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GENERAL REPORT 

O F  THE 

QDperaiian~ o f  the gurbep of Znbilt 
DURING THE SURVEY YEAR 

INTRODUCTORY. 

T r r ~  general direction of the Surrey D e p a r t m e l i t ,  and the immediate 
supervision of the Trigonometrical and l1o1)ographical Branches, have been 
performed by Lieutenant-General J. T. Walker, C.B.,  R.E., Surveyor-General. 
The immediate supervision of t l ~ o  Revenue Branch has been performed by 
Lieutenant-Colonel J. Sconce, S.C., Deputy Surveyor-General. 

2. The principal operations which have been c a . r r i e d  out during the 
survey year under review, viz. from 1st October 1851 to 30th September 
1882, are as follows :- 

Stntol~rltt of Strrrey Opernlior~s a,rd Parlies. 
--- - - - . - - . - - -- -- -- 

I I I 
in Nnlure  nnd Lncnle of Nllmcs of OAcero, Dwignationn of S u r v e ~  this I Parties. Rnmrnns .  

Operntionn. 

1- 

I Dose L i n e  and T r i n ~ g u -  1 I 1 
lot ion.  

yerEni and Lieat.-Coloael B. R 
n1.~1>611. 

tier. blujor N.  IV. Rogers ... 
Topography. 

Ccntrnl India ... ... bfnjor C. Strnhnn. R E .  ... 
Rbnnd?8L . ... I ., T. T Cnrter, R.E. ... 
Mnlwn ... ... I ,. J. R. milmer. S.C. ... 
Sylltet ... ... Lirut  -Colonel R. a. 

Woodtbort,~, R E. 
R ~ j ~ ~ ~ t n n a  ... ... Mr. U. A. N c O ~ l l  ... ... 
h f ~ s o r e  ... ,.. 1 blnjor H. R. Tltoinier. R.E. 

Guzernt ... ... I Colonel C. T Anig. R.E. ... 

I No. 1 Topogrnpllicnl 
Survey 

KO. 2 ~ o ~ o g r s ~ h i c n l  
Surrey. 

No 6 Topogrnphicnl 
Survey. 

N o  6 Topogrnphicnl 
Survey. 

No. 7 'Popogrnphicnl 
Sorvcy. 

S o .  8 Topogrnpltienl 
Survey. 

Koltnt Topogrnphicnl 
S ~ ~ r v v y  I 

Duzerut Survey ... 

Lieut -Col. A P u l l ~ t t ,  S C ... Cutch Survey ... 

XI 

XI1 

Beluchistnn ... ... Mnjor R. Benrnn, S.C. ... 

XI11 

1-inch scnle for repro- 
duct,ion. 

2-inch acnle for repro- 
duction. 

1-inch scnlo for repro. 
duction. 

2.i11el1 nnd (-inch 
s r ~ ~ l c s  for reproductioc~. 

4 - i ~ t r l ~  scule fur repro- 
duction. 

Neerut Division, N..W.  P 

South Drccnn ... ... 

l.inclt scsle for repro- 
duction. 

I 
Hoo8bly River Survey ... 

2-inch ncnle for reprodur. 
tion on snme scale nnd 
reduction t o  1-inch 

Nr .  E. T. S. Joltnaoo ... 

Mnjor D. C. Andrew, 9.C .... 

I n t  IAirut -Col. E. P. Leach. 
V.C., 1L.E. 

Xnjor S. H. Conrnn. S.C. ... 

nenle 
2-i~tclt ernle for reductinn 

t o  1-inch scnle and 
h .inch scnle for rroro. 

No. 3 Revenue Sur. 
vey. 

No. 11 Revcone Sur. 

cluetion 
2-inch acnle for reproduc- 

tin11 to name scnle, nnd 
lor rcductivu t o  1-inch 
scnle. 

2-inch scnle for reduction 
t o  1-inch scnle. 

On Honphly river; pn-tly 
on  16-inch. and partly 
ou 6 - i t ~ c b  scnle, for 
reproductton t o  snme 
ncnles 

t . isch nnd +.inch n c a l e ~  
for rcprodu* tion. 
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Number in 
this 

Report. 

1 irznpnr nod portions of I Colonel F. C Anderson. 9.C "" I 'T.rni d i~t r ic l .  N.-IV. P. I 

X V  

X V I  

res'districts. 

trict Shnhnbnd. 

Naturo nod Locnle of 
Operntions. 

I Amknli wusto lnnd I 1 

d f o ~ a a r a r  o r  Pillage I 

Names EIccutire Omccrs. 

Survey. 

Rnwnlpindi, Dcrn Ismail , 
Khan. nod Mnzafnrgnrb, 
Punjsb. 

Konknn 

X X I I  I Sylbet Tes t  Survey ... I ...... 1 

Lioutennnt-Colonel D. Mac- 
douald, S.C. 

Mnjor H. Lees Smith. S.C. f ,, J. Hill. E.E. ... 

XX 

X X I  

X X I I 1  I Dnrjeeling ... ... I Captain H. J. Harman. k E  

Designations of Snrvcy 
Partics. 

1 Geographical. I 

I l ~ n r n n s .  

grnots.  
Bnssein district ... ... 
Tbnrawnddy district ... 

X X  lV Mnnipnr bonndnry. 
XXV Nort , l~ern  Afghunistnn. 

XXVl Dnrdistnn nnd Kisbangnn- 

,, W. H .  Wilkins, S.C. 

Jbr. H. B. Talbot ... 

68. 
X X V l I  Tmns.Hirnnlnynn erplorn. 

tioos. 
1. Dodnkshnn. 
2. Frnntiers of SiLkim. 
3. Grent Tibet. 

Tidal  a n d  L e ~ e l i n g  
O p e r o i i o ~ .  

XXX 

XXXI 

No. b Revenno Sur. 1 1 6  ~ n r b  wnle for repro- 
vey. ! 1 f c t i o n  t o  same scale 

and for reduction t o  1. 
loch scnle. 

No. 1 Revenue Snr. 
vey. 

\ No 10 Revenue Sur- 
) 

No, I n  district Sbabnbad 4. 

vey. inch 6UrVcJ, not for  
I ' 1  ~ubl ica l ion .  

C i n c h  scnle. I n  Rewal- 
pindi lor  reprodoc. 
t ion  t o  8nme acade, "nd 
in  all  districts for re. 
duction t o  1.inch scale. 

Cinch wnle for rcpro- 
duction t o  nnme scsle 
nnd for reduction t o  
1-inch scnle. 

Tidal operntions. 
'Tidnl disturbnnces Mnjor M.  W. Rogerr. R.E , 

esrtbqnnke. and Mnjor J. Hill, H.E. 
Spirit-leveling operations. 

No. 2 Revenue Sor. ( l k . i r ~ c b  acnle for repro. 
vey. 1 1  duction t o  slime nettle. 

also fur reduction to 2. 
No. 8 Revenue Sur. ' inch nnd l.incL scules. 

vey. I I n  Arnknn, skeleton 
No. 7 Revenue Sur- boundary atlrvey on 16- 

voy. 

No. 6 Revenue Sur-  
vey. 

Vnrious srales in Dnrjee- 
ling, 4-inch in  Sikhim. 

inch senle. nolforpubli- 
cation. 

16-inch scnle t o  temk 
setllemont nurvcy. 

Eleetro-telegruphic deter- 
minntiun of longitudes. 

Tidal nnd Leveling 
Party. 

Mnjor G. Sl rn l~nn,  R E.. nnd 
Major W. J. Heaviside. I<.E 

Nos. 1 nnd 2 Astro- 
nomicnl Pnrlies. 

TRIANGULATION. 

3. The chain of principal triangles, known as the Eastern Frontier aeries, 
which in previous years had been carried from Assam through Arakan and 
Briti.qh Burma into Tenasserim, has this year been brought to a close on a hase- 
line of verification in Mergui, thus finishing the prirlcipal triangulation of all 
India on the lines originally marked out by Colonel Everest and sanctioned 
by the Hon'ble Court of 1)irectors of tlle East India Company 

4. The completion of this great undertaking neceesitates a brief review 
of the operations in the present report. I t  originated in a so-called " mathe- 
matical and geographical survey " which was commenced in Southern India 
in the yetv 1800 by AInjor L:lrnbton, of Hr r  Ma'csty's 33rd Regiment of foot, on 3 the recommendation of the 1Ior1'ble Colonel Wel csley, afterwa~ ds the first Duke 
of Wellington. Ita ohject was, in Major Lanibton's words, to " determine 
the exact positions of all tlle great objects that appeared beat calculated 
to bccornc permanent geographical marks, to be hereafter guides for facilitat- 
ing a g c ~ ~ e r a l  survcy of tho peninsula ; lJ and as at that time tile elements 
of the figure of the earth were not known with sufficient approximation 
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to the lutitudes and longitudes of the '( great objects " to be computed 
with accuracy froln the data of the triangulation, hlajor Lambton pointed 
out that his intended survey would, in the interests " of generalscience 
* * involve many more objects than what immediately appertain to 
geography," and that portions of the triangulation would have to bc executed 
with the utmost posstble precision, and be supplemented by astronomical 
determinations of position, with R view to the requirements of geodesy. 

5. The operations between the years 1800 and 1825 may be briefly 
described as constituting s network of triangulation over Southern India, 
wllich was grounded on, and verified by, several chain-measured base-lines, 
and through the middle of which a priucipal chain of triangles was carried 
in a rneridional direction, from Cape Comorin up to Sironj in Central 
India. This cl~ain formed the soutllern portion of what is now known as 
Lambton and Evcrest's Great Arc. I ts  angles were measured with greater 
care than those of the collateral network, and s t  certain of lts stations astrono- 
mical were taken for the dcterrnination of the minor arcs of ampli- 
tude. Colonel Lainbton died in 1823, and was succeeded by Colonel Everest, 
who t n ~ o  years afterwards proceeded to Europe, where he spent four 
pe:lrs in supervising the construction of new instrumcnts-great theodolites, 
astronomical circles, standard of length, and compousation bars for base-line 
measurements-for en~ployn~ent in extcndiug and revising the Great Arc, the 
impcrtance of which for geodetic requirements had now become so thoroughly 
rccognised by men of science in Europe, that Colonel Everest found no 
difficulty in obtaining cnrtc Glanche from the Government of India and the 
Court of Directors for all the instrumental equipment ~vhich he wanted. During 
his absence from India a small party of surveyors was employed in carrying 
a longitudinal chain of triangles eastwards from the point reachcd by the Great 
Arc in  Central India to Calcutta. 

6. On his return from Europe, in 1830, Colonel Everest rccornmended 
the abandonment of tlie network system of triangulation, and the substi- 
tution instead of wliat he called the " gritliron " system, consisting of meridional 
chains of triangles tied togethcr a t  their upper and lower extremities b y  
longitudinal cha~ns. The  nleridional chains were intended to be constructed 
at intervals of about one degree apart, while the longitudinal chains would 
follow the parallels of Calcutta, Bombay, and Madras, and thus run a t  intervals 
of frorn five to six degrees apart. The  external cliains of the gridiron mould 
of course follow the Britisli frontier lines and the coast lines. 'l'he entire 
triangulation was to bc grounded on basc-lines measured with the Colby 
apparatus of compenxation bars aud niicroscopes-in terms of a fixed standard 
of lcng~h-wlrich were to supersede the old base-lines that had bceu measured 
with cluins of comparatively rude construction and of uncertain length. TI1is 
pragramuie of operation was approved by the Government of India and 
the Court of Directors, and it llas furnished the guiding lines on which the 
principal triangulation has bcen executed during t l ~ e  period of almost exactly 
half a century wlricli has e l~pscd sincc it was laid down. 

7. The central lines of the several chains of principal triangles are shown 
in the slccleton chart facing this page. For couveniencc of treatment in the final 
reduction, the wholc of the cllains situated within the limits of India proper 
have been grouped into five scctions. Four of these arc roughly four-sided 
in outlinc, and arc respectively callcd the North-East, North-\Vest, South-East, 
and South-West Quarllilntcl ah-namcs in wllich the cardinal points have refer- 
ence to tho ICalinnpur Observatory in Ccntral India, which Colollel Everest 
adopted as thc origin of tllc opcrntions subsequent to 1832. The fifth is three- 
sidcd, nnd is called thc Soutllcrn Trigon. T l ~ e  North-East Quadrilateral was 
completed first of :dl ; and hcrc i t  will be sceu that the incridiorlnl cIlains of 
trinngles lie a t  intervals of about one degrce apart, as originally desigued by 
Colonel Everest. 13ut in the sections ~ u b s c q u e n t l ~  executed the intervals 
between the melidional cll:~ins have been materially increnscd, as tile millor 
t r i a n ~ l a t i o n s  wl~ich in cou~.sc of timo cnnle to bc exccutcd by tile topograpll- 
ical surveys wcrc of such accuracy tllnt n snlnller amount of prillcipal 
triangulation mas lor~nd to suffice for all geogmpllical rcqiiirclnents, and lllore 
was not wanted forgcodcticnl requircmcnrs. An additiol~zrl nleridionnl &in 
 night have bcel~ constructed on the meridian of 84" withill tllc ~ ~ ~ ~ t h - ~ ~ ~ t  

u 2 
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Quadrilateral, and i t  doubtless would have been constructed but that before it 
could be comnlenced a nctwork of excellent topographical triangulation 
liad bcen thrown over the entire area wliicli is included between the col- 
lateral principal chains, and nothing more was wanted. Sin~ilarly, in the 
Southcrn Trigon the execution of a chain of principal triangles along the west 
const, from Cape Comorin to Rltlngalore, was desirable for symmetry, 
co-ordinatcly with the chain on the east coast from Cape Conlorin to Madras ; 
but i t  was not wanted for geodesy. For geographical purposes, the Malabar 
Coast Series of secondary triangles was amp1 sufficicnt. I t  liad becn n~ostly 
executed by Major Lnmbton, and i t  stooY connected with the modern 
operatil~ns. RI:tjor Lambton 1lad not, however, attempted to throw his trinngu- 
latiori over the broad belt of plains o:l the east coast, which is covered with 
trecs and other obstacles that Ire had no means of surmounting. Thus a chain of 
principal triangles has been carried in modern tilnes over these plains, as i t  was 
mantcd for geographical purposes. It has, morcover, furnished a base from which 
a branch chain of triangles lias been carried across the Paumben Straits to the 
island of Ceylon, in order to connect tlie surveys of India and Ceylon. 

8. For gcodetic purposes, the amount of principal triangulation which has 
been executed is ample. The  first measurement of the scctlons of the Great 
Arc between Cape Colnorin and Sironj was accomplished with instruments far 
inferior in accuracy to those wit11 whicl~ the liberality of the Court of Directors 
furnislied Colonel Everest in subsequent years ; and boing deemed of' insufficient 
accuracy for geodetic requirements, its revision was directed to be undertaken 
as suon as might be consisteut with thc need of triangulatio~i for geographical 
purposcs in other parts of India. The  northern scction, from Sironj down to 
Bider, was indeed revised under Colonel Everest's superintendence in 1838-39 ; 
but the revision of the soutl~ern sections-Bider, Bangalore, Cape Comorin-was 
postponed for several years, and was eventually accomplished during 1869-74. 
The Longituclinal Series froin Sironj to Calcutta lias also becn reviscd, as it was 
originally executed nritli very inferior instrulnental means; and i t  happens to be 
the most in~portitnt of all the great chains of triangles, because it furnishes 
bases for no lcss than fourteen mcridional chains lying to its north and south. 
Partial revisions have been made in other qnartcrs of work executed with 
inferior instri~ments wli~ch it was deemed necessary to raisc to a higher 
stuudnrd of accuracy. Outside the limits of India proper the recently 
eonlpleted chain of principal triangles called the 1C:utenl E'rontier Series is 
a. valuable contribution to geodesy as well as geograpliy. 

9. Thc wllole of the triangulation rcsts on ten base-lines, which have been 
rnensured with the Colby apparatus of coinpensation bars and microscopes, 
whicl~ was constructed in England under Coloncl Everest's superinterldence. 
l'lie relntious of the length of the Indian Standard to tlie principal European 
Stundards of Lcngth have been very exactly determined. Consrderations of 
symmctry woulcl suggest the introduction of nrl atlclitiorial base line near Bornbay, 
on the same parallel as the I3idcr and Vizagapatam base-lines, and measured 
with the snmc a1)p:uatu.q. But it so hnppened that a chain base-line had been 
nleasurcd on the I<arleh plnin, near B~ jn~bay ,  in thc year 1828 by Captain 
Sl~ortrcde, c l~c  calculated value of which througii tlie longitudinal series from 
tbe Bider base-line agrees very closcly with the nleasured v a l ~ ~ c  I t  was 
comniendcd I)y Colonel Everest, who l~owcrcr some years afterwards, in 1848, 
~~ladel ,rel in~inarp nrrnngenlentu for tho mrasurc~ncnt of arlother line in the 
~ ~ e i ~ l l l ) o u r l ~ o o d  with thc Colby apparatus; but hc did not cnrry out this 
twoject. E\~cntually the ii1t.a was abantloned, as tho distance fronl the Bider base 
1s co~np:irntircly sn~all, a ~ r d  no material tldv:~ntagc, a t  all con~mensurate with the 
Iilbour and expcli.;e, ~ ~ o u l d  bc tlerived f r o ~ r ~  the n~casure~ncnt of a new baue ; 
for to rl1e:lsnrc n basc-line with thc Colby apparntus occlipies two full-strength 
trigonornett ic.:~l partics for an cntire fiold seaqnn, unless therc happens to be 
ntllrr c ~ ~ ~ i ~ ) l o ~ ~ n r n t  for the survey officers in the ncighbourhood of the base. 
There in lroluo nr~cc~rtainty as r ega~ds  thc unit of length adopted hy Captain 
S l ~ o r t r c d ~  ill ~ncnqurir~g tlie Kallch 1):lse; c o ~ ~ s e q ~ ~ c ~ ~ t l y  this basc Ira* not bcen 
cn~~)lo!-etl in  thc lin:~l rcdnctionn, tllougl~ no rlct\v I):~hc ll:is bee11 rncsasured. 

10. 'I'hl~s tl~c. gl.c:~t work of t l ~ e  r)rir~cipnl t r~ :~~~gu ' la t ion  of India is n o w  
en ncr .o~~~~>l ish~cl  fact. C~)mmrncetl in 1800 under tl~c- aurl)ices of the Madras 

ernmr nt, it  was car1 ied oil by Major I.:lu~Lton, alluost ~ i r ~ ~ l c - l ~ ~ n d e d ,  until 
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the year 1818, when the Marquis of Hastiugs, who was tlren Govcmor.Genera1, 
placed i t  under the direct and imnlediatc control of the Supreme Government. 
C:lptai1l Evercst was shortly afterwards appointed assistant to Llejor Lambtnn. 

1833 additional officers were appointed, and by  the ycar 1840, when the  
geodetic operations on the northern sectiotls of the Great Arc wcre completed, 
tile personnel sufficed for the equipment of six trigonomctrical survey parties ; 
and tllis number of partics was uniformly maintained from that  time onwards, 
until i t  could be gradually diminished on the  completion of the  succesuive 
ellains of triangles. T h e  ope13ations have been unifornlly and cousistently 
supported by  the Supreme Government, wit11 the sanction and  approval, 
first of tlic 11on'l)le Court of Directors of the Eas t  India  C o n ~ p a n y ,  
arld afterwards of tlie Secretary of State for India. I n  times of war 
and financii11 en~bzrrassmcnt the scope of the  operations has been curtailed, 
the establishments have been redaced, ancl solne of the  military officers sent  
to  join tlie armies in the field ; occnsionally t l ~ c  civilians also have been sent 
to the seat of war, t o  be en~ployed on survey duties. But  whatever the  
crisis, the operations have never been wholly suspended. Even  during the  
troubles of 1857-58 tlley were carricd on in some districts though arrested 
in  others. T11cy I~ave  been nnirlfl uenced by chnngcs of personnel in tho adminis- 
tration of the  British Indian cmpire;  eacll succeeding Governor-General o r  
Viceroy 1x1s l~oiloured thcm with 11is snpl~ort .  At  the close of the mutinies 
Lord Canning wrote of the pr~ncipal  triangulbtion and collateral topography 
in ISasl~inir to  Coloncl Waugh, then Surveyor-General of India ,  as  follows :- 

#'I cannot resist telling you at once with how much satisractxm I havo seen them 
pnpers. It is a pleasure to turn horn the troubles nud anxieties with which 111dis is fitill 
beset, and to fiud that a gigantic \\orli, of permanent peaceful usefulness, and one which 
will assuredly take the llighest rauk as s \vorli of scientific labour and skill, has been 
steadily and rapidly progressing, through all the turmo~l of the last two years." 

And up  to the  last nlonient the  s~~ccessive Govcrnnients have accorded 
their support to the operations with equal liberality and  constancy. I t  m a y  
well be doubted ~vlietller a n y  similar undertaking, executed iu  a n y  other par t  
of the world, has been cqually favoured and supported. 

11. T h e  field operatior~s-viz, the measurements of the base-lines and 
angles of the principal triang~ilation-beiiig cotnpleted, tlre ncxt step is the  
final reduction and harmonizing of the  results, giving t o  each mcasureruent 

observation its propcr weight, and notlring more or less Strictly speaking, 
this u n d c r t a k i n ~  slio~ild be p ~ s t p o n e d  until the completion c~f the whole of 
tile operations, and theb all the  observations should be  reduced sirnultane- 
ously, because every fact of observation is  more or  less dependent on, and  
connected with, every other fact. But the si~nultaneous reduction of t l ~ e  vast 
n u n ~ b e r  of such facts acquired over all India, b y  many  individuals and  
d u r i i ~ g  a llcriod of many p a l s ,  mas obviously impossible. Tllus i t  became 
necewnry to divide the triar~gulation of India  propcr into tlre five sections 
which lmvc olrcacly been mentioned i n  paragraph 7 and  a r e  indicated in  the  
~ r c o m p a n y i n g  slzeleton c l i a ~ t ;  and even then tlie sinlultaneous reduction 
of tlic nuinerous facts of observation collected together i n  tach group was 
a worlc of enornlous labour, necessitating-as remarlzcd b y  Colonel Clarke, C B., 
of the Ordnance Survey, one of the most eminent of living geodehists, 
in  his  rcccnt trcatisc on gcoclesy-" the most elaborate calculations 
that  have cver breu ~untlertalzen for tire reduction of triangulation." T h e  
division of tlle a o ~ k  illto sections necessitated tlie n~aintenance of tlre results 
dcter~nincd for tlrc sections first rrduced, i n  the contiguous scctions, wllen 
tlicy in  turn ranlc t o  be rccluced ; and t h ~ s  necessitated commencement wit11 
tho section wl~ich in all its parts was of the I ~ i g h r s t  accuracy. Tl le  section of 
which the field worlc was first completed was the North-East Quadrilateral ; but  
as many of its angles had bccn mc,~su~cc l  with instrunicnts of inferior accuracy to 
t l~osc en~ployod in tlrc hcctions \\llich wcm subsccluer.tly completed, tlle retluc- 
tions wcrc 1)rrformcd in t l ~ o  following orilcr :-1 st, tlle North-\Vest Quadrilateral . 
2ndly, thc South-East Qr~tlclrilntclal ; ant i  3rdly, the Nortll-Enst ~ u a c l r i l n ~ ~ ~ ~ ~ ~  
T h c  reductions \I crc col~lnlc.~~cctl in tlre yenr 1869 : tlre final results of tilc firbt 

\70~urnr  I i s  dr\otrd to I I ~ P  llnsr l i n c ~ ,  ~ n d  section are given in I'oluores * 11, I I I  a n d  
Volume \ to (hc I'rnduh~lo Opcrooons 1V of thc Account of tbe Upclations of tile 
Great T ~ i ~ o n o u i e t r i c a l  Sul rcy ,  publislicd iu 1879 ; t l~ose of t l ~ e  second ill ]'olume 
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VI, publisl~ed in 1880 ; and those of the third, in Volumes VI I  and VIII, whicll 
are now in the hands of the book-binders and will shortly be published. The 
fourth section selected for treatment was the Southern Trigon ; its sitnultaneous 
reduction is now completed, but the final results will probably not be printed 
and rcady for publication for another year or two. The last section to be taken 
in htrt~d i~ tlie Soutli-West Quadrilateral ; but the final reduction of this section 
has not yet been commenced, nor has that of the recently couipleted Eastern 
Frontier Scries. 

12. 'I'lie stations of the principal triangulation are 3,472 in number. 
They have beeuconstructed with a view to being as lasting and permanent 
RS ~~ossible. On the plains they are fashioned in the form of towers rising 
from 20 to 40, and even 60, feet above the ground level, and usually about 16 
feet square nt base, with an isolated central pillar for the instruments to rest on. 
On hills and mounds or other eininences the central pillar-always of masonry 
-is raised 2 to 4 feet above the ground level, and is surrounded with a platform 
of earth and stones. Mark-stones, engraved with a dot and surrounding circle 
to define with precision the point to which the observations are referred, are 
inserted on the surfacc and a t  the base of each pillar. The  stations are 
invariably placed under tlte protection of the local officials: they are scattered 
over 338 British districts and Native states, in each of which some officer 
is required to submit annual reports of the condition of the whole of the 
stations within its circle ; repairs are effected mllcncver necessary. If the 
present system of protection and repairs is maintained by future gener- 
ations of oficials, the duration of the stations sl~ould be co-eval wit11 that of 
the liills and plains on which they stand, and the great work now completed 
will be of lasting utility. 

13. A considerable amount of secondary triangulation has been executed 
pari passzc with the principal triangulation, partly by observations from 
principal stations to all the most prominent objects visible from the 
snow lpeaks of thc Himalayan ranges-partly by  the construction of chains of 
secondary triangles resting on the primary chains, such as have been carried 
to a nu~nber of iii~pottailt towns and cities within the limits of the empire, 
of lntc years beyond those limits to Icandallar and Icelat on the one side, and 
to Banglrolr on the other. Rluch secondary triangulation, however, still remains 
to bc esecuted. I t  is wanted on tlie coast lines, to furnish fixed poillts for 
the rnnrine surveys, and in localities in the intcrior at a distance from tllc 
ncarest principal chains, wlicro data may bc required for topograp1~ical 
surveys. But it is chiefly wantcd outsidc the limits of India propcr, as for 
the extension of the Eastern Frontier Series through the Malayan penin. 
sula dowr~ to Singapore, and to furnish a basis for the geography 
of Upper Burma. For the lattcr purpose threo chains on the meridians 
of 94") 9G', and 98" respectively are desirable, the two first of which would 
close on the cllnin of secondary triangulation already completed in the 
Assam Valley, while the t l~ i rd  might be carried still furtller to the north. 
Baugkok, tllc capital of Siani, liaring already been connected with the Indian 
triangulation by a cllain of triangles, whic.11 was recently executed with the 
 upp port of t l ~ c  Siarncse Government, i t  is to be hoped that the rulcr of Upper 
IJurlua may soon bc n~ovcd to follow the good example set by his neiahbour 
notentate, not o~rly in assenting to tlte triangulat,ion, hut in rendering all desir- 
able assistance to~vards its execution. Thc proposed chains of triangles for Burmu, 
and the &l:tlayan peninsula are sllomn in the accompanying skeleton chart. 
T ~ I C  latter llas already bccn sanctioned by tlie Govcrnmcnt of India and the 
King of Siam, and i t  nrould 11avo been commenced ere this had officcrs and 
funds hcen available for the purpose. 

14. The requirements of gcodesy necessitate astronomical observations 
for tllc determination of the latitude and tho azimuth, and electro-telcgmphic 

for the determination of diffcrcntial longitudes, a t  scveral of the 
stations of tlie principal triangulation. These Ilavc alrcady been con~pleted to 
a consiclernble extent. Further opel.ations of this nature are in progress a t  the 
preseljt tilllc ; they arc carlied out by the two sn~all  astronon~ical parties which 
are attacllcd to tho trigonomctricnl or geoclctic branch of the department, and 
by wllicli nll thc opcrationv t l ~ a t  are requircd to rendcr the principal triangula- 
tion fullr subservient to gcoclctic science sl~ould be coluplctcd in tlle course of a 
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few years. An extensive series of pcndulum observations for investigations of 
variatiolls of gravity and the figure of tlle earth, taken chiefly a t  ststions of 
tile r,lincipal triangulation, has been completed and connected with the groups 

corresponding observations in othcr parts of the globe. Long lilleu of spirit- 
levels have been, and are still being, carried on in conncction with the prir~cipal 
triangulation, from the sca to the base-lines in the interior, and from sea to eea 
across tile peninsula ; they rest on determinations of tile mean-sea level which 
have been, and are being, made a t  the tidal stations on the coasts. 

15. The Index Chart to the Great Trigonometrical Survey of India which 
faces this page sllorns t l ~ e  n~hole of the principal triangulation, distinguishirlg 
between the early operations with inferior instruments and the operations since 
1830 superior instruments; the former being indicated by fine lines, the 
latter by thick lines. I t  also shows the tnore important secondary triangulations 
which have becn executed outside the limits of the principal triar~~ulation-as to 
the Himalayan snow peaks, to Icandahar, and to Bangkok; but i t  does not 
give any of the large amount of internal secondary triang~rlation, as i t  could 
not have done so without crowding the c l~ar t  greatly and causir~g confusion 
wit11 the early principal triangulation. For  this reason the modern chain of 
Secondar triangles which connects the old principal chains on the west coast of 
the sout g ern peninsula, between Cape Conlorin and Ponany, and between 
Cananore and RIangalore, is not shown. The Intlex Chart also indicates the 
positions of the base-lines which werc measured with the Colby apparatus, the 
stations at which astrononlical observations for either latitude or azimuth, or 
both, have becn made, the lor?gitudinal arcs, the stations a t  wllicli pendulum 
observatio~ls for investigations of variations of gravity have been taken, the 
main lines of the spirit-leveling and the tidal stations. l'he chart was 
originally engraved in 1870, but i t  has now been brought up to the 1st October 
1882, in ordcr to be conlplete up to date. 

TOPOGRAPHY. 

@ 16. The regular topograpl~ical opcrations have been carried on in 
continuatio~l of those of last year, mostly in the same provinces and by the 
same parties. But the completion of the Ja~inpur  cadastral survey last year 
happily set free n party for ernployn~ent in malting a survey of the banks of 
the river Hoo~.hly, for sonie distance above and bclow Calcutta. This has now 
been con~menced, and is being carried onpuripasa~e with a survey of the bed 
of the river, now in progrcss under the orders of the Port Commissioners. l l?ny 
years have clapsed since the last survey of this important portion of the rlrrer 
Hooghly was made ; the nlaps are out of date and otherwise inadequate to the 
requirements of the present time, for their scale-4 inches to the mile-is much 
too s~nall  to show the valuable properties situated along the banks of the river. 
In  fact, i t  may bc said that up  to the present time tllis densely-populated 
riverain tract, which is studdcd with valuable estatcs and factories-the 
propcrty of a wealthy mercantile community of Eurbpeans and Natives-and 
is of vastly greater importance than any equal stretch of river in all India, 
has fared little or no better in the way of maps than the poorest and least 
significant village lands away fronz,tho river. Thus a large scale survey of 
the tract had Lccome a necessity; and tho fortunate circumstance that a new 
survey of the bed of the river was also about to be made has cnaljled two impor- 
tant collateral surveys to be carried on simultaneously, to tho mutual advantage 
of both. 

17. A constantly growing demand has arisen of late years for new 
surveys, on a large scalc, of districts under the administration of the Blitish 
Govcmment, in supersession of the small scale surveys which mere executed a 
generation or more ago. The first survcys were undertaken mainly with the 
object of furnishing sufficiently accurate materials for the series of maps 
known as the sheets of the Atlas of India: and as these maps were, and still are, 
~ roduccd  on the scale of 4 of an illrll to the mile, a close survey of local details 
was not required for them. The operations mere always regnrded as sketchy 
and preliminary to exart snrvcy. The survey cstablislrmcnts were not 
sufficic~ltl~ large to undertake much survoy work on an adequate scale for 
~ e n e r a l  adn~iuistrative purposes, in one province, without putting R stop to 
tho ~wclimilrary survey work in all other provinces. Thus the 
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topographical surreys of thosc days were in reality geographiccll reconnais- 
fiances, sufficient for all thc requirements of tlie Indinn Atlns and for general 
reproductiol~ on sinall scales, but not for purposes which denland accurate delin- 
eation of minute dctuil. Necessarily, therefore, calls are now being-made from 
various quarters for new maps nnd new surveys; and not urifrequently 
complaints are nlade of the old surveys, that they are iuaccurate and 
inndequate for present req~lirenients. As a matter of fact, howevcr, they are 
as good as they were intended to be, or could have been made without being 
far more costly. Their cost rates per square inile do not generally exceed 
a tenth of tlie average cost rates of surveys showing the tc~pographil:al 
details with all tlie fulness and accuracy that are now required fcr local 
a~lnlinistmtive pnrposes. They have had their day, and have been of niuch 
utility hitl~erto ; but the time has arrived when they must be superseded by 
more elaborate survey operations. 

18. The  general out-turn of topography executed during the year in 
the courue of the operations described in sections I1  to XI I I ,  XIX, XXI,  
and X X I I I  of this report, excluding Forest Survey, l ~ a s  been as follows :- 

6,431 square nliles snrveycd on the ;-inch scale. 
9.(191 ,, 1 ,. 
6.69; ,, 2 ,, 
18 ,, 6 ,, 
33 ,, 16 ,, 

Four towns and oue cantonment, embracing an area of 46 square miles, 
have been surveyed, 011 scales varying from 6 to 80 inches to the mile. 

MOUZAWAR, RIVERAIN, AND FOREST SURVEYS. 

19. The  BIouzawar or Village Survey on the 4-inch scale of the Dera 
Isrnail Khan district has bcen completed, and a similar survey has been extended 
into the Thal portion of the adjoining district of Blnzaffargarh, where there 
had only been a T~pvprapl~il:al Survey when the otller parts of the district were 
surveyed vlllago by vlllnge in 1856-57. 

20. The Riverain Survey, on the 4-inch scale, on the Jumna river, which 
has been carried on for some years in connection with topographical operations 
in the Bleerut Division, has been continued, and a siniilar Riverain Survey has 
been commenced on the Ganges river in coilncctiun with the snme operations. 
A new Riverain Survey has been coninlenced by the Cadastral Survey Party 
employed in districts Gl~nzipur aud l3allia of the North-West Provinces, which 
party has extended its operations across tlie Gangcs to survey, on thc 4-inch 
scale, the village lands of district Shahabad of Bcngal, lying opposite to district 
Ghazipur. 

21. Tlle Punjsb Revenue Survey Party has continued, for forcst pur- 
poses, the 4-inch survey of thc Icala Cliirta Range in the Rawalpindi District, 
which mark has bven completed. l'he survey party in the Konltan, which lias 
hitherto becn employed in surveying on the 2-iilcli scale solcly for topographical 
purposes, ha9 been engaged in surveying the 'I'hana District on the increased 
wale of 4 inches to a mile, to meet the rcquiremcnts of the Forest Department. 
'I'he area usually accomplished by the party has consequcntly been diminished, 
there being a difference in out-turn between the past and present seasons of 670 
square nliles. In  British Uurnia a small area of very difficult country, forming 
part of one of the forcst reserves in the Tharawaddy District, has been 
iurveyed on tlle 4-inch scale. 

22. 'l'he survey of the Dann Forcsts of the I<l~andesh District on the 
4-inch scale, undertaken for the Forest L)epartment, has becii continucd by 
the Guzerat Topographical Survcy Party. The  areas of all theso operatiurls 
are- 

Mousannr ... ... 1,687 equnre miles. ... ltiverain ... 199 ,, ,, 
Forest ... ... 1,311 ,, .. 

CADASTBAL SURVEYS. 

23. In the Nort,h-West Provinces the Cadastral Survey of district 
Ghazipur has beeu completed, and cadastral operations have been con- 
tinued in districts Ilallis and Blirzapur, also in certain villages of the Tarni 
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l)isc.~ct. An expmi~nental measure has been introduced at the request of the 
]j,.rl.d of Rcvenue, North-Wcst Provinces, in connection with the Cadastral 
t,urvcy of IIirxapur, of having tlic k1~~1s1.a~ (giving particulars of the occu- 
pancy and ownership of villt~ge lands) written by t.he surveyors a t  tllc time of 
t l ~ e  survey of the fields. The experinlent, which is expected to bring about a 
large reduction in the usual expcnse of t l ~ e  preparation of thc L L  Record of 
Rights," cannot be considered to be con~pletc until the duties of the Settlement 
Officer in connection with the Record of Rights havc been carried out during 
next season. 

21. I n  Eritish Burma, districts Hantllawaddy, Bassein, and Tharawaddy 
have cout,inued to occupy the three cadastral parties a t  work in the province, 
and thc Hantllawaddy party has also carricd on the survey of the Rangoon - -  - 
Town llistrict. 

TIle Hanthawaddy party has again sent a detachment to Arakan to conti- 
nue the skeleton survey of boundar~es of waste land grants. 

In Assam a su~all party, speciaily organized, has been engaged on the Cadas- 
tral Surrey of selected villages in thrce parts of district Sylhct, as a test on the 
accuracy of the ?lzaAalwav maps of the district, which were constructcd by a civil 
establisl~mcnt in 1562. The areas surveyed cadastrally are- 

North-JVest Provinces ... ... . . . 1,383 square milos. 
British Burma . . . ... ... 3,513 ,, ,, 
Assam (Sylhet) ... ... ... 26 ,, ,, 

25. I n  British Burma the officers of the Cadastral Survey Parties ha re  
continued to hold in view the wislies of the local a~iniinistration regarding the 
training of Burmans as field surveyors ; but the reports concerning the value 
of t l ~ e  morlr of these men are not so favourable as last year. Though doing 
work generally good in quality, tlie Burmans are said to be very inferior to  
tlbe llindustani survcyors in rapidity of execution, most of thein working only 
in R 11alf.llearted way, and serving with tlie survey parties solely with the 
object of qualifying for better civil appointments. The  dislike of the Burmarrs 
to remain long with the survey parties arises partly from the circumstance that  
the einploymcnt offered to them as field survcyors extends only over six months, 
n~ithout, as a rule, any leave allowances being granted to them during the 
otl~cr half of tlic year. There is also the disadvantage in the employnlent 
that service as a " field surveyor " is only tcrnporary service, non-qualifying 
for ~ c ~ ~ s i o n .  

26. The field surveyors of the Indian Cadastral Surveys labour under 
the sa111e disadvantage of having their service regarded as only "temporal*~.," 
having in this respect succeeded to the status of the settlement " amins," wl~ose 
duties they harc assumed, and being quitc distinct, as regards the conditions 
of service, from the sub-surveyors (trained as topographers and theodolite 
surveyors) of the permanent establishments, whose service qualifies for pension. 
The  present field surveyors" are much more highly trained than the 
old " amins," and many of them havc served continuously, and in several 
districts, since the commencemer~t of cadastral operations in the North-West 
Provinces. The mcn are deservingof l~aving their status improved; and in 
tlic intcrcsts of Government it is desirable that they should be permanently 
attacl~ed to Cadastral Survcy Partics, and their service made " permanent," i f  
cadastral operations are in future, as now, to form a. considerable part of the 
regular duties of the Survey Dcpartn~cnt. 

27. Towards the closc of the ycar an important Resolution-No. 45S, 
dated 4th September 1882-was issued by tlie Government of India in the 
Revenue and Agricultural Departmcnt, drawing tlle attention of the Local 

Xortl~.Wrstern Provinces. Govcrnnients mnrgiually specified to the unequal 
I l r ~ l ~ s h  Burmn. 
llcncnl. 

cost of rcvcnue surveys undertaken in different 
I ) ~ ~ ~ ~ ,  ,b. provinces or districts, as well as to the incon- 
Ccntrnl Provinces. 
A~~~~ venience and expenditure caused b y  the absence 

of a definite undcrstancling between the survey 
and the rcvcnue officers as to the extent and cliaractcr of the work which one 
dcpwtmcnt reqnircs from the otlicr. A question was raised ar to the compara- 
t i re cost of cadastral surveys executed by the Survey Department a ~ l d  those 
exccutcd by the Rcvenue Settlement Department. It was stated that 
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whereas the accuracy of the professional maps ncver fell below a certtain 
standard, on the contrary under non-professional management thc work turl,d 
out was very unequal, and many of the maps had proved comp~ratively  us^ 

lesu. Enquiries have led the Government to suppose that the cost of thc latter 
is not a t  the present time much below that of tbe former, more pr~rticularly in 
the North-West Provinces, where a considcrnble decrease in thc rate of 
expenditure has been effccted by nlodificatious of procedure, tlie officers of both 
the Survey and Settlement Departments having co-operated in reducing the 
systenl of cadastral survey to u more efficient and economical standard than 
that nhicli hnd formerly prevailed. A further question was raised as to the 
extent to wliich the work of tlie survey parties employed upon topograpphical 
surreys cau be utilized for cadastral purposes, or whether, on tile other hand, 
mRps which have been supplied by non-pl,ofessional cadastral parties can be 
utilized for topographical purposes. The system wllich should be adopted in 
future cadastral surveys is considered ; i t  is remarked that there is a general 
consensus of opinion that a skeletou survey, conducted under professional 
agency, should precede all field plotting, by whatever agency performed ; the 
skeleton is expected to contain all tlie tri-junction pillars in the boundaries of 
villages, and a series of intermediate pillars a t  distances of somemllat less than 
half a mile apar t ;  the field plotting, when not filled in professionally, to be 
undertaken by the village jmtlunris or accountants. Local Governments are a t  
liberty to employ other than professional agency when they please, provided 
the agency employed is thorougl~ly trained for the purpose. Suggestions are 
made regarding the training of patzi,nris, the formation of survey schools, and 
the system of mensuration to be taught. The  inconvcnienco of irregular 
demands on the Survey Department, which involve sometin~es the formatioil of 
untrained survey parties, a t  other times the breaking up of well-trained parties, 
is prominently noticed; and Local Governments are requested to cause 
forecasts to be made of the areas which will have to be surveyed during tlie 
next ten years, and so to arrange their programmes that work may be found 
without interruption during that term for the entire staff whioh is  placed in 
charge of the initial operations. As regards locally organized surveys, the cnst 
must be kept within certain limits, a system of survey must be adopted which 
will ensure the quality bcing kept up to a certain standard, and the cost and 
quality must be tested by recognized experts. 

GEOGRAPIIICAL RECONNAISSANCE. 

28. The geographical aurveys and reconnaissances described in sections 
VIII, XIV, X S I I I ,  XXIV, XXVI, and XXVII have resulted in an addition to 
the country already mapped as follows :- 

Burma and Mnnipnr boundnry 1,600 square miles, ',-inch scale. 
Ditto ... ... 1.1.50 , Q ,, 

... Kobnt frontier ... 450 ,, $ ,, 
Belurhistou . . .  ... 3,240 ,, 

Ditto ... ... 2.420 , :: 
Enst Sikkim ... ... 180 ,, f ,, 
Nepsl ... ... 720 ,, 4 ,, 
Tibet ... ... 690 ,, 4 ,, 
Dardiston ... ... 200 ,, # ,, 
&shnngnngn ... ... 600 ,, t ,, 

TRANS-IIIJIALAYAN GEOGRAPHICAL EXPLORATIONS. 

29. Thc celebrated explorer Pundit Nain Singh, C.I.E., who was orig- 
inally trained by the late Col. T. G. Rlontgomeric, R.E., for Trans-Himalayan 
survey operatious, and whose services are well known not only to the Govern- 
nlont of India, but to all who take an intcrest in the geography of Central 
Asia, died on the 24th January 1882. IIc had received honorary distinctions 
from thc Royal and otllcr Geographical Societies in Europe, had been made a 
Conlpanion of the Indian Empire and been given a grant of land in perpetuity 
for hinlself and his heirs by the Govcrnrnent of India in acknowledgment of 
his services. And tlrcse scrvices were not restricted to tho scveral years when he 
was actually making explorations; but nfter hc retired from active duties he 
mas occasionally cnlployed in training other natives of India for similar explo- 
rations, nnd i t ~  in~par t i r~g to them somctl~ing of the knowledge and skill wliicll 
ho Lad himself acquired in tllc courso of llis long and varied experiences. Very 
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intclligellt and most trustworthy, liis name will always hold an honourable 
place in the annals of the Indian Survey Department. 

30. Tile prcsent report contains a map and brief accounts of route surveys 
in the regions to the west and north of the frontiers of Sikkim, which were 

in 1879 by an cmploy6 of the Educational Department of Bengal, and 
during 1880-81 by an employ6 of this dcl~artment, which have reccnt.1~ been 
worked out and mapped by Captain Harman. 

