very difficult of aceess from all quarters, it is inhabited by a number
ol hill {ribes, each independent and suspicious of the other, who are in a great
measire separated and protected from each other by natural barriers and
fastnesses. As a whole, the region has never been brought into subjection by
any of the surronnding powers.  Nach community eleets its own ruler, and
has dittle intercourse with its neighbours 5 and with the outer world it only
communicates through the medinm of a few individuals who have the privilege
of travelling over the country as traders,  he Mullab possesses this privilege,

. : Several itineravies which were obtineil. from nalive inorn'ion are published in De. Leituer's Dardistan, and
they have been combined together, with considerable ingenu”y u1d very tolanblo success, by Mr, R in, inu

Y. puen eom og » Wit - g . Kevenstein
published in the Geographieal Magazine fur August 1816, ? " ) e e ey
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and thus in the double capacity of trader and exp_lorcr, he traversed along the
Indus, and through some of the lateral valleys, leaving the others for explorg.
tion hereafter. . . . .

(87.) This work done, he proceeded, in accordance with his instructions, to
Yassin, marching through the Gilghit Valley, but not surveying it, becausc the
labours of the lamented Hayward, who was murdered at Yassin, already furnish-
ed us with a good map of that region. Trom Yassin he sum}yqd the sout.hern
route to Mastuj through the Ghizar and Sar Laspur Valleys; this has furnished
an important rectification of a route which had 111‘(1101"‘50 been laid down from
conjecture only, and very erroncously ; for the road, instcad of proceeding in a
tolerably straight direction from Yassin to Mastuj, as was supposed, turns
suddenly from south-west to north-north-east at Sar Laspur, which is situ-
ated at some distance to the south of the direct line, in a valley lying
parallel to the valley of Chitral. At Blastuj the Mullah struck on to his
survey of the route from Jelalabad, »id Dir and Chitral, to SBarhadd-i-Walkhan, in
1873, and then proceeded along that route towards the Baroghil Pass, as far as
the junction ofghlie Gazan with the Yarkhun river, and then along the northern
road from M‘ to Yassin. This road turns up the Gazan Valley, crosses the
Tui or Mosh: Pass—which is conjectured to be probably not less than
16,000 feet in hieight—and, after traversing a deep crevassed glacier for a distance
of about eight miles, reaches the point where the Tui river issues in great volume
from the glacier; the road then follows the course of the river down to its
junction with the Warchagam river, a few miles above Yassin.

(88.) Retwmning to Sar Laspur, the Mullah next surveyed 'the route to the
south-west, up the valley leading to the Tal Pass. This pass is situated on a
plateau of the range which connects the mountains on the western boundary
of the valley of the Indus with those on the eastern houndary of the valley of
Chitral, and is generally known Dby the people of the country as the
Kohistan. The sources and most of the principal affluents of the Swat
and the Panjkora rivers take their rise in this region, all the most commanding
peaks of which were fixed by Captain Carter’s triangulation ; but of the general
lie of the valleys relatively to the peaks, nothing at all definite has heen known
hitherto. The Mullah has done much to elucidate the geography of this
region. On crossing the Tal plateauw he descended into the Panjkora Valley,
and traversed its entire length down to Dodbah, at the junction of the Dir
river with the Panjkora, where he again struck on lis route survey of 1873.

(89.) It would have been well if he could then have gone down the Panj-
kora to its junction with the Swat river, but circumstances prevented him from
doing so. He thercfore travelled along the Havildar’s route of 1868 as far as
Miankalai, and then surveyed the road to Nawagui and on to Pashat in the
valley of Kunar; and finally, returning to Nawagai, he surveyed the road
from there down to the British fort of Abazai.

(90.) Thus the explorations of the Mullah have added much to our know-
ledge of the geography of the interesting regions lying beyond our mnorthern
Trans-Indus Frontier. A good deal, however, still remains to be done before
our knowledge of these regions isas full and complete as it should be, and
every effort will be made to carry out further explorations as soon as possible.

(91.) The accompanying sketch map has been eonstructed to illustrate the
Mullah’s operations; it also shows the localities where more information is
wanted. In the north-cast corner the results of a recent reconnaissance of
portions of the Karambar and the Nagar Valleys by Captain Biddulph are given,
but somewhat modified from his map of the country.
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Photozincographed at the Office of the Superintendent, Great Trigonometrical Survey, Dehra Diin, August 1877
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No. XIV.—TIIE HEAD QUARTERS OFFICES,

CALCULATING, PRINTING, DRAWING, AND PHOTOZINCO-
GRAPHIC; CORRESPONDENCE; STORES.

(92.) The simultaneous absence of Messrs Hennessey and Cole, and of my-'

PERSONNEL.

J. B. N. Heunessey, Esq., M.A., Deputy Superintendent, 1st
Grade.
Major H. R. Thuillier, R.E., Officiating Deputy Superintend-
ent, 1st Grade.
Major J. Herschel, .E., Deputy Superintendent, 2nd Grade.
W. H. Cole, Bsq., M.A., Assistant Superiutendent, 1st Grade.
Computing Branch,
Mr. C. Wood, Surveyor, 3rd Grade.
. W. Peychers, Surveyor, 4th Grade,
Baboo (innga Purshad. Computer,
. Cally Mohun Ghose,
. Kally Coomar Chalterjee, Computer.
and
Eleven olher Computers.
Printing Branch.
My, M. J. O'Connor, Printer.
Sixteen Compositors and Apprentices.
Photozincographic Branch.
Mr. C. G. Ollenbach, Zincographer,
., C. Dyson, Photographer.
Two Apprentice Photographers, one Native Draftsman, two
Apprentice  Draftsmen, and a Map-keeper.
Drawing Branch.
Mr., G. W. E. Atkinson, Surveyor, 3rd Grade,
Jafir Khan.
Two other Draftsmen, four Assistant Draftsmen, also some
Apprentices and Map-colorists.
Correspondence and Stores.
Harry Duhan, Bsq., Personal Assistant.
Mr. L. II Clarke, Suvveyor, 2nd Grade.
Babos Raj Krishua Mukerjee.
an
Two other Writers.

(93.) Major Herschel’s investi

self, on furlongh during the
greater part of the ycar 1876,
rendered it necessary for Major
Thuillier, when officiating for me
as Superintendent, to assume the
dircction of the Drawing and
Photozincographic Offices, while
Major MHerschel directed the
Calculating and  Typographic
Offices. This arrangement was
continued during the interval
from April to October 1876--
when Mr. Hennessey, having
returned from furlough, was
appointed to officiate for me in
the place of his junior, Major
Thuillicr—up to the 13th Janu-
ary 1877, when I rveturned. Mr.
Hennessey then resumed the
general charge of the four offices
with assistance from Major Her-
schel, until Mr. Cole’s return on
the 27th March, when Major
Herschel was set free to resume
his duties in connection with
the reduction of the pendulum
observation, by Captains Basevi
and Heaviside.

gations of the influence of local attractions,

and the variations of continental and oceanic gravity, on the swings of the
pendulums, had necessarily been laid aside during the entire period—upwards of a
year—when he was holding charge of the Computing Office, as his time wus
then very fully occupied with the duties of that office. " The interruption was,
however, found to be not without advantage, leading to a hetter arrangement
and closer grasp of the subject, and more clearly defining the limits “within
which reductions might Dbe profitably undertaken, so that the valucof the
results may be at all ggmmensurate with the labour of the numerical calcula-

tions.

It has thus been ascertained that mueh of the labour which is usually

bestowed on reductions of this nature is unnccessary, and that approximate
formul:e, the application of which involves far less of calculation, may be cm-
ployed with suflicient accuracy for the required purposes, sceing that there is
very much of uncertainty as to the true values of some of the principal facts

which enter into the investigations.

In his report on the prosceution of the re-

ductions (Appendix, page 63—, ), Major Herschel dwells on the failure of any
known conditions of the carth’s form or constitution to explain the variations of
gravity which are evidenced by the pendulum ; but he arrives at the conclusion
that, though pendulum results are subject to errors which we have no prosi‘)@ﬁ
of eliminating, thew number should be increased, both locally and gencrally

over the whole globe.

(94.) Much valuable work has becn done during the year in the Computi

nm 3 M 2 . ‘ ng
Office. i The final reduction of the North-East Quadrilateral—that sectioquf the
Great Triangulation which includes all the principal chains of triangles situated
to the north of a line running from Sironj in Central India through Calcutta
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to the Enstern Frontier, and to the east of the meridian of Sironj—was commenced
during the previous year under Major Herschel’s supervision, and has Deen com.
pleted this year. The reduction was effected m\contlm‘mtmn of, and on the same
principles as, those of the North-West le]'(l the br')uth-lm,st. Qllﬂd]‘ll".ltel‘fll‘s, which
have been deseribed in previous reports in suflicient detail to 9bt_'mte the neces-
sity for any further exposition of the subject in this place. Various other cal-
culations and reductions have been made, the prineipal of which are given in
the extract from Mr. Hennessey’s report in the Appendix.

(95.) Considerable progress has been made since my return from Europe
with the 2nd volumeof the Accountof the Operations ot this Survey, the greater
portion of which is now completed and has heen passed through.the press. .It
gives a brief history of the operations, a full description of the procedure which
has been followed, and of the instruments which have been employed in the
measurcments of the angles, and all the mathematical formule which are used
in the reductions. It also gives full details of the simultancous reduction of
the North-West Quadrilateral ; these it has been found very difficult to present
in a compact form, divested of the greater portion of the numcrical results
which were obtained during the successive stages of the calculations, and yet
containing every factor which & essentially necessary to enable the results to be
readily tested and verified ; for the calculations are exceedingly numerous and
intricate, and somewhat diflicult to follow.

(96.) The Drawing Office has been chiefly employed in the preparation of
charts ol the triangulation in illustration of the synoptical volumes which are
published on the completion of the final reductions, and also in continuing the
charts of levels which give the results of all existing lines and systems of levels,
by whatever department executed, combined together and reduced to a common
datiin.  Maps have becn constructed to illustrate the explorations of the
Mullah, and the report on Gilghit by Captain Biddulph. And much good work
lhias beesa done in the examination of maps and charts sent in by the survey-
parties for publication.

(97.) The Printing and Photo-zincographic Officcs have heen very fully
employed, and, in fact, have found much diﬂiculty in geappling with the amount
of work which they have had to deal with, and which increases annually.
Heavy arrears had been allowed to accumulate towards the end of the previous
year, which was in some degrec owing to a want of attention on the part of
the topographical draftsmen to the style of drawing required for maps which
have to be reproduced by photo-zincograply : for a map may be very heautifully
executed, and yet be unsuited for reproduction by this cheap and expeditions
process which is so valuable when speedy publication is wanted ; but the arrears
were to some extent also due to a want of method in the working of the office.
They have now been nearly all cleared off, and a very short interval now elapses
between the receipt of a map from ene of the survey-parties and its publica-
tion after due examination.

(98.) Mr. Hennessey warmly acknowledges the valuable and varied assist-
ance which he has received on all occasions from Mr. W. 11, Cole, M.A.; he
also reports very favourably of Mr. Wood, Mr. Peychers, ®ahoo Gunga Pershad,
and Baboo Cally Mchun in the Computing Office, and of Mr. Atkinson in the
Drawing Office, and satislactorily of Moesses. O’Connor, Ollenhach, and Dyson.

(99.) Mr. H. Duhan, my Personal Assistant, has rendered much valuable
serviee in the gencral supervision ol the Correspondence Office; and Mr. L. H.
Clarke has worked heartily and well in the performance of his varied dutics.

J. T. WALKER, Colonel, R.E.,
Superinlendent, Great Trigonometrical Survey.

CarcuTTa,
31st December 1547,
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during the

Dascaiprion oy Dsrarte,

, 94-inch|

Madrns"Coast Serics,
Theodolite.

Assam Valley Triar gulation,
12-inch Theodolitea,

riangu-

T
, 12 inch 'Theodolitea.

Burmab Secondory

lation

, 24

Easlern Frontier Series,
iuch Theodolito.

8, 24inch

Enstern Sind Seri
Theodolite

Topographical

Kattywar
Survey,

Guzerat Topogruphical Sur-

vey.

Kumaon snd Garhwal To-

pegraphical Qurvey.

Number of principal Stations newly
fixed
Number of principal Triangles com.
pleted Lo
Area of principal Triangulation,
square miles
Lengths of principal Series, in miles.
Average Triangular error, in seconds
Average probable error of Angles, in
seconds ==
Astronomical Azimuths of verification
abuerved
Number of principal Stations selected
in ndvance
Lengths of principal Approximate
Series, in advance
Number of Pillars and Platforms con-
structed for principal Stations ...
Number of Scaffolds evected for prin-
cipal Stations
Number of principal Stations placed
under official protection
Number of principal Stations protect-
ed and closed
Number of Secondary Triangles of
which all three apgles have been
observed
Number of Secondary Triangles of
which only two angles have been
observed
Number of Seccondary Stations the
positions of which have been fixed
Number of Points fixed by intersee-
tion but not visited
Number of Revenue Survey Stntions
and Boundary junction pillars fixed
by Triangulation -
Number of Stations and Points the
lieights of which have been deter-
mined o
Length of Secondary Series, io miles .
Arca of Secondary Triangulation, in
square iles
Aven embraced by Triangulation to
hill-peaks, in square miles
Nwmber of Pillars, Platforms, or
posts for Secondary Stations, con.
structed or repaived
Length of Boundary lines and Check-
lines traversed. in linear milea ...
Aren Tepographically surveved on
scale § inch =1 mile, equare miles
Area topographically surveyed on
scale 1 inch = 1 mile, square miles
Area topographically surveyed on
seale 2 inches=1 mile, square miles
Number of miles of rays cleared ..,
. “ puthways  made
hill-tops cleared of Forest
and jungle

Number of miles levelled over .
“ permanent Bench marks
fixed
Astronomical Azimuths of verification
computed .
Number of principal Stations the cle-
ments of which have beon computed
Preliminary Charts of Triungulation
Number of Secondary Stations the gle-
ments of which have been computed
Number of Points fixed by traverse

and their elements computed

Barometrical determinations of hcigij.t:u,
Number of Topographical Maps com. |

pleted

266
21
112

116
63

4
6,100

33

104

60

12
17

2,032

046
042

160

1,654
83
891

969
2,131

14

112

315
89
156

6,041

32

186,
39
96,

13.000

959
640

! Spirit-levelling Operations.

2,516
232
1,340
28
906
a7

8,661
23,600

996

959
640
w | 8,704
w | 572
. 43
3750 37
306 306

53
1,322

8,210
192
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.

L—Extract from the Narrative Report, dated 15th August 1877, of Captain T. T. Carter,
B. E,, late in charge Madras Party.

i Bombay, on return from furlough to Europe, I proceeded to Bangalore,

and ?nn r‘:l?; aZI‘slt,‘l;?'lo%;tNov:;mger took over charge o? the Madras Party from Captain W. M.

Campbell, Royal Engineers, who had held charge of the same during the absence on leave to
Lurope of Major {now Licutenant-Colonel) Branfill. .

The party, consisting of the officers and establishment as per margin, were despatched

Captain Carter, R. E., Deputy Super- Mr. A. H. Bryson, Asst. Surveyor, &8 S0OT as all arrangements

intendent, 3rd grade, 3rd grade. coul(.i be made, and arrived at
Mr. G. Belcham, Surveyor, 4th grade. 1 Hospital Assistant. Tanjore on the 1st December.
Mr. C. D. Potter, Asst. Surveyor, 55 Klassics.
18t grade. 14 Burkundazes.
24 Carriers,

During the field season 1875-76, the Madras Coast Series had been advanced by two

: hexagons observed, and by the selection of sites and con-

State of the work at close of past 4, tion of the masonry pillars for the stations of two more
eeason, hexagons'

The angles at the two stations of continuations had also been observed during the past
season ; consequently, the scaffoldings which form the plat-
forms Dboth for the observer and signallers had been construct-
ed for three stations of the new polygon. 'l‘hesg,'however,
required repair and looking to before they could be used ; the platforms for the remaining three
stations of the figure had to be constructed and the rays between stations finally opened out,
as they bad only been partially cleared the previous season ; this was the first work to be done
as regarded the Okkdr polygon; with reference to the Mepankdd or second hexagon selected
in advance, there was still some uncertainty as to whether the
two last stations would be visible from the central station.
The following distribution of officers was made on first taking the field : Mr. Belcham

was directed to proceed to the central station of the hexagon
on fist 156t chosen, and at once satisfy himself that mutual visibility

could be obtained between that station and the two stations in
advance referred to above, and, if mot, to select other sites; he was then to superintend
the buildings of the scaffoldings at two stations and open out the ray between them. Mr.
Belcham set to work with his usual zeal, and luckily it was found that there was po difficulty in
obtaining visibility between these stations ; and by the end of the month he had completed this
portion of the work allotted to him. Mr. Potter was directed to build the scaffolding at one
station and to clear the rays from it ; subsequently, to repair the scaffolding at another (erected
the previous season), and to raise the pillar there from 2 to 8 feet: as it was found that the
height of eye was not sufficient ; he began his work on the 10th of December,

Mr., Bryson was deputed to carry out similar work which he commenced on the 16th of
December. I proceeded myself to Shemblavayal P. 8., the first station from which observations
had to be taken, and arrived there on the 18th of December, having visited Messts. Belcham
and Potter on my way.

As was natural to expect, having taken the field with a party quite new to me, there was
some delay at first starting ; moreover, owing to the famine
prevailing in Southern India, there was a difficulty in procuring
provisions ; rice was selling at b seers for a rupee, the people
had migrated in large numbers to Ceylon, and those that were left seemed little inclined to
part with their grain; moreover, there was a threatening of a water famine, the tanks at this
time (middle of December) being nearly dried up. However, by suitable arrangements, the
difficulty as to feeding the camp was got over, and all fear of a water famine was over, when, on
the 23rd of Decembier, heavy rain fell and continued to the 26th.

Observations were begun at Shemblavayal P. 8. on the 27th of December, and the station
was completed on the 30th.

From Major Branfill’s report of the previous season’s work I was aware that Mr. Belcham
. had taken a considerable part in the ¢ principal observations”

Commencement and final observations of that 1 also desir £ obtaini £ Mr. Belch
by Captain Cartor and Mr. Reloham. year. I wayalsodesirous of obtaining from Mr. Belcham
o knowledge of Major Branfill’s mode of procedure with
_reference to the observatory work, as well as an insight into the characters of the different
men of the establishment. 1 therefore decided to call bim in to assist in taking observations;
the result was very satisfactory, and it cnabled me to complete the observations at seven stations
by the end of January. The plan I adopled was to observe on one zero while Mr. Belcham
recorded ; the next zero we changed places, Mr. Belcham observing while I recorded. There was
no native recorder attached to the party, and, had I not adopted this plan, T should have heen
obliged to recall Mr. Bryson to record, and as he has had no experiencein observing with a 24

Ménikkamkottei,
Okkfir,

Karkd Eurichi.

Distribution of officers
taking the field.

Provailing  scarcity of grain and
water.
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theodolite, his services would only have been of nse as a recorder, and the observations at
these seven stations would probably have taken double the time. Mr. Bryson was as able as
Mr. Belcham to construct scaffoldings, and it was also df:slrable that he should have some
practice in selecting and building stations. 1 .thi'nk credit s 5iue to Mr. Belcham that he i
able, when necessary, to take a share in the principal observations.

On the completion of observations at Mepankdd, Mr. Belcham was deputed to continue
the approximate work. Mr. Bryson was recalled as observa-
tory recorder, and continued as such d.urmg the remainder of
the field season ; he was also employed in fixing by * theodolite
and chain traverse ” any buildings of a permanent nature in the vicinity of the principal sta-
tione: observations were completed at eight more stations by the end of the field season; at the
station of Pétharankortei, an azimuth of verification was observed, the two stars selected
being « Urse Minoris (polar star) and B Urse Minoris for eastern and western elongation re-
spectively.
Mr. Belcham, on being relieved from his duties in the observatory on the 1st February,
proceeded to take up the approximate work and was em-
Mr. Belcham. ployed on this duty till the close of the field season. ~Although
he only completed the selection and building of three stations and the clearing of the
rays to and from the same between the 5th of February and 14th of April, this slow
progress appears to have been entirely due to the unfavourable nature of the ground and the
heavy cutting that had to be got through. The aspect of the country had altered very consid-
erably, consisting now of paddy fields hedged round with babul trees very difficult to get
through, and the ground much cut up with water-courses.

Mr. Potter having completed the repairs at stations, as directed, proceeded to Mepankdd

P. 8., and in conjunction with Mr. Bryson (who was directed

Mr. Potter. to work under Mr. Potter’s orders), had completed the build-

ings of the scaffoldings of, and the clearing of the rays betwecn, the stations of the Mepankid

{or second) polygon by the L1th of January. Mr. Potter then proceeded to take in hand the

pext figure, assisted by Mr. Bryson. Mr. Bryson was recalled to act as observatory recorder on

the 3rd of February, and the approximate work was continued by Messrs Belcham and Potter.

Mr. Potter's progress had been very good ; in a little over a month he had selected and built

three stations with their scaffoldings and cleared the rays between the same, but he now

s experienced the same difliculties on the eastern flank as

Paruttikottel. Mr. Belcham, who was working on the western flank, and bhis

progress was consequently slower than at the commencement of the season; he closed work on
the same date as Mr. Belcham, #iz., the 14th of April.

Mr. Bryson. Mr. Bryson’s work has been already mentioned.

Final observations continued ond
completed by Ceptain Carter.

Messrs. Belcham, Potter and Bryson worked cheerfully and well, and I have every reason
to be satisfied.

Little or no secondary triangulation could be done, the country lying low, without much

s . . difference in level, and in most places thickly covered with
econdary triangulation. :

mango and palmyra groves; points ohserved to form one
station were seldom seen from another. A considerable number of masonry buildings (chiefly
temples) were fixed by a ¢ theodolite and chain traverse” to serve as points from which the
position of the principal stations could be found in case the pillar and mark-stones above ground
should at any time have been removed ; their position being known will also be useful in any
future survey of the country, as they are buildings likely to endure for a considerable time.

As our triangulation was approaching that of Colonel Lambton’s executed in the year
Connection with Colonel Lambtows 1800, T endeavoured to ftind out if any of his marks could
work executed in the beginning of the be found on the different pagodas shewn on the chart of his
present century. triangulation, which were evidently used by him as stations
of observation. The pagodas of Munargudi, Alangudi, Combaconum and Tanjore were
examined for this purpose, as well as the goparam or “gateway’’ leading into the enclosure
in which the pageda stands; the general description given of these stations is “on the
pagoda, ” though in all probability the instrument was placed on some part of the goparam,
which is usually a much loftier structure than the pagoda or temple. I regret to say that in
no instance did I find a mark. An endeavour was also made to find the terminal marks of the
Vellum Base Line in case it was thought desirable to connect it with our triangulation, but
W\t_hmlt. suceess, thg only station of Colonel Lambton’s triangulation, the exact position of
which can be identified as far as the work has gone at present, is that at Budnlur, the mark-
stone of which is protected and kept in repair by tbe civil authorities, The question of
identification of these stations of Colonel Lambton’s triangulation 1 brought to the notice of
Colonel Braxfill on his re-assuming charge of the party. '

The whole of the stations at which fina) ohservations were completed were protected and
Protection of stations, made over to the civil authorities as directed in _Departmental
orders No. 1 of 18466. Generally, the protecting mound of

carth was turfed over; the station was further protccled by having a eactus hedge planted
round it, which also served toshew the limits of the ground taken up by Government. In
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gseveral cases this small plot of gtound was bought, and I was in communication with
reference to the purchase of the same in every case, and a transfer of the land from the owner’s
name to that of Government on the land registers; there would always then be a permanent
record for reference in future years as to the position of the station.

The 24-inch theodolite No. 2, by Troughton and Simms, worked well, though there was
a tendeney for the readings to diminish on the return to the
same point, and this whether the telescope was moved from
right to left, or left to right; it was particularly perceplible when observing the azimuth at
Pallicorankotei, where the referring mark was being constantly intersected. I attribute it to
the expansion and contraction of the 174 feet stand which in this party has taken the place of
masonry pillars. In the beginning of the season the stand was protected from the prevailing
wind from the north-east ; the extremes of temperature were not so great, and it was not till
March that I observed this peculiarity. By protecting the stand on all four sides, I found that,
though there was still a tendency for the readings to diminish, the decrements were much
less. I must mention a curious feature in the case, viz., that though there was this tendency
for the readings to lessen each time that the telescope was pointed at the same object, the levels
attached to the body of the instrument (one of them a particularly sensitive one) remained
very constaut. The triangular errors are large, and this I can only account for by the rays
being grazing, and often passing over tanks and rice swamps; the signals were steady, and 1
bad only on one occasion to stop work on this account, and this unsteadiness was due to the
lamp-man neglecting to isolate his lamp from the part of the platform on which he sat: of
course, there is a tendency for such high scaffoldings to oscillate, the guy ropes want constant
tightening, and the plumbing looking to ; the scaffoldings (from which the signal was shewn)
averaged 45 feet in height, on one occasion one had to be raised to 60 feet to overcome a rise
in the ground, and this was done without much difficulty. The deflection at this height was
very slight, evenin a_high wind, verifying the opinion of Captain Campbell expressed in
paragraph 3 in appendix to Major Branfill’s report of last year. The scaffoldings werebuilt
of the palmyra palm-tree, which was generally procurable near the station; it is, however,
heavy and cumbersome to move; the areca palm-tree, which I belicve was used on the
southern portion of the series as well as on the Ceylon connection series, was not procurable
in the district, and the officers employed on the construction of these scaffoldings had to -make
the best of what timber could be got on the spot.

The health of the party was very good; two men were attacked by cholera on first
taking the field, one of whom died; and this was the only
casualty.

Tostrument.

Health of the party.

LIEUTENANT-COLONEL BRANFILL'S LIST OF PLACE-NAMES.

Proper names of Stations and Places given on the preliminary charts of the Madras Party, Great
Trigonometrical Survey of India, for the ssasons 1875.76 and 1876-77, along the coast of Madura and
Tanjore, from Rdmesvaram to Point ' Calimere” (Kallimédu).

“ Adramopatam " ... short for Adi-v(ra-RAma-gattannm, the (seaport) town of Adi-vira
See Indian Atlas Sheet No. 80 Réma, one of the Pindyan princes of Madura, its founder.
Amanakkamupei w * Castor-oil plant headland "—from dmanakkam, the castor-oil plant
which grew there ; and munei, a point or headland.
Araoténgi ... - w ‘" Charity station”—[rom aram, charity ; and tdngi, o support.
Kvideiybr Kévil .. name of a large temple (¥dvil) in the south of Tanjore, from Avudayhr

one of the names of the lingam, the sacred phallic symbol of
Siva ; dvedaydr means ' ox-owner” (dou =, 0x), and Siva is com-

monly represented as riding on n bull,
“Calimere”  w. .. properly Kallimédu, © Fuphorbia mound,” the north-cast headland of
See Indinn Atlag Sheet No. 80. Pall’s Straits (the Argaric gulf), between India and Ceylon. This
point is aleo called £6di = the point, the same as the other
or southernmost extremity of the gull at the south extremitg of

Réimésvaram.

Chevidan Kéttei . " Doaf one's fort" (chevi = ear)—chevidan, o deaf man ; and kdftei
a fort or fortified village.

Dévipattanam w  “ Devi's-town.” Dévi = * the goddess” is o name of Siva’s consorts
Parvati,

Elnandthimaogalem - - from élu, seven; mtru, a bundved; and mangalam, dclight, joy,
matrimony.

Gandbamfna Parvatam .. « the little eminence about a mile north of RAmésvaram temple, so

named after one of the leaders of Ramf's army when attacking
Lanka (Ceylon), as told in the Ramayana,

Gdpuram - «. the lofty tower or spire over the entrance gateway of a temple or
town in Southern India—from Adppu, u pointed roof, spire, or
dome, which, perliaps, is from the same root as cupbla, coping, cap,
&c.: compuare Hind. Aubba, a dome.

Kad or Kadu -~ .- 2 \vildelrncss,ljungle ; ’::‘1 untilled or unirrigated field, fit for dry crops
only ; the root means a grove, wood, or garden; al b
or boom ; cf. S. kdth, wood timber. ' 1ore 08 bean

Kakkra Kétiei - w. ‘" Kaka-Rdman's fort.”
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Kalld Kéttei o
Kahirunikéd
Kansd -
Aarké Kuriohahi

Kodikulam ..
Kollei

Kollukkdda
Kulomangalam
Manigandi
Manikkamkottei
Mauir o
Maruthaogén Viduthi

Masine Karei -

Mayivagal ..

Mélapatin -

Mépankdd ..
Mukuto kollei

Nédapkédu
Narigankadu

Nayephr Kévil

Nodura Kéttei

Neduran Tivu

Okkirr .
Omathei-nadu

Pollathivayal ..

Pasla Kollei...

Patharan Kéttei
Pattu Kéttei ..

[Seasow 1878.77.

« Stonelers fort"—from kal, a stone; illei, the negative — without;
and kditei, o forb.

« Stone-tank field "~ from kal, a stone ; truni, a common village tank,
5 0:Gho¢:e-pfcimd; and kddy, a jungle, a dry or untilled field.

P« Wilderness "—from kdn, » junglo, forest; and nddu, a country,
district.

« Karkan's nettlement”—(rom the proper name of o man, and
kurichchi, a small village or hamlet, strictly of mountaineers or
foresters.

\y kddiyar kulam, and said to be from kédiyar, robbers,
Pmpebregnuse tl‘\jis village hud been repeatedly attacked and spoiled.

a field, enclosure; a dry unirrigated field, high ground, a grove ; met
with repentedly in South Tanjore, but not noticed further south
neor the coast.

“ Gruin-field"—from kollu, the horse-gram (vulg. kulti) of Southemn
India.

from Aulam, a tank or reservoir ; and mangalam, prosperity.

“ Bell-ringer's(village) "—from Sanskrit mani, a bell; and( . .. .. ,
a word meaning to strike. This village is said to have been
given to an attendant of the TiruvAdini temple, whose duty it
was to perform the bell-ringing there; o former name of the
pluce wos Mdrgandayarpuram.

“ Manikkam's fort ; ' mdnikkam, a ruby, from (Sanskrit) mani, a gem.
Derivation uncertain.

P “ Hermitl's lodge”—[rom mary, the marriage-feast, a ceremony ;
thang6n, one who does not remain, an ﬂbseut_ee,.truant; and
viduthi, a lodging-place, a separate apartment ; solitariness, separa-
tion.

“ Cemetery shore.” The Hindu pilgrims who die at Rémésvaram
are commouly buried at this spot, and their bones lie scattered on
tho surface, or but half-buried in the sandy waste near the
sea-shore. Hindu burning or burying places are usually on the
bank (karei) of a river or tank.

“ Peacock's field "—from mayil, a peacock (perhaps from one of the
noiges or culls he commonly malkes. In Canarese the correspond.
ing name is navil or nail, but the Tamil mayw, and the Canaress
nuvire, both mean bair, a tuft of hair, and may well refer to the
peacock’s tuft or crest.)

* Upper (=west) ville.” Méle is very [requently used in contradis-
tinction to kile which first means under, below, and hence, eastern,
as the country of Southern India fulls as you go enstward. Pattu
is a common sulfix to place-names in South Tanjore, and seems
allied to patts a cattle-fold, a hamlet, also to patlunam (patam)
pat, and possibly to pettei and pddi, &e.

a vulgar form of Mérpaneikidu—* West palm jungle”; mér for mélé
upper, f.¢. western ; and panei, the pslmyra.

* Corner field'—{rom mukku, o nook or corner ; and kollei, a field or
enclosure, Another place near this, Kona kollei, bas the same
signification,

Né&dén is o title amongst the Shénfrs (toddy-drawers), and nddan an
epithet applied to the Chola kings.

P Foxr-hurat” ** Dwarfs-1wood”; nari menns a fox ; nariyan, 6 mab &8
cunning s & fox; it also means a dwarf.

“ Nayendr's temple” ; néyandr=lord, master, a title applied to Siva from
the same Sanskrit root a8 nayak, n leader (naik), and Ndyar, the
Nairs, or honoured Sudras of Malabar.

“Long fort"—from nedu, long (not to be confounded with nadu, middle)
and k6ttei, o fort.

“ Long ssland”—from nedu, long,end tfvx, the Tamil form of Sanshrit
defpa, an island, The Dutch Government in Coylon had a small
horse-breeding establishment hers, and called the island Dellt.

Derivation uncertain, but stated to mean the village of one family, or
the “united village.”

Omathei is the Tamil name of the dafura, s stupelying plant; and,
nddy, a district, country.

« Palla.swcoman's-field”  Pallans are a tribe of low outcastes in
Southern India ; and vayal, a rice-field. This word vayal, a field,
rice-field, an open plain or flat, is one of the commonest affixes to
villago names in Southern Indin. 1In Cnnereso it is dayelu or
bailu, but on most of the older maps and charts the name is dis-
guised under many erroneous forms, euch as bile, byl, vail, voil,
voyal, &c

“ Areen-field " —from pasumeiand pachchei, green ; and kolles, a field,
e,

“ Pitharan's fort,”

Patlz is o common affix, and an occasional prefix, to the names
of amall towne and villages in 8. E. Tanjore ; it may mesn &
silk (flag), and perhaps o grant, or a crown, or it may be from the
same toot an pattanam, a town ; paits, a (cattle) fold ; or peitei, o
town orsuburb with shops.
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Periya, peru, per
Peruntimarei ...
Pinneiydr

Porakudi s

Péraludi

Pudukéltei
« Poodaocottal " of
Indian Atlis No. 80.

Puthu viduthi
Fuivatir
Ttetla vayal ..

Rudra Chintdmani

Sengittin kudi

Shembalavayal

Signnkidu
Sirukambur

Tanjore or Tanji-ur

Thenamanidi ...
Thondardpaitu

Tiruchitambaran
Tiranélur

Tiruppu vayal
Tiruvadini

Tondaman

Uranakudi
Urimunei

Vanakkankiadn
Vandal

\'u_\'nl Es

Vellalankadu ...

Véndén viduthi

Venniyur

Vettanir

Vetlivayal

7

a

Grent-Tclegu pedda ; compare Hind.; baraor bada great (in Canarese
dodda).

“ Great lotus;” from peru, great, and tamaret the lotus.
7 Rear town;” pinnei means after, farther; compare Porakude.

P “ Baeck house,” from pirage, behind ; perhaps because this place is
behind, or at the back of, the seaport town of Devipattanam.

“ Batlle dwelling;" from por,fight, battle, and Xudi, o habitation,
dwelling.

or Puthu kottei, “aew fort;” from puthiya, new, and kottei, a fort-
This is the chief town of the Tondim#in Rajal’s country, south of
Trichinopoly.

“ New lodge ;" from puthiya, new, and viduthi, a tempornry abode.

“ Flower village ;" from pu, o flower, and u7, a villege.

perhaps for Irnttavayal. =" Double field :” rendu is the vulgar form of
irandu, two, and retlayana of irattiyane, double.

Rudra, a name of Shiva, one of the demouns or demi.gods, and Chinta-
mani, o mythical gem, the philosopher’s stone, one of the gems of
Swarga (heaven), yielding its owner all his desive.

a dwelling sacred to Shiva, who prefers the colour red, and sleeps on a
bed of red lotus. Scnkadu or Chengdd (=* red-wold,” * blood
Jfield ") is the simple form of the word, from sem, red, beautiful,
kadu, wilderness, and kudi, a dwelling.

P4 Red-rice-field, for sen-ncl-vayal, or more probably for sempalavayo!
=*blovdy field,” “ field of battle.”

from sigam, an ncid fruit-tree ; the tamaratter.

or Sirukambeiyur said to be from sirw, little, vambi, quarrel, and 7ir,
village, Petty-quarrel-town, or ** Squabble-ham.”

commonly called by the natives Tanjé-iir, Tanjei, and Tavjam=—
“Lanjan’s town'’; but the proper bame in full is said to be
Tanjei-mén-nagoram==Prince Tanjam’s city. Tanjam means a
refuge, and mdn (for mannan), a prince, hero, a man in bis prime,
as in Tondaman, Chéramin.

* South aspect” or south division ; from ten, south, southern.

P ¢ Servant’s hamlet” or * Devolee's abode ;” from thondan, a servant,
adherent : see Pattukotlei,

a local name of one of the * Chellambram " (==Chitambaram) temples.
Tiru menns holy, sacred, illustrious, and is the Tamil form of the
Sanskrit Sri.

“ Holiday village ;" from tiru, holy, nal, day, and ur, a village,
tirundl, hohday.

“Holyfloger field ;" from tiru, holy, pu, a flower, and vayal, a rice-field,

name of a place with a considerable temple dedicated to o deity repre-
senled as having the face of a sheep, ddu, and the body of an ele-

phant, dnei; the instial tire means holy, and is the Tawil form of
the Sanskrit Shri or Srf.

The title of the Chief or Rajn of Pudukottei, a little to the south of
Trichinopoly. Tondan means a servant, adherent, devotee; and
mdn {lov mannan) a prince, a man in bis prime : compare Chéra-
man=Prince of Chéra. Tondei or Tondamandalam is the name of
the region or country of which Kdnchipuram (Conjeveram) was
the chief’ town.

or Uranakudi, said to be derived from ¢r, a town, annam, rice, and Audi’
a dwelling.

a headland in Neduvan Tivu (also called Delft by the Duteh in Ceylon),
from the little spiral shells (u74) which abound there.

“ Baniyan's field.” Vdnigan, a trader=cketti or séth.

Dregs, silt, mud_from tank-beds; thie word appears in the names of
villages in Mudura, perbaps from their having been built on a
ridge of gravel drift, on o «poil-bank, or on the grit heaps left in
the waterway of a flooded river or breached tank.

a rice-field, an open field or plain; a very common affix to village
namelvs on the S.-E. and E. coasts of Southern India: see Palluthi-
voyal.

" Vel[‘tilnn’sjwn,qle or field”  Velldlans are an agrieultural caste or
tribe of Tawils. Felldnmei meaus cultivation, or strictly flood-
ruling, i.e., irrigation.

¢ Hermit's lodge.”  Téndin, means not wanted, and is applied collo-
quially to n sulky, disagrecalle man ; a recluse.

« hamlet, named afler the locul goddess Fennigamman. Another name
for this place is Muppur ov Muppeiyur, o corrupt contraction from
Mummudisolapuram. Thereis » local tradition thut the three
princes (munu three, mudi crowns), Pandiyan, Solan, and Chéran,
once met together here.

- Hu;:ter'.;)rillagrl;" from redan a hunter or forester, the name by which
the aboriginal wild tribes of Southern Indis sre known, the
Veddahs of Ceylon. ’

“ Worthless field ;" from velti vainness, uselessness.
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a
i i v oo 8 lodging-place, temporary abode ; this affis to villige names seema to
Viduthi e ﬁe s%epciully compmon in South Tanjure and Eaat Pudukottei,
Virappavayal ... v " Virappa's (vice) field.” Virappais s common proper name of men

in Soutbern Iudin from Firaz, a hero, warrior (compare Latin,
vir), and appan o father (compare Hebrew ab, Chaldee abbd,
and Hind. 1{;)

Vitrd vayal ... o« Fertile or fruitful field,” from vittu, seed.

Provincial place-names common in Rdmndd and South Madura, not found at all, or very scarce in South-
Eaet Tanjore (see Indiaz dtlas Sheet No. 80 :—

(a) éndal w eminence; commonly applied to a hamlet with a small tank in Madura.

(@) kammfy .. or knmmay, an irrigation tank, or reservoir ol water.

(@) larei - ... 8 bank, shore, border, . , . .
karisal ... blackness, the black (cotton) soil; karskd kulam:hlnck_ (sml)' tank.
Maravan o (plural Maravar), nnme of the chief‘ tribe or caste inbabiting the

Réamndd and Shivagangei zeminddries.

(a) 6dei . 8 water-course, stream.
pottsl ... barren, brackish soil, an arid tract.
taravei ... o salt marsh or swamp.

(a) druni e ... acommon village tank.

Provincial place-names newly met with in South Tanjore :—
Kkollei s 0 field, enclosure ; a dry, unirrigated field ; high ground. More common
farther north.
pattu v derivation unascertained as yet.
viduthi ... 8 lodging-place, temporary abode. This word seems peculiar to the

Pattukottei taluk, esst of Pudukottei.

The common South Indian place-names most frequently met with in the extreme South Tanjore Country
under nolice are :—

(c) kidu . & jungle, w.ilderness.
e) koltei ... a fort, fortitied villuge.
kadi .. & dwelling, habitation.
() kurichehi ... asmall village, properly a settlement of hillmen or foresters.
(d) Pattanam ... o town, or seaport town. In 50 miles of this coast there are 24 places
of this name (sce Indian Atlas Sheet No. 80).
taru ... a street; a couunon term for the little hamlets in ench parish or
village.
Wir .. atownor village; probably the commonest affix over all Somthern
Indin.
(d) vayal . ... arice-field, a patch of rice-cultivation, very common also especially in

the low country.

The following place-names, so common in other parts of Southern India, are here *' conspicuous by their
absence” :—

Badi or p6di, chéri, palli, patti and puram, the commonest Tamnil hamlet or village names.
(a) &ru, éri, gunta, kulam, kuttei, and samundram, affixes meoning river, luke, tank, or pond, &c.

(&) méda, parambu, phrei, and kal, a monnd, hillock, or rock, as well as givi, malei, and kunru, a mountain of
hill ; also nattam, péleiyam, puram, and valssei, common village nazines with various meanings.

General Note to accompany list of place-names for 1876-77.

The portion of country traversed by the Madras Party of the Grent Trigonometrical Surrey of Indin
during the pust season, skirts the coast of South Tanjore for some 50 miles along the North-western shore of
Palks Straits (the Sinus Argaricus of Plolemy), extending only 20 miles inland, and lies between the del{as of the
Veigei (Véghavati) and the Cauvery (Kévéri) rivers. It is crossed by a few unimportant streams which drain
the Tondiman or Pudukéltei Rajab’s territory) under the Trichinopoly District), but is devoid of any large
streams or lokea.

Going north-east-wards [rom Rfimodd, the country changes: the flat, sandy trnets of the south-coast of
Madura are left bebind, and so are the numerous tanks and the long collecting channels, which are spread over
the impervious black (cotton) soil, and the tracts of rice-fields below them.

On entering South_Tanjore, though still low and flat, the slope of the country from the sea inland increnser
to nenrly 10 feet per mile, Numerous ridges and depressions, Rome of them 50 feet in depth, run from W, N. W,
to E. 8. E.; the former well covered with valuable trees, and the latler with patches of enltivation (vaya?).

Thie change of count?' is sufficiently indicated by the character of the place-nomes. There are very few
towns er fnrge villages, and the village-lends are more like parishes with numerous smnil hamlets, ench bearing
ths snme village neme, but distinguished by a suftix indicating the relative position of ench within the purish
limits.

The following facts may be gathered from an inspection of the map (Indian Atlas Shect No. 80) :—

(a) The absence of rivers and irrigntion-works,

») The absence of hills, mounds and rocks.

(¢) That the country hns been to a great extent jungle (kddu=wilderness), and occupied by rnde, unruly
tribes, such as Kallan, Pallan, Valiyan, and Védan.

{d) The considerable number of places termed Agrahiram, Mangalam, Dattanam, Pettei. Santei, and Vayal,

indicate the presence of a fair proportion of more eivilized folk, and Lell of trade, agricullure, and
brahmanical influence,

Whilst the vegetable kingdom appears to contribute liberally to the onomatology of the district, the animal
kingdom is but ecantily represented by the peacock, fox, crane, and a few move,

Note reqarding the accentuation of the letters O and F in the orthagraphy of South Indian place-names.

The long and short sounds of these vowels, » and e, are of sneh frequent occurrence in the Dravidian
(i. e, South Indian) Janguages, that unless some means of distinguixhing them are adopted, mistakes as to the
weuning and origin of the word in which they occar are nnavoidable. Tt is, thevefore, the universal practice

amenget ariters who have to represent Dravidian words in the Roman chavacler, to accentuale those vowels
when long.
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A few specimens are given below of words similurly spelt, which require accentuation to distinguish the
pronunciation and meaning :—

mel = soft.

mél = above.

pen .t = a female.

pén o = alouse.

veli - = the air, the open.

veéli Ve = a hedge. '
veru o = empty, void.

véru e = other.

vebti = cuiting.

vétti = a (man’s) cloth.

kodi = g flag, steamer.

kadi == a2 point, end, score, &c.
kodu ... o = give.

kodu = a hom, pesk.

kottei ... o = a knob, koot nput. ’
kottei .. = a fort.

porakndi e e = back-house.

porakudi — war-house.

totti o = o pail, trough.

totti « A sweepers

Inalist of South Indian names drawn up with a view of shewing their origin al:ld root meaning, the
accentuntion of o and e when long (as well us of ¢, ¢ and w, which have been allowed to require af'cent\.lntun.n by
writers of the North Indian languages) is reallv indispensable, and has been adopted in the following list of
pluce-names, but not upon the chart accompanyiug, for want ol the necessary nnthorlt:y. Lo .

It is hoped that the strict rule for North Indin orthography will be relaxed in this list of South Indian
place-names.

B. R. BRANFILL, Licut.-Colonel,

Deputy Superintendent, Great Trigonometrical Survey,
In charge Madras Parly.

II.—Extract from the Narrative Report, dated 26th September 1877, of Lieutenant H. J.
Harman,, R. E., Assistant Superintendent, 2nd Grade, in charge Assam Valley Trian-
gulation.

2. At the close of the field season, 1875-76, the principal series was complete up to the
side “ Dibrugarh—Khalkata,” the preliminary work of two triangles had been done, the
right flank rays of the series were carried up to near the Revenue Survey Pillar at “ Poba,”
and three post stations had been built.  Of the branch series to * Jaipur,” one final ray had
been eut, eight trial rays run (which determined the positions of the six stations of the Series
in the plains) and one post station built.

3. Accompanied by Mr. J. F. McCarthy and a small body of men, I left Gauhdti on the
16th Outober, reaching Dibrngarh on the 23rd October.

By 10th November we had cleaved three old rays near Dibrugarh, repaired three post
stations, obtained angles to the snowy peaks and hills visible from Dibrugarh, and eut two
final rays of the  Jaipur Series.” One of these rays bad to be cut open to the sky throughout
its lengtl ; on the other one the trees closed in overhead: every endeavor was made to avoid
felling any trees whose trunks did not come within six feet of the centre line of the ray ;
thus very few line trees were cut down. The forest was in places interlaced with dense masses
of creepers, and heavy storms of wind sometimes caused these crecpers to drop down and shut
up the ray.  On these two lines there fell about four miles of forest, most of it belonging to
tea estates; as the forest was close to Dibrugarh, compensation was demanded for the timber
cut down. The satisfactory settlement of these claims took up a great deal of my time.
On the branch serics to Jaipur many miles of line passed throngh tea estates, and T am glad
to say that the ray-cutting parties were not interfered with in their work, Mr. O’Sullivan
taking special care to do the least possible damage.

4. The preliminary work already done on the Jaipur Series, detailed in paragraph 2,
had been executed by Mr. O’Sullivan.  To earry up thie triangulation to the side, whence i
was to Le extended diveet on to the Naga Hills above Jaipur, required the eonstruction of live
post stations, the linal carrying of six rays of which the trial lines had been run, the cutling
of three new lines, and the observing the angles of the triangulation. To Mr. O’Sullivan was
assigned this work. e hroke gronnd on the 10th November, and was employed on this
series throughout the whole field season, except for a week, when he observed at Dibrugarh the
angles to the Nari L 8. and Dipa 1L 8. of the prineipal series.
. The extension of the prineipal series up to Pola was eutrusted to Mr. McCarthy, who left
Dibrugarh with his delachment on the 10th November.
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5, I started from Dibrugarh for the Khal}mta Station of the _princlpal series on 12th

November, observed principal angles at three stations, and angles to hill peaks at two stations ;
then 1 went to Poba, whither I had sent the writer of the party (Baboo Zuhllnr-al-Islarn) and
a detachment of men, with instractions to make. a road from the Mekla Station to the Poba
Station and begin the line-cutting of the preliminary series Letween Poba and Sadiya. When
I reached Poba, I found that considerable progress had been made. The preliminary series
was carried up from Poba to the line Dibangmuk—Napsur by the lst January 1877, A
-trial line was also cut between Sadiya and the Dikiang martello tower, the final ray being
afterwards cut by the Topographical Survey Party under Lieutenant Woodthorpe, R. L.
During November and December I observed from four stations to all thg hl.ll peaks V.lslb]e
From those stations. I had very bad luck in my work to hill peaks, considering the time I
devoted toit. I made many fruitless journcys, and lost many days in my endeavors to get
angles to the snowy ranges from stations favorably situated for the intersection of the peaks;
not that there was any lack of splendid days for peaks during the season, but I got so few
chances when T was available for the work.

6. One of the lines cleared by Mr. O'Sullivan passed through a heavy forest in which a
gigantic India-rabber tree took a party of 20 men nearly fwo days to fell, and then it took
10 men a whole day to scttle down the debris. Big trees are rare in the plains of Upper
Assam—only one other was met with this season, it was on the line Sadiya—Manabum H. §,;
luckily the trunk was a mere shell, for it measured 43 feet in girth at 4 feet above ground.

7. In January I sent eight men with an elephant to make a foot-path of about 4}
miles along the bank of the river between two stations; after four days the men returned
and reported the path cat; also, that a great dealof very heavy cane had been met with
through which the elephant could make but little way, and the path would speedily close
up. A week passed, and I had occasion to send along t?ns path. a mgna]lmg‘ party,
and though the men started early, they did not get to the station 44 miles distant till the
following morning. Some days afterwards, two of them returned in a boat for provisions, and
started back by the foot-path in the forenoon ; but they again past a night in the forest. This
incident serves to show how seriously a cane jungle hinders our progress; the natives with their
bare legs are obliged to go through it very slowly, and deal with it cautiously.

8. At one station, with a party of 10 men I built a scaffolding of 75 feet in height in three
days. This lofty field observatory is a very stiff and substantial structure, 8 feet square at top,
and although bamboos and cane (of which it is constructed) rot with surprising rapidity
Assam, 1 hope that it will need but little repair next year to make it answer its purpose.

9. In the narrative report for the year 1875-76, it is stated that the “Abar” tribes
objected to the occupation of a couple of peaks (Dipa and Nari) on the outer ranges north of
the Brahmaputra river, one of which was intended to be a station of the principal series.
Arrangements were made for a force of 100 men of the 44th Sikh Light Infantry to escort the
Swrvey Party to the hills, Our orders were to confine the survey work to those two points,
not to muke excursion for sketching purposes, and, as far as possible, to avoid all villages.

The 15th of January was the date fixed for the small expedition to leave Dibrugarh ; it
was estimated that the troops would be absent one month.

We reached the top of the ““ Dipa” hill on the 18th January. Tt was cleared sufficiently
for the trigonometrical work, a pucka station was built, the angle required was observed, all
possible sketching done, and we left for “ Nari”” hill on the 21st January.

Dipa hill is uearly 3,000 feet high; we had to find our own way up it. The spur selected
to ascend by turned out to be a very narrow, serrated ridge, and very steep, and had it not been
for the dense forest, I much doubt whether we could have got up the hill by that spur.
The station was about { miles from our camp on the Diman river. The trees on ‘the hill top
were [estooned with masses of great creepers, many of which yielded a good supply of water;
nearly a pint oozed out of a yard’s length of one of them.

Major Clarke, B. 8. C., Deputy Commissioner of North Lakhimpur, kindly arranged for
some road cutting, which proved of great service to us.

To get to the Navi hill, we waded for 12 miles up the Dipi river, thence cut a road gof a
mile long to the foot of the hill, and struck a wild elephant track which led nearly to the top.
The station was about 6 miles fram the camp on the Dipi river. The Nari hill is nearly 3,000
feet high, and casy of ascent. The summit was cleared, and the station Luilt f)y 30th
Junuary.

Shardon Rai Chand Bahadur, Seristadar of the Court at Dibmgarh, who was detailed

to accompany the party, gave us most energetic aid, and through him I gat the services of
25 “ Miris” to help me to elear the Nari hil.

I encamped ou the hill top from the 30th Jannary to the 6th Februavy. The weather
was very ramy, and we were visited by some appalling thunder-storms. We heard on two days
the volley tiring of the sqnads at rifle practice on the ranges at Dibrugarh, distant 25 miles

uas the crow flis. The ohservations were finished on the 12th February, and then the troops
relurned to Dibrugarh,

To Major Robertson, B.S.C, my best thanks are due; he gave me every help, the
arrangements were mast convenienl, and my progress greatly facilitated ; not the slightest
hitch of any nature vecurred.
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Colonel Nuthall, B. 8. C., Commanding at Dibrugarh, was most kind in giving us every
assistance ; he came on one occasion to  Dipi Muk” to meet us. ‘The jungle at the foot of the
hills is tremendous. o .

The hills are clothed with magnificent timber, and we saw many fine rubber trees which
had never been tapped. The formation of the outer ranges is of coarse-grained eandstone, soft
and friable. The country between the outer and the first high range 1s full of low hills
heaped together in the wildest econfusion, showing hundreds of small precipices of various shades
of red, white, and brown. From the Dipi and Nari hills ouly a few tiny patches of cultivation
were visible. The ¢ Aboors” did not put in an appearance, and, excepting a few well-known
men, we saw very few of them. A sketch was made of 100 square miles of plain country and
300 square miles of hills, hitherto unsurveyed. A pucka platform was built near the mouth of
the Dipi river, and fixed by intersection from the Nuri and Dipi bLill stations.

11. From the 8th to 31st March, rain fell on every day except two ; exeepting those days,
the tents of the party were never dry. The greater part of the rain Eelllate in the evenings, yet
we had not altogether twelve hours of sunshine after the 9th March if we leave out the two days
before mentioned. Fortunately most of the lines of the series being short, it was found that
by taking special precantions in setting the signals, there were often short periods during the
day when the gleam from the silvering of the heliotropes could easily be seen in the telescope,
despite the absence of sunshine. Thus by watching my opportunities I managed to observe
angles from 13 stations during the month. Mrv. McCarthy carried two trial rays, two final
rays, and built one post station in March. He was not well during this-gonth, yet he
worked very hard : one day a tree accidently dropped on to his head, and I am sorry to say he
was confined to his tent for three days in consequence.

The filling of the mullahs; the rain, absence of sunshine, aud appearance of myriads of
leeches, seriously impeded progress and caused the line-cutters to suffur severely. The work
on the delta of land between the Dibang and Brahmaputra vivers was most difficult, the lines
in the forest about the Dibang-muk station rarely progvessed as much as 400 yards a day;
so dense is the jungle and so numerous are deep nullahs choked with the heaviest growth. The
Dibang-muk station stands in the depth of the forest; around the station a considerable area
had to be cleared to admit the sun to the station so as to allow of signals being shewn during
the greater part of the day : on to this station, converge 5 lines. A visit to this place would
enable one to form a good idea of the enormous amount of lalor required on parts of the
preliminary series. The station is prettily situated, and the platform is high enough to give
glimpses of the river through the gaps, and of the snowy ranges peeping over the trees;
sometimes the lines are filled with very beautiful sunlight effects.

12. On the Ist of April I crossed the Brahmaputra in a heavy gale of wind, a great
storm raged over the Dihang river, and the phenomenon of a water-spout was witnessed. On
the afternoon of the 2nd April the observing overtook the work of the preliminary series,
and I had made my arrangements to go to Sadiya, when a khalassie came in to report that
at noon of the preceding day our. 80-maund boat was lashed alongside the bank at a spot
about 30 miles below my camp (Dibang-muk), when a great wind carvied off the heavy roofing
of the boat and theu the waves swamped and sunk the boat in deep water. On board was
a tin-hox containing the duplicate set of computations of the recess season 1876, together with
other papers. Taking with me a few men, I started down-stream by boat at midmght of the
2nd ; the night was rainy and pitch dark, and we had sceveral escapes from snags, so we stopped
on reaching the rapids below Poba stockade and waited for the dawn of day. On the evening
of the 3rd the sunken boat was dragged out of the deep water, but in the night the river rose,
ran like 2 sluice, and the boat broke loose and filled with sand. Our efforts to move it on tbe
4th were ineffectual, so I left the spot on the 5th and veached Sadiya on the 6th, having lost
four splendid days on my trip.  Three weeks afterwards, a “ Miri” got up the tin-box with a
spear, and 1 was glad to find that the conlents had suffered no material injury.

13. Licutenant Woodthorpe, R.E., in charge of the Topographical Survey Party working
in the Singfu country north-cast of Sadiya, had selected a trigonometrical station on the Mdna-
bum hill theight about 600 feet, 18 miles east of Sadiya) which it was necessary to incorporate
with the principal triangulation. T found the station at 112 feet above the top of the hill in
the branches of a gigantic India-rubber trec. The stalion is 4 miles east of the Tengapani,
a river full of fine rapids which can only be shot in small eanoes. The morning I visited
Ménabum way rainy, the leeches were most formidable and indeseribably numerous, especially
where the path had been eut through bamboo forest. One man was lame for a week from
the leech bites of that morning.

On_our return from the bill the sun was shining fiercely, and not a lecch could be seen.
The natives smear over their legs a mixture of tobacco juice and lime which gives protection
against the leeches, but in the wet jungle the stuff quickly gets washed off.

I met Lieutenant Woodthorpe, R.E., on the Tengapani river, to arrange with him the
conucction of our respective triangulations. I got back to Sadiya on the 20th April, com-
pleted the angles at 3 stations, and opened out the rays to the Ménabum hill station by the
20th April. - Only one angle was meusured 6 the Ménabum  hill station on nccount of the un-
}nrtur;nte pre‘umturel&-;;un; of my signaller from that place; Lut Licutenant Woodthorpe got a
ew observations at Manabum to my {wo stutions jin the plains: t imi
the Mitnabun Lill station has been obtained, l Plaius thas o prelimivary  valus-for
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At Bhati Sadiya station on the 29th April I gota touch of the sun and was seized with
severe illness, and consequently getting to the Dibang-muk and Napsur stalions and observing
the remaining angles at those places, gave me some trouble. . .

14. Lieutenant Woodthoipe, R.E., was journeying to Dribragarh after the close of his
field ceason’s work when be heard that I was ill. He came to Nupsnr station and st,.nyed with
me till he had seen me through my remaining work on the pnnclpal series ; and had 16 not been
for his kindness in staying with me, I doubt if Icould have completed it.

15. It was unfortunate that so few angles of the Jaipur Serics were measured as the work
progressed, it resulted in our heing unable to finally measure all the .a_ngl:e’s of .the series by
ﬂ.\ehclose of the ficld season. Mr. O'Sullivan placed s_ignullers on “ Hilika station, who were
threatened by the “Nagas” and turned off the hill, so I applied for and was given a police
force to prevent further annoyance. Having recovered somewhat from my Sl.ckn'e‘s:s, T Lot
Dibrugarh for Jaipur, accompanied by Mr. McCarthy, on the 7th Mayl cut the line Timolikhat
to Hilika, visited Deohal hill on which Mr. McCarthy erected a 50 fect bamboo seaffold,
completed the observations at Hilika hill station, Timolikhat station, and all the angles but one
at the Bamonikora station, by the 14th May.

May wasa very wet month, the country got deeply flooded ; it once took us 7 hours to wade
along 54 miles of yath. Following me on that occasion, were 3 elephants very l}glltl_y ]ude'n, one
of which fell into a hole and would have drowned but for the promptitude of a khalassie who
got down and cut the girth ropes with his “ dao ¥  On the night of 16th May T became very
ill and rapidly sfzot extremely weak. It rained almost iucessantly from the cvening of the
16th to the 20th May; on the latter day the wround on which my camp stood was swamped,
and I was carried to the Madarkhat station. There I met Mr. McCarthy, who had been hard
at work, carrying a line through the flooded jungles. After making an effort to observe angles
at the Madarkhat station, I made over the work of observing to Mr. MecCarthy, who got
measures of the angles at Madarkhat station on the 21st May. He closed work and
marched into Dibrugarh on 23rd May. After the ¥th May, Mr. O’Sullivan got angles at
2 stations and observed a set of vertical angles at the Madarkhat station ; he marched into
Dibrugarh on the 22nd May.

The weather from the 16th to the 25th May was simply dreadful, the large amount of
rain falling fairly stopped our work.

16. The whole party left for Gauhdti by steamer on the 26th May. After settling the
affairs of the party, I took leave on medical certificate on the 10th June. Messrs. O’Sullivan
and McCarthy went into recess quarters at Shillong.

IIL.—Extract from the Narrative Report, dated 20th September 1877, of H., Beverly, Esq,,
Surveyor, 1st grade, Officiating in charge of the Burma Party.

2. The party continued in recess quarters till the end of October engaged in the com-
putations of the previous season. Mr. W. Beverley, in charge of the party, returned from
privilege leave on the 28th October, and after taking over charge he procecded on the 7th
November to Rangoon, to resnme ficld work, leaving Messrs. Mitchell and Collins to follow
him by the next steamer. Ie remained in Rangoon from the 8th to the 17th November,
organizing the field establishments and completing the charts and computations of the late
recess.

3. During scason 1875-76 the field work of the party was as follows : —

First.—A chain of eecondary triangles (designated * Myanaong and Cape Negrais Trian-
gulation”), emanating from the Eastern Frontier Series, was carvied south, by Mr. W. Beverley,
through the Henzads district, and terminated for the season on the side Gnaw-Lekho, in the
Bassein district. A sccond chain (designated “Prome, Thayetmyo, and I onght Triangulation”),
also emanating from the above series, under Mr. J. Low, was carried north towards the frontier,
and terminated for the season on the side Mintkidong-Membhadong, in the Thayetmyo distriet.

A third chain (designated the ** Rangoon and Coast Trisngulation”), emanating from sides
of the Eastern Frontier Series in the Shoayeheen and Amherst distriets, was commenced the
previous season, and the work was finally Lrought up last year to the side Meng#lén to Lekheik.

4. During the field scason 1876-77 the programme was as follows : —

Mr. W. Beverley to continue the chain of triangles towards Cape Negrais, and also fo
determine the positions of the towns of Ienzada and Bassein. Mr. Low to continue the
Prome, Thayetmyo and Tonghi Triangulation in an easterly direction as close to the frontier
as practicable.

Mr. J. W. Mitchell was ordered to take up a chain of triangles from the side Mydydbengkyo-
Théyckhi of the Eastern Frontier Series (which was approximately laid out last ficld season)
in a northerly direction, through Tonghd till the frontier was reached, and then to proceed
westward and connect with Mr. Low’s triangulation. Mr. D. J. Collins to continue the
Rangoon and Coast Triangulation towards the Kristna Shoal light-house. But as this work
could not be resumed till the country was dry, abdut the beginning of January, he was ordered
to determine the position of the small town of Minjf to the south-east of Myanaong. and to
complete the triangulation to determine Henzadd, thereby relieving Mr. Beverley, who could
take up the extension of the first chain of triangles, ’
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5. Mr. Beverley was engaged on the Henzada Branch Series, where he took olservations at
five stations and at one hill station of the main triangnlation, thereby determining the positions
of several buildings in Henzadd. This work occupied him nearly to the end of December.  He
next took up the extension towards Cape Negrais.  Mr. Beverley carried this triangulation 36
miles in a direct line bringing down the triangulation to the civil station of Bassein, and likewise
determining the positions of some important points in that station. He had unusual difliculties
to contend with during the field season.  The course of the Cape Negrais Triangulation is
selected with one flank on the low hills on the Arracan Yomas, and the other flank in the plaine,
to avoid enhanced expense and delay had the triangulation heen wholly in the plains or on the
univhabited hills,  In the plains advantage is taken of isolated pagodas on one of the platforms
or ramps of which the station is selected, thereby raising the station 20 to 30 feet above the
surrounding country. The hills in the Bassein district are uninhabited, and are never visited by
any of the inbabitants of the plains to the cast. They are also of almost equal elevation, flat-
toi’)ped and covered with a dense forest; hence the difficulty in finding the particular hill
selected in a large block : to which is added the unwillingness of the villagers to leave their
homes and be away at night. The difliculty is to vetain them for more than a day or two.
The hills gencrally require extensive clearing before they can be used for trigonometrical pur-
poses. In the plains also great difficulty is experienced in carrying lines through swamps.
Mr. Beverley lost much valuable time owing to thesc swamps and the low forest-clad hills,
Mr. Beverley closed work on the 21st April and returned to recess quarters at Moulmein on the
2nd May. On the 18th idem, having obtained furlough, he made over charge of the party
to me.
6. Mr. J. Low, Surveyor, 2nd erade, rejoined from four months’ private leave at Rangoon
on the forenoon of the 20th November, having received instructions to extend his last season’s
triangulation from Thayetmyo along the frontier towards Tonghd ; he left Rangoon by steamer
and avrived at Thayetmyo on the 29th November.

7. Mr. Low extended the sccondary triangulation 44 miles by six stalions, forming two
figures, terminating the series for the scason on the Pegu-Yoma mountains. Much of his time
was talen up in marching, and he had to visit his stations twice or three times—once to select the
station, and a second time to observe the angles from it. Ina wild country like Burma,
with fat-topped hills of almost equal elevation, covered with dense forest, far removed from
the nearest villages and mnothing to distinguish one hill from another, it is very difficult to
select stations. The Surveyor finds it impossible to send any one of his establishment on
this task merely Dy pointing out the hill to him ; he has to visit the hill himself, select and clear
it, and return to take observations to it. Mr. Low has also determined a few peaks on the
Arracan and Pegn Yomas and a few other points, the heights of which he has also determined.
I think Mr. Low’s out-turn of work is satisfactory.

8. Owing to the unhcalthy nature of the country Mr. Low worked in, his lealth has
suffered ; be had toleave on medical certificate for six weeks during the feld season, and since
his return to recess he has suffered repeatedly. e has been under the Civil Surgeon’s treat-
ment for some time, and is at the present moment far from well.

9. Mr. J. W. Mitchell, Surveyor, 4th grade, left Moulmein for Rangoon on the 9th No-
vember.,  On the 13th he started for Tonghi to take up the triangulation to Tonghd from a side
of the Yastern Frontier Series, some of the stations of which had the previous scason been pre-
pared by him.  Mr. Mitchell extended Lhe triangulation to the Burmese frontier, a distance of
56 miles, and determined the positions of three points in the station of Tonghi. By the middle
of Febinavy there was a break of only 50 miles in the triangnlation between the work of
Messrs. Low and Mitchell, which Mr. Beverley considered would require one Surveyor to com-
plete during the remainder of the field season with favorable weather. He, therefore, requested
Mr. Low to form the connection and My, Mitchell to return and join him, to assist in the
Cape Negrais ‘Priangulation and to determine points in the station of Bassein, Unfortunately
Mr. Low was just then taken ill, as previously stated.  On his return from sick leave, Mr. Low
was only able to complete the angles he had left unfinished. Hence there remains the brenk of
50 miles between Mr. Low’s and Mr. Mitchell’s triangles, which, it is hoped, will be completed
next field season.  Mr, Mitchell meanwhile left Tonghd for Bassein, and arrived at Rangoon on
the 15th March. There he waited a few days to entertain some men, and arrived at Bassein
on the 22ud March. Mr. Mitchell observed both horizontal and vertieal angles at two stations
in the town of Bassein, and five in the Cape Negrais Triangualation. Mr. Mitchell states that
hig stations on the Tonghd Triangulation were all in uninhabited hills, and he experienced great
difficulty in visiting them.  Mr. Mitchell elosed work on the 22nd May and mrived at Rancoon
on the 21th May. At Rangoon he was attacked with cholera, which weakenced him consider;bly
thereby preventing his return to vecess at Moulmein till the 13th June.  In Moulmein, too.
Mur. Mitchell has saffered from illness. e was attacked with dysentery some time n,“o, and,
though under the Civil Surgeon’s treatment, he has not yet, (ll;itﬂ recovered from it, ’ His
progress, I think, has heen satisfactory. )

10. Mr. Collins lefl. Moulmein on the 9th November, and up to the 17th idem he was
engaged in current eflice duties with My, Reverley, whom he nccompanied to Ht-nvmd'l~
Mr. Colling’ camp was sent by land to Minji, which small town he was requested to (letel‘;nir;(;
the position of. Meanwhile he assisted Mr. Beverley at Henzadi 6ill the 25th Noveraber He
left by steamer oen the 27th November for Minji, where he arrived the same day Ol; com-
pleting abservations at Minjf, he returned townrds Henzadd, laving been instructed to observe
at the two stations to determine the position of the great pagoda of Henzada.
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12. Mr. Collins during the next two months protected and transferred to the care of the
local officials six principal stations of the Eastern Frontier Series. Besides these, he visited
Yongdong near the town of Prome. This station Le reported 'h.ad been removed, and a large
hole indicated the site of the station. He also attemptled to visit the trigonometrieal station of
Moditong, in the centrc of the Arracan Yoma mountains, but the coolies refused to go. He
returned to Rangoon by stcamer on the 16th March to resume the triangulation along the
coast. He was ten days in Rangoon entertaining men and waiting for his iheodolite. On
the 27th he left by boat to visit the two stations of Lekheik and Mengalon to start the Coast
Triangulation. He was only able to visit these two points and construct a ladder up the former,
when, on the 10th April, he was taken ill and returned to Rangoon, where he obtained a medi-
cal certificate from the Civil Surgeon and closed work for the season. Mr. Collins was on
three months’ privilege leave, from the 13th April to the 13th July.