Also a map and a short account of routc surveys in and beyond Badaltsh&n, 
in RoshBn, ShignBn, and other district@ bordcring the Panjah river and the 
coIIatcral affluents of the river Oxus, which were made during the year8 1878 
to 1881 by RI- S-, an employ6 of this department, and which contribute much 
mutter towards thc filling in of the numerous lacunm in the existing maps of 
this region. 

Also a preliminary account of cxplorations over an extensire area in 
Great Tibet, to the north and east of the regions reached by Pundit Nain Singh, 
which were made by his pupil and once companion, A-k, who has returned 
to India, after an absence of four years, so recently that as yet  there has not 
been timc to reduce his observations, translate his journals, and construct a 
map in illustration. 

31. At tho International Geographical Congress and Exhibition which 
was held a t  Vcnice in the autumn of' 1851, two medals mere placed a t  the 
disposal of the Surveyor.Genera1 for award to the two native explorers wliom 
he considered most ~neritorious. One of t l~eschas been presented to hl-S- ; 
thc other is reserved for presentation to A-k, in the expectation that when 
his route surveys are worked out he will be found to be fully deserving of 
the honour. 



PART I. 
THE OPERATIONS O F  T H E  SEVERAL SURVEY PARTIES APPER- 

TAINING T O  THE T H R E E  BRANCHES O F  T H E  SURVEY 
DEPARTMENT. 

TRIANGULATION AND COLLATERAL OPERATIONS. 

I.-THE EASTERN FRONTIER SERIES. 

32. Tho programme of operations for the field season embraced the 
following projects :- 

(A) The connection of the principal triangulation with the base-line of 
verification in BIergui, which llad been selected and marlted 
out during the previous field season, as intirnatcd in tlie report 
for last year. 

(B) Thc extension of the principal triangulation down t,he coast line 
and the islands of the JIergui Archipelago, as far as might 
be practicable cluring the time available. 

(C) The  preparation and measurement of the base-line in Mergui, and 
its connection with the mean-sea level. 

(D) Astronon~ical determinations of latitude and azirnut,h a t  t l ~ e  
s t a t i o ~ ~ s  of the principal triangulation in the neighbonrliood 
of the base-line. 

33. Tho  espericncc gained in previous years had shown that suitable 
atmospheric conditions for the observation of distant objects were only to be 
expected during the first l~nlf of the field season. By the middle of thc month 

dense haze usually sets in, mhicli shuts all distant objects out of 
view, Of Janua'J an this of course necessitates the suspension of the measurenlent of the 
angles of triangles of which the sides usually range from 10 to 40 miles in 
length. I t  was therefo~e determined to devote the first half of the field cleason 
to  the principal triangulation, and the remainder to the measurement of thc 
base-line, the astronomical obse~rations being taken whenever convenient. 
\Vith a view to expedite the progress of tllc triangulation and nlalre t11c most 
of the limited period of favourable atmosphere, the Government stealner Celcj.it,i/ 
was placed for a few months a t  the disposal of this department, in order that 
the survey officers might no longer be dependent-as they hncl bcen in previous 
vears-on the sailing vessels ordinarily used by the native sea-faring popu- 
lation in thcir coasting voyages, and the employment of which llad becn a 
constant sourc8e of clelay and inconvenience. The  steam-launch Jfoz~lmcttl 
was also lent for a short time by the Chief Commissioner in British Burma, 
and was found most serviceable. 

34. Two triangulation partics wcre available for the operations, viz. 
the Eastern Frontier Party, recently under Captain Hill, but now under 
Major Rogers; and the party under Coloncl Brenfill, which in the previous 
Sear hnd been employed in conlpletinq thc Eastern Sind Series. During the 
hrst llalf of tllc season tllesc parties worked ii~depcndently of each other,- 
Colonel Branfill's in connecting tlie principal triangulation with the base-lir~c? 
and esccuting the rleccssary prclimiunrics for the linear ulcasuremcnt ; Major 
Rogers', in e x t c ~ l d i n ~  tlle plincipal triangulation southwnrcls. They t l ~ r n  
ahsenlblcd nt the base nnd measured i t  with tllo Colby apparatns of compell- 
hati011 burs nnd m~croscopes-used in conjunction witli the standard of lr~lfith 
of this survcy-mlricl~ llas bcen e~nplo -cd s111re thc ycnr 1830 in n~cahuring i . nll base-linccl for t l ~ c  principal triangu atlon, and is mentioned in paragml~l~ 6 
of tllis report. Colo~lcl Uranfill supervised and toolc a sharo in both tllc 
n~casrlrcn~ent of tLe lasc-line and the collateral triangulation and nbtrononiical 
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35. Tile principal triangulations wcro completed by t l ~ e  ~niddle of 
January ; the work exccutcd by both parties fixes 15 new statior~s,  rid gives 
as laany new triangles; it  extends ovcr a direct distance of 109 miles between 
the parallels of 10" and 12", and includes an area of 1,G88 squarc miles. Eight. 
rlew stations wero fixed in connecting with the base-line, and sevcn on t l ~ u  
extension. But whcrens the former arc coruprised within a distance of 15 and 
an area of 21 square milcs, the lattcr extcnd over a dislanco of 94 miles and 
embrace an area of 1,GG7 square nliles. Major Rogcrv made a reconnaissance of 
tbc islands of the Blergui Archipelago with a vicw to the future secondary 
triangUlatio~~ to Singapore, down to the parallel of 9" 20', a distance of about 
60 miles beyond the southernnlost side of t l ~ e  principal triangulation. Forty- 
eigi1t prominent points on the ~ I a l a y a ~ ~  Peninsula and the islands of the 

were fixed by both parties, by observations taken a t  the prin- 
cil)aI ; they lie ill an arcn of 3,344 square miles exterior to that of the 
prillcipnl triangulation. Thus thc entire arc2 operated in was about 5,000 
srluarc miles. 

36, Great advantage mas dcrived from the e~nployment of steanlers 
instcad of sailing vessels, in enabling the survey officers and the parties of 
sigrlnllcr~ to be moved about with rapid~ty  ; for the observing season proved 
to bc a very short one-barely two u~ooths-bctwccn the cessatiou of the rains 
in  November and the setting in of the hazc in January. The  stcnm-lauucl~ 
jlfollhllein proved to be an invaluable auxiliary to the steamer Celerzty, in 
affording access to points 011 the coasts and islands which the larger vessel 

not have reached because of the sl~allowness of tlic water. By ineans of 
~ ~ ~ l i o g r a ~ l ~ i c  signals on the Rlorae system-between l~imsclf, the officers of the 
steamer, and his assistants-Major ltogcrs directed t l ~ c  g e ~ ~ e r a l  movements, 

mas thus able to make the most of the stcam power a t  liis disposal. 
Captain Hotham, of the Indian RIsrinc Dcpnrtincnt, commanded the Celerity, 
wit11 tho crcw of which the stea111-launch mas also worked. His services, and those 
of ]]is subordinate officers, are warmly ackuowlcdged by Major ltogcrs ; 
for tiley all took a ltccn interest in tlie operations, and Captain Hothain hag 
esplcssed a wish to bc again employcd in co-operatiou with our oficers 
whcr~evcr the tr ia~~gulation is extended to the soutl~. 

37. By the end of January all hands m-rre engaged on the measurement 
of the BIergui base-line under Colonel Branfill. This base is about 3.4 miles 
in lengtli, or somewllat less tliarl half the average length of all the base-lines 
preyiou~Iy iucasured in India with the Colby apparatus, with thc cxceptio~l of the 
C a ~ e  Conlorin basc, mhicli is only 1.7 nliles in le~igtll ; but the Cape Cornorin 
base was ~~leasured four tiules, with a view to thc i~~vcstigation of t l ~ e  probable 
error of base-lines n~cnsurcd with the Colby apparatus, whereas the longer bases 
\Irere o111y measured once. Tho sllortcr a baso tllc greater the nuniber of 
triangles that are rcquircd to conncct i t  with the principal triangulation, and 
vice vcvsb. I n  the operations of this Survey thc Icngtl~ has generally been 
regulated with a vicw to employing thc mcusurinji p:uties during thc whole of 
the ficld scason, in ordcr to avoid the loss of time wllicll mould be entailed by 
transferring them to other operations in other, and probably distant, localitiej 
duriug t l ~ e  nlost favourable senson of the year for ficld work. But suitably level 

for the rncasure~ncnt of a longer base could not be fou~ld a l ~ ~ ~ l ~ ~ ~ ~  
011 tho coasts or the islands of the RIergui Arcli i l~ela~o,  whereas there was 
ample enil~loyment for the survcy parties in tlie neigl~bourho~d, in addition 
to thc measurcmcnt of tho base. T l ~ u s  a basc of short length mas not only 
obligatory, but thc most convenient in the present i n s t ; ~ n ~ ~ .  

38 'rhe actual ~neasurement of the base and t l l ~  ~ 0 n 1 1 ) a ~ * i ~ ~ ~ ~  Of tile 
compensation bars with the staudard of Icngtll occupied o n l y  24 days. 
This, of course, is exclusive of thc tirne spent in varibus preparations 011 tllo 
spot, wl~ich wcre all more or lcss tcdious. T l ~ e  apparatus llad been put 
into tl~orough working ordcr, u~rdcr tho supervisioll of Rlr. EIennessey, 
bef~~rt .  i t  was tlcsl>atcl~ed from thc hcad quurtcrs of tile Trigonome~ricnl 
S~irvcy in Dcllrn L)un, 2nd it reached b1crgui in good order, l lal~il lg nlet witll 
I I ~  11tihll:lp 011 its 1011g journeys by land and sca ; tlluS tile nlcasurcluellt 
tile base W:M ])~>rforu~cd with rapidity, and witllout let or llilltll-ancc of any 
kind. At scvcral, but not all, previous baso-lines it has bccn customary to 
divide the linc iuto scc t io~~s  co~~nccted  by triangulation, in order to test tllu 
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operations by comparing the ratios of the measured lengths of the scctions wilh 
tile values of ratio afforded by tho triangulatiou, and also to guard against 
accidental gross crror in tho record of the cumber of sets measured from day 
to day ; but the ~neasurcd length was found to agree so closely with tlle value 
brought down througli the priucipal triangulation, that it was certain that no 
lllatcrial errors could liave been made ; and the evidence affororded by the tests 
applied on previous occasions-and more particularly by  the four-times 
measurcd base a t  Cape Cornorin-have sufficed to establish the great accuracy 
aiid precision of tlie apparatus, and to show that further triartgulation tests 
are unnecessary. Consequently, though in the present instancc the base-line 
was divided into two scct~ons, with a view to enabling comparisbns of the 
measuring bars with tho standards of length to be made a t  the centre as well 
as a t  the two extremities, the sections were not ccnnected by triangulation, 
as no advantage, commensurate with thc labour of measuring three additional 
principal triangles, would have been gained ; the t i o ~ c  this would have occupied 
was morc profitably spent in astronomical observations for latitudc and azimuth. 
With a view to determining the heiglit of the base-line above the sea, a line of 
spirit lcvels was carried between one end of thc base and a point on the coast, 
a t  whicli a tidal station will hereafter be established. 

30. The value of the length of the base-line, as deterinincd by calcu- 
lation through the triangulation from the side of origin of the Eastern Frontier 
Series, is in excess of the nleasured value by about 3.4 inchcs, or  1 inch per 
mile ; the triangulation consists of a chain of polygonal figures-mostly hcxagons 
and quadrilaterals-of \vIiich tlie length is nearly 1,000 miles, while the number 
of triangles on tlie shortest line betwecn tlie side of origin and tho base-line 
is 108. Thus the closiug error on the base is, for so long a chain, a small 
one;  i t  is less than the theoretical probable error of the triangulation 
calculated on tlie assumption that the probable crrors of the angles do not 
exceed 0.5": i t  indicates tliat the error generated in the mcasurcment of the 
angles of tlie principal triangles may bc safcly considered to have been very 
minute. 

PO. Astronomical observations for the deterrain-tion of the latitude 
and the azimuth were taken a t  four of the stations of thc principal triungu- 
lation in the vicinity of the Rlcrgui base-line. I t  is well known that all 
such determirlrltions are liablc to be influenced by local deflections of the 
plumb-line; consequently i t  is always preferable to obtain fairly accurate 
results a t  several points than seemingly vcry accurate results a t  a single 
point, for the magnitude of thc latent crror dl;e to the local dcflectionv 
frequently exceeds the probable errors arising from all other causes put 
together. I n  the present instance all the astronomical stations lic within an 
area of about 20 square miles ; and tlie differcnces betwecn the observcd and the 
geodetically computed latitude and azimutli a t  each station shorn tliat there 
can be no material variations of local attraction within this area. The  mean 
geodetic latitude has becn found to be 8.2'' in defect of tho mean astronomical 
latitude, while the mean geodctic azimuth is 11.2" in excess of thc mean 
astronomical azimuth. Tlie geodetic calculations have bcen brought up from 
Kalianpur-Colonel Everest's station of astronomical o~ ig in ,  rcferrcd to in 
paragraph 7-through the triangulation of the two Longitudinal Series west 
and east of Calcutta, and through that  of tlie Eastern Frontier Serics; 
and they aro based on Colonel Everest's clemcnts of t l ~ c  figure of thc earth, 
which liave invariably been used in all the calculutions of this Survey up 
to  the present time. Later and more accurate elements mere c:ilculated 
b y  Colonel Clarltc, C.B., of thc Ordnance Survey, in 18GG; if thcy were 
employed, the diflcrence in latitude would be reduced to about G", and that in 
azimuth to 8". Tliese quantities may therefore he takcn to represent the 
magnitudes of the discrepancies arising from the combined action of tlio errors 
of the tr inn~ulation connecting the astronomical origin a t  I(n1innpur with the 
astrono~nical tel-minus a t  Rlergu~, and tlic crrors due to the local attractions a t  the 
two localities; the heoretical probablc errors of tho triangulation arc lcss than 
f 1" in latitude and +3" in azimuth ; thus, the discrcpancics arc probably 
mainly duo to the influence of local attractions in defiectulg the plumb-1,iue 
a t  the initial and terminal astronomical stations. 
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41. Latitude determinations mere also made a t  Moulrnein b y  Major Rogers 
his a t  the end of the field scason. T h e  observations were taken 

a t  tilree situated mithin a n  arca of seven square miles. Hcre, i n  
latitude 16" 20', the mean geodetic value was found to be 6.5" in dcfect of thc mean 
astrollonlical value, as  compnrcd with 8 2" a t  hlcrgui, in  latitude 12" 23'. Tl ie  

distances of the stars undcr observation mcre measured on the  18-inch verti- 
cal circle of an old two-foot theodolite, of infcrior accuracy to the  one employed 
by Coloncl Branfill ; but the diffcrcncr: between the  results is probably mninly 
due to differences in  the local attractions a t  bIoulrncin and hIergui.* 

42. At the end of the field season Major Rogers made ir~spections of the  
working of tLe tide-gauges a t  bloulmein, Amherst, Rangoon, Eleptlant Point,  a n d  
Port Blair, and then pocecded to Poona to relieve Major Hill  of tho charge of 
the  Tidal and Leveling Party.  'l'hc latter officcr resumed charge of the Eastern 
Fronticr Party,  but a few weelrs subsequently was transferred to the charge of 
the Dccca~l  'l'opographicel Party,  on the death of Najljr Lccs Smith. l ' l ~ u s  the 

a lone supervision of the recess dutics generally-and more particularly the cnlcul t' 
for tlie reductions of the piincipal triangulation and the  astronomical obser- 
vations-mainly devolved on Colonel Branfill, who, having brought all t h e  work 
t o  a satisfactory con~pletion and handed i t  over to  Mr. Hennessey for final 
disposal in  the Computing Office a t  the head-quarters of the Trigonometrical 
Survcy in Dehra Dlin, proceeded to Europe on furlough for two years. T h e  
partics employed i n  the operations wl~ ich  have now been described have 
been broken u p ;  most of the offcers havc been transferred to Topographical 
Surveys ; the Native establishn~cnts have been reduced and  transferred t o  the 
new Secondary Triangulation Par ty  and  the Nepal Boundary Survey. 

11.-GWALIOR AND CENTRAL INDIA SURVEY (NO. 1 TOPO- 
GRAPHICAL PARTY). 

43. r rhe  triangulation carried on b y  this par ty  during this season lay 

Personnel. maiiily in the Native State of Sirohec, bu t  
also iucluded small portions of P i l a n p u r  

~~j~~ C. St rn l~nn .  R.E., Oficinting Deputy Superin- 
telldent, 2nd grndc, i n  chnrge. and Ddnth, the well-known hill station of 

Y ~ .  W. J. Cornelios,Assistnut Surve~or .  1st grnde. Mount Abu, falling about t h e  centre of 
., P. J. \V. Dorm ,, , 1 s t  ,, 
,, C. T. Te~nple ton  ,, ,, 2nd ,, the triangulated part. The area thus 
., A. Kitt,hen , 2nd ,, preparcd for futuro survey was about .. O. 1'. T.tte ,, 3rd ,# 

sub-surveyor A ~ ~ U I  Gofnr. 1,620 square miles, all of which was more 
, Abdul Ariz. 
, ~ h m n d  Snyid. or less bad and difficult country. 
,, J:!fir Ali. 44. T h e  country surveyed in detail  
, ~ b l l u l  Itrhmnn. 
,, 111. J. H.. Hnrris. 

on the scale of 1 inch = 1 nlile l ay  i n  t h e  
three Rajput  States of Blarwar (Jodhpore), 

BIe-war (Oodcypore), and Sirohee, embracing an area of 2,440 square miles, of 
which Major Strahan reports that  460 square miles were about as  difficult a n d  
intricate as could well be found, wl~i ls t  the rem:~inder was singularly easy t o  
dclineatc. T h e  portions completed during the  season a re  represented on the  
index map as part of sheet 85 (the difficult ground mentioued above) a n d  
shects 91, 92, 05, and part of 06. 

45. T h e  programme of operations for  the field season was somewhat 
interfered with, as  Major Stmhan had to pass a military examination, mlliCh 
necessitated his withdrawal for  several weeks f r o n ~  the field operations to  a mili. 
t a ry  cantonment. H e  might have claimed t o  be relieved of all survey du ty  
during this period, but  being aware that  no officer was readily available to  take 
his place he  did not take tho lcave to  which 11e was entitled, but continued to 

Colonrl BrrnOll reports of Licutennnt the IIl,n'ble 111. a. T~blbot,, R.E., who nns nttnched to his pnrtr ,~.itl~ a 
view lo h c i ~ ~ g  instructed in the grndctic opcrnlions of this Survry  tlmt I I ~  took nn equnl  shnre air11 Gim in tho 
prinrip:tI t r i n n ~ o l n t i n n  n n l l  natronn~nienl  ohse~.mt~nne, and hns B~IOIFII 'dimself to bo '' nn excellent observer, ~ v i t h  very 
kcen egc.aiyht nl ld  rlolichry of nlnni~)!llntion :" hc wns 18lso of m u c l ~  nsnist~~nce n t  the bnre-line. BIr. I). Atkinson 
executed tlnc ~pirit-lcvrls.  c ~ ~ ~ l n c c l i a e (  t l l~~base- l ine  wit11 the  sell, conjnilltly r v i t h  Mr. Senior. Mr. I'ocock bu i l t  tllrco 
or thc prinril>nl atntions. on@ being 1.600 and onother 2,000 (eel nbovc the level of theeen. nod clcnred the Ilill.tops 
of foreat. Mr. I'ottcr bnilt  nnd clenrcd tllrcc stnliolle, one, I ( i s a r r n i n ~ ,  on n lnrgc islnnd surrounded by njnngrove 
rwnmpl,  to r r n r l ~  w l ~ i r l ~  i l  ~s 'ns  ncccasarg t o  oprn out  n rond more tbnn tivc lniles i n  lengtll for tho pnssnge of tlro l,lrge 
tlteodolite. l r .  Tl)rrrns wns r m l d o ~ e d  on s i~ni lnr  opcrntinnn nnd on necondnry trinngolntion i u  bIerpui. E:bch omccr ebmrrd in t h e  mesrnrrment of Ill* bnse.lit~c. Subsrqaentl; B1rss1.s. Poeock nnd IJolter took Inoat of t l ~ a  srnr abscr. 
vstionn for thc I n ~ i t ~ l ~ l c  dctrrminntionn n t  hloalmcin. IIICIIIJ~I~F. A I O U I I ~  SL~ony Ggoke, t l ~ e  14urmcno sub.sUlvrJor, 
are reported by either Colonel Brnn811 or hlnjor Roger8 to  bnve worked relunrkably well n11d given entire satisfactioa 
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exercise general superintendence over thc s u v e y  operations wl~ile preparing 
hi~uself for the rnilitnry examinations. 

46. As tlie No. 7 Topographical Party has rccently been transferred from 
Rnjputana to Uurn~a, the uncoulpleted portion of tlie ground which had 
origi~inlly been allotted to i t  for survey 113s been handed over to No. 1 Party to 
con~plete, which mill iu future be designated the ( (  Central India and Rajputana 
Survey Party." Tlie extent of area which i t  has to complete is about 22,500 
square n~iles ; of this area the greater part, being desert country, will be sur- 
veyed on the half-inch to the mile scale. 

47. During the ensuing season this party mill extend the trianplation 
over sheets Nos. 101 and 102, and will complete the detail survey of sheet 99 
and the remaining part of sheet 96 in addition to part of the country to the 
north, wliicll has been previously triangulated by No. 7 Party.* 

111.-IC-DESH AND BOMBAY NATIVE STATES SURVEY 
(No. 2 TOPOGRAPHICAL PARTY). 

48. This party continued the survey of the Khandesh district as in 
Personnel. previous seasons, the field survey bcing 

Pnjor T. T. Cnrter, R.E , ~ c p u t y  Superintendent, made ou the scale of 2 inches = 1 mile, 
2nd grnde, in charge. and the maps published on the s c a l ~  of 1 

Mr. A. 0. \V~art. 4th grade. inch = 1 mile. An area of 490 square 
,. J. A. Dnrker. Assistant ,. 1st ,, 
,, F. E. Wartle ,, ,, ist ,, miles of country was triangulated during 
,, Gs Vnoder-Deck the season ; and in addition 1,025 linear ,. P. Qruhnm , .. 2nd ,, 
,. C. C ~ C O ~ ~ C  ,, , 3rd ,, miles of traverse were completed, fixing 

Sub.Survegor Sheikh Omer. 
, ., Nr. F. l<onurio. 1,034 village boundary tri-junction pillars. 
, .. Hyde rAl i ,  This completes the preparation for detail 

nod five othera. survey of the country remaining to this 
party. 

49. The  topography completed during the season covered an area of 
1,554 square miles. Of this, upwards of 1,060 square miles was cultivated 
country. This area is represented on the index map as sheets 21, 23, 24, and 
part of sheet 34, and is situeted in tho underlnent,ioned talulras :- 

Squnre milo. 
Amalner ... ... 260 

... Ernndol ... 258 

... Pichorn ... 450 

... Chilisgnon ... 228 
Nnndurbhr . . ... 2GO 

Nnsirnbad ... ... 5 

Dhulin ... ... 9 

... Pimpalner ... 3 

Niznm'e territory ... 81 

The country in sheet 34, Major Carter reports as bcing very unhealthy; it 
being impossible to send surveyors into i t  before the beginning of April. It 
is forest land inhabited by Bhils. They attribute tlie unhealthiness of 
their district to the water absorbing poisonous qualities from the roots of 
certain shrubs. Even in April and RIay the parties have to be numerically 
stronger than usual to fill the places of nlen suffe~ing from fever. 

50. It is expected that during the ensulng field season the remainder of 
the country. allotted to this party will be finally surveyed. Arrangements have 
tllerefore bccn madc for this party to take over the portions of Malwn that 
have not as yet bcon surveyed by NO. 5 Topograpliical Party, which is about to 
bc transferred to R1irzapur.t 

nInjor Stmhnn r ~ p o r t s  t b t  " Bfr. Dornn's nwrk for the a c ~ l o n  a n 9  entirely to my sntisfnction." BIcaara. 
~ ~ ~ ~ l ~ t ~ , ~ ,  Hitclgcn, n n d  Tutc are commeodcd for their accuracy. Ol  the sub-sorveyors, Abdul Qulnr is more especin l l~  
noticed for his cnre nod nccu~~ncy. 

9 nl.jor Cnrter reports t h a t  Moasrs. Wynlt. Ornhnm, nod George, end Sub.Survegors Sheik Omur. Mr. Roznrio. 
Hydor Ali ,  " .re pnrticulurly deeerviog of ment ius  " Tor their good work, - 
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1 ~ . -  BHoPALAKD MALWA SURVEY (No. 5 TOPOGRAPHIC A L  PARTY). 

51. The work of this party during the season undcr review was in continua- 
Personnel. tion of that previously carried on-a topo- 

graphical survey on the scnle of 1 inch= 1 
~~j~~ J .  R. WiImcr, 8 C.. Deputy Superintendent 

4th pmdr, in chnrgo. mile of the Native States of Central India. 
y,. C. F, Homer,  sorvcynr, 4th erl~de. 

E. A. Wninright, Assistank Surveyor, 1st  grnde. 
The  country surveycd during the season 

1' H. T. bi tchen  ,, , fell chiefly in the territories of BinswBra, 
,: m. a. Linyy ,, :: 1.t 9. Oodeypore, Parthbgarh, and D6ngarpur. 

0. R. C o p p l n ~  ,, 1 s t  ,, 
P;;h.surveyor Prrtn n:lj. With the exception of about 190 square 

Horlnl Sing. :: Kristo Dhnn Chntterjec. 
miles of country, which being in the 

aobnr~ll~nr~ DR.SS. table-land of Central India was open, :: Shiv Chnrnn. well-cultivated country, the whole area 
surveyed in detail consisted of very hilly, jungly, intricate country. A 
considerable portion of the Mahi river fell within the season's work. The  
total area surveyed in detail was 1,096 square miles. 

52. The triangulation completed during the season covered about 1,096 
square miles. In  addition to the topography on the standard scale, the cities 
of Bhnswira and Jaora were surveyed on the scale of 6 inches = 1 mile. The  
party is reported to have suffered considerably from fever during the field . . 

season. 
53. During tlie ensuing scason a portion of the pnrty mill be employed in 

complet,ing the topography of shcet 49, for which the requisite basis of triangu- 
lation has already been prepared. The  bulk of the party will, however, be 
trnnsferred from a Native State to British district, Mirzapur, with a view to 
colupleting the topogrephy which is required in connectio~l with the cadastral 
survey operations IIOW in progress in that district. 'Fhe completion of the 
survey of Malwa has been allotted to No. 2 Topographical Party.' 

V.-SYLHET, KHASI, AND GAR0 HILLS SURVEY (No. G TOPO- 
GRAPHICAL PARTY). 

54. T l ~ i s  pnrty took the field early in December to carry on, a t  the parti- 
.Z'er,ronn~1. cular request of the Chief Commissioner 

nt. ~ i ~ ~ t , e n n n t - ~ o ~ o n e ~  R. O. Wnorlthor~r, n.% of Assam, the work previously commenced, 
Arsistont Saperintmdent, 1 s t  ~ r n d c .  in ehnrge. 

Mr. A. CIlenneII. Snrr.eyol.. 4th p d e .  of surveying the lands in south Sylhet, 
., J. MrCny, Arsislnnt Su rve~o r ,  2nd w d e .  which, owing to their being waste, hilly ,, J .Krnt in~g ,, ,, 3rd ,. 
,, D.Cllmpbrll ., ., 3rd .. ground, had been left unmapped by the 
., A . E x v i n ~ .  ,, , 3rd . 

Sub-Survejor Shnh Nnsirodin. 
revenue survey of that district. These 

, Pnilh\ Ali, lands are now being rapidly taken up for 
nnd nine others. the cultivation of tea. 

55. The country under survey consisted of the lower spurs of the Tipperah 
hills running northwards past the Urit,ish boundary into the plains of South 
Sylhet, as well as the isolated group of low hills which lies between Fenchu- 
gunj and the Manu river. These tracts of country, hitherto described on 
t,he maps as " hills covered with impenetrable jungle," are rapidly becoming 
very valuable, as they are being taken up and opened out for tea cultivation. 
This survey is made on the scale of 2 inchcs equal to 1 mile, and  
during the scason an arcn of 244 miles was completed. The  boundaries of 
certain tea grants met with were also surveyed, a linear distance of 47 mi]es 
of traverse having been run in order to fix t,hem. 

66. I n  addition to tlie above, a portion of Hill Tipperah, covering an 
area of 222 square miles, was survcyed on the smaller scale of inch equal 
to 1 milc. 

57. Lieutenant-Colonel Wnodthorpe reports that the country is very diffi- 
cult by reason of tlie dense bamboo and trec junele with which all the low 
hills are covered, t,he work there being necessar~ly slow, as each snlall stream 
and it,s nfRllc~lts hnvo to be carefully tmvcrsed with compass (or plane.tab1e) 
and cllain, chccks Iwing madc by cross lilies and such independent fixings of 
... -- - 

hlnjor \Vilmrr, onfirr rlosc pcrannnl inspection of tho  work of  llis naaintants, cnrn~ncndr Messra. IInmer, Wninriebt, 
Kitchen, nnd ('opping lor  the nrcllrnrv of  tlboir work,  t h n t  or  Uessrs. Wniurigldt nod Kitchon being especially aent. 
8ub.Surve~or I'rclu Lkj in nlso specinily mcnlionod lor good work. 



18 PART I :  

position as can be obtained. The  heavy storms so prevalent in March and 
April very much impeded, and finally put a stop to, the work a t  the end of 
thc first week in April, aftcr which work became impossible. 

58. The progmnlnle of this party for the ensuing season is to continue 
thc work mcstwards from where i t  was left off in the previous year, and 
i t  is hopcd that the work in South Sylliet will be finished during the season.* 

V1.-THE RAJPUTANA AND SIMLA SURVEYS (NO. 7 TOPOQRAPIIICAL 
PARTY). 

59. This ~rr r tv .  reduced in strength by the transfer of threo E u r o ~ e a n  
Personnel. 

Mr. C). A. McQill, Surregor, 1st grnde, officining 
in  cborge. 

Blr. J IT. IVilson, Assietnnt Surveyor, 1st grnde. 
., G. L. Fleming ,, ,, 2nd ,, 

Sub.Survepor Bfndhu Sudnn Dutt. 
,, Knlkn Persnd. 
, Sher Sbnh. 
, Hossein Buksh, 

and t w o  npprentices. 

a&istn<ts, continued the survey of' the 
Rajputana States, in accordance with the 
programme set forth in paragraph 69 of 
the General Report for last year. 

Tlie detail survey, whicli is executed 
on the scale of + iuch = 1 mile, was carried 
on mainly in that part of the Jodhpore 
State which is shown on the index man -- 

as degree sheet xx, a small portion of degree sheet X I ~  being also surveyedr. 
An area of 5,Gll square miles mas completed. 

60. The coixntry met with in degree sbcet xx is described as beirg 
l 1  unquestionably the finest that this part has had to survey for the past five 
years." Here the usual rolling sand hi1 T s and ridges of the desert are replaced 
by extensive plains composed of sandy clay, all more or less fertilo and varied 
by clumps of rocky hills. 

61. The  triangulation mas continued during the season northwards over 
degree sheet XVIII, and the remainin:: portion of degrcc slieet XIX (vide index 
map), embracing an area of 3,500 square miles. Degree sheet ~ I I I  is described 
b y  blr, AlcGill its being the worst bit of desert ground he has seen, being- almost 
devoid of villages, and water being exceedingly scarce, and, when met with, 
often poisonous. These troubles are fortunately in part compensated for by the 
extreme healtliiness of the climate during tho minter montl~s. 

G2. This party has now been transferred to Burma, and will be merged into 
the Burma Topographical Party, the country remaining for surrey bein6 handed 
over to No. 1 Topographical Party for completion, as already stated In para- 
graph 4G.t 

VI1.-THE KYSORE SURVEY (Nos. 8 6 9 TOPOQRAPIIICAL PARTIES). 

63. The operations of this survey during the ycar under review have been 
conducted by Major Thuillier, R.E., who resumcd cllarge of the party on the 
40th October 1881 after returning from furlough. 

61. Tlie Europoan establishment 
Personnel. during the field senson was reduced to six 

JIHjor H. n. ~ h n i l ~ i ~ ~ ,  R.E., Drputy Superintend. Surveyors itlld Assisrant Surveyors. This 
cnt, 1st grnde, i n  rhnrge. 

Lieutrnnnt F. B. Lnllgc, R.E., Assistnnt Superin- 
was duo to casualties from the effects of the 

tendent.. 3rd grnde. mabirious climate in tho W'esterll Gl~hts, 
BIr. E. S. 1'. b l t inson,a  Surx-egor, 3rd grnde. where tile party had been enll~loyed dur. 
., L. Pocork' . 3rd ,, 
., A. J. J~trnrs ,, 3rd ,. ing the two previous years, and which 
,, F. ICilchen, b j i s l n u t  ,. 1st  ,. 
,, \V. SLotesbury ,, , 1st ,, 

rcsultccl in the death of tho senior Snr- 
,, 11. T O C I ~  , , 1st ,, veyor, Mr. Chcw, and neccs.itated the 
,, J .  K ~ n n c d y  ,, , 3rd .. transfer of two of tho Assistant Survc ors 
,. d. A. Hiegs , .. 3rd ., 

nud 10 not ivr  sub-survrgors. to  othrr parties worlring in more l~cn  thy 
' During tho recess only. 

T 
districts. I t  was found neccssnry tl~ercfore 
to modify the programmo proposed in the 
last report. 

- 
a Lieutc.~~nnt-Colonrl \Vondthorpe sppuks in tho  higl~cqt terms of tho 1v01.k of Mr. Oqle, not  only in Jlnnip~~r. 

where  Ilc nr!istr<l i \ I . ~ j n ~ .  D.scI~lry, h u t  nlao i n  t h e  Inany dillintlt n n d  c l n n ~ c r o ~ ~ s  unr le r tz rk in~s  in rvl~irh be hna l~ccn  
nssoci~~ted  tritll Colon~~l  \YooclLl~~~rpc.  Mr. Ol~cnucll  n n d  suh.aur\v~yor SII:~II N u a i ~ . u d i x ~  nro nlso m c n t i o ~ ~ e d  ns ll~uvillg 
syeriullg dis~ingutrllrd tl~e~nrelvrs. 

t Mr. 3Idiill rrp,,rts It~vournl,lg of hlrnsrs. Wilron nnd Flemiag, n n d  of his sub.survcyors, specinlly commc~id ing  
t l c  checrful and zeulous mnuner in which t lwy hare  cooductcd t.hc~oselves. 
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5 .  As a large area of pound  hadbecn previously prepared for survoy no 
further triangulation was required, and the operations were confined to topo- 
graI~lly. The districts in which the o!~eratior~s liavc been carried on during the 
rear  are Sliimoga, Radur, Hnssan, and Chitaldroog ; the two first being in the 
fiIaln{~d or l~igbland region, and the others in the Dlaidan or open and undu- 
lating country. 

66. Thc out-turn of detail survey on the scale of 1 inch = 1 mile embraccs an 
area of 4,226 square miles, of which 1,460 square miles are in the MalnQd and 
2,766 square miles in the Rlaidan. I n  the fornier the work mas exceedingly 
dificult, and the same obstacles to progrcss mere mct with as had been before 
encountered in the wcstern parts of the province and previously described, the 
constaut use of the chain being ncccssary. Tlie work lias been tested by 
423 lincar milcs of check line and traverses, and was found to be accurately 
and carefully done. Numerous heights have been fised, which will greatly 
increase the value of the final maps. 

67. The results of this season's work mill furnish matcrial for the publi- 
cation of stnndard sheets 10, 11, 14, 15, 19, 23, 24, 25, and 30. This very 
satisfactory out-turn of work, with its consequent low relative cost, hlajor 
Thuillicr attributes in a great measure to the unusually good health enjoyed 
by the surveyors. 

68. During the ensuing seasoil the triangulation will be continued in 
dcgree sheets XI and xrv, the detail survey being carried on in sheets 1 to 9 
inclusive, and sheets 12, 13, 55, and 56.* 

VIII.-KOI'IAT DISTRICT SURVEY. 

69. Tllis party is engaged in making a standard topograpl~ical survey of 
the I(ohnt district on the scale of 1 inch=l mile, and also in brillgiug up the 
final rnappillg of tile surveys in Northern Afghanistan, which mere executed 
during tllc late mar. It took the field in December, weak both in European and 
Native Surveyors, and was subsequently still further weakened by casualties. 

70. Rlajor Holdich himself was not able to take thc field on the 4th Feb- 

Personnel. ruary, ha\.ing to pass a nlilitary examin- 
nre,.eb.~njor T. A ~ ~ ~ l , l i ~ ~ ,  n , ~ , ,  ncput,y Superin- ation, wlLich him reside for a 

telldent,  offi,.inting 3rd grnt~p, in cl~nrge. time a t  a nlilitary station for the purpose 
MI.. T. P. hi. Clrn~dius. Surveyor. 4th grnde. 
,, IV. N'. hfch'nir .. 4,111 ,, of 1wcl)aring for it. 
,, 11. P. \\'t'arwick. 'Arsistont ., 3rd ,, 71. l'he triangulation was carried on 

Sub.Surveyor Esuf S l ~ a r i t  
, ~ m n m  RIIK.* by  two scparatc parties. Major Holdich 
, Bynd U I I ~ I I .  took the north-east corner of the district, 
., Hirn  sin^. 
,, A t m : ~  Sinp. and triangulatcd that portion of country 
,, Kndnr hl~nrif,* lying bctwcen I<liusl~Algarh and Attock. 
, Sgnd Mnl~bub. EIe covered a n  area of about 500 square 

* D u r i ~ ~ g  the recess only. miles, and reports the country as gencrnlly 
very rugged, but not dificult for triangulation. The  secondary triangu- 
lation of this district, which was exccuted some 30 years ago, mas founcl 
of great assistancc, and a large saving of t i u ~ c  resulted from c n ~ p l o y i u ~  
thc points then fixed. Mr. RIcNair was employed in  triangulating the coulltry 
lying bctween Latrammar and Sannu, wl~ich consists mainly of flat, opcn, sandy 
ground, its vcry flatness rendering it difficult to find and fix points by triangu- 
latiou. 

72. The country topographically survcycd consisted of tho upper valleys 
of the Icohat and Teri rivers, tho Surdag hills, and the Lawighar I~ills, wit11 the 
low-lying plains a t  their foot on the wcst, bordering the Uannu district. A 
total nrca of 1,344 squarc miles was completed, a groat portion of which was 
vcrg intricate ground, requiring great care in delineation. 

73. I11 addition to his other worlc, Mr. DIcNnir f , ~ + ~ ~ n a t e l y  succeeded in 
foruling such fricndly relations with one of ths 'CVaziri Chiefs that he was tl[ken 
under tribal protcct.ion to ulake a reconnaissance of the tract of independeut 
territory lying cast of thc ICurram rivcr and irnnlediately north of I;annu, 
.- -- 

Mnjor T l ~ ~ ~ i l l i r l  arknnmlcdgcr the good sorvires of l r i e ~ ~ t e n n n t  L o n g ~ ,  I1 E., nnrl lligllly commend# l~ is  energy 
nlld p ~ t s c d ~ ~ r n m ~ r r ~ .  He tblso r rpr~r ts  very Invne rn l> ly  OII  t h e  wol.k of his P~~~~~~~ nssis~onts, of sub.~urvc,,ors -1uuki Dnss Rnghnvjengnl., Lnchu~nn Unji ,  nnd Unlnji. 
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which is inhabited by the Dares11 Khel Waziris, and embraces the well-known 
range of llills culmi~~ating in the IZtlfir IZot, ml~icll Mr. McN~lir is the f i r ~ t  
European to have visited. During the forthcoming season the topography will 
be continued, and probably complot,cd in this district. A large scale plan of 
Kohat Cit will also be uudertaken. 

74. $luring the recene Major Holdich and his party were cliicfly ernploy- 
ed in  constructing the final mapping of the surveys in Northern Afghanistar1.l 

IX.-THE GUZERAT TOPOGRAPHICAL SURVEY. 

75. During the year under review the charge of this party has again 
Perronnel. devolved on Colonel ITaig. Four descrip- 

colonel C. T. Hnie, R.E., Deputy Superintendent, tions of work have been carried on, viz.- 
2nd grnde, in chnrge. 

Cnptnin J. R. Hobdny. S.C., Assis tn~~t  Superintend. First, the ordinary topographical sur- 
ent, 2nd grnde. vey of Native States, executed on the scale 

Mr. A. U'Souza. Surveyor, Int qrnde. 
,, A. D L. Christie .. 4th ,, of 2 inches = 1 mile, and published on the 
,, c H. NcAlce , 4th .. 1-inch scale. 
,, C. Tapsell, hssiatnnt ., l e t  ,. 
,, O. D. Cussen , ,  1st ,, Second, tthe preparation of a series of 
,, 8. F. Normnn ,, 3rd ,, maps on the !%inch scale, coniprising British 
,, C A. Norman ,, 3rd ,. 
,, A. aeorse .. 3rd ,, territory in detail and forcign territory 
,, H O. Ferns, Drnftnn~a~~. in skeleton, and for the former utilising 

Sob-Surveyor G.)pnl Visb~lu.  
, Lnksl~mnn Ghorpnde. t.he maps of the Bombay revenue and 
, Bhan Govind. settlement surveys as far as practicable 

nnd 16 others. Third, the survey of the Dang Forests 
on the 4-inch scale. 

Fourth, the survey of the city, cantonment, and environs of Surat en the 
scale of 12-inches = 1 mile. 

76. The ordinary topogml~hical work was carried on over an area of 1,287 
square miles, contiguous to ancl i r ~  continuation of the area previously surveyed. 
I t  is territorially divided as under- 

... ... Briti~h { Surat Collectorate ... 296 square miles. ... ... ... Khandesh ,, ... 6 ,, ... ... Baroda State ... ... 796 ,, 
Pihnpur ,, ... .., 25 ,, 

Foreign ... Bdnsda ... ... ... 9) 89 ,, ... Dharampur ,, ... ... 81 ,, 
The surveyed is situated in four sheets, 76, 35, 36, and 37, two of 
which-76 to the north and 35 to the south-comprise the Native States, and 
]lave therefore been drawn or1 tlie 2-inch scale for reduction and publication on 
the 1-inch scale. Of sheet 36 o d y  the western half has been surveyed; its 
publication must therefore lie over till the whole is complete. The country 
surveyed in thc fourth sheet consists of i r r cp la r  areas outlying the Dangs. When 
the large scale survey of the Dangs is reduced, this work will be i~ lcor~orated  
with it, and tlie ordinary standard sheet on the scale of 1 inch-- 1 mile, published. 

77. An area of 152.3 square miles in the Dang Forests has been 
surveyed on the 4-inch scale, adding five sheets to this series of maps. 
Four-fifths of t,liis area were surveycd on the contour systcm by means of 
water-lerels, contours being drawn at  vertical intervals of 25 feet. This work 
was done ~x~er imen ta l ly ,  and for the most part by Native surveyors, wit11 tl. 

to ascertaining whether the systclu might be introduced without any 
nlaterial increase of cost in supersession of the long-established system of e y e  
sketched horizontal hacl~urcs. The water-level contours are of courso a grcat 
impro~ement on t l ~ e  eye-llachures, and i t  was found that they could be executed 
alnlost as rapidly, even witli little practice, and that tlie delay a t  first may 
entirely put down to t l ~ c  change froin one systeru to another. I t  is expected 
tllat the survey of the L)angs will be completed during tlie ensuing field season. 

78. The swvcy of the city, cantonine~~t, and environs of Surnt includes an 
area of 23 q u a r e  miles, of which, Ilomevcr, 2.7 square miles within the 
city walls, having been previously carefully ninppecl and pu1)liuhcrl on a large 
scale by t J l c  Guzerat Revcnuc Survey, was mercly rcduccd to tlie 12-inch scale 

incorporntcd witli the new work. 
----- 

uRjor t lu lJ ie l~  aproks of the work of 31r. h l c S n i r  n* llcing highly rreditable to bim. SubSorveyor Esuf 

GLmrif .J  is derelibed ns '. very goad," nnd thnt ol I',gt~d U l l l ~ h  na " accurntu." 
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79. The operations of the past season bring the total area topographically 
surveyed in Guzerat up to about 15,686 square miles, leaving about 14,850 
square miles to be done hereafter. Thougli the out-turn of work on the 2-inch 
scale is rather less than that of the previous year, the deficiency is more than 
counterbalanced by the largely increased area of work executed in the Dange 
and the Surat large scale survey. 

80. During the season an area of 1,705 square miles was prepared by 
triangulation and traversing for final survey, making, with the area prepared in 
previous seasons, nn aggregate in advance of 3,400 square miles. 

81. T o  meet the requirements of the Forest Department, the Bombay 
Government has expressed a wish that the survey of the Godhra, Kalol, and 
Halo1 talukas of the Panch Mahals should be prepared on the scale of 4 inches 
= 1 mile, the scale of the survey as hitherto executed in Guzerat being too small 
to sgit the special ~equirements of forestry. This will be commenced during the 
ensuing season. A r ~ q u e s t  has also bcerl made by the Government of Bombay 
that ccrtain villages in the Koiwan taluka: i n  the Nasik district, should he 
surveycd at an early date on the increased scale of 8 inches to 1 mile, with a 
vicw to the scttlenlent and demarcation of the forests therein.* 

X.-THE CUTCH TOPOGRAPHICAL SURVEY. 

82. The operations of this party were conducted in a manner similar to 
Personnel. that of last year, the mainland of Cutch 

being surveyed on the scale of 2 inches = 1 
Lieotel~snt.Coloncl A. Pullnn, S.C., Deputy Superin- mile for publication on the l-inch scale, tendent, 3rd grade, itt c l ~ n r ~ o .  
Mr. N. C. Qaynne,  Surveyor, 4th grnde. while the sandy waste composing the 
., W. A. Fielding, Asristot~t Survcyor, l a t  grndc. 
., acnrge HRII  ,, 2nd ,, Rann mas mapped on the &-inch scale. 

I]. F. Prunty ,, ,, 3rd ,. Of the former, an area of 1,619 square 
db.~urvo~or V. R. Ctndbole. 

, N. 1). I1ntrv~srdhan. miles was completed, and of the latter 
, ~ t .  R. HLoputknr,  598 square miles, all lying i~nmediately 

and sevou others. to the north of Bhuj, the capital of the 
province. This admits of the publicat,ion of sheets 17, 18, 19, 20, and 21 of the 
surveys, t,he two first on the ;-inch scale and the remainder on the 1-inch scale. 

83. Six hundred and twenty-two linear nliles of traverse with chain and 
theodolite were carried over the work as a check on the plane-table survey, and 
also to furnish points for t l ~ c  $-~IICII  survey of the Iiann. An area of 1,377 
square miles was triangulated 111 advance on the western extremity of the 
Cutch Peninsula, which i t  is proposed to survey in detail next season. 

84. The season uuder review mas an unhealthy one, most of the Europeans 
and Natives being a t  one time or other luid up with fever.? 

XI.-THE SURVEY OF DISTRICTS YEERUT AND BULANDSHAHR, NORTH- 
WEST PROVINCES (No. 3 PARTY, REVENUE BRANCH). 

85. The  field operations of this party were resumed on the 9th October 

Personnel. 
1681, whilst the pnrty was under the 
superintendence of Major W. H. Wilkins. 

Mr. E T. 8. Johnson. D~,pnts Snpcrilltendcnt of On nfajor Wilkins' transfer to No. 8 
Snrvey, 3rd ~ I . R ~ c ,  trnasr?rred from No. 6, or Into 
Jnrtnpur sorvc,y, on ~ 1 s t  Noveml~er 1881. party in British Burma he made over 

Ynjor W. I i .   ilkin^ in^. I)c,~~oty Salrrrintendrnt of ~ I l a r g ~ ,  temporarily, on the 4th November, 
Survey, 3rd grndr, trnn8l"crrcd to Ul i t i sh  Uurulu 
from 4 t h  Nnrembcr  1881. to RIr. James Todd, surveyor, who held 

Mr. O. H. Conke, Assi*t:!nt Scpcrintrndcnt,  01%- i t  till 20tl1 November, when ho was relieved 
cin l inp  l s tErndc ,  nppoinkd Lo tllc pnrty on return 
from rurlnogh ",I IOLII .111nc 1892. by Mr. E. T. S. Jol~nson. Field work wns 

Mr. .I .  Ttldcl. SIIIYP~O~. 3 r d  grnde, in cllnrge from closed 011 t.11~ 15tll April, tile party 4th to 2Otl1  Nnvetnhcr 18111. 
Y ~ .  n.(:. I).  ~ , , . i , ,~,  A<r i r tnn t  Surveyor,  I a t  prndc, ~ l l ~ r e d  up to recess quarters a t  BIussoorie. 

traasrcrrrd to  tho  I),.patg Survcgor .~le~~ernl ' s  
Offlcr from 1711) J u n e  1882. 

YG. Tbe chief work of the party has 
MI.. C. W. w,laon, Assirtnnt Surveyor, l a t  been a t,opqy%I.phicd survey in districts .. C. \V. F Srgrrs ,, 
33 sub.survegors, compoters, kc.  

- 1st Eiicerut and Rulandshahr on tho 2-inch 
scale; but for tllc low-lying lands extending 

Unlctnel l l n i y  rrportn :-"To Cnlltnin Hobdng mlwh erc,dit ir ~ I I C  for the  energetic wny it1 wbich  br instrorte'l 
t lw hnnrln. I,I,~II Enropcnn n n ~ l  N n t i v r ,  i n  t,llc uec of the wntcr.levcl nntl pushed on the work in the  L)aags." He also 
rrportm vr ty  hvournhly of llnc work of CIICII of t h o  ot.l~cr ~nrmbcra  of the pnrty. 

t I.irttten:,nt.Co,lonrl Pullan r ~ ~ p o r l n  I l ~ n t , .  thnnk.  to tine exn~nplc of determination nnd pluck n e t  by Ifr .  HnII, 1110 
Nmtivo aurve)-or0 strove vcll sguinst t h e  onbealtl~y cli~~~ale. and workod on in spite of ocewional atteeka of fever. 
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along the Ganges and Jumna rivers in district Bulandshahr, tlie scale has been 
increased to 4 inches. With the 4-inch survey along the Jumna a small area of 
the Delhi district of tlle Punjab has also been surveyed, so as to include the entiro 
area liable to be covercd by tlie river in one series of maps ; and, similarly, on 
the Gsngrs river? small portions of the Moradabad and Budaun districts have 
been surveyed and luapped wit11 the opposite low-lying tract of Dulandshahr. 
On the maps of the 2-inch survey, village boundaries have been inserted by 
t.rsnsfor from the settlement maps ; with the 4-inch survey, village boundaries 
have bcen surveyed. Tlle survey has extended down to the parallel of latitude 
28@15', and the area surveyed on the different scales and in the several 
districts is given in the following statement :- 

I n  addition to the ebove, 1,385.10 square n~iles have been traversed in 
districts Bulandshal~r and Aligarh, in preparation for topographical survey in 
season 1882-83. 

nfrcrut ... ... ,.. ... ... 
Bulnndshahr . . .  ... ... ... ... 
Delhi ... , . , ... ... 
Morndabnd ... ... ... ... 
Budnun ... .,. ... ... 

Total are. ... 

87. The same system of survey has been followed as in previous seasons, 
and the 2-inch survey has been made as minute as the scale will allow. 
Check lincs aggregating 309 linear miles mere measured ns a test of this 
detail survey. The angular observations of tlic traverse survey were checked 
by  61 azimuths, observed at  suitable intervals along the main circuits, and 
connections with stations of t l ~ e  Great Trigo~lonlctrical Survey cnabled the 
chain mcasuren~ents of the circuits to be adjusted to accord with trigo- 
nometrical distances. 

88. The transfer of the village boundaries from tho settlement maps to the 
2-inch shoets was provided for by adopting the trijunctions of the boundaries, 
wl~ich had been pcrnmaneutly nlarkcd at the time of thc settlement survey, 
as traverse stations. Thcse trijunctions, wliicli originally mere low masonry 
platforms, arc the only pcrmancnt 111arks wllicl~ have been lcft at  traverse 
stations ; and these are not very satisfactory, as many of the platforn~s were 
found in a dilapidated condition. Under instructions of tbe Government 
Resolution No. 45S, dated 4th September 1882, pamgmph 5, tho permanent 
marking of all the stations, of which there are many more besides the stations 
a t  the trijunctions, will in futurc be attcnded to. 

323.03 
1,173.0'2 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

80. During next season, thc detail survey of district Bulanclshahr will be 
complctccl, a ~ l d  that of district Aligarh mill be continued. Tlie prcparatory 
traverse survey mill be extended into district Etah. 

00. The fair maps of the completed area l ~ a v e  been drnwn and submitted 
ready for publicntion by photozincography. They consist of- 

...... 
139-00 

5.5 1 
7.00 
6.47 ------ 

19 sheets on 2-inch scale for publication on same scale. 
19 sheets on 2-inch scale for reduction to 1-inch scale. 

383.0:) 
1,31:T12 

5.51 
7.00 
6..47 

1,4,96ilS 1 16698 

Tl;c ehects of the Gangeg and Jumnn rivcrs survey, 27 in numbcr, havc also 
been drnwn, but tllcse will not be published. Tracings of them have been 
furnished for record in district offices.* 

1,663.03 

' Mr. d o l ~ n s o n  rrports vrry It~vnnral,ly an t l ~ r  s ~ r v i r r a  of Mr. 0 .  H Cookc. Mr. Todd, nlr.  Ewing. Mr. \Filann, 
~ ~ ( 1  Xlr. S,Jc,lr, rind ntnrn<s tne  Follmving 111rmbr.r.s of the nn l ive  es ln l , l io l~ tn~nt  ns l ~ n r i n p  t ln~ le  wcl l  rind given 
rntiml',,ction, v i ~ .  l i ~ , d s r  Sn01, Ilbupobulty C l ~ n r n  C l ~ n e k e r h ~ ~ t t g .  IJidnr U u x ,  Sarfrmz K l ~ u n ,  Nejnhut l loau in ,  
h lo l~omad Z ~ b n l t . , ,  AUadull K l l n ~ ~ ,  Unsbirud118, UoiLbram, nnd Abdol Ksrim. 
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XI1.-THE SURVEY OF THE SOUTHERN COLLECTORATES OF THE DECCAN 
BOMBAY PRESIDENCY (No. 11 PARTY, REVENUE BRANCH). 

91. T h e  field operations of this par ty wero resumed, under the control of 
I'WFO~I ac.1. Major L). C. Andrew, on 10th 

BInjor D. C. Andrea, Deputy Superintendent,  3rd grnde. Novemberl881, and closed on 
~ f r .  S. h1. Slaylie, Surveyor. 316 grnde. 10th May 1882. T h e  survey 
,, J .  Hicki~!  Asr i s tnn t  Sarvcyor, 1st ,. 
,, Q. C. Sw~ncy ,, , 1st ,, has been entirely topogra 11- 
,, W. &I. Pcnroao ., ,, 2nd ,. ical, on the scale of 2 iuc g es 

tronsierred to No. S Psrty, Bnssrio District Survey, from 1st 
Novembrr 1881. to  a mile, and  is mainly corn- 

BIr. G .  A .  I<aigl\r. Assistant Surveyor, 2nd grade. 
18 sub-surveyors and others. prised i n  standard sheets 60, 

66, and 90 of the Deccan 
series. A few small portior~s in  other sheets have also been surveyed, and  the  
survcy has operated in  scveral collectorates and native states, a s  is shown i n  
the following statenlent :- 

... Sholapur collectorate ... ... ... 
Satara ditto and 3 dependent states ... ... ... ... Kaladgi ditto ... ... ... Belgaum ditto and 1 dependent state ... 
Kolaba ditto ... ... ... ... 
Kolhapur state aud 7 other dependent states under the Southern 

... ... ... Mahratta Agency ... 
... Nizam's dominions ... ... ... 

Total ... 

Squnre miles 

472 
742 
51 
70 
72 

T l ~ e  portion of the Nizam's domir~ions has been surveyed, as  there a r e  no 
maps of tllis tract forthcoming wit11 the records of the Hyderabrtcl survcy. 

02. Besidcs the above area of tol~ograpl~icel survey, 2,016 square miles have 
been triangulated and traversed i n  advance for topographical work next  season. 

T l ~ e  topographical survey has represented the  features as  minutely as tlic 
scale would admit of, and grass-lands havc becn carefully separated from 
cultivation. This  work has been tested by  368 lincar miles of mcasured check 
survcys. T h e  heights of 113 stations have been determined t r igono~net r ica l l~ .  
Tlte country is reportcd to  be uudulntitig and  possessing no features worthy 
of note, cxccpt a range of hills separating tho Sholapur from thc  Satara  district. 
'I'he villagcs are few nnd far npart, and the  scanty supply of good drinking- 
watcr was severely felt b y  the partg when tlie hot niontlis set in. 

T h c  t~iangulat ion stations have been wcll marked wit11 stones about 2 feet 
lorlg sunk in the ground, o rc r  wllich, aftcr co~r~plct ion of the obscrvations, 
n~ounds  of stones and earth were raiscd. Tlic traverse stations havc, as  a rule, 
I~een pl:~cecl on demarcated trijunctions of fields, R special niarli being cut  on 
tlie demarcation stones which have beell adopted as stations. 

93. Tlic h i r  dram ing of thc standard-sizcd sections has all been completed 
d u r i ~ g  tlie recess, 33 two-inch secticns llnving been drawn and scnt to Calcutta 
rendy for publication on tllc 1-inch scalc by  photozincogmphy. 

T h e  survcy of the city of Sl~olnpur on tlio scale of 80 inchcs to R mile, 
a t  tlic expense of the municipality of that  town, has been ccrnpleted, and tile 
sliects, 59 in numbcr, fin:~lly d r a ~ v n  and rcndered i l l  a style fit for printing by 
photozincoglaphy. l'lie printing will bc done in tlle Governnlent Photographic 
Press at Poona, according to tlie a r range l~~ents  that  may he made by tlle SIloIa- 
1)ur RIunicipality for defraying the printing charges. A survey of tile to\\~n of 
Pandharpur, in  t l ~ c  Sliolilpur rllstrict, on tllc 80-inch scale, a t  the expense of tho 
n~uiiicipality, has been corl~incnccd. 

94. TI IC  rcccss officc of t l ~ c  party wns inspected a t  Poonn during Allgust 
by tlic Ilcpnty Surveyor-General, who was satisfied that  much carc had beell 
talicn to render t l ~ c  survey searcl~ing and accurate.* 

hlnlar Andrew r e p ~  r ts  t h a l  bls acsistnllte, lossrs. S m j l ~ e ,  l i ~ c h i e ,  Swlooy, rind I h i g h t ,  llnve .Rordcd hiln 
~ o l l s f n c l ~ o n  



XII1.-HOOGHLY RlVER SURVEY (No. 6 PARTY, REVENUE BR,ANCH). 

95# Tlie order for undertaking this survey was communicnted in letter 

Personnel. 
NO. 98, dated Simla, the 3rd September 
1881, from the Secretary to t l ~ e  Govern- 

E. T. S. Jnllnson. Esq., Depnty Suprrintcndent. 3rd ment of India, Hevenue and Agricultural 
K r ~ d p ,  in  c l l n r ~ e  up to 15th Novrn~ber 1881. 

R. C ~ , V ~ , I ~ ,  OfficintinE Deputy fioperin- Department, to the Surveyor-General. 
tendcnt, 4111 ~ r n d e ,  in c l ln r~e  from 7th Apr i l  11782. 

Lieutena~~t~Colonel  E. P. Lcucli, \'.C., I1.P., Assist- 
96. T h e  want of a reliable survey of 

nnt  Supvrintendent, 1st t.rnde, in cl~nrge from the Hooglllp river, brought up to date, had 
16tl1 November 1881 to 6th April 180". 

hlr. J. Y. Pen~berton, S u r v ~ y o r ,  3rd grnde. been felt for some time, and had been 
,, J. S. Swiney, Assistnnt Surveyor. 1st p d o ,  noticed by the 'I'orpedo Committee in 

trnnsferrcd to No. 7 pnrty on 14th April  1882. 187!, by the Bengal Chamber of corn- Mr. C. S. Krnal, Assistnnt Surveyor, 3rd gradc. 
,, P. C. H. sm111.t ,, , 3rd ,, merco in 1872, b y  the Port C ~ r n r n i ~ s i o ~ ~ ~ ~  

31 sub-eurveprs  nod otl~ers. in  1875, and finally b y  the Port Officer 
of Calcutta, who addressed the Bengal Government in March 1881, stating 
that an exact triangulation and topographical survey of the banks of the river 
were much needed to be used as a basis for new river charts, arrd asking that 
the co-operation of the Survey Department might be obtained. 

97. The S~irveyor-General had long been aware of the defective state of 
the  mops of the Hooghly river, the best of which had been compiled in 1875 
to meet the requirenients of the Torpedo Committee ; but this map is on a scale 
(4 inches = 1 mile) quite inadequate to the proper delineation of tho country 
bordering the river in the vicinity of Calcutta : and the only materials available 
for the greater part of tho compilation had been the surveys of the 24-Per- 
gunnahs iu 1847-49 and district Hoogllly in 1869-73. H e  accordingly took 
advantage of the opportunity offered by tho completion of the cadastral 
survey of Jaunpur district, which left No. 6 party of the Revenue Branch at 
his disposal, and recomn~ended to the Government of India (letter No. 166F, 
dated 17th June  1881) that t'he resurvey of the Hooghly river should be 
commenced in the ensuing field season. 

98. The  party assembled a t  Barrackpore on t l ~ o  10th November 1881, 
under charge of Mr. E. T. S. Johnson, who was relieved on the 16th 
by Colonel Leach. Colonel Leach remained in chargo until the 7th of 
April 1882, when he went on furlough and mas succeeded by Major S. H. 
Cowan. 

98. On the left bank of the Hoogl~ly river the tract to be surveyed ext,ends 
from the northern limit of the 2%-Pergunnahs near Kancl~rapara station of the 
Eastern Belrgal Railway, by Barrackpore, Baranagar, Calcutta, Akra, Atchipur, 
Dianiond Harbour, and Channel Creek to Piit's Point on tlre sea-face of the 
Sundarbans; on the right bauk, from a point opposite Kancl~rapara through 
Hoogl~ly, Chinsurah, Cllandernagore Seran~pore, Bali, Howrall, Fort  Glo'ster, 
Ulubaria, Gewnnkhali, kc . ,  to the Sola RIohan Creek in district Midnapore. 
The  width of the strip surveyed on each bank varies from a quarter mile to 
one mile and upwards. Tlie suburbs of Calcutta known as Alipur, Ridderpur, 
and Qardcn Hcach are to be surveyeu, nnd a l ~ o  tho whole of Saugor Island. 
Barrackpore, Calcutta, and the Goverr~~neut estate of Punchannogrnrn on the 
left barlk, and Chandernagore on the right bank, are excluded. 

100. The  Port Officer a t  first asked that the survey frour Calcutta to 
Diamond Harbour might be made on the scale of i & o ~  (5.28 inches to a mile), 
and from Diamond Harbour to tlle sea on the scale of -,b (2.64 inches to a 
mile) ; but the Vice-chairman of the Port Cornmissloners recommended in 
Kovernber 1881 that a uniform scale of six inches to a mile, or &, should 
be adopted : and this scale has been used from Atchipur downwards. Above 
Atchipur the scale is 1G inches to a mile. 

101. The  field season commerlced on the 10th November, but the early 
operations were cnml~letely paralyzed by a severe outbreak of cholera among 
the khalasvies on the 17th, lSth, and 19th of November, which resulted in 14 
seimrrs and 14 deaths, and ncccsvitated thc insulat,ion of the men. Thero hud 
been ur~fortunately no opportunity of preparing traver~es in advance, so that 
tllere was consider~ble dclay heforc the dctoil survcy could be fairly 
coolmcr~ced. The cstnl~lishmcnt was withdrawn from thc field between the 
15tl1 and 25th of Junc. 





INDEX to - ETS of the BALUCHISTAN SURVEY. 
of 1 Inoh = 2 Milas, and 1 Inoh = 4 Milea. 
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102. During t l ~ c  past field season the lcft bank survey was completed 
down to tho Puncllannogram boundary near Cossipore, excepting the tract 
immediately round Barrackpore and some small areas near Baranagar. All tlle 
coulltry betmeen tlle river and tho Eastern Ijcngel Railway was survcyed ; 
alld in places where the railway approaches the river, the survey was 
carried beyond it, so as to give the tract a uniform width of about one 
mile. The right banlc has been completed from the northern limit opposite 
Kallchrapara down to Konnagar, but on tllis baillr the strip surveyed is only a 
quarter mile wide. Large scale maps of this tract, sufficient for most purposes, 
have already been published (18731; and to havc worked up to one mile from 
tile river would have increased the work enormously, as a large proportion of 
the area is closely built over. The above work has been surveyed and  lotted 
on the scale of 16 inches = 1 mile. A commencement has also bcen made of 
the 6-inch work, and both banks of the river from Atchipur to near Brul 
Semaphore Tower, or for about 6 miles, have been surveyed 011 this sc le. 
The total area surveyed on the 16-inch scale was 21,061 acres (3891 
square miles), and on the 6-inch scale 9,137 acres (14.28 square miles). The 
areas remaining for survey in 1892-83 are estimatcd at  :-1G-inch work, 20,874 
acres = 32.6 square milcs ; 6-inch work, 1,12,960 acres = 376.5 square miles. 

103. The area surveyed on 16-inch scale has been closely tested by lines 
of cl~eck surreys and by resurveys of small blocks. The measured traverses 
have been connected with the numerous stations and points of the Great Trigo- 
nometrical Survey falling within the area surveyed, and the chain measure- 
nients have been correctod to accord with the trigonometrical distances. The  
bearings of the traverse lines werc chcclred by 16 stellar observations and 
4 aziniuths of the Great Trigonometrical Survey. 

104. The 6-inch work of this party has already been utilised by the 
Rivcr Survey Department, and achart, showing the Atchipur Bar and the reach 
of t l ~ e  River Hooghl from Atchipur to Roipur, was printed in Ju ly  1562, 
iu ~ l l i c l ~  the shore &tails were copied from the original field sheets of No. 6 
party and the soundings were taken during the month by thc River Survey 
Department. During nest field season the survey of the shore details from 
Calci~ttc~ to the sea will be completed on the same scale, aud will similarly be 
made available to the public as fast as the soundings of the various reaches 
of the river most urgently requiring revision are completed. This work is 
being energetically pushcd on by Lieutenant Petley, H.N., and the result of 
the joint survcys and of tlie leveling, now in progress, will soon be to furnish 
an admirable survey of the River Hooghly. 

105. Iron sockets have been planted by the River Survey Department 
along the banks at  an average distance apart of about one mile: between 
each of these another permanent mark will be fired by No. 6 party ; the 
positin~ls of all these marks will be carefully determined and plotted, and they 
will afford the means of accurntely recording all future changes in the channel 
of the river, besides being always useful as points for the River Survey to 
work upon in runtling their lines of soundings, which, owing to the incessant 
fluctuations of the sands and slioals in the river, require coutinual attention 
and revision.* 

XIV.-THE BELUCHISTAN SURVEY. 

106. The work in hand by this part.y, at  the timc of publicntioil of last 
report, was co~~t inued throughout the 

personnel. winter by it under Major Beavan, in the  
~ " j , , ~  R. Rcnmn,.S.C., Omcinting Dcputy super. country lying between Quetta and Kelat ; 

intelndc~~t, 4 th  ~ r n d e ,  ill cbnvgo. 
Plr, ,I. T. U. Corea, Anaintnnt Surrcyor, 1st grnde. the season's work conlprising more eepe- 

,, H. Corker! ,, , zlld ,, cially that part adjacent to the Bolan 
Sub.Sn~rvcyor Abdul Rneul. 

Ditto Bnrkst ~ l i .  and Rodbar passes. The topography 
m a  ouc otllcr. was exccuted on the 4-iuch scale, but 

with varying dcgrees of detail and accu- 
racy, according as the country was more or less safe for the surveyors to rnorlr 

l l n j o r  Cornn spcnke l ~ i n l ~ l y  of Itis Ellropenll nswistnnts, Mcssrw. P u m l ~ e ~ l o n ,  I<rsnl ,  nod Ptnnrt ; nnd allilc 
c o u ~ ~ t ~ c ~ l d ~ n ~  nl l  the mumbcrs olctbo h ' ~ l i ~ e  cstnblishment, ~llnkeo pnr t i cu l l~r  rnc~ition of sub.s~~ruc).or l ) i l w s r  Iiban. 



ill. Thus tho triangulation could not always be pushed forward in advance of 
tlio topography as is desirable, but in  sevcral instances the two operations had 
to be carricd on simultaneously, the triangulation correcting instead of furnish- 
ing a basis for the topography. About 4,300 s q ~ ~ a r e  miles of country were 
thus mapped. 

107. Major 13earan himself received ordors to accompany a military 
expedition under Brigadier-Gencml a. C. Willtinson to open out the routes 
between Thal Chotiali and Dera Ghazi Khan. In  addition to malting a plane- 
table reconnaissance of such portions of the route taken-viri Alandni, Thal, and 
Chnmalang-as were hitherto unsurveycd, Mnjor Beavan took advantage of 
such opportunities as occurred for getting observations to conlplete the Sewes- 
tan triangulation. Subsequently Major Beavan, accompanied by Mr. Corkery 
and under the protection of an escort of Marris, furnished by the Assistant 
Agent,, pushed forward into the RIarri country in order to continue, as far as 
possible, the survey of that district. 

108. The party left the field for recess quarters on the 25th Alarch, having 
been in the ficld uninterruptedly for 1 2  nlontlis. 

109. This survey will bo continned during the coming season, the 
ru'ative surveyors resuming work near Kelat to continue their previous worlr, 
and thc European assistants being en~ployed in extending the triangulation 
over thc Khetran country and the Bugti hills.* 

MAUZAWAR OR VILLAGE SURVEY. 

XV.-DERA ISAIAIL KHAN, MUZAFFARGARII, AND ItATVALPINDI DIS- 
TRICTS (No. 1 PAlITY, ltEVENUE B12ANCII). 

110. This party, under charge of Lieutenant-Colonel D. hlacdonald, on 
~ersoti~ie~. leaving its recess quartcrs at  Murree, took 

Lientcnnnt.ColoneI D. hlncdonnld, Deputy Super- the field in two sections. Onc section pro. 
intendent,  2nd  grnde, in charge. 

3ir, 0. B. scott, surveyor, 3rd grndc, detnehed ceeded to the Derajat to continue the 
!under settlement officer of Rnaalpindi from 13th survey of pargana Leiah of district, 
December 1881. 

U r .  W. S. Buttress, Surveyor, 3rd gmde. Dera Ismail Khan, and to undertake the 
., A. J .  Oibson ,, 31x1 ,. survey of the Thul portion of district .. I:. Todd, Ofg. ., 4th ,, 
,. G .  Compbcil, Aesistnot Surveyor, 2nd grndc. Muzaffargarh ; the section pro- 
returncd from furlough arid joined this pnrty on ceeded to the " Kala Cllittn Pallar" to 
t h e  afternoon of 21at Septen~ber 1882. 

hlr. J. C. liclly, Assistnut Surveyor, 3rd grade. continue the survey of that  ort ti on of the 
22 sub.survegon nnd othera. Rawalpindi district. Both sections com- 
pleted the areas assigned for survey in each of the tracts, and tho work accoru- 
plishecl is shown in the following statement :- 

-- -- - -. -~ 

DISTRICT. ( Pnrgttnx mncl locnl i ty .  / x ~ $ ) I ' ~ ~ s ~  1 A w n ~ ~ l ~ ~ ~ n m  1 /cnlo 01 snrvw. 

111. I11 tho Dcrajat, pargana Leiah of Dcra Isnlail I<han had becn pro- 
pared for survey 1)y skelcton traversing during the previous season, and t l ~ e  
topogrn~hicnl survcy was therefore first undertskeil thcrc. Aleai~wliile, tlic 
traversing of pargana Sinanwan of bluzaffargarh was talten in hanrl, and 
both traversing and topograplly wcre con~pleted in that pargnna in one 
season. Tho portion of pargnna Slnanwan which lias been surveyed is the 
c~nti1.c tract of 2'h(tl country included in district Aluzaffnrgnrh, and wl~ ic l~  hat1 
1,een surveyed on the 1-inch sc:~lc without village boundaiies being delineated, 

tho rcrt of the Jluzaffnrgcrrl~ district was surveycd on the 4-inch uc:ilc 
(luring lS.i.j.5G. Tllc 4-inch survey of t l ~ c  district is now complctc. 111 pnrgnll:~ 
Sinallwan four rincipal stations of the Grcat l'rigonon~etrical Survey Ilnvt: 
been incorpornteb \vith tllc nicasured tmversos, tho latter bring eorrcrtcd to 
c-urrespond with thc trigouoinetrical distances by introducing corrections which 

- - . . . .. - - - -- - - - -. 
blsjor Uenvsn rrpnrts fnvournblg of n l l  h ~ a  naslatnnts 







5.2feet per mile: Observations for azimuth were taken a t  23 traverec 
stations, 242 linear ~nlles of check survcys were measured. 

112. In tlie Iiala Cllitta Pnhar, owing to the rugged nature of thc country, 
tho topography wag based on points fixed by triangulation, not on nlcasured 
tmverscs. Colonel Macdonald, who has drawn up a few ' I  notes" on the 

range, whicl~ are printed in the appcndix a t  page 30, thus briefly describes 
the country under survey last season :- 

The hills more very broken, rough, and precipitous. There mns u great scarcity ci  
water. Provisions mere difficult to proauro, and had to t e  brought long distances." 

The rate of progress of the topogmphicsl survey in such country mas 
necessarily slow. One-third of n, square mile mas the daily average outturn of 
each topographer, which is less than a quarter of the daily average of the men 
who mere emplo ed in the Dcrajat. The  accuracy of the survey in all the 
sheets was testee either by check surveys or by  examination i~ sifu. 

113. Tllc season's oubturn of fair maps is as follows :- 
Of pargana Leiah 37 four-inch sheets (prqjected on rectangular co-ordinates) 

have been drawn, which complete the series for the Dera Ismail Hllan district. 
Of pargalla S inanwa~~ ,  district iVuznflargarh, a special separate series of 

69 shccts, each sheet comprising 39' latitude x 3% longitude, has been drawn. 
Of thc Kala Cllitta Pahar, 14 shcets have been drawn, completing a series of 

27 sheets of the standard size of 3s latitude x 7$' longitude for the entire tract. 
The  drawing of the 4-inch si~eets of Murree and Kahuta tahsils, surveyed 

by this party from 1877 to 1880, is still incomplete, awaiting the adjustmeat 
of tlle forest boundaries. 

114. Mr. G. 13. Scott, one of the surveyors of this party, was deputed, a t  
the request of the Government of the Punjab, during September, October, and 
Novcmber 1881, to tlie Siallrot district to survey two portions of the Chenab 
river, where thcre wcre disputes of long standing regarding the boundary 
between British territory and tllc territory of his I-lighaess t l ~ e  Maharajah of 
ICashmir. Some village lands adjoining thc disputed boundaries were also 
required to be surveyed, and Mr. Scott surveyed in all an area of 11.3 square 
miles. Mr. Scott's maps, showing also the lines of old bou~ldaries by transfcr 
from previous survey ruaps, mllich Ile prepared under the superirltelldence of 
Colonel hlacdonald, have been photozincographed, and copies of tllern mere 
furnished to the Govcru~nent of the Punjnb during January 1882.* 

XV1.-TIIE SURVEY OF THE THANA DISTRICT (KONKAN), BOMBAY 
lJ1tESIDENCY (No. 10 PAIETY, REVENUE BRANCH). 

115. The field opcrstions of tf 

bln,jor 11. Lecs Smit l~ .  Officinting Deputy Super- 
~utendcnt, 3rd grnde, in  cbarge t o  date of death, 
23rd Ap~I1882. 

Nyior J. HIII, R.E., Drpotg Soperintendent, 
officinting Brd grndo, in charge f ro~n a f t e ruoo~~  of 
23rd .lu~lc. 

Cnpttnin a. \V. Nnrtin, Officinti~~g Aesistnut Sopcr- 
i n t e n d ~ ~ ~ t ,  2nd grndr, joined th is  pnrty on the 24th 
J u n e  1482, n n d  rvns trnnuforred to Bombny Mint  
011 Scl>te~ohcr 1802. 

Mr. A. Dl. L~~wson.  Surveyor,Srd grndc, in  cllarge 
from 24111 April 1882 to 23rd June. 

blr. .J. Nrwlnnd. Assistnnt Surveyor, 1st  grnde. 
., W. 11. Kelly ,, ,, 2nd ,, .. It. It. Dickinson ., ,, 2nd ,, 

20 suh.surveyora and olhers. 

lis party mere resuuled undcr the direction 
of Rlajor H. Lees Smith on the 25th of 
November 1881. During the field scaso~l 
Dilajor Lees Smith suffered muc l~  from 
nlnlarious fever; he ought to have pro- 
ceeded on leavc for the benefit of his 
health, but he remained devotedly a t  his 
post and succumbed to the disease at 
Pooua on 23rd April. Major Lees Srnitl~ 
was possessed of considerable mathcmat- 
ical talent, and his loss to the department 
is much regretted. Mr. A. 11. Lams011 
received charge of tho party on the death 
of Major Lees Smith, and under his 

- 
Coloncl AIncdonnld reports as bllous on his nrsistnnts :- 
"Mr. W. S. Bl~ttrcss is n very stcndv, nblc, and pninslaking nasistnnt!' 
#'Mr. Qihsor~ 8 ) .  I ~ ~ ~ I I ~ n t  11ill su;vr4.or ~116 a govd d r n l t s m m ~ ;  I I C  did good scrvicc both in field nnd o~lice." 
I' hIr. Totld. ns usunl, worked Tory hnrd. TIC is a VerJ good ploeo-tnblcr, uud novor sparcs himsell" 
" Mr. l i c l ly  is a stendy ~lasistnnt." 

Tllc fnl lo t r i~~g nlrn of tho  ~ i n l i s e  rstnhlirl~nlcnt nro sperinlly hronnht to notico, viz.  sub-surveyors Eed Uaho. 
~ n c d ,  Rn~utol~cu Chuokcrbotty, oud Ctoordit Yiugb, mud Euglish writoF~~~a~li Box. 

E 2 



2 8 PART I : 

charge field operations mere brought to a close on 31st Bfay. Major J. Hill 
relieved Bfr. Lawson of the charge at  Poona on 23rd June. 

116. The scale of survey was 4 inches to the mile in place of the ordillsry 
Deccan and Konkan scale of 2 inches to the mile. The change has been lnade 
under authority of Government of India, Home Department, letter No. ,g, 
dated 20th September 1861, in accordance with the resolution of the Govern- 
rnent of Bombay, representing that maps on the 2-inch scale are insufficient 
for the administration of forests, whiah cover large areas of the TIlana 
dist,rict. I t  had becn expected that the forcsts only need have been surveyed 
on thc increased scale ; but after due inquiry it was found to be advisable, on 
account of the forests being so much scattered over all parts of the district, to 
survey- the whole tract oil one scale. Another reason for surveying the 
whole tract on the 4-inch scale was, that the boundaries of the forests had not 
been 6naliy determined. 

The forest officers, when recommendinq the adoption of the 4-inch 
scalo for forests in the portion of the Thana district remaining for surve 
have also urged the necessity for remapping the forests that had alrea8; 
beeu surveyed on the 2-inch scale. Their recommendation, for the present, 
has not been allowed, but maps on the 2-inch scale have beon printed 
specially for forest purposes, i a  addition to the usual publication of tlie topo- 
graphical maps on the 1-inch scale. 

117. The agreement with the Government of Bombay concerning the in- 
crease of scale is that the Forest Department of that presidency is to be charged 
with the additional cost of the more cxpensive survey. The  area surveyed by 
tho party was 940 square miles, costing Rs. 50,181 ; of wliich, as extra cost of 
-I-inch survey, Rs. 18,624 hnve been debited to the Government of Bombay. 

In addition to the area which has been mapped, 450 square miles have 
becn triangulated and traversed for detail survey next season. 

118. The traverse stations of the survcy are fixcd on field deinar~at~ion 
stones with a special mark cut upon them. The heights of 208 points have been 
clctermined trigonometrically, fixing many valuable points, such as hill-passes, 
junctio~ls of streams, wells, and mile-stones. The  topograpl~y has been executed 
by a close survey of all the details, and at  the request of the Forest Depart- 
ment particular attention has been paid to recording the names of all peaks, 
valleys, passes, springs, shrines, &c. The conformation of the 11illy ground has 
11cen indicated by the system of horizontal shading, a vertical interval of 25 feet 
being preserved betwcen the hachures. 'l'owards the coast, the country surveyed 
is much cut up with tidal creeks and salt marshes; inland, towards the gh$ts, 
there is a very large area of hilly ground covered with forest; and in the 
centre of the tract, a small extent of open and cultivated country. The 
party suft'ered scverely from the unhealtliiness of tlie country from the timc 
t,f taking tlie field up to January, and a large number of men were perma- 
nently incapacitated. 

110. T l ~ c  drawing of 21 four-incl~.sections of the standard size, comprised 
within sheets Nos. 78, 79, 82, and 83- of the Deccan and Konlran series, l ~ a s  
been completed, and the shccts will be pnblishcd on the original scale. Reduc- 
tions of the sections are being drawn for publication, similarly to the other 
sheets of the series, on the 1-inch scalc. 

120. The recess office of the party was ins~ccted at  Poona during August 
by the Deputy Surveyor-General, who expresses himself well satisfied with the 
style of the work which had been executed.. 

Major I I iU rrporte "8 follows on the nssistnnts of his port? :- 
Rc sPeoks highly o f ~ h c  ernices  of Cnptnin C). W. Itfnrtin during the short time ho wna nttnehcd to the pnlty. 
.' OIl hIr. Lnnso~~." Ile snys. "on l~n!lrllal rrsponsibility mu imposcd during the l ~ ~ t t c r  pnrt or  the Rrld ernaon 

,,!)d early pnrt of  thc  roeca owing to thc illness nlld death of Ynjor Lecs Smith, ~ rh ich  he acll sustnil~cd as officer in 
vI\argc of 1 1 1 ~  pnrty." 

Jlr. Ncwlond is spob-en of 03 ' l o  chrorflll, zcnlous o ~ i d  hord.working nasistnot, of lligh chnrncter ond derotcd to  
bia work." 

Ifr. Kelly is enid to llore worked well nlld s tenr l i l~ ,  but I I C  Lnd not ~ n i d  srdicient nttcntion to detnils in 
topoprnl,hv. 

B l r  I)irkinaon is snicl to be  very good I~ill.survcyor and drafismon, or wl~om Mnjor Hill lurtller PnJs hc llna 
..rcry rcnson to bo sntisflcd. 

Yllh.RUrvryOrs F9Zl~lnll K h n t ~  nnd N o l h l ~  Lou are nnmed aa being dcserring of special cornmend:ltion. 
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CADASTRAL OR FIELD SURVEY. 

XTII.-MIRZAPUE DISTRtCT, NORTH-WEST PROVINCES (No. 5 PAnTY, 
REVENUE BRANCIII . 

121. This party, under cllarge of 
Persoi~nel. Colouel F. C. Anderson, returner1 fronl 

~ ~ l ~ ~ ~ l  F. C. Anderson, Deputy Soperintendent. 
let  g r n d ~ ,  in chnrge. recess quarters at Nainital and resumed 

1lr. C. w. Curnpbell. Surveyor, 1st grnde. field work in tlie Mirzapur district on 
A. 9. P. Atkinson ,, 3rd ,, t rnnsf~rrcd 

''fro,n NO. 7 Topo~rapl~icsl Surrey pllrty from 1st 1st November. The seasoll's ol~eral.ions 
October 18B1, and transrerred to Ifyeore ' ~ O P O -  in this district have included portions of 
yrsp l~ ien l  Survey tiom 30th April  1882. 

Nr. E. G. Little. surveyor,  4th grmde. parganas Bhagmat and Ahraura, situ- 
,, B. U. Stnnrt, Assistnllt ,, 1st ated in the Gangctic valley, and portions 

trn~~eler rcd  to No. 8 Rcverlue Pnrty from 1st 
Naveml,er 1881. of parganas Icantit and Barhar, form- 

Mr. '1'. F. Freeman, Assistnnt Sorvcyor, l e t  grade, ing part of . the up-lands. A small 
on  cick lertve from 1st bloy 1880. 

M Y ,  T. Sl,a!v, bssirtnnt surveyor, ist  grnde, detachment of the party has been ern- 
,. W. I). Corbett, ,, lot .? ployed during the season in continuing 

trnnefurred horn No. 6 Rcvonue I'arty from 1st 
October 1881. the cadastral survey of a few villages 

Bfr.  E. P. 9. Hill, Assistnnt Surveyor, 2nd gndc .  in parganas Bazpur and Gadarpur, of  
., 0. D. S~nart ,  ,, , 3rd ,, 

appointed f~.om 1st October18Ul. district Tarai. l'he survey in both 
20 sub-surveyor9 nnd ot l~ers .  districts has been done on the 16-inch 

Ten~porary E.$tablishmenf. 
253 field surrcynrs nnd others. scalc, and the areas accomplished are 

shown in the followiug st,atement :- 
- - 

122. In the hlirzapor district, norttll of the Sone river, the prclilninar~ 
traversing of 320 square iliiles has been done in preparation for 

cadastra survtBy in 1882-83; and in the same district, south of the Sone, 1,790 bOu'ldarr 
square miles, co i l l~ r i s i~~g  parganss Singrauli, Agori, and Dudhi, where a cadastral 
survey is not required, liavc been triangulated in preparation for a topograph- 
ical survey. 

123. Besides purely survey worlr, to which the operations of the Survey 
Departrncnt in carrying out cadastral surveys in the North-Western Pro- 
vinces have hitherto bcen restricted, this party has been engaged during 
the past season in preparing, simultaneously with the maps, the village 
khasras, which in former years aud in other districts have been drawn up 
by a separate establishment, working under the orders of a settleolent officer, 
after the maps have bccn conlpleted. 'I'his new duty of writing the khasras 
has been ul~dertaken at  thc request of the Board of Revenue, in accordance 
with a scheme submitted by Colonel Anderson, who had been consulted by the 
Board and asked to suggest n, remedy for the high aggregate cost of the entire 
operations going on in the permanently settled districts of survey and 
subsequcnt preparation of papers connected with the Record of Hights. 
Colonel Anderson co~~sidercd that no appreciable reduction would be possible 
on tho present cost of the survey, except, i t  might be, by an increase to the 
annual grant, so as to provide for a larger subordinate staff and an increased 
outturn ; but he was confident that a large saving could be effected in the 
expenditure fix the Record of Rights by utilising the survey staff :- 

1st.-To fill in all the columns of tlic khasra by making the necessary 
inquiries during the progress of the measurements. 

2fzd.-TO supervise the pzctwavis in the preparation by  the latter of a 
copy of the kllasra pari passu with the survey. 

3rd.-To compile from the khasras the "jurnrnab~ndislips,~~ i .e.  the separate 
statements of fields held by each cultivator, leaving the rent 
columns to be filled in by the putwaris. 

4th.-To prepare fnir col:ies of the khasras after the work of the eettle 
ment staff as regards disputes had been conlpleted and attes- 
tations of proplietors and cultivators obtained. 

... ... Mirenpur ... ... ... ... ... Tarai .,. . . , ... 
Total ... ... 

731 
19 645 I 16 ------- 

664 1 750 
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Colonel Anderson estimated that the extra duties, as sketched above, would 
add Its. 10 per squarc mile to the cost of the survey. 

124. By Colonel Anderson's scheme, the khewat8 (statements slloming 
tho shares of rent paid by the proprictary body) would be prepared by the 
putmaris, and the acljustment of disputcs as to names entered in colulnns 3, 4, 
and 5 of the Ithasra would be the first duty of the scttIement staff, tile existence 
of disputes being brought to notice by  the surveyors in a list attached to 
t l ~ e  khasrn. The  settlement staff would then obtain tlie attestatiolls of tile 
~ropr ie tors  and cultivators to the rcnt rolls ; and finally, the fair copies of tile 
khasras would be mrittcn in the Survey Office. 

The Board of Revenue approved of the schcme as an  experimental measure, 
ancl requested i t  nliglit be carried on provisionally, leaving the question of its 
acloption forother districts to be considered when the experiment would be 
completed by the worlr of the settlement staff during the followi~lg season. 

I n  practice, one very great advantage to the survcy work itself resulted 
from tlle new duty of writing the khasra, in so much that the surveyors were 
nble to secure the regular attendance of zemindars and cultivators to point 
out the boundaries of thc fields, and thus their labour was much reduced by 
being saved froin having to survey interior subdivisions of fields for mttnt of 
information regarding the  truc fielcl boundaries. JVlien lthasras are being 
written, the putwaris, to whom all thc field boundaries are as a rule well 
known, must also be prescnt. Specimens of the Ichasras and jun~nzu6antZi 
slips, specially designed by Colonel Anderson in consultation with the Collector 
of Mirzapur, are givcn at  page 93 of thc appendix. 