16. There now remains a break of 50 miles in the triangulation along the frontier, which
will probably be completed by one assistant next field season. The Cape Negrais Triangulation
of 80 miles to the Alguada light-honse and the extension to the Krishna Shoal light, ahout
70 miles, are likely to occupy two officers two seasons.

17. The Krishna Shoal light was washed entirely away during the present monsoons. As
this point is important for shipping, a new structure will probably be erected by the time the
triangulation is brought down to it.

21. The area triangulated by this party during season 1876-77 is 4,645 square miles, at
cust of Rs. 88,517-14-3, giving a rate of Rs. 8-4-8 per square wile.

IV —Extract from the Narrative Report, dated 1st Octcber 1877, of Captain J. Hill, R.E,
Assistant Superintendent, 1st grade, in charge of the Eastern Frontier Series,

2. On returning to Bombay from furlough to Europe, and receiving orders to assume
charge of the Eastern Frontier Series in Burma, I proceeded at once, wid Calcutta and Moul-
mein, to Tavoy, wherc I landed on the 9th of last March, and where elephants sent by Mr.
H. Beverley, were awaiting me.  The head-quarters eamp happened to be only about a week’s
march from Tavoy. I found it on the 16th March just arriving at Toungthidnloun H. §.,
and on the following day I assumed charge of the Party.

3. When Mr. Rossenrode was retiring from Government employment, Mr. H. Beverley
received the officiating charge of the Party and retained it until my arrival. 1 then found
his observations were almost completed for the season; so as it was too late to detach him for
other work, I decided on allowing him to finish what he had carried on so far. The whole
credit of the field season’s prineipal operations therefore belongs to Mr. H. Beverley, and as
my information regarding what took place before my arrival has been chiefly derived from him,
he has at my request drawn up the following narrative statement of the season’s work :—

(6). *On the 1st November this Party comprised three Surveyors, viz., myself, Mr. J. C. Claneey, and
Mr. J. O. Hughes. I purposed resuming myself the final operations suspended on the sctting in of the tains,
about 60 miles south of Mouhncin : while Mr. Clancey should extend the approximate triangulation, which last
year closed with the Myandoung fignre in the Tovoy District. Mr. Hughes with a small party I wished to employ
on econdary operations, determining the positions of Phayfitounzi (the Three Pagodas), the town of Yeh, &e.
All my arvangements were in a meausure temporary. I was informed that Captain J. Hill, R.E., was appointed
Mr. Rossenrade’s successor, and would arrive in Indin about the end nof January. I presumed he would,
probably within a month of (hat date. join the Party, when as a matter of course the arrangements would have
to be altered. On his assuming charge on the 17th March, he considered it unnecessary to alter existing
arrangemenls for the short time that remained for Geld operations ; hence the above arrangements continued to
tha close of the season, and at bis request I conlinued taking final observations for the remaining three stations.

(e). * Mr. Clancey was requested to lenve Moulmein by the Tovoy steamer on the 7th November, his camp
having left overland for Tavoy on the 24th Oclober to await bis arrival.  Mr. Hughes continued with me to
bring up the office work till the 15th November: he left Monlmein on the 22ud idem to take up secondary
observations. During the first week of November the siwnal parties were sent to their respective stations,
some overland, and others by boat. At the same time he tindal with fifteen men was ovdered to clenr the path
from the Moulmein and Ambierst yoad, the first station of observalion. A week later, on the 14th November.
I despatehed the main camyp, theodolite and elephanls for the above station, where they mrrived on the 28th

idem. A few days later, alter desputebing the preliminary chart and records to head-quarters, I left by Loat for
Keuktaga, arriving at that slation two duys after my eamp.

(d). * During the observations at this and the next stalion T noticed certain discrepancies in the horizontal
readings of the 24.inch theodolite, which 1 could not for some time account for, the change aflecting only one
station ot a time oceagionally, T subsequently found they were cnused by a slight Yateral motion on Lhe tele-
scope, from it revolving uneveoly in the Ys. As T did not” know how to i'emedv this,
the instrmment out altogether, und as only oceasionally these difference N
reetify on his arrival.

without perhaps putting
8 occurred, I left it for Cnptall:l Hill to

(), * Consequent on the paucity of villages in the tract of country wherein onr operations lay this scason
nnd the unwillingness of the inhabitants to leave their homes for more than a day or two, I deeme :
to entertain n large number of wen in excews of our nsual numbers for the culting of 'rm\ds
baggrgre of signal parties, &e. T also purchased large quantities of rice and padvl; for the cu;n
rupply for two months, by which time I expected to enter the inhubited tracts of the”
these provisions was trangported by boat to the village of Onbeng

at Lhe exorbitant rate of about 7 seers per vupee.  These arrangewments certainly incrensed the working expenses
of the Pacty, but (hey obviated failure.  The wnmber of villages met with on the line of march ﬂxr(;upghml}.
She eeascn. was only 23, including the town of Yeh, and bul. four large villages, the rest being hamlets of from 4
to 8 or 10 huts, from which we could not expect labor or provisions to meet the demands of sweh s large camp.
(e). ‘.‘ The ficld enson lasted five months: of this, 80 days wore emploged by the main enmp exelusively
in marching. there being no dircet route trom station to station, the time occupic;l in marching to cach atation

d it expedient
transporting of
P, enough for a
Tavoy District. A portion of
leweng. where rice conld not be purchased except
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being from 3 days the least to 10 days the largest number of stages; this could not be belped in a conntry
whiclt is almost entirely uninhabited, and eivcuitous routes had to be taken. I was fortunate this scnson in not
being delayed much more than a fortnight from hazy weather, which in former seasons generally deterred oper-
ations for a considerable lenath of time. A party of 16 men under the tindal, nssisted with such coolics as
could be procured from the villages, was employed thronghout the seasou to precede the main camp, lclearing the

ath and making it passable for the large theodolite and for elephants, a task accomplished with the least pos-

sible delay to the camp.”

4. The foregoing statement refers principally to Mr. Beverley’s own operations. His
remarks upon the instructions he gave to Messts. Clancey and Hughes, and the manner in
which his instructions were catried out, are as follows :—

(a). “Mr. Clancey was deputed to extend the approximate triangulation; he left by the steamer of the
Mr. J. C. Claneey. 7th November, and arvived at Tavoy on the 8th.

(3). “ At the close of last ficld seasom, the approximate triangulation had been brought down to the
Myéndoung figure, of which one station had still to be seleeted and one other built : two more stations in ad-
vance had been visited, and one of them, Toungshiin, built. Mr. Clancey was requested, before commencing
work, to visit Toungshin and another hill near Tavoy, and thus procecd upwards to the base of his operations,
by which means he would obtain a very good knowledge of the country. He was also requested, if possible, to
keep on to the mnin land and avoid vyisiting the islands, which would, I considered, be a source of considerable
delny and expense.

{c). ** By the 27th Jonuary Mr. Clancey had laid out a satisfactory triangulation, comprising (1) the com-
letion of the Myindoung figure by the selection of one new station ; (2) the completion of a quadrilateral which
lud been partinl?y sclected last year; and (3) u hexagon round Toungshin H. 8. of the previous season’s work.

Two of the atations of this last figure were on islands, knowa as the Moscos, averaging about 20 miles (rom the
opposite mainland stations.

(d). *Mr. Clancey’s reasons for making use of the islands were, that he found it impossible to continue the
triangulation on the mainland, since he could not get suitable sites on the frontier range, and the country to the
east was uninhabited, 2nd under these circumstances I think he was justified in carrying the trinngulation partly
cn the mainland, and partly on the islands.

(¢). *Mr. Hughes left Moulmein by boat on the 22nd November for Amherst, and thence by land to Yeh,
from which place he was requested to cut a road for the 24-inch theodolite
and the elephants to Sedoung H. S, n road which Mr. Rossenrode had
found it impossible to cut the previous year, through the duffadars be repeatedly sent with that object (ailing
each time on account of the difficulty in gelting the villagers to work. TFrom Yeh to Sedoung, a distance of
nearly 30 miles, the country is uninbabited, with the exception of a few huts about half-way, and coolies could
not be procured.  Mr. Hughes completed this task by the middle of December, not, however, without my having
to send to his nssistance all the mon detached Irum the main camp for general road-cutting.

Mr. J. O. Hughes.

(f). “'T'he secondary work upon which Mr. Hughes was afterward employed was the determination of the
position of Phayitounzi (the Three Pagodas), the well-known boundary between Siam nnd Tenasserim ; also the
determination of the position of the town of Yel, and other points; which work, I expected, would employ him
to the middl: of February, when he was to join the main camp about the time of Captain Hill's arrival. I left.
it optional with him to determine the position of Phayitounzil either by a series, or divectly from the principal
stations, if visible. Mr. Hughes adopted the latter plan, and completed the necessary observations at one of the
two prinoipnl stations chosen for the purpose. Unfortunately, when he arrived at the second, bad weather had set
in, and long sides could no longer be obscrved. He remained on the spot as long as his provisions lasted, aud then
finding the haze did not clear, left the place and joined my camp ou the 2nd March. Mr. Hughes was next
delnched to determine the position of Onbenglkweng village and two pagodas in the Myindoung figure, which
he accomplished nud joined the main eamp on the 17th March.”

5. After Mr. Hughes had joined the main camp, as above stated by Mr. Beverley, I
detached him—(1), to select and build a secondary station in a good position in the town of
Tavoy; (2), to help Mr. Clancey by clearing two hill tops which Mr. Clancey had fixed upon
as sites for principal stations; (3), to place a secondary station upon the well:known peak and
land-mark Nwilabo (Ox’s Hump). He selected and built the station in Tavoy, and made
some progress with the clearing of the hill tops, when it became necessary, in c[)nsequcnce of
the conclusion of the principal observations and the arrival of the main cmf:lp at Tavoy, to call
in Loth him and Mr. Clancey. They reached Tavoy on the 22nd ApriP, and the whole party
(excepting the elephant establishinent and some other men 1 thought necessary to leave behind)
gtarted for Moulmein on the 24th April.

6. During the recess the party has Dbeen chiefty employed in computing out the work
done during the field season. A considerable amount of time has also been taken up in
classifying and reducing to order the records of the party. The transfer of the principal
stations in the Amherst district to local official protection, which was stopped by the late Offi-
ciating Deputy Commissioner of the district, has been proceeded with, and, owing to the
willing co-operation of the present Deputy Commissioner, has heen almost complct&l, only
one station now remaining to be transterred. The performances of the 24-inch theodolite
having been complained of by Mr. Beverley (vide paragraph (3) () I examined it, and finding
the Ys not quite parallel to each other—a defect I had not the means of remedying —1I sent it
on the 10th July to the Mathematical Instrument Department, Calcutta, for l%pnir. Mr.
Beverley was quite right in bringing to notice the irregularity in the working of the theodolite
but I believe he was mistaken in thinking it was a new defect; for Mr. Clancey, who acted as
.Mr. Rosgeprodc’s recorder, informs me that Mr. Rossenrode used to suffer inconvenicnce from
irregularities of reading similar to those deseribed by Mr. Beverley, and I find that, judged 11y
the average triangular crror and probable error of angles, the quality of Mr. Beverley’s observ-
ations appears to he much on a par with Mr. Rossenrode’s averages for the proceding three
scasons: so that the instrument would not scem to lave recently undergone any seusible
alteration, On the 1st September, Mr. D. J. Collins, Assistant Surveyor, th s,rrmlo“jninedmv
party from the Burma party, Mr. Hughes being at the same time transferred to the latter
party in his place. - )
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7. During the field season observations were-taken at twelve pr.incipa.l stations, a‘.ll of which
were duly closed except the initial ones of next season, and at six secondary stations. The
avernge cost of the season’s operations, as calculated by the departmental method, is Rs. 11-13
- square mile triangulated.
b S(Elil.m']lﬁul;n ;z:;veral (i)emtions of the party have mnot been uniformly suceessful during the
past scason.  The principal series has been well conducted by Ml Beverley. 'I"Ils Prellmlmary
arrangements for taking the field were good, and proved quite succ_:essful. The quantity of
princibul triangulation completed only falls sl.wrh .by 558 square mlle_s of Mr. Rossem‘ode"s
yearly average since the resumption of operations in 1873, zu,l(l its quallty, as already state(_l in
paragraph G, accords very well with that of Mr. Rosseurode’s work during the same period,
The area of the secondary and minor triangulation is the largest w.lnc.h has ])een obt'a.med since
the resumption of operations, and although the area gf the principal tnangglat_u?n does fall
short of the average of the preceding seasons, that fact is accounted for and justified by the
shortening of the time suitable for observations as the‘sel:les pruceeds. sout.hwards. No useful
purpose seems to be subserved by trying to continue principal pbscl'valtlons in Southern Burmah
heyond the early part of April, by which time the last break in the .hot weather huz.c may be
cxiwcted to have taken place. Work was, therefore, closed at the time allready mentioned, and
1 consider the out-turn very creditable to Mr. Beverley, especially as, owing to the great lengih
of the difficulties and circuitonsness of the routes, he was only able to spend 44 days in actual
observing out of a field season of 156 days’ duration. It is to be regretted that Mr. Hughes
failed to determine the position of the well-known Three Pagodas >’ which are situated on the
road from Moulmein to Bangkok at the exact spot where it crosses our frontier. Although
the pagodas are now in ruins, as a boundary mark they are very important, and their posi-
tion ought to be fixed at the first available opportunity,

V-—Exiract from the Narrative Report, dated 21st September 1877, of Captain M. W.
Rogers, R.E,, Offg. Deputy Superintendent, 3rd grade, in charge Jodhpore Series.

The party took the field in October 1876 : the first detachment under Messrs. Price and
Torrens left on the 16th October, and marching divect to the series, commenced work on selec
tion amd building. ‘The main party left Aboo on the 23rd October, and marched to
Chachra, in Thar and Pdrkar, and thence to Rojlird H. 8. of the Kardchi Series, one station
of the initial side of the new Serics, “The Eastern Sind”  principal observations were com-
menced {here on the 20th November : from that date the observations were earried on continu-
ously through the Thar and Pirkar district of 8ind, the Khairpur State, and into Jeysulmere,
and were closed at Dhanono II. 8. on the 18th March.

"The weather was, on the whole, very favorable for observations until March, when, as usual
in the desert, high winds and dust-storms commenced and made observing difficult and tedious.
"The following is a general statement of the season’s work : 96 angles were observed at 28 prinei-
pal stations, forming 4 hexagons, 2 quadrilaterals and a portion of another hexagon, fixing 26
new principal stations, embracing an area of 2,455 square miles, and extending the series 123
miles along the meridian,  An azimuth was observed at Malir H. 8. to two cirenmpolar stars.
The approximate Series was extended north 98 miles,  The position and height of the town of
Umarkot were flixed, and 28 Kevenue Survey stations were identified and fixed in height and
position. Mr. Price was in charge of the approximate series: he seleeted 21 and built 10 prinei-
pal and 7 secondary stations. compleling the selection of the Fastern Sind Series. He, as usual,
worked well and steadily, and accomplished a good amount of work, notwithstanding the draw-
backs of an unfavoralle country. Mr. Torrens took up the building on the prineipal scries and
completed 19 stations” he then elosed 16 pricipal stations, and, in addition, he identified and
marked a large number of Revenue Survey stations, and did a considerable amount of secon-
dary triangulation to fix them.

The building operations of these desert series, involving in most cases the arrangements for
making bricks, and in all cases a large amount of trouble and arrangement for the transport
of lricks, stones and lime to the varivus sites from long distances, are of an unusually ardnous
vature; and L was much pleased with Me, Torrens’ exertions and general work, which {ully
entitle him te his promotion whenever the stale of the Department permits.  Mr. Prunty ac-
corpanied me as recorder during the whole of the observations, and after their completion, he
clused seven stations of the principal series : Iie has worked very well, and is in all respects a
vrood and useful assistant.  The health of the party during the whole season was very good.

The country through which the sevies paxsed this season is, if possible, & more desolate
tract of desert than any met with on the Jodhpore Series. Towards the south, in the districts of
Thar and Pavkar, the country is a succession of narrow sand-hills, sometimes of considerable
height, running from south-west to north-east in perfeetly parallel lines : they are higher, and the
ridges eloser together, thanin Rajputana, and their sides are mueh more uhru.pt, and are channel-
lul into ravines by the action of rain, and are eovered with low thorn jungle. This makes travel-
ling very tiring and tedious, as in marching, the village tracks had to he followed, and long
detours made.  This combined with the heavy sand and the continual wp and down hill, caused
the marching hetween stations to take up a “considersble  amount of time, 10 miles being a
heavy march for loaded camels,

For about 50 miles alung the western side of the series the country was inundaled, and
A vast expanse of water stretehed as far as the eye could reach. The “m'.,“ of Umarkot, when

in marching .
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visited, was surrounded on two sides by water, which came up to the hase of the fort. In the
\north of Thar and Pérkar, and in Khairpur, and the western portion of Jeysulmere, a new pheno-
menon is met with. This is the ¢ Draeus” or expanses of shifting sands, many miles in ex-

ent, and scattered here and there amongst the desert sand-hills, which are comparatively
flertile, inasmuch as they are hound together and partially covered with coarse grass and stunted
ghrubs.  These « Draeus” have no vegetation, and their surface is continually changing, and
ﬁle sand in them is in one place scooped out into funnel-shaped hollows, and in another
thrown up into beautifully-rounded hills. They were seldom crossed, but when mnecessity
compelled a mareh over one of them, the road had to be inspeeted and prepared beforehand ;
and five miles was a fatiguing march.  Curtously enongh, in spots in these ““ Draeus,” there ave
wells of water on small pieces of hard ground, which seem to be spared by the overwhelming
sand, and in these wells the water is invariably good. ‘Ihe “ Dracus” are very numerous, from
about 26 North Latitude, and extend northwards some 75 miles. "They impoverish the already
sterile country, and I am inclined to think that the acme of desolation is reached in Eastern
Khairpur and Western Jeysulmere. 'There are no erops, and the people live nearly entirely on
milk in various forms, aided by a little ““ bajri” and *““mot”” imported from Sind in exchange
for sheep. The inhabitants say that the “Dracus” travel gradually northwards, hut very slowly.
The summits of these ¢ Draeus” rise to a considerable height, in many cases overtopping the
sand-hills ; and it became a matter of considerable difficulty to arrange the series, so as to avoid
the stations falling on them. Notwithstanding all the care given to this, two stations had to
be placed on them; every attention was given to building these stations with all precautions for
stability, but I am doubtful if they will remain for long. 'The villages are of the same descrip-
tion as those met with in the other portions of the desert; the majority of the houses are
merely wigwams of brushwood, a house with mud walls being a rarity, and brick and stone
almost unknown. With the exception of Umarkot there was no place in the series worthy of
the name of a town. The villages are nearly, without exception, built on the summits of
sand-hills, and very often at some distance from their wells, which are, of course, in the hollows
between the hills. The reason for this custom seems to be, that in the cold weather the tops
of the sand-hills are considerably warmer than the valleys, where the cold is sometimes very
great, The party experienced considerable trouble from the difticulty of procuring drinking
water, especially on the eastern side of the series, near junction of the four States of Marwar,
Jeysulmere, Khairpur and Thar and Pdvkar, where there is a tract of country about 30 miles
broad by 40 long without any drinkable water, and it was with much difficulty that tfle neces-
sary supply for the camp could be obtained.

Most useful assistance was rendered to myself and assistants in Thar and Pdrkar, Khair-
pur and Jeysulmere, where every thing possible was done by the local authorities to help my work,
and my best thanks are due to Captain Crawtord, the Superintendent of Thar and Parkar,
His Highuess Ali Murad of Khairpur, and the Jeysulmere Durbar.  The total cost of the party
for 1876-77, was Rs. 37,764-10-11, or Rs. 15-6-1 per square mile for the principal triangula-
tion, or Rs. 14-8-10 for the whole triangulation. During the recess scason, the computations
of the season were brought up to date, and all the members of the Party were exercised daily
in plan drawing, and had some instructions in the use of the plane-table.

VI.—Extract from the Narrative Report, dated 30th August 1877, of Major A. Pullan, S.C,
Officiating Deputy Svperintendent, 3rd Grade, in charge of the Kattywar Party-

The out-turn of work for season 1876-77 was an area of 1,716 square miles topographically
. . D ) o N o il 1 31117 o
Out-turn of Work, surveyed, and ~,0F6~. square miles of triangulation prepaved in
advance, while 752 linear miles of traverse were executed in
order to demarcate the boundaries of the various Sates, and to check the plane-table survey
of the counlry,

The total expenditure for the survey during the past financial year was Rs. 70,082, and the
out-turn of work finally completed was 1,716 square miles,
‘I'hus, deducting Rs. 3,600 cost of houndary survey establish-
ment, we shew an average expenditure for finished work of Rs. 88-7 per square mile.

A portion of the country under survey was very wooded and hilly, and covered with
intricate ravines, and the Surveyors could progress but slowly ; added to this, I was deprived of
the services of Messrs J. Peyton and W. Oldham, both good plane-table, Surveyors, who were
transferred to other surveys, and had to replace them by Mr. Keating who, though a promising
young Surveyor, had to he tanght plane-tabling a6 initio. One of my best native plance-tahlers,
Nilkant Vital, was also Iaid up hefore he had completed one planc-table, and taking his discharge
from the Department proceeded to Poona.  Mr. Gwynne, my best plane-tabler, was employed at
my head-quarters from 4th December to 25th Janvary, drawing the fair map of Shect 38§,
which T had not Dbeen able to do more than commence in recess quarters at Poona; thus the
smaller aut-turn of work, as compared with season 1875-76, is, T think, Fairly accounted for, and
the amount executed this season will not be considered as insufficient.

The Party started for the field on the 25th October, the heavy haggage and horses with

Depurtare for the fleld, the subordinate native establishment proceeded, as in former
years, to Gogo by “ Patimar” boats, and arrived there on the

Sth November after a vather rough passage. By the 15th of this month the various Surveyors
were on their road to their work, I myself proceeding, #id Jetpur, to Patanwao, at the foot of

Expenditure.
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the Osham hill, while Mr. Gwynne proceeded with the main camp to Upleta and set to work -
at the drawing of fair Sheet 38, while he also employed his mornings in instracting Mr. Keating
in the use of the planc-table.”

I commenced the survey of Osham hill on the 5th December,.a.nd was (_emp]oye(} on “."‘

and the survey of the Bhadar river, and in the instructior
Major N. Pullun. and daily supervision of two new plane-tablers, Mr. Kenting
and Narsu Dinkar, until the 24th December. The remainder of the,ﬁeld season I was er'nployc
in examining the planc-table Surveyors, Desides making a twelve days’ march about the Gir forg
to examine the nature of the ground on which Mr. Bell was employed, and the chnrzwtcr' of Jhi
On the 10th of April I reached Virawal, where I remained employed in
comparison of plane-table borders and miscellaneous office work unti) the last plane-table had ]
examined by me. I then storted for Bombay en roule to my recess quarters at Poona, wi
station I reached on the 14th May.

Mr. MeGill executed the triangulation of Sheets 54, 55 and 56 in his usual good style, and

. completing his work on the 15th March he proceeded to
_J. McGill, Esq, Assistant Super-  yi 0] where he oceupied himself in bringing up angle books!
intendent. preparing abstract of angles, and arranging triangle sheets
for computation until the 11th April, when he left for Poona to assume charge of the Tidal and
Leveling Party during the absence of Captain A. VY. Baird, R.E. He was accompa'nied by
Mr. Fielding and Hewl Sub-surveyor V. R. Gadboli, together W\th.a small office establishment,
Ou arrival at Poona, Mr. McGill opened office, and, in addition to his awn special work, he super-
intended the preparation and projection of fair Sheet 50 of Kattywar. Mr. MeGill’s capacity
for work and his untiring industry are well known, and it is only necessary for me to say that
he worked this year as he bas always done.

Mr. F. Bell was entrusted by me with the triangulation of Sheets 39 and 49; the area
triangulated by him was 932 square miles, a portion of the
ground being very thickly wooded and sparsely inbabited,
As far as T can judge at present from the computations, the work seems of good quality, and
Mr. Bell may be fairly said to have done a creditable season’s work.,

Afr. Guynne was employed at my main camp from the 4th December to 25th January

in drawing fair map of Sheet 38 of Kattywar. At the end of

Mr. N. C. Gwynne, Surveyor, 31 3.1 a0y e proceeded to take up a plane-table in the Alech

grade. bhills, a very laborious and dilficult piece of work, which he

executed most skilfully, and which I found on examination to be most accurate in detail.

Mr. Gwynne’s out-turn of field work was 129 square miles. Mr, Gwyune worked, as he always
does, hard and well,

Mr. Fielding executed 173 square miles of topography in a very artistic and at the same
time carcful manner. I can only endorse again the favorable.
report I have always had the pleasure of making on Mr.
Telding.

Ar. Hall’s out-turn of work was 204 square miles of topography, well surveyed and

Mr. 0. Holl, Awistant Surveyor, neatly drawn. Mr. Hall steadily improves, and is a very
3rd grade. useful and willing assistant.

Afr. Corkery shews a good out-turn of 246 squave miles correctly and neatly done.
I regret that, under existing circumstances, it is useless
to bring forward Mr. Corkery’s strong claims for promotion
to the next grade.

AMr. Keafing juined me in October, and after learning the use of a plane-table, he
executed, under careful supervision, 149 square miles of correct
and neatly-drawn work. Mr. Keating promises to make 2
good plane-table Surveyor, and his season’s work is highly ere-

triangulation.

Mr. F. Bell, Surveyor, 3rd grade.

Mr. W. A. Ficlding, Assistant Sur-
veyor, 2nd grade,

Mr. H. Corkery, Assistant Surveyor,
4th grade.

Me. J. Keating, Assistant Surveyor,

4th grade.

ditable to him.

Mr. Gadboli was employed at my main camp during the major part of the scason in
projecting puints on plane-tables, and various miscellaneouns
duties. He exeented 50 square miles of plane-tabling correct-
ly, but his drawing was feeble and wanting in expression.
Mr. Gadboli is more in his element in an office than when employed on out-door work,

Mr. V. R. Gadboli, Head Sub-sur-
veyor.

The remaining plnne-tah!e Surveyors all did good work, more especially Narsu Dinkar,
who used a plane-table for the first time very successfully.

The season under review wasa very healthy one, one or two cases of fever being all the sick-
ness the party was troubled with. There was, I believe, a
- slight outbreak of cholera at some of the {owns on the
seaboard near Virawal ; but, as far as the Survey was concerned, the general health was excellent.

General health,

To the south-west of Sheet 46 lies an intricate net-work of low ranges known as the 4leck
hills.  They cover an arca of 60 square miles, and are very
' o sparsely inhabited. The fow villages that there are, ure placed
in strong positions, and are surmounted by police towers, reminders of the wild times when the
village watchmen, matehloek in hand, scanned hillside and valley with anxione eve, ready to
mark an cnemy’s approach and give a timely alarm.  Panthers abound in the narrow gorges

f

Natural features,
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of this range, but they are gradually becoming thinned as cultivation and civilization advance.
In a narrow valley not far from Dhénk, and on one of the eastern spurs of these bills, are some
very curious caves, now closed by order of the Superintendent of the Gondal State. Mr.
Fielding endeavoured to enter and explore them, but found them thoroughly blocked up.
These caves were a few years ago a private resort of the bands of wandering * Bharwattias” or
outlaws, who infested the hilly country of Kattywar. These ruffians are even now occasionally
troublesome in this part of the country, as, not further back than January last, a hody of them
attacked the small yillage of Virdi, in the Alech hills, and killed and wounded several r_)f the
people.  Another peculiar feature in the country under review is the isolated hasalt hill of
Osham, which rises abraptly from the plain to an altitude of 1,032 feet above the sea. The bill
is surmounted by a fort, once a very strong place, the ruined walls of which stretch round the
hill, testifying to the strength of the defences in days gone by.  Two good springs of water
exist on the hill, one near a temple called Matri-ki-Devi being especially pleasant to the taste.
Large blocks of obsidian, singularly like coal, are scattered about and crop up along the basalt
and trap, and there are many external evidences that the hill is decidedly voleanic.

. The prineipal towns which eame within the arca of country
Towns of importance. surveved this se: )
yed this scason are—

In Sheet 46—

Bhdyawadar—DPopulation 5,563 ; under the jurisdiction of the Gondal State. The town is
situated in a fertile, well-cultivated country, the population being chiefly Mussulmans, who do
a thriving trade in cotton.

Jodhpur—Population 4,004 ; a town under the Jam of Nawanagar; of some importance.

Dhdénk—Population 2,894 ; a town under the Gondal Durbar, formerly much more populous
“han now, and showing all the signs of a once important place now falling into decay.

In Sheet 47—

Upleta—TPopulation 6,500 ; onc of the largest towns under the Gondal Durbar, the people
Mussulmans, Kunbis and Kolis, the trade of the place being in cotton.

Dhoraji—Population 15,562 ; under the Gondal Durbar; a very large cotton emporium.
The Superintendent of Police, Gondal State, resides here ; and-there ave also large cotton mills
under European superintendence. Dhoraji is next to Jamuagar and Junagarh, the most populous
town in Kattywar.

Kuntiydna—A town on the Bhadar river, and belonging to the Nawab of Junagarh; is a
considerable place with a population of 9,912, The surrounding country is very well cultivated,
cotton as usual preponderating.

Bdntwa—With a population of 8,832 ; is a large place, the residence of a Babi Sahib, a con-
nection of the Nawab of Junagarh, The little State of Bantwa is shaved between three brothers,
among whom the Bantwa Chief takes precedence.

Wanthali—With a population of 6,056 ; is a haudsome town on the Uben River. It is
surronnded by some of the most highly-cultivated ground in Kattywar. The town belongs to
the Junagarh Nawab.

In Sheet 50—

Pitan—A fine, old, walled town on the sonthern seaboard of Kattywar, with a population
of 6,856; is remarkable for its ancient and world-known Hindu Temple of Somnath., The
temple is now a venerable ruin fast falling to pieces, and it would be creditable to the Junagerh
Durbar if some steps were taken to arrest the progress of its decay. The sand is fast silting
up round the black time-stained walls of the old city ; in some places buta few feet of masonry
are seen struggling out of the cver-increasing sand heaps. A sand-Dar blocks the shallow
mouth of the Harna river, and I never saw a place more thoroughly “a mewmory of the past”
than Pdtan,

Virawal—Five miles west of Pitan, wilh a population of 10,735, promises to be a place of
importance. There is a good light-louse on the pier, and if the Durbar carry out to com-
pletion their long-planned, but slowly-execnted, break-water, the port of Virawal will afford a
welcome shelter to the various erafts which ply along this rocky and dangerous coast.

These two towns are closely connected one with the other, and are commonly spoken of as
Virawal-Pdtan. )

The rivers which are noticeable in this season’s work are the Moz, the Blhader, the Ojat

the Uben, and the Harna. The Moz and the Bhadar, 'thé
most considerable streams in Kattywar, have bheen already
noticed in former reports. The Ojat, a deep stream with a considerable amount of water in
many plases, is joined by the Uben near Wanthali, and, after pursuing a tortuous course to the
west, falls into the Bhadar river close to its mouth at Navi Bandar, on the shore of the Gulf
of Cuteh,

The Harna takes its riee in the heart of the forest-clad hills of the Gir, its rocky
pieturesque hanks, covered with a dense growih of “ Karanda” bush and “ Jawbal,”” are the
favorite haunts of the lion and the panther, and the beautiful stream after winding its wa
through & wild wooded country emerges for a few miles into the plain near Patan, and falis
into the cea about a mile south of that ancicnt town. !

Rivers.
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VIL—Extract from the Narrative Report, dated 7th September 1877, of Lieutenant J. E.
Gibbs, R. B, Officiating Assistant Superintendent, 2nd grade, in charge of the Guzerat
Party.

Lieut. Col. C. T. Haig., R. E., in charge (antil 16th March). 2. The personnel of

Lieut. J. E. Gibbs, R. E,, (in charge from 17th March until 14th June inclusive). the Party has been as
Mr. A. D’Souzn. Lokshuman Ghorpure.® Virapn Piraji. shown in the margin,
. A. D. L. Christie, Gunesh Niriyen.® Rémchandor Vishna. and from among them
, C. H.McA Feet ll;iioji Nirdyen.® those marked* were
,. J. Hickie. i Govind. Leveling Party. b )

e G D. Cusson. Gannesh Bépuji, 2nd. Démodl ‘9;(6 I‘ly d emplqyed thlou'ghout,
» S. F. Norman. Bulwant Govind. S.':;"; ";l h me t““ ar. the field season in the
,» C. A. Norman. gum’sb Bipuji, 1st.t iterom Ieshwant. permanent drawing

Tukand Dinkar,
Sub-Surveyors. (;m.iln(l a‘,;,m_‘.];f Rerenne Survey. oﬂi?c of the Party,

Mr. H. G. Ferns.® Monaji Abu.* Sivaji Nénji. while those markedt
. A. George.® Bulwant Rdjirfm. Kubar Parbhudiss. were employed partly

Gopfl Viehnu. Siyana Saibu. Jugnl Mdnsukbrdm. i 1d work

Bilkrishm Bibaji* J.'V. DeSouza.® Parbhu Kisor. o field work and partly

in the drawing office.
4. Taking Sheet 15 first into consideration, we find in it two towns enjoying municipal
Sheet 15. self-government.