125. The area surveyed included a large aggregate extent of I d l y  and 
uncultivatecl col~ntry which, i t  had been expected, niight have been surveyed 
on thc 2-inch scale ; but the culrivated tracts were found to permeate tllrougli 
all parts of the Iiills, and i t  was deeinecl more advantageous to include the whole 
caountry in the large scale survey thau to separatc small dctachcd tracts for a 
two-inch survey. Out of the entire area of 734 square miles, the waste tracts 
and plots of waste miscd np with the cultivation are said to cover 371 square 
miles. 111 the cultivated tracts, 346,140 ficlds have been surveyed, giving e(i7 
of an acrc as tlie avcragc sizc for each field i f  calrulated on the cultivatecl area 
only, and 1.36 ncres if calculated on the total arca. 

1". 'I'llc ficlcl survey has been carefully tested by checlc lines measured 
by  the Europcan assistarl~s and Native inspectors, 207 linear miles of checks 
haying been done by the former and 1,256 by the lattcr officers. 'l'he chain 
traverses have beell connectcd wit11 six Great Trigonometrical Survey stations, 
and a comparison nf the results of the corrcctions shows that tlicre mas an 
average crror in the chaining of 1.9 fcet per mile. Azimuth observations 
mere taken a t  11 traversc stations. I n  the triatigulation south of the Sone, 
~vhich has been based on the rags connecting four principal stations of the 
(;rent Trigononletrical Survey, 29 secondary statior~s have been fixed, from 
which thc positions of 330 intersected points havc been determined. 

The  trij~inctions of village boundaries had been, as usual, permanently 
nlarked 1) the district staff prcvious to survey. I n  addition to these marks, 
the theo&lite stations of the boundary traverses have been marked by the 
surveyors with specially cut stones, the cost of which, as they are regarded as 
part of the boundary demarcation, is to a certain extent borne by the land- 
owners. The surveyors have again been engaged in relaying many lines of 
bounclary, according to the maps of Captain Wroughton's survey of 1839-41, 
where disputed lines could not othei~vise be settled. 

127. The cadastral survey in hIirzapur has been mapped on 955 shcets, and 
in Tarai on 22 shects. Of thesc, all the Tarai sheets and 573 Mirzrlpur shects 
have been lodged in the Calcutta office ; more than half thc rcmainder are 
kcpt back on account of disputed boundaries. There are also G4 sheets of 
previous seasons awaiting final disposal pcnding the adjustnlcnt of boundaries. 
The general maps of Mirzapur are being drawn on the 2-inch scale for 

on the 1-inch ; nonc have yet been completcd, as thero are still 
unsurvcycd portions within the margirls of the standard-sized sections. 

The  general maps of the Banda district on tlic 4-inch scale, which were 
rcmni~ling1 h ~ v e  been completed and lodged; and one-inch maps of this district 
from draniugs made in Calcutta arc now under ~ublication. 
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128. The Deputy Surveyor-Gcneral inspected tho oacc  of the pnrty nt 
Nsillital during October. H C  considers that Colonel Anderson is deserving of' 
<).reat credit for the readiiless with which he has set himsclf to acquire a know- 
Fedge of the new duties connrcted with writing tlic village khasras, and for the 
lnanncr in which he has instructed his cstablishlnent in the new work required 
of them.* 

XVIII.-DISTRICTS GHAZIPUR, DALLIA, AND BENARES, NORTH-TVEST 
PILOVINCES (No. 4 PARTY, REVENUE BlLANCII). 

129. The field operat,ions of this party were resuined under control of bIajor 

Perso~~nel .  
Uarron on 25th October 1881, and were 
continucd up to 10th April 1882. During 

blnjor w. Dnrron, Deputy Superintcudent, 3rd 
grnde, io chnrgc. the season the cadastral survey of district 

nlr. N. A. \PiIson, Survepor, 3rd grndc, Ghazipur has been completed, and that of 
,, H. T. Hnoby ,, 4th ,. 
,, W.C. I'rice , 4th .. district Ballia continued. Tlie scale of 
,, S. O.  ~ ~ ~ l d r ~ s ,  Assistnnt Surveyor, 1st grnde. cadastral survcy has bcen 16 inches to a 
,. W. D. Corbett ,, ,, 1 s t  ,. 

trnosfcrred to NO. 5 !,artg , ~ i t h  C N C C ~  from l e t  mile, except in the case of a few villages 
~ e t o ~ e r  1.981. in Uallia, where the scale was increased 

>Ir. E. 11. ill. I)rcw, Assistaut Surveyor, 3rd grade. .. L. F. lle~.keley ,. , 31.d ,, to 32 inclles to a mile on accou~it of the 
80 sub.surveyors nnd others. very small sizc of the fields. 

Te,r~porary Eslollislrr~enl. 
130. The party has alao beeu engaged 

011 the survey, on the 4-inch scale, of a. 
200 Geld surveyors nnd othcrs. line of villages in district Shahabad of 

Bcngal, on the banks of the Gangcs, opposite to district Ghazipur. This work 
has been undertaken, 011 account of the Government of Bengal having clcter- 
nlinecl to take advantage of tlie cadastral survey progressing along the Ganges 
and Gogra rivers, to huve a line of river villages in districts Shahabad and 
Sarun surveyed siu~ultaneously, so tllat the entire breadth of low-lying country, 
over which the above rivers are liable lo flow, may be represented with full 
details of the boundaries of villages and estates in one series of maps for both 
provinces. A surrey of this nature for all large rivers mas sanctioned b y  the 
Governmcnt of India, Revcnue and Agricultural Department, by letter 
No. 103, dated 3rd September 1851, to tlie Surveyor-Gcneral. 

131. Tho separate areas surveycd in the different district0 and on the 
different scales are shown in the following statenieut :- 

-- - .- 

DISTIIICT. Drucriplion ,!nd h~lrnllcr 01 Aren in 1 1 S ~ " I C  SY;CY. I ' l lIIII~s, 1 IIIIUIZ YIIIF. j nEXABP8. 

i u  . . . . . . . . . . . . . .  

Rnllin . . . . . . . . . . . . . . .  
Totnl of cndastrol survry 

Sllnh:~I)nd . . . . . . . . . . . . . . .  

Cadart r r  l : 1 661 1 1 2 1 6 9  ' Tmcnty-f ire  r i l lngcs  i n  district 

::?;);I:,s 1 I Dnllin, in nrcr  4.15 srjuorr 
: miles ,  r c r c  surrcgctl ou the 
I B'L.inch scale. 

... Ditto / 1.177 1 409.98 ! 
' '  

. . . . . . . . . .  1 i 63.1.5(; 
I--- 

A T o i ~ z n ~ n r :  1 6G / 3 0 . i 9  
4-incbrs to 
a m i l c .  1 I 

An ovcrlap of 12.50 squarc niiles has becn surveyed in district Azarntgarl~ 
ou the 2-inch scale. In  the cadast,ral area, 9,88,167 ficlds have been surveyed, 
llaving nn avcrnge arca of -41 of an acre. I'reparatory traverse morlr has 
been cxtencled orcr 1G2 square miles in tho Ihllia district, and tlic Ucnares 
dist,rict having bcen assigned to thc pnrty for cadastral survey, under a u t l ~ o r i t ~  
~ , f  Government, North-Western Provinces and Oudll, conveyecl in letter No, 93, 
datcd 20th Jailuary 1882, preparatory traversing has bcen carried out in that 
distrim extending ovcr 170 squarc rniles. 

132. In tlie cadmtral survey, tllc systcm of plotting the ficld measurements 
directly on the slcelcton maps of thc tmvcrscs, without recording the measure- 
ments In field books, continues to morlr niost advantageously. Tlie work is 
done uloro rapidly than urder the former syst,em of keeping field books, and 
the same stnndard of nccumcy is maiutained. Tlie usual checks and tests have 
been carried out, botli I)y inspections of tlrc work in progrcss and by subsequent 

( !o ln~~el  Anclersoli repol t 6  very f~ruornbly of hleasrs. LltLle, bban,  Hill, and 0. D. Smart. 
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conlparisons of measured tcst lines. Of the latter, 5G7 linear miles were 
measured by the European staff, and 1,186 nliles by Native inspectors. 

133. The perrna~~ent marking of theodolite stations has been carefully 
attendcd to. At every station-there are 11,393 in the season's work-a pottery 
cylinder has hecn imbedded, a t  an average cost of 3 anuas 7 pic per st a t' 1011. 

These marks are in addition to the stone marks which are placed at the trijunc- 
tions of village boundaries under the authority of settlement officers and at tile 
expense of land-owners. Connections have been made with five stations of the 
Great Trigo~~on~etrical  Survey, and the chain measurements of the traverseshave 
been adjusted to agree with trigonometrical distances. The average error of 
chaining was found to be 2.73 feet per mile. Azimuth observations were taken 
at 50 traverse stations, at an average distance of six miles apart. 

134. The area s~lrveyed cadastrally has been mapped on 1,323 sheets, of 
which, on 1st October, 077 sheets had been sent to Calcutta to be printed. 
There are nine standard-sized sheets of the 4-inch survey of the Ganges river 
villages in district Shahabad, on which a line of villagrs on the Ghazipur 
side of the river has been introduced by reduction from the cadastral maps, 
so as to represent the entire low-lying area in one projection. The general 
maps on the 2 inch scale of Ghazipur and Ballia are under preparation, nine 
having been finally completed and 20 partially drawn. On these sheets, the 
survey of parganas Bhadaon and Sikandarpur (now of Ballia, but fornlerly cf 
district Azamgarh, and cadastrally surveyed in 1874-7G), is being introduced, 
so that the map of district Hallia nlay be coniplete. A reduction of the maps of 
district Ghazipur to the scale of the Atlas of India has nearly been finished. 

135. I t  is expected that the party will c )m lete the survey of district Ballis 
and of the riverain villages on the Ganges and 8ogrn during 1882-83. District 
Benares will occupy season 1882-83 and part of season 1883-84, and a ncw 
district will be required to be allotted to give sufficient work to the party for 
the latter season. 

136. The recess office of the party was inspected by the Deputy Surveyor- 
General at Naini Tal during October. The work of the party in all its hranches 
was found to be highiy satisfactory, reflecting great credit on Major Barron's 
skill and close supervision.* 

X1X.-HANTHAWADDY DISTRICT, BRITISH BURMA, AXD ARAKAN 
WASTE LAND GRANTS (No. 2 PARTY, REVENUE BRANCH). 

137. This party has been under the charge of Major J. R. RlcCullagh, 

Personnel. 
R.E., tllroughout the season. 

Major J. R. I l i c ~ o ~ ~ n g ~ l ,  R.E., Deputy  super in-  
Small field parties were employed in 

tellacllt ,  4 t h  ~ m d o .  the Rangoori town district during October 
M r .  E. J. Jackson, Assistnnt Supcrintcndent 1 s t  

grade, re turned from A~rlough and trnnsferrEd t o  and November la81, and the 
NO. 2 par ty  o n  t h e  forenoon of 5 t h  D e c e r n b e r l ~ B l .  work was resumed in the Hanthawaddy 

M r .  I?. Grant .  Surveyor, 2nd grndc. 
,, D. A. Kin:, Officinting ,, 4 t h  ,, district on the arrival of the field establish- 
., J. &fcIIntton, Assistu~lt ,, 1 s t  ,, ments from India during the early part of 
,, Q. E. Pnrkcr  ,, 
., J. M u r p h y  ,, December. Field operations were conti- , 2 n d  ., 
,, B. M. m i l s o n  ,, ,, 211d ,, nued up to the end of May. 

32 sob.surveyora a n d  others. 138. Ti10 cadastral survey has chiefly 
Temporary Eslablishmcnt. 

135 field surveyors and otbers. 
been carried on in the Pegu and Hmawbee 
townships. I n  Angyee towndiip the 

Leveling. contouring of a small area of high land, 
Mr.  Fredrio Rcncontrc, leveler, transferred t o  remaining over from last season, has now 

profeesional nntive eetnblishment of No. 2 par ty  
from 18L Norcmhcr  1881. been completed; and the field work of the 

Mr. Almnndt>r Ivlunro cntcrtained ae lereler from cnclastral survey of the Rangoon town 
1 s t  Norcoihcr 1881. 

~ r .  Frn11k l<encontro entertained as levelcrfiom district has been finished. Adjoining the 
1st  November 1881. Pcgu township, a tract of country along 

Major Burron reports t h n t  hlesers. Wilson, Hnolly, and Price, respectively in c l ~ n r p e  of t l ~ r e c  section> of Itin 
pstsl,lishment, hnve conducted Lheir duties to his entire ~ntisfnction. Ho snys :- " T l ~ c y  are zcnlous. I~ordrvorking 
surveyors, end nim I I ~  111rainz out  R lliell st411,dntd of work." 

T h e  nesistnl~t surveyors. Mersra. N ~ d r n s .  Drew, 2nd Derkelcg, ore anid to hnva performed their dotica 
snlisf:~ctorily. 

Tllo fallowing mcnilrern of Ll~e nntivc cst.lbliull~ne~tt nrr rapnrtsd t o  h r r s  done well nncl t o  dcservc romlnen~lnti?n, 
r i r .  lbu Has:tn. .I;tmnlno<lecn, hl:thmoo,l Bur. F,nayctnollnl,' Bhnn-nni I'crsha~l, hlcer Un,iodnllrc. I.ulmoh~~nn (411npu- 
psdhgn, lien, i\;nr:ticn, linnnyn T.nll. lrnd Z;lkirnlly. 'L'lle reat of tho ~nrrnbers  of the  professional and cadnetrnl cstnhlislr 
mcnlo hnve wurkul ~ r e l l  :atltl benrlily. 
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... 
Hentl&aaddg ( P e p .  Hmawbee, and Twantay 739'5 91.7 ... ... Forcst reserves ...... ... ... Ban~oon Town district ... 

the  sea-coast, devoid of cultivation and covered with kain grass and  jungle, 
has been surveyed topographically on the  2-inch scale. A commencement ha# 
been made on the survey of the forest reserves in  Hanthawaddy. The 
several areas are  shown i n  the following statonlent :- 

- 

... Total ... 1 763.5 ( 91.7 1 
I n  addition to the  above, preparatory boundary traversing for the cadastral 
survey of next season has been done over a n  area of 458 square nlilcs in  the  
Pegu end Hrnawbee townships, and 43 square iuiles of forest reserves have 
also been traversed i n  preparation for next season's survoy. 

139. A small sub-party of field surveyors under a n  assistant surveyor is  
now regularly organized as a section of this establishment set apart fbr the d u t y  
of carrying out the  revisions of the maps of the  previous season, so a s  t o  br ing 
them into accord with the settlement papers, which are  prepared one year  
subsequent to  survey. During the season 719 square niiles were brought under  
settlement, and the revisions were completed over the  whole area, the  work 
(which involves frequent references bctween tlle two departments) having bee11 
greatly facilitated by  an arrangcmcnt for locating the Assistant Surveyor 111 the  
Settlen~erit Officer's camp. On the subject bf the  revisions, Major llcCullagh 
reports :- 

RBXABKP 

-- 

DIBTRICT AND TOWR~PIP. 

" Revisions are due to the following causes :- 
" 1st.-Errors of survey ; that is, fal~lty measurements or incorrect inking up. 
" 2,~d.-Changes in the boundaries of fields and kwins. 
" 3rd.-Imperlbct or iudistinct demarcation, especially of garden lands. 
" 4th.-Extensions of cultivation. 

A ~ B A  IR ~ Q U I P S  YILBL 

10.1nch scale I 2.znrh -la. 

I 

"1 have endeavo~wed to ascertain tho percentage under eaoh of the above hoads, but 
~ ~ f ~ ~ t l ~ u n t e l y  tho rolls kept up have not ennbled me to do so very accurately. The 
percentnge of ernta is cdculated on the number 01 fieldn, and does uot ill any way represent 
area. I t  has been found to vary very considerably iu differeut circles ; the maximum b e i ~ ~ g  
30 per in Tawkoo, and the rni~~imu~u G per cent in Kyouk Choung. The average for the 
11 circles is 15 per cent; and of this I thinlc it may be approximately taken that the 
figures 1, 5,  5, n11d 4 represent respectively the proportion of fields revised under the four 
different headings. The actual area of the cultivation opened out between the time of survey 
and settlement (cxtensiona) amounts to 11,881 acres, or 1st square miles." 

140. T h e  greater part of the  area cadastrally surveyed in the  P e g u  town- 
ship consists of a n  open cultivated plain requiring no particular description ; 
but i t  included a strip of higli-land (koizdaiz) i n  which tho cultivatiou and  garden 
lands were d~fficult and tedious to survey, and a belt of corintry on the wester11 
niargin, where unusually small fields, a v e r a g i ~ ~ g  about 7 to  t h e  acre, werc lnet 
with. I n  the Hmawbee township, the greater part of the area likewise 
consisted of open country, chiefly under rice cultivation ; but a very consideral~le 
extent of kondan was surveyed, whcre (to quotc froru Major b1cCullagh1s report) 
the- 
"groi~nd is muoh brolren and undlllnting, and for the most pnrt covered with valuable 
gardens. Tho general appenranoe is that of heavy forest until exnn~ined more closely, when 
the trees arc found tu be fruit-bearing, with donse gnrden cultivation uudcrueath. The 
boiindarieq of the gardeus are very irrcgular, nnd hnve to be nlensnred right round, Where 
rice cultivation extend3 up iuto the kondan, the fields are also irregular aud very small." 

141. T l ~ o  permanent dcn~arcation of kwin boundaries has been cffected by 
the srirvey cstnblisliment in  the usuul manncr, by  mcnns of pottery cylinders 
imbedded a t  thc theodolite stations. As n rule, the cylindcrs a re  not more than 
half a n ~ i l e  apart, but in many places, where the boundaries are  irregular, they 
are  much closer; pottery cylinders ore also imbcdded a t  certain selected 
~ t e t i o n s  in the intcvior of kwins. 

142. l'hc field survoy has becn cnrefully tcstcd b cllcck lines, amounting 
in the aggregate to 490 lincar rnilcs, n~crsured  by t11e 6urol)unn oQcers and by 



t h e  Native inspectors. All the  stations of t h e  Grea t  Trigonomctrical Survey 
lying within t h e  arca under  survey have been  connected mith the  traverses, alld 
t h e  direct trigonometrical distances have been used t o  correct t h e  errors of tile 
chain measurements. Tho angular work of t h e  traverses has  hcen checked 
by observations for azimuth a t  36 stations. T h e  number of fields surveyed is 
5,00,763, sllowing a large increase on  t h e  number of former seasons, and giving 
a dinlinution of the  average size of t h e  field from 1.4 acres of last year  to  93 
acre for t h e  present season. 

143. A large number of Burmans have been employed i n  different 
situations, b u t  it has been found extremely difficult t o  keep u p  anything like 
a fixed establishment of Burmans, owing t o  t h e  constant drain on the party for 
men t o  fill other situations. 

Major McCullagh says of t h e  Burmans :- 

" A  few of the field surveyors have done remarkably well, but c;n the whole they have 
not come np to my expeotation, and there are many of them deoidedly indifferent. My pro. 
deoessor. Major Sandeman, bestowed such unqualified praise on the Burmans in their capacity 
as surveyors, that I may have been led to expeot too muoh ; but oertainly my ahort experience 
tends to B conclusion much less favourable than his. The Burmans have some good qualities ; 
they are quick, cheerful, and willing at learning, and, when under supervision, are fairly indus- 
trious aud binstaking ; but they have little idea of submission to discipline, and are wanting 
in habits o!method and order: and let the eye of authority be taken oB them, they are up to 
quite as many tricke, and just as much scheming, as any other race I am acquainted with. It 
nppears to me, of oourse with some esceptions, that it is with them a case of time servioe. 
They have no love for the work, and take no real interest in it as a means of earning a liveli- 
hood or of gaining a name. The survey is a stepping stone to something else ; and as long as 
they can do enough to qualifiy for a certificate, the aim and object of their service is satisfied. 
I am fully aware how much importance is attaohed to the polioy of traininq Btnmans in 
the profession of surveying, and I have endeavoured to carry out the views of Government to 
the utmost of my ability; but I must confess to feelings of disappointment, after all the care 
and nttention bestowed, the large sums expended, and the many induoements held out to 
really deserving men, that the results are not more satisfaotory." 

144. T h e  16-inch sheets, 1,007 i n  number, of tho area where the  settle- 
ment  and  revision survey operated, were all sent to  Calcutta t o  bo photozinco 
graphed between 14th March and 2 1 s t  J u l y ,  after the revisions were entered. 
Photozincograph copies have been supplied to  the district authorities. 

145. T h e  drawing of 860 new cadastral sheets surveyed during the season 
has  been completed, a n d  manuscript tracings havc been glven for thc  ensuing 
season's settlenlent operations. Of t h e  general maps of the  I-Ianthawaddy district, 
four sheets i n  11 sections, comprising country surveyed c a d a s t r a l l ~  durillg 
previous seasons, have been completed and  photozincographed. Several others 
a r9  partially drawn, ancl t h e  drawing is being continued as  p h o t o ~ i n c o g r a ~ h s  
of the  caclastral sheets a re  available for reduction. 

146. T h e  detachment of this par ty which had been employed, during 
season 1860-81, i n  the  Akynb district, ~ u r v r y i n g  the  boundaries of waste land 
grants ,  returned t o  Arakan i n  Novemhcr 1881 for the  purpose of carrying on 
t h e  boundary survey of the  remaining grants. Mr. H. Dowman was again sent 
i n  and mas furnished mith a n  establishment partly from India and 
partly from Burma. T h e  grauts  for survey lay  i n  three districts, viz - 

Qrants. 
... Akyab . . , ,.. 1 ... Kyouk-Phyoo ... ... 7 ... ... Sandoway ... 2 - 

Total ... 10 -- 
On tllc completion of the survey of thcse i n  February 1882, Mr. Dowman 

mas to take up  t h e  a d j u s t n i e ~ ~ t  of t l ~ c  boundaries of s~rcll of the  grallts 
sUrvoyCd during season a s  might have been found on settlement 
iuvestigation t o  Ikavc exccsvivc arcns ; hut  t I ~ c  settlement inveutigntio1ls ]lad not 
been cnrricd out (nu o f i c ~ r  not  having becn avnilablo for the duty), and i t  
determilled to  employ tho detnchrnent during the  remainder of' the season, 
il l  rclldering the existing tlcmarcatiou more perIIlanCnt than first provided. 
T h i s  sccolld clemarcation nn8 tnken u p  too late iu tllc to  allow ?f the  
gralltH being done, nlld 6.1 only had been conlplctcd when tllc setting In of  the 
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rains put a stop to the work. Before thc detachment left Akyab, Mr. T. C. 
Mitchell, Settlenlent Officer, arrived there and commenced his investigations 
regarding the areas held by the grantees. Consequent on these investigations, 
the boundaries can now be made final, and the detachment under Mr. Dowman 
will return to Arakan next season to aid in the permanent demarcation. 

147. The British Burma. Government maintains a survey school a t  
Rangoon in connecbion with the survey party, over which Major McCullagh 
has exercised a general superintendence. 

Two squads of levelers are attached to the party, whose work is reported 
on with the other leveling operations of the department. See page 56. 

148. The office of the party a t  Rangoon, and one of the field camps 
in the Hanthawaddy district, were inspected during April by  the Deputy 
Surveyor.Genera1, who reports very highly on the style of the work which 
was being executed and of Najor McCullaghls excellent management of his 
establishment.* 

XX.-BASSEIN DISTRICT, BRITISH BURMA m o .  8 PARTY, 
REVENUE BRANCH). 

149. Major W. H. Wilkins received charge of this party a t  Rangoon on 
Personnel. tlio 25th November 1881 

Mljor E. 8. Steel, Assistnot Superintendent, 1 s t  grade, in chnrge u p  t o  E' H' On 
24~11 Novcmbcr 1881. the departure of thc latter 

Mnjor W. H. \Vilkins. Deputy Superintendent, 3 r d  grnde, in cborge 
from forennon of 26th Nove~ubcr 1881. officer on medical leavo to 

Mr. A. 11. Littlewood, Surveyor. 3rd  grade. Europe. The ofice estab- .. J. A. 0'l)unel , 4 ~ h  ., trnnsferrcd t o  Deputy Sur-  
veyor.0enernl's offire from 1 s t  April 1882. lishment of the party, which 

Nr.  11. B. Smnrt, Asoistnnt S u r v e ~ o r .  1s t  grade, lrnnsferrcd from No. 5 had recessed a t  Rangoon, 
pnrty from 1s t  November 1881. 

Mr. 'l'. 8.  Dunne, Assistnut Surveyor, l e t  grnde. proceeded to Bassein during 
,, E. J .  Nnrtin ,, ,, 1st  ,, transferred from NO. 6 the first week in December, 

pnrtg from 1 s t  October 1881, trnnsfcrred t o  No. 7 pnrty from 1 s t  
Nnvcmber 1881. on the arrival of the field 

Bfr. W. H. Penrosr, Assistnnt Surveyor, 2nd grade, transferred from from India, 
No. 11 pnrty from 1st Novcmber 1881. 

Mr. 0. Campbell, Asaistnnt Surveyor, 2,,d ~ r n d c ,  rrjoined from filr,ollah and cadast,ral operations 
and trnnsferrcd t o  No. 1 party, Hissnr District Survey, from alteruaoo were in the Basein 
of 21st Sept ru~bcr  1882. 

Blr. C. \V. J. Ford, Assistant Surveyor, 2nd grnde. district on the 10th Decem- 
., W. H. D. E ~ v i n g  ,, , 3rd  ., 

28  sub.surveyors and others. 
ber. The party remained 
in the ficld until the 27th 

Teutl~orary Eetablishnro~t. May 1882, and then re- 
170 field eurvc).ors nnd others. turned to recess quarters in 

Rangoon. 
150. The survey has becn done entirely on the 16-inch scale, and the 

completed area is shown iu the following statement, viz.- 

In  aclditioli to tlie al,ovc, boundary traversing has beeu done ovur an  area of 
350 square miles in prcparntion for cadastral survey ucxt season. The number 
of ficlds in t l~c  cadastral area is 3,40,70O, of andaverage size of -44 acre calcu- 
lated on tho cultivated arca, and of an average size of 1.49 acres calculated 
on total arca. 

T l ~ n l ~ o u n g  ... ... ... ... 
K y o n - P y n n  ... ... ... ... 
H n y - g y c c  ,.. ... .,. ... 

Totnl ... 

Thc bllo\ring nrc cr t rnc ls  from Btnjor BlcCullngh's report on 11;s ~us is tnnts  :- 
"Mr.  .lsukson. Aasislnut ~ l i ~ > c r i n t e n d e o t ,  lrns 11 thoruugl~ kuo\vladge of tbc  work in all it8 details, and he hn8 cheer- 

lully rind nbly n.sietcd me in every wny." 
"MPRPIB C4r:tnt n ~ l d  K i a ~ ,  ill c b n r ~ c  ofcndnstrnl enmps, bnve 8hosr11 ~ n l t c l ~  tac t  nnd j u d g m ~ n t  in  tbo diachnrge of 

thcir oncrons dnlirs I nm I ~ I I C I I  inllrbted to hoth fur . the  cncrgy nndei~durnnce  they bnre  displayed." 
M r .  Dowm.ln ia rpokcn o l  as nu crpcriunccd, cnrcful, null yniustnkiac officer. who cnrricd out  t h e  duties encru3ted 

378.6 
334.4 

99.7 ---- 
812.7 

to bim with I U ~ I I C ~ B  nbility. 
" 811.. %l(.llotlc>tl, ill c l~nrgc  of the revision cnlup, I I ~ I ~  very nrduous duties to pcrlurm, inlo the  execution of ~ h i c h  he 

b r o ~ ~ g l i t  no~lnd i ~ ~ d g n i r ~ s t  ,nod oarellcnt telnprl. to bcnr." 
" hlcsars. r n r k e r  nnd Jlurphy gnvc grcnt sntielt~ctiou ; tbcy arc both hnrd.~rorking nud painstaking nssistonts." 

F 2 
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5 1  The  tract surveyed includes a rery  large area of waste land mixed up 
with the cultivation, as has been the case mith the tracts previously brought 
under cadastral survey in Bnssein, the separate areas for the present ScRson 
being 240 square miles of cultivation and 573 square milesof waste. Major Steel, 
who held charge of the party during the previous season, gave rnucll attention 
to  the question of the survey of these large waste areas, in view of the 
fact that the survey of waste land brings no direct profit to Government; 
and, with tl16 object of reducing expense, he proposed to the Chief Commis- 
sioner that the survey of the waste land should be done on the 2-incll scale, 
separately froin the cultivation. The scheme being approved of by the Chief 
Con~missionor, Major Wilkins introduced tlle system of separate surveys on 
the different scales of 16 inches and 2 inches a t  the conmencement of the 
field season ; but he did not maintain i t  for long, as, on account of the cultivatiou 
pernicating through all prlrts of the waste, he found in practice that a 
complete survey, done in one operation on the large scale and n~apped on 
one series of sheets, was more expeditious than the proposed system of omitting 
the details of the waste from the large scale survey, to be done in a 
subsequent operation on another series of sheets. 

182. 'l'he revision survey in the area surveyed during the previous season, 
to bring the maps iri accord mith the settlement papers, mas a verylaborious 
undertaking, nnd added largely to the work of the party, one assistant sur- 
veyor and about one-fifth of the entire esta1)lishment of field surveyors having 
been exclusivoly employed on the revisions tl~roughout the field season. The 
work included the determination of the boundaries of 908 parcels of pottcdh 
lands, situated, in many instances, in tlie heart of the jungle, the existence of 
which mas brought to light during settlement investigations. 

153. T h e  preliminary and temporary demarcation of kwin boundaries 
has, as usual, been done in advance of the survey by the district authorities, and 
the permanent deu~arcation by the survey party. For permanent marks, the 
pottery cylinders of the previous year have again been used ; these have beeu 
imbedded nt two out of three theodolite stations on the kwliz boundaries, and, for 
use as reference marks when extensions in the cultivation have to be mapped, 
a t  many stations in the interior of the kwin lands. About one-fourth of the 
field surveyors of tlie establishment employed last year mere Burmans. I t  is 
not advisable to  emplny Burmans in a large proportion, as the work of these 
men is slow-they do less than a third of the averagc monthly outturn of the 
I-Ii~~dustanis-and consequently costly. Major Wilkins has taken great interest 
in the Burmans of his establishment, recopising the great importance of the 
professional survey leaving in the district a scl~ool of trained surveyors; but 
he expresses d isnppoint~~cnt  in his experience of these men after what he had 
beell led to expect of thcrn, and 11e states that the praise bestowed on the 
Buril~ans in Inst year's report caunot be given this ycar. 

Major Wilkins also writes :- 

I t  is grently to be regretted that a few Burman8 have not been found nble to become 
qu~lified to undertake an iuspector's duties, for suoh men mould be invnluable in teaching 
other Burmans. . * * * 
If two or three suitable Burmnns cnn be found, endeavours mill be mnde to trnin them for 
the post of inspector, and, by the offer of a liberal salary, to restrain them from leaving 
the department. At present, tl~e hope of getting other employment is tho only il~docrment 
for a Burmnn to become proficient in tho vnrious duties of a cn~lastrnl surveyor. To train 
hlmself for tlle duties of nn inspector or general surveyol-, so tllat he cnn impnrt his knom- 
letlgo to his fellow countrymen nnd become of real nssistance to the European officers of a 
party, is not within the scope of his nmlit~on." 

154. A survey school in connection with t l ~ e  party llus becn lrept up by 
the l';ducational Dcpartmcnt in tlie town of Ll;rssein, over which BInjor Wilkins 
has exercised a general supcrrision. 

&Injor Wilkins reports t l ~ a t  Ire and the Europcan officers of the Party 
collntalltly visited tile field surveyors whilc they wero working in tho field, to 

that t,hey were on correct principles. Check surveys, 
, 909 linear miles, Kcre also carried ollt ill the moat rigorous nlanller. 

~ ~ ~ ~ ~ ~ a t i o ~ s  for azimuth to the n~igular work of tllc traverses were t a k ~ n  
at 64 traverse stutions. 
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155. The 16-incli shects, 1,031 in number, on which the eeason'n outturn 
llas been mapped, have bcen drawn, and traci~rgs have been supplied for tlrc use 
of the Settlement Officer. Tlre s l ~ e ~ t s  of the previous season's area, where the 
settlement operations were cond~~cted,  lieve been coml)letcd in accordance with 
settlement investigations, and all were forwarded to Calcutta to be printed in 
time for the sul)plemcntary survey of the succeeding season. The general 
maps on the 2-inch scale are in progress. 

156. Tlre Deputy Surrclyor-General visited the Bassein district during 
April, and inspected the camp offices of the party, bcsides examining some of 
the cadastral plans in the ficld. He expresses hi!nsclf as having beeu well 
satisfied with the control exe~cived by Major Willuns over a11 branches of his 
largc establishment, and with the style of work which was bcing executed.' 

XS1.-THBRAWADDY DISTRICT, BRITISH BURMA (No. 7 PARTY, 
REVENUE BRANCII). 

157. Tllis pnrty, under charge of Jlr. H. B. Talbot, revumed cadastral oper- 
ations in the Tl~arawaddv dis- 

l'ersoanel. trict 011 the arrival of thg field 
sr. H. n. ~ n ~ b o t .  Assistnot Superintendent, 1st  grnde, i n  ehnrge. establishmenfs from I~rdia  
,, W R Vynll, Surveyor, 4th grndc 
,, G. W Jnrbo, Assistoat Surveyor, 1st grnde. towards the end of November. 
,, J. K. scott ,, ,, 1st ,, Field work was continued 
,, J. S. Swincy ,, ,, 1st ., trnnsrcrred frnm until nearly the of May, 
NO. pnrty with effect from 1st  April  18t)E. 

M ~ .  E. J. M ~ r t i n ,  Asslstsnt Surveyor, 1st grode, trnnsferrrd from when the party returned to 
No. 8 p ~ r t g  from l e t  November 1881, and on furlough from 
1st April 1882. recess quarters in Rangoon. 

Hr A. W. S m n r t ,  Aseistnnt Surveyor, 2nd grade. 158. Besides the regular 
,, D. .I. ('ollans, ,, , 3rd ,, trnrsferred from 

tile Uurjee ing t o p ~ ~ r ~ p h i e u l  pnrty from l a t  November 18t)l. surrey On the 
30 aub.surveyors n11d otl~cre. scale, the party has surveyed, 

Teinpornry Eslabliahmesl. on the 8-inch scale, extensive 
165 field survejors nnd others. tracts of waste land in the 

lrrawaddy Valle along the 
Dlgitn~aklia river, and has commenced the survey on the ~ n c h  scale, 
for the Forest Department, of the forest reserves of thc Tharawuddy district, 
situated in the hilly tracts of the Pegu Yoma range. 

159. The areas accomplished on the screral scales are shown in the follom- 
ing statement :- 

I n  addition to the above, preparatory boundary traversing has been done 
ovcr an nrea of 276 square miles, par:ly in the Tharamaddy district and 
partly in the Prouic clistr~ct. An area of 25 square miles in the forest reserves 
of T l ~ a r a w ~ d d y  lrav also bcen traversed in advance. 

160. The survey of changes ‘rind extensions of cultivation i n  the area 
surveycd during the previous year and brought under settlement during the 
cl~rreiit year has also been carried out, involving, as reported by Mr. 'l'albot, 
very heavy work both in t l ~ c  field and i r ~  office. Iu  the tract surveyed on the 

Mqor \\'ilkins l ~ n s  repnrtcd of n l l  Itis nsaistnnts :- 
" Mr. Littlemood (Ire a n y ~ )  is n fl~st.r~tte tws~acnnt ,  who hns his jvorlr nlwnys s p  to dnte, wit11 n perfect tempor and 

rnnl  jlldpment t h n t  never de*erL I,nm." 

M i o h l n  ... ... .,. ... 
Gyobingouk ... ... ... ... 

M r w r n .  O'Donel. Smnrt,  Dunne, nnd  Ford. who llnd c h n r p  of wct innr  of t h e  catn\,lishment, are highly repurtval 
on,  nlqrl Mr. I'rnrnne. ~9 nn n~si*t .nt~L to  L I I C  olllero i n  snid t o  hnve worked rcrv  a~~tial : ictori ly.  

' l . 1 ~ ~  lollorving RUI) I I I I V ~ J O T I  111111 o t h ~ r s  nre dcntioncd f~tvournl,lr. I,v n;>&, :- 
Sul~.rnrvrynra S l ~ e i k b  Abdellnh. 1Vnrir Ali, nnd K O ~ ~ A B  CLL"U~;T; drnltrnlen LlhLlm Baa, S h n m s u t l d ; ~  and 

'iujsdhnr ; 2nd cornpuler blnnohnr Lnll. 

212 
219 

Tnpoon ... ... ... .,. 85 
Tlionzell ... ... ... ... ...... -- 

Totnl ... 626 
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16-inch scale a large amount of waste land 113s been found to bo mixed up 
wit11 the cultivation, the scparate areas being 287 square miles oi  waste and 
239 square miles of cultivation in the total area of 526 squaw miles. 'rhe 
numbcr of fields in the cultivatcd area is 4,95,000, giviug -30 acre as the 
actunl average size of cach ficld calculat~d on the cultivated area, and .(is acre 
as the average size if calculated on the total area. 

161. 'l'he pcrluanent demarcation of kzuin boundaries has been carried out 
by the survey party, the marks adopted being pottery cyliuderv imbedded 
at  theodolite stations, the same as in the previous year. For  the purposes of 
the supplementary survey, ml~ich will be carried on year by year to map the 
extensions of cultivation, marks have also been placed a t  stations in the 
iuterior of the kzuins as well as on the boundaries. I n  the forest reserves, 
the theodolite stations have been marked by posts and mounds of earth, zinc 
numbers in Burn~ese cbarncters being nailed to the posts. 

162. The survey of the forest reserves has been undertaken in accordance 
wit11 the wish of the Chief Commissioner, expressed in his Secretary's letter 
No. 406-9, dated 13th October 1881, to the Surveyor-General. The nature of 
the country presented many difficulties to the surveyors, the difficulties being 
increased by the position of the reserves, which are situated in an almost 
uninhabited country, far removed from the cultivated part of the Tlisrawaddy 
dietrict Supplizs had to be sent from a distance ; and in the reserves, special 
arr.lngements had to be made for carrying water for the use of the survey 
squads. Sickness also was very prevalent ; generally 20 per cent. of tho men 
were unfit for work, and very often 30 per cent. The reserred tract consists 
of an intricate mass of hills, with many minute featuros, and closely jungle 
clad, where a ray bad to be clcared for every linc that mas measured. A fcw 
descriptive notes furnished by Mr. G. W. Jarbo, Assistant Surveyor, who mas 
directly employed on the survey of the tmct, are printcd at  page 31 of the 
appendix. 

163. Mr. Talbot reports as follows ou the Burmans of his field establisll- 
nient :- 

'<The work of the Burman field surveyors mas generally found correct, and they 
certainly hold their own against the Hindustani snrveyors as far as accuracy is concerned ; 
bat they are lamentably slow, and reqliire far gr'ater suporvision. The 35 Burman 
field surveyors -mployed rluriog the whole of lhe field soason gave lesa than half the daily 
average or work perEormed by Hindustani surveyors, viz.- 

Acres per day 

Burmans ... ... ... 12 
Hiudustanis ... ... ... 28 

which mas a loss of 480 acres per man per month, or 144 square miles in the season's 
outturn." 

At  the request of the Chief Con~missio~ler, six Burinan apprellticoy mere 
attached to the topographers cmployed on thc aurvey of the forcst reserves 
for instruction in topograpl~ical surveyi~ig. Thcsc mcn could only be induced 
to join by  tlle offer of high subsistcnce allowances ; and tlie expcrime~lt of 
training them has not bcen very satisfactory, as, i t  is said, tlie men will not 
talcc employment as forcst surveyors, wliich mas t l ~ e  object of their being 
illstructcd. Tho work of the field surve ors was carefully tested by tllu z measurement of 1,010 linear milcs of chec lines carried out by the European 
ofiiccrs and by Nativo inspectors. Thc Europcan oficcrs also frcrluently 
il1spcctcd the field survey work during its progress. The traverscv l~avc  becu 
collnccted with seven stations of tlie Great Trigono~nctrical Survcy, and the 
trigouometrical distanccs have been used to correct tho errors in t l ~ e  chair, 
uleasurcment~. Observatious for azimutli havo beell takcn a t  (51 traverse 
stations. 

16.1. The prcsent season's out-turn of 16-inch survey has been map cd on P 660 sllcets, of'wllicli tracing3 have bcen furnished for the uso of the sctt clnont 
officer in his opcmtions of next scason. Tlio sllccts of the previous season have 
been finally coml~lcted after cntcring tho roviuions and extcnsionzl, and they 
were scnt to Calcutta, to LC priuted in tituc for the scttlcment operation9 of t l ~ c  
following acnsou. 
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165. The office of the party in camp in the Tliarawaddy district was 
inspected during April by the Deputy Surveyor-General, who expresses himself 
as having been well satisfied with the careful supervision exercised b y  
Mr. Talbot over his large establishment.* 

XXI1.-SYLIIET TEST SURVEY. 

166. This survey has been carried out undcr the instructione of tho 
Government of India, Home, Revenue, and Agricultural Department, conveyed 
in the Officiating Secretary's letter No. 445, dated 18th December 1880, to the 
Surveyor-General, for the purpose of testing the mnhalzuar maps of the Sylliet 
district, which were prepared by a local survey est,ablishlvent during years 1862 
to 1664. 

167. The detachment of surveyors and others required for the limited 
area to bo surveyed was furnished b y  

Personnel. No. 6 party of the Revenue Branch, and 
Mr. P. A. Q. Cowloy, Surveyor, 2nd grade, in 

ellarge Eromlst Novcmbcr 1891 to 25th June nfr' -'. G' Cowle~ ,  S u r v e ~ o r s  2nd grades 
1882. of the same party, was placed in imme- 

4 sub.aurveyorn nnd others. 
Temporary Establishment. 

diate charge of the detachment. The  

17 Gold surveyors and others. 
field establishment assembled a t  Barrack- 
pore on the 1st November 1881, and the 

detachment was finally brokcn up a t  the same station un the 25th June  1882, 
after completion of the mapping and area calculations. The  actual field 
work in Sylhet was carried on between 23rd December 1881 and 23rd April 
1882. 

168. Before commencing the operations, it  was necessary to decide on the 
amount of survey work which should be done in connection with the testing. 
A mere testing of what is shown on the mahalwar maps would have been 
effected by resurveying only the boundaries of mahals, besides which no 
other divisions subordinate to villages were dealt with by  t l ~ e  mahalwar 
survey ; but a mahalwar survey, where the mahals are large, is a work of a 
very partial character, and wanting in illformation regarding many minor 
tenures. Therefore it was deemed to be advisable that the present operations 
should not be restricted to the mere skeletons of mahals (more specially as 
the surveyors who were being sent to Sylhet mere well competent to carry 
out a n~uch more comprehensive work, having becn previously employed on 
cadastral surveys in the North-Westorn Provinccs) ; and in consultation with the 
Chicf Co~nrnissioner of Assam i t  was decided that the testing operations should 
take the form of a complete cadastral survey of fields, with which the boundaries 
of mallals would also be defined in a distinguishing nianner. I t  mas also 
decided that the operatioils should be confincad to three blocks of villages iu 
differcnt parts of the Sylllet district. The particulars of the blocks (ml~ich 
mere selected by the Deputy Commissioner of the district) are given in tho 
following statement :- 

At the requcst of the Chief Comrnissioncr, the surveyors were required to 
prepare, sin~ultaneously with the survcy, village registers (khasras), parti- 
cularising ( I )  namo of mallal, ( 2 )  owller of mahal, (3) name of cultivator of 
field, (4 )  nature of crop. 

Run-DIVIsloK. / K~mbor 0I v i l h ~ ~  ' Area in square miles. 

I I REYAIIKU. 

bfr. Tnlbot reports very lnronrnbly of his nyjistnllts, Measre. V ~ o l l ,  Jnrbo, Scott, and Smart. H c  also 
n"-4 .- 

Knrimgnl~j  ... ... ... i 14 
Hubiganj  ... ... ... i 20 
Sndr ... ... ... 1 11; 

!----- 

Total  i ... 1 50 

-.., - . 
"Tlln cnro nnd trouhlr hestnwrd 5~ Mr. ScoLt in tcocl~ing t l ~ c  Burrnons dc~erro much praise. 
" BIr. dnrllo nlso drserros gront G~.ttiso for Lllc stcndy wsy Itr co~~ductrd tllc Eorcst rcservc survey iu tllo Peg,, 

Yomn ; choocl~  rick IlinwelE, bo st,dl ~vorkctl on n n ~ l  rrt n good urnnq~lo to hir men " 
nlorars. Swinnp nnd hlnrtin nro olao nnid lo llnvo donc wcll. Thc f ,~ l los inn mo~nhors or tho native ostnblishmenr 

aro mid l o  drsrr\-u mentino $13 Ilnvin:: ~rurkcd well. .iiz.-\rc~~kctsuaaug. N U I I ~ I L $ I  Cllntterjcs, Soowair Bingh, Shos],i 
Ullonbno Uhoet~l, 1asu11 Cll~lndcr GLosnl, I I I I ~  bIr. Lu Ilivc. 

9'06 
8'30 
8.40 

25.76 
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169. Before stating the results of the testing opcmtions, a few remarks are 
desirable on the cllaracter of the maps which had to be tested. The  nlaIlalmar 
survey of Sylhet was dono entirely by  magnetic bearings, on a system adopted 
for all the districts of Lower Bcngal after the old system of sketching without 
instruments had been abandoned. The  first part of the operation way the 
survey of the village boundary-the thnkbusl-done by taking bearings a t  each 
successive bend of the boundary to tlie forward bend, and measuring the distances 
between the bends. The  map was then projected by laying off the magnetic 
bearings a t  each successive distance. On conlpleting the projection, i t  would 
gcnernlly happen, when the village was large, that the polygon would not close, 
and an adjustment had to be made b y  distributing the error all round the 
boundary. The  mahals were then surveyed, working inwards from all sides 
of the boundary, by  taking the bearings and measuring the lengths of the 
sides and diagonals, and adding the plot of each mahal to the one adjoining it. 
A frequent occurrence during the plotting of the mahals was that the plots fronl 
the different sides of the village would overlap, and an adjustment had to be 
made by contracting the areas of some of the mahals, or i t  might happen that 
the plots of mahals actually touching one another would not meet. These would 
generally be left as plotted, thus unduly expanding the size of other rnahals. 
1'110 generel character of mahnlwar maps prepared in tlie manner described is 
that  the plots of the mahals situated on the bouudarics of villages, and those to 
a certain distance towards tho centre, are us~lally correct; but when the plotting 
from the different sidcs has met, the dimensions and shapes of mahals are 
usually inaccurate, and the relative positions are: as a rule, much vitiated. 

170. The  cadastral maps of tlic villagcs selected for resurvey have been 
lotted on the same scale as the mahalwar maps-16 inches to arnile. This 

8as enabled the testing of the mahalwar maps to be done by direct comparison, 
tracings of these maps on vellum cloth being superimposed over the maps of 
the present survey, and the differences or coincidences noted. It is evident 
from the coniparisons which have thus been made that a large amount of 
careful and laborious work mas done during tlie mahalwar survey ; and great 
nl~mbers of mahals, very many of small size, are found to have been accurate1 
measured, as is shown by the excellent agrecmont of numerous maha 9 s 
in all the villages tested. But the agreemcnt is for tho most part only true 
when the super~mposed tracings are shifted, so as to make single plots 
coincide ; and there is found, mixed up with a great deal of good work, 
a very large amount of mapping which is most inaccurate,-so much that 
the survey cannot be considered to be othcrwiso than quite unreliable, and tho 
errors being of such a character that thcre would be very great danger of 
thc maps being most mislcclding if they mere to be accepted as the final 
authoritative records of tho positions or areas of propertics. The differences 
between the prescnt and former maps, which have llitllcrto been referred to, 
are those nrising from faulty survey ; but besides tl~ese, there are nilnierous 
differences, due to the changes in the boundaries of mahals, and occurring 
both by the an~~ lgamat ion  as well as by the subdivision of the mahals as 
these are shown on the former maps. 

17 1. The  areas of fields-and by summation the areas of mailals - havc 
been calculated from the prescnt cadastral uiaps, and comparisons havc bee11 
made with the areas of the old mahalwar registers, with results similar in 
character to those obtained on con~paring tlic two scts of maps. Wl~ere  tho 
nlahalmar survey is accurate, the areas havc been rightly calculated, and the 
agree~nent is excellel~t in a large nu~ubcr of cases; but there are also 
numerous and great discrepancies. Very nlany of the discrepanciss in t l ~ e  
areas arc, Iiowever, duo to the clianges in the boundariea. One point which 
descrvos to be pro~ni~lently b~*ought for~vnrd, as haviug been fully ostnbliulied 
11). the present testing operations, is the unsuit:rbility of tlic systcn~ of survey 
01) mllicl~ tho n1nhalw:sr map3 wcre constructed to dcal wit11 large village areas 
enclosing nurncrous subordinate plots. 'l'o secure a map  011 which all properties 
will be represented in tlleir truo positions and with correct dimensions, an 
accurate fmnie-work obtalned by tlieclolite tmvcr.ring nlust be provided. 

172. TLerc are 61 sheet4 of t l ~ c  catlastrnl survey of the tested villagcs ; 
of these, 1 6  shcets have bccn photozincograplled and copies furnishcd to the 
local Govcrnmc~rt of Assam, by whom tlie final report on tllc rcsults of the 



testing will be submitted tu thc Govcrnnient of Iudia. Cumparativc stote- 
merits of malial areas, according to present and  former surveys, have also been 
furnished to tllc local Government.* 

LXII1.-SURVEYS IN  THE DARJEELING DISTRICT. 

173. T h c  existing map of the hill tracts of tlio Dnrjeeling dist,rict, 

Personnel. 
lying west of tlie Tecstn river, 1s mainly 
based on a survey nrliich was executed 

Cnptnin 11. 5. H~trmnn,  Assistant Supprintentlcllt, during 1865-67 by a Hevenrle survey 
1nt grnde, i n  chu!.gr. 

E. C. H ~ U I I ,  ~ s q . ,   OR^. Assistant Superintender~t, pa r ty  under SJr. .Johnson. This   arty 
1st grnde. 

Mr. J. A .  blay, Surveyor. 3rd grnde (lor portion 
had been previously em loyed in 

of field sens<~n). the plains, and  i t  b a j  no experience 
Mr. W. J .  O'Sullivnn, Surveyor, 4th grnde. 
',, W. Robert. Assistant ., 1st ., of hill topogrnpliy. But  a t  that time a 
,, W. c G. Bnrckley , ,, P D ~  ., survey of the boundaries of Guvern~nent  

(lor reecss only).  
Sub Surveyor Szlltai Din. lands and of private estates, tea plan- 

., Bl~ornni. tations and ' locations,' was urgently 
, Nslit.~ncd Khnn. deolandcd b y  thc local authorities for 

pcrposes of adniinistration, and with a view to the future allotllient of grants 
of wasto lands. 'I'he party had had much experience of boundary survey 
work in the I,lains, and were well slrilled in its performance, whereas, on tho 
other hand, the topographical survey parties, which were well skilled in  hill 
sketching, were nct  organisrd to  uudertake a large amount of boundary survey 
work in addition tn topography. 'I'lius the choicc of the parby derolved 
on the one which was best adapted to satisfy the  iuimediate requiremeuts of the 
local n.uthorities. 

174. As the boundary survey progressed, the  principal roads and water- 
courses were traversed, and somc attempt was nrade to sketch in  t l ~ e  liill fctr- 
tures broadly ; but exact iopography was unat.tainable with the existin. ngcncy, 
and was not attempted. l'hc maps thus prepared mcre considered sufficient 
until latterly, whcri the operations of Captain Harulao'.. pnrty in  surveying new 
boundary lines and r c l a ~ i n g  old ones, of wliicli the original n~arl ts  had 
disappeared, brougllt to light tlie necessity for tlie revision of thc hill topogmpliy 
throughout, and for the rectification of' some of tlie traverses, wllich Ilavillg 
been earricd over mountain slol~es and precipices, nnd very difficult ground 
generally, and being unclleclced by  triangul~ttion, were funnd to be erroneous. 

175. l'ilesa circumsta~~ces were brougl~ t  pron~inent ly to the  notice of 
t l ~ e  Uengal Govern~nant  a t  Darjeelil~g by Major EIutchinson wllile rehiding 
there, wlicn acting for Captain Harman during tlie rccess of 1881. Consecli~erltl~ 
a requisition was made for the survey of the \vllolc of tllc Hill Tracts  wcst of 
the 'I'eesta river to be revised as speedily as possible. Already a Isrgc allloullt 
of triangulation had been executcd in connectiu~l with the rccent opcratiolls 
under Cuptain I-larman ; this mas cxtcndcd to cover t l ~ e  wliolc of tlie nrca for 
revision ; t l ~ c  old traverses were connected wii,ll, and adjusted on tlle trigono- 
metrical points, and much of the dt?tail of roads and water-courses of t,he first 
su rvcywas  found to fit in  mcll with tlle new work. The hill skclching, 
howevcr, had to be entirely revised. Tlle 2-inch scale, which had been adopted 
for the first survey, was retailled for tllo second. T h e  total area for rcvision 
mas about 450 nlilcs. 

176. During the ficlcl scnson all t l l ~  requisite ndditional triangulation 
was eompletcd by Mr. O'Sullivan ; a considerable lcngtll of road was traversed 
with chain and compass by  native surveyors, plottcd on a large scalc, a ~ i d  tllell 

B J  cnptnin M~~~~~ 24 sq. rcduccd by palltagrap11 011 to the l,lane-tab]es of .. Mr. n)nll ... 94 ,. tho rcvisionnry survcy. T h e  hill sketching was 
' '' o7 then proceeded with, and 155* square 1lliIes mere 

con~plctcd. What  rc~na ins  for revision and l ~ i l l  topogmplly should bc 
colilpletcd in  tlie next  field scnson. 

177. At the commeucernent of the field scason Captail1 IIarman bravely 
endeavoured to reach the  nciglibourhood of the I<anchinjinga mountain, t o  
coniplete a portion of thc survey of Sikkim, notwitl~standiug that  lie h a d ~ ~ o t  by 

- 

Mr. C ~ W ~ ~ Y O  from brgillning to and or the operotiong, ]ma carried on ~ h o  work entrusted to him most lnclorily. 
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any means recovered from the disastrous effects of his previous excursions to the 
snowy regions 011 the borders of Tibet But his health again failed him, and 
after a. few weeks' struggle onwards hc had to abandon the attempt and return 
from Sikkiin, occupying himself for the remainder of the field season in the 
lower hill tracts around Darjecling. 

178. The  prosecution of the survey of Sikkim with the a d j t ~ i n i n ~  portions 
of Nepal and Tibet has thus dcvolved almost wholly on Mr. Robert, who 
completed 180 square miles of East Siltkirn, and in addition was able to survey 
and sketch with varying degrees of accuracy, on the $-inch scale, upwards 
of 720 square miles of Nepal and 690 of Tibet. 

179. During the recess the party was very fully occupied in completing 
the fair maps of the previrlus field scason's work Of those sent into the 
Surveyor-General's office, the principal are-(1) Hill territory, British Sikkim in 4 
sheets, scale 2 inches equal to 1 mile ; (2) Terai Pergunnahs in 4 sheets, scalG 
2 inches equal to 1 mile; (3) Jotes in the Terai Pergunnahs in 9 sheets, 
scale 4 inches equal to 1 mile. Captain Harman has also sent in a most care. 
full executed panoramic profile of the great ranges of Sikkim, the point Y of sight being the observatory hill a t  Darjeeling. It is drawn to scale for 
horizontal and vertical distances: thus the bearings and elevations of the 
diflerent peaks are shown. A table of distances of the principal points is also 
entcred on the sheet. This panorama has been reproduced by photozincography 
for publication a t  the Surveyor-General's ofice, and it is in much demand 
b y  visitors to Darjeeling. Captain Harman has discovered thtrt tlle rnoun- 
tnin which is always pointed out from the neighbourl~ood of Darjeeling as Mount 
Everest is not that mountain, the true Mount Everest being that immediately to 
the left (or south) of the peak which generally passes for it. 

180. Though repeatedly warned by his medical advisers to cease from 
working and take leave of absence for the benefit of his health, Captain 
Harman retained the charge of his party until the close of the recess, and then 
handed i t  ovor to Lieutenant-Colonel Tanner on the return of that officer from 
furlougl~. In  the corning field season Coloncl Tanner will supervise the 
completion of the revisionary operations in tlie Lhrjeeling Hill Tracts. But 
he  will be principally employed in survey operations on the Nepal boundary 
for the purpose of carrying out a proposal made by the Resident in Nepal, and 
approved by thc Government of Bengal, that the portion of the boundary 
between British and Nepal territory from Bikna Thori in Champarun to the 
point on the ICusi river in Bhagulpore where the survey of 1875 under Captain 
Samuels ended, should be resurveyed, and the boundary pillars and posts 
renumbered. While t h ~ s  employed, Colonel Tanner will endeavour to fix, 
by triangulation, all the most prominent hill peaks in Nepal between the 
British frontier and the great snowy ranges. The  chief peaks of the latter were 
long ago fixed by triangulation, but as yet this has not been done for tlie points 
on the lower ranges, and it is very necessary with a view to furnishing a satis- 
factory basis for constructing a better map of Nepal. 

XXTV.-THE BURMA-MANIPUR DOUMIARY. 

181. As mentioned in the report for last season, Major W. F. Badgley was 
deputed to the surve of part of the Burma- 

Personnel. Manipur boundary. t t e den~arcation of wllich 
Mnjor W. F Bndglcy, s c., Depoty Superin. was being undertaken by the Political Agent 

tendent, 3rd  gmdr, i n  ebarpe. 
Mr. M. J.  Ogle, Surveyor, 4th grade. 

and Boundary Commissioner, Colonel John- 
stone. 

182. Acconlpanied 1)y Mr. Oglo, Major Badgley left Shillong on the 4th 
November, and after a tedious march through the hills and a delay of a week 
a t  Cachar om in^ to tho difficulty of procuring coolies, reached Manipur on the 
27th Novcrnber. From this point Major Badgley carricd forward a survcy 
eastwards in the direction of ICungal thana, where Colonel Johrtstone had 
establisl~ed his camp, the triangulation and topography being carried on pari 
passu, as is necessary in such work. 

183. After an unsuccessful attempt to open negotiations with the Burrnesc, 
Colonel Johnstone determined to send his Assistant Commissioner to San~jok 
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to see the Rajah. Major Badgley accompanied Mr. Phayre on the expedition 
to this littlo-known spot-the easternmost point e t  reached in the course of 
the survey operations-which is situated on the &endwen river, within the 
borders of Western Burns. His interesting description of the trip will be found 
in the ap endix to this report. 'l'hc boundary demarcation being completed P by the 5t 1 January, Major Badgley took advantage of his return journey to 
complete as much as possible of the survey of the J i a n i p ~ r  territory. The 
ground sketched is a tract some 30 miles wide, extending rouglrly along the 
meridian of 9P030'E., and lying between the parallels of 34" and 25'30'. 

184. No actual survey work was executed in this region during the current 
year, but considerable progress has been rnade with the final mapping of t11e 
surveys which were executed during the late war, and which have been described 
in the Annual Reports for 1878-81. Urgent calls for maps have been met 
hitherto by compilations. It still remained, however, to put all the 

information which had been obtained beyond the British frontier 
into a form for final record, applying such corrections and adjustments as were 
required to harmonize the whole, and to bring it into accord with the many 
points now well fixed by triangulation, and, finally, to redraw all the maps, for 
as yet the fair copies had not in any instance been made. This work has been 
entrusted to Major Holdich and his party, who are tl~oroughly familiar with the 
courltry ; and it has formed their chief occupation during the recess of the 
current year 

185. The maps will be published in two series-firstly, a set of maps publish- 
ed 011 the same soale as that onwhich the surveys were originally executed. This 
will comprise a map of the country immediately round Kabul, on the scale of 
4 inchcs to a mile, and maps on the 1-inch and &-inch scales of such parts of 
N o r t h ~ ~ ~  Afghanistan as were actually surveyed Proofs of these maps will be 
taken as they are being passed through the press to be supplied to the Quarter- 
Master-General's Department for such additions as will tend to enhance their 
military value, when they are finally published. The second series will form 
a general map of North Afghanistan in four sheets on the scale of &-inch=l mile. 
The publication of these is a t  present suspended to permit of Dlxjor Holdich 
and his party resuming field operations in the Icohat district. Happilj,, there is 
no urgcnt necessity for immediate publication, and the delay will probnllly 
admit of additional geographical information, derived from reconnaissances which 
are shortly coming to hand, being incorporated into the series of maps. 

XXV1.-SURVEYS IN DARDISTAN AND ON THE KISHANGANGA. 

186. Colonel Tanner having proceeded to Europe on leave of absence, 
Kative Surveyor Ahmad Ali Khan, who had for some time previously been 
employed undcr him in the survey operations around Gilgit, described in 
previous rcports, was placed under the immediate orders of Dlr. Hennessey, 
and deputed, with a small party of attendants, to operate iu continuation of 
what he had done under Colonel Tanner. 

187. 'I'l~e summer-the season of field work in these regious, thongh of 
recess i n  India generally-was somewhat fur advauced by the time the surveyor 
reached his ground, and shortly afterwards he became seriously ill and had to 
return to Sirinagar, in Rashmir, for medical treatment. Thus the duration 
of his field season was mucll curtailed. The work assigned to him was to 
visit the ICishangangn-Incluu watershed, and fro111 thence to sketch as much 
as practicable of the Dardistan country surrounding Cl~ilbs, which juts into 
Rashmir territory. K O  survey of this tract, which io  shape sonlemllat 
resei~lbles a 110rsc-shoe, has yet bccn made, because the chief of Chillis views 
all foreigners with suspicion, and ~ o u l d  be specially opposecl to the adlnission 
of surveyors. llut a slzctch of its principal features, aud of the passcs Icading 
into it, may probably be mado from the surn~nits of t l ~ e  mounta i~~s  on the 
~ e r i ~ h c r y  of tho horse-shoc, which id the border line separating tllis r egon  

0 2 
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from the territories of Kashmir, and is thus accessible to Europeans. From 
various points on this line vicws nlay be obtailied down into the valley of the 
river Indus, which lies a t  a considerable depth below, and pasees through the 
middle of t,he horse-shoe. 

188. Unfortunately, the winter had already set in when Ahmad Ali reached 
the ICishangnnga-Indus watershed, so that the features of the view before him 
could not be separated, covered as  they were all alike with the white snow. 
But he succeeded in sketching an area of about 200 square miles of new ground 
towards Chilhs, and in fixing a11 the passes along the watershed ; and ho was, 
ruorcover, ablc to obtailr a considerable amount of supplenlental topography 
in an aren of about 600 square miles in the basin of the Kisl~anganga river, 
the first surrey of wl~ich-made in the year 1858, during the mutinies-was 
necessarily very sketchy and imperfect, and greatly ueeded revision and 
amplification. 

XXVI1.-TRANS-LTIMBLAYAN EXPLORATIONS. 

189. In  the year 1877, M- S-, a Native gentleman of the Mahornedan 
faith, a Pir, or holy man, of much repute among his co-religionists-was 
to rnake a journey from I<ashmir, across the Hindu Kush range and tho 
Oxus, to Kolhb, beyond Badakshan, to visit the shrines of h ~ s  anccstors and 
transact some business of his own, wl~en he  learned from one of his friends, 
an e1nploy6 of this department, that he might obtain employment in 
geographical exploration if he would volunteer his services and was willing to 
go through s course of training. His services were readily accepted, as he 
was a man of considerable intelligence and good education. He was brought 
down to t l ~ e  office in Dehra Dlin, where he was put through a course of 
training under the veteran explorer Pandit Nain Sing. H e  then proceeded 
to his destination z'id Kashn~ir, Gilgit, nnd Yasin, where he arrived on the 
14th 1)ecember 1978. 

190. At Yasin he was hospitably receive11 by Rlir Pahlwan, the chief of the 
country and brother of Wir Wali, BIr. Hayward's murderer; but he was 
detained by his host on one excuse and another for nine months. At 
last on the 3rd September 1879 he was pelmittcd to continue his journey. 
I'roceeding up the Darkoth Valley, in which I-luyward was murdered, he 
crossed tllc Shul~der Pass and eutered the head of the Mustauj Valley; then, 
crossing the Baroghil Pass, Ile entered the valley of Wakhjln and struck the 
rirer Pa11ja11, or Oxus, a t  Surllnd. From this place he followed the \vcll-known 
route to E'aiziibRd via" Kila Panjnh, Ishk6sharn1 and Zebjlk. 

191. I t  was his intcr~tion to have proceeded flom Ishkhsl~am down the valley 
of the Pnnji~ll river to Shignjln and Daruhn, but there was enmity between 
the rulcrs of these two states, and entrauce into Darwhz from S l ~ i g l ~ h  was 
prol~ibited. He could not therefore reach Kolkb by that route, but mas obliged 
to Iw~ceed zli6 Fa~zhMd.  Here he was detained tor two months, while the 
road to 1:uqtLk nas  closed by the then ruler of FaizAbdd, Shhl~zhda Hasan 
Kl~ilu,  who wns a t  war nit11 tho ruler of Husthk. 

102. JVl~cn peace nrns temporarily re established, M- S- started again; 
but the road to Itusthk being still collsidered unsafc, hc made a di\*crsion to the 
s o ~ ~ t l ~ ,  to tile Darainl Valley, wl~ic l~  he ascended until he renched the waterpl~ed 
sep:,rating it from tho vtillcy of Jirrn. Towards t l ~ e  end of k'clruary he was 
able to conti~lue his jourllcy to Rustiik and I<olRb. From S tan  Jalab I I C  
ft,llowed tllc route previously taken hy the Havildar. At Kolhb he left the 
Ha\ildnr7s ~ o u t e  and procecdcd up the DoAba Valley as far as Hol~iit, beyond 
.JnVi 1lara ant1 SAghir Ilasht, where ho found the K ~ I - i - G a u  Pass into 
I)Llr\rliz in~l)rnctic.able IIc tl~creforc retraced his steps to Dell LSIA, near 
~louli l~:i l~li t l ,  where 11e w:~itccl awli~le, 1111til he I~eard that thc Walwalak Pass 
into L)nrnilz was  open. IIc t l~cn  crossed into the Darn Imhm Valley, and having 
tla\,ersctl tlrat to its hcnd 11e returned on his sreps, and then crossed tbe 
Walwalnk 1'ahs into the vnlley of the P.11rjah. 11c now follo,.vcd tile course of the 
r1vs-r Pnnjnll up~v\-nrds, over Krouncl l~rcv~ously unc~xl~lored, to Iiila K l l ~ ~ l ~ ,  whcre 
he struck tLc route of the IInvililar. l ' l~ is  route Ilc Sollowcd to tile junction of Wanj 
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with the Pmjah ,  and then crossed to the south bank of the river and ascended 
i t  up  to Varv, opposite Rila  Yaz G l ~ u l i m ,  where the Havildar had bee11 turned 
back because of hostilities between the people of Darwiz and their ~ ~ e i g h b o u r s  
in Rosh&ll Sllignin. At Varv he too was turned back for similar reasons. 
H e  retraced his steps to the Ilara Imim, and then followed the course of the  
Nayltn river downwards to its junction with the Panjah, and  on to Kisht. Here 
hc crossed the Panjah river and then ascended the table-land of Shiva, and  
explored a route, hitherto wholly unknown, taking him across the central regions 
of Badaltslihn and illto the upper basin of the Panjah river, which he struck a 
little above I < ~ l a  Bar Panjah. H e  now ~ r o c e e d e d  down the river, passing near 
Kila Wirnar, and eventually reaching Varv, the  point from which he had been 
turned back on his journey up from Kiln Khum. B e  thus secured a n  important 
link, which had hitherto been w a n t ~ n g  to romplete t h e  course of thc  Yanjah 
river. H e  then retraced his steps to Aklllir~, and proceeded vili Kila Wltrnar 
up the Bartang or BIurghal~i Valley, which he asceuded to the  highest inhabited 
point. H e  f ~ ~ u n d  conclusively that this river rises in  the Sarez PBmir, and is  
not-what i t  has liitl~erto been sopposed to be-a cor~tinuation of the channel of 
the well known Alrsd rivcr, wl~ ich  riscs in  the regions to  tlie east of the Great  
P6n1fr H e  was ~nlable  to  strike into the lower valley of the Alrsli ; but from 
such information as he  mas able to ohtain, i t  appears that  the river merges 
into the Sochan river, which joins the  S h i k h  Dara river a t  Yamraj, the  united 
s t rean~s passing illto the Panjah river a little above ICila Bar  Panjah. 

193. Returnillg from Itlie Sarez PAu~ir down to ICila Wimar ,  BI- S- 
retraced his steps to I<ila nnr Panjah, where Ile was laid up for five months b y  
a severe attack of rlicuu~atism. On recovery he proceeded to explore the Shltkh 
Dara Valley, with the  intention of crossing into WakhAn over the  intermediate 
range of I~ills;  but the passes were then blockcd with sand, and impracticable. H e  
was thus compclled to retracc his stcps to Bar Panjah. H c  followed the course of 
the Panjah to Ishkilsham, along the route already traversed b y  Captain Trotter's 
explorer, A- S-, aud n ~ a d ~  a connection wit11 his forrner traverse a t  'Furbat, 
near that place l t e t u ~ n i n g  to Baroglril, he  took the opportunity of visiting 
the G h i z  I<ol lalte a t  tlle source of thc Ykrkhun or  blustauj r iver ;  having 
determined its position, he turned his steps towards the Darkoth Pass, and  
closed 11is work there 

194. BI-S- has not only added considerably to  our knowledge of the 
geography of SadnklishAn and the countries bordering on it, but he has 
f u r ~ ~ ~ s l ~ e d  Illany additional details regarding the  routes wllicll had been 
previoubly tr.~verscd. I-Iis work conibines with previous surveys t o  furnish a 
well nigh coiul~lcte delineation of the great bend in the Panjah river ill i ts  
do\vnmnt.d couroc from IValihiin througl~ the mountains out of wbicll i t  emerges 
into t l ~ e  pla~ns,  to be I~nown thencefur~h as  tho river Orus.  

195. H e  lias becn presented wit11 one of the two medals which were placed 
a t  the ~ I S ~ ) O S : L ~  uf the  Surve~er-General  b y  the  Venice I l ~ t e r n ~ t i ~ ~ ~ l  Geograph- 
ical Col~gress for ewal d to meritorious Xative explorers. 

2.-EXPLORATIONS ON TIIE FRONTIERS OF SIKKIM. 

190. I n  1879 Babu D. C. S., a learned man-attached to the Educational 
Departnicnt under the Govern~nent  of Bengal-mas nbout to  procecd to Shigatze 
on business of his own. 13cing anxious to make the most of his opportunities 
for acquiring ncw groqr.~phical information, he apl)lird for instruction a t  the 
Sr~rvcyor-Gcnernl's OtFice i n  Calcutta, where he was pu t  through a course of 
training by Pnnclit Nain Sing, the well-known Trans  H i ~ n a l a ~ a n  explorer. 
Starting from Jongri,  in Silckim, he crossed over tlie ICancllinjinga range to 
Yarnga-tshal, in Ncp:~l ,  on one of the upper affluel~ts of tlie T a ~ n b u r  river; then, 
t n k ~ n g  tho route which son~ctinics sltirte, sornctin~es crosses, tlle western spurs of 
the Kancl~injingn, 11c went to  the monastery of 'I'asliichorling, near the  villaRe of 
Gian~sar  (1)r. Hoolcer's I<Iiaml~nchen) : crossed over the formidable Chatnng Pass, 
on the \>order lilw botwecw Nopal and Tibet,  into a pltrteau a t  t l ~ e  head of the Zemu 
river of Sikltim ; then crossld tho eaeicr pass of Cliorten Nyima R a n g  into the 
r >  I ~ b e t ~ n  pruvinco of C h a n ~ ;  traversed that  province-taking a route to  the west 
of the well-known town of I<hnrnbn Jonx-and cvontually reached Slligatze. On 
rcbturni~~g to I ~ ~ d i a ,  l ~ e  rctraccd l ~ i s  footsteps until 110 arrived uear Khnlnba Jong. 
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H e  then took the route wliich leods through that  town to Sikkim ovcr the  
Llonkia PUSS, 0x1 crossing which he passed out of the region of geographical 
reconnaissance into that  of actual survey His  journey has becn fruitful of 
information : the  observations of bcarings and distances have been carefully 
taken and recorded, and are  of much value for the requirements of mapping. 

197. I n  1880-81 G. S. S., a Hindoo of some account among his co-reli- 
gionists, who had volunteered his services for exploration i n  Tibet, was deputed 
b y  Captain Harman from Sikkim to proceed towards the Dingri Maidan via" 
the  valley of the l 'an~bar  river in  Nepal, a line of operation which would have 
talten him over much new ground. Instead, l~owcver, of ascending the 'rambur 
Valley, he passed on to the  parallel valley of th6 Arun, which he  ascended 
to the so-called Yopte' range, or, more strictly speaking, watershed, which 
here forms the boundary between Nepal and Tibet. Crossiug the watershed, 
lie advanced to the Tibetan village of ICarta, beyond which be says he was 
not allowed to go. H i s  journals are  far from satisfactory, the  observations 
being fern and disconnected. Still, however, he  has acquired some new 
information, clrirfly of routes i n  Nepal, wliich is uscful, as so little of Nepal 
is  known to Europeans. 

198. Captain Ilarrnan has constructed n map of the routes taken b y  Baboo 
D. C. S. in his travels from Darjccling to Shigatze and back, and has 
preparcd a detailed account of the journey. H e  has also made the most of the  
incomplete and unsatisfactory observation- of G. S. S. that  can be done in the 
way of mapping, and  prepared an account of the  travels of this explorer. 
Captain Harnian has also prepared tlie map of routes followed by explorers, mhicli 
faces the present page, and is based on a portion of sheet 9 of the Trans-Frontier 
series of maps prepared in the l'rigonometrical Survey Office a t  Dehra Dlin. 
H e  has given a ~llemorandum explanatory of the  construction of this map, 
and another lnemoranduni on t h r  most probable value to  be  adopted for the  
longitude of Shigatxe, both of which will be found in tlie Appeudix. H e  
has talten great pains in  the elucidation of information regarding the geography 
of the regions beyond the frontiers of Sikliiiir ; and from the stations of tlie 
survey i n  Siklrim, he  and his assistant, Rlr. Robert, have taken observations 
which have fixed a nunlber of peaks on t l ~ e  rangcs beyond the frontier, 
and thus extended t h e  area of accuratc frt~mcworlc which is of such use in  
compiling maps from the comparatively rough and rude observations of 
geographical reconnaissance. 

3.-EXPLORATIONS IN GREAT TIBET. 

199. I n  1877 arrangements were m:ido to send one of the explorers of this 
department into the regions of Northern Tibet ,  which are  crossed b y  the  
parallel of 40" of latitude. I n  those dnys the Russian Prejevalsky had not 
~ c t  mado his famous journcy from Guldja to Lob Nur, and there was a great 

belt of territory between Eastcrn Turkestan m d  blongolia wliich was allnost 
absolutely unknown. A native of India, who had accompanied the celebrated 
Pandit  Nain Sing11 in 11is travels, was spccinlly trained b y  the P a ~ l d i t  to undertake 
this new exploration. H e  started from I n d i i ~  in  t l ~ e  summer of 1878 with two 
conlpanions. F o r  a long tinlc no tidings were receivcd of I ~ i m  ; but about a 
year ago r e r y  distressing rumours reached Nain Singh, to  the effect that he 
and  one of his conlpanions had been scizcd b y  thc authorities a t  Lassa; that 
his companion, who was a Tibetan, harl been put to death for having brought 
a forcigner into the country;  and that  11e l~inlsclf had had his legs broken, in  
order to  put  i t  out of his power to  nlalre further cxplorl~tions. R:~ppily t h i ~  
tale turned out to be a pure fabrication, concocted very probably b y  liis second 
companion, who had meanwhile rob l~cd  and dcsrrtcd him. I n  Rlay last, tidings 
wcre reccived from tlre Virar Apostolic of l ' i l~ct,  who resides a t  'I'a-tsien-lu, 
that  the  explorer l ~ a d  reaclicd Ta-tsicn-lu in sufcty lnst February, and that 
he  was about to  return to  India  b y  the dircct route vid Assani. H c  rcached 
Calcutta r c r y  recel~tly, bringing with lrim not only his journals, but his instru- 
ments, which he 11as managcd to srcrrto and preserve in some wonderful 
manner, notwithstanding that on two occasions hn was robbcd of tho greater 
portion of his propert . 

200. H e  has ta l en a number of astronomical observations, and kept up 
a morc or  less continuous rccord of bearings and distanced along tho lilie of 



his traverse. Some time must elapse before hi9 observations can be reduced 
and plotted ; thus at present 110 very definite information can be 
regartling the geographical results of this last and most ilnportap' ~11s- 
Himalayan Tile general direction of the lirles of -"ion can1 
however, be indicated. 

The explorer, after spending some time a t  Lassa P. -31ng merchandise 
for sale in the regions to which he was bound, an.' . d n g  arran~enlentq to 
join a kajI(c of traders returning to RIongolia, evehbually succeeded in making 
a good start. He accompanied the Icajlu as far as a  lace called ~ h i n ~ a l i ,  

may be some 150 miles to the west of lake Roko Nur. There, in 
December 1879, the kafla was attacked by a band of some hulldred mounted 
men of the Chiamogolok tribe. T l ~ e y  robbed the explorer of most of his property, 
but had the grace to leave him about Rs. 200 worth of merchandise wherewith 
to prosecute his enterprise, and they did not appropriate his surveying instru- 
ments From l'hingali Ile struck off to the north-west, and eventually reached 
a $ace called Saithang, n-here he had to wait for the formation of a kr~filr6 of 
travellers proceeding towarda Lob Nur. There he mas deserted by one of his 
com~~anions, who robbed him of most of his little remaining property ancl his 
telescope. Though left nearly destrtute he was ~esolved not to turn back. could 
he by any means avoid doing so. He ancl his remaining companion therefore 
took service with some Alongolians and tended their herds of horses for some 
months. Eventually they determined to move on with the limited funds a t  
their disposal, and when these failed, to beg their way. 'I'hey advanced to a 
place called Saitu, which may possibly be identical with Marco Polo's Sachiu. 
There they were detained seven months by Chinese Tartars, whom they mere 
compelled tc; serve. Eventually a friendly Lama came to their assistance and 
rescued them, and in his service they returned to Snithang and proceeded 
south-eastwards to Barong Chaidam, some 100 miles to the west of lake Iioko 
Nur, and then southwards 300 miles to the Thuden Gompa monastery. 
There they entered the service of a Chinese Tartar, whom they accompanied 
to Darchendo or Ta-tsien-lu, where they were kindly welcomed and helped 
by the Jesuit Fathers. They then co~unlenced their return journey to Iudia. 
Proceeding vici Uatang and Dzayul they reached Sama, a village on the 
eastern border of the country of the Mishrnis. They endeavoured to make 
arrangement? to cross the belt of RIishmi country between Sama and the 
British Frontier, but did not succeed in so doiug ; and being told that they 
mould probably be murdered if they trusted themselves to such savages as the 
Mishrnis, they turned northwards and took the circuitous route through 
Southern Tibet towards Lassa via" Alanto and Giamda, as far as the latter place, 
from which they turned down south-westwards to Chetang, on the Sanpo 
river, avoiding Lassa. Tl~ence they proceeded via" Giangze Jonq and Phari 
to Darjeeling, returning in safety to British territory after an absence of more 
than four years. 

201. Snma, the village on the Jlishmi border a t  which they turned away 
from the direct route to Assam, the explorer states to be situated on a river 
flowing into Assam, and to be the place at mhicl~ two padre sahibs were mur- 
dered some thirty years ago. Thus it is identified with the Sam6 of the 
Rcvd. T. D. Rlazure, Vicar Apostolic of Tibet, in a memorandum on the 
countlies between Tibet, Yuuan, and Burma, published in Volume sxx of 
the Journals of the Asiatic Society, in which he speaks of i t  as the place 
where the two priests, Rfessrs. ICrick and Boury, were murdered. The 
Vicar was, however, under the impression that his Sam6 was situated in 
the valley of a river flowing into the Irrawady ; but Colonel Yule, in his 
notcs to the Vicar's paper, points out that we know from the reports of 
the British officers in Upper Assnm that the two priests were murdered 
(about the month of August 1854) a t  a village called Sim6 in Wilcoxls 
map1 which is situated on the banks of the Brahmakund river-€he eastern 
Brallmaputra-and he goes on to say that " this murder of two missionaries 
beconlcs illus, in fact, the basis of a geographical collnection between British 
lndia and Tibet." This remark is even more apposite at the present time than 
it was originally ; for the mu1 der of the missionaries enables us to identify with 
certainty tho nearest point to the British Frontier which was reached by the 
explorer on his attempt to return to India viii Assam. Wilcox reconnoitred 
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the  Brahmakund river u p  as far as the rillago of Samleh, and he obtained the 
positions of several of the villages higher up, from native i~formation.  Thus i t  
apperis that  his Sim6 was about 18 miles beyond Samleh. For  this portion of 
the river w e  as ye t  llare no route survey;  but the distance is so short that  we 
mny accept the position as-igned to Sim6 ill Wilcox's map without llesitation. 

202. This  being the case, the fact that  the explorer was unxble to proceed 
to India  directly through the M i s h ~ a i  country, but was con~pelled to malre a 
considerable detour t o  the north, has been the lnenns of our arquiring much 
additional geographical information, and more particularly of laying a t  rest 
the  frequently-mooted question whether the great Sanpo rivcr of Tibet  flows 
into the Irrawady river or into the Hrahmaputra. If the former, tho explorer 
must have crossed i t  three times, first between Batnng and Sama, secondly 
between Sama snd  Alanto, and finally a t  C h ~ t a n g .  I l e  maintains that he  
only crossed it a t  Chetang, and that  to the west of his route, between Snma and 
Alanto, there is a great range of hills, forming the water parting bt~twecn the 
affluents of the Sanpo rivcr and  those of the well-ltnown system of parallel 
Tibetan rivers which he  crossed between Batang ancl Snma. EIe knows the  
Sanpo river well, ~ n d  has crossed i t  frequently and in various places, and he 
is  satisfied that  none of the affluents of tho system of parallel rivers which 
h e  crossed can possibly be  the Sanpo. 

203. A full account of his explorations will bc got ready for publication, 
with maps in  illustrntion, as soon as possible, probably within six months. 
IvIeanwliile, however, this stntemenl of general outlines mill suffice to  show 
that  the explorer has worked with great plurli R I I ~  perseverance, never allowing 
himself to  be turned back by  misfortune ant1 disaster, until hc had succeeded 
in accomp~ishing n highly creditable amount of work, ant1 nieanwliile taking 
service with Mongolians, Lamas, and Chinese Tartars  with a view to earn n 
livelihood for himself and his colnpanion while carrying out the explorations. 

TIDAL AND LEVELING OPERATIONS. 

XXVII1.-THE TIDAL OPERATIONS. 

204. T h e  tidal observations and investigntio~ls have been duly cont.inned, as 
Perao~tne l .  forrilerly, i t1  accorclnnce with the pro- 

gramme prescribed by the Government of' 
Nnjar J. Bill. R.E., Depnty superintendent, 4th 

rmnde, in churpe o p  to 15th A ~ I . ~ I .  India  for obtaining a systematic record of' 
Mlujor 3. W. lingers. R.E., 1)epotg Saperintend- tidal pllcnomena on Indian coasts, which 

cut, 4Ch ~ r a d r ,  in c h ~ r p e  ellcr 15th April. 
Mr. W. G. dssiJtnut Sul,eri,,tcndent, was 1)ublislled in sect,ion X I  of the General 

1st crnde. Report on the operations of the Great Tr i -  
Mr. a. Uclchnni, Surveyor, 4th  grade. 
,. E. .I. Connor, Acsistnnt ,, 1st ,, gononletrical Survey for 1876-77. Major 

Sub-surveyor Dbonda Yel\u).eh. Daird, the officer by  whom they were 
initiated, has been absent i n  Europe on furlough for the  whole of the ycar 
under review, where, however, he has employed macll of llis leisure i n  pro- 
moting the investigation of the Indian tides. His place in  charge of the oper- 
ations has been held during the prese~lt  year chiefly b y  blajur Itogers, 
but partly b y  Blajor I-Iill, who, having to pass a military cxa~uinabion, was 
located a t  Poona, the  head-quarters of the Tidal Party,  and placed in charge of 
the  operations, wl~ i le  Majot  Rogers took tlic field irl charge of the Eastern 
Frontier Series Party.  

205. The stations a t  which observations have been talten this ycar wit11 
the  large self-registering tide-gauges of this Department are the following :- 

Aden. Negnpntam. Dublat ,, Snugor Island). 
Kurrnchee. IvI ndrns Itangoon. 
Dombny. Vizngaps tam. Moulmein. 
Knrwnr. Fnlse Point. Amherat. 
Reypore. Kidderpore. Port Bloir. 
Paumben. Diamond Hnrbour. 

T h e  tidal station which had heen cstablislled a t  E l c p h m ~ t  Point, below 
Rangoon, has been dismantled and moved to allother site I l i g h ~ r  up tho river, 
together with the Telegraph Ofice and other public buildings: ns the  o r~gina l  
eite w m  being carried away 11y the rivcr. 'I'lie tidal station a t  l l h a u ~ ~ a g a r ,  
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erected a t  the cost of His  Ilighness the Thakur of l3haunagar, has met a n  
accident, whicl1 has prevented the sc t t i~ tg  up of a tide-gznagc. 'I'luis no obser- 
vations have been taken a t  e i t l~cr  of these stations during the p r e s e ~ ~ t  peilr. 

Account of the Rcyistra/ions, $c., at enclc Shtioa. 

206. At Aden tho tide-gauge hns bccn working very well, with only two 
stoppages, both unimportant. 'I'ha observatory was inspected by Mr. Belchani 
ill December 1881, wherl all the instruments and drivirlg clocks were take11 to 
piecas and The self-registering aneroid barometer a ~ l d  anemometer 
llave unfortunate1 been unserviceable for the grcater part of tho year, and  
are  being replaceY b y  new instru~nente. Captain T l i y ~ ~ e ,  t l ~ e  Port  Officer, has 
rendered n ~ u c h  assistance i n  supervising the work of the clerk in  charge. 

207. At Rurrachee the  new large-scale tide-gauge, whicli was erected i n  
the place of the small-scale gauge set up  some years ago by  Mr. Parker-in 
connection with the harbour improvement works-llas been working very 
satisfactorily, the stoppages having been few and unimportant. '1'11e a ~ ~ e r o i d  
barometer has worked well. T h e  registrations of the direction and velocity of the  
wind have been tuken from an anelnometer which is employed iu connection 
with the harbour works. 

208. B t  Bombay the registrations of t l ~ e  tide-gauge have been continuoris, 
and  ill every way satisfactory ; as also have beeu those of the self-recording 
metcorologicdl instrun~ent~s. 

209. At Icarwar the tide-gauge has worked well, with few and uninlportant 
interruptions ; the catgut string carrying the bock-Ins11 weight was frequently 
bitten througl~ hy rats, and e\rcntually wire had to be substituted for it. 'The 
a ~ ~ e r o i d  barometer 11as becn working satisfactorily, but not the ancn~ometer ,  
which appears to have become \vorn out, and u ~ u s t  be replaced by  a ncw instru- 
men t. 

210. At Beypore the tidal registrations have been continuoris and antis- 
factory. T h e  meteorological records were frequently interrupted ; a fly-cittcl~er 
was found to havc made it,s nest i n  the case of the clock of the aneroid baro- 
nieter; and  tlie auemometer was injured by violent gales during the  monsoon of 
1881. T h e  observatory was iilspectcd by  Mr. Uelcharu ill February 1882, when 
tllc instruments were put into working order, and since then they havc regis- 
tcrcd satisfactorily. 

311. At Ptiunlben some interruptions in the tidal registrations were caused 
by the pipo whicl~ connects the wcll of the gauge with the sea b e c o m i ~ ~ ~  
corroded A new pipe mas substituted and general repairs were effected irl 
Fel)ruary 1832, and since t l ~ e r ~  all 11.i~ gone on satisfactorily. T h e  aneroid 
registrations have been fairly continuous. Nu aneulouleter registrations have 
been niade, as  no instrument was available for the purpose. 

213. At Negapatanl the sitc primarily selccted had been objected to  on the 
ground that  nn observatory erected thcre would iutertere with the traffic; a 
new site was tl~erefore choscn on the western side of the  back-water, about  
100 yards south of the pier. A substantial structure was erected for the obser- 
vatory; the instruments were set up, but with some delicy, owitrg to  a mistake 
on the part of the packers in England, who had sent out the barrel of 0110 tide- 
gauge aud the clock of ano t l~er  : t l ~ u s  the two had to be titted together, wllich 
was done at  the coiltiguous railway worksllops. 't'he tidal registrations were 
fairly started b y  the 1st Novcmber 1881 ; but some titue elapsed before tile clerk 
ill cllarge succeeded in mastering tlie details of the manipulation, and  mean- 
while there were several breaks of continuity in  thc record. 'rile allclnonleter 
has been working well, but not so the aneroid, the  clock of which appoars to  
havc been badly coiistructud originally, and subserluelltly the registering 
barrel was let fa11 b y  the clerk and so much injured that  for solue tiule the 
instrument was unserviceable. 