5. The more important one is the city of Surat, in Lat. 21° 11’ N., and Long. 72° 52’ E.»
having an aggregate population of 107,149 according to the
census of 1872, Probably the earliest notice of the place is the
mention of its invasion by Persians in A. D. 560. Muhammad Toglak Shah, Emperor of Delhi,
sacked the eity in 1350, and in 1512 it was discovered and sucked by the Portuguese. The
castle was erccted about 1542 by Sultdn Muhammad Shah, King of Guzerat, as a protection
against pirates and faranghis. In 1573, after a brave defence, the city was surrendered to
Akbar, the great Moghal Emperor, After this Surat became the chief seaport of the Empire,
the storehouse of the riches of India, and the rendezvous of traders from all nations. The
first English ship to arrive at Surat was the Hector, Captain Hawkins, in August 1608, bearing
letters from the Company and from King James I to the Great Moghal, Jahdngir, requesting
the intercourse of trade. In spite of obstructiveness on the part of the jealous Portuguese, a
treaty was drawn up on the 21st October 1612 between Captain. Best and Shaikh Safi, Governor
of Ahmedabad, which authorized the establishment of an English factory, and the appointment
of an Ambassador at the Moghal Court. This treaty was finally confirmed by an Imperial
farmin dated 25th January 1613. The Portuguese struggled long to suppress the English
trade, but were worsted in all the important engagements. In 1618 the Dutch obtained a
farmdn for establishing a factory. The French and Swedes also started factories, but the
history of their trade is not brilliant. In 1650 the English factors were imprisoned and had
to pay heavily for their release. In 1656 the rival companies in England coalesced, and in 1658
all their factories in India and in Persin were placed under the control of the President and
Council of Surat. 1n 1662 Sir George Oxenden became President, nud under him in 1670 the
Company’s servants gallantly saved the factory and castle from the attack of Sivaji, the great
Maliratta Chief, who captured and plundered the ecity ; he had plundered the native town once
before in 1664. The defence of the castle was the first engagement between European and Indian
troops. In consequence of their generous defence of the property of others, Aurangzeb gave
the English further privileges. In 1685 Sir John Child, the President, was ordered to remove
his seat to Bombay, where he was soon after appointed Governor General over all the Company’s
settlements east of the Cape of Good Hope. The English factory now passed through many
vicissitudes of fortune, but, on the whole, prospered. In 1748 Moyan-ud-din scized the castle
and assumed the title of Nawab of Surat. On the 4th of March 1759 the English took the
castle from the Nawab, and a dual Government ensued during the reigns of 3 Nawdibs, these
conducting the civil administration, while the English held the military and naval commands.
This arrangement proving very bad, the Company obtained, by treaty on the 15th May 1800,
from the Nawéb Nazar-ud-din, whom Mr. Duncan, the Governor of Bombay, had just placed
on the “ gadi,” the entire government of the city and dependencies of Surat. In 1802, by the
treaty of Dassein, the Peshwa surrendered his interesls in the city and zillah, and by the treaty
of Sirji Anjangaon, Sindia surrendered all his claims.  In 1842 the last of the direct line of
"Nawdbs of the creation of 1800 died.

Surat lies on the left bank of the Tapti, about 13 miles from its mouth, and on the chord
of along lend. The outer wall of the city is about 54 miles long, and an irregular semicirele
in shape, with 12 gates, and some 40 tower-bastions at unequal intervals. There used to be an
inner wall abont 2} miles long. The castle consits of 4 massive round masonry towers, con-
nected by curtaing, and a ravelin that was added by the English on the river face. The soil
being a treacherous clay of great depth, all huildings suffer, the walls eracking and losing their
perpendicnlarity, and the modern public buildings show that art has not suceceded in overcoming
the natural difficulty.

Surnt.

The principal objects of interest are the English and Duteh burial-grounds outside the
walls to the north. The old factors scem to have vied with each other in having magnificent
tombs erected over their remains ; but now many have fallen, and many are almost past repair.

Surat is the chief town of a Collectorate, and posscsses a civil and a military station; the
latter contains now only one Native Infantry regiment, whercas years ago there were a large
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force of troops and a naval commodore stationed at Surat. The city has been subjected 1o
several catastrophes. In 1810, 1822, 1835 and 1837 there were great ﬂoqu causing wide.
spread destruction, and in the last three named ycars there were also exte?swe tires. Tires of
smaller extent have been frequent. To obviate disasters from floods, Lantaln Ful'l.]ames in
1838 designed and carried out a cut along the chord of the great curve in the river, and,
passing to the south of the city, this succceded for a time in drawing off the superfluous
water, but later floods have proved too much for it. Newer municipal _wor‘ks have heen more
successful in preventing the inundation of the eity. The chief want in Surat is good water;
almost all the wells are brackish, and among them are many that some years ago were sweet.
A large project is in hand which, if carried out, will bring a plentiful supply of pure water for
drinking and irrigation from above some rapids near Kamldpur about 35 miles above Surat.
The Tapti has shoaled very much since when merchantmen of 500 to 600 tons anchored under
the walls of the castle, and the navigation of the river was sup]_)le. Now th_erc are a bar
and many mud banks off the month of the river, and the maritime trade of the city has
departed, fishing boats and ferries alone being left. o
The. present industries at Surat are cotton-ginning and spinning; the manufacture. of
cotton saris; silk weaving and embroidery with china silk; brocade or ¢ kinkhdb,” paper-
making, lacquered work, *“ Bombay” inlaid hox-work, and distilling spirituous liquor from the
sap of the Palmyra and date palms.
6. The other municipal town in Sheet 15 is Rander, on the right bank of the Tapti, and
Rénder connected with Surat by the mew  Hope” bridge. Its
) population was 10,280 in 1872. It is one of the oldest
cities in southern Guzerat, and after A. D, 1225 became a stronghold of Arab merchants called
Nayatds, who expelled 1he Jdin rulers of the town. It was once the home of many fishermen ;
now it is of rising importance, containing mills for ginning and spinning cotton, and is the home
of a great number of Bohoras and other native merchants. '
7. At Dumas on the coast, between the estuaries of the Tapti and the Mindhiéla, is a small
collection of bungalows forming u seaside retreat for the
Dumas. . .
European inhabitants of Surat.

8. Into Sheet 15 comes part of the Sachin State. This estate of seventeen villages was secured
to Sidi Abdul Karim, better known as Béla Mia, by a treaty
between the Peshwa and Sir Charles Malet, then Resident at
Poona, on the 6th June 1791. Bélu Mia agreed to abide by the terms, which were that he
should resign all his hereditary claims to the territory, forts and dependencies of Janjira, and
in stead receive the Sachin estate, and abstain from hostile acts against cither the Peshwa or the
British Government. He afterwards obtained the title of Nawab of Sachin from the Emperor of
Delhi. The Nawébs are by descent Habshis, or Abyssinians. In 1835 all the estate, except
two villages, was taken under the management of the British, at the request of the Naw4l, with
a view to the liquidation of his debts. The administration of justice is in the hands of the
British Government, and the present Nawhb being a minor, the Collector of Surat, as Political
Agent, is in charge of the whole estate.
9. The Tapti, or, as it should be, Tdpi, river forms the southern boundary of the great
Cheot 16 cotton-growing districts of Guzerat. It is spanned by a fine
' i - givder bridge of the B, B. and C. I. Railway at Amroli, and
again by the  Hope” girder bridge at Surat. In Sheet 15 are also the estuary and part of the
Mindbéla river. ‘Ihe country is very flat, and has many arms of salt land, called ¢ kh4ri,”
overflowed at high spring uides, Tunning in from the rivers between the cultivated areas.
The latter hear large clumps of the Palmyra palm (Borassus flabelliformis) and the wild date
palm (Phaniz sylvestris)) which yield enormous quantities of Téri liquor,

10. In the northern portion under survey this year stand the city of Baroda, the town of
Sheets 28, 29 and 30, Dabhoi, and others of minor importance.

11. The city of Baroda, in Latitude 22° 18’ N., and Longitude 73° 15° E., is the capital of
the territories of the Géekwar, and lies on the Jeft bank of
the Vishwamintri river, a tributary of the Dhadhar.

Baroda, once an ancient stronghold of the Jdinas, was subsequently wrested from them by
the Muslim Tartar dynasty of Hindusthin. It was called Chandanavati (eity of sandalwood)
by Chandan, a Réjput King, one of its conquerors.  Afterwards it was named Varavati (abode
of warriors.) Priestly influence changed this to Barpatta (leaf of the bar). Hence Baroda,
or as the natives write Barodra. The Muhammadan name for the city used to be Danlatdbdd,

Baroda has belonged to the family of the Gickwérs since 1732, when it was taken from
Abhi Singh, the Mussulman governor of Guzerat, by Mahddiji Gaekwar, after the murder at
Dékor of his brother Pilaji, the “ Sena-Khise-Khiil,” second in command under Dhabére, the
Peshwa’s Sendpati.  Damiji, the eldest surviving son of Pilaji, then came forward, and before
long became the most powerful Chief in (Guzerat, but having plotted in concert with Téra Bai,
Baléji Biji Rao (the Peshwa) treacherously enticed him to his camp and made him prisoner,
and only released him in 1753 on the following terms :—equal partition of districts then held
by the Gaekwar, and of all future conguests ; 15 lakhs indemnity for past contributions due;
military assistance when necessary ; an annual tribute of 5} lakhs ; and certain other minor
conditions. From this tire dates the Peshwa’s permanent supremacy in Guzerat.

Sachin,

Bavodu.
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During the latier part of the 18th century it was the policy of the British to support the
Baroda Government as a counterpoise to the Peshwa. On the 26th January 1750 a treaty of
offensive aud defensive alliance was signed by Taté Singh Gédekwir and General Goddard, on
terms approved by the Supreme Government. At the beginuning of this century the finances
of the Baroda Government were in an almost hopeless state of confusion and embarrassment,
and Major Alesander Walker, who had been appointed Resident, made strenuous efforts to
remedy the evil.  1n 1802 orders were given fou the reduction of the military force in Baroda ;
but the Arab mercenaries revolted, confined Anand Rao Gdekwar, and released Kanh4ji, the
rival claimant of the throne. Serious disturbances in Guzerat being expected, Major Walker
called for a European regiment from Bombay in aid of the local subsidiary force, and Colonel
Woodington invested the city of Baroda, which was surrendered after an energetic defence for
ten days, and the Arabs, after receiving all that was due to them, were forced to quit the
country. In return for the assistance from the British, a new treaty was concluded on the 21st
April 1805, consolidating previous stipulations and adding others, among which were the
increase of the subsidiary force from 2,000 men to 3,000, besides a company of artillery ; and the
cession of certain districts to the Dritish as well as the Gackwér’s share of the *“ chauth” of
Surat.

The murder at Pandharpur on the 14th July 1815 of Gangddhar Shéstri, the agenfof the
Ghekwir, by T'rimbakjt, the unserupulous minister of Bdji Rao (the Peshwa), was one of the
first of a series of vicious and intriguing acts that led to the dissolution of the kingdom and
dynasty of Bdji Rao. In November 1817 a treaty was concluded, in which, among other
conditions, the Peshwa renounced all rights north of the Narbada, and relinquished all future
demands on the Géckwir. In return for the benefits thus obtained for them by the British
Government, the Baroda Darbdr assigned more tervitory to the British as payment for an
sugmentation of the subsidiary force in Guzerat.

In 1820 the Gdekwir agreed for the future to refrain from interfering with his tributary
Chiefs in Guzerat, except through the medium of the British Governmer.t.

"I'he subsequent history is of too recent date to be given in a report of this kind. I need
only mention that Baroda has been brought prominently into notice lately by the Commission
that sat in 1875 to enquire info the attempted murder of Colonel Phayre, the Political Resi-
dent, and in consequence of the investigations of which, Malhar Rao Géekwir was deposed
and sent in arrest to Madras,

The present Gdekwdr, Siyaji Rao, being a minor, the administration of the State lies in
the bands of the Diwdn, Sir 1. Mdadhava Rao.

Baroda contains a eitadel, about 970 by 820 yards, surrounded by a wall having four gates
and some 50 bastions, and divided into four square sections by two cross streets. To the south.
and east are other divisions of the city, which are surrounded by a similar bastioned wall. 1In
the western portion of the city is the old Kothi or Residency. . The enclosure, which is
surrounded by a wall, is the site of the Juil and the new public offices. The Gdekw4r’s usual
residence is the Moti Bdg, and the Diwan’s the Mastu Bdg, in the suburbs to the S. W. of
the tosvn. The old palace is close to the north of the clock tower in the centre of the citadel,
and is now used for public offices. Mallar Rao Gackwér built close to this a magnificent palace,
the Nazar Bag, which is of a pure white color, and much ornamented with carvings. In the
interior, which is used for Darbidrs, there are frescoes exccuted by a Kuropean artist. Malhar
Rao had the tower built to such a height as to exceed that of the palace at Makarpura, built
by Khande Rao Gdekwar., About $rd of a mile north of the Moti Big palace is a celebrated
well called the Ndu Lékhi Bdori, and just to the west of the palace is the Mahdraja’s school, 2
fine new building, where the young Giekwér studies, in company with sons of the nobility of
the State, under his tutor, Mr. Elliot of the Bombay Civil Service.

There are some fine tanks at Baroda, especially the Sur Sdgar in the centre of the town.
There is 2 Hindu bridge over the Vishwamintri, and across a small tributary just beyond there
are two bridges, one that was built by Coloncl Waddington of the Bombay lngincers, of very
elegant design, and th2 sccond of native construction, built because the Ghckwar was afraid to
cross the other on an elephant, for Tear lest the thin-looking crown of the arch should give way,
Below the bridge over the Vishwamintri is a bund, which keeps in a large supply of water
throughout the hot weather, There is a capital rond leading from the city to the cantonment
and Resideney. This road is raised on an embankment, and yet communication is sometimes
interrupted by floods. The Residency is a fine, {hough very old, house, nnd stands in large
grounds. Opposite is the Rewa Kénta Political Agent’s house and office, standing in a capital
garden. The cantonment now contains u half batlery of artillery, a squadron of eavalry, a
detachment of a European and two Native Infantry regiments. The bungalows of the ollicers
are in two rows separated by a broad strip of turf, along which the fine isolated hill of
Péwagnrh may be scen in the distance. Ina central position stands a column erected to the
memory of Mr. Williams, once Iesident at Baroda, but it bears no inscription. Thersis an
English church that was consecrated by Bishop Heber, a Roman Catholic chapel, and a public
garden.

12. Mabhoi, situated in Latitude 22° 8 N, and Lengitude 73° 28" E., is an ancient fortress,

Dabhoi. the wnll:q of which form an trregular four-side | figure,
approaching toasquare. The N., K., S. and W. walls are res-

pectively 1,025, 900, 1,100, and 1,025 yards long, and have a round tower at each angle. The
remains of its fortifications, double gates and ternples indicate great magnificence. The stoues

N
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used are chiefly huge blocks of a very durable sandstone. Of the gates, by fuy the finest is the
Eastern or Hira Gate (Gate of Diamonds). 1t is covered with landsome carvings representing
groups of warriors, animals, birds and serpents.  There is a quaint legend about a man having
been built up alive in the masonry at the King’s orders, but his protectress, the Rdni, used to
have him fed by a large quantity of ghi Leing poured down an opening, which is shown to
this day. . . .

Within the walls is a large tank, lined with hewn stone, and having steps all around.

The legend about the building of the city is interesting. and may Le found in _Forbes'
# Qriental Memoirs,” Vol. 11. 1t is suid to have been built by Siddhavdja Jayasinha in about
A.D. 1100 .

Dabhoi was for a long time inbabited by Hindus only, no Mussulmin being permitted to
reside within the walls, or to wash in the tank. A young Muhammadan n_nrpe_d Sayad Bala, on
a pilgrimage with his mother Mdma Dukhri, in ignorance of the PI'Ohll)lt.I on, venmred. to
bathe in the tank, and the Brahmans prevailed on the Rdja to mutilate hiny, and he died.
Mama Dulklui at once returned home and sued to her sovercign for redress. He sent a large
army under his Vizier, which took Dabhoi after a loiig sicge. The Vizier had all the fort_iﬁg\-
tions destroyed except the western face and the four double gates. When Mdma Dulhri died
she was revered as a saint, and was buried in a grove near the Hira Gate; by her tomb isa
stone of ordeal, and the proof of innocence lies in being able to wriggle through the perfora-
tion in the stone.

After this Dabhoi was for many years almost deserted. When the Mussulméins finally
conquered Guzerat, Dabhor became more populous, and was held by them for two centuries,
The Mahrattas then obiained poscession of it, and partly rebuilt the walls. During the
campaign of 1775 it submitted to Raghoba Peshwa, who levied a contribution of three likhs,
which the inhabitants were scarcely able to pay. In January 1780, General Goddard took the
town, on lis way to attack Fate Singh Giekwar, who however gave in and concluded a treaty
with the English (see para. 1I). Mr. James Forbes, auther of “ Oriental Mermoirs,” was
left as Collector of Dabhoi till the 24th April 1783, when the pargana of Dabhoi was with
others handed back to.the Mahrattas according to treaty.

Dabhoi is now the chief town of one of the Talukas of Baroda territory, and has within
the last three years gained in importance by the State Railway juining it with Midgdw station
of the Bombay, Baroda aud Central India line. 1t is proposed to connect it also either by tram
or railway with Baroda.

16. In Sheets 28 and 29 are several small estates, under the Pindu Mewss, Rew4 Kdnta,

Rewd Kinta the most important, being those belonging to the Thakurs of
Bhddarwa, Sihora and Chiliar,

17. In the portion of Kaira under survey are several villages held under a tenure that has

Tdbad Tenure. not yet been described in these reports, viz. Udhad (a Guze-

rati word signifying “in a lump”). The origin of this tenure

dates back as far as the days of Akbar, and it then meant that a village having been care-

fully measured and an average struck of the value of the produce the land would bear, one-

third of this amount was taken as a fixed rentual, to be paid without reference to the extent

or nature of cultivation, and without any right on the part of the Goverument to interfere

in the internal management, and the whole village community was made jointly responsible

for the payment. The oppression exercised subsequently by the Mahrattas partially broke

down this system, which received modifications, leading to the present sub-division of * Narwa’
and “ Bhgwdr "’ tenures.

In “ Narwaddiri ” villages (almost confined to Kaira) the lands have never been assessed at

rates per beegah ; the assessment was fized in a lump by the Collector, and has in most villages
remained unaltered for many years.

In “Bhigwiri” villages the lands were assessed at rates per beegah, at the same time as

other villages of the district, and their total beegotee asscssment forms the lump assessment
of the village.

18. With the exception of some patches of open country in the eastern half of Sheet 29,
Description of Sheets 28, 29 and 50, 3 5triD of open country extending along the southern portion
A ’ " of Sheet 28 fromn near the Mai river, to almost as far ae

Halol in the Panch Méhils, and the southern portion of Sheet 30, the country in those Sheets
is thickly wooded. In some parts the forest is very dense, the mango being by far the com-
moncst tree, but mixed with the (amarined (especially near village sites), the mahura (Bassia
latifalia), Airni or ruyan {Mimusop indica), kawot (Feronia elephantum, pifwa (Salvadors
persica!, pipal (Ficus religiosa), éar or wad {Ticus indica,) nim or lim (Mela azadirachta,) end
others Ivss common.

The country is also very hedge-bound in parts, especially to the west and south of Baroda,
the hedge contamning  cactus, milk-bush, arai (Clerodendron phlomoides) sildphal (Anona)
squamosa), jetimad (Cadaba indica), kari (Capparis aphylln), and other shrubs of the caper
tnbe. Close to Baroda there are some hedges of aloes, very difficult to cut through.
The suburbs of Baroda are celebrated for the magnificent specimens of tamarind and nim
trees Lo be found there. Here, too, may be seen some very large baobabs, gorak-amti (Adan-
sonia diyitata), which hns been planted at all the ancient scats of Mussulmén power. On
~approaching Halol and Kélol in the Panch Méhdls many brab, or palmyra palms, are met with.
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There are few undulations of surface, except some low hills in sheet 28, and along the
banks of the Mahi river. Ihe streams have cut deeply into the soft soil.

The Mewdsi Rewi Kinta States (Mewds, a fastness) consist of very wild and intricate
country, full of decp nalas and jungle-covered ravines, affording great facilities to rolbers or
outlaws.

The soils are chiefly as follows :—to the right of the Mali river {%ths is of a light and
sandy nature, and the rest approaching to a black loam. South of the Mahi are yellowich
sands, loams and clays,. till south of Baroda there is blackish loam, very good for rice, contain-
ing a large quantity of white sand ; then about 6 miles to the south is a slight rise in the
country, after whiech comes black cotton soil varied by loams. In the small portion of the
Panch Mihals under survey the soil was chiefly a dark loam.

19. The principal river in the northern aren under survey is the Mahi. which traverses
' Sheets 28 and 29, and forms the eastern boundary of the
Kaira Collectorate ; the banks of this river are reticulated by
deep ravines, especially at the junctions with the Mahi and its tributaries, the Mesri, the
Karad and the Mini rivers, The Mahi has cut its way down deeply into the alluvial strata,
its steep banks being in places over 100 feet high. The banks contain bLeds of kankar,
which s burnt for lime. The bed is clayey or sandy in most parts, but in the upper half of
Sheet 28 the trap crops out all along the Ded. In Sheet 30 is the Dhddhar river, with its
tributaries the Vishwaminiri (on which is situated Barodaj and the Deo ; the Vishwamintri
again in Sheet 29 has a tributary the Mota Surin. 'There is also a small tributary of
the Dhidhar, #iz., the Rangai, which again has a tributary, the Rds; the latter is a peculiar
feature, as although at its junction with the Raugai it is only a streamlet with banks
about 10 feet deep, it is almost of the same size where it enters Sheet 30, 16 miles
to the east, and its course is lined with trees in an otherwise fairly open tract of country.

22. T was at first employed in triangulatirg and traversing Sheets 26 and 27 with the

assistance of four native Sub-surveyors. I made a net-

Licutenant Gibbs. work of triangles Dbased on the principal stations Ghorarao

H. 8., Jheria H. S. and Wardhéri H. S., extending it until the

country became too densely wooded to admit of triangulation without very expensive

ray-cutting, but I have succeeded in securing several bases for continuation along the margins

of my sheets. I also executed five main traverses. I worked with one of Elliott’s 7-inch

omnimeters, to test it, but found it to be a very inferior theodolite, the graduations being in-

accurate and coarsely done, so that in ovder 1o ensure good results I had to repeat oftener
than would have been necessary with an ordinarily good instrument.

While triangulating T collected rock-specimens for the purpose of determining the petro-
logy of the district, which is very intercsting in the variety of rocks present, and in the thin
layer of Deccan trap that reaches Sheet 26 ; but the results, fogether with my notes on the
botany of the district, can be improved by further observation by the topographers next field
season, so that it is best to reserve them for next year’s report.

I rejoned head-quarters on the 2nd March, and remained with Colonel Haig till he gave
over charge at Surat. Having then re-visited the drawing office at Baroda, I started on a
tour of inspection of plane-tables, visiting each of the topographers in succession.

23. Mr. D’Souza had charge of the topegraphy of Sheet 15, where he executed the
greater part of the northern portion, and besides examined
the work in the rest of the sheet. Under him was DBhau
Govind, who turned out over 200 square miles of topography in very good style.

24, Mr. Christie was employed first 1n the preparation of Sheets 6 and 7. Asthere were
a principal series running down the eastern half of the sheets,
another along the southern margin of Sheet 7, and a minor
series along the western edge of both sheets, Mr. Christie had only to chserve 2 triangles, and
the rest of the work was all done by main and branch traverses based on the trigonometrical
stations. 'T'his melhod was very advantageous ; as for triangulation so much ray.cutting would
havel been necessary (hat the work would not have been finished in the season.

Mr. Christie was called away on the 14th of Tebruary to go to the Dings. There he
executed some minor tiiangulation and 3 omnimeter traverses in the river beds, working at
first with Mr. C. Norman till the latter was thoroughly grounded in the method of working.
As usual, Mr. Christic has proved himself tobe a very useful assistant.

26. Mr. McA.Fee was at head-quarters with Colonel Haig until my arrival,and was employed
in superintending the drawing office in Colonel Haig’s ab-
sence, supplying lists of data to plane-tablers, and many other
duties. When I arrived he was sent to supcrintend the traversers in Sheets 6, 7, 26 and 27,
and besides to complete a little triangulation required in {he north-cast corner of Sheet 26. He
i8 8 conscientious and accurate worker.

26. Mr. Hickie had charge of the topography of Sheet 29, and was assisted by Balwant

Mr. Hicki Govind and Sdyana Saibu. The western half of the sheet,

r. Hickio. . . . . .
being very Lhickly wooded and much intersected with ravines,
the work progressed very slowly, ond it wns necessary to call upon Mr. S. Norman and
Govind Gopil Lo aseist in ite completion. Mr. Hickie works accurately, his outturn was large,

Rivers.

Mr. D’Souzn.

Mr. Christie.

Mr. McA Yee.
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and he ensured the general accuracy of the whole sheet by constantly changing plane-tables with
his natives.

27. Mr. Cusson had charge of the topography of Sheet 28, having under him Gopsl
Vishnu and two other native Surveyors. Mr. Cusson’s ayt-
turn is good, and Gopél Vishnu worked as usual very well,
28. Mr. S. Norman had charge of the topography of Sheet 30, except the area done by
his brother Under him were 5 nalive Surveyors. Mr. Normag
has become o very good plane-tabler and turns out a larg,

Mr. Cusson.

Mr. S Norman.

area every year. ‘
29. Mr. C. Norman was employed as a planc-tabler in Sheet 30 with Mukand Diunky
Mr. C. Norman under him, until he ]md to go to th.e Dnngs with Mr. Christire,
o ’ There he eurveved independently 5 omnimeter traverses, and
observed rounds of angles at two trigonometrical stations, At the same time; he plane-tabled
the banks of the rivers.

30. Itis very satisfactory to find that the omnimeter traverses in which the distances are
determined by the differential subtense readings obtained on a
scale by observing to the upper and lower ends of a vertical
staff, give far more accurate vesults than were expected, in spite of the coarseness of the gradua.
tions and the inferior make of the instruments. The labour of chaining over the rugged
ravines would have been immense ; other routes besides the rocky river beds would have neces-
sitated the cutting of the thick undergrowth, and the results are fully as accurate, and probably
more so than chaining could have given in such a country. Other advantages of the methed
are that stations may be selected on prominent points, the traverse crossing from bank to bank
wherever convenient, and also that the same obscrvations that give horizontal distances will
also yield the relative heights of the stations, thus affording a line of levels.  Attached to this
report is a copy of a table I have prepared for the distances équivalent to the differences read
in the scale.

31. I may ns well now mention that Mr. Christie and Mr. Norman report that they had a
great deal of sickness among their men, and one of
Mr. Christie’s khalasis died of jungle-fever. They themselves
however, enjoyed capital health, and they both believe that it was mainly due to their having
invariably distilled all the water they used for drinking or cooking. An instance in favour of
this is that onc of their servants, having been frightened into using distilled water by a bad
attack of fever at the outset, afterwards remained in good health in spite of his bad beginning.
'This all bears out the belicf in the efficacy of a portable still in unhealthy jungles that I have
expressed in two previous reports.

33. Mr. Ferns, the Head Sub-surveyor, has proved himself very nseful. When | was,
obliged to be absent from the drawing office for the purpose
of inspecting planc-tablers, he kept the office in very good
order, and superintended the draftsmen and printers well.  He also made all the arrangements
for moving the oflice from Baroda to Dumas in the middle of April. He is himself a first-rate
draftsman.

Omnimeter traverses.

The portable still.

Mr. Ferns,
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Extract i'in the Narrative Report, dated November 28th, 1877, of E.C. Ryall, Esq., in
v charge Kumaon and Garhwal Party. '

3. Or the 9th March my camp left Dehra Diin for Almorah; I myself followed on the
1th by gaic and rail, with a view to completing my preparations at that station. It was my.
intentior 14 move up the party from Almorah as carly as possible, so that I might be enabled
to accmplish the survey before the setting in of the rains. On the 25th March the whole
Party as got together at Almorah, and by the 1st April it was fully equipped for its north-
ward journey. Owing, however, to heavy rains, I did not find it expedient to push on till the
10, April. " On thatday Mr. J. Peyton left for the Byans Valley, which lies to the north-
€ast of Kumaon, bordering on Nepal. Messrs. Pocock and Warwick left on the same day for
the ) grma Valley, lying contiguously to the west of the Byans Valley; I myself, together
Wit two Native Sub-Surveyors, marched for the Upper Jowar Valley on the 14th.

4. About four days after my departure from Almorah, clouds and rain again troubled us.
Aty Bageswar, my second march out of Almorah, I reccived intimation that Mr. Warwick had
falles ill; I therefore directed him to join my eamp for medical treatment, which he did on
' Tllowing day. This circumstance at the time gave me no little cause for anxiety ; how-
:]_:’:l;e 11 went fairly well with him afterwards, though he was ailing more or less throughout
: ason.
... - &, Thewinterof 1876-77 proved to be the severest known for many years past amongst these
‘nills ; the spring was wet and cold, and felt quite wintry, When I left your head-quarters,
Dehra Dan, I was in hopes that the wet weather would not last leng ; it continued, however,
with few intermissions till the 8th June, the most noticeable break-up to that time being from
the 9th April up to the 17th. After the 8th June, there oceurred but few falls of snow on
the higher mountains, the heaviest being between the 2nd and 4th of July, when the passes
leading into Thibet became almost impracticable.

6. Mountains which in ordinarv years had their snow line at the end of April at an ele-
vation of 12,000 feet above sea level, were mantled with snow down to 9,000 feet, and
valleve, which at that time of year used to be clear of snow np to 10,000 feet, were literally
choked with snow down to 6,000 feet, this accumulation in the valleys being caused by snow
drifts and avalanches from the mountain sides.

7. Consequent on the prolonged wet weather, the inhabitants of the upper valleys found
it impossible to make for their summer homes till very late in the season ; the usual time for
their migration northwards being about the end of April. So, when the Survey Parties were
marching for their ground, they met these people, from whom alone they could expect assistance,
camped about the lower valleys. This state of things made matters lool very inauspicious. I
had great fears lest the monsoons should come down upon us before the people could be induced
to move up.

8. My assistunts had rather difficult people to deal with in the Bhoteasof Dharma and
Byans. They made frequent efforts to induce these people to move, and only succeeded after
considerable delay just in time. My case, however, was scemingly worse. On my line of
march I met the inhabitants of the Upper Jowar or Milam Valley loitering about the banks
of the Sarju and Ramganga. These people possess an advantage over those of the other Bhot
Pergunnahs of Kumaon and Garhwal, for they own intermediate homes in Munshidri, a district,
lying at the foot of the Milam Valley. Tlere numerous villages belong to them, and exten-
sive fields are cultivated for them by Hiodu tillers, permanent residents of the place. These
villages Leing on an average not over 6,000 feet, the inclemency of the weather could not have
kept them away. The cause I ascertained to be the raging at Munshidri of an epidemic,
locally known as “ mahamari ” or ¢ gola,” which had carried off many of the Hindu inhabi-
tants of these localities ; but at the time I got there, 20th April, the disease had greatly
abated. Nevertheless, the villages were entirely deserted by their Bhotea inhabitants.

9. As I had allotted to myself a large share of the topographical work, as well as the ex-
tension up to the frontier of Thibet of a series of triangles, I could not afford to lose much
time, and it became clear to me that I must push throngh in spite of the ill-conditioned state
of the valleys and passes on ahead. I accordingly summoned the influential men amongst the
Bhoteas, whom 1 met along the Sarju and Ramganga, aud they readily obeyed my call.  They
promised to take their people up to the Milam if I would show them the way ; but under any
circumstances they said they could not make a move for at least another twei)ty days. Mean-
while 1 undertook to clear the way.

10. In anticipation of meeting with some road-cutting difficully, I'engaged at Almorah
nine professional road-cutters; these were, however, far too small a number for the heavy work
Lefore them, so I engaged sixteen other men from amongst the Hindus of Munshidri. On the
23rd these men began their work, and by the 29th they had made sufficient progress to enable
me to move op. After collecting supplies for establishment and coolies, I C;mmenced my
jonrney northwards, and on the 6th May my detachment succeeded in getting into Milam
village, catching up the road-cutters within a few miles of that place, There arein all twelve
villages in the Milam Valley, and I found most of the houses in them burried in snow. The
journcy np was harassing, aggravated by falls of rain, sleet and snow. Lxcept in those
parts of the valley which were open, and. copsequently more exposed {o the influence of the
sun, I found it difficult to get a spot for pitching the camp on without clearing off the snow.

At Milam itsclf, after my arrival there, it snowed for about eight days with but some oceasional
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breaks lasting for a few hours each day. I had a mistaken impression at the:  that once
over the Unta Dhurra Pass, the greater portion of my snow difficulties would be a0 end, and
T direeted that the rond-cutting establishment shonld press forward and make ebrts to clear
that Pass. They failed twice, the recent falls of snow greatly crippling their maemeuts; at
the third attempt they succeeded in getting over. They were at this work for tore than a
fortnight. In the meanwhile I carried on the topography of the Milam Valley as »r as that
was practicable,

11. On hearing of the opening of the Unta Dhurra Pass, 17,350 feet above sea lwel, 1
arranged to get across; and on the 30th May I resumed my march upwards. Though only
about 13 miles away, I did not succeed in crossing the Pass till the fourth day. Now were

@ left before me two more Passes, not quite so formidable as the first, but very trying notwih-
standing. ‘ ‘

12. On the 8th June I succeeded in getting into Hundes, as that portion of Chinese
Thibet lying to the north of Kumaon and the two Garhwals is called. I was much di:\z;p-
pointed, however, at being greeted on the southern face of the Balchdhurra Pass, leading imto

Thibet, by two Hunias. .

13. To go on with instruments, I was bound to give some plansible reason; so I exp]fained
to the two Hunias, who were about to return at once to Daba, that my object was to ¢survey
the northern limits of British territory, which I found impossible to do from the sou‘thern
faces. Before their departure I made them quite happy with gifts of rice, ata, &c.; of ne of
them turned back carrying my message to the Daba Jongpan, 29 the Ruler of these partsis™
called, and the other followed me the next day accross the Pass. Two days after this, I reached
and observed at my first station, Chilamkurkur hill-station. Oun my return from this station
T was met by ten or twelve other Hunins, despatched to my camp by the Jongpan. They
brought me a message conveying a mild reproof at my entering into the district, but added
that as I Lad come, I was at liberty to go on with what I was doing, on the condition, to
which I readily agreed, that I should not cross the Sutlej. These men stayed with my camp
geveral days, helping in pitching my tent and bringing in supplies of fuel. In time others
from distant grazing grounds brought in sheep, milk and butter for sale. My escort of a
dozen then gradually dwindled down to four ; these again left me on the 2nd July, when I
re-crossed the Balehdhurra Pass into British territory.