213. At Madras the tidal registrations have bccn carried on satisfactorily 
t l ~ r c u ~ l i o u t  tlie year. I n  Fc l~ruary ,  wl~erl the periodical iuspection was made, 
the pipes connecting the wcll of the gauge with the sea were thoroughly 
(:leaned, and t h i ~  necessitated a stoppage of the registration for 17 doys. T h e  
cyclo~ir of t l ~ o  12th Novcniber, whicli destroyed a large portiorl of t h e  walls 
for the protection of the new harbour, did no injury to  t l ~ e  gauge ; but of course 
the trunsfcr of the gauge from tlio prosent wooden pier to a preferable site on  



the  new masonry pier has been postponed indefinitely. Captain Taylor, the 
blaster Attendant, has rendered much assistance both here and a t  other ports 
on tlle Madras coast. Barometric and anemometric registrations are not made 
a t  the tidal station, as  all necessary information regarding tliese meteorological 
elements should be obtainable from the Government Astronomer a t  Madras, 
baing regularly recorded at his observatory. 

214. At  Vizagnl~atam the tidal registrations have been satisfactory on the 
whole, the breaks of continuity being few and unimportant. T h e  anemometer 
has worked wcll tliroughout, and t l ~ e  aneroid for about half the year. T h e  timber 
piles s ~ ~ p p o r t i n g  the observatory have been eaten away to a n  extent which is 
reported to have imperilled the safety of the observrttory ; but  steps have been 
taken t o  strengthen then1 sufficiently t o  last for another year, after which 
further observations mill be unnecessary. 

21 5. At False Point the  tidal registrations have been going on more satis- 
factorily tban last year, and there have boen no stoppages of more than a few 
hours. I n  May 1881 i t  was detected that  a general settlement of the staging 
on which the observatory was erected had been going on for some tirnc, the 
bed plate of the  gauge having sunk about seven inches since the instrument 
was first set up ; the levels wcre again tested i n  December 1881 and May 1882, 
mllen further scttlenlents of 14" and I "  were found to have taken place, 
showing cont in~~ous ly  progrcssive settlement a t  the rate  of about two-tcnths of 
an inch monthly. This  has necessitated the application of corresponding 
corrections to the tidal rcgistrations in  order to  reduce them to a fixcd datum. 

216. At IZidderpore the tidal registrations have becn fairly continuous, 
but with occasional s l ~ o r t  breaks;  these wero caused by  the stoppage of 
the  pendulum of the driving clock, wl~icll  is  attributed to  shocks communi- 
catcd by  bonts bumping against the piles on which the observatory is supported, 
and to vibrations caused b y  the  action of the winds and tides. T h e  barometric 
and anemomctric rcgistrations show several breaks, but these may be filled in 
with the  nid of the records of the meteorological observatory a t  Alipore. 

217, At  Dinnlond Harbour so many  breaks of continuity in  the  tidal 
registrations mere caused by the stoppage of tho pendulun~ of the clock, for 
thc  same reasons as  a t  Kidderpore, that  an attempt was made to substitute 
for the  usual clock one of tlic chronon~eter escapement cloclrv which had been 
specially prorided for employment on staging l~nsuiied for pendulum clocks. 
T l ~ e  cljronon~etcr escapements mcre found, however, to  be too delicate for the 
purpose, the hair springs being liable to  break on very slight provocation: 
thus after a time tllc pendulum clocks had to be rcverted to. T h e  aneroid 
rcgistrations mere continuous throughout the ycar, and those of the anerrromcter 
for eleren months. 

218. At  Dublat the registrations of the tide-gauee mere interrupted for 19 
days because the bridge connectirlg the  observatory with the shore was carlied 
;rnra in n storm. Tl lc  staging is not sufficicutly substantial and requires to be  
n luc l  strengtlicned. Here, as  a t  Diamonll Harbour, an esoapemaet clock is 
necessary in  place of tho pendulum clock. T h e  anclnometer rcgistrations 
have bcen most satisfactory throughout the year, hut thc aneroid barolneter was 
frequently out of order. 

219, A t  Rangoon the  observations have bcen carriod on satisfactorily, 
but  t l ~ e r e  have been numerous short stoppages of the clocks of all the i~ls t ru-  
ments, due for the most part to  the  traffic on tlic wharf on which the obscr- 
vatory is sct up. Tlle immediate charge of the operations has bcen tral~sferred 
fronl the Executive Engincer, Mr. King-who has g i rcn  uiuch valuable assist- 
ance-to a n  officer of the  Port  Trust.  

2". A t  1Slephant Point the site of the observatory was so nearly cut away 
b y  the  river t l ~ n t  i t  bccamc necessaiy t o  dismantle the instruments and remove 
t l ~ c ~ n  for safety to  the Telegraph Offices. ?'he observatory, whilst being removed 
on :L raft, mas wasl~ccl away and lost. A new site was selccted b y  Major 
l i o g c r a i n  March 1852, a t  the mouth of the  Pee-li-ka Creck, about two miles 
from the  I'oint, which, though not rluite as open t o  the sea as  the old one, has 
thc  advantage of being safe from the eroaion of tho r iver ;  tllc Port  Trust  is  
about to crcct a n  ol~scrvntory there. Observations had bcen carriod on a t  the 
first site for nenrly a year, and though their velue is irnpaired by  numerous 
breaks, they l ~ a v e  sufficed for the construction of prcliminary titlc tubles. 
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211. At Moulmein the tidal registratiorls are  reported to  have progremed 
fairly well on the whole ; but there have been frequent short stoppages of t h e  
pendulum clock, caused by  vibratior~s of the pier on which the  obscrvator is  
set up. T h e  aneroid and anemometer have worked satisfactorily. A rob e ry  r, 
took place here i n  J u n e  1881, the  only one that  has occurred anywhere since 
t h e  conllnencement of the tidal o erations; the  thieves took away such small 
articlcs as they could lay their h a d s  on, and five of the  tidal diagrams, in pure  
mischief, as the diagrams could not he of a n y  use to them. Fortunately i t  is 
the custom every d a y  to transcribe the hourly readings of the  diagrams a n d  
~ o s t  them to the  office at Poona, i n  case of mishap t o  t h e  diagrams : thus t h e  
iheft was immaterial. 

222. A t  Amherst there haa been some erroneous tidal registration, because 
the pipes connect in^ the  well of the gauge with the sea had become partially 
clogged with mud, a large amount of which is here held in suspension i n  the  
water. I n  such situations frequent flushing of the pipes is  necessary ; and 
when the clerk i n  charge neglects to do this, so much retardation takes place 
i n  the  flow of water into and out of the well that  the diagrams become 
inaccurate, and therefore useless. A sufficiency of correct registration has, 
however, been secured for the  constri~ction of tide tables for thc  coming year. 
T h e  aneroid a ~ l d  anemometer registrations have been uniformly satisfactory. 

223. At  Port  Ulair the tidal registrations continue to  be very satisfactory. 
This  is due i n  great measure to  the immediate supervisior~ exercised b y  
hIr. Hunlfrey, the  Port  Officer, who takes much interest i n  the  operations. 
There have been two changes i n  the clerks i n  charge during the  year :  the  
present clerk is a convict,  upp plied b y  the Chief Commi~sioner, Major Protheroe. 
T h e  aneroid registrations have been very eatisfactory througl~out  the year. 
T h e  anemometer mas out of order, and had to be sent away for repair. 

234. From the preceding description of the  perfor~nar~ces of the  three 
self-registering instruruents a t  each of the tidal stations, i t  will be obvious 
that a few spare clocks with spring escapements are  required to be substi- 
tuted for the penduluor clocks of the  tide-gauges a t  observatories on piers a n d  
stagings which are  subject to  jars and concussions of suficient force to  stop 
the performance of a pendulum ; also that  a few spare nneroids and aue- 
nlometers tire needed to replace a n y  instruments which are  out of order and  
untler repair, in order to preserve the continnity of the rcgistrations. Appli- 
cation has therefore been made to the Director General c~f Stores a t  the  India  
Ofice to  tako early steps to  supply four spare clock* with lever escapements, 
and as many self-registeriug aneroid barometers and anemometers, f t ~ r  
future use. 

225. Reference should be made to paragraphs 1SG to 190 of last year's 
report for infor~uation regarding the scales of the tidal-curve diagrams-which 
are  adjusted to  vary with the amplitudes of the tidcs Lctween extreme high 
and low water a t  different stations-the instruu~eutal  adjustmeilts, the  
references to  a fixed datum, the periodical inspections, the duties of the  clerks 
in charge, the deapatcl~ of the diagra~lls to  the central office a t  Poona, the 
preparation of nu~~ler ica l  tables from the  curves of the diagrams, and  finally 
the ovaiuation of tile tidal constants. These collstants furnisll the  requisite 
d a t t ~  for the detcrmillation of a n y  past o r  future tide, either b y  direct calcula- 
tion, or with the aid of a tide-predicting machine, s u c l ~  as  the  one wllicll ]las 
r~c.cut1.y been col~stracted for  the India  Office, and  is  being elnployed by  
IJr. Roberts in  the preparation of the tide tables for Indian ports, which nro 
publistled under the orders of t l ~ e  Secretary of State  for India. 

226. D.iring the prrscnt year large discrepantics wero for tlle first tinle 
u1t.t with between the  tidal prodictions and {.he actual filcts of the  tides. 'Fllis 
arose frorn the circumstance that  i t  mas for the  present year that  predictions 
had firrit been made for statiolls situatcd on the banks of great  rivers, 3s the 
lIooglrly nnd the Irramaddy, in  w l ~ i c l ~  the tides are  influenced 11ot ollly by tile 
nttr;~ctions of tho sun and the moon, but b y  the amouut of water brougllt 
down by the river from its sources, w l l ~ c l ~  varies a t  diffcrerlt scasons of tile 
J ear. 'I'lrcre :we three tidal stations 011 the Honghly-l<idderl1ore, Dinlnond 
IIarbour, and DuLlat ; two 011 the Irrawclcidy-Itangoon and Elcpllnut PoiIl+, ; 
arltl onc on the Salwcen river-Rioulmcir~. 'I'ide tables were co111put~d for these 
riveraiu stations as i f  they had becn purely oceanic s t a t i o ~ ~ s ,  a l ld  these tables 
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were found to be erroneous to the extent of occ~sionally fin hour or more in the 
times, and a foot or more in  the heights, of high and lorn water. Attention 
IYBS first drawn to tlie sul!ject 011 comparing Mr. Roberts' tables for IZidderpore 
slid the other stations on the I-Iooghly with tlie tide tables published by tlle 
Cnlcuttn Port  Con1niissioners. RIr. Roberts' tzbles were based on five years' 
tidal observations taken in connection mill1 the  operations of the Department 
of Public IVorlcs, before Major Bnird's tidal stations were established ; the 
observations 11ad lion~ever been reduced b y  the modern method of l~arnlonic 
analysis. T h e  Port  tables were based on tidal observations taken in 
connection with the surveys of the river-bed and channels which have been 
mrtde f r o n ~  time to time b y  the Port  authorities, and they were reduced 
by the  n~e thods  usually followed b y  tho surveyors t o  tlie Admiralty. On 
c-l~mparing both sets of tables with the subsequently acquired results of actual 
observation, i t  was found that  BIr. Roberts' predictions of the times of h i g l ~  and 
low wrtt,er mere almost invariably too early, while the  Port  table predictions were 
generally too late, tlie errors of the former being greatest ;  the errors ill ttie 
preclictions of height were pretty equally balanced bet\veen excess and defect, and  
were in no case very material T h e  mean values of the two sets of tables are  
inuch Inore nccurate than tlic values in either sot taken sinply. 

These fncts have shown tlie necessity for supplementing the  mathema- 
tical formulz for the harmonic annlysis of purely lur~i-solar tides by  f o r m u l ~  
to take cogniznnce of riverain influences. T h e  sub.ject is rt very abstruse and 
difficult one, but i t  has been brought to t l ~ e  notice of some of the  leading 
~natl~einnticinns in  England, ant1 there is nincl~ reason t o  expect that  i t  mill 
soon be satisfactorily disposed of. I t  is also exptbcted t l ~ n t  additions may be 
made to the India  Office tide predicting machine w11icl1 will enable tlie machine 
to  fulfil i ts functions as satisfactorily for stations situated on the banlis of tidal 
rivers as i t  lias done hitherto for stations situilted on CII:LS~S. Meanwhile 
Mr. Roberts is adopting a provisional mrtl~ocl of predicting tides for riveraiu 
~ ~ o r f s  wllich is described below i n  an extract from liis tide tables for Dianiond 
Hall)our, in the River I-Iooglily, for 18Y3.* 

227. In addition to their practical value for the requirenlents of navigation, 
the  Indian tidal observations are  furnishing information which has already 
been found to be of much scieatific value. Thus  they have recently thrown 
light on the question of tlie degree of the rigidity of the e a r t l ~ ,  wliich was 
mooted about fifteen years ago by  Sir  William "Il~onison, who appealed to tlie 
universal existence of oceanic tides of co~~siderable  l l e i ~ l ~ t  as a proof thtit the 
earth, as n whole, possesses a high degree of rigidity, and maintained that the 
previously received hypothesis of a fluid interior was untenable. At 
the recent meeting of the  British Association for tlie Advnncenlent of Science 
: ~ t  S~lutllan~l)ton, Rlr. G. R. Darwin brougl~t  forward a ~ ~ u n ~ e r i c a l  estimate of 
tho rigidity of the eartli," which gives c r ~ d e n c e  of a tidul yielding of the earth's 
mass, and further i ~ ~ d i c a t e s  thnt the  effective rigidity of t l ~ e  whole earth is 
ahout equal to  that  of steel. But it  is only recently that  there has been a 

From n rolnpnriron m ~ d e  brtwcen the  ol,serrntionr nnd t h e  prr.(lirtinns for 1882. i t  nppenrr t l lnt  the  number of 
c b , ~ ~ t . ~ ~ ~ i u d  t e r m s  vonllrined by thc  Inndin Offire I i l l e - p l ~ ~ I ~ c t i l l g  ln:~rltine i n  no t  nen r ly  e n f f i r i ~ n t  to reprodoee the 
rialc-currcs lor t l l i r  plttcr, nor Indian r i re rn in  pWt3 gc181~ndlp, mnrc  e~pcr in l ly  f u r  Ille pllaees of IOU-lv8ttcr. All i t  W I I I  
r l lke t ime to cva lun t r  by t l ~ r  mvtlnod of  hnrnlonic n n n l ~ n i s  t h e  proper r ~ l ~ t n b r r  of te rms  rrqoiritr t o  r ~ p r o d u c e  tllr 
ride-carves wit11 t h e  desired uceurna,g, recourse has lrecn 111111 to  LIIP  Is .11o~vi11~ v~( . t l ln<l  o f  tr~.mtlanent. which, , j u d g i n ~  
trom nn e s t e ~ ~ d c d  coo~o,oriron 01 aonlr  rncmllts ol' thc yenr 1882, mndr hr t~v l ,un  the  pre~lirtions rind nc tun l  obscrvn~inos 
lor  Kidclrrporr, promwcr to  vield prt,alirlious d>flering lrnm tllc lncte wil l t in narrr!w lilni!s 

The ohrcrvnl t inlra m ~ l d ' b e i ~ h t s  o f  I t i ~ b  nn(1 low-lvnter were cn l~u ln tc< l  In the oldil~nry Innnller to  proclll13c lllc 
.pt~li t l tenstrunl rnrvcp fur timc :nt111 I ~ e i ~ l ~ t ,  of lti ,th O I I ~  I < I I V . ! Y R ~ E ~  ~ I ~ p e ~ l ( l i n ~  011 lllc t i r n v  rt1' l l tr  n ~ l ) o l ~ ' l  trtlnsit i l l  

. Ippnrent  time, relcrrcd, Ibo\!wvcr, t n  l l l v  trnllsit n t  O r c e ~ ~ ~ v i r h  nhuu t  40 nnte r in r  t o  the lilllc o f  i~~lrrrvnlion. 'l'he 
~,~,.di~tions were t l~en  obtninetl clircrtlg front thc  q n n n t i t i e s  thus  ( i l n ~ ~ l ,  ~ n d  wrre e o r ~ ~ r c t ~ ~ d  for l t l n n r  n n r l  snlnr 
lrolnllllr and d p r l i ~ ~ ~ t i o r ~  hF the t n l ~ l r . ~  ~ r n n l ~ i l l ~ d  i n  Sir Jo10n Lllbbnck'y clrmentnrv trrnlisc on hlv t tdra,  Whirln n r r  u ell 
;,, t i lc Nn!llicnl Almntnne rind Arlmirloltg Ulli*.cs l'or t lwir t i d u l  p~.edichonr. For ihc correclioss to tllr hv ig l~ l s  of I I I R I I  

Inn..valcr t l l p  ~ , r n ~ o r r i o o ~ s  I,ctwl.cn the  I ~ ~ ~ n r I o ~ ~  v ~ n i ~ t r s  ot sprint nnd nrnp t i~ lcs  c o ~ n l > n r c ~ l  wi lh  tl~,,se ol' l ~ i n ~ n o ~ ~ ~ l  
H R r h n u r  bmrc b ~ r n  nerd.  This m c . l l ~ # ~ r l  n i  t r r r l l u l cn t  l~bkus  lhus  Ihr illto o r r n a ~ ~ t  a ~ ~ m i ~ l i l l r t ~ l l l  I ~ ~ P R  I ~ I I I ~ .  In O T ~ C I .  Lo 
..,,rrprt till. prcdictiona lor the  ~ l i n ~ l . e ~ n l  lidel. tbe  I ; ~ l l o , r i ~ l ~  plan hns heen nrloptc~l. The p r e d ~ c t i n ~ ~ s  for l i m o  01 lniy ln  

I n t i - a n t r r  for 1)obl:lt lri~vc lwrtl  cnwpt~led  ri~ntllnriv to !he al,nve ( the  srmitnrnntronl r u r v v s  hav ing  heen ~mlnt~lina*d 
1ra,rn tllr n r tnn l  p r r r l i c l inn~ lor 1883), nnt l  t lw ~ I I I ; . ~ I . I I P ~ S  t l l kc~ t  ~ C ~ W V P I I  I J I P  titnos 11811s n h t : ~ i ~ ~ c ( l  &!nd l l ~ r  tisw. 

11g the  m ~ ~ c l t ~ n ~ c u r r e s .  Thew differcnrea r ~ l > r ~ * v n t  IbirIy the  e I I e ( ~ t ~  01 the  tlilll.n#tl lic11'1. A proportio~>nle pnr t  .,I tl,esc d i f l ' r r ~ n v u ~  Inn. brrn urcql l'or en111 I i iF I i  nncl I r ~ ~ v - ~ r . n t u r ,  l r r t d  11p~lic.11 to the I)inlnonal lI!lrLnur pr~clirtions of 
pllrPI!. aemi,liurllnl tilirs. I n  ~ ~ t l c l i t i ~ , ~ ~  t o  t l ~ r s e  r , ~ # r ~ ~ r l i ~ m ~ l a ,  ~ ~ l ~ < ~ l l ~ e r  (wlbiclb llrlly hc terllred :l sc~!aotllll rorl.ertlc~n) I I I I *  
t) . .p~t tmpplird for the frcsbvts in I I I ~ .  river, t h e  pcnrrul rflvrt 01 a l ~ i v l b  ~nltpeol-n to be to ~ncrulurnlc t l ~ c  li111ea to  n cqtnal. . . 
~lwrnl , l r .  e r t r n t .  

'TIle pr<nliclirmna hsr I I IG .  hr iFl~ts  h n v e  iwcn ~itxmilnrly m r ~ r r t c d  Tur t l w  cliurnnl liolt,s, nlld lhc anldr n n n ~ ~ n l  nnrl 
rcru~unt~u~otl t i t l r r ,  cace!,tiui. i n  l l l l q  I ~ I I R P  t h ~  q n ~ a ~ ~ l i l i ~ s .  J I I Y C  I I ~ P I B  o l ~ t n i n l d  dirccll? I)$ Inonns o f  tile 111din Olfico l ine- 
predictit g mnc.binr. 'I'llr r ~ ~ l ! ~ ~  r of tbc  d ~ u r ~ ~ r ~ l  and lo~ l~ . l , c l . ivd  t ~ J e a  used Kcru tllosc b:16td 011 tllr e v l l l ~ n t r d  r(lsllll8 

gi,r.n I I I  tllc ridc 1o1,lcs t.or 1882 



suficient accumulation of tidal observations, pro erly reduced by  harmonic 
analysis, to test Sir William Tliomron's theory ; an{ Mr. Darwin points out that  
the great advances in knowledge that  have now been made a rc  principa?ly due 
to the adontion of s ~ s t e m a t i c  tidal observation a t  a great  nutuber of statlons by  
the 1ndia; ~ o r e r n m e n t .  

228. Here i t  may be i n t e r ~ s t i n g  to mention that  the first systcillatic tidal 
observations wbich were made by this survey for reduction b y  the  modern 
method of harlnonic analysis were undertaken with the primary object of 
furnishing evrdence regarding cllanges which mere supposed to be taking place 
in tho relations of the levels of the  land and the sea ; they were made b y  Miljor 
Ihird.  a t  three stations in  the Gulf of Cutch, during the years 1873-75, wltll -. . 

the iniention that  similar observations sllould t e  tak& several years afterwartis, 
when a sufficient interval had elapsed to allow time for a change of level of 
sufficient magnitudc to  be determined with certainty, from the  first and  last 
observations of the levels to  take  lace. Whethcr the faith tha t  a future 
generation would carry out an idea originating in the present generation 
which was the11 shown will ever be realised, rcmains to  be seen. I t  SO happens, 
however, that tlie reccnt tidal observations of this survey a t  another: point a r e  
colnparable with observ:ttious taken a t  the same place upwards of s ~ x t y  years 
ago. I n  1821 Colonel D e  Haviland of the Madras Engineers obqerved the  
nlean-sea level a t  Madras, and by  his dctet*minatio~l the  rnean-sea was about  
oile foot higher t l ~ e n ,  relatively to a fixed point on the shore, than it  clppe trs 
to be now by our recent determination of the relation between the  prese~l t  
mean-sea and tlie same point-a stone bench mark built into the  wall of 
Fort  St. George. T h e  difference between the two results lias hithe) to  been 
supposed to be  due, possibly, to the circumstance that  Colonel De Haviland's 
operations wore restricted to observations of high and low water, and to :L 
period of about 4$ 111onths on ly ;  the observations have, however, been 
recently analysed by  Major Rogers, who has foucd that  they agree well with 
those of the present sell-registering gauge in tlie times of high water relatively 
to  tlie full and chaage of inoon, and also 111 the times of spring tides ; and 
further that the mean level of the sea during the months corresponding to those 
in  wliich Colonel DC Havilsnd's obse~vations were niade differs by less than half 
a n  i u c l ~  froin tlle nlcan value for the  whole year, and is therefore a good value. 
Thus assuming 110 mistake to have been made in connecting t h e  tidal observu- 
tione with the bench-ruarlr in F o l t  St. George-and such a mistake is very 
in1prol)ablc-it may be considered establisl~ed that  the  mean-sea level t ~ t  
Madras is about one foot lower, relatively to  the  land, now than it was sixty 
years ago.* 

XX1X.-THE EAltTHQUAKE O F  THE 3 1 s ~  DECEMBER 1881. 

229. On t!le morning of the 31st December 1881 a n  earthquake occwrcd 
in the Bay of Bengal, which operated with considerable violeilce in  the  rreigh- 
ljourllood of tho Aildalnan and Nicobnr Islands, and with more or less violence 
along the  entire Iel~gth of tlie \vest coast of the Bay, f'rom Ceyloil to  Calcutta, 
and was also felt, though comparatively slightly, a t  various points on the  
east coast. I n  addition to  the ordinary shocks produced b y  the  waves of 
torce rtcting througll tllc ground, the surface of the  ocean mas greatly 
clisturbed, and wnves nlere fornicd ~rllicll  continued to roll against the  coast 
lines for serela1 hours after tlic cessation of the earth-waves, which lasted for 
only n Sew sc c ~ n d s .  Tlic clcrk in charge of the  tidal obscrvatory a t  Por t  
Blair rtyorted n great dis twba~lce of the s~~r fac-e  of the sea to  have taken place 
tl~c.re, wl~icll hnd violently ng~ta ted  the pencil of the self-registering tide gauge, 
csnusing it  to oscilltlte in tlrc course of a few niillutes through spaces rienrly 
equal to  thc entire norillnl scn~i-diurnal oscillation, and after a time to tear the  
1~111wr of tllc diagram. 'l'llis l ~ a d  alarulcd him so 1nuc.h that  he stopped tlie clock 
itnd did not restart i t  for  wnle hours, when there was lass agitation of the  sen- 
nu~fare.  ITc tllcn fo~und by the dingran] that  the earthquake waves were still 

- . -  -~ - 
' h l d o r  Rogers reports:-"Yr. Urlehnm iaslwcted tllc l ~ ~ d i n n  T18lnl Stntions rtnd rr,orkod in all respects 

~nr i s lnc lo  i l y ,  
" hlr L'onnor hnd el,nrge of 

r o ~ l l l n ~ t ~ n t i  l 1 ~ 8  is g r e ~ l l g  rluc." 
the  Cornpu~iug  Urnnch, rind to  very successful out turn  of 
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existing, and were following one another with great regularity ; and they conti- 
nued to do so fur about twenty-five hours after the first shockof the earthquake 
was fclt, whet1 they died away. The diagrams a t  all the other tidal stations, for 
the same day, were t11t.n rxa~l~ined,  and evidence of a succession of ocean-wavee 
caused by the great earth-wave was unmistakeable at all the stations 011 the west 
coast of the Bay and a t  Dublat station-at the south end of Saugor Island-as well 
as a t  Port Blair. There was evidence of slight disturbance a t  Diamond Harbour, 
39 miles up the Hooghly beyond Saugor Island ; but there appeared to have 
been no disturbance whatever either of river-surface a t  Rangoon and RIoulmein, 
or  of ocean,surface a t  Amherst., and these are the only points on or near the 
east coast of the Hay at which tidal registrations were being taken. 

230. Diagrams of the disturbed tidal curves, reduced from the original 
records, are here given to indicate what actually took place a t  each spot andl 
at t,he same moment of time. For the latter purpose, all the hour lines of the. 
diagrams have reference to local mean time a t  Port Blair. The curves from 
midnight of tlle 30th Decenlber up to the times when the sea-waves began to 
reach each station-wllich fall between 8 A.M. at Port Blair and 1 r.nr. a t  
Dublat, and possibly was as late as 3 P.b1. at Diamond Harbour-are normal in 
every instance; and thus by  comparing them wit11 the curves for the remainder 
of the twenty-four hours, the influence of the earthquake in disturbing the 
normal tides is readily seen. For Port Blair and Negapatani the normal 
curves are drawn below tho actual curves. At the former place the diagram was 
torn by the pencil, and the record is not continuous; a t  Negapatam the curve 
from midnight up to the comnlencement of the sea-waves is vibratory, and not 

IT. P. 
firm, as a t  all the other stations; but thcre tho 

Diamond Burbonr ... ... o 1s curves are normally vibrat.ory, probably because 
Dublrt ... ... the piping, connecting the well of the gauge with 
False Poiut ... ... ... 
T , u ( ~ o ~ R ~ B ~  ... ... o 38 the sea, ends in shallow water and has llot been 
Mndrno ... ... ... 00 ii carried out far enough into the sea. The longitudes 
Negnpntnrn ,. ... ... 
Panrnben ... ... ... o 6b of the several tidal stations west of Port Blair, in 

time, are given in the margin. 
231. Both the officers in cllarge of the tidal operations, first Major Hill and 

afterwards Major Rogers, have taken much pains to ascertain all the fact,s of tlie 
primary ' Great earth-wave ' and the subsequel~t ' Sea-\raves.' I t  so happet~ed 
that a t  the time of the occurrencc of the earth-wave Major [Cogcrs was measuring 
arlgles wit11 one of the great theodolites of t l~ is  Survcy a t  a station on 
the Island of Kisseraing, below Tenasserim, on the east coast of the Bay, 
as a part of the operations which are described irl paragraph 34 of this 
report. He writes that he "saw the earthquake before feeling it," as he was 
a t  the moment observing a signal-distant some 15 miles-wlrich appcared 
to rise and fall in the field of the telescope. On looking a t  the levels of his 
instrument, he found that they were violcntly agitated. IIe immediately 
recorded the tirue a t  which the phenomenon occurred. Subsequently he ascer- 
tained that the earthquake had been felt, a t  almost t,lle samo moment, at Madras 
and False Poil~t, on the opposite coast. Thus then Major Rogers, assuming the 
great earth-wave to have travelled with equal velocity in  all t l i r e c t i o ~ ~ ~  from the 
origin or centre of it~~pulfie, considers that thc origin must l~ave been ~ituated 
a t  some point in the Bay nearly erlui-distant from Rladras, False Poil~t ,  and 
Kissereing.-not in the centre of tlle triangle joi~ling t.he three pl:~oes, 
but more to the south, towards the line joining I'ort Blair and Nepnpatarn, 
which was probably the line of greatest disturbance, as at, tllosu places the 
sea-wnves were grcatcst. 

I t  is remarkable that there sl~ould be no indication of any sea-wave 
a t  either of the tidal s t a t i o ~ l ~  at Rangoon, Elephant l'oint, Blouln~cin or 
Amherst. This lllay be due tu tho circu~nstance that the bclt of islands and shoals 

cxtentls fro111 Cnpo Negrais clown to tlrc Isler~d of S ~ ~ ~ n a t r a  form3 a bar- 
].ier to waves i s s u i ~ ~ g  from an origin near the centrc of t l ~ o  I<ay ; the t;c:~-waves 
were wit11 great violenco against tlleve islands on all sides a11t1 over 
tile surrounding sllallows, hut they sceul to 11:tve dled away very rapidly i l l  the 
deep sea beronll Moreover, t l ~ c  ~ r c a t  earth-wave ~nunt have oper:rtcd with 
far greater force townrds the mest thnn towi~rdu t,hu cast of the cclltre of 
impulse; for violchnt shocks were fclt all along t,hc wcst cowt of the Hay, ant1 to 
a co~~sideral)le distaucc: inland, wllercr~s on t l ~ e  east coast tho sl~ocks wcrc vcry 
elight and barclp pcrccptible. 
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232. The accoinpanying Chart of the Bay of Bengal ehows the positions of 
all the tidal stations on both coasts, the tri~.ononietrical station a t  Kisseraing, 
and Major ltogers' assumed centre of impulse. I t  also gives tlie values of all 
the soundings in the Bay whicll are bclieved to have yet  been taken Major 
Rogers' report is given in exienso in the appendix, and will he found to 
contain much additional matter of interest, irlcluding estimates of the respective 
velocities of the earth-wave and thc primary sea-waves. It is believed that r~o 
full an account and such precise details of the phenomena of an earthquake 
have rarely bcen acquired hitherto. That they have been obtained in the 
present instance is nrainly due to tlie existence oi the nrany tidal stations which 
hare bcen established on Indian coasts. 

XXX.-THE SPIRIT-LEVELING OPERATIONS. 

1.-THE OPERATIONS EXECUTED I N  CONNECTION WITH THE TLDAL 
OBSERVATIOMS. 

233. Thcse operations have for their object the connection of the several 
tidal stations by lines af spirit levels running along the coaet lines and across the 
continent from sea to sea; also the connection of the principal stations of the 
great triangulation which fall in the neighbourhood of the lines of levels, with 
a view to the rectification of the differences of height which have already been 
determined by the less accurate trigonometrical method ; and also, collaterally 

these operations, the connection of the bench-marks of the Irrigation, 
Railway, and other branches of the Dcpartrncnt of Public Works, with a view 
to their combination and reduction to a comnlon datum. 

234. During the prcser~t year the main line of spirit-leveling was entrusted 
Peer sonrrel. to Blr. Rendell. His first duty was to revise tho 

nrr. Rendell. western ghat section of the line of levels from 
hub-SU~VC~O~ Narsing Dnss rind two Bombay to Rladras, with a view to ascertaining 

recorders whether auy accidental error had been committed 
in levcling up the steep ascent of the gh,?Lts that mould account for tlie discre- 
pancy of thrce feet which had been met with a t  Aladms on comparing the 
raluc of the mean sea determined from the local tidal observations with the 
value given by the spirit-leveling fronl Bombay. This has already been fully 
set forth in section XXPIII of thc annual report for last year. The  revision 
giving prnctically identical results with the first operations, Mr. Rendell pro- 
ceeded to Calcutta and comlllenced a nlain line of levels to counect the tidal 
stations a t  ICiddcrpore, Diamond Harbour, and Dublat in tlie river Hooghly 
with tlic nearcet tidal station on thc sea coast, viz. the one a t  False Point on 
the Cuttack coast liue. 

235. Operations were commencecl a t  False Poiut tidal station, whonce tlle 
lina of lcrels was takcn along the coast to the ligl~tllouse, and then across a very 
dificult network of creeks a t  tlie mouth of the i\lal~auacli river to the bauks of 
Kentlrnpara canal. Therc terra $rnzn mas reached after wading for a distance of 
about 18 iuilcs through an extensivc jungly swamp, which is wholly covcrcd 
wit11 watcr at spring ti~les, and is never cntirely free from it. The  stilllds 
of tlic instruments had frequently to be set up in water two to three feet deep; 
nud as the soil below was loose and slushy, so that any movement on the part 
of the observer disturbed thc levcl of the tclcscope, Mr Rendell had to 
sunlnlon up llis coadjutor, Narsing Dass, from a titation in rear to reaJ tile 
lcvcl at the mon~ent that he was rcrtding thc staves with the telescope, and tlle~l 
to return and pcrfornl the salnc duty for liis coarljutor; thus the indepcnde~~t  
nlcasure~ncnt of thc double liuc nlas maintained througllout in accorcla~lce with 
thc long-established procrdure for tllcsc opcrations, but with very nlucl~ lnore 
of dificulty and delay. Aftcr reaching tho banks of the Kendrap ra  canal 
the opcrationu werc ca r r id  on, :IS usual, across country to Jhajpur, and theoce 
nlong thc Grand Trunk Road to Ba1;isore. From Balasore n, branch l i~ lo  was 
carricd to tlie coast to conncct thc old (itlnl statioil a t  Halaramgarhi, the 
tunin line wzs takcu viti Contai to tho Knltrnhnti ferry, across the Hoogllly river., 
on t l ~ c  direct rond to Cnlclltta. Various rircrs and creelrs, ranging from one 
qllnrtcr to t l~rcc  qnartcra of a milo in brcndth, had to be crossed before Kitkm. 
Ilclti was rcached ; but in all instances the crossing mas accomplivlleJ by 
dircct spirit-levcling, though occasionally staves with broader gradunt.ionS 
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than those in ordinary use had to be  employed, the distances bcing so great.  
To cross tho Hooghly river in  this manner was, howevcr, found imprac- 
ticable, the river being considerably over a mile in  breadth a t  its narrowest 
part. RZr. Hendell therefore set up temporary tide gauges on both banks, 
a t  a part whcre the main cllannol and the  banks mere parallel to  each 
other. H e  and his coadjutor took simultaneous readings of both gauges a t  the 
times of high water, rising tide, and falling tide. Upmarcls of three htuldred 
observations, extending over four days, were taken. A difference of level of 
nearly two inches was found between rising and falling tides ; but the mean 
of both differed by only 65 of an inch from the level a t  tho top of tlle tide 
when the surface of the river was neither rising nor falling. T h e  general inearl 
m a y  be  accepted as  within half an inch of the truth, and is probably moth 
more exact than a n y  result which might have been obtained by  measuring the 
vertical anyles across the river, or b any  other process. T 236. After crossing the Hoog lly river the line of levels mas taken down 
to Diamond Harbour and connected with the tidal station there. I t  had still 
t o  be carried to  the Dublat tidal station a t  the ~011th end of Saugor Island ; but 
the field season was now well advanced, and by the time that the line was 
brought down to the Uaratola river, on t l ~ e  c r o s s i ~ ~ g  to Saugor Island, strong 
winds had set in, w l ~ i c h  could not be faced by native boats; and as the  survey 
party was dependent on these boats for the carriage of water and provisions, 
and usually resided on bonrd of thcm, it  was ncccsstrry t u  cease working down- 
wards, and to proceed to Dublat by way of the i i ~ l a ~ ~ d  crecks and back-waters. 
Thence the leveling was trrken upwards, vtri tllc Saupor Light House, to the 
H a r a t o l ~  river, where a junctioll was effected with the down line. 'l'he party 
was now thoroughly exhaustecl, having undergone great hardships and u~uoh  
exposure. Field operations were therefore suspended. 'l'he out-turn of work 
is vet y creditable to R1r Rendell ; for the length of main line levelcd is as  
n ~ u c h  as  3b0 miles, of which more than half fell on marshes, swamps, and 
paddy-fields, w h i ~ h  had to be operated over very carefully and slowly. Tile 
beveral crossings of rivcrs and tidal creeks were also very troublesome, and 
caused n ~ u c h  delay, and the exposure generally was excessive. 

237. The progranlnle for the nes t  ficld season includes the completion of 
the line from Falsc Point by tllc connection of the tidal station a t  Diamond 
Harbour with that  a t  I<iclderpclre, and a furtller connection with thc main line 
which was carried in  the years 1858-65 from ICurracl~c~e tltrongl~ Sind, 
the Punjab, the North-Western Provinces, and Western Bellgal to Calcutta. Lines 
uf levels will also be carvied along bo t l~  banks of the river Ilongllly to  f u l - ~ ~ i s l ~  
data  for the c l a b o r ~ t e  survey of that river and its hanks, which is now beitlg 
c n ~ r i e d  on conjointly by t h ~ s  Department and the Commissioners of the Port of 
Cnicuttn, as  d ~ s c ~ i h c d  i n  section XI11 ot t l ~ e  prcsmt repo1-t. 

233. Subsidiary lines of levels were executed I)y a dotncliment from the 
tidal r ~ n d  leveling party in the districts of Nasik and Ahrn~dnagar  wit11 a view 
to the correction of tllc heights o f the  principal stations at the southern ends of the 
Khanpisura and Singi series of prir~cipal triangles. These lleights wcre nlostly 
dc~crminccl 30 to 50 years nF0 1)y the trigonometric-a1 mrthod, and they ha\-o 
been found to be less accurate than is dcsiral)le, tlic 01)servations having ln 
Innny instances been taken a t  other t i n ~ c s  than that  of minimunl terrestrial 
rPfr,~ction, the laws of which were sc;~rcely known then. TIIIIS a r e v i s i ~ ~ n  
of these heightu was very necessary. I t  was undertaken by  Mr. Beverley, 
\rho nlado n combination of the triKonometrical and sl)irit leveling ~~~c>thoc ls  
of o eration, nlensurillg t l ~ o  vertical nllglrs a t  stations of t l ~ e  auxiliary line of 
levers to  tlte a u r r ~ ~ u n d i n g  trigonnnletricrl stations, which were ~ o o ~ t l y  situated 
on high hills inaccessible to  the sl,irit.leveler. Rlr W. G. ljcverlcy was 
prevented from continuing in the field for a f~i l l  scnson by  ill health, to wliicl~ 
he nfterwarclu succumbed, d)ing a t  l'oona in Septen~brr .  Mr. Ucverlcy entered 
t l ~ c  Sur rcy  L)epnrtment in t l ~ e  junior or subordinate 1)rancll in 1854. H C  
s e ~ r c d  in that hrnnch for a l ~ o n t  17 ycars, dui ing which 110 did such good 
hervlce ill the Himalayan surveys, chiefly under t l ~ c  late Lieutenant-C~loncl 
r . I .  (i. blontpornerie, R E., that  11c was ~ r o m o t e d  in 1871 to the scnior branch.* 

Unit r lloprn reporla -" blr neollcll r s r r~cd  lnir lrstls tlnrough e a c e p t ~ a ~ ~ n l l g  lrylng and d~fficult country and 
al~onc-al prrat cnerp) rind ~ ~ ~ t ~ l l ~ ~ a n c r  I D  the  prosecutll~n o f  b ~ a  work. 

" S n r e l n ~  113-a ncrkrd  cxrcllcntly. 
" Tllr c ~ ~ ~ n p o t e r s  I U  gunernl gore eat~sfnct~oo " 
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 THE o ~ E R A T I O N S  IN CONXECTION WITH THE REVENUE SURVI3YS. 

239. The small party of levelers mliich Las been employed for two ~~revious  
seasons in the Hallthawaddy district of British Burma has again bccll organ- 
ized. At the commencement of the season, thc party first measured a line 
of 20 miles to closc a circuit which had been left unfinisl~ed tho previous year, 

tllus completed t,he several series of levels which had been laid out for the 
Hanthawaddy district. 

240. Tlie party then became free to take up new work of n special character, 
which had been planned in accordance with tho wish of the Chief Commis- 
sioner that leveling should be done in connection with the survey operations in 
the Bassein district, as mcll as in Hanthawaddy. The character of the country 
where the Bassein cadastral party has been operating, situated as i t  is in the 
heart of the Irrawaddy delta, a tract largely intersected with tidal creeks, 
rendered i t  unnecessary that the ordinary plan of placing lines of levels a t  
fixed intervals should be adopted ; and i t  was desirable that special lines should 
be selected, such as would be most useful for practical purposes. This selection 
could best bo made by an officer of the Public Works Department, who ~vould 
be lilrcly to make practical use of the level data. Accordingly, Mr. R. Gordon, 
Executive Engineer of the Henzadall Division, an officer whose duties had 
specially led him to give much attention to the physical character of the valley 
of the Irrawaddy, mas consulted on the subject, and asked to say where he 
would recomnlend the lines of levels to be placed. Alr. Gordon's plan is to 
have lines of levels carried along two main branches of the Irramaddy-one 
line from Pagoda Point, a t  the mouth of the Bassein river, the other from a little 
below Maoobin, on the China Uakeer river joining a little above Henzadah, and 
t,hencc a single line northwards following the river up to the frontier. From 
Hemadah, another line will branch off eastwards to the Prome Itailway, 
following which southwards it will terminate a t  Rangoon. This scllenle was 
forwarded for the consideration of Mr. Furnival, Cliief Engiueer at Rnangoon, 
who added traverse sections across the valley in the neighbourhood of Henzadah 
in addition to Mr. Gordon's rivcr lines. 

241. A commencement has been madc of this plan of leveling by taking a 
linefrom a bench-mnrk of the Hanthawaddy levels t,o the eastern branch of the 
Irrawaddy near Maoobin, and thencc follo\.ving the river up to Henzadnh. 
From t l~ i s  point, Major lIcCulllagh, who has superintended the operations, had 
intended to have had a line taken eastwards to the railway, and thus to have 
com leted a circuit tl~rongh the railway series of levcls and the Hanthnwaddy 
levefs, but the setting in of tllc rains prevented the programme from being 
carricd out. Thc line of levels measured is 128 milcs in leagt l~  a ~ l d  double 
throughout. l'hc number of bench-marks is 129, some of them being spcciaIly 
fixcd marks, and some of them existing pcrmnneut objects. In  carryillg out tile 
river line, thc lcvelers had many difficulties to overcome, with many lniIes 
of' Iligh grass and jungle to cut through, and numerous streams, large and 
small, to cross. The levelcrs aud thc estallisl~mcnt suffered much from fever. 

GEODETIC. 

XXX1.-ELECTRO-TELEGRAPHIC LONGITUDE OPERATIONS. 

2-12. Tho electro-telegrapliic operations for the detern1ination of the 

~ e r s o f i n r ~ .  differential longitudes of ccrtaill stations of 
(NO. 1 Aalro~lnrnicnl I'llrtg.) princilld trinngulation nrcrc rcsunled 

Arnjor w. -1. Hrnviqidr, R.E. (field sellson), Depnty last year, after rcnla i~~ing in abeyance 
Yopo~rintrnArnt . ,  A w l  gvnde. 

1,iclntrnnnt-Coln~~el W. 31. Cnmpl~rll ,  R.E.. (rccce~) 
since tho scnson of 1S76-77, as alrcn(ly 

~ ) ~ ~ ~ , t y  S,~pcr in lvn~len t .  Z ~ C I  p m , ~ ~ .  int,ilnated in the lust report. ~h~~ 
J l r .  1). Alh insnn ,  (rrccrs) Surveyor. 2nd grndr. have been continllctl during the 
Sub.Snrrryor I)l~oudo Ilnln.nnt .Insl~i. 