14. I was in all about twenty-four daysin Hundes, during which time T succeeded in ob-
serving at sixteen stations, from which I took angles to about 45 distant peaks, whose distances
average about 60 miles; about thirty other peaks were also observed to at an avernge distance
of about 30 miles. About half the number of points have vertical angles observed to them,

15. After doing all I could in Hundes, I hastened back to form a connection hetween
the work there and the base on the Unta Dhurra ridge. As I had succeeded in laying down
points which circumseribe a very large area of country, roughly estimated at about 13,000
square miles, I thought it would be as well to double the series runnidg up the Unta Dhurra
gorge, the sides there being necessarily very short, and some of the angles rather acute. I
accordingly, on my return towards Milam, undertook this work, and by the 25th July accom:
plished it.

16. In 1974, while triangulating up the Milam Valley, I was unahle, owing to heavy rains
and other causes, to observe the third angles at some of my stations. These were six in
number ; including these, the total number of points visited during the season is 27 the
average height of them is about 17,800 feet, the highest being a little short of 19,600 fec’t.

18. When I returned from my triangulation, I finished the topography of the Milam v
: 2 alley.
1 also topographically surveyed the eastern range of the northern valleys, making at the sai\ye
time a reconmnoissance of abput 70 square miles in Hundes. The interior details of the
northern valleys were filled in by my native Sub-surveyors. The area of topographical work
done Ly me is 640 square miles, which includes 120 square miles of reconnoissance in Hundes
19. The length of the series carried up by me is about 52 miles, and the area trianc »
exclusive of that embraced by distant points, is about 560 square m’iles. Hangulated,
20. On the 4th August T Jeft the Milam valley for Almorah, where T arrived
shortly after which Messrs. Peyton and Warwick juined me. ' rived on the 15th,
Mr. Pocock came in about the end of August, and the native Surveyors about the 20th
September.
21. T shall now proceed to report on the work of my Assistants. T have i
foregoing parngraphs touched upon a few difficulties which were common to ev(cel‘m s;:n-‘e ]M:.the
the Purty, so they need not be reeapitulated here. ¥ member of
92. Mr. Peyton heing my most expericnced hand, T directed him to talk
of the Byana valley which had not in it s sufficient number of tri,‘.','onnr’met:rli(f\l‘ll\l')-ﬁtl:lgur'voy
to make it safe to give it up to a less cxperienced Surveyor.  Morcover, I supplied hi‘ml “]v'.‘:;m“
77 theodolite, 50 Lh:}t be might lay down some points in the north-cast corner of t) Bl ’1 a
valley should be hnfl 1t necessary to do so.  He was further instrocted 10 obtain. he Byans
haces on the frontier, with a view to laying down some trans-frontier no;
Mr. Peyton, while carrying on a series of triangles up the Byans valle T e
lown numerons points in it ; but he found it impossible to obtai{'n any ;ﬂ:g!,osl'ilc:ﬁ;dt,fil].:“ lnyr_ng
| bverlooks the travs-fronticr country., The triaugulation executed by him extends ow(lrlea:hmh
T area

, f possible, come
powats from  (hem,



Seasox 1876.77.] 31_5

of 310 square miles; his topographical worl amounts to 502 square miles, executed on the
scale of half an inch to a mile, including 67 square miles of recomnoissance. I consider
Mr. Peyton to have turned out an exeellent field season’s work

23. I beg to submit here some notes by Mr. Peyton on his work, and the topography
of the Byans Valley :—

“ The weather Jnst winter was exceptionally severe throughout the northern districts of Kumnon. Hills
rising to only 12,000 [vet were perfectly white to aboul two-thirds ol the distance from the summit to the base.
The quanlity of snow on the mountuins, whicli was continually increasing, held out a dismnl promiee for my
chance of surveying the higher regions, nnd caused sufficient delay to disarrange my plane to enter Byaus at
an early part of the summer. The passes across the watershed between Bynns and Thibet, which are generally
open about the first week in May, were inaccessible to {ravellers from the south till & much later period; for
I met the first bateh of traders from Kumaon procecding to Taklakot about the middle of June, and even then
many portions ol the high road to Thibet were blocked with snow ; the drifts were deep, and a few duys later,
when I was approaching the Lipu Lek pass, all trace of the path was obliterated. This long continued
spell of bad weather ull through the summer is in these hills highly exceptional.

“ My camp reached the Nirpania pass (11,267 feet) leading into Byans on the 25th May, and here I halted
for a week, anxiously looking out for a break in the wenther, for snow waxs still falling, and towards the higher
of the two Nirpania stations it lay very deep. This is the only route up the Byans Valley, all communication
with which is cut off in winter, when much snow lies ou the Nirpania range ; and drifie on the road side 235 feet
deep are said to be common.

“In June there were only eight clear days, when I got good views of the monntain peaks far and near. On
the 3rd July, when I was in the Kuli Valley, there was n snow-storm accompanied by a cold raw wind, which
repeatedly veered round the compass. The entire valley, for six dnys after the snow fell, wne perfectly white
down to the rocks on the viver. In July I hadonly five days of clear blue sky, when the mountain features
generally blurred by fog and mist, were dislinctly visible, I was greatly surprised to find that, in the Kuti
Valley, where I was fuirly behind most of the great snow and rain-collecting mountaing, thero was no chunge
in the climate; the weather was seldom fine for more than n couple of hours in the merning, and I rarely
returned dry to my tent from an excursion to any of the mountains above 12,000 or 13,000 feet.

“ As soon as the passes inle Thibet are open, there is considerable traffic on the main rond through Byans,
and severnl parties of Thibetian traders travel down to Kumaon with flocks of sheep laden with salt and bornx.
At a much earler period, or as soon as the snow disappears from elevations below 11,000 feet, the Bhoteas return
from their winter trip to the lower hills, and proceed to their villages in Byans.

“T made inquiries regarding iy ability to penefrato farther than our territory, ne far at lenst as Tuklakot,
which is a place of some importance, lying on the trade route between Kumaon and Thibet; und all Ilearnt was
discouraging and against wy chance of going there. I made the Taklakot officials presents of brandy, gouts,
snd cloth, and they accompanicd me as far as the pnss, but nothing would induce them to conceile the point
relative to the extension of my journey to Taklakot.

* There is a very rough rond on the northern side of the pass of Nirpania leading into Byans, very rocky
and difficult,—a slnircase, ns it may properly be called, overhanging through it« whole extent n series of frightful
precipices, nearly perpendicular, where fatal accidents have often tuken place, which the guides never fail to relnte
with every appalling circumstance. It gets worse as you descend to the valley, and being quite unprotected as it
leads along bluft faces of clills by rocky sleps and rolten plauks, the seuse of insecurity is very great. The
mountains here are intersected by a network ol narrow valleys, the opposite fuces of which approach each
other so closely at some points, that it is possible to shoot an animal, or even throw a stone across the gorge.

“The Byans Valley communicates with Thibet by three routes, the principal and earliest open to travellers
is called the Lipu Lek pass. The extent of snow which the traveller will encounter depends entirely on the
season ; *t varies [rom two to seven or cight miles, but in moderato wenther this is o very ensy pass indeed; on
the 21st June we had a bright morning after a cold night at the foot of the pass, where the camp was pitched
on a narrow plain, 15,000 feet above the sen; making on early start, we followed a valley to the south-east, the
path lying over beds of recent snow;a litlle after sunrise when we were not far from the summit a cold wind
was blowing, which made the cold nlready inlense, almost unbearable; for the iciness of a T'hibetian broeze,
especially at these elevalions, is something which only those who have experienced it can imagine. I was
moreover ascending the pass on its shady side, and so, until I reached the top, was deprived of any warmth
to be got from the sun’s rays. I'rom tha pass thereis a fine view of the Thibetian hills, framed as it were by
the vast shoulders of th'e snowy range. For n short while the mist rising from the valleys had nearly blotted
out the lower landscape, but the white, and in gome places purple, outline of Nnmmu Nanghil (Anglice: youngest
sister of the king ol Heaven, 23,200 feet) was sharp against a clear eky; the plain beneath looking very
faint Gl the sun beat on il, when it appeared of a reddish colour, without a tree or a speck of green anywhere.
The main chain of the frontier reaches ite greatest elovation and true central point in the mountain mass
(22,000 fect) which towers over its off-shoots nbove the sources of the Kuti river. The southern spurs of this
range descend to tho innin valley in long-serrated ridges, marked by cones, needles, and epires, which shoot
up into the sky even higher Lhan the northorn peaks, and terminate abruptly in a line of precipices and crags
which skirt the river.

“ The highest mountnin on the enst watevshed of the Knli is Numpa (23,350 feet), with steep snow beds cut
into vertienl ridges, nnd grent {owers of rock shooting out from below, between which ave several oxtensive
glaciers.  With the exception of these glaciers, and that of Mang Shang, east of the Lanpia Lek pass, thers ave
very few of any size on the southern side of the main range. The Mung Shaug glacier descends from the snow
plaine between two beautifully white mountains in a nngnificent sheet, remarkably uniform and yet very steep.
On the Dharma side the largest glacier, called ‘Swmzukehan Kogal,' is about seven miles in length, and
vecupies n considerable portion of the lateral volleys south of the village of Kuti.

“There are seven villages in Byans. all fac similes of each other: Garbia probably the lnrgest. with a popula-
tion of 600. With the exceplion” of some hall n dozen houses, huilt in the style of a Swiss Chalet, they are
all low and small, the building materials being for the most part furnished by the cedars that cover the Shialek
rango south of Garbia. The village stands on the right bank of the Kali, opposite the valley formed by tho
Tinkar strenm which comes from Nepal, the ground in some places being covered w:lth accuminulntions of
alluvium and in others cut into cliffs by (be river. The great characteristic in sterility ; hill and valley, on the
whole. presenting an expanso of stony wasle. The northern ranges average from 16,000 to 22,000 feet, the valleys
being 9,000 to 12,000 in the agricultural, and 11,000 to 14,000 in the pastoral .dllltl'lcts. T‘hu main valley
through which the Kuli, the larger of the two streams which traverse the di‘strmt. Hows, at its broadest pnit
scarcely widens to more than one hundred yurde. and is ehut in by the towering peake that run north wnd
south respectively to Hundes and Dharma. The total length of the valley is 31 miles, and the highest peuks
to the north have nn elevation of moro than 22,000 feet.

“ The Bhoteas in these high regions are a sturdy race of hillmen, with no caste prejudices, for they will cat
game of nll kinds, nnd drink to any extent. They are pl'inci[mlly engnged in agricullure, nud breeding she-
and gonts ; all their clothing is made by hand looms, the wool procured from their own sheep. At oll the
villages I visited. the women scemed industrions and happy; their staple trade is the wenving of wooles
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blankets, or plaids of bright colours, They also make lancy gearfs for the w!\ist and oﬂyler small I.IHJC]GS of the
kind ; and ovcasionally act as coolies when theve is o lnck of men. At Garbia the Turtar physiognomy is by
no means predominant, and although the noses nre genernlly somewhat broad and the cheele Dones large and
prominent, yet 1 saw some faces which in any country would be nckm:wledu_cd to be pretty mnd expressive, I
found the men always faithful to their engagements, and many of them in Lheir nttendance on my camp went,
through great Lardships and inconveniences, roughing it on high mountain tops without shelier of any kind,

exposed to slect and snow, and often to a cold cutting wind.” .

24. Mr. Pocock, who succeeded so well on a former accasion in aqcompl}sh\ng the survey
of the Mana Valley,—a very lofty region towards the north-west of British Garhwal,—wag
deputed by me to take up the northern portion of the Dharma Valley, which appeared to me
from all accounts to be equally lofty and far more craggy. He was not able to begin work till
the first week in June; the enormous quantities of snow h.e.had to go over considerably
retarded his progress, but by the 15th August he contrived to finish his work. He was only
employed in topography on the scale of half an inch to a mile, and hls_ out-turn s
294 square miles. As the Byans Valley lies contiguous to the Dharma, the difficulties met
with by Mr. Pocock, arising from inclemency of weather were slmlla_r to those encountered
by Mr. Peyton; perhaps more aggravated, owing to the greater altitude he had to work in,
The highest plane-table station of Mr.Pocock is about 19,000 fect, average about 16,500 fect,

25. To Mr. Warwick I allotted the southern portion of the Dharma Valley. He also
experienced the vicissitudes of weather complained of by Mr. Peyton, but as he was not
employed in very lofty ground, he felt them to o lesser degree. Mr. Wurwick, as I have
stated, fell ill at the very out-set: he was more than 20 days ill, but recovered sufficiently at
the end of that time to march off to his ground. He suffered more or less throughout the
season, but mannged with perseverance to get throngh his share of the work, which amounts to
163 square miles of topography on the half-inch scale.

27. The entrance into the Milam Valley is through a stupendous gorge, overhung by
large masses of gronite precipices ; this gorye is about 12 miles in length, and the road
through it is for the most part a mere series of narrow steps built along the faces of steep
hill sides or rugged precipices, and where this is impracticable, planks leading from one ledge
of a precipice to another are laid across, After the first 12 miles the country becomes more
open. ‘The mountaing here are composed of three different kinds of rock ; the lowest formaiion
is granite, of which all the most lofty peaks are composed ; the second is a2 hard slate; and
the third and highest is a hard crystallized limestone. The mountains are not very precipitous
near the sides of this portion of the valley. The open part of the Milam Valley is about
14 miles, np to the village of Milam. Here the valley splits up into two; the one to the west
is occupied by an extensive glacier running down to within two miles of the village; the other
might be called a narrow gorge extending up to the very watershed line on the Unta Dhurra.
The formations in these two valleys are the same as those found in the open parts of the valley
below. At the foot of the Unta Dhurra range lies a glacier about 4 miles in length, and owing
to this glacier the approach to the pass is extremely difficult. The Unta Dhurra pass is the
most difficult of all the passes in Kumaon and Garhwal.

28. The two northern valleys, owing to the absence of a general name for them, might be
called the Girthi and Kiangur valleys. The drainage of these valleys falls into the Dhauli river
in the Niti valley. The Girthi valley is bounded on the north by sheer cliffs of limestone
rising to over 19,000 feet; on the south it is belted by peaks and ranges averaging over
21,000 feet. The highest parts are composed, to all appearances, of granite, and the lower of
limestone in a semi-crystallised state. The Kiangur valley is entirely composed of this limestone ;
its southern slopes are precipitous, but the northern slopes, though lofty, are for the most part
undulating, and present a view for 15 miles of pleasing softness when compared with the
ruggedness of the southern ridges. These slopes are richly covered with verdure up to about
15,000 feet, and at their bases a description of furze is found to grow luxuriantly, the roots
of which make capital fuel. At the time of my passage through, the entire valley was covered
with snow ; nnd it was only on my return from Hundes in July that I was greeted with all the
bloom of spring, though it was past midsummer,

30. Before concluding this, I would beg to bring prominently to your notice the services
rendered by Dhannu, Jangpani of the village of Burphu in the Milam Valley, and of Rapti
in Munshiari. On previous occasions Dhanuu has rendered very good service as head manager
of the camyp, in procuring supplies and rendering himself generally useful. This year it :ms
chiefly due to him that I was able without much trouble to make the extensive preparations
which were necessary for conducting supplies, first over five marches in the Milam Valley, and
then over cleven marches of sterile and barren country. ’

He is a man possessing extensive influence and tact.

32. 'During the conduct of the field operations in Kumaon and Garhwal, Mr. W. Todd
was left in charge of the mapping department of my office. Of the Dehra Ddn Survey on the
scale of four inches to the mile, the following maps have been completed, #iz., Nos, XXIII
XXX, XXXITI, XXXIV, and XL; of the remaining sheets of the same survey, Nos. XXIV:
XlXtXL XXXIhI, X'i“(hX\SIII_and'é(XEIlX require typing of names to complete them for
photozincography. ¢ drawing office he in outlining sheets XXIV ; i
both outlining and shading sheet XL. ped g shecte v ood XXXIL, und in

33. The oullining of the four sheets of the Jaunsar Béwar Surve th £ .
bl e h ! ) > ¥, on the scale of two
B‘Ep::t.sen: mile, has been done, with the excePtxon of those portions surveyed by the Forest

mj]'é)slt;v:‘]lljze :wguim.of the large scale map of Dehra and its suburbs (twelve inches to the
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35. The reduction of the Dehra Ddn maps from the scale of {our inches to a mile to that
of one inch to o mile is in progress. :

36. Pari passu with the supervision exercised by Mr. Todd in the mapping work, he was
employed for about o month in drawing up a narrative of the Mullah’s explorations.

Mr. Kinney joined the office about the middle of May, and rendered Mr. Todd great
assistance by taking up the shading of six and a half sheets of the large scale, Dehra Din
Survey. The progress made in the drawing work is very creditable to Messrs. Todd and Kioney .
KUMAON AND GARHWAL SURVEY,

Tabular Statement of out-turn of work, season 1877

Details of Triangulation.
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Length of series of triangulation =
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Mr. J. Peyton, 310 12 9 21 26 | 13,090 | The seriea of triangulation e ted
= 18 wiles in length.
Torars .. | 870 39 35 96 83
Details of Topography, Scale, 1 inch=1 mile.
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Scale 1 inch=2 miles.
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350 ( In British Territory.
Mr. J. Peyton, 856 5%| 020 [ 18,000 | 13,700 | 16,500 102 In Nepal.
67 Reconnoissance in Nepal.
» J. 8. Pocock, .. 294 | 030 | 18500 | 15,600 | 19,000 | 39
» R. F, Warwick, 163 | 050 | 12,500 | 11,000 | 14,200 5
ToTaLs .| 969 | 033 | 16,333 | 13,600 - 54

N, B.~Totsl of Topugraphlcal work exzecuted on both acoles 1,50 square miles.

E. C. RYALL,

Asst. Supdt., G. T. Survey of India,
¢n charge, Kumaon and Garkwal Party,
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Extract from the Narrative Report, dated 23rd August 1877, 9f Captain A. W. Baird,
R.E. in charge Tidal and Leveling Operations.

2. In June 1876, I availed myself of three months’ privilege .lcﬂV(" and went to England.
Prior to my depurture, I was informed that 1t was most
Only one detachment of the purty t  probable 1 should have to remain there to hmsh. off the
earry on leveling. reductions of the tidal observations 1n co-operation with
Mr. Roberts of the Nautical Almanac Office. I had to settle, therefore, the work for the
next field season before I left. In the former season two detachments of the party were at
work, carrying on different lines of levels simultancously; it was of course only necessary for
me to arrange for one detachment to be at work, should 1 not return in time to take the field.

3. Major (now Lieutenant-Colonel) Haig took charge of the party on my departure. T
drew up a memorandum for his information, giving all the uetful§ of .the lln‘es of levels, and
the branch lines which should be executed so as to conmect irrigatioh, railway, and other
levels.  With this memorandum for his guidance, Ml:. Rendell (who had charge of the
detachment} had no trouble in carrying out the work required.

6. Mr. Rendell reports : — o .

“ My Girst duty wus to make enquiries and search for the Irrigalion bench-marks round about Sannnd.. 1
. . ! - spent o week in uscless seavch, although IThad e map by me shew_lng
Difficully in recogulaing Irrigation Depart-  4p,oip yosition, 'This was due to the fact that the majority of tho Irriga-
menk beochmarks, tion bench-marks are situated on the roots of trees, which I wns not aware
of nt the time ; T lnoked for something more substantial: however, on communicating with Major. Haig, he sent
me n complete list ol the beneh-marks 1 required, with a full description of each, and which contained the names
of the village officials to whose care they were handed over. With this belore me, I found no difficulty in
conneeting a number of Irrigation bench-marks extending over Sheets 80, 81, B, and 9 of the Guzerat Survey.”

7. After completing this, Mr. Rendell marched to Mehmadabad, where he arrived on the
23rd December. He then connected Jinjhar H. 8. with the
Mebmadabad bench-mark by a branch line about 6 miles
long, and afterwards commenced work on the main line of levels
which was being carried along the railway line. By the 2nd January he l‘enc!]ed f\'nand Rail-
way Stalion, and then drove a branch line along the railway from Ana}ld to P4ali, n d.ISt:lnCe of 32
miles, and connected Péliand Poeda stations of the Great Trigonometrical Survey triangulation,

8. The work on the main line was recommenced on the 24th January, and by the 11th
February the main line had been carried as far as Wisad.
TFrom this a branch line was taken to Cambay, and a Great
‘Irigonometrical Survey bench-mark was embedded near the town, and the Trigonometrical
Station (Cambay Factory) was also connected, This branch line was 33 miles in length, and
along it 20 pucka points or bench-marks were conneeted.

9, The main line was then continued as far as Baroda, where a bench-mark was laid
down at the Railway Station, and another in the Cantonment,
and several pucka points were also connected in Baroda, such
as the steps of the ddk bungalow, the pavement at the bottom of the clock tower, &e., and
also the top of the clock tower, being a Great. Trigonometrical Station. The heights of the
points fixed at Baroda were supplied to the Ixecutive Engineer for Irrigation at Baroda, to
enable him to refer all his levels in future to mean level of sea.

10. The main line was then continued, and on the 23rd Februnry had reached Meagém,
where a branch line was carried to Sidpur H. S, a distance of
30 miles, 234 of which extended over the. narrow gauge

Railway of his Highness the Guicwar, which goes to Dabhote.
Bench-marks and pucka points were connccted en roufe.

Work commenced on main line and
branch to Pali, &e.

Branch line to Cambny.

Pucka points connected at Farodao.

Branch line to Dobhoi and Sidpur
8.

11. By the 9th March the main line liad been carried as far as Broach. Of the work on
the main line beyond this, Mr. Rendell reports :—

*Owing to a good portion of Lhe Nerbudda bridge (nearly half) having been washed away during the previous

_ . monsoon, I anticipated great ditliculty in carrying my line ol levels across

h,.'df,,'f'h"e'?.f;},:h.'.:‘nf, :::,b,:;!,d;.’ the Rallway b viver, which at this point is nearly one ymilc broad. I found that n

temporary strneture had been erected over which truins passed at a very

wlow rate of apeed, this structnre heing conneeted with the portion of the bridge that remained slanding, by a

diversion having a decline of something like 1 in 12. One or two pucka points on the nortl: and sonth banka of

the river were nlso fixed, nnd their heights notified to the Railway Engineer in charge of the bridge, who wns

desirous of oblaining accurate dola to start from, in connection with the new bridge which is about to be

constructed.

Surnt was reached by the end of March, and several beneh-marks in the vicinity of the

town were conneclod.

12. In continuing the main line, several of the Irrigation Department lavels in connection
Irvigntion levels of the Tapti pro- with the Tapti project were connected between Ankleswar
ject connected. and Sachin.
13. From a point about 3 miles south of Bulsar a branch line was run {0 Parnera H. S.,
a prineipal station of the Northern Concan series, and by 28th
April the main line was closed for the scason at Damaun ltail-
way Station; a branch line was carried from this to the town of Damaun, a distance of 6
miles, where a Great Trigonometrical Survey bench-mark was laid down.

Main line closed.

14. The operations were carried on throughout by two independent levelers according to
(emeral exceution of the leveling. the rigid rules in force in this Department.  Mr. Rendell
reports :—
“In no case was the discrepancy hetween the {wo inslruments allowed to exceed 006 of a foot; and, indeed.
instances are rare where a diference of "005 of n foot wos allowed to puse without repeating the observations.”
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The d.iﬂ’ércnce between the closing results of the two levels was 0090 foot, and the
greatest difference at any end of any scction during the season was 0128 of a foot, which was
at 144 miles from starting.

15. A comparison of the staves with the portable standard bar was made four times during
Compasision of the staves, the season, v1z., at Sinand, Meagam, Surat, and Damaun.

16. The heights of the rails apposite the booking offices of 35 Railway Stations were
ascertained, and the average error of the heights as given by
the Railway authorities is + 51 feet. The greatest error was
_at Pa_leJ, viz., + 8'0 feet, and the lcast at Broach + 25 feet.
At Broach the ervov of the Railway height is 2-5 feet, and at Ankleswar it is 6-2 feet, and the
distance is only 5%_ miles ; H.us would give an crror of 0°67 foot per mile. Similarly, between
Bulsar and Dun_g'rl, alsq a distance of 5} miles, there would be an error of 067 foot per mile,
but errors of this magnitude are of course exceptional.

17. The following statement shéws the amount of leveling
executed by the party.

“Double leveling. main line ... 183} miles.
ditto, braveh line * o 1743 .

Height at Roilway Stations connect-
el

Outturn of work doring field season.

ToraL o 3584 "

Single leveling loop line 16} »
Nuber of Gr. at Trigonometrical Stations connected ... 16
. Number of Great Trigonometrical Survey bench-narks
embedded and eonnceled 31
Railway heights connected 39
Number of Irrigation heights ... ™ 40
Nuwber of other pucka points duly inscribed and con-
neeted . . .. 180

19. Asthe levels supplied to the Officer in charge, Guzerat Party, by the Executive
. Engineer, Ahmedabad, for incorporation in the Guzerat maps
Loop line, Snand to Ahncdnbad. woﬁ]d not stand any single corfcct.ion, that is, the correcti[c)u::
applied to one set of levels would not suit another set which had one station in common, 1
sent up a leveler and a few men to run a loop line from Sdnand to Ahmedabad, and pick up
the poirts as given in the list of levels in question. This loop line emanated from a point at
Sinand, connected with the Great Trigonometrical Survey bench-mark there, by double leveling
and closed on a point at Alimedabad, also connected by double leveling with the Great Trigo-
nometrical Survey bench-mark at Ahmedabad. The closing error of the single line was 0-044.
21. The out-turn of leveling for the season I consider excellent, and Mr. Rendell deserves
Mr. Rendell's scrvices much eredit for this. I take this opportumnity of bringing
' ’ Mr. Rendell’s services prominently fo mnotice. He has been
four years in his present grade in the Department. In August 1875 Ialso reported favorably
on him, with a view to bis heing promoted ; but the vacancy in the next higher grade at that
time was,l believe, absorbed on account ot reductions in the Survey Department.
23, Since coming into recess (uarters, the duplicate Sheets have all been completed and
. . Lrovght up.  'Ihe description of bench-marks and all pucka
Work in the officc during reccss. points connected have been made out in duplicate, with
sketches of the poiuts, where necessary, to accompany the level sheets. The abstract of
heights, and computation of unit eorrections, also table of comparison of Great Trigonometrical
heights determined trigonemetrically and by spirit-leveling, have been completed. Similar
tables for Railway heights and charts, shewing the routes of leveling in detail, are all nearly
completed ; and the forms for {he preservation of the stations have been filled up and handed
over to the different authoritics, and receipts obtained for the safe custody of the stations, In
fact the whole work in connection with the leveling operations will in a few weeks bave been
completed and despatched to the head quarter oflice.

Extract from the Narrative Report, dated 17th October 1877, of Captain W. J.
Heaviside, R. E., in charge No, 1 extra party.

(1). The field season of 1876-77 was commenced by this porty more than usually late;
in the first place Lecause the fivst station for observalions was Vizsgapatam, which is exposed
to the Full force of the north-east monsoon and where clear nights for observing were not to
be expeeted until January ; in the cceond place owing to the heavy nature of ibe computations
of the previous scason’s work, vhiel it wus cousidered most desirable to clear off before
leaving recess quanters.  Moveouer, | had been warned that I might bave to lake up latitude
ohservations, towards the close of the lield season, with one of the zenith sectors, and as these
instruments were new to me, whil> my colleague Captain Campbell was well acquainted with
both of them, I availed inysell of the opportunity of his presence to have some practice with
them before taking the fictl.  Beth indruments were put up with Captain Campbell’s
assistance and theiv pesiliavitios sointed out by him, after which 1 bad one of them carried out
to the south-west stution of the Dwngalore base line and took obscrvations there on two
of three mghts, sabecquently reducins the observalions according to the forms previously used
by Major Herschel.  Wlen Major Uerschel and Captain  Camplell were employed in latitude

Q
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work with the zenith sectors, they adopted the admirable system of giving full accouuts of the
whole procedure adopted each season, both in the observations and in the computations, point-
ing out any idiosyncracies that were remarked in the instruments and any peculiarities exhibited
by the results. These summaries or, as they may be called, histories of the work are boupd up
with the computations of each season’s work, and embracing, as they do, all the experiences
obtained with these instruments, proved of great value to me, and must prove so to any one
who has to use the sectors in the future. The same system of historical {'ecm‘d has been
adopted with regard to the longitude operations and the instruments employed in that work.

Before taking the field, the clocks, chronographs, and telescopes employed in the Longi-
tude work were also set up and overhauled ; transits were taken with both telescopes for a
determination of the personal equation hetween Captain Can‘\pbgll and myself, and some circum-
polar stars were observed for the re-determination of the wire intervals of l\.IO. 1 telescope. A
curious eircumstance may here be mentioned with regard to the effect of a firm attachment on
the rate of an astronomical ¢lock. When clock No. 1134 was ﬁrsb set going, there were no
convenient points in the room to attach it to, and it was set up w1t!] the base of thg clock case
merely resting on the floor which was firm and made of cement in the usual Indian fashion,
It was found, on comparison with a chronometer, that when the bob of the pendulum was
screwed up to its full extent the clock in this position lost at a uniform rate of 123 seconds
aday. It was thought that this must be due to an escape of mercury from. the cistern, but as
no euch escape bad been detected, it was considered advisable, before procgedlng to open out the
mercury cistern, to have some firm supports arranged in a doorway, to which the clock case was
serewed up in the usnal manner. The clock when thus fixed, and with the bob screwed up to
its full extent as before, was then found to gain 79 seconds a day, shewing a difference in rate
of 3 minutes 22 seconds a day due to the change in the manner of supporting the clock case.
It appears from this that the whole clock case, when not fixed, moveq to a certain extent with
each oscillation, thereby changing the position of the point of suspension of the pendulum and
jncreasing the amplitude of the arc of vibration.

(2). The equipment of the party was sent off to Madras by goods’ train on the 21st
December, and I followed on the 26th, but the equipment did not arrive until the 30th. I
had intended to leave Madras by a steamer due on the 2nd of January, but that steamer broke
down and this circumstance, together with the irregularity of the steamer service caused by the
immense rice trade that had sprung up to meet the scarcity prevailing in Madras, prevented
me from leaving until the 10th of January. I arrived at Vizagapatam on the 1:3th and found
that Mr. Bond had everything in readiness for me. From this station the two arcs, Vizagapa-
tam—Madras, Vizagapatam—Bellary were to be measured.

(8). It was now the middle of January when fine weather might be expected, but the
work was excessively delayed by abnormally cloudy weather, quite of 2 monsoon type. The first
arc was not completed until the 1st of February, and when Captain Campbell had moved up
to Bellary and was ready to commence the second arc, the weather had become so stormy that

we were unable to do any satisfactory work until the 17th of T'ebruary, eventually finishing
this arc on the 25th.

1

Although, as a rule, cloudy nights entail on the observer almost as much sitting up as
fine nights do, since there is always fair expectation of a break, yet on this occasion the clouds
were so dense, beavy and continual, that on several nights no attempt was made to observe.
A good deal of office work was in consequence got through during the day, the transcription of
the chronograph sheets and the reductions of the first arc being well advanced before the obser-
vations for the second were commenced. At Captain Campbell’s suggestion, a referring
mark for the transit was built at Vizagapatam, nearly in the meridian, on a hill abont four miles
to the north of the station, so that in the event of failures to obtain circumpolar stars for
azimuth, on nights when transit stars were ohserved, a value of azimuth might still be
deduced for that date from micrometer intersections of the referring lamp, night by night.
As it so happened, azimuth stars were obtained whenever they were required, yet the
referring mark was a great source of comfort under cloudy skies, and in future whenever a
convenient site can he obtained, a referring mark should be arranged for ly the Assistant who
prepares the longitude station, and in low latitude other advantages might well be sacrificed to
obtain such a site.

(4). The party eventually lefi Vizagapatam for Mangalore on the 28th of February, and
reached Madras o the 3rd of March. The instrument, and camp equipage were left on board
the steamer to go round by sea, but the individuals of the party, both Native and European
disembarked, and after six days sojourn in Madras crossed the peninsula by rail to Beypur,
re-cmbarking there on board the same steamer on the 15th of March. This appearved to me,
tor many reasons, a far hetter arcangement than the alternative of sending the whole party
round by sea. In the first place 1 was in daily anticipation of hearing that the Government
of India had sanctioned a proposal for a determination of the difference of longitude between
Bombay nod Suez, in which case it was desirable that I should proceed at once to Bombay ; in
the sccond place an opportunity was thus offered and secured of doing six or seven days’ good work
in the reductions of the observations on shore, in place of practically nothing on l?nardship;
and in the third place the Native Establishment was composed, with one ux(-vpt;ion, of Hindoos
who eat nothing but raw or parched grain on boardship, and I did not feel justified in sending
these men round by sea.

We did not arrive at Mangalore until the 18th March, where pillars for the instruments had

been built a mouth previously by Mr. Neuville, a few yards south of the positions of the pillars
employed in 1872-73.
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{5). Regular work was commenced on the arc Mangolore—Bombay on the night of the
22nd.  On the 23rd, T heard that sanction had been obtained for the determination of the
diffevence of longitude hetween Bombay and Sucz. The observing season was now far ad-
vanced, and to complete the connection of Bombay with Suez this season, it was essential that
the observations in Bombay should be undertaken before the gathering of the monsoon clouds,
to effect which it appeared necessary for me to start for Bombay by the next steamer. As the
steamer was not likely to arrive until the 31st there would, under ordinary circumstances, have
been amiple time to complete the usual six nights’ observations; but we were unfortunate in
this respect. I was unable to work on the 23rd, owing to an inflamed cye. On the 27(h the
telegraph line was interrupted, and about noon on the 28th, I heard that the steamer would
be in before her time early next morning, and I had a hard day’s work to get everything
down and packed up in time to start by her. The Are Mangalore—Bombay is therefore
dependent on only four nights’ work, which however is probably sufficient to give a good result.

6). The party left Mangalore by sea on the 29th, and landed in Bombay on the morning
of the 2nd of April. A fortnight was spent there with Captain Campbell 1n consulting and
arranging a system for cable communication ; in the determination of personal equation, and in
various preliminaries connected with the novel work we were about to undertake.