(No. 2 Astronomicnl rnrt ,~.)  currcllt yCar by RInjor Qeorpc St,rnhun 
M:l,ior ( : rnv~c  S l rn l~nn .  R . B . ,  U e l n ~ l y  S o p c r i o t r n d  alld Major Hesviaide, AInjor St,rnllnu 

?,,I, 2!,0 !2~,>,\", 
h l r .  .I I l o > > r l .  As%i I:lnt Sllvrcgnr, 1st grnclr. 

tnlcing tho placc of Lieutciiant-C,,lOllcl 
8~ th .Snr r r~or  Ilnlroo Hnrm~hni .  Campbell, who mcnt on lcavo a t  the 

colllmcllcelncnt of tllc field season, nlltl 
rcturnillg nt its end rclicrcd BInjor I l c a ~ - i s i d ~  thus ellablcd him to talie 
leave d u r i ~ ~ g  tlie rcccss. 



~ - ... Agra-Jubbulpur ... { deduced 7 43 303 measured ... 7 42,993 

243. During the  present year  seven arcs have been measured, as  follows:- 
Fyzabnd-Agre. Hazaribagh-Calcutta. 

- - 
Circuit error . . . . . .  0.310 - - ... Hazaribagh-Fyznbad ... ... 12 55,194 

Hazaribagh-Jubbulpur ... ... ... 21 40,908 
- --- 

Fyzabnd-Jubbulpur. 
Fyznbad Hoznribngh. 
Jubbnlpur-Hazaribagh. 

Fyzabad-Jubbulpur ... 

Hazaribagh-Julpnigori. 
Julpnigori-Calcutta. 

... I deduced 8 45.194 
measured ... 8 44.629 

An eighth arc, Fyzabad-Julpaigori, had been included i n  t h e  programme for  
the field season; but before it could be commenced cloudy weather had set i n  
a t  Julpaigori, and  this made i t  impossible to  carry on t h e  system of simul- 
taneous star observations a t  both stations, which is imperatively necessary t o  
secure very precise results i n  differential longitude dcterminations. 

244. T h e  seven arcs of the  current year, combined with t h e  a rc  Agra- 
Jubbulpur, which mas measured last year, present three verificatory circuits, as  
follows :- 

m. 8 .  

... Fyzabad-Agra ... ... ... 16 27.932 
Fyzabad-Jubbulpur ... ... 8 44'629 - - 

- -- 
Cirouit error . . . . . .  0,565 - - 

Jnlpnigori-Hazarib~gh ... ... ... 13 27,071 
Julpaigori-Calcutta ... ... ... 1 30 402 - -- 
Calcutta-Hazeribag h ... ... deduced 11 56,669 

measured ... 1 1  56.724 
- -- 

Circuit error . . . . . .  .056 - -- 

245. T h e  magnitudes of the two first circuit errors arc largely in excess 
of the  theorctical probable errors of the operations, and of a n y  errors 
actually met with hitherto; they clearly indicate the prcseilce either of defects 
i n  the  instrumental equipment, o r  of mistakes in  the calculations, which 
are  somewhat intricate and troublesome. l'he performances of tlie transit 
instruments had not been nearly so satisfactory as during the preceding years, 
so tha t  before the calculations of this pear's operations mere completed and 
the  amounts of the circuit errors were known, these instruments had been 
sent t o  the  Mathematical Instrument Department in  Calcutta for examination. 
Afterwards, whcn the  circuit e?r?rs were known, the observations and 
calculations were carefully scrutlnised, with a view to tracing home all 
possible causes of sensible error. The analysis of the observations, howover, 
revealed nothing. On the  contrary, the  results furnished b y  each arc, per se, 
were on the whole remarkably satisfactory. F o r  instance, as  a check on the 
work, tile operations had been executed so as to  give results by  two distinct 
mf,tlloda of procedure: one in which the trnnsits of a n y  star over both 
nleridiantr are  observed by  both observers and a re  recorded on chronographs 
governed b one and tho Rame clock, the  clock a t  the distant station being 
telegraphico i' l y  connected with the chronograph a t  the observing station for  
the pnrpose ; tilo other in which the transits of a star a re  also observed a t  
both stations, bu t  a t  each station the transit is recorded in terms of local 
time, and clock comparisons are  made periodically to  enable tho two sets of 
observations t o  be combined. T h e  two metl~ods were independent, of each 

as  rcgards the observers and the instruments, which of course 
colnnlon t o  both ; and this necessitated tlie application to both of correc- 

tions tor equation nud instrumental adjustment, wllicli wcro based 
on the same constants, a single sct of constants being employed for thc whole 



of the observntions taken on each night. Thc results by the two  method^ 
were in  a11 cases so closely identical, that  there would have becri no suspicion 
of error but for tlle subsequent tests which wcre afforded on completing and 
closing the circuits ; and then the presence of niaterial latent error bccan~e  only 
too apparent. 

216. Now i t  so happened that  in  the field season of 1872-73, wllcn the 
electro-telegraphic operations were commenced in India, vcry d i s c o r d a ~ ~ t  results 
were met with. Tho officers then c o ~ ~ d u c t i u g  t l ~ e  operntions werr Major Herschel, 
R.E., and lieutenant-Coloncl Can~pbrl l ,  and they eventually discovered, after 
long and careful investigation, that  the co~s t ruc t iou  of onc of thc transit  tele- 
scopes, No. 2, was dofective, in  that  tho attachment of tlie telescope tubc t o  t h e  
transit axis was infirm and unstable. T h e  instrument was placed in the  
hands of the Mathematical Instrument-maker a t  Madras and rectified, and f r o u ~  
that  time until now excellent rcsults liave been obtained, seven circuits 
having been con~plcted, of w h ~ c h  the  average closing error is  only Oq.032. 
Naturally, therefore, the operations of tlie prcserlt year were co~umeuced without 
a n y  suspicion of instrumental dcfects. Wllile they were being carried on, 
however, some n~isgivi~lgs were fe l t ;  and i t  was therefore dcciclcd to send the  
iilstru~nents for thorourh examination to the Blatl~ematical I n s t r u ~ ~ ~ c n t  Depart- 
ment a t  Calcutta as so& as tliey could be spared, after the conclusion of- t h e  
field scason. I t  wos then found that the instru~nent ,  which had originallv 
given trouble, n7as again in  fault. as  mill now bc  explained 

247. In order to  facilitate transport, the transit  telescopes have been 
constructed i n  three pieces, the object-cnd tube, the eye-cnd tube, and the  
transit axis, which travel in  separate cases. Bcfore being set up for observa t io~~,  
the  tubes of t l ~ c  telescope are  fixed on the transit axls, for which purpose 

tube carries a flangc a t  orlc end, rn l~ ic l~  can be  boltcd to tllc cube of the  
transit axis. As originally conbtruc-ted b y  the malters iu England,  the  
tubes wcre simply soldered to thc flange,-a very rel~rel~cnsil)lc n r~a~lgen ien t ,  
seeing that the joint is subject to great s t r n ~ n ,  arising from the  wcight 
of the tube und ~ t s  appurtenanccs, w l ~ i c l ~  acts witli considerable leverage. At 
Madras the soldering of the object-end tubc of No. 2 was found to k)e giving 
way, and this was the cause of the  bad pcrforn~al~cc of the  i t~strument ,  for i t  
irlt~oduccd instability in  the relations between tho visual axis and the axis of 
rotation of tlic telescope. Here permancncc is csscotially necessary to satis- 
factory instrunlental pcrforrnance, because thc  value of the conskantil for 
collimation and lcvcl error are o ~ i l y  obtained 011 tho assumption of stability 
a t  all the joiuts and constancy in a11 dlrcctiol~s to  wllicl~ tho telescope is  
pointed-whether to  stars in the zenith, to thc collinlntors i n  the Iio~izon, o r  
to  tlie mercury it1 the nadir. I11 order to  strengthen the  instrument, a 
metal collnr was introduced insidc the ol).jcct c ~ ~ d  tube and scremcd t o  tlie 
flange. T h e  screws pusscd tl~rougll t l ~ c  tube, and thus nttacl~ed i t  very firruly 
to  the flanqc. For  sc\reral p a r s  tlie attctcl~nlcr~t answe~cd  perfectly; but  
now on examination i t  has been found to bctray signs of wcalrr~ess, and to 
an cxtcr~t  that is sufficicnt to causc the errors nrllich Ilare been met with. 

245. T h e  question may naturally be put-why was not the defective 
stato of this instrumcnt found out sooner? T h e  answer is tha t  as  ye t  n o  
means have beeu invcntcd of readily testing the  relations b c h c e n  t l ~ e  risrial 
and the rotatory axes i n  every position of a transit telcscopc, wit11 a view 
t o  exau~ination from time to time, rnl~enever desirable, and more particularly 
para passu with tho observations that  arc being taken with the telescope. It 
is invariably the custom in all thc great nstroilon~ical observatories, and 
wherever such instruments a rc  en~ploycd, to  assume that  tho axial relatior~s 
are  e i t l~er  absolutely constant, or t11:lt they vary systctnnticnlly b y  known 
laws-ns of flcrure, inequality of' pivots, &.-for wl11cl1 due a l l o w a ~ ~ r e  can be  
madc in reducinq tho obscrvations. 'l'l~us when tlicy happen to bc u~lstable  
and inconstant, as in thc prcsent instance, the discovery of tllcir condi t~on  
is only made nftcr the conclusion of t l ~ c  obscrvatiol~s ; a ~ l d  evetl tlleu i t  is 
only madc when tho opcr:~tions l ~ a v o  been purposely carricd out ill such a 
nlanncr as to shorn up  a11 crror, as 111 tlic p r ~ s e l ~ t  i n s t a ~ ~ c e ,  b y  t l ~ e  application 
of the circuit test. I t  scwms, I~owe\-cr, to bo just possible to provide a nlcans of 
e x a n ~ i r l i n ~  t l ~ e  rclntions bctwccn t l ~ e  vibunl n ~ ~ d  rotatory uxcs, wl~cncvcr  dcblr- 
able, by fixing a snlall npp:~ratus outs~clc tlre objcct glass to  rcfluct an image of 
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the wires for compnrison with the mires themselves ; then, by measuring the 
distance between tho wires and their image, in different positions of the 
tolescope, any inconstancy will a t  once be shown up. Experiments are being 
made by Lieutenant-Colonel Campbell with a view to constructing such an 
apparatus ; and though ns yet they have not been successful in surmounting tho 
numerous difficulties mhich have to be overcome, success is still hoped for. If 
attained, it will far more than outweigh the loss even of all the operations of the 
present ycar. 

249. I t  is probable, however, that three or four arcs of this year may, on 
further testing after the rectification of the defective instrument, be found free 
fro111 error. I t  will be noticed that the last circuit of the season exhibits a far 
smaller error than the two first circuits. Tho two first lie chiefly in the 
North-West Provinces. They were measured during the coldest season of the 
year, when the daily range of temperature from extreme cold to extreme heat 
was much greater than it was afterwards found to be in Bengal, where the 
last circuit was measured as the hot seasou mas comniencing. Thus the relations 
between the visual and the rotatory axes of thc defective transit telescope, which 
were prol~ably unstable under the rarying teiuperntures a t  the commence- 
ment of the field season, may have become fairly stable during the warmer 
and more equable temperature which prevailed towards the close of the 
season. This would account for the smaller errors latterly met with. More- 
over, latterly the obscrvcr with No. 2 introduced a method of continuity of direc- 
tion in tho motion of tlie telescope in passing from the collimation and level 
observations to the stars, whicli probably also tended to cancel the evils caused 
by the defective condition of the telescope. 

250. I t  only remains to state that, on the recent examination in the Mathe- 
matical Instrument Department a t  Calcutta, the attachment of the object-end 
tube of No. 2 toits flauge was strengthened by the application of a more substan- 
tial collar than the one i~~trodueed a t  Madras, which has been attached to the 
flange by numerous screws as well as solder. Similar collars have been applied 
to tlie eye-end tube and to both tubes of the sister instruinent, in all which the 
attachments to their respective flanges had hitherto rernnined in their original 
condition of dependence on solder alone, and were showing signs of mcaknes~. 
I t  is to be hoped that the precautions whicli have now been talren will prove 
to be permauently effectual, aud that the instruments mill be found to be in as 
serviceable condition hereaftcr as they proved to be during all but the first and 
last years of their employment in India. 

251. In  tho coming field season arcs mill be measured to furnish an addi- 
tional check on the operations of last year, and extend them eastwards to 
Cllittagong. Later on, thc first arcs of last year will bc revised. This arrange- 
ment is neccssnry to permit of the observations a t  the stations in Bengal and the 
North-Wcst Provinces being carried on a t  the times whicli give best promise of 
cloudless skielr in each locality. As ri preliminary to the operations of 1883-84,* 
 pillar^ will be constructed for the invtrumcnts a t  Akyab, Prome, and DIoulmein. 

Mr. Dond vns crnployed during the scuson ~ ~ n d e r  report in building Lllc trnnsit pillnra in ndrnncc at Fymbnd, 
Hnzaribogl~, orid J ~ t l p ~ i ~ o 1 . i ~  nntl eo~~ncct inn tlleir sltca a i t h  thc main trin~~:rllntion, nnrl in rcr18ing tba connecting 
trio~lgulatioll at. Agm, which did not contnnin 811fficiollt rllccks willlin itsrlf to bu quite sntisrnctorg. Tho revision 
shorrcd, bow ere^,, thnt tho crror in rltc pro~rious ~lolcrminntion wns insignilicnnt. Mr. Bond's work nnd conduct Fore 
pcrTcctly eetisfnrtorp in nU points during t l ~ r  sr:~eon. 

Mr. Kci lnl~  )wnrtl tlto psrty tun-arcls tllc b r ~ i n n i n ~  of t l ~ o  rccrss in plncr of Mr. Dond, who was trnnalcrrcd 
t o  rllc hend-qunrlr~e oliil.a in 1)rllrn. IIe n n s  cnrl>loy~d iu realling oIT thc c l ~ r o n o g ~ a p l ~ ~ c  ehcotl and in r a ~ i o u e  
computntia~~s, nncl discltnrged theso dutics snlishrrtorily. 

Mr. Atkinsoo m n s e ~ n p l o ~ r d  under 1,ioutcnnnt-l'olonrl Cn~nphrll, in N o .  1 Aslronomicnl Purty, d ~ u i n g  tho 
rweas all ron~putntiou or 1110 yrcrious B C R ~ ~ I B ' S  work, in W I U C I ~  bc  gnvo entisfncliou. 



PART 11. 
T H E  OPERATIONS AT T H E  SEVERAL HEAD-QUARTERS 

OFFICES. 

These offices comprise- 

(1) The Survcyor General's Office. 
(2) The Revenue Survey Office. 
(3) The Lithographic Office. ( A11 in Calcutta. 
(4) The Photographic OfEce. 
(6) The RIethenlatical Instrument Office. 
(6) The Trigouometrical Survey Office, Dehra Dun. 

252. New builclings have beeu designed for the t h ~  
Personnel. 

Mr. W. 8. Prtteraon, Chief Draltsmnn. 
., J. A. l n y ,  Surrcyo~.,  3rd grade. 
,, W. Grec~n, Draftsman. 
,. J. R Adcls 

blunalli Sot~al~l loh  
,, Nnbi l3ul;sh 

MI, A. J .  !dnsgrovr, Apprentice. 
,. 11. C. Sinclair .. \V. P. Smith 

Mnjor R.  V. Riddell. R.E., Drpnty Superin- 
tendent,  2nd pride. 

J. 0. N. Jnn~es,$sq., D c p ~ ~ t y  Superintendent, 
3rd grade 

H. D u l ~ n n ,  Esq., P e r ~ n n n l  Awsistnnt. 

DUAWINQ BUANCE. 
Dr.aurii~g and Compiling Section. 

Qeographical Exarniaing Seclion. 

Yr D. L. Mitchell. 
,, .I. Fnlford. 
,. T. B. I(ogcr8. 
,. A. G. Pnlmer. 
,, 8. 31. Conrd. 
,, A. W N. Jtimcs. 
., A. It. Conrd. 
,, A. D. bl. Chamnrett. 
,. E. A. Ollenbncl~. 

25 Nntive Engrltvcra nnd 1 Clerk. 

Mr. A. Chnmnrett, Survcyor, 1st grade. 
,, IV. Todd ,, 2nd .. 
,, A. J .  \Vilsan , 2nd ,, .. F. A d n ~ n s  ,, 3rd  ,. 

Bwboo MoLcsh Chundor Bhaa  and 2 others. 

Mr. \V T. Cnlling, Copperplnte Printer. 
14 Nntive I'ri~lters nnd Pressmen, dc 

Mr. T. W. Bnbonnu, Registrnr and A c c o u u t ~  
nnt. 

Mr. bl. Ftnnris. 
,, F A. U'Roznrio. 
., T B. \Vnre. 
,, E. 11. Algxr. 

Dnboo Bnncc M n d l ~ u b  D~sncrjec. 
Mr. J. A, V:tIlnn. 
Ilnboo Bbeccu~n Sit~gh, and 9 others. 

Map Record and Zsaus Seclion. 

.ee other offices 
in Calcutta in 
the neighbour- 
hood of the 
present building. 
They have not 
yet been com- 
menaed, and will 
probably not bo 
completed for 
three years. But 
what has already 
been done is of 
very great value 
and importance. 
I t  has brought 
the administra- 
tive ofices toge- 
ther under one 
roof, which mill 
be of great help 
in furthering tlio 
general amalga- 
mation of the 

Mr. C. W. Conrd. Su~~crintcndent. I Mr. R. A. Gibson three branches I ,. H. R .  Vanllis. 
,, W. P. Abro sod 1 Native Clerk. 

of the dcpart- 
ment-the tri- 

goaon~etrical, topographical, and revenue-which was com~nenced in the year 
1878, and has as yet been only partially carried out. 

253. A few weeks before the closo of the year under review thc Depart- 
ment of Public Works in lkngal  nnnounced that the new bullding to accom- 
modato the Surveyor-General's and the ltevcnue Survey offices, which had been 
under construction for about two and a half years, was ready to be occupied ; 
and within 11 month after thc close of the ycar tl10 houses in Park Street and 
Alicldleton Strcct, iu which the ofices llad previously bee11 located, were vacated, 
and the cl~tire stock of maps and records-the collection of ncarly a century- 
copperplates, and ~ l a n t  of all descril~tions, mas transferred to the nclv 
bullding. This was an undertaking of grcat labour, extending ovcr about 
threc months, which unfortunately happencd to fall in the hot seasou, and 
ncccssitating much forethought and carcful arrangements to enable it to bu 
ciirricd on so as to intcrfcrc ns little as possible with the currcnt morlr of tI1e 
oficc. Thc supervision of tlic srrangcnicnts for the trnusfer of the Surveyor- 
Gcncral's office-whirli was very much the larger of thc two, and llad long 
grown bcj-ond the limits of the accommotlation afforded by the houso iu 
1':11.1< St~ccst, in \ ~ l ~ i c . l ~  it, had bccn locntcci for ilaif a century-devolved C I ~  

Alajor 1:itlclcll u ~ ~ d  Mr. Janlcs; the tral~sfcr of the Rcvel~ue Surrey office 
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devolved on Major Coddington. The whole of the arrangements were carried 
out n~ost  satisfactorily. The new building has been well designed and 
admirably constructed. I t  is coru~nodious and airy ; givcs sufficient space for 
all the menlbcrs of the oflice, excellent accommodation and lighting for the 
ellgravers and draftsmen-the former benefiting inorc particularly-as they 
had long been very inconveniently restricted in space, and for the most part 
were badly lighted. 

1.-THE SURVEYOR-GENERAL'S OFFICE. 

254. The  duties connected with this office are supervised by Major R. V. 
Riddell, R.E., and Dlr, J. 0. N. James. Major Riddell conducts the work 
connected with the management of the topographical parties and their accounts,* 
and has charge of the Lithographic and the Mathematical Instrument Offices, 
and Mr. James has the managonlent of the Drawing, Engraving, and Map 
Desp~tch  Offices. 

255. The  Drawiqq Branch has been employed on work of the usual kind, 
viz. compilations on various scales, of maps cf India, provincial and district maps, 
and revisions of old maps from the results of recent surveys. Tho large demand 
for the map of India, scale 1 inch = 32 miles, necessitated the issue of a second 
edition revised up to July 1583. Considerable progress has been made 
towards completing a scries of outline maps of India on the scales of 1 inch 
= G4 miles, 80 miles, and 06 miles. As these are it1 great demand to illustrate 
reports, engraved standards are under preparation, from which prints may be 
taken for transfer to stoue a t  any time. At the request of the Quartermaster- 
General in India, p. map of Lower Egypt was drawn and published for the 
use of the troops proceeding from India to Egypt. Maps of the Suez Canal, 
Cairo, and Alexaudria mere also printed for the same purpose. All these were 
in g e a t  demand, and large numbers were sold to the public. 

25G. A new map of Bengal, Behar, and Orissa, with hills, scale 1 inch = 
16 miles, hns just been prit~ted. Owing to the constant alterations of the 
boundaries of districts in Bcngal, the completion of this map was long delayed ; 
and i t  was eventually necessary to prepare i t  for publication by double 
printing, the boundaries and district names bein6 drawn on one stone, the 
topographical details and names of towns an? villages on another; thus 
alterations of the frequrlitly varying details may  now be carried out without 
injury to the permanellt dc~,zils, wllich was impossible whrn both mere drawn 
on the sRme stone; nlld in future new editions of the map may be readily 
published soon after furthcr cl~angcs of boundarics. 

Several district n~nps on the $.inch scale were prepared for publi- 
cation; also maps for the Nortll-llTestern Provinces Gazetteer and drawings for 
tlle engravers fbr ncw sheets of the Indian atlas. Full details connected with 
all the work in progress and completed will be found in the usual stateuient 
given in the appcndix.t 

257. The Exunzit~ing Branch continues to rcndcr good service in the 
cxanlination and scrutiny of tile ~ ~ l n p p i ~ ~ g  reelldered cncl~ year by field parties of 
the topogrn1)hical survey, also of the conrpil:~tions a t ~ d  drawings prepared 
in the 1)rawing I%mncli, n~ltl of all the proofs of print,s rcccived from the 
Engrtiving, Litl~ograpllic, arid I'liotograpllic branchcu of'tllc office, whicl~ is a very 
laborious undertaking. Fifty-eight standard sllccts of the topograpllical survcys, 
25 original conipilations, prools of 138 engraved u1t1p.s and of 469 lit,llograpl~ed 
and pl~otozincographed maps, worc cxumincd in addition to otllcr miscellaneous 
work.$ 

259. Blgravir t ,~  0flcr.-Tl~e Bengal shcct (No. 4) of the stnndard map of 
India has beru coulpletetl ill outline, and tho Ilill-etchirlg will now be taken 
up ; on shcet 5 (JIadrhs presidency) the llillv have nearly bern completed ; the 
oiltliues for sheet 6 (Uurmn and l'enasserin~) are con~plcte; sheets 1 and 3 are 

I n  t h c  Cnrr r rpnndel~ce  Brnnch Mr. llltl,t~~t~tl~ hns ppr~orrnl, l l  his rn t i l t i f i~r i f l~~s  d11ti8.n n6 Ilt.j!istl.:~r nnd ~ \ r r o ~ ~ n l n n t  
b v r y  ss t i s l sc t~>r i lp  ; a lc r i r r .  Frn~lcia. L)'llnz;,ri,, ,  and \Vl,re, ,,l,d Uilbllo. I I U I I C P  Nltall~~ab I~ I I I I I , I )PC  und l l l ~ e e c u u ~  Sillgl>, 

In:l\-c ~blso girvn cnti1.u sntiurnbt l inn.  
t Blr. 3.  F. Dnncss, C l ~ i ~ , l  l)rofl,mnn i n  tllc nm,~i,,~ Bmnr l~ ,  rrns trnnrrc~,rrd I n  nlnrcll  l R U  to  t l ~ c  oITivr 

8 . I  Lhr 1)irrrlor.Gvnrrnl of S tn t i r l i c r ,  und  Alr. ,\. C ' l ~ n ~ , ~ n r ~ . l t ,  nflicintrtl ror hint  t i l l  r< . l ic~cd II,T Mr. 17 11. l'~t1tcr~011 on 
I t t u  htb A u g u ~ t .  blr. JIIIIICS r ~ p o r t ~  111nt hot11 a 1 ~ c e r ~ .  C]I:IIII:II.L'~~ nnd rrtllcrrnn Imrc rondn~ctcd tllrir dl~t,it.a 
ably. 

M r .  IV. Orern orid nnhllo h l o l ~ v a  Cl~l~ltrIt*r Sllaw 11nr0 P i v r ~ ~  ~nt i+ r !nc t in l~ .  
$ llrssra. Wilsozl aud Adnms, n ~ l d  Y : L ~ ~ O  I'lu.r,n clluudn, sell, r o t ~ t i ~ ~ ~ o  lo rctldcr good n id  i l l  the I :xon~i~a i l~g  

Ilmrn~~ h. 







as yet incomplete as regard4 portions of Afghanistan, R~jputana ,  and Central 
India. Great progress has been made on the hill-etching of' the map of Indin, 
scale 1 inch = 64 milcs, only Afghanistan and a portion of the hills on tho 
Eastern frontier remaining to be finished The map is expected to be ready for 
issue by nest July or August. The map of the Central Provinces, scale 1 indl  
= 16  mile^, hau boen completed, with hills. Nine quarter sheets of the Iudisn 

Atlas as per mnrgin have been completed during 
31 N..W. 
82 9.-w. l7 129 N--E. s . .~ .  the year. Forty-two others are in different stages 
53 N.-IV. 130 s . . ~ .  of progress ; 23 of the old large size full plates 
GG N.- W. 
67 8.-E. 

138N.-W. have been repaired in part, and have had ad- 
ditions made on them for railways and changes 

of boundary. Small additiolls and corrections have been made tq other plates. 
Various other maps of a useful character are in hand, the detalls connected 
with the progress of which are given in the statement of work in the appendix. 
The total out-turn of engraving work is as follows :-2,069 square inches of hill- 
etching; 362 square inches of minor dctails, such as forest and sand hills; 3,792 
square inches of outline; and 225,576 letters engraved. The hill-ctching of the 
map of India on the scale of 1 inch = 64 nlilcs, and on the new quarter plates of 
the Himalayan sheets of the Indian Atlas, is highly artistic and effective, and 
very creditalde to the European engravers by whom i t  has been executed. 
The steel facing of thc copperplates continues to be carried on successfully, 
and 99 plates have been thus treated before being printed from during the year. 
The young cngravers trained in the office are now by turns employed on this 
work. In  the Copperplate Printing Branch 7,573 impressions of maps were 
printed, 1,053 proofs were pulled, aud 341 transfers prepared for transfer 
to  zinc or stone.* 

259. The work in the Mup Becord and I8sue section continuos to increase ; 
the map issues and work connected therewith are briefly as follows :- 

Pnpr. Value. 
Rs. 

To Government oficinls ... ... 45,029 47,120 
,, India Office, London ... ... 3,015 3,954 .. Agents for sale ... ... ... 10,119 13,392 --  

Total ... 58,163 64,466 - - 
Applications received for maps by letters, indents,and telegraphic 

mesaages .. ... ... ... ... 3,418 
Letters issued in reply and as advice of despatch ... ... 1,072 
Invoices and receipts issued ... ... . . , ... 3,091 
Packets, parcels, and packages do~patched ... ... 3,115 

111 additmion to tho above 23,236 sheet maps wore colourcd by contract for sale 
and issue, and 7,375 for other dcpnrtments. The  amount realizod by map sales 
through agents and dcposited in tho Government treasury was Rs. 10,211-10-9.t 

260. The work of rearranging, classifying, and cataloguing the original 
m a p  is proceeding stcndily, and will probably take another year to com- 
plete. 'I'bis work wae much nceded, not merely as a matter of conve- 
nience, to facilitate ready access to any mnp that might be wanted and to 
indicatc the mops to which refercncc should be made for specific facts, 
but becnuse the numerous changes in territorinl limits which have tnkon 
place in India during the past century cnused some difficulty in 
iclcntifyi~lg tlic portions of country to mllicll they actually rcfer uuder tlle exist- 
ing territorial divisions of Britisli and Native districts and States. DIoreover, 
the old register volun~es in manuscript, which have been in uso for tho past 
60 or 70 years, hnvc beconie a l ~ l l o ~ t  illegible from constant use and the fading 
of the ink. Steps are being takcn to print the new register or catalogue iu 
the same form as the catalogue of nlanuscript and priuted roports, field-books, 
and maps, &c., in thc Indin Office, London. 

- 

In Lllo Enprnvirlg Rrnnrh tho Sllporinlenrlcnt,, Mr. C. W. Coord, nnd his EuropeDn ass is hut^, hlbse 
and wnll, nnd the nnl.irn rn~rnrers~l~rr lcr  tltcir tuition lrre nloking good progress. 

*Iy + Mr. It. A. Uibsou. MIIF Curator, in n must usold  uninhut, and p r f o r m ~  Lu lutin .a. 



2.-TEE REVENUE SURVEY OFFICE. 

261. The Revenue Survey Office receives and examines all maps and other 
Personnel. professioual records 

Lientennnt-Colonel J. Sconce, Deputy 
Sorvej.or.Genern1 and Superintendent. 
Revenue Urnnch. 

Mnjor P. Coddington, Deputy Superiu- 
tendcut,  2nd gr.lde. 

D B A W I N ~  A N D  COYPUTINO BBANOE. 
Dra~aing and Compiling. 

Mr. F. W. Kelly. Survcyor on duty. 
,, J. Connor, Aasistnnt Surveyor and 
Drnltr~nnn. 

Dnboo Hari Bur Sen. Head Compntor. 
Tincowry Son, Computer. 

sdhh Yelrir Ali, Drnftsm~n.  
,, 13olsm Mohumud ,, 
,, Abdol Azeez ,, 

Hobim Dux ,, 
:nd 1 4  othera. 

Map.esamini ,~g.  

Mr. T. W. Reilly, Surveyor and 
Draftsmnn. 

Mr. R. C. D. Eming. Assistnnt Sur- 
veyor nod Drnfta~nnn. 

Sheikh Abdur Rozak, Draftsman. 
, Wahed Dux. 

Cadmlral Map.ezarnining. 

Mr. W .  Sinclnir, Snrveyar nnd Drnlte. 
man, on furlough from 21st April 1883.. 

Mr. J .  A. O'Donol. Sorregor and executed the lo 
Drnrtsrnan. field parties at  pre- 

Sheikh Kodrut Ally, DrnRsmnn, nnd 
sir others. sent constituting the 

Revenue , Survey 
Becorda and Map issue. Branch of the de- 

Mr. W. J .  Lnne, Assis!nnt Surveyor partment. This office 
(died on 11th October 1082). 

Bnboo Ashootosh Ker nod olle olher. has charge the 
records of all pre- 

C O B B E ~ P O N ~ ~ N ~ E  AND *(IOOUNTB vious surveys execn- 
DBANCE. ted by the Revenue 

Correspondence. Branch, and replies to 
Mr. A. E. Byrn, Registrnr. 

references connected 
,, A. C. Collninghnm, IIend Clerk. with these completed 

Dnboo Knlly Pudo Banerjee, Clerk. surveys. The office 
,, Doorgn Nnrnin Gl~ose, do. 
., Rnmkisto Chunder, do. likewise supervises 
,. Shorn Churl) Chuckerbotty, the expenditure in the 
Clerk. 

Baboo Rni Coornnr Dutt,  Clerk. Revenue Branch, and 
,. Kl~l ly  Kisto Chunder, Uespntchcr, kcepg its accounts. 
nod three othera. A summary of the 

Accounla. out-turn of the field 
Mr. aopal Chunder Lnhn, Head AC. work in the several 

countant. 
Baboo Dnma Chnrn Chuokerbntty, partiesof this Branch, 

Aocountant, 11nd two others. with statenlent of cost 
and rates, is given at 

pcges 78 and 79. The Statements A and B (pages 85 to 91 of the 
appendix) exhibit the maps and other records prepared in the field offices and 
head-quarters office respectively, and Table C (page 92 of the nppendix) gives a 
detailed statement of the number of cadastral maps printed sil~ce the 
commencement of cadastral survey operations, as well as the number printed 
during the past year. 

262. The following is a brief review of the summary of the field work as 
shown in the table at  page 78. A column has been added to the table showing 
the rnte of the cadastral surveys per field, besides the usual rate per acre. The 
general rate for the cadastral surveys in the North-West Provinces is 
Rs. 138-13.3 per square mile (Re. 0-3-6 per acre), which bears a favourable 
comparison with Rs. 159-4-11 per square mile (Re. 0-4-0 per acre), the rate 
for last year. Tho rliniinution in the total area surveyed cadastrnlly in these 
pro~irices is accounted for by the withdrawal of one of tho three parties 
hitherto employed. The three cadastral parties in British Burma have surveyed 
281 square miles more than last year, and havo worked at  a chcaper rate, 
thc general rate for the year being Rs. 232-4-9 per squnre mile (Re. 0-5-10 
per acre), against Rs. 250-8-7 per square mile (Re. 0-6-3 per acrc) of last year. 
The rates for the 4-inch surveys in the Punjab are slightly higher on account 
of the areas-all that remained for survey-being less than last year. 
The low rate of Rs. 63-6-2 for the 4-inch survey, done for forest pur- 
poses in tlie Bombay presidency, has bcen obtained by rcason of the extent 
of open country which has been surveyed wit11 the forest lands. A small area 
of forest rcserrcs in British Burma has been surveyed nt a high cost, occasioned 
by the extremely intricate naturc of the country. 'I'he topogmpical surveys 
on the 2-inch scale have been nccomplishcd at  very similar rstcs as in previous 
years. Tho very low rntc of tlie surTey in the soutl~ern collcctoratcs of the 
Deccan is duo to the greatcr part of the couutry bcing opcn and cnsy for 
Burvey. The new tol~ogmphicnl survey of the banks of tho Hooghly rivcr 
in the iieighbourhood of Calcutta has proved a very tcclious snrl costsly under- 
taking ; the intricate village sites lying n l o n ~  t l ~ c  river, and forming tho 
greater part of thc area, surveyed, 11are rendered t l ~ c  morlr more minute tlllrn tllc 
survoy of lllnny a town would be. 
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263. T h e  following maps, drawn in cxccutive offices, have bcen examined 
and published during the year, viz.- 

ni~tl.ict llamalpindi, Knln Cllitta Pa],ar . 13 sheets on 4-inch scnle. 
Meerat Diiision, Topographical survey . 64 sheets ou 2-inch scale, for reproduc- 

tion to scnle. 
Ditto ditto . 76 sections on 2-inch scale, for red~ic- 

tion to 1-inch scale and publication 
in 19 sheets. 

British Burma, district LTanthamaddy . 16 sheets on 2-inch scale, for repro- 
duction to scale. 

Deccan and Konl;an Topographical Survey. 36 sheots on 2-inch scale, for reproduc- 
tion to scale. aud the same for reduc- 
tion to 9 sheets on I-inch scale. 

Distritt Pooroe, ICilla Khorda . . 40 sheets on 4-inch scale. 
Patns City and LIal~kipore civil eintion . 2 shcets on 10-inch scale. 
Cadastral maps of singlo villages, iu districts 

in Nolth-West Provinces . . 2,540 sheets on 16-inch scale. 
,, ,, in districts in 13ritisd Burma . 2,430 ditto 16-inch do. 
,, ,, in district l'ooree (Bengal) . 104 ditto 32-inch do. 
,, ,, irl district Sylhet (Assam) . 16 ditto lc-inch do. 

264. T h c  follolving maps, dra\vn in the Rcvenue Survey Office, have also 
been exau~incd and publisl~cd, viz.- 

Dcra Islnail IChan . . . . . 9 sheets on 1-inch scale (drnmn in 
36 sections on 2-inch scale!. 

Midunpore . . . . . . 1 sheet on I-iucb scale (dmwn in 4 
sections on 2-inch scnlc). 

Nurndnbad and Budsun districts and R;tnl- 1 sheet on 1-inch scale (&awn in 4 
p11r Stnto . . . . . sections on 2-il1cl1 scnlo). 

011dh districts (new edition) . . . 6 shcets on 1-inch scale. 
Nor~kl~olly district . . . . . 11 sheets on 1-iucll scale. 

205 l~csides t l ~ e  examination and drawing of maps ns shown ahove, the 
time of tile draftsmen has bcen largely occupied, as will be seen from Tablc B, i n  
sul)plyillg copics of nliscellaneous maps and records to Government officials. 
Atlent,ion to the demands of private individuals for copies of village plans has 
engagcd a large part of the time of n section of the office. 'l'he actual copying 
of the plans is done at  the expense of the applicants, but the  labour of identify- 
ing the plans according to the descriptions sent falls uponJhe office draftsmen, 
alld the draftsmen also supervise the copying. Applications for copies of plans 
come a.lmost cxclusively from Bengal. 

266. All tlte records received have been exanlined and brought on the  
register of the office, the usual final check on the co~nputations liaving been 
carried out for t,hree dist,ricts.* 

267. T l ~ e  Deputy Surveyor-General acknowledges t l ~ n  vcry valuable assist- 
ance hc has rcceivcd from BIajor F. Coddington in all ruatters connected wit11 
the ndn~inistration of the Revenue Branch. 

~.-LITKUGRAPHIC BRAXCH. 

268. T h e  number of maps, plans, and drawings published during the year 
Pe~.sonnel. ~ I I O U I ~ ~ S  to 421, of wllicn 267 were 

M~jnr R V. Riadell, R.E., in cl~~urgr. undertaken to mect the r e  uh-emerlts 
Mr. H. L LL~PIICQ. IIend Assi~tnllt. 
Iinbo H o l o ~ n m  Notll, 

of othcr departments, anc ollly 154 
Nl~ns l~ i  hl111101ned A l i r d ,  I Drnrternen. 

1 
for the require~uents.of the Survey 

,, S o l ~ l ~ n ~ ~  II I I~CSII ,  Uepnrtnlent 
nnd 22 nthrrr. 

Mr. H Nivcn,  Cl~ro~no.Li tho  Printer, on lcnre. 2GD. It has been found llecessary 
,, J. \fncson, ofici~tilw. to commence a reprint of the oue- 

1 I'resn ~ \ a s i s t n n t  nnrl 60 otl~ere. 
MI.. F: I)'L'!vnll, ~ g p c  I'ri~tter, nnd 22 otl~crn. inch scnla sheets of Oudll;  two sheets 
'Pl~rce nwlivr cIPI ' I :~.  havc bccn printmi, a ~ l d  several a re  

no\\? in hand ; I1 shcets of the onc-inch maps of Noalrholly llsve been publislled. 
- ~ ~ -- 

hll.. B. \V. Iicll~., S n r r r ~ o r .  1st c r u d ~ ,  115 l ~ r ~ ~ l l  of I.llo drntving scctioll of tllo officc, 1111s contillrred to rcndcr 
c x r ~ ~ l l ~ ~ a l  *cr!,icr. 

atr. \V. Sinclnir, Slarrt.! or, 2nd prnde, in  cl~nrgc of tho  cndnstml nlnp cxnmination, contia~lc,l to ~i~~ rn t i r c  
mlialilc.lion ~ t p  10 l l lo  tinrn ol ltis goillg on ( i l r lo~~pl l .  Mr d.  H. O'Dollcl, SIIITCSOP 4 t h  grt~do, IVIIO i o O k  Ov,,p 
Alr Strwlnir'r d n l i r ~ ,  Ins tllsn donc rcr.v \rcll. hlra*l.e'~. Coltnor R I I ~  It. C. I). Ewing, Asiiatnnt YurFcyors 
I)n>llsmm, lutro dmlr good n11d npprwcd work. TI10 oflirc l lnp  to rcgrct tllo loss 01 Air. W. J. Lanu, i\ssiatnnt 
S u r r r ~ o r  rind D~.n i~snlnn,  a ~CSPI"UI  n ~ l c l  ~ ~ ( P I I I ~ P I I I .  O~~CPI . ,  \YJIO died on Illc l l t l l  Orlobcr 1883. 

Mr. A. R.  B?IYI, hIr. A. C. Cunningl~tmi,  Mr. Gopnl Clrundvr Lnl!n,  Ilnbuos IInrri HIIY SOII, Kllllp plldo 
Rnnrcrj~r, 1)oorpt . \ n ~ n i ~ ~  ~ ; l t n r o ,  ILn tn  Kirlo Clnnrrlrr, Unmn Cllnrn C ' l l n v k r r h ~ ~ l l ~ ,  Tincr311ri Pcn, Sll,.ililla ~~l~~~ ~ l i .  
A b ~ l u l  Aaccz.  111111 I ( u ~ I ~ w  BOX, Iogctl~c~. 11i1l1 I ILC rrst or ~ I I C  c s l o b l i a l ~ n ~ e ~ ~ t .  lmrc all givcrl su t i s l i e t io~ l .  

a 
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Total ... 1,14,795 

The ncw maps of Dengal wit11 liills, scale 1 inch = 16 miles, which has already 
been referrcd to in paragraph 856, was printed on two stones-the topogmpll- 
ical and other permanent det,ails in black, the varying dist,rict boundaries in 
red. A preliminary map of the Central Provinces, scale 1 inch = 16 miles, 
obt,ained by a transfer to stone from the incomplete engraved plates and the 
llills in part drawn on stone, has been issued. Six sheets of the Indian Atlas 
(Nos. 30, 40, 48, 67, 112, and 119), the copperplates of which were in a 
damaged condition and unfit to repair, were trnnsfcrred to stone and printed 
with large additions and correct,ions. The  following district maps were com- 
pleted :-Seebsaugor, Goalpara, Khulna, Dacca, Sylhet, Beerbhoom, Balaghat, 
Sonthal Pergunnahs, Kamroop, and Haepore, scale 1 inch = 4 miles; Hoshiar- 
pore, scale 1 inch = 2 miles in four sheets. 

270. From other departments 337 subjects comprised in 346 sheets were 
received for publication, and the value of the work performed amounts to 
Its. 20,111.e 

4.-THE PHOTOGRAPHIC OFFICE. 

271. Major Waterhouse returned from furlough and resumed charge from 
~ersonne?. Bfajor Cowan on the 26th 

The  direct expenditure for establishment and stores has been R9. 93,146, so 
tllat t11~ profit to credit of the departmel~t a~l~ounts  to Rs. 21,649. 

274. The suhjccts rcceived for reproduction during the year have been 
of t l ~ c  usual n~iscellancous charucter. A large ]lumber of maps of Egypt and 
&arts of the Red Sea, Suez Canal, Alexandria, Port Said, and Suez were repro- 
duced for tho use of the Indian contingent, the military authorities, and the 
pnora l  public. Happily, provision had been nladc of the best available maps of 
Egypt and the Suez Canal, chicfly French; and from single copies of these we 
were able to meet domands till better mzps mere received from England. The 
way in which t l~esc sudden calls for war maps can be met by photoziucography 
is tile hest eaempli6cution of its practical value. Of the War Ofice map in 
4 sheets only two copies were rcccived in this country, but by  reproduc-ing one - 

yr bI L l,cpnpe, Hend Aeslstnnt ,  1 ~ ~ 9  p ~ r l n r r n r d  Llls Jul1e8 n ~ t ~ ~ ~ n c t n r ~ l v  u1t11 tllc n ~ ~ l  of Y r  Wntson, n l ~ o  bus 
heen tempornr~ly  trnnsrerred lram tlie Plnotogrnplb~c Offico GO supervise t h o  c l ~ r o n ~ o  I ~ l l ~ n g r n p l n ~ c  p ~ ~ n t ~ n g . ,  vlrs 
Mr. h ~ v e l l ,  nbseut on Icnve. Mr. 1)'Pyvnh. tgpe prlntcr, and tbe nntnvc druttemeu and clcrh8, llavc norkcd well 

MtJor J. \\':tterl~ouse, B.S.C., Assist- 
n n t  ~ u r v r j o r - ~ r n r r n : ,  in1 chnrge. 

NEOATITB BBASCU. 

d'ornaal Eslablishntei~t. 

Mr. J. blnrkcnzie, Pbotogrnpber. 
., L'. D c C r u z ~ ,  Asst. ,, 

l s ~ u n i l  Kbn11 
2 neanti,.e rstouilers,  2 " glnss. 

clentnc~.~, nod 1 bhisti. 
Cadostrnl Estab2iaAment. 

Nr .  C. blnnbtnll, Pbotogrnpber. 
,, 1.. L n p t ~ i c r  

T. Lloyd, Asst. ,, 
4.'Asristnnt I',notogrnpbera, 3 

l ive  retoacl~ers, 4 glnss-cleaners. 
innd 1 bl~isti.  

o.TnalsFER P ~ ~ ~ ~ ~ ~ ~ ,  

A-ormal Ertablish~nent. 

J I ~ .  J .  H;>rrold, Photogrnpher. 
I3~thil,el Hossnin, Asst. ., 
2 lobourem. 

Codaslral Establishment. 

f i r r .  n. G ~ ~ ~ ~ ~ ,  Pb~to~r~pbcr. 
2 ~ \ ~ ~ i ~ t n o t  I'botogrnphers lnnd 4 

lnbou~ers. 

SILTBB-P~INTINQ DBANOB. December 1891. 
i ~ o r i n o l  Eslablishment. 272. The out-turn of 

Blr. G G. I)cmpster. Photogrnphcr the durirlg year 
2 Assistant I'llotoprnphers nlnd 2 is given in the annexed 
laluurers. abstract, and sllows a 

Z r r c . l ' ~ ~ ~ r ~ r r a  Dn~cn. considerable increase in 
K o r n ~ n l  Estnblishrne,~t. the number of original 

Mr. n. ~Inckenzie ,  Zi~neoarnpher. 
1 writer,  4 zinc c o r r ~ c t o r ~ ,  5 r e ~ r O d u ~ e d t  

printers, c spongemen. 16 press though with a decrease in 
men, nnd 3 grainers. the number of printed 

Cadorlral EstablisAment. copies, as fewer prints 
~ r .  J. \\'atson. Zincogrnpbrr Inn dc- were demanded. State- 

putntinn) to Lit110 Url'ncb frolo lot11 
I I I  1882 mcnts showing the corn- 

n:! i. A. ' ~ r ~ r n n r ,  Zinco~rnpher. parative out-tun1 of the 
1 writer, 8 zinc correctors, 1 

printers, 4 epnnpemen. 15 pressmen, present year and the year 
nnd  6 grni~~crs. bcfore, of expcnditure and 

O ~ N E B A L  OFPIER ESTADLIBIIUENT. of and 
A'arn~al BslaBli8hment. of work done for other 

Bnboo Knnnp Ln l l  Sen. Store.kecper d c ~ a r t m e n t s l  are given in 
nud Accouutnnt,  nnd 2 clerks. the Appendix. 

Cadcs'ralB"toblidmen' 273. The value of 
Head Assistant (V, ,C,III~) ,  snd one the printed rnnps and other 

, clerk. subjects issued during the 
year has been- 

Rs. 
Dernrtmentnl ,.. ... ... ... 28,428 
Extra depnrtmental ... ... .., ... 16,531 
Cadastral ... ... ... ... 69,836 
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we were able to supply 400 copies, in 1,600 sheets, of this very u~e fu l  luap in 
a very short time ; besides redrawing it on l~ lue  prints and reproducing i t  on 
half scale, so as to bring it into one sheet. 

273. The number of sheets of cadastral maps printed off and issued during 
the year was 4,866, which is 311 sheets moro than last year, thoug!l the 
number of copies printed is less, owing to the North-Wostern Provinces Govern- 
ment only requiring 10 copies of each sheet. 

276. An improvement lias been introduced into tho process of intensifying 
negatives, by which the use of hydrosulphate of ammonia is dispensed with, 
thus avoiding the very unpleasant smell of this chemical aud effecting a very 
considerable saving in expense. Improvements have also been made in the 
plloto-transfer process by the use of enamelled transfer paper, which gives much 
sharper prints than the paper ordinarily in use. 

277. Some progress has been made in the introduction of heliogravurt! ; 
an improvement in the method of graining the gelatine reliefs by means of 
waxed sand, which mas effected by Major Waterhouse recently whilc on fur- 
lough, has put the process on a very practical footing for half-tone work. The 
system of electrotyping adopted at Vienna is found to answer very well, being 
exceedingly simple and regular in action. There are still some difficulties to 
overcome in the applicatiou of the process to large map work, which have formed 
the subject of considerable experiment during the year. Two plates of very 
delicate shaded drawings of basalt crystals have been reproduced, and 800 copies 
of cltch printed for the Geological Survey ; four more plates of the same kind are 
in hand. The advantages of the process over lithography for this kind of work 
arethe fidelity with which ever touch of the artist is reproduced and the 9 evenness of the printing ; the p ate, when once steel-faced, yields an alnlost 
unlimited number of equally good impressions. The  process has been very 
fully described with all late improvements in Blajor \Vatcrhouse's report, 
given in the appendix, in which mill also be found furthcr details of the 
working of the Photograpl~ic Office during the year.* 

Abstract of FVork pofornrcd in the Photo,q~.nphie Oflee ~ ~ O I I L  1st October 1881 to 30th  
&yt13111bo. 1882. 
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APPROXIAUTB 
r-.A .--- 
Number. Vnlue. 

Rs. 
To the Survey of India Department ... ... 7,240 31,620 

... ,, Marine 9 1  ... 320 6,000 

... ,, Telegraph !, ... 190 1,310 

... ,, Military t, ... 400 6,940 
,, Public Works 9 ... ... 7,590 1,02,390 
,, Educational ... ... 60 490 

... ,, Miscellaneous ,, ... 4,260 20,690 
, Road Cess Committees, District Engineers, 

kc., entitled to receive instruments on 
payrllont when they oen be spared ... 510 3,420 

,, Workshop to complete repaira of instrument 240 820 - - ... Total 20,830 1,74,080 - - 

6.-THE MATHPNATICAL INSTRUMENT DEPARTMENT. 

278. Thc financial year 1881-52 was a busy period for this Department, 
personnel. especially during 

Mnjor R. V Riddall, R E., Superintel~d- Store Bmach. the last five months 

About 1,570 instruments were repaired for various departmeuts, at a cost of 
about Rs. 14,100. 

281. The total number of instruments issued mas vcry little greater than 
the ntullber issued during the previous year, but the proportion of expensive 
instruments having been much greater during the latter year, tho total value 
of the instruments issued was about 50 per cent in excess of the issues of 
the previous years. This result mas caused by the largely increased require- 
ments of the Public Worlrs Dcpart,ment (duc, as before stated, to Railway 
Extension Surveys), to wl~icb the average number of instruments issued in the 
ycars 1878-70-80-81 was 4,1GO, a t  a value of Rs. 35,200 ; while in thc year 
under report 7,590 instruments mere supplied to that Departmcnt, at n value 

ent. 
Nnjor S. H. Cornan, s.c., officintinp 

Saperintendeat. from 3rd July  to  2nd 
Octoher. 

Workshop Branch. 

Xr. T. Rolton. ~ la thcmnt icnl  In s t ru  
nient-mnker. 

hlr. F. h l t ~ ~ a h n l l ,  Assiatnnt Mnthomnt- 
irnl Instrument-mnker. 

64 ~ ~ r t ~ f i c c i s  ou t h o  permnnent estob- 
liabluent. 

76 (on an avernzc) nrtl6ecrs on the 
temporary estnblisbmeut. 

of Rs, 1;02,390. 
282. The average number of theodolites and levels issued annually during 

tho three ycars 1878 to 1851 was 88 for the formcr and 78 for the latter instru- 
ments. During the ycar under report the numbers were 118 and 198 respect- 
ively, and more could havc bccn used if they had been available. 

283, 'I'he stock of instrumcl~ts locally purchased was oxcept,ionully great; 
and as i t  was purcllased under very unusual conditions, no con~pariuon can bo 
nladc wit11 the supply procured fronr this source in any otl~cr ycar. In the 
month of August a rcquiuition was rcccived from I)uru~a for a large supply 

Mr 0.  n. Alderman, Store.k~cper. of the year, when 
Bnbnn Wolncsb Chundcr Choadllry, the demands, due 

Mnterinl Store.keeper. chiefly to the re- 
1 Pncking slrcnr. quirements of rail- 
= Prickers' way extension sur- 

Ofire Bratrrh. veys, taxed its 
Mr. hi. O'Brien, Hend Clerk. resource8 very 
,, j. W. Collins, Second Clerk heavily. 

Pcrmnnrnt 
1 extra clerk. 279. The total 

number of instru- 
ments, &c., received amounted to 26,220. These were valued a t  Rs. 1,70,080, 
and the result was derived from the following detail :-4,970 instruments, in 
value about Rs. 28,130, were received from England ; 4,685 were locally 
purchased a t  a cost of Rs. 23,390; about 9,010, mere manufactured in the 
workshop a t  a cost of about Rs. 17,720 ; about 7,560, valued a t  Hs. 1,00,850, 
were received by inter-departmental exchange; of these about 22 per cent were 
serviceable, and the remainder repairable. The serviceable stock was further 
increased by the rcpair on the premises of more than 2,850 instruments (part 
of the repairable stock , at a cost of a little over Rs. 12,300, which, after 
repair, were valued a t  a 2 c;ut Rs. 32,120. 

280. More than 20,800 instruments, in value very nearly Rs. 1,74,100, 
were issued during the year, viz.- 
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of instruments for Railway Extension Surveys. Similar demands soon followed 
from other quarters, and before the end of the calcndnr year tlre stock of instru- 
nlents used in those operations had been colnplctelp exhausted ; while a t  the 
same tirne a large nu~llber of t l~cse instruments were still required for irnnio- 
diate use. I t  is found that the dclna~ld could be met to  a great extcnt by 
local purchases. Consequently, a t  the end of the month of January  application 
was made to the Government of India, in  the Public Works Departlncnt, for 
an extra grant  of Rs. 35,000 for the l~urchnse of instruments for that  Depart- 
ment. Sar~ction to this measure was granted in letter No. 589, dated 15th Feb-  
ruary 1882, from the Undcr-Secretary to  the Government of India to  the 
address of the  Surveyor-General ; and although b y  that  time the  number 
procurable i n  the  local market was somewhat lower than what had been 
ascertained to exist in the month of January,  purchases t o  tile extent of 
nearly Rs. 23,800 were made, and the instrulnents issued before tllc cnd of 
the fina~rcial year. 

281. The number, class, and  cost of the principal instruments purchased 
are  as follows, viz.- 

... ... Chronographs ... 
... Compasses, prismatio ... 

Glnsses, binocular ... ... 
Instruments, drawing, in cases, 1st and 2nd sort 

Ditto, ditto, miscellaneoue, single 
Lenses, reading ... ... ... 
Levels, dumpy ... . . .  ... 
Pins for maps ... . . , ... 
Rules, carpenters' ... ... 
Do., pnrallel, of all eorts and sizes ... 

Scales, in sets ... ... .., 
Do., single ... ... ... 

Set squares in sets . . - ... 
staves, leveling ... ... 
Tnpes, measuring . , .  ... 
Theodoliterr ... ... 

Number. Cost. 

Rs. 
100 
715 
300 

3,730 
727 

41 
3,950 

252 
147 

1,221 
1,622 

109 
145 

2,463 
2,19.5 
4,232 

285. The articles which form the bulk of the  manufactures in the  workshop, 
and tire cost of their manufactures, are  as  follows :- 

Boards, drawing ... 
Chaius, mensuring ... 
Clinometere, wooden ... 
Compasses, magnetic, for plane-tables 
Glnsses, trncing ... 
Nachines, mnp-printing ... 
Pins, for measuring chains ... 
Plane-tables ... 
I'luviometers ... 
Rules, flat ... 
Do., sight, for plane-tables 

Scales, mctnl .., 

Squnres, optical ... 
Stands for various iustruments 
Staves, levcling ,.. 
Cnses, packiug ... 

Number. Cost of 
mnnuhcture. 

Rs. 

1,182 
2,148 

504 
466 
289 
G9G 

1,000 
1,622 

833 
325 

1,235 
850 

78 
1,914 

375 
2,784 
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286. A new lens-polishing machine has been construct,ed i n  the work- 
shop. This machine supplies a want which has long been felt. Lenses which 
would formerly have been condemned as  useless can now be restored and 
be made perfectly serviceable. 

287. T h e  total number of instruments repaired i n  the  workshop was a 
little over 4,400, and the  cost of the repairs was Rs. 26,400 very nearly. T h e  
principal instruments repaired were as follows, viz.- 

Anemometera . . . . . . . .  16 
Arithmometera . 6 
Barometers . . . . . . .  . 5 3  
Chaine . .  326 
Compasses, magnetic . 30 

Ditto, prismatic . 54 
Ditto, surveying . 84 

Glasses, binocular . 17 
Instruments, drawing, miscellaneous . . . .  965 
Instruments, drawing, cases of lst, Znd, and 3rd sort . 91 
Levels, dumpy . . .  171 
Rules, flat and parallel . .  l i 8  
Scales . . .  46 
Sextants . . .  15 
Stands for various instruments. . .  257 
Stavea, leveling . .  218 
Tnpes . . . . . . . . .  35 
Telesoopes . .  31 
Theodolites . . . . . . . . .  103 

T h e  number of instruments repaired was about 20 per cent less than that  
repaired during the  previous year, but  the defect i n  number is made up in 
9 ~ a l i t y ;  for the number of levels and theodolites (which are  among the lnore 
intricate class of instruments passing through the workshop) repaired during 
the  year under report was 274, exceeding by  60 the  average number of 
corresponding instrunlents repaired during the previous three years, although 
one of them, viz. the year  1878-79, was productive of an exceptionnlly 
large out-turn of worlr. 

288. As stated in  paragraph 241 of last year's report, three classes of articles 
in constant demand, in  the manufacture of which no great amount of skill is 
necessary, hnd been manufactured b y  artisans in  the town, a t  a c o ~ t  of about 
Rs. 845, nnd endeavours were being made to extend the system. Two more 
articles, viz. franles for level staves and frames for optical squares, were added 
t o  the  list of component parts which can bo procurcd i n  this manner ; and 
nlthough a sum of Rs. BGO only wns spent on this class of work, more could 
h ~ ~ e  been spent if this Department could have received timely notice of the 
unusual dernand~ which mere made on i t  during the last half of the financial 
year 1881-82. 

289, T h e  Rpace avnilable a t  present for the storage of instruments doen not 
admit of a  eater stock hcing kept than is sufficient to  meet avcrage  demand^ ; 
and as  wh;n an extra large ..rupply of certain ciasses of instruments is 
wanted it ie generally wanted urgently, i t  is very desirable that, the  stork 
kept ready for issue should he  greater tllag is a t  present possible. A project 
for  a new building has been sanctioncd by Govern~ncr~ t ,  and i t  is believed 
tha t  tho new building is now being designed. When completed, some of the 
difficulties with which this Dcpartmcnt has to  contend sltould be rcmovcd ; 
and the  sooner i t  is rcady for occupation the  better, for i t  is clear that  t h c  
wcrk of the  Dcpartmcnt is increasing. 

290. T h e  profit and loss account of the workshop showed a profit of a little 
over Rs. 300, tho charges having amounted to Rs. 45,914, whereas the v ~ l u o  
of the  work done mas calculated a t  Rs. 46,227. Last p a r ,  as stated in  
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242 of tile annual report, this account s ~ o w c d  a loss of about 
R ~ .  1,800. rn the year 1879-80 a profit of Rs. 13 was shown, aild as the 108.9 
in 1880.81 mas probably attributed by Major Ricldcll to the proper source, 
the results of the three years appear to show the rates charbred by the 
morksllop as nearly correct as is possible: The cost of the remaining 
portioll of the establishment, including supervision, packing expenses, office 
accommodatio~, &c., was about Hs. 19,320, ~ l l l c h .  nlay be considered to 
represent the expenses connccted with the recclpt and issue of about 
53,500 instruments, valued a t  about Rs. 4,24,000.* 

G.-THE TRIGOX OMETRICAL SURVEY OFFICE. 

291. The principal work of this office is the final reduction and publica- 
tion of tlie tnaugula- 

Personnel. tion of all parts of 
J. B. N. Henncaaey, E S ~ . ,  BI.A., F.R.s., 

~ ~ ~ ~ ~ t y  S ~ ~ e r i n t m d e ~ ~ c ,  1st grade, in 
ehtbrpe. 

W. H. Cole. Esq.. Y.A., Deputy Superin- 
teudant,  4 th  grndc. 

Compttting Branch. 
Y ~ .  C. Wood, Su~.vvgor, 2nd grndc. 
,. H, w. Prgcber~,  Survrgor, 4 th  grade. 

B;,~OO O I I I I ~  L'ors1111d. Co~nputer. 
,, l inlly hlollun Obose, do. 
., Krl ly  Coo~nnr C11:~tterjee.Computer. 

10 other Cornpotrrs. LC. 
P,i,rtirrg Bm~lch. 

Mr D. V. Ho:l~es, P1,inter. 
13 compositors 1l11d npprellticos. 

Correspoedcllce, Stores. $c. 
Mr. H. E. T. I<celon, Surtwyor, 2nd grnclr 

(to 1st J U I ~ ) .  

hfr. J.  Bond, Assiatallt Surveyor, 1st grnde India, and the repro- 
(horn 1st JslJ'). 

2 native writers. duction of the topo- 
Pholo:incographic Branch. grapllical survey8 

Nr. C. Q.  Ollenbarh, Zi~leogrnpher. executed in the Trigo- 
.. C. I)~SOII. Yl~otogmpher. nometrical Branch of 

2 Native I)rl~ftsmcll. 
1 A ~ s i s t n n t  DruCbmnn. the Department. The  
1 8lnp.keeper. office being located a t  

Dratoing Branch. Deliar Dun, a t  a con- 
Nr. a. W. E. Atkinaon. Surveyor, 2nd siderable distance 
grade. 

Jufer  K h n n  and 6 other Drnftsmen. has a 
19 Assistont Draftsmen nnd Nap drawing! a photozill- 
eob,urists. cographic, and a, 

Solar l'hollologroplry. printing brauch of its 
Mr. I.. R .  Clsrlio. Surrreyor, 2nd grade. own. I t  is thus in&- 

nnll Slllnr Pll>to~rnp11er 
~ r .  C. L.'. Outhrie, ~ ~ r e i a t a l ~ t  t o  ditto. pendent of all extra- 

neous assistance i n  
the matter of publicatioii, excepting as regards tlie binclinv of its printed matter, 
which has to be done elsewhere, usually a t  Calcutta. D ~ h e  office has also a 
depbt of instruments and stores attached to it, chiefly contaiuing the higher class 
of iilstrumcuts appertaining to tlle Great 'l'rigonometrical Survey, of which i t  
has long been the head-quartcrs office. I t  is now, and has for inany years been, 
under the imnlediate and able superiutendellce of Mr. Hennessey, RI.A., F.R.S., 
aided by Mr. Cole, b1.A. 

292. Tlie inore important calculations of tlie year mere those in connec- 
tion with-(1) the Southern Trigon, which eoulprives tlie whole of the 
principal triangulatiori south of l 8 F  ; (2) the observed latitudes; ( 3 )  thc Assam 
Longitudinal Serics and Assan1 Valley triangulation. BIucli assistance was also 
rendered iu bringing up the field computations of the Eastcrn Frontier SeriDY, 
including the principal triangulation, the Rlergui base-line, the astrononlical 
observatious a t  Mergui and Moul~uein, and the Burma secondary ol,erations, 
all which mcrc carried on with a view to facilibate the final reductions to be 
mnde hereafter. Tlie Gilghit triangulation by Oolollel Tanner was C~lll. 

puted,various tables were preparcd for the details of the North-EastQuadrilnternl, 
whicli are given in Volunie VII of the fiual account of the priucipal triangu- 
lation, ancl some secondary opemtions wcre finally ndjosted and reduced. 

293. The reduction of the Southern Trigon by the simultaneous rncthod 
adoptod for the three preceding Quadrilaterals mas commenced last year, and 
has been completed this year, very satisfactorily, as appears from tile 
of the residual erroro mhicl~ arc given iu the appeudix. The  auxiliary figures 
now alolie remain for adjustment. 

294. The final reduction of all tho Astronomical latitudes observed up to 
date in co~lnection with tlie geodetic operations of this survey is reported to 
have madc good progress, 'I in keepiug with the fact that urlder pressure to 
meet immediate wants only one pair of oornputers could Le employed on 
the work, and that for little ovor lialf the year. Tho reducrion, moreover, 
preaents a coilsiclcrable undertaking, i~~vol\,iug, as it does, observations to 
-- - 

hl~~.jor Il i~ldall  rrporta t l l n t  l ~ e  is s r l l  se l ia f i~d  with the  work of  hIr. T. U o l t o l ~ ,  t h e  I n r t r t ~ n ~ c a t - ~ ~ ~ k ~ r , ~ l l j  
tl~..t.of Mr. 'l'. h l n ~ . n I ~ s I I ,  tlie Ars i~ tn l l t  l l~ r t l~cmnt icn l  I~~stt~~~ment~.nrnlr~r, who is n very esernl n~~qu'sitioU to the 
w u ~ . k s b a ~ .  The slore.kacpor nud ofice clerbs hove worked assiduously u n r l  an suecesrfully ns cum be expected 
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large groups out of 906 stars a t  117 stations, so that  more rapid progress under 
tlie r i rc~~mstnnccs W:IS not practicable. Contributions tom:trds thc volume of 
latitudes, to be p r i ~ ~ t c d ,  l ~ a v c  been secured to the extent of description by 
I,ieutella~lt-Colonel C:lrnphell of Stritnnc's zenith sector, with drawings of t l lesan~e 
instrunlent b y  Major G. Stralian " 'l'lic final retluctions depend on an elal~orate 
a ~ ~ a l y s i s  b y  DIr. H e ~ ~ ~ ~ e s s c y  of the sevcrnl v ~ l u c s  of thc places of t l ~ c  observed 
stars, nyhich arc given i n  the various published catalogues of stars' places, some- 
times with material differences betmecn d x c r e n t  catalogues. 

205. Volume VII of the Account of tho Operatiuns of thc Great  Trigono- 
metrical S u r v ~  was completed and plnccd i n  the hands of the book-binders by T t:le closc of t le  year under rcviem. Volumes V I I  and ~ I I I  are devoted to tho 
scveral chains of triangles-sixteen in number-co~nprised in the North-East 
Quadrilateral, the grcat geodetic figure, which-spealting broadly-covers the 
area iricludctl, from nortli to south, between the I-Iirnalayan mountains and the 
parallel of Calcutta, and from west to  cast, between tho Central 111diar1 
meridian and the Eastern frontier. Volume VII  gives full details of the simulta- 
neous reduction of all the  cliains of triangles, an operation w l ~ i c l ~  was performed 
under t l ~ c  ilnmcdiate direction of Major Herschel, R.E., F.R.S., duringtllcabsence 
of Mr. IIcunesscy i n  Europe, and the details of five out of sixteen of the included 
clinil~s of triangles. Volume VIII gives tlie details of the remaining eleve11 chain.;. 
I t  mas completed and placed i n  tlie hands of the book-binders b y  Christmas 188.'. 
IVhile t l~csc  pages arc  being passcd through the prcss, both volu~ncs are  being 
distributctl to  the principal scieritific libraries 'and gcoclcsists in  all quarters of 
the  globe. 

206. I t  had been intended that  Volume IX, tlie next for publication, sl~oulrl 
be devoted t o  the details of the astronomical observations for latitude and thcir 
final reduction; but delays occurrcd to prevent this intention from being carried 
out. l I c a ~ l w l ~ i l e  corisiderablo progress had been madc by  Lieutenant-Colonel 
Cnmpbcll in  tlie preparation of the  volume which is to givc an account of the 
clcctro-telrgrapl~ic detern~inations of differtmues of longitude. T l ~ e  printing 
of thia vL,luwc lias therefore been pressed forward. 200 additional pagcs have 
been printed, and the  volume mill probably hc ready for issue by  April 1583. 
I t  will be  poblished as  Volume rx of the scries. 

297. Of the Synoptical Volumes, which give a p d c i s  of the results 
of the whole of the triangulation, both principal and secondary, for tho 
requirements of topographers and geographers, Volun~es VII, x, XI, XII, 

xrrI have been distributed, and progress has been made wit11 the volumes 
of the Assam L o n ~ i t u d i n a l  Series arid Assam Valley t r inngulnt io~~,  and of the - - 
Gurwnni Series. 

298. I n  tlie report for last year i t  was pointed out that the lines of spirit 
l ~ v e l s  in the Uo~nbay and Madras presidencies, which connect tho tidal stations 
a t  Okha-near the  entrance to  the  Gulf of Cutcll-Bombay, Icarwar, and 
IIadrc~s, present the  anonlaly of raising the southern poirrts relatively to  the 
northern, and that  t l ~ i s  is probably due to  nn accumulation of minute errors 
rauscd by  oblique i l lumina t io~~ of the bubbles of tho spirit levels. I t  mas 
also stated that  tlie mean-sea level, ns dcternlined ut each tidal station, would 
be  assumed to be the datum to which the spirit I c ~ ~ c l s  should be rcfcrred in 
each instance, and that  a n y  discrepancy wl l~ch  might be m r t  with on closing 
a line of levels a t  3 tidal station (purely oceanic and not riverain) would be 
dispersed orc r  the line and treated ns a n  error gencmted in thc leveling 
opcmtions. I n  accordance with this a r r a n g e m ~ n t ,  t l ~ e  liucs of levels conncct- 
ing Horubay, Rarn-ar,  and Madras have bccw adjusted simultaneously by  the 
method of least squares; pnnil>lllct No. 4 of Ileigllts in Southern India from 
tllu > l ) i r ~ t - l e v c l i n ~  ol~crations l ~ a s  been l~rcpnrecl mid is in  ljrcss, and suitably 
an~cndrt l  ~ S V I I ~ H  w ~ l l  bc made of the paruplllcts prcvionsly pu1)lislicd. 

299 T11e nl~ccts 75 and 82 of tlie charts of spirit levcls, TVII~CII were drawn 
iri ISYO-81, ha\-" bccn printed and d i s t r ~ b ~ ~ t c t l ,  :uld four other sheets are in 
I ~ a ~ i d .  Additional data  halt also 11ee11 collected from several districts ill 
13rng:ll, and \rill ecrvc to  illrl.trate tho sheets of that province, not issued 
l~itllcrto from \ \ - a ~ ~ t  of matc.rin1. I t  i.; Iropcd that  scveral additional elwets 
will bc ~e: ldy for pu1)licntion 11cxt pcnr. 

300. A ncw edition, tllc sixth, of thc  map of 'I'u~lrostnu is under co~npi-  
Intioli, in comniunication with the Foreign U e p a r t ~ n e ~ ~ t ,  t o  which proofs of t l ~ c  
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map have already been submitted. I t  is i l~tendcd to include all the gco- 
graphical info~nlation rercived up  to date  from officcrs and cxplorcrs of tho 
Survey Department, notably from the reccnt operations ill Afql~znistaf,  
Colonel Tanner's survcys around Gilghit, and the  worlr of explorer R1- S- i n  
and around BadalrhshBn, and from all other available sourccs-as Rcgel's 
(part of) Dnrwaz 1882 ; Schindlcr's Routes, Persia, 1880 ; Floyer's Belucliistan, 
1882; Turltestan Military Circuit (Itussian Topographical Department), 1880.81, 
&c. 

301. All the maps of the  current year's work of the  Guzcrat and Cutch 
parties have been examii~ed and ~ u b l i s h e d  ; a few preliminary charts of 
triangulation have becn compiled and published, but of course t l ~ i s  work has 
been materially diminishing of late years, as  the field operations have been 
gradually coming to a a  end ;  but a large amount of n~iscel laneou~ work has 
been executed. as detailed in thc appendix. F o r  the  Forest Survey Depart- 
nient 17 maps and 1 chart were passed to press and published. T h e  money 
paid to this officc for maps and charts during the pear  was Rs. 743. 

302. T l ~ c  Colby apparatusof compensation bars and microscopes and its 
npl~urtenances-i~~clucling standard bar A, with which comparisons of length 
hnvc bee11 made a t  all the base-lines--is always lodged for protection in tho 
office a t  Dehm when not actut~lly in  use. Fourteen years havirlg clapsed 
since the il~casurement of tho Cape Camorin basc-line, when i t  was last 
enlployed, i t  had to be  carefully examined and put  into good worlting order 
before being sent to Mergui for the base-line, which nras nlcasured there tllis 
gear. This  was done b y  Mr. Hennessey conjointly with Colonel Branfill. 

303. The important duty of watching ovcr the protection of the principal 
stations of the Great  Trigonometrical Survey continues to  be  carried on. I n  
all there are 3,472 titations in 338 districts, involving correspondence and  
accounts with each cliatrict officer. During the gear  76-1. statious were specially 

protected or rcpaircd, a t  an average cost of Rs. 4-8 pcr station. Of the  district 
officers who should have sent annual rcports, about one-sixth failed to comply. 

304. Mr. Heunessey rcports that  various scientific duties continue to pre- 
sent tl~emselves for discharge, nrit11 a growing tendency." Meteorological obser- 
vations a t  Dehra a ~ i d  Blnssoorcc are of long standing. These were taken during 
the ycar, as usual, and a claily weather-telegram was sent from Alussooree to  t h e  
Meteorological Rcportor to  the Government of India during the months of April 
to November. 1l:arth teuipcratures have been observed daily, and the nleon 
~ ~ ~ o i l t h l y  rcsults for about a ycar aud a half will be found in the appendix. 
Actinoluctry mas commenced in 1869 b y  Rlr. Hennesscy, who has subsequently 
nlso availed himsc.lf of favourable opportunities when a t  Blussooree t o  observe: 
occ:tsional measurcn~cnts nrcre niade last year : four of the assistants, two being 
~int i rcs ,  nre now able to use the iustru~ncut. RIr. H e n n e s s c . ~ ' ~  results have beell 
publisl~ed and discussed in various nilnlbers of the proceec 7 iugs of the  Royal 
Society, :ind t l ~ c  subject having attracted attention of the  Solar Physics Corn- 
 nitt tee, Sontll I<cnsington, the Secretary of State has sent out Sergeant liow- 
lar~d,  R.E.,  to apt uuder tho Meteorological Reporter to  the  Government of India. 
~n taking a scrics of observations a t  Leh, extending over two years o r  more. 
Illr. Blnnford has placccl tho Serjetznt temporarily under AIr. I-Ieonessey, who is 
~nstructiiig him and arr:lnging for the  required work. As one of the  miscelIa- 
n r o i ~ s  itcms may be uientioned a n  nppcal from Professor Schuster, Secretary t o  
thc Metcoric Comnlittee, presidcd over by  Sir William Tl~omson,  for collecting 
~,vidence as  to the prcsence of well-known meteoric conlponents cleposited 
(lust on t l ~ c  earth's su face, for assist:~llcc in procuring rksert sarld alld con- 
dcnsed r a t e r  fro111 ullbrcbba snow-a rcqaest which has already been coulplied 
~ r i t h  in rrspcct to sand, but has not yct  bccn found practicable os regards sno\p. 

305. T h c  cxplorer AI- S- having rcturned after nearly follr 
.tbscnce froln 11rdin with vnluablc trnverscs i n  and  a r o u ~ l d  Badnkllsh~n, his 
~oi l rnnl  nlrd itinerary have beru tmnslntcd ; and tho illustratillg slretcIl map  
prcp:~rcd, wllicll is givcn in ticctio~~ X X V I  of Par t  I of the prese~lt  report. 

306. Solar photogmpl~s for the Solar I'hysics C o n ~ n l i t t e ~ ,  South Ken- 
singtoll, were taken on c re ry  d a y  of thc ycar mhcn the sun was visible: 
ilivivibility o c c u r r ~ d  only to the cxtcnt of 10 pcr cent, a p i l l s t  15 ill  tilc 
year previous. S o h r  fvaturcs appenr1.d on cvery d:ly of \isibility, besides 
that a rcmnrknblc cxliibit of large spots occurl.cd in April. T h e  spots were 

L 



depicted in n daily sericv of negatives, fortunately without any break. The 
photol~eliogropl~ in use is the old instrunlent, giving 4-inch images of the sun: 
for a short timo the instrunlent mas employod with an onlnrging appamtus 
giving 8-inch images ; but intinlation bcing received from General Strachey t I~a t  
the Ast,ronomer Royal requires 4-inch negatives for the mcosurin,o apparatus at 
Grccnmich, a reversion has bcen lllade to the smaller sized pictwes. The  
new large photoheliograph for taking 12.inch negatives hay been recoivcd 
safely. 'l'l~e observatory for its accommodation is now mcll advanced, and 
it is expocted that the instrunlent mill shortly be in morlring order.* 

l l r .  Hcnncrsey nckuowlcdgcs tbc rnlnnl,lo rind cficient nid he llns rcccivcd f~,orn Nr. Colc in ~ l i r~c t ion  
wcll nn in  cxccution, morc ~,nrticolnrly in rc-nrd to  tlle coulpletinn of Yolulnc vrr. 

~ r .  Wood is co~nnleotlcd for the milliag%rss and nbility with which he bas dischnrgcd n grent variety of duties 
Tbr work of Mr .  Yeychcn, DabousGuugn Yershadnnd Cally MoLnu Qbosc, iu tbc Co l~~pu t iug  Bmucb, is rcportcd 

on very fn ro~~rnb lg .  
bl'csus. Kcclnn, Atkinson, Clnrlic, Ollenbncb, Hughes, nild D y n ~ u ,  nr0 0180 commeuded. 
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&'tc,n.srqry of 011t-lu1.1t of FPo1.k orrrutcd 6.11 (An TRI(fO.VOXl%TRICAL PARTIES 
clzirit~g the surtlry yrav 1881-82. 

. . . . . .  Number of principal stations newly Gsed I 
. . . . . . . . .  Leugth of principal series in miles 1 

I 
Area of principal triangulation in squaro miles ... I 
Average triangular error in seconds . . . . . .  I 

.. probable cmor of anglcs in seconds ... I 
dstronomical azimuths of verification . . . . .  

,, latitude . . . . . . . . . . . . . . .  
Number of principal stations selected in ndvnnco ... 

,, of platforms constructed for principal sta- 
tions . . . . . . . . . . . . . . . . . . . . .  

Number of p~incipal stnlions plnccd unclor official 
. . . . . . . . . . . .  protection and protoctcd 

Number of principal stations the clements of nhich 
. . . . . . . . . . . . . . .  hnvo beon computed I 

Numbcr of secondnr trinngles of vhich all three 
nnglcs have becn otserrcd . . . . . . . . . . .  

Aren cmbraced by lrinng~llatiol~ to prominent points 
cxterior to priucipal triaugulntiou aud in squnre 
miles . . . . . . . . . . . . . . . . . . . . .  

Number of points fixrd by intersection but not 
visited . . . . . . . . . . . . . . . . . .  

Niilnber of stations and points, thc heights of n h i c l ~  
a e n  d o i n e d  . . . . . . . . . . . .  1 

Number of miles ol. rays and pntliways clearcd ... I 

.. of hill tops clearcd of forest or junglo ... 

.. of milcs loveled over . . . . . . . . .  
of permnucnt bench-mark stoncs cmbcd- 

d i d  . . . . . . . . . . . . . . . . . . . . .  1 
Eumbcr of trioonometrienl stations conncctcd with 

lines or lovels . . . . . . . . . . . . . . .  
Number of othcr perlnonont points Gxcd ns bcnch- 

marks . . . . . . . . . . . . . . . . . . . . .  

* In oddilion to (110 nhnvc. II miles or l ~ v e l i l l l l  w r e  rxc- l l l~d  by thr. Hrntbnnnrldy Rcvrnuo Bmtlal~ Pnrly in British Bormq 
Exin5 tho heiph!~ of J2H belrch-marks, or wbicl~ 57  wrrc 011 polls 8l~eciullY colbuddr.d, the rcluula~lor borng au trees and othor 
prevaously erutlng oblects. 
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SUMMARY OF OUT-TURN. 

PdRTIES bettoeen the 1st  O c t o b o  1881 otld 30111 Srpfot~~hrr 1882. 



PART 11: 

SLEPNVL~)Y of tho 0trtt111-n of the Rcdd T o r k  of the REVENUE BRANCE 
~- 

Abstract nccording to  Jrrristlictio~ta. 
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. . . . . . . . . . . . . . . . . . .  Jlcnrtlt 
Hulnndshuhr . . . . . . . . . . . .  

... Alip~rh 
s u u ~ l ~ o r u  c~ll&iornteb of LeeeaC' 

Uooghly and 2CPerrunnnbs 
Uitto ditto . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  HnnIl~nwnd~Iy 
Tl~nrrnw~nddy . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  Yirznpur 

Topogroplical S,dmryr. 

TOIAL 09 TOFOBRIPIIICAL S U ~ V E Y S  

...... . . . . . . . . .  Sholapur City I ...... 
GRAND TOTAL 



PARTIES hcltcecjt  1st October 1881 to 30th Srt,tcrrzhrr 1882. 

No. 4partg 03.003 2 010) 0 3 6 0 1 0 1 ,  6 ,, .:i ( )  ; : : :I 
,, 9 ,, ... 
,, 7 ,, . 
$Ih:t 'kst 3;: 

vey. 

NO. 

NO. I party ..( 
,, 3 ,, ... 

3 pnrty 

11 pntty 

0 ,. . 

1.79,S.U 10 1(d) 

19Oli6 1 

1,7p.i71 2 O(f) 
18.UU7 0 11 

C,?8.036 3 0 --- 

Acm. 

0 6 8 0 6 6 ' 

0 0 6 I  0 4 r 
0 6 0 0 8 t 
1 1 0 0 6 (1 

90,470 10 7 
2b.7UY 2 10 
1.470 o o 
0.905 10 4 

(a) Thecastis,  nxelusivo of Ra. .3?2 spnnt ip +rveyiw 19'6 
aqtnom toal<;v of ovcrln on 2" ncala on dlstrlct Arpmhatb. 

{ I )  Of thi. nrvm r sqaore m 5 a  welw surveyed "81  the 91,' seal.. 
r )  Exrlurive of 14s. 3.410 oxpmded on tl~eodnl~le ma:k.alona. 

( d )  Jtxrlusive of Its. 8.9*%%:1 erpcnded an dernsrenlron. 
( e j  Exrlu-iro of 11s I.iOl-6-9 rrpet~dod on dememtron nnd 

Rs. 1!1,312-s.2 pnid I B Y  Porvst Drportrnenc. 
I f )  Bxel~~s~vu or ns. 4.131-23 cxponded on dernorcntim. 
14) The ,Iapogruphy of 92 sqllnrc miles wns surveyed On the I" 

Pot sqtmro milo. 

no. A .  r. 
17 0 0 

190 O 8 
ivr n no) 
4.b 6 10 

( h )  Thc avcmge size of Huld. is an the cultivnled ortian m l  
nnnout~t Its. 18.021 LIOPO been d e b i t s  wain#' ti: 

(k) V ~ r y  intriei~te loreat.elsd country. 
jl) Ercltulve 01 c h n r ~ c  for OcLober 1681, which wan included 

in, the l l ~ l u r n ~  of 1100-91. 
(,I,) TI,. nt~rncr01aa Y ~ I I R Y C  aitea on the banka or the Hoo(lhlp 

river ~ v n t l o t ~ d  the work,~qttivnlont tW a city survey. 
n) The nverngr rim of flolds a on tho grclss nr+ l o )  yho intermcdinto lnnds lyinr batween tboetty ~nddetaehed 

bolars hnva also been t!!npped luldlng 1.Y7L aorc3 to the 
nrco or t,l~o survey. low1 iron rnopr.ed = 3 eponre 
rnilg.8 nrorly Actual city sreu. = 625 nrres. 

~A~otc.-llle r?Lcs in the BLll. ,Oth, 7Ib, nnd 8th division# ue 
crelus~vo of tho lollowlng :- 

Rq. A. P. 
No. 6 pnrty ... 1.0'58 12 9 L ~ V H  nnd f ~ ~ r l p u g h  *Ilownnc4 

of ICuropcnlu oastslonta. 
, a , ... 2.002 11 4 Lrnvc nnd trarellillgallow~nce. 
, 7 , ... 6110 u 0 Y+rrlough slloaanco. 
, 8 , ... 1.170 0 0 Uitlo ditto. . 

(P) Cost = Rs. s.010, pnid by Sholapur Punicipnlity. Average 
role = ILS. 3.1-11 par acre. 

for Deputy Surczyor-Genwal. 

LRMABPO. 

lnrlodcs 11% snunre milea 01 
connlry l ~ i n g  between scttle- 
lneut bouud~ry  nnd b m  of 
hills. 

E~r luding  the +inch some, 
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sttrvcy I* u. 31.1,.3 
squnm milo. 

DIBTILICT. 'iatum of mnvey: ljy whom and 
when serrryed. 

Q h a r i ~ u r  ... ... ... 

Deralrmail Kbm . 

Mwmt ... ... ... 

3.714 

011 

.... ,, 

Ra. 

asP,6;,8rr 

200,:58 

7D.200 

I.nV?.?q:, 
(nrnnt~n sire 
of Ill" Ilrlds 
= 0'48 Of nu 
rnCL.0.) ...... 

... ,. 

1,498 

@,a51 

2,JCG 

Rs. A. r. 
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S t a r ~ n . ~ ~ l m a n s l m ) b o n  tlre srnte 
of I,; n ~ c l , v s  Lo s mile by 3laj,.r 
\v. hnl.ootl : a ~ r n m e ~ ~ e ~ l ,  1578.1u; 
liuisued, la$l.ss. 

Sururj-rcl lnnznrror on lh?  s ~ n h  
oi .I mrlnrs lo s lluln I,,, Colo~~el 
I .  . J : n !  t i  I 1,. 
8m.ib. :r~al L~rut r~~:~u~.Coloucl  
I l  .\l~hcdulttr!tl : ron~mcnord, 
lY70.74; 11111~111.B. 1S.91-51. 

Survr\vd touocnophnnrlly an thn 
scnl of 9. aurllt.s to I\ nl'lo b 
hl.t,~W ur. H. \Vl!ki08 ""d i lr .  d 
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4 U I P ~ U J  LO R I U I ~ O .  





APPENDIX. 

EXTRACTS 

8 U O Y  

THE NARRATIVE REPORTS OF THE EXECUTIVE OFFICERS 

IN C A A R O E  OF 

THE: SURVEY PdItTIES AND OPERATIONS. 





Ectrart from the Narratir~e Eqor t ,  (Zated 27111 OctoLer 1882, qf LIEI'TEXANT-COLONEL 
B. R. DHANPILL, B.C., Dcy,rty Srrpe~.intendt~rt, Surcc!/ of I~rdru, 116 c/in~.ge Bombny 
Pa9,ty. 

T I ~ E  Eastern Sind series haviug been completed by tlie Bombay party dllring lnnt 
field season, and the computationn connected with i t  very Prelinlinaly. nearly so during the recess, I received instructions to 

examine and prepare tho base-line measuring apparatus for the Mergui bose, which i t  
was determined to measure during the field- season of 1881-82. 

I n  carrying out this duty at Dehm, I received every assistance from Mr. Hennesse~ ,  
who placed the workshop resouroes of the Dehra office at  my disposal and g:lve me all 
the iuformation and instructious requisite. 'I'he npparn t~~s  was found to be worn and 
shaky, but was put into efficient workiug order, cleaned nnd adjusted throughout by the 
middle of October, when i t  was packed up and despatched by rail to Calcutta. 

The Indian Government steamer Crlc~.ity had been provided to aid in pushing on 
the trinngulation to the southward of the base-line in 

Government stonmor CcIc~~iIy. the Mergui Archipelago, and the whole of the Bombay 
p u t y ,  with its ordinary camp equipage and triangulating iustrumeuts, proceeded iu this 
vessel from Calcutta to Iiaugoon ou the 5th November. 

As there was no stowage room for i t  in the C ~ I ~ r i t y ,  the whole of the base-line 
npparatus had to be despatched by the ordinary coasting steamer of the British India 
Stenm Navigation Company, which left on the 4th November bound for Mergni, accompauied 
by Mr. Atkiuson and two natives to look after the measuring bars and instruments. 

I n  view of the shallows and suuken rocks with which the hlergui Archipelsgo 
abound$, and the great draught of water of the Cr~lerit!/ 

A steam-lnunch futlnd to bo very 
desirnl~la. (uearly 1% feet), which would preclude auy near approach 

to tlie shore generally, aud prevent her entirely from trnvers- 
in6 many of the ohnnnels, Captain Aearl~, S~~periutendent  of Marine, strongly urged 
t l ~ a t  we should ohtnin the use of the ~team-lauuch MottLlrcijr, whioh was bring sent 
in tow of tlie O>lrrily from Calcutta to Rangoon for the uRe of the port of Moulmein. 
H e  also ur  ed this course as a matter of great economy in  the expenditure of coal, in=- 
much as tghe G>I(!ri(y could carry comparatively little fuel for her own relatively large 
ooneumption, and the pnrty would be deprived of the aid of steam power eutirely whilst she 
was proceeding to aud fro to recoal, whereas the steam-launoll on!y consumed about one- 
tenth the amount of fuel, and was actually more suitable for the many coasting trips that 
were necessary in visiting the survey stations. Moreover, the steam-launch could be manned 
and worlced by the crew of the Cck1.it.y without nny extrll expense. 

On the 10th tho Celo.it~/ nut into L(a~~eoon. t,he last nort where there was a dendt of " .  
Slonrn.launcli obtained nt Rnngooti. fuel to Tecoai, and wGi~st there, with your saniGon, -1 

applied for and obtaiued the use of the steam-launch for the 
ensuing two months a t  the rate of' 'lis. 500 a montli. I am glad to state that this arrange