The longitude station adopted at Bombay and used for the previous work on land lines
was in the grounds of the Colaba Observatory, about there miles distant from the cable office.
On land lines we had been able to work directly from station to station, but now that the
signals had to be transmitted either to or from the cable office, this distance became a great
disadvantage; it entailed the presence of an assistant at the cable office for the greater part
of the night to look after the signals and prevented verbal communications in case difficulties
arose, as was likely to happen with a new system on its trial. But there were so many
objections to changing the station, that we had to do our best as it was, and the disadvantages,
when the work once got into swing, were less than had been anticipated.

Captain Campbell was ready at Aden on the 24th of April, and on that night we had
some preliminavy practice, commencing regular work on the Arc Bombay—Aden on the 25th.

(7.) By the hirst system adopted for the interchange of signals, the clock at Colaba was
placed in connexion with a relay at the eable office, which it worked by the usual break of
contact at each sccond. During the times that signals were being exchanged between Bombay
and Aden, the relay was placed in connexion with the electrified ink of the Thomson syplon
recorder, so that, by a simple arrangement, whenever the relay broke contact, the electricity
passed from the ink to earth, thus arresting the flow of ink through the syphon recorder and
marking each second of the clock amongst the cable signals on the Tape. It was found
however, after two nights trial that this system did not give satisfactory results, and on the
27th Captain Campbell telegraphed the details of a new system which proved a great success.
This system, which I Dbelieve to be original, and for which Captain Campbell deserves much
credit, consists in placing a relay in the circuit of the cable battery between the signalling key
and the battery, so that whenever the key is pressed the current passes out through the cable
as usual, merely weakened Dy the additional length of the relay coils, and at the same time
works the relay. At Bombay this relay was in connection with one of the pen armatures of the
chronograph at Colaba, so that each signal sent from Bombay to Aden was vecorded on the
chronograph at Colaba alongside the clock signals. T'wo days were spent in perfecting this
system, after which our work proceeded very smoothly, so far as the comparisons were con-
cerned, although retarded somewhat by cloudy nights at Aden, where they were least anticipa-
ted. The Arc Bombay — Aden was completed on the 9th of May.

(8.) The party left Bombay by steamer on the 14th of May and arrived at Aden on the
2lst. The Telegraph Office at Aden was, at this time, in course of removal from the house
near the landing place, to the new block of building in Telegraph Bay, whence the cable
signalling is eonducled. Mr. Stacey, the Superintendent of the Telegraph Company, kindly
placed at my disposala row of thatehed rooms which his staff had recently vacated and which
enabled me and my assistants to live on the spot close to the longitude station and to the cable office.

The work at Aden proceeded perfectly smoothly and the are Aden—Suez was completed on
the 30th of May, and is the only Are of the season where a succession of five clear nights were
experienced simultaneously at both stations.

(9.) During the time I was observing at Aden, Mr. Connor carried a triangulation across
the Peninsula {o conneet the longitude station with the Marshag light-house and with
Lord Lindsay’s station for the observation of the Transit of Venus. The triangulation started
from a base line about 4 of a mile long, measured twice over with a metallic tape which had
been compared with a standard bar at Dehra. Tt was not originally intended to mark any
but a few of the most important stations of this triangulation; but when Mr. Counnor was
selecting the stations, be found the hill tops to be in such a lovse erumbling state as to require
platforms to be constructed for the Theodolite, and, as a mason was required for this purpose,
mark-stones with the usual eivele and dot were placed at all the stations, except Lord Lindsay’s.
This station had previously Heen marked by a carronade sunk to ground level, but a mark-stone
was in courge of preparation, and the Assistant Resident informed me it would soon be placed
on apillar to be bwilt over the station, which it so happens is just outside the building in
which the pendulums were swang by me in 1873,

(10.) The interval of a week which elapsed between the completion of the longitude
observations and the arrival of the next steamer was spent in overlooking this triangulation,
in taking rome latitude observations, reading off chronograph sheets and packing up. On
the 7th of June the party embarked for Bombay on hoard the Aveca, in which Captain Camp-
bell’s party had left Sucz, and the combined parties arrived in Bombay under my churge
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on the 14h; the instruments and eamp equipment were sent thence by goods” train to Poona,
where office was opened and the recess season commenced on the 22nd of June.

(11.) The boxeg containing the instrumental equipment have experienced some rather rough
usage this season. Both at Vizagapatam and Aden everything had to be carried about by
most unruly coolies, and at each place, np and down a stecp hill where the coolies could not
e well controlled ; the equipment has twice passed in cargo-bonts through heavy sm.-f; twelve
times it has been slung cither to be shipped or unshipped ; and although the boardship method
of slinging is not quite so hazardous as it looks at first sight, yet it is not devoid of considerable
danger to instruments, as was proved at Aden by a collimator box slipping out o_‘f the «lings
and rolling off the cargo-boat into the sea; the box, being a well-made English one,
fortunately floated just long enough to enable it to be secured, without resorting to the
amphibious Somali for its recovery, and the collimator inside the box sustained no damage
beyond the wetting, which however was eo thorough as to have p'm‘tl:v corroded some of the
smaller screws.  Otherwise, although the boxes have suffered in their six mon.ths’ travels, the
instruments have remained in good order, the breakage of a glasscover of a hunging level
being the only injury detected. )

(12.) Mr. C. J. Newville joined the party on the Tth of November ]87(} in place of
Mr. H. E. 'I'. Keelan who had been transferred to the Mysore Survey. After being iustructed
in the forms of computations in use in the party, and being furnished with plans and memo-
randa, he left Bangalore on the 17th of December for Mangalore where he construeted the
longitude station, and where it was intended he should remain until the arrival of this
party. But in the inferim his services were required by Captain Campbell at Madras, and
0 it arose that he joined and remained with Captain Campbell for the rest of the field season.

13. Mr. E. 1" Connor joined the party in Bombay carly in April. As Le had not
previously been employed in astronomical work, he required & good deal of eoaching; but he
mastered the work of recording and the preliminary computations rapidly, and scon become
a useful assistant.

(14.) MMr J. Bond.—Mr. Bond was with this party during the whole field season. He left
Bangalore op the 14th of December for Vizagapatam, and with good judgment he there secured,
at a low rent, a house in the grounds of which he built the transit and collimator pillars in
an excellent situation, about 100 yards from the trigonometrical hill station of Meppen, the
clock pillar being erected in a room of the house where the clock was well protected from
currents of air or sudden changes of temperature. He executed the triangulation necessary
to connect the Jongitude station with the coast series, protected and transferred {o the loeal
officials two stations, acted as my recorder, and during the cloudy weather we experieneed
at Vizagapatam he made great advances in the computations. At Bombay he 1eceived some
instruction in taking transits, so that, if the weather there proved as cloudy as was anticipated,
he might take a few stars during some portion of thenight; but the fine weather cxperienced
rendercd this unnecessary and his duties lay at the cable oftice where, at stated times, he sent
signals simultaneously to Captain Camplell at Aden and to meat Coluba. At Aden he
was similarly employed, but as the longitude station was close to the cable oflice there, he
was able to act as my recorder in the intervals between the comparisons. Mr. Bond has
performed his duties both in the ficld and during the recess in a very satisfactory manner.
He has displayed good judgment, skill, and tact when he had to act independently, as for
instance at Vizagapatam, where he chose the position of the longitude station. and at Bombay
where he had control of the cable signalling during the time of the comparisons and he has
worked well at the computations.

(15.) The native estublishment consists, with one exception, of Hindoos from the North-
Western Provinces and their custom of refusing to eat cooked food on boardship and subsisting
only on dry and parched grain with a little goor, wufits them for long sea voyages, and on the
way from Madras to Vizagapatam a duffadar who had but recently recovered from diarrheea died
in a few hours from an acute return of the disease brought on by this unwholesome diet.
This was the only casualty during the season, and the health of the men has otherwise been
very good; the sea voyages were cheerfully undertaken by them, and no objections were raised
even to the lony sea voyage over the Kali pani to Aden and back. I had expected difficultics
at Aden with the natives about the condensed water ; but when they found that it was drunk
by other Hindoos and that the canal water was exceedingly brackish, they used it after a
few grumbles.

(16.) 1 have to acknowledge much assistance, in the course of the season’s work, from
the several Telegraph oflicials with whom I came in contact, I am mote particularly in-
debted to Mr. Flindell, the Superintendent of the Ganjam Divirion, who, when his office at
Vizagapatam was short of signallers, and I was much troubled by induced currents, came
up to the Observatory at night and spent some hours in signalling for me with his own
hands. In Bombay, Mr. B. Smith, the Superintendent of the Fastern Telegraph Company,
and his nssistants gave us every facility for carrying on the work, in the first instance
explaining the eable sigualling instruments which were quite new to me, and subsequently,
when difliculties arose, they were always ready to aflord persomal assistance, which must
frequently have been rendered with great inconvenicnee {o themselves. 1 have also {o thank
Major Gambier, R. L., the Superintendent of Military Works at Aden, and Mr. F. Chambers,

who, in the absence of his brother on furlough, is ip charge of the Colaba Olservatory,
for many little services rendercd to mwe in conneclion with the work.,

(17.) In conclusion, 1 may remark that I have purposely avoided going inlo details
regarding the systems and niethods followed in our operatious, us Captain Campbell bas, in his
veport, cotered fully into these matters,
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Extract from the Narrative Report, dated 19th October 1877, of Captain (now Majer)
W. M, Campbell, R.E., Officiating Deputy Superintendent, 2nd grade.

1. During the past field season Captain Heaviside and myself have continued the
determination of differential longitudes by means of the

Employment. electric telegraph.

2. At the date of my last report we were approaching the completion of the reductions of
Overations of 1875-76 such observatirns made 1n season 1875-76, and I was enabled
peration " to submit the results in a postseript. Shortly afterwards
however changes were found advisable in the method of reduction, which caused considerable
re-computation, and altered the results, though ouly by small quant.ties. I now append the
final results of 1875-76, and will revert to the cause of the alleration in a later part of this
report (paragraph 41). .

3. By considerable exertion the reductions were completed by the end of the year, when
we separated for onr cold season’s observations, the programme
proposed for which was as follows:—The measurements of arcs
Vizagapatam—>Madras, Vizagapatam—Bellary, and Mangalore—Bombay. Besides these, the
measurement between Bombay, Aden, and Suez by cable was
contemplated, if the necessary sanction could be obtained. This
measurement was urgently advocated by the Astronomer Royal, Sir Georwre Airy, in order to
complete the connection between Greenwich and Madras, the European section of which, between
Greenwich and Suez, had already been executed on the occasion of the T'ransit of Venus in 1874.

4. As the preliminary operation of the season, we determined our personal equation in
December before leaving Bangalore.  For the first measurement,
Vizagapatam—Mudras, Captain Heaviside went to Vizagapatam
and 1 to Madras. I afterwards moved to Bellary while he remuined at Vizagapatam, for the
measurement Vizagapatam—Bellary, on completion of which we moved simultaneously to
Bombay and Mangalore, respectively, for the measurement of that are.

Programnme for 187677,

Bowbny -~ Sucz Measurement.

Movements.

5. The season proved particularly unfavourable for observation owing to clouds, which
caused so much delay, that we did ot begin observations between
Bombay and Mangalore until 22nd March. Up to this date the
question of carrying on the operations by cable to Aden and Suez was still undecided, hut on
231d March I heard from Colonel Walker by telegraph, that
the sanction of Government had been obtained. The season
was so far advanced that no time was to be lost, and we there-
fore curtailed our ordinary programme of measurement betwcen Mangalore and Bombay by
two days, in order that Captain Heaviside might not lose the first weekly steamer to Bombay,
where he arrived on 1st April.

6. On 2nd April I despatched Mr. Neuville to Aden by P. & O. Steamer, to make all the
preparations there. I had abundance of employment in Bombay
In connection with the details of working by cable, both before
and after Captain Heaviside arrived from Mangalore, and we finally scttled on a method of
working which promised to be exceedingly simple and efficacious. 1 shall revert in the proper
place to this subjeet, We also observed on four nights for personal equation, after which I
packed up my instruments and proceeded to Aden by the P. & O. Steamer of the 16th April,

7. Arriving at Aden on 23rd, T found the preparations in a fairly forward state, and
no time was lost in getting ready for observations. The ob-
servatory was conveniently situated about 150 yards from, and
some 60 feet above, the new cable office, which had lately between completed. We began
observations through the cable on 25th April, and worked (under great difficulties at Aden)
on that nighl and the next on the system which we had fised upon in Bombay. On the latter
date I came to the conclusion that a change of method was absolutely necessary and hit on a
happy alternative plan (described in paragraph 26 seq.), which we introduced on the 28th, after
which we had no difliculty with the cable work.

The weather had cause 1 us much anxiety, as the season was very late for star observations
at Bombay ; hut fortunately Captain Heaviside enjoyed fine
clear mights there, while at Aden, where we had reckoned
pretty confidently on clear skies, T was troubled with frequent clouds lying low on the horizon,
80 as seriously to interfere with azimuth determinations, which are accordingly a weak point of
the observations.

8. We closed observations on 9th May, and I left Aden for Suez by P. & O. Steamer on

the 14th. Mr. Neuville had preceded me by the mail

Captain Compbell procecds to Suez, ¢ 5¢h Apil, and on Teaching Suez on 20th May, I found
and Captain Henviside to Aden. N [P = . f .

the station building ready to receive the instruments, which

were immediately put up.  Captain Heaviside being also ready at Aden on 25th we began

observations on that day, and continued nightly without interruption or difficulty until 30th,

B

Progress impeded by weather.

Bombay—Sucz mensurement sanc-

tioned.

Proparations for cable work.

Captnin Cumpbell at Aden.

Clouds at Aden.
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when, having obtained six nights of good observations, we considered the measurement coraplete
and closed work for the season.
9. I fortunately succeeded in despatching Mr. Neuville with the men and instruments per
Return of th tiea to Tndi P. & O. Steamer of 1st June, which picked up Captain Heavi.
e portics to India. side’s party at Aden on the 7th. Having been granted
. » three months’ privilege leave on completion of the ﬂe}d
l“s:'}!tmu Campbell takes privilege operations, I took advantage of it on 4th June. Captain
Heaviside procecded direct to Poona for recess quarters, where
I joined him on the expiration of my leave on 30th August, since which date I have been
steadily employed ou the reductions. These are now in a forward state, and I hope to be able to
give some results as a postseript to this report.
10. With regard to the three measurements by land wires which we completed, I may
M . remark that, although the distances were greater than we had
casurements made by land wires, formerly attempted, we found no difficulty whatever on that
account. This applies particularly to the measurement Mangalore—Bombay, between which
places the course of ihe wire is so circuitous that its length aggregates about 1,000 miles, and
moreover the section near Mangalore is not so well insulated as is generally the case. We
were led to expect great dilticulty in exchanging signals direct between these two places, with-
out intermediate relays, but with Dbatteries of about 90 cells all anxiety on this head proved
groundless. The three measurements obtained complete two
more circuits, riz., Vizagapatam—Madras—Bellary, and
Madras—Mangalore—Bombay, the observations of 1872-73 between Madras—Mangalore being
involved in the latter.
11. In these measurements we followed the methods employed during the preceding
Method of working. season, with but slight modifications and additions. The use
of the telegraph wire was always obtained for the whole period
of observations nightly, and the transits were observed at both stations with onc clock, each
being used alternately. Clock comparisons were only taken as a precaution, and have not been
read off or used in the reductions except where occasionally necessary.
Some cxtra precautions dictated by experience were observed in the commutator arrange-
ments, with o view to eliminating as much as possible the
effects of interference of currents, which it is impossible

Circuits completed.

Precautions introdaced.

altogether to avoid.

The fact is that our magnetic recorders are not at all what they should be, because when
I got them made up in 1875, ‘I was obliged to use the
. materials available, viz., the electro-magnets belonging to the
original form of the apparatus. These were originally intended for use in connection with long
lines as well as short local circuits, and they are not at all adapted for the latter, which is
now the only way in which they are employed ; the importance of this fact has grown upon
us with experience. By a change in the conncctions of the
pair of coils forming each magnet, which I introduced in
Bombay in April, the total resistance was divided by four, and reduced thereby to an average
of 170 units for all. This was found a great improvement, but it might Le carried much
tarther, coils of about 30 units resistance Leing probably those best adapted for our purpose.

Faults of apparatus.

Partinl correction.

12. With regard to the source of the discrepancies which sometimes occur in our results,
some question has been raised as to the comparative responsi-
Source of diecrepancies found in  bility of the nstronomical and the electrical parts of the
resulta— . . :
(1)— Astronomical. observations. 1 am afraid that the chief blame must be
(2)—Electrical. awarded to the former. The electrical part may be divided
o into two portions, #7z., as affected by (1) the arrangements
inside our observatories, and (2) the line connecting the two stations. ~The previous remarks
show that I do not consider the first of these as above suspicion, and that this part of our
equipment is open to improvements, but 1 should rank the errors likely to arisc on this account
as quite secondary in importance to the astronomical errors. As to the second, the electrical
behaviour of the line between the observatories, I do not for a moment believe that any
appreciable error can be laid to its charge, provided there is direct communication without
relays, as has always been the case in our operations. In ihis opinion I think I should be
supported by that of all electricians.

13. On receiving the order for observing between Bombay and Suez, I at once began
the preliminary preparations and experiments, which were
rendered necessary by the fact of cable work being quite novel
to us.

As regards the method of carrying out the ohservations, the use of the cable would compel
us to abandon the system of using the same clock for transits
at both siations, for two reasons—

(1). It seems impossible to transmit the beats of a clock through the cable, and record
them on the distant chronograph ; and (2), even if this could he done, the use of the eable
could not be obtained for sufficiently long periads, for the night iz the busicst part of the
24 hours on these cables, We were therefore obliged to have recourse to the method of comparing

Preliminary experiments for working
by cable.

Method of observing.
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clocks at fixed times, and observing transits with- each clock locally before and after each set
of comparisons.

14. My great object was to contrive a method of recording mechanically at both stations,
Mothod of compasing clocks through signals sent alternately from each, so as to ob_tain a compari-
cablo considered. son of clocks free from any persomal equation. So far as
. . I am aware this had never previously been accomplished, a
personal equation having always entered in the observation and record of the reflecting galva-
nf)meter, with w!nch I believe all longitude observations by weans of electric cables have
hitherto heen carried out. I loped to effect my object by means of the Thomson Syphon
Becorder, which was. fortunately in use on the Bombay—Suez Cable. This is a beautiful
instrument recently invented by Sir William Thomson, a few descriptive remarks on which
will not hiere be out of place.

15. A very fine syphon of glass is suspended in the most delicate manner, so ns to be
affected by the currents passing through the cable, which
. jerk it in opposite directions according as they ave positive
or negative. The upper end of the syphon dips into a reservoir of ink (aniline blue), and the
lower end is very nearly in contact with the paper tape on which the record is to be produced,
but the calibre of the syphon is so very fine that the ink must be forced through it, which is
doue in the following way :—

The syphon recorder,

At the top of the instrument there is a wide wheel ahout 6 inches diameter and nearly the same
width, technically called the “ mouse-mill,”” whicl is driven
i by an electro-magnet below it. The motion of the ‘“ mouse-
mill 7 serves two ends—(1) it draws the paper tape past the syphon, at a rate which can be
regulated at pleasure with, as we found, great uniformity : (2) it induces a powerful current of
statical electricity, which is conducted by a brass rod terminating in a point, towards a disc
of brass, the distance of which from the point of the rod can
be varied. This disc is in connection with the ink rescrvoir,
and thus the ink becomes eclectrified to a degree which is regulated by the distance between
the point of the rod and the dise. T'he insulation of the mouse-mill and the ink reservoir must
be very perfect, as the static electricity, which is of high tension, will leak away through the
slightest opening.  The paper tape affords the nearcst conductor for the escape of the electri-
city in the ink to carth, and this suffices to foree the ink through the syphon and across the
minute interval between it and the tape.

When no current is passing through tle cable the syphon remains at rest, and traces a
straight line along the centre of the tape, which is called the
L « Zero line.” Positive and negalive currents jerk thesyphon
aside in opposite directions, so as to mark signals on opposite sides of the Zero line. When
working the cable on the ‘simplex’ method, all signals transmitted and reccived are recorded
on the tape, the former being very sharply defined as compared with the latter; but when
srranged for ¢ duplex ’ working, the signals transmitted are not locally recorded.
16. Our observatory at Bombay (Colaba) was about three miles from the Telegraph Office,
Necessity of signalling ¢ and as all conncctions between land wires and cable are
Offco, Y "1 Figning from Cuble strongly objected to, on account of the risk of damage to the
) latter by lightning, it was necessary that the signals for com-
parison of clocks through the cable should be made in the Telegraph Office.

17. The first idea was that at cach station the signals transmitted through the eable
A method of . y should be recorded on the local chronograph, as well as on the
reribcthod of compuring elocke de- 504] ynd distant tapes—single signals being sent from each
. end alternately. This would afford a record of a series of
received signals B, B, each occurring between two transmitted signals A, A, so that by measur-
ing the intervals on the tape, and assuming uniformity of its motion, the former, B, B, may be
interpoluted in terms of the latter, A, A (see fig. 2, plate facing page ). Now the signals A, A,
B, B, heing also recorded on the local chronographs their exact local times are known, and thus
the difference between the clocks is arrived at by the observations at each station, only affected
by retardation of signals, which enters with different signs at the two ends, and may therefore
be considered as cancelled when a mean of both results is taken.

The only objection T saw to this method, besides the fact of the reductions being laborious,
was being obliged to trust the rate of the tape; but expe-
rience has since proved that each eeries of signals (A, A,
B, B) can be tranemitted at intervals of less than three seconds, and that for such intervals
the rate of the tape is quite sufficiently good. While coneidering the best method of arrang-
ing for the record on the chronograph of the signals transmitted through the cable, which
presented some difficulties, another system occurred to me which promised many superior
advantages.

18. 1t has been nlready remarked that great attention is requisite to keep the ink reser-
voir perfectly insulated, failing which the flow of ink is at
) ) once arrested.  With reference to this it was pointed out to
me as an interesting' fact, that a touch of the finger, or even of a pencil, on the reservoir
sufficed to stop the ink, and it immediately struck me that we might so conneet our clock with

The * mouse-mill.”

Electrification of ink,

Signals produced.

Objections and dificultics.

A more promising method described.
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the reservoir as to put the ink to earth at each second, thereby marking the seconds on the
tape by breaks in the ink line.

This was accomplished with some. little trouble in the following way :—A polarised
relay was placed on the table beside the syphon recorder, and
the signals from the clock passed th_rnug'h it, s0 as to
work the armature at each beat. A fine wire was passed from the ink reservoir to the
armature, so that at each beat connection with earth was obtained. This f:_u]ed, because the
insulation of the reluy was not sufficiently good, and the mere contact with the table gave
sufficient leakage to stop the ink altogether, independently of the position of the armature. A
small contrivance fitted to the relay, however, effected our object, and we had t'he satisfaction
of procuring a besutiful record of seconds on the tape by means of little breaks in the ink line.

The record of a comparison of clocks then took this form. Hand signals by key were
transmitted from each station in' alternate series (instead of
in series of alternate signalsas above), and recorded on both
cable tapes, while on each tape the seconds were marked by the loca.! clock, dnd thus the local
and distant times of each signal could be compared with great facility.

19. The advantages of this system over the former were that—(1) The rate of the tape
was only relied on for intervals of ome sccond; (2) the re-
sults of comparison could be deduced with very much less
labor ; (3) a comparison could be carried on without in any way . interfering with the
work in the olservatory, because the connection of the clock with the relay, &ec., was under
the control of the signaller in the Telegraph Office, who only required to note certain times on
the tape by a clock or wateh (which had been compared with that of the observatory), in order
that the observatory elock’s record on the tape might be properly identified as regards minutes,
The beginning of each minute was, of course, marked on the cable tape, just as on the chrono-
graph sheets, by the omission of one signal. These were all great advantages, and the last not
the least so, as it permitted the observation of transits without interruption, and relieved the
observer of all anxiety on account of the clock comparisons.

Put in exeoution.

Exchange and record of signals,

Advantages of second method.

Comparison of clocks named—

(1) by longitude siguals, The first of these methods may be known as comparison of
(2) by ink-nrrest signls. clocks by “ longitude signals,” and the second by ¢ ink-arrest
signals,” and if my description has been followed, it will be evident that nothing in the shape

of a personal equation of observation enters into either, though it is possible that personal
peculiarities of using the signalling key may produce minute variations in the retardation of
the signals.

20. The success of continued experiments with the ink-arrest’” method at Bombay was
most satisfactory to both of us, and we agreed to adopt it
for the observations. 1t need hardly be pointed out that this
arrangement. involves no connection between the land line and the cable, and therefore intro-
duces no danger to the latter.

« Ink-arrest’’ method adopted.

21. It is well known that the retardation of a signal through a cable is very much greater
than that of a signal transmitted Ly a land wire, and in the
case of long cables it becomes a very considerable quantity.
The lengths of the cables used by us are, between Bombay and Aden 2,172, and between Aden
and Suez 1,864 miles. 1n such observations as ours, one must be content with assuming gen-
erally that the retardation affects signals equally in both directions, in which case its effect is
perfectly eliminated by the method of working. Unpleasant suspicions, however, will occur that
this may not be the case, and that the retardation may be affected by the direction of the
signal relatively to the magnetic poles, or the rotatory motion of the earth, or by the direction
of existing earth currents, or above all Ly the nature of the current nsed, whether by zine or
copper to carth at sending station.

Retardation of signals.

22. When Major Herschel and I Legan electro-longitude operations in India in 1872-78,
Original precaution ngainst saria- acted on these suspicions, and introduced regular changes
tion. of current during observations, with a view to cancel the
effect of such variations, and even if possible to measure some of
them. Later however I came to the conclusion that the retardation on land lines being so
very minute a quantily, and its variations therefore presumably
much more minute, it was vain to hope to detcet these varia-
tions hy means of ohservations affected by much more serious
causes of errors.  1f our reports for scason 1872-73 be referred to, it will be seen that different
values of retardation aceording to direction and nature of current were assigned, but T added what
appeared a probable renson why the apparent differences should be fictitious, and due to our
apparatus, and further experience has only confirmed me in that opinion. Accordingly, as
these chnoges of current, involving reversal of batteries, were troublesume, and complicated the
work, Captain Heaviside and I abandoned them altogether for land-wire mensurements.

23. In cable work however the question is very different ; here the retardation itself is so
Cable retardation & scrions quan- much increased th.al‘., we can no longer afford to neglect its
tity. possible irregularities, but must take advantage of cvery
. precaulion promising to eliminate their effects, while we may

hope with more: reason even to detect and evaluate some of the voriations. Moreover, the

Precautions sbandoned on land
linea,
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existing arrangements in cable offices facilitate changes of current, because instead of the
dots and dashes of the Morse alphabet, jerks of the eyphon to
one side or other of the zero line are substituted, and these are
produced by a double key the connections of which reverse the battery. Tt was therefore
arranged that each comparison of clocks should consist of
four sets of 16 signals 1n each direction, thus—

Precaution agninst variation.

Details of a comparison.

Bignals from E, Bignals from W,
lst sct of signals, with currents. + +
2nd » " - -
3rd » » + —
4th » » - +

and we agreed to make three such comparisons nightly. This was afterwards reduced to two.

24. When I began observations at Aden I found it hest to do the cable signalling myself,
for although Mr. Neuville was available at first, there was
the prospect of hs leaving for Suez in the middle of the work.
This happened to be practicable, because, as before noted, the observatory was within about
150 yards of the cable office, and the only objection was the loss of the third advantage claimed
above (paragraph 19) for this system of comparison, wiz., the non-interruption of transit
observations.
‘We had no means of testing the ink-arrest system completely until we actually attempted
Diffeulti to carry it out ourselves between Bombay and Aden, when I
Heutties. saw immediately that it would be very difficult to work with.
1t has been already noted that great care is required to maintain the insulation of the ink ;
Weak voint of the ink-arrest” this was especially the caseat Aden where the atmosphere was
metbod T ° extremely damp, and I found that while the electric
tension was sufficiently great to maintain the flow of ink, it
often failed to sfart it again after interruption. The result was that great delay was experienced
in getting the comparisons, interfering so seriously with my work in the observatory that, for
that reason alone, I found it would be advisable to make a change if possible. Besides this,
however, 1 was ashamed of the amount of time during which we occupied the cable, and feared
an intimation that the interference with traflic was too great to be permitted. We had two
nights of more or less unsuccessful struggling to obtain the comparisons at Aden, during which
That method condemned and o it generally took nearly 45 minutes to obtain any passable
change vonsidered. results, and I then began to despair of attaining anything
° like success with the ink-arrest process, while I did not sce
my way clearly to any satisfactory substitute.
25. In deseribing the method of comparison by longitude signals as being the first which
) was considered at Bombay, I mentioned that there was a diffi-
Difficulty of arrangement. . . b . A
. culty in arranging for the simultaneous transmission of the
signals through the cable, and to the local ¢hronograph, and this was now the only thing that
prevented my proposing the adoption of that system instead of the ink-arrest method.
As I was walking home on the second night, much disheartened and very tired (the
) work in the Aden climate being most harassing), the way to
Difficulty overcome. overcome this difficulty ocenrred to me, and nexi morning,
having tested it suecessfully, I telegraphed to Captain Heaviside to adopt it. Fortunately the
necessary alterations were very simple, and no dificulty was met with in carrying it out.
26." The new arrangement was as follows :—One of our ordinary polarised relays was intro-
. duced into the cable circuit between the signalling key and
Detoila of new arrangement. cable {at R), so that every signal transmitted by the cable
passed through the coils and worked the armature of the relay. At first I thought that it
would be necessary to reverse the eonnections of the relay so as to get the same armature action
with both (%) currents, but it was pointed out from Bombay that, by placing the relay
between the cable battery and earth (at R ), the reversal of currents passed into the cable did not
affect their passage through the relay. Thisis shownin diagram No. 1, (plate facing page )
where both positions of the relay are given, the first being in dotted lines. The signalling
key (K) is double, the members being so connected with thp battery that the use of one puts
zine to earth and copper to cable, giving + cwrrent, while the other docs the reverse, and
gives — current. In the secondary cireuit of the relay, . e., the circuit made and broken
alternately by the armature action, one of the chronograph pen coils (C) was included, so that
the action of the armature made a signal on the local chronograph, and thus every signal
. . transmitted by the cable was also recorded on the chrono-
Put in execntion. graph. It took very little time to arrange this at both stations,
and it proved quite successful, removing entirely any difficulty in making the comporisons,
which were now carried out as follows:—
Each comparison consists of four sets of dignals, known as A, B, C, D exchanges, each of
which should contain 32 individual signals, sent alternately

Bombny— Aden compnrisons.

Details of a comparisan. from cach station. Changes of current are introduced syste-
matically :—
thus, for A exchange, current from E + , from W4
B » »” »” I 7 » W—
C » " ” L +) " W—
E— Wa

» » »” b »”
The whole operation only occupies about. eight minutes from first to last.
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27. The reluy was placed closed alongside of the syphon recorder, and could be cut out
of the cable cireuit altogether by the transposition of a
Ordinary cable work not interfered  oqptqot peg from P to Q. This was always done when the
with. cable was used for talking purposes, but its omission in ne
way interfered with the cable work, so that there was no.risk of the relay retarding the ordinary
work of the office. In this case, ns before, no connection was introduced between the cable
and land wires, and it will also be noted that the relay could no longer in any way interfere
with the action of the syphon recorder.
28. The connections of the cable for receiving and sending signals requ:irc alteration,
which is donc by a switeh alongside of the signalling key.
Description of the signalling and of  Jr,. guy comparisons, therefore, this switch had to be moved
the record produced. after receiving every signal, and again after sending the
return, and this was the only part of the process which gave us any troub']e at hret It also
interferes with the record, because, on putting the switch over after transmitting a signal there
always occurs what is known as a “kick ” from the condensers, which are placed between th.e
key and earth, causing a violent disturbance of the syphon. An exact copy of the record is
attached (see diagram No. 2, plate facing page ), on which the transmitted signals are
marked A, A, and those received B, B, the unmarked digressions .l)cmg the effects OE. the
“kick.” The kick can only be traced at the distant end by a slight displacement of the
zero line,
29. Tt would be a great advantage to avoid the use of the switch, both in order to get
rid of the kick and for the convenience of the signaller; and
Tmprovements possible Ly duplex ¢ 1o possible to do so by adopling a modification of the
arrangement. P I orkine. in whic riteh 1
duplex’ system of working, in which the switch is not used.
I have already mentioned that when working duplex the transmitted signals are not locally
recorded, but this is only absolutely true when the electric bulance (the secret of the duplex
system) is perfect; and when that balance is thrown out, the transmitted signals are recorded
in a degree depending on the amount of the disturhance. This exactly suited our purpose,
because we could disturb the balance just sufliciently to obtain well-marked local signals,
We tried this in the morning (when we could gencrally
obtain the use of the cable for protracted experiments) with
excellent results, and we agreed to introduce 1t for the com-
parisons the same night. We found, however, that it was not practicable for a continuance,
because the cable being almost always worked on the simplex system alterations were required if
we wotked by duplex, which were not under our own control, and caused delay and trouble in
the office. We had theretore to content ourselves with the less perfect record of comparison
obtainable with the simplex arrangemeut.

Tried with success, bnt found im-
practicable.

30. I may remark here that our experiments in Bombay included many of which no
Intorference with cable office ar. nptice has been tukcu._ hecaunse it was found that'thc objects
rangements to be avoide, aimed at were impracticable for the above reason, i. e., because
of interference with the usual arrangements of the cable

offices, which it is necessary to avoid as much as possible. '

31. All the comparisons between Bombay and Aden were signalled by Mr. Dond at
Bombay, and by me at Aden. At Suez, where the observatory
was a mile from the cable office; Mr. Neuville did the
signalling with Mr. Bond at Aden.

32, In the reduction of these comparisons the interpolation of the received, between trans-
mitted, signals scemed likely at first to prove very lahorious,
but as the work went on, the regularity of signalling beeame
so great, that I found it quite Eeasible to use a glass seale of
converging lines, such as we have always used for reading the
chronographic records.  With such a seale the interpulation hecomes very simple, the interval
of B after A being read off at once in decimal parts of the {ape interval A A, and converted
into seconds by multiplying by the known (chronographic) time interval A A. While in
England T was able to have a set of these seales made, and they have proved of the greatest
service.

Execution of comparison,

Reduction of compnrisons.

Glnss scale for reading.

33. With regard to reading off the tape records of comparisons, the question arises as to
the part of each eignal which should he used, and the clioice
lies between two, /., the first departure of the syphon from
the zero line, which we have designated the ¢ initial distar-
bance,” and its maximum divergence, which we call the “ crest.”  The retavdation of the latter
is of course much greater than that of the former, but this affords no argument in favor of
either, so long aa the constancy of both retardatigns is considered equally good.  Celeris pari-
4us, the variations of the greater quantity must he more serious than those of the smaller.
There seoms moreover good reason for suspecting more irregularily i the retardation of the
‘“crests,” as this must surely be more dependent on the manner in” which the key is nsed, the
force with which contact is made, and the interval of time during which it is maintained, a8
also on the state of the batteries and condensers.

For the above reasons I would prefer using the “initial distutbance”” of the received signals,
but unfortunately these are not nearly so well defined as tho crests, and a much greater uncer-

Question ae to the part of the cable
sigual to be used.
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tainty of reading enters. We have therefore made a practice of reading off hoth, which will
afford two complete sets of comparison results with different features, as to which 1 can only
sny ab present, that the retardation by the crests will be ahout double that by the other set,
while I expect the probable errors of crest results to be considerably the smaller. The exact
method of combining the two remains to be decided.

34. The foregoing remarks apply only to the signals received through the cable (B, B,) on
the tape record. Of the transmitted signals (A, A,) the lirst
indication is always used, pot only as more reliable in itself,
but because it corresponds most nearly to the twin signal on
the loeal chronograph. As a large personal equation may probably obtain in reuding these
tape records, its effect has been guarded against by my reading the whole set.

35. There is a feature in the retardation of signals involved in the elock eompanisons as
we carried them out, which calls for recognition, although it
can have had ro appreciable effect on our work of last season.

The situation Wiy Y & ; g B

N M

is sketched in the diagram, showing the cable M N, with retardation R, lying belween the twa
land wires connecting the cable office and the observatory at cach end, the retardations of which
ars called 7 7. Now a signal made at M is recorded on the chronograph at 15, and on the tape
at N, after ntervals » and R respectively, so that (R being always greater than »or r), the
record at N is R—# later than that at [4.  Again the record at M is later than that” at W by
R—r,. Thus it appears that we cannot use this method on the theory of equal retavdation in
both directions, unless we are justified in assuming r=r. As the distances hetween the otfice
and our observatory were only about 3 miles at Bombay, 150 ywds at Aden, and 1 mile at
Suez, this assumption is safe.

First indication of local tape signal
adopted.

Combination of land wire and cable
retardation,

37. Some notice of the points chosen for our stations during the season will be given heve.
Those at Madras, Bellary, 'ombay, and Mangalore were the old
points formerly used as lonzitude stations, the method of fixing
which, by econnection with stations of the Trigonometrival Survey, has been alveady deseribed.
At Vizagapatam a convenient site was chosen, and connected with the Trigonometrical
Aden Survey by minor triangulation with a 12-inch theodolite. At
) Aden Captain Heaviside observed the latitude of the station
with a 10-inch theodolite, and connected the station by a small survey, for which a hase line was
measured, with several points of importauce on the island, ineluding the old pendalum station,
and Lord Lindsay’s station for his chronometrical determina-
tions of longilude lor the Transit of Venus. It wasan object
at Suez to adopt the same point as that used for the ohserva-
tion of the Transit of Venus, when the observatory was placed
. on the mound of earth some 40 feet high, on which the build-
mg known as the Khedive’s Chalet stands. We had no precise dala for the discovery ot this
station, but I am glad to say that Mr. Neuville hit on the exact spot, which I fixed by
measurement as being 91 feet 9 inches from the south-cast corner of the Chalet, and 19 fect
3 inches from a flag-staff on the mound. T afterwards found that Mv. Ilunter, who was in
command of the Transit of Venus party, gave these same measarements for his station as
91 feet 8 inches and 48 feet 6 inches. 1t was this point which had already been connected
longitudinally with Greenwich,

38. There was another station used at Suez by Lord Lindsay’s Transit of Veans party, for
the purpose of a determination of dilferential longitude with
Aden, where the station adopted has been already alluded to.
The point a. Suez was close to the cable office, and was con-
nected with our station by means of a traverse carried out with theodolite and tape.

Station sites, and how fized.

Lord Lindsay’s longitude station
connected,

Transit of Venus station nt Suez.

Lord Lindsny’s longitude station at
Suez connected,

39. Our station at Suez had one objection, arising from the fact of the mound having
ariginally been artificial, though T believe of somewhat ancient
date, in conscquence of which the foundation of the piers
was faulty. This showed itself distinetly in the levelling, which proved that setllement was
gomg on from day to day throughout the observations, and 1 am sorry to say that the
azimuth observations show the same, which affords reason to fear that our results may have
someowhat suffered from this cause.

Bad foundation at Suez.

40. Having now given a parrative of the season’s work, and endeavowred to explain
whatever of novelty has entered into the operations, on
account of their extension by sub-marine eables, T ghall turn
to a few points of interest in the observations generally.

41. At the beginning of this report, I alluded to a change in the mode of reducing the
observations of 18:5-76, which was rendered necessavy by
the discovery of an interesting feature in our personal equa-

Narrative of tho scnson completed.

Reductions of 1875.76.
tion of star trunsits.

When our reductions were approaching completion last year T received a pamphlet, [rom

the United States Hydrographic Office, on clectro-longitude operations and personal equation,
Maching for measuring porsonal in which reference was made to n machine for measuring
oqnation. personal cquations.  This directed my attention to a methad
: for measuring absolute personal cquation Ly means of the
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chronograph, which I had myself devised some years previously, but 'fox.' various Teasons
hiad never carried out practically; and _certamly it cou}d not have been. relied upon to give
results for comparison with the equations obtaining in sta.r observations, because of the
difference of the conditions. This contrivance (somewbat modified on account of the altera-

tions since made in our apparatus) Captain Heaviside and I
Do notion secmlig 0 pow proceded. o use, with the following interesting sesul

viz., that we found our relative equations to vary according
as we observed an object travelling from right to left, or from left {o right.

Now, as we take all our transits in a sitting posture by means of an oblique eye-piece,
it follows that stars north and south of the zenith cross the wires from right to left, and left
to right respectively, and therefore, according to the discovery just made, the observations of
such stars should be combined with different personal equations.

42. A re-discussion of all divided transits, taken for relative personal equation throughout

the season, was then gone throaugh with the stars divided
_ New reduction of personal equation  into two groups north and south of the zenith, and the
for the scason 1875-76. result strikingly confirmed that indicated by the absolute

8. 8
equations. The original equation for all stars having been C — H = + 0064 = -0057,
we now found—

8. &
By north zenith stars C—H= + 0102 £ -0087.
And by south zenith stars C — H = 4 0041 * 0034,
The portion of the reductions combining the star observations by both of us was then
o . re-computed with the two new equations instead of the old
Be-computation, with improvementin oo o it is very satisfactory to note that a marked improve-
results, . .
ment in the general accordance of the final results was
obtained. In earrying this out some difficulties arose from the fact, that when a star is very
close to, the zenith it may le equally conveniently observed either as a north or south star,
whence in many cases it was doubtful how an observation should be treated.

43. Wehave fully recognized this feature of personal equation during last season’s work now
under reduction, carefully noting at the time on which aspect
a zenith star was observed. We also, when possible, adopted
a mean zenith for the two ends of an arc,—say in declination
15°15° for Madras and Vizagapatam, in latitude 13¢,and 17° 30’ respectively—so that, the southern
observer treating all stars south of this mean zenith as south stars, while he at the north
station treated all these north of it as north stars, all transits were taken with the same
aspect at both stations. Besides this, each observer made a practice of taking several stars
close to his own zenith on both aspects, 7. ¢., he observed
(Ench observer’s absolute equation 4]0 gyer the first ten wires as north stars, and then turning
of north aud south stars, known ns the . . . S
X =S equation. round took the last ten wires as for a south star, or vice versd,
and in this way each has obtained a good value of his absolute

cquation between north and south stars for each station. This we call the “ N—S’’ equation.

44. The results for our combined observations for relative personal equation by divided
Relative personal equations by north transits (a8 before) which were carried out on 15th, 15th
and south stars known as C —H,  and 19th December, and on 4th, 5th, 7th, and 9th April,
ad C —H . with both instruments, are also carefully grouped for stars
e of north or south aspect, giving a relative equation for
cach.  These we call “ C —H_ ",  C_—H_” respectively. As we cannot make choice of one
of these as of more value than the other, the method in which we propose treating the whole
subject is this.

Preenutions introduced in  season
1876.77.

All the results of each ohserver will be treated as obtained from north stars, by apply-
ing his absolute N—S equation to his south stars, and
these will be combined by means of the relative equation
C,—H, obtained from north stars. Again, all individual results will be reduced to south
stars and combined by the south star equation C,.—H_, and finally a mean of the two results
will be taken.

1t may be as well to note that this N—S equation i attributed wholly to the fact of the
stars crossing the field in opposite directions. Difference in the rate of motion has very likely
a secondary effect, but on that point I can produce no evidence.

Application.

45. Our personal equation determination of this season is not quite so satisfactory as
that for 1875-76, a¢ in the first place we had not so many
. opportunities of carrying it out, and in the second the
results obtained are not so accordant. After all, however, the whole thing cannot rank much
above a rough approximation when carried over such long periods, with so many changes of
condition affecting the observers. For instance, it is easy to suppose that a week of sea-
sickness will seriously affect an observer’s personal equation.  This must always remain the weak
point of observations for differences of Longitude.

Uncertainty of pereonal equation,

46, Besides the personal equation of transits, there is the probable equation in reading
off the chronograph sheets to be guarded against. Last
year this wae done by taking care that the same person
should read the records at both stations of anv particular picce of work, but that could not be
arranged this season, beeause each observer was able to transcribe a large part of his own

Personal equation of reading records.
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HY
records in the feld.  This equation has therefore been determined by comparing transcripts of

s
the same record by both observers. It amounts to about 0-01.

47. The determination of the azimuthal deviations of the transit instruments has given
more trouble than usual during last season’s observations,
on account of the prevalence of clouds.

To supplement star observations, Captain Heaviside introduced at Vizagapatam a distant
referring lamp, about 4 wmiles from the Observatory, aund I
strongly recommend the use of such a lamp whenever practic-
able, which however is not often the case.

At Aden, where T had great difficulty in obtaining observations of either circumpolag or
comparative azimuth stars (see last report, Art. 24), I put
in practice a contrivance which had oceurred to me for using
a referring lamp at a comparatively short distance. About 500 yards was the utmost available
at Aden, and at this distance a mark viewed through a powerful telescope has so much parallax
as to be quite unfit for observation.

48. I had a tin cap made with a small opening of about 3 inch diameter, and when
this was affised in front of the object glass, a very good
Contrivance for using a near refer-

Contriv image of the referring lamp became visible on the plane
ring limp. of the wires, and therefore without parallax.

Azimuth observations.

Distant veferring lamp at Vizoga-
patam,

Not practicable at Aden.

The explanation of this is as follows. If a small portion only of a lens of long focus be
nsed, the convergence of rays is so slight, that there is a cousiderable range on either side of the
true focus, within which a fairly distinet image will he formed on a screen. Iu the present
case the screen is imaginary, but its position is defined by the focus of the eye-piece, which is,
of course, adjusted to be coincident with the plane of the wires.

The relative positions of the referring lamp and telescope being constant, the position
of the image of the former, seen on the wires of the latter, will vary according to the position
of the small opening in the tin cap with reference to the object glass, as is shewn in diagram
No. 3, (plate facing page.) :

Here O O is the plane of the object glass and F F that of the wires, i ¢, of solar
focus; and f is the focus of the near referring lamp. A B CDand a b e d are, respectively,
transverse sections of the object glass in the plane O O, and of the cone of rays, of which the
ohject glass is the base and £ the apes, in the plane F F.

Now, if the referring lamp be observed through the small opening placed at A, B, C,
or D (the telescope remaining fixed), its image will be seen at a, b, ¢, or d respectively ; and the
closer the referring lanp is to the telescope, the greater will be the distances of a, b, ¢, or d
apart.

49. The collimator being directly in the line between the telescope and referring lamy,

in order to observe the latter (without moving the collimator
or seeing through it), it was neccessary to place the small
opening opposite the extreme edge of the object glass, as at D, and thus the referring lamp
was observed as at d, although really placed on the prolongation of the axis of collimation R f.

Method of observing it.

This is a matter of no consequence, so long as the tin cap is always put on in exactly
the same position, because the referring lamp readings are only treated differentially from
night to night. Thns, if an absolute value of deviation is obtained from star obscervations on
any one night, and compared with a reading of the referring lamp on that night, then by com-
paring the latter with referring lamp rendings on any other night, a value of deviation can he
deduced.  1£ it is required to combine readings of the referring lamp taken with telescope
L. P. K. with another set taken 1. P. W, care must he taken when reversing the telescope to
obtain the following observations: (1) a reading of the referring lamp with the opening in
its old position; (2j a reading of the collimator with the whole object glass Lefore reversal :
again, after reversal, (3) areading of the collimator with whole object glass; and (4) a reading
of the referving lamp with the opening in its new position.

The readings of the collimator (2) and (3) show any change of azimuth which may have
oveurred in the process of reversal, and this, combined with the difference between the readings
(1) and (1), gives the quantity, which must be applied to a set of readings taken after reversal,
m order to make them comparable with those taken before. The difference of the collimated
readings of the telescope micrometer in the two positions 1. P. E., I P. W., must not be lost sight
of in cnrrying out this process. 1t may Dbe added, that the observation of azimuth
heing in view, A, C (or top and bottom) are the worst parts of the object glass to use, while
B, D (at the sides) are the best, hecause errors of position (of the tin cap) in these parts give
respectively maxima and minima horizontal displacements in the image observed.

Nature of stars observed 50. On the land lines measured, we made use, as before, of

& C § observed. . . . -

Lougitnde sturs only for Indian longitude stars only, i e, stars selected without any exact

ares, knowledge of themr right ascensions and observed at Loth
stations.
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For the Aden—Bombay measurement this system was n_ot wholly convenient on account
of the great difference in longitude, because it is, of course, advisable tha_lt the clqck _comparisons
should be taken as nenrly as may be at the mean time of star observations, which is impossible
when the western observer has to wait two hours for the set of stars taken by his colleague at

the east station. We, therefore, adopted a combination of
Combination of clock and longitudo 1, ot yde stars and clock stars, according to which eacl
stars for Bombay—Aden. observer determined his own clock error by well-known stars,
while & small group of longitude slars was also taken by both. Between Aden and Suez the
difference of time is only 49 minutes, but here, on the other
hand, there is nearly 20° difference of latitude, so that the
same set of stars would have a very northerly average position at Aden ﬂl'ld the reverse at
Sueg, which is objectionable on account of deviation errors. For this reason it was considered
best to confine ourselves to clock stars.
51. Between Bombay and Aden we only used the new cable for elock comparisons,
because a fault which at that time existed in the older cable
Which cable used. made it difficult to work through, and unsuitable for our pur-
pose. Between Aden and Suez we used the two cables nearly equally.

55. Mr. Pogsou, Government Astronomer at Madras.
gave me, as usual, every facility for carrying out my work
Mr. Pogson. at his Observatory.

Mr. F. Chambers, who was acting for his brother,
Mr. C. Chambers, in charge of the Observatory at Colaln,
was also most obliging and anxious to meet my wishes on all points.

56. T have, as usual, to acknowledge the greatest courtesy in meeting our wants from all
the officers of the Telegraph Department concerned. In the
matter of electro-longitude work, the Great Trigonometrical
Survey owes much gratitude to the members of the «ister
department, from their late lamented chief, Colonel Robinsom, R. E., downwards, for hearty
co-operation and assistance.

57. When we began the cable operations, the Directors of the Eastern Telegraph Compan y
were good encugh to allow us the free use of the lines for our
observations, and also gave instructions that we should be
allowed every facility, provided the traffic were not impeded.
These instructions were most liberally interpreted, and the amount of work which we were
allowed to do with the cables often surprised me. The fact of the duplication of the cable
baving just been completed between Suez and Bomlay was, of course, a great advantage to us
in this respect. We met with the greatest attention in all the offices, viz.,, at Bombay, Aden
and Suez; everything was done to assist us, and much interest seemed to be taken in our
progress. To Messrs. Smith, Stacey and Tuck, Superintendents at Bombay, Aden and Suez,
respectively, our thanks are particularly due, most eapecially to the first-named, in whose office
the preliminary experiments were carried out, and the delays at first starting experienced.

58. I am also very grateful to Dr. Muirhead, who was in Bombay when we first entered

Dr. Muirhead. on the work, in which he took a lively interest, and was
) always ready with advice or assistance in making experimente.
Dr. Muirhead was not officially connected with the cable, but being the inventor of the artifi-
cial cable—a set of condensers ranged on shelves in the office, so constructed as to give an
exact imnitation of the real cable as regards resistance, leakage, &c., by which the balance is
obtained for duplex working—he came to Bombay to see it brought into use with the new
Bombay—Suez cable, the laying of which was only completed last March.

59. The British Consul at Suez, Mr. West, was very obliging, and assisted us in many
ways, particularly in getting us permission to use the site we
desired, and to build upon it ; in procuring workmen, and also
in passing our instruments through the Custom-house without delay.

Clock stars only for Aden—Suez.

Personal ocknowledgments,

Mr. F. Chombers.

Officers of the Indian Telegraph
Department.

Officials of tbe Enstern Teclegraph
Company.

Mr. West, H, B, M., Consul at Suez,

60. When in England on privilege leave I took the opportunity of visiting Greenwich,
in order to describe what we had done to Sir George Airy.
I took with me specimens of the chronographic and eable tape
records, and explained our system of comparing clocks. Sir
George showed the greatest interest in the matter, and was good enough to express great-admira-
tion of our records.

61. 1 then ventured to express my opinion of the desirability of extending these oper-
ations, by which India is now connected with Greenwich, to
the Australian colonies, a question into which the Astronomer
Royal warmly entered, and at his request I afterwards furniched sketch estimates of the expense
which would be incurred if such operations were at any time carried out.

1 cventually pointed out that, by the system which we had adopted, extended as described
in peragraph 46 of this report, but somewhat modified and complicated because the syphon

Visit to Sir George Airy at Green-
wich,

Question of Australrsian longitudes.
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recorder would not be available, it might be hoped to connect Madras and Adelaide with only
one astronomical station Letween, as shewn in the diagram—

g
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Cable about 2,400 m. about 480. aboat 1,100. about 2,000 miles.

Direct signalling would probably be practicable through the cables joined up between Madras
and Batavia, so that the measurement might he made in one operation with astronomical
stations at the two ends. Then the section Batavia to Adelaide might be measured with only
signallers at the ends of the intermediate cable (as described in paragraph 85).

It is true that the land wire of about 2,000 miles across Australia might be a formidable
section to work through, though, considering the dryness of the climate, T have but little doubt
that it would be practicable. This point, however, does not affect the question, as it may be
taken for granted that no Astronomer will ever visit the centre of Australia (in our time
at least), in order to provide an intermediate station of observation on the telegraph live, and
if the distance should prove too great for direet signalling, the work will be done, if ever, by
means of introducing relays. This could be carried out just as well on the system now under
discussion as with an astromomical station at Port Darwin, only one would advocate the pre-
caution of introducing, between Banjiwanji and Batavia, as many relays as might be used in
crossing Australia, in order to obtain nearly equal retardations on these two land lines.

Extract from Supplementary Narrative Report, dated 16th January 1878, of Captain
(now Major) W. M. Campbell, R.E.

Since writing my Narrative Report, the reductions of last season’s wo.rk_have been com-
pleted and tbe results arrived at, which I have now the pleasure of submitting, and I shall
take the opportunity of making a few additional remarks which have suggested themselves
during the progress of the computations.

As regards clock comparisons and the transcript of two sets of sigusls, viz., those
afforded by the ““initial disturbance” of the syphon, and
by the ““crests”” of the waves, the results have horne out the
expectations expressed in the body of my report. The crests give results with smaller proba-
ble ervors, but their value of retardation, while about twice as great as that by initials, is
also not nearly so constant.

A feature bas been found which was not thought of at the beginning of the work, viz.,
a constant difference between the iwo ends of the cable, in the
interval of time between initial and maximum (or crest)
disturbance.

This we have called the  wave or syphon time,” the alternative designation heing em-
ployed because of the doubt existing as to the exact nature of the interval, which seems to
arise from a combination of two causes—

(1).—A cable requires time to take up its maximum charge, which may be called the
“wave time;” and this time is dependent not only on the
state of the cable, but on that of the batteries and condens-
ers, and on the mode of using the key.

Clock comparison by cable.

Wave or syphon time.

Causes,

(2).—According to the adjustment of the syphon, the same current from the cable will
prodnce a greater or less disturbance, and the interval between initial and crest effects on this
account is called “ syphon time.” This interval will depend on the state of the batteries
of the electro-magnet, of the syphon-recorder, and on the suspension of the syphon itself.

1t need hardly be remarked that the different values of this interval at the two stations

Eftect is an important matter. If it arises wholly from wave time,

eea. the initials of signals are probably least, if at all, affected,

and would therefore give the Dest results. If, on the other hand, it were due to the sypbon

time only, it might be considered that the syphon making the greater excursions would start

sooner, and continue the movement later, 7.e., that the initial movement of the one would he

nearly as much before that of the other, as the crest would be later; and in this case the mean
of the two would probably give a result nearly cleared of the effects of the difference.

I am not prepared to advance a decided opinion on the best treatment. I helieve that
the wave time is the more probable rource of the difference,
and that, therefore, the initial results are to be preferred. I
lield this opinion from the bLeginning, but the iden of syphon time did not eccur till later, and
it now seems to me that it is probably to a certain extent responsible, particularly as a slight
inspeetion of the record shows a marked relation between the difference in the Leights of the
waves, und the difference of the wave or syphon time, at the two stations. On the other

Treatments of reaults.
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hand, there is the fact, that when the cable was changed in the measurement Aden—Suez, the
sign of the wave time difference was reversed, although the same recorders were used as before.

The difference of clocks has been taken out in two ways—(1) by using the initial signals
only, and (2) by taking.a mean between the initial and crest results.

The difference of longitude has, however, been deduced only from the ““initial disturh-
ances.” 'This is somewhat arbitrary, and it would be satisfactory to obtain an opinion as to
the bhest treatment, by an electrician who should have access to the results of all battery and
cable tests, taken while our work was in progress.

Such an opinion, so far as I have been able to get it, viz., from Mr. Smith, Superintend-
ent of the Eastern Telegraph Company in Bombay, who, however, was not so thoroughly ac-
quainted with the facts as desirable, 1s in favor of the course adopted.

In the present case it is after all more a matter of curiosity than importance, the quamti-
ties being small, and their signs such that they nearly caucel in the whole measurement
Bombay—Suez.

1 should certainly not recommend both initials and crests being read in future, but initials
only, while a few crests might also be read in order to com-
pare the wave times. Improvements in signalling would
probably make the initials as good as the crests for reading,
and the saving in time would be great, as the transcription of these tapes is very laborious.

Results obtained,

OF the three land measurements executed, two, viz., Vizagapatam—Madras, and Vizaga-
patam—DBellary, combined with Madras—Bellary, measared in
1875-76, complete a circuit,” the closing error of which is
00410018, This is disappointing, inasmuch as it is considerably greater than any similar
error of the work done in 1875-76, but I cannot consider it surprisingly large. Unfavourable
weather may have something to say to it, cloudiness being certainly likely to interfere with
even the observations obtained. For a plausible explanation, however, we need not look farther
than the uncertainties found to exist in our personal equation, as the difference between its
values by the determinations preceding and following these measurements amounted to (*:053
and 0045 for Cy—Hy and Cg —Hs respectively.

It is true that the equation affected both these arcs with the same sign, but the question
is onc of constancy, and the uncertainty seems quite sufficient to account for diserepancies of
002 or 0+03. Indeed, it may probably be assumed that any agreement within 0*03 is more
or less fortuitous.

"I'he arc Mangalore—Bombhay, combined with Madras—Bombay, measured in 1875-76, and
Madras—Mangalore of 1872-73, affords another circuit, the closing error of which amounts
to nu less than 07354, the measurement of 1872-73 being in defect.

This is contrary to my expeetations, as I hoped to find a close agreement, proving that
the eftect of the faults of No. 2 telescope during 1872-73 had been nearly ecliminated in the
whole measurement. I can only regret now that I was rash enough to make any prediction
rezarding the results obtained from that telescope in the condition it was in at the time.

"The longitude of the Madras Obscrvatory, which results from combining our measure-

ments between Madras and Suez, with the longitude of Suez
supplied by Sir G. Airy, is 5 20" 59, 416, heing 2116 in
exvess of the value hitherto adopted, as given in the Nautical Almgnae.

The cffect of the season’s operations is therefore to remove India, theoretically, about 2,000
feet farther from England !

R dati for guid: in
future,

Reeults of the season’s work

Final longitude of Madras,

Tables of our results, with explanations, are appended
to this report.
In these are included the elements of certain points fixed by triangulation at Aden, the

data of origin Leing our longitude determination of this year, and the latitude observed Dy
Cuptain Heaviside. 3

. The p'osﬁm_n (by onr t_rnverse) ot tl_lc point at Suez used for determinations of longitude,
in connection with Lord Lindsay’s transit of Venus Bxpedition of 1874, is also given.

The uncertainties of personal equation must, I fear, always remain the great bar to ob-
-taining in longitude obscervations, a degree of accuracy which
will compare favourahly with that arrived at in the Lest deter-
minations of latitude, Lut there is room for improvement,

und T hope the next series of observations entered upon will find us better armed against this
our worst enemy. °

Tables of results.

Personal equation the limit to aceu-
ey,

There has alwaye been a weak point in the diffevence of power used with the two tele-
Determination open to improvement,  SCOT¢S, owing to that of one eye-picce being about double that
o . of the other. We have done what we could to obviate this

Ly determinming personal egnation equally with both instruments, but this could, of course, only
Mathematical Tnstrument  Deyart. 1)(“ looked on as a rongh remedy. A new eyc-picce has nuw
wekt. heen made in the Mathematical Instrument Department, Cal-
_ ) _ cutta, of the snme power as the best of the oviginal pair, and
this should bring the circumstances of personal equation as determined, much more in accord
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with those exsting during actual observations, and it may be hoped will effect a corresponding
improvement in results.

Another minor point has been attended to by the addition of a few ordinary spectacle
lenses, sliding looscly in a cap to be put on the eye-picce, so as to allow of the same focus of
the eye-piece being uscd for two different sighted observers when taking divided transits, one
observing with the spectacle lens and the other without. The focus of the eye-piece cannot
be changed while taking such observations,and we have hitherto only becn able to work in
that way because the observers happened to have nearly the same cye-sight.

The great desideratum, however, is some contrivance for measuring absolute personal
equation satisfactorily.

I have designed a simple instrument for this purpose, which I hope will answer the chief
objects in view, viz., to afford a close imitation of a real star traunsit, and to be easily brought
into use during any available interval of a few minutes’ duration. A detailed description cannot,
be given here; suffice it to say, that an imitation star will automaticully record on the chrono-
graph its transit across a series of wires, while the observer records the same events in the
usual way.

This instrument is now being constructed in the Mathematical Instrument Department,
Calcutta, and I propose calling it an” “idiometer,” for which name I am indebted to Major
Herschel, R.E.

dbstract of Final Resulis of 1875-76.

Crircuir L.
m 8 8

AL Bolaram—Bombay ... . 22:48'849+-0059
»  Bellary—Bombay oo 16:26959+-0114
Deduced 6:21'856_"—"62—8
»  Bolarum—Bellary { Observed . 6:21883=0121
Difference ... . 0-007%:0176

Circuir II.
AL Madras—Bolarmm . e 6:54:692+.0109
»  Madras—Bellary ... 13:16°563*0112
Deduced ... 6:21-871+-0156
»  Bolaram—Bellary .. { ooy . 6:21'883-0121
Difference - 0-012+0198
e —————— 9

Cincurrs I anp II coMpIRED.

AL Bolarunm—Bombay . e . ... 22:48-849%-0059
» Madras—DBolarum . . 6:54:692%:0109
» (1) Madras—Bombay ... s 29:43:541%0124
»  DBeliary—Bombay . 16:26:959%£-0114
»  Madras—Bellary .o 13:16-563%= 0112
»  (2) Madras—Bombay ... e 29:43-522%:0160

Difference between (1) and (2) 00190202
Mean of (1) and (2) o 29:43534%0101
o

Cireurr 111, 1872-73 and 1875-76.

A i Madras—Bellary ... 13:16'563x0112
» Bangalore—Bellary . . . 2:37-364+"0126
»w Madras—Bangalore deduced oo 10:39-199%-0169
" Do.  mensured in 1873 o 10:39°043%:0102

Difference v 01560197
—— .

i}
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Erplanation of terms used in accompanying stalements.

Cy—Cs: Hy—Hjs, respectively, indicate Captain Campbell’s and Captain Heaviside’s
absolute equations between the observations of stars of north and south aspeet,
(see report, para. 43). o

Cy—-Hpy: Cs—Hg, are similarly the relative equations for combining the observations
by both officers of north and south aspect stars (para. 44). -

AL is generally, “difference of longitude.”

ALy : ALg, are values of AL deduced from observations of all stars ; where observation
of stars of south aspect are reduced to morth aspect, by the equations Cy—Cg
Hyxy—Hg, for ALy, und vice versd for ALg (see report, para. 44). -

C,—H,, is the transcribing equation (para. 486).

p is the retardation of signals between stations on land lines.

Deduction of final values of Captaing Camphell and Heaviside's relative personal
equations, Cx—Hy, & Cs—Hs.

By Stans oF NorTH ASPECT. By Stans oF SoutH Aspecr,
| Mean Value| Weight [Mean value| Weight
Dalte. | Telescope. | € —H (@)X (w) C‘—HB (@) x (1)
: (a) (w) (a) (#0)
l
1876. ‘
! s s
December 151k - No. 1 +0'14 38 4712 +0-057 48 2736
»  18th « | Ditto. ‘125 56 7000 069 38 2622
”» 19th No. 2 150 64 9600 071 28 1'988
Sah B ‘ 8
General Menn =———"= 40135 40064
-
i ‘ i
1877 f . ‘
April 4th w.| Na.2 +0085 ( 9 +07e5 | —0028 23 | —0644
: |
,  Oth j Ditto 025 \ 93 2139 004 222 ‘888
.+ Tth v ! No.l 052 ‘ 65 i 3380 02| 35 875
i i
L, 9th ... i Dittn — 027 | 2§ —0621 ‘042 | 303 12726
! I
I Sa b 8
| General Mean = 3 aw—'z + 0030 —0'8026

Finnl values adopted.

For Iand measuremcats, carried out between December 1876 and April 1877, means of the
above are adopted, riz.:—

Cx — Hy = + 0083, Cs— Hg= + 0-019,

For cable measurements, executed subsequent to April 9th, 1877, the lnst determined values are
adopted, viz..— )
L] L]
Cyx — Hy = + 0030, Cs — Hg = — 0-026.

The values of ench observer'’s N—S equation are as below :—

L]
for arc Vizagnpatam—DMadras Hy — Hg= 4+ 0015, Cy -- Cg = + (;-077,

" " —DBellary " + 0:033, " + 0-055.
" Mangalore -—Bombay ' + 0026, » + 0-046.
" Bombny —Aden » + 0-006, ) + (r074.

Aden —~Suez ” + 0022, :, + 0058,
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Alstract of Results, 1876-77.

m L] L]
AL Vizagapatam—Meadras 12: 9“7851:0'012
” Vizn.g:,]pmtam—ﬁellu,ry 25:26-389=%0-008
Deduced 13:16:6040-014
» Madras—Bellory {ozs:weed 187576 ... 13:16-56320-011
Difference ... 0-041+0018

u;_ 8 8
AL Mangalore—Bombay 8: 73690013
» Madras—Bombay, observed 1875-76 29 :43'534x£0°010

a ' 91:36:165£0:016

Deduce
” M“W-M““g““”e{ Observed 1872.73 ... - 21:35:81120-014

Difference 0-354+0-021

Results of Seasons 1875-76 and 1976-77, combined to afford finalvalue of &L Mudras— Bombay,

The diagram shows the measured
arcs available for the deduction, and
the quantities are as below.

A Measured in 1875.76 = 16:26959'£0-011°

C = 22:48-849+-006
D= 6:21-883+012
=(C=D) deduced  ,, = 16:26-966+0:013
Measured - 13:16-5630-011
E= 654692011
D= 6:21:883+-012
B =(E+4D) deduced " = 13:16:575+0-016
F = 25:26:389£-008
G=12: 9785012
B =(F—G) deduced 1876.7 = 13: 16:604%0014

= b

Whence, using combinalion weights.

AL Madras—Bellary, Mean A = 16:26-96220-009
AL Bellary—Bombay ,, B = 13:16-5780-008

AL Madras—Bombay, A + B = 29:43-540%0-012

The measurement D enters twice in the above deduction, which therefore ia not guite rigorous.
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Resulting value of the longitude of Madras.

ko om, s
" Longitude of Mokattam, East of Greenwich I - | 2:6: 6320 Suppligd by ir
» o Suer » w Mokattam ... w| 0:6: 8017 ) U Ay
" » Ad P e :49: 42+
Aden w » Suez 0:49:42:656 33 Survey,
» » Bombay w » Aden - - - 1:51:19-983 1876.77
w  wMadms , , Bombay .. w| 0:20:43500 }Gp T Surves,
Longitude of Madras east of Greenwich e - 5:20: 50416

ko om. s
The longitude of Madras as given in the Nautical Almanac =5 : 20 : 573,

Aden Iriangulation,

Latitude. Loungitude,
Elements of the Points,
Longitude station . 12° 46’ 27700 44° 68 5840
Lord Lindeny’s station® - 12 47 1470 44 59 1156
Interseoled Points.
Sham Sham flagstaff ... . 12 46 38080 4 0 4I'86
Residency » e . e 12 46 4511 44 B8 2916
Saluting Pier ,, e reo 12 47 2088 4 5% 5849
Light-ship (outer) ... - 12 47 2045 4 58 1852
Light-house (Marshog) e 12 45 4302 45 3 1974
Renny’s flagstaff . e e 12 47 3638 41 58 4269

® The outer wall of the room in which the penduluws were swung by Captaln Hoaviside in 1879, 18 88 foet distaut from this station,
Jo s direotlon 27° 10" west of south.

At Suez.

The pillars used for the longitude observations in connection with Lord Lindsay’s Transit of
..
Venus expedition of 1874, were found by traverse to be 0-025 west and 23" south of our longitude
station. Whence their—
M, 8.

A.
Longitude=2 : 10 : 13212, and latitude (approximate) 29° 57" 56.”

At Colaba, Bombay.

&
The transit instrument of the Colaba Observatory was found by measurement to be 0°134 to

the west of our longitude station.  Whence—

h.m.  »
Longitude of Colaba Obscrvatory transit instrument=4: §1: 15742 cast of (ireenwich.
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2 b
Mean resulis regarding the retardation of signals through the cablee.
! RETARDATION ACCORDING TO CURIRENT
AT BACH (EAST OR WEYT)
STATICN.
The quantities tabulaled are halres of the double _retardations Pn.:lt]:‘\.l'"sti.snnl
to and fro deduced from the clock ¢ mparisons, 4 . L . E w. E - E w.
+ - - + = = 4
BowBAY—ADEN
Ll L4 s L4
Tnitial ... 0285 0273 0262 0256
New cable) length 2172 miles
oo ) lengt { Croest, . 0533 0482 0505 0549
ADEN—S8UEZ .
Initial ... 0306 0294 0299 028G
Old cable, 1685 miles... . i _ o B
Crest 0. 57 0533 0547 0541
Tuitinl ... 0°266 0270 277 0258
New cable, 1663 miles ...
Crest o517 | - 0499 0499 0516
K N

Ware or syphon fimes.

! N. of volues of ench
ViLURS aT - IR . sign.
Aven and cables, T TR T erameen wany. | e
Eosl. West, | + _
BoMpAY—ADEN
) s F> 8. s
New cable = 0266 0-209 40047 4185 —036 53 15
0Old cnble 0230 0266 —0036 —235 + 008 1 27
ADEN - 3UEz
New cable 0210 0241 —0001 —051 +098 10 10

Extract from the Narrative Report, dated 16th January 1878, of J. B. N. Henuessey, Esq,,
M.A,, in charge Computing Office.

On Mr. Cole’s departure on furlough, 21st March 1876, the Calculating and Printing
branches of the Computing Office were placed under Major' Herschel, and the Drawing and
Photozincographing branches under Captain Thuillier. This arrangement continued in effect
until the return from furlough of Colonel Walker. Shortly after, I was directed to resume
charge of the Office in all its four branches : Captain Thuillier then reverted to other duties;
but Major Herschel continued to render aid in the supervision of the Caleulating and Printing
branches until the reduction of the North-East Quadrilateral was completed.

6. The following cost-table of work done in the Caleulating branch is similar to the one
Calenlating branch exhibited last year ; it differs from its predecessor in that, the

wicnlating branch. number of classes of work has been reduced, by suitable
grouping of the former clasees, from 15 to 10 :—

Cost-table in Rupees.

i
"

— ~ - = _. === - ; - - = E

i ! E v B ! g [

o8 3 = . . - 13

CLASSES, B ! B ! ] | z -§ | 5 o 2 ! > g ‘g ;8‘

= e Vv =z i 5 K] =2 el El 33 e 3

02 13 0 = 0= = = = R

” g | | : & 1L

! . | i e
. ! L

1. Records, Libmry 10 | 241 192 214 ! 132 209 l 104 80 115 66 i1 53
2. Computations 439 1 B4 505 | 464 2wa | 213 a8y | 426 | s24| 259 | 240 18

3. Accounts, returns, corre- [ ’

apondence 151 102 161 280 | 06 342 265 304 are 617 209 13

4. Supply B 107 6R . 6N 66 . 75 67 51 30 58 63 57 3
6. Press copy ... | a6y 323 190 170 | 18| 2831 419 a2 | 32w | 345 | 4l9] 16
8. Presa proofs .| 3| o3 I 168 1 955 1 400 | 290 | 409 | 402 | 465 | 458 | a7 | 17
7. Charts 159 ¢ 120 33 10 115 63 27 9 0 V] 51 2%
8. Stationk ... 78] 58 y 67 121 Al 35 71 41 a0 18 69 34
9. Leave, Holiday .o] M6 858 670 | 323 | NY | A0l 150 £%3 30 | 13z | 202 13
10. Metcorology, Miscellaneous; 146 | 58 ' 74 124 i LB8 255 242 210 197 2049 9225 i)
U | ! —_— . —— e |- _— ——

Totare 12127 12007 (2,127 12127 (2127 | 2,027 |2,127 2,127 12,127 {2,027 12,127 | 1,00

L |




DIAGRAM TO ILLUSTRATE REPORT ON LONGITUDE OPERATIONS.

by Major W.M. Campbell, R.E.,
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7. The following particulars are duc to the classes named in the foregoing :—
Calculating branch. Tarticulars of (l) Records, Library.—The crowded state of the rooms
work. available compelled the adoption of contrivances for affording

all practicable relief.  Every year brings a sensible accession to our field records, as each exe-
-entive officer makes his annual deposit; to this, add the considerable quantity of printed
matter, amounting, in the 11 months under review, to no less than 3,35,000 prints, and some
idea will be formed of the space required for stowing away the docuinents, eo that they ahall he
ssafe and accessible.  The simultaneous reduction of the North-West and Sonth-Kast Quadri-
laterals afforded an opportunity for packing away their original records; this has been done in
convenient vacks, after snitable paging, indexing, &c.; and it is further intended to roughly
bind these papers in course of time.

8. Clanse 2—Computations—

N. E. Q-—Reduction taken up at elimination from 39th cquation, and concluded.

8. E. Q.—Reduction of South Déresnitth and South Malinchia Serivs begun and concluded.

N. W. Q.—Reduction of Jadhpur Serics carried #s far as computation of co-efficients of the ervora Y, Z.
S. W. Q—Data collected (in part) for investigution of final weights,

Principal Triangulation in general (in duplicate).

Weights, computed 7
_ Spherical excesses. computed 42
Reduction of simple figures, computed or corrected ... 6
" of compound " " 5
Triangles, computed or corrected o 1464
“ arbitrary corrections applied in - w100
Latitudes, longitudes and nzimuths, computed (single deductions) o 184
" " " " (2nd deductions) ... .. 624
. " " corrected “ 71
" ' " computed (3rd deductions)... 84
Heights, corrected and adjusted 73
Azimuths (astronowieal), computed .. 3
. " partly computed 32
Non-circuit azimuths, computed or ¢xamined ... 1,912
Auxiliary figures, computed 64
Secondary triangulation in general (in duplicate).
Traverses, computed 1
Triangles, compnted and adjusted .. 126
Latitudes, longitudes and azimuths, computed or corvected e 179
Heights, corvected 108

. Class 3.—Accounts, returns, correspor{dencc, as usual.
10. Cluss 4.—Supply. Data in manuscript has been supplied to 21 officers; and abont
680 despatches of maps, charts, forms, and books have been made.

11. Class 5.—DPress copy.

N. W. Q.—Re-transcribed, revised and compared degree lists 29 to 40 of North-West
Himalayn series ; and prepared a general alphabetical list of names of all the stations and points
fixed on this series.

8. Ji. Q.—Azimuthal observations completed. Some re-transcription and a good deal of
re-comparison fonnd necessary in the matter set up for the synoptical volumes. Differences of
height and height above mean sea-level revised for the East Coast Series.

N. . Q—Orthography of principal stations examined and vevised ; alphabetical and
numerical lists prepared for the Assam, Last Calcutta, Brahmaputra and Eastern Frontier
Series.  Deseriptions prepaved for the Budhon, Rangir, Karirs, East Calcutta, Brahmaputra
and Rastern Frontier Serics. Reduction of figures, principal triangles, and synopses of
latitudes, longitudes and azimuths prepared for the eutire quadrilateral; and differences of
height about half-ready. Abstract of angles prepared for the Budhon, Rangir, Assam and
Brahmaputra Series ; and the table of ¢“ sums of squares” prepared for the Assam, East Calcutta,
Brahmaputra and Eastern Frontier Series.

S. W. Q.—Alphabetical and numerical lists prepared, and descriptions of stations partly
prepared for all the series of this quadrilateral ; also abstract of angles prepared for the Bombay
Longitudinal Series.

Southern Trigon.— Abstract of angles prepaved for the South Koukan, Mungalore, and
Madras Meridional and Longitudinal Scries (needs comparison to a lavge extent).

Miscellaneons.—Central Provinces, Hyderabad and Bombay, authorized lists of spellings of
proper names re-arranged alphabetically foroffice use.  Copy of spirit levelled heights, No. 2
Southern India, examined prior to sending to press. Introduction to volume of the Great
Are Scrics, Section 18° to 247, and Appendix No. 7 to Volume II of the Account of the Opera-
tions, &e., prepared.

12. Cluss 6.—Press proofs.  These nre not susceptible of explanatory remarks. An
estimate of the labour involved is supplied by the fact that 17 per cent. of the entire working
power of the Calculating branch was necessarily absorbud by this subject.
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13. Class 7.—Charts.

[SEasoN 1878-77.

Preliminary

Final.

Comfed or skt | xmind o
Pages. Sheets.

. ( Madras Const and Ceylon Connaction, Season 1875-76 . 5 1
Jodhpur Series, Season 1875-76 ... .. 3 1
Jeysulwere and Balmer Minor Series, Scason 1875-76 . 5 1 .
Eastern Frontier Series, Season 1875-76 . 7 1in part.
Thayetmyo, Prome and Myanoung Triangulation, Season 1875-76 ... 9 1
Pegu. Rangoon and Const Triangulation, Season 1875-76 8 1
Assam Valley Triangulation, Senson 1875-76 [P 1 in part,
Charts of Spirit Levelling Operations, Nos, 18, 19, 26, 39 .. 2 1 .
Index Chart of 8. W. Q. Triangulation . % 1
Chart shewing all the principal stations in Hyderabnd ... e 1
Chart to illustrate Spirit Levelled Heights, No. 2 Southern Todin ... 2
N. W. Himalaya Series, Degree Sheets Nos. 22 to 40 ... . 11
Reduction Chart, S. E. Quadrilateral .. 1
Great Are Series, Section 18 °to 24°, No. 2 ... . 1
Bilaspur Series, No. 1 . erens 1

14. Class 8.—8tations. Ten duplicate lists added, making a total of 323 settled districts

accounting for 3,010 principal statious, and leaving about 20 districts yet to be settled.

new lists accounting for 14 stations, and 42 dupleate o

pumbers comparable.

Four

5 ) ) ) v supplementary lists deseriptive of
292 stations supplied (several in duplicate) to district officials, v P °

TYPOGRAPHIC BRANCH.

16. The work annually performed or proportionally deduced may be briefly stated thus
where the unit of a page is as heretofore taken at a certain standard size to malte the total

1872-78. 1873-74, 1874-75. 1875-70, 1870-77
Pages composed 1,420 1,220 *1,319 #1,179 *1,535
. printed 273,157 398,120 #372,647 #349,000 495,573

The total pages composed during the eleven months under review may be sub-divided thus—

For volumes of the Great Trigonowmetrical Survey ...

Charts, memos., &ec.
Annual Report
Pamphlet of spirit-levelled heights

1,098
200
88
21

Total

1407

The large increase in the out-turn of printed pages is partly due to fortuitous circumstances.

PHOTOGRAPHIC BRANCH.
17. The [ollowing are details of the worl executed by this Braneh,

Maps.

BussECT. When published, ;'n‘:;t:_f Ne. of coples
Prints of maps published in former years . e 46 1,437
e e | R I
Ranikhet Map, Skeleton, rednced » ;: -_ 1 69
Guzerat Survey, Shect No. 14, Section 16 ” e 1 112
Dehra Ddn and Siwalik Survey, Sheet No, XVI }For Forest De- { | November » e 1 142
" “ ” w. . w n»n XVIL) partment { " o e 1 149
Index to Dehra Diin and Siwalik Survey " v e 1 424,
" Jaunsar Survey . .- » " 1 428
Spirit Levelling Operations, No. 42 . . " 1 115
Runikhet Map, Contoured, reduced .. " ” . 1 a7
Index to Guzerat Survey s ++. | Decemnber " - 1 436

., to Triangulation by the Great Trigonometrical Survey of

Tudia. For Officiating Superintecodent’s Administration
Report, 1875-76 ... " - 1 44
, lo main lines of lovels (reduced seale) “ " 1 423
Route Map. For Captain Biddulph e . w e 1 139
Byragarh Forest Map. For Forext Depnrtment .. - ' oo 1 100
Kuwaan and Gurhwal, Sheet No. 20, Skeleton - " oy 1 168
Debira Ditn and Siwélik Survey, Sheet No. )é_\;(l‘}% - } For Foresi { January 1877 .. i “ﬁ

" ” " ” 4 o b D .t t 1" ” '

. v owoow XXVID.)Tepethmentii - 1 145

* Avornges far n (Welve-month,
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Maps—continued.
8upazor. When published. ::;l:.‘ N“bl‘_’i'ni: .i"
Spirit Leveling Operations, No. 19 - w | January 1877 1 110
" ”» » w 25 » woooa 1 109
nw 4l " w o e ] " 107
Index to Kntfywm- Survey . " w e 1 400
Hyderabad Territory, Skeleton Map, shmvlnﬂ' Sub- dlvmons nnd
Great I'rigonometrical Survey Principal St:mons ™ " 1 95
Index to Triungulation, S. W. Qundrilateral . « | February » - 1 29
Dehra Diin and Siwalik Survey, Sheet No. XLI. For Forest De.
partment . . " 1 133
Kumaun and Gm-hwnl Sheet No. 2], Contoured e " I 1 108
Guzerat Survey, Sheet No. 81, Section 7.. ... | March " - 1 106
" ” »ow 14, 13 " P 1 119
14, , 15. " " . 1 107
Kattywnr Survey, Sheet No. 36 ' " . 1 135
Dehra Diin and Siwalik Survey, Sheet No KXXV For Forest
Department ... - . | April o 1 14C
Guzerat Survey, Sheet No. 81, Section 15 w | wo e 1 107
Kattywur Survey, Sheet No. 45 A " 1 134
Dehra Din and Siwilik Survey, Sheet No XXV " . R 1 142
Kumaun and Garbwal, Sheet No. 19, Skeleton " " - 1 165
Mussoorie and Landour Survey, Sheet No, 13, Skeleton, 2nd Edition " . 1 a5
w » Contowred » o e 1 37
Kattywnr Snrvey. "Sheet No. 10a Moy " . 1 136
Kumaun and Garhiwal, Sheet No. 11, Skcleton " . . 1 165
" ” v 2 » v o 1 166
» » » w30, ”» | o » 1 163
“ " w o w o w " " . 1 170
Guzerat Survey, Sheet No. 81, Section 8,.. . w o - 1 48
Kattywar Survey. Sheet No. a7 Lt w | June w oo 1 193
Guzerat Survey, Sheet No. 82 Section 2 . O » . 1 86
" " " » 82, o » oo e 1 87
" » " » 81, 16 £ [T wo 1 87
» B], » ld.. [ " . 1 85
Splrlt Levelmﬂ Opcruhons, No. 39 . P " 1 119
Guzerat Suwey, Sheet No. 81 Section 13 - | July M 1 87
» " » oo w 4 S oo 1 90
vo14, . 14 o wo 1 85
Spmt Levehnfr Opemtlons, No. 26 [ v 1 111
Guzerat Survey Sheet No. 80, Section 16 veo | August w o e 1 89
” " woow 82, 1 " " . 1 87
,, o T e .3 . - 1 86
14, 2 " » .. 1 87
Kntty\vnr Survey, Sheet No. 38 " o e 1 136
Route an, illustrating the Mullnh’s explorntmns ln 1876 " " 1 506
Debra Diin and Siwalik Survey, Sheet No. XXX “ » e 1 134
8pirit Leveling Operations, No. 13 September  ,, " .. 1 110
Mussoorie and Landour, Sheet No. 19, Sl(eleton 2ud Ldltmn » s 1 36
. " " » 19, Contoured " " " 1 35
» » v oo 1y, " " woo e 1 40
" " wo w160 " oo 1 37
Debra Diin and Siwalik Survey, Sheet No. XXII " W 1 143
Guzerat Survey, Sheet No. 14, Sectiou 4 ... » oo 1 87
" " » n 18, 6 .. " woooee 1 92
" wooom o My T ” wooe 1 88
Kattywar Survey, Sheet No, 50 . " W e 1 123
Totals 117 12,348

Besides the foregoing, 108 blue-prints were issued, and 189 sets of silver
subjects) were prepared for the use of the engravers and for Executive Officers.

prints (59

Charts.
SupsEcT. When published. ::":'
North-West Himalaya Scries, Degree Sheet No. 7, final October 1876 .. i
» " " " no o 1415, " w oo
" » - v n o b6—6, November ,, .. 1
» ” " " w ow 12, " . " W 1
" " " wooowow 13, " December  ,, .. 1
»” " " " w oo 1012, " oo 1
» " " " w wn 8=9 o | January 1877 .. 1
" " » n o ow 18, » .- " nooe 1
“ " " " woon 16—17, " PR 1
" ”» " N 1) » ... | February  ,, .. 1
" ” " " woow 20, " | » o e 1
" " " " w w21, " " " . 1
Jodhpur Series, Season 1875.76, Numerical - " " 1

No. of copies
printed.

390
376
435
362
356
a7l
377
425
431
376
367
374

67
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Charts—continued.
SunJscr. When published. 1::".:: Noﬁr';:f: fes
North-West Himalaya Series, Degree Sheet No. 22—23, Final .. | March 1877 .. le g(;g
" " w o w s 24 ” " oo
. O Y .o 1 373
" . . A TV .- 1 436
Madrms Const aud Ceylon Conpection Series, Season 1875-76,
Numerical . - Ve . » " 1 66
Jeysuhnerd aud Balmer Serics (Secondary), Season 1875-76, Numer- . o
ical - " .
North-West Himaleya Serics, Degroe Sheet No. 37, Final .. [ April wooe 1 402
" " " s w w 31=35 .. |May w . 1 377
- " " » w o » 3638, ,, .., wooe 1 315
. ” " wooowoow 8034, , .o, - 1 367
" » " w w w 39—40, ,, .. |Jine w oo 1 356
" » " " w8233, , .|, " - 1 382
» " " wowoow 2829, , 0 ), . e 1 380
Eustern Frontier Series, Season 1875-76, Numerieal,.. | ,, " . 1 66
Thayetmyo and Prome Triangulation (Sccondary), Season 1875-76,
Numerical o pe . [ . 1 80
Pegu, Rangoon, and Const Triangulation (Secondary), Season
1875-76, Numerical w o ... | August " . 1 7?
Assam Valley Triangulation, 1875-76, Numerical v " . 1 65
Totuls 30 9,225
Diagrams.
Sonsmor. When published. an":'i{“‘:’d".i“
(| October 1876 .. 483
' November " 466
Polygons and other figures to illustrato ficural reductions for Vols. of the December . "00
Great Tri trical Survey, Bench Marks, &c {|January 1877 . 443
reat Trigonometrical Survey, Bench Marks, &e. February o 255
July v .. 1.928
|| August " 91
Total 3,956
Professional and Office Forms - .. | 187877 ° - 21,384
Contrasting the work performed since 1872-73, we have—
Yoan, Maps. Dlue-prints. | Silver printe, ! Charla. Diagrama. Formu.
e | L
1872-73 o 6,910 Not Not | 2,206 12,055 12,549
reckoned. | reckoned. '
1873-74 9,207 53 o ) 2,027 3,667 28,125
187475 7.040% 20% - 3,015% 3,701* 24,219%
1875-76 . " - 14,025 12 126 1,678 9,722 18,314
1876-77 . 12,348 108 189 9,225 3,956 21,384
An abstract of the work executed during the past five vears stands thus,—
Nuunew of Pawys,
Svussecr. — l
187279, ’ 1873.74, I 1674-76. 1875-76. 1676-77.
Mapa, Charts, and Diagrams . 21,171 14,791 13,756% 25,426 25,629
Blue-prints and Silver-prints Not Not 20" 138 207
reckoned. : reckoned.
Forms . 12,649 ‘ 28,126 24,219* 18,314 21,384

‘The increase in the number of prints of Charte in 1876-77 is due chiefly to the copics
required for illustrating our synoptical volumes; the incrense of maps in 1475-76-77 arises
from a corresponding increase in the number of originals presented for photozincography.

Averages for a2 Lwolve mol

oth.
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Drawing Branch.

(18). The prmclpn.l worl performed in this branch during the 12 months ended 30th Sep-
tember 1877 is detailed in the following table : —

Nuwugs op
EOEGTS ON DJA-
GRANS. Seale
Dascoierios or Wouk, ,__.‘_ 77| 1inch Rewaznns.
‘ i
z £
a 2
T T - i
COMPILATION. Miles.
Map to illustrate explorations made in connection 1 .. g | For Photozine : Reduction to § scale.

with the o]nr.ltumq of the Great Trigonometri-
cal Survey ol India in 1876 by “The Mullab,”
with hill sheling.

Map to |l|n~trnke Captmn Biddulph's ronte from 1 .. 8 Ditto.
Bunji vid Giluit towards the Karambar Pass und
to Hunza, with Lill shading.

Chart to illustrate the Electru-Telegraphic determi- | I 96 Ditto.
nations of differences of Longitude.
Index to main lines o levels by the Great Trigono- 1] .. 40 Ditto. Reduction to } scale.

metrical Survey, 2nd Edition, with correclions and
addilions to 1876.

Map of Trans-North-Western Frontier Region . 1 4 Ditto.

Rough Chart of the South-West Quadrilateral Tii- 1 .. 24, Ditto.
angulation.

Chart illustrating the “ Reduction of the South-West 1 12 Ditto. Reduction to 3 scale.
Q wndrilatern).”

Sketch Map of the Hyderabad Territory, shewing 1 16 Ditto.

sub-divisions and positions of principal stutluns[
of the Great Trigonometrical Sucvey.

Chart No. 1, illnstiating Spirit Leveling Operations 1) .. 10 Ditto Reduction to § seale.
of the Grt-nt Trigonometricnl Survey in 1873-74.
Chart No 2,illustrating Spirit Leveling Operations 1 . 12 Ditto ditto 4 scalo.
of the Great Trizonotuetrical Survey in 1874.75.
Sheet No. 13 of Spirit Leveled Heights 1 2 Ditta.
0. ., 19 do. do. ... 1 2 Ditto.
Do. ,, 26 do. do. .. 1 2 Ditto.
Do. , 39 do. do. . 1 9 Ditlo.
Do. ,, b3 do. do. 1 2 Ditto.
Do, ,, 69 do. do .. w o 1 92 Ditto.
Do. ,, 2 Dchra Din and Siwdliks 1 1 Ditto.
Do. . 24 do. do. BUIVEY  w 1l .. 3 Ditto.
Do , 32 do. do. do. . 1 1 Ditto.
Do. ., 40 do. do, do, 1 1 Ditlo.

FiNaL Cmaerrs.

Great Avc Series, Section 18° to 24° (S dary Tri- 2 4 Ditto Reduction to § scale.
angulation,)

Bllrmpur Meridional Series 2 N 4 Ditto ditto.

Calentta Longitudinal Series . 3 4 Ditto ditto.

Jubbulpore Meridionnl Series 2 4 Ditto ditto.

Bider Longitudinal Series 2 4 Ditto ditto.

Poerisinany Numprricat CHanTs.
Jeysulmere and Balmer Minor Series, Season 1875.76 1 4 Ditio.
Sccondary Trinngulation—Pegu, Rangoon, and Const, 1 4 Ditto. '

Senson 1R75.76.

Secondnry Trinngulation—Thnyetmyo vid Prome and 1| .. 4 Ditto.
Myanaung towards Baesoin and Cape Negrais,
Senson 1875-76.

MISCRLLANEROUS.

Examined and reported on 55 fair original maps of
Konoun and Garhwil, Knllywm, Guzerat, and
Dehra Dhiin and Siwaliles Surveya ...

Examined 118 proofs of Maps and Charts

Colored 6,313 Maps

(19). Tn nddition to the foregoing duties, stock was taken in all the four branches, us
Puking Stock usnal slmrtlv after 1st Jnnuary, of all records, books and
g Stoek. stores Lelonging to the office.
(20). Tables of monthly meteorological results are here.
with appended as usual.

Meteorolugicnl results
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Mean Velocily in miles of the winds whick blew af Delra during 12 months of 1876-77 for each
‘ hour of the day. ’

H E 4 H
5 2 i B 3
Civir llovas, j: £ z g g 4 . . P . a 5
S 3 3 2 g E = E = = B
sl2 a2 1&lsls/s51312]35)¢&
to 1 270 | 327 289 220} 1'78 | 268 | 233 | 250 | 250 | 265 | 203 | 273

230 247 | 263 | 232 I'l1 | 196 | 1'50 | 2:03 | 2:17 | 173 | 1'84 | 2:G3

w

-0

1
2, 3 219 | 277 | 256 { 204 | 096 | 175 | 2:20 | 187 | 1550 | 168 | 1113 | 247
3, 4 “ 219 | 190 | 196 | 1'8L ] 1'26 | 143 [ 1130 | 152 | 143 | 104 | 1'18 | 2-30
4, 5 . 170{ 197 | 1'85 | 1'68 | 089 | 107 | 1113 | 107 | 147 | 1'15| 1'26 | 1'77
5, 6 “ 159 | 200 178 ) 192( 089 | 1-32 | 1133 | 1'28 | 140 | 069 | 168 | 180
6, 7 . 170 | 180 | 207 | 1'88( 067 | 1129 | 097 | 06 | 1'57 | 1’12 | 1119 | 157
7, 8 0%8 | 1’50 | 1'30 | 1'66 | O-74 | 132 | 1130 | 086 | 120 | 135 | 094 | 133
8, 9 1'56 | 1140 | 093 | 172 | 085 | 150 | 1'4 | 169 | 1'00 | 2:04 | 142 | 1-37
9, 10 226 | 163 | 166 | 160 [ 148! 175 | 223 | 2:28 | 247 | 246 | 210 | 177
10, 11 | 296 | 297 | 161 | 212 | 196 | 232 | 280 | 262 | 283 | 298| 200 [ 20
11 ,, 12 L 24| 207 | 211 212 21t 193 [ 290 272 277 | 262 | 181 | 257
12 ,, 13 A .| 281 ) 310 297 | 258 | 229 221 | 410 | 313 | 376 | 227 | 190 | 243
13, 14 | 280V 307 | 267 | 215| 263 | 236 373 | 327 | 362 | 235] 190 | 273
14, 15 .| 28| 307 | 233 | 208 | 248 | 307 | 447 | 360 | 410 | 242 | 229 | 2:57
15 ,, 16 .. 230 ] 240 | 196 ) 196 | 241 | 264 350 | 390 | 320 | 157 | 155 | 2:57
16 ,, 17 137 07| 100 124 237 | 314 | 333 337 | 297 | 146 | 126 | 1'41
17 , 18 .| 033! 1110 026 | 064 | 1'39 ( 243 | 160 | 320( 237 | 1119 | 094 | 093
18 , 19 | 148 | 243 | 089 | 072 | 089 | 136 | 073 | 220 | 130 |, 054 [ 077 | 200
19 ,, 20 | 267 | 340 | 237 120 041 | 126 | 170 | 270 | 1'00 | 108 | 158 | 2'83
20 ,, 21 1 2890) 360 | 296 | 216 | 104 | 1'57 [ 147 | 267 | 1431 131 | 2119 | 323
>21 » 22 e .| 285 357 ] 300 | 1-88 | V15| 160 | 243 | 287 | 210 | 1119} 216 | 313
22 ,, 23 .| 293 | 330, 296 232 | 119 | 164 | 233 | 330 217 | 1'G9 | 220 | 363
23 , 24 .| 281 330 | 289 | 16 ) 1'93 | 1'81 | 2-47 | 287 | 267 | 204 | 206 | 337
Sums o | 6245 | 5826 4891 [43'69 {3508 E 53-28 58_28_ 53'90 | 40'12 | 39-42 56_24—
Avernge | 219 243 | 204 182 | 146 | 189 _2; ?13 2:25 1_67— 164 | 2:30

Extract from the Narrative Report, dated 29th November 1877, of Major J. Herschell,
R. E, on the prosecution of the reduction of Pendulum observations to Sea-level.

Tnr prosecution of the reduction of Captain Basevi’s and Captain Heaviside’s penJulum ob-
servations for varying attraction in different latitudes and at different heights has been alluded
toin articles 88, 89 of the report for 1874-75 as occupying my attention. The enquiry was laid
aside to enable me to attend to the business of the computing office during the following year,
and I was unable to resume it until the beginning of 1877, when I was relieved of that charge.

It is not very casy to resume the thread of a subject of such intricacy. The interruption
has not, however, been altogether without advantage. I have found it best to re-write the whole
of what 1 had prepared in the first instance, in order to lead up more systematically from the
comparative sccurity of the earlier stages to the extreme uncertainty which characterizes, and,
s0 far as I can foresce, must always characterize, the latter.

The investigations have been brought to a close, but the result can hardly be said to be
salisfactory, the upshot being, in very few words, that the force of gravity (including in
that term the attraction of the whole matter of the earth, wheresoever situated), as evidenced Ly
the pendulum, remains not wholly explicable by any Arown conditions of the earth’s form or
constitution. Neither do the observed anomalies point with any certainty to an inference having
a high degree of likelihood.

It is true that any one anomalous result may be readily explained by supposing a particular
increase or decrease of density, of a partioular volume of matter, in a particular direction, at a
particular distance, and depth, 4 fortiori, several such influcnces being supposed will eupply

X
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all needful disturbing actions. The range of hypothesis thus cxtended is searcely limited by
the condition that many anomalous results have Lo be simultaneously so explained, Practienlly,
indeed, it may be said to he not limited at all; for not only are the data_ whose unexplained
devistions are sensibly larger than may be attributed to errors of observation, few in number,
but nearly all of those are wost easily explained by approximate and independent disturbing
force. 'There is not, in my opinion, any indication of a common exp}auatlon sufficiently plaus-
ible to warrant extensive investigation for the purpose of a more precise evaluation of the data,
e.g., for determining the effect of the known distribution of land and sea.

It would be a mistake to read this as an evasion of a great difficulty. The ditficulty 4s
great, but it has been faced. The theory of the subject has been suﬂicif;ntly mastered to enable
estimates of the possible effects to be made for the remote and precise caleulations for the
proximate distribution. These failed, as has been said, to explain the observations. There re-
mained the still more difficult question of the cffect to be assigned on the supposition that the
sca-leval, as we know it and refer toit,is very different from the level which the sea would have
if it were not drawn away from its primitive rest by the masses of the existing continents.
Woere the attraction of these surface masses to cease, or were it negatived by corresponding light-
ness in subjacent strata, the sea would retire and its level would fall, perhaps two or three
thousand feet.* Were the continents, thus apparently raised by the same amount, “céast
into the sea, ” in such a manner as to equalize its depth over the whole earth, the level would be
again altered.  All these changes, invented to reinstate the earth, so to speak, in a condition of
more perfect regularity of figure, would involve alterations of attractive effect: wvice wversd the
change from the hypothetical primitive condition to that which now exists has involved dis-
turbances of the previous state of attraction, which, it is presumable, are present in the foree of
gravity as we find it.

This part of the subject can only be treated by mathematics of a higher order than inade-
quate familiarity enables us to safely employ. Partly on this account, and partly from the very
obvious consideration that widespreading causes of this character have too gradually varying
effects to account for the abrupt anomalies of a local group, it bas not heen thought advisable
to pass from investigation to calculation. Lines have, however, been traced, which it is hoped
may be of service should the enquiry have hereafter to advance.

There are threc stations of the Indian group which are of exceptional importance, viz., Dchra,
Mussoorie, and Moré. The first two form a pair, about 10 miles apart and differing 4,600 feet
in elevation, upon the skirts of the Himalaynas; the third is in the middle of the Himalayan
range, at an elevation of 15,400. But for these three, the Indian group would have taken its
place among other pendulum stations, and would have lent itself sufficiently to the various ex-
planations which have been framed to account for the anomalies which appear so generally in
this elass of work. These,on the contrary, defy those explanations. Accepting the vibration-
number as practically the true measure of gravity at a spot, there is no way of accounting for
the discrepancy of 3} vibrations per diem between the above named pair, after all known corree-
tions have been applied, except by supposing a quite local variation of density, such as would
suffice to cover the discrepancies at most of the other stations. If we must accept thisas a fact,
what need to reduce with extreme precision ?

The case is quite analogous to what waslong ago shown regarding latitudes, and only needs
verification as regards azimuths,

The case of' Moré differs in this, that there is no nearer comparison than with the numbers
at the former pair. There would seem to be some 20 vibrations here unsusceptible of present
esplanation, if we accept that offered Dy the contested hypothesis of Sub-Himalayan tennity.

I am not prepared to accept or rcject that hypothesis, still less to discuss it here. It
must be approached, if at all, from the geological side; and as the earth is held by some to
be solid internally, and by others fluid, there are probably arguments against it as well as for
it. It is, however, remarkable that the column of results obtained hy separating the height-
correction (by Young’s rale) into its two proper components, and adopting the first only, viz,
that for mere clevation, is more accordant throughout than that which follows it, where the
correction for subjacent mass 1s also applicd.  The hypothesis of Sub-Himalayan tennity would
forbid this last application, and derives, therefore, some support from the fact.

Nevertheless, T am constrained to sy that it is impossible at present to adopt that ov any
other hypothesis, except as an inference ; and that the broad conclusion to which I am led 18
this—pendulum results are subject to errors which we have no prospect of eliminating, and
thercefore their acenracy of obhservation should be regulated with regard to the magnitude of those
errors, and their srequency of locality increased, both locally and widely :—locally, in order to
extend our knowledge of the measure of this natural error or uncertainty ; widely, in view of the
fact that, at present, mensures of gravity are the only kind of measure of a geodetic  character
whioh can be extended with any approach to generality over the whole globe.

® The form of this eentenco expresses inteutionnlly the opinion wl;iél;,ﬁirur:;;l;l;mil:rwith many gendesists, 1 fecl
Bonud to retrin na the safeone, ontil the alternative ialicised in Lho text Las o good claim to supersede it.  What

fullowas necvasnrily iguores that nlterualive ; but does vot deny it.
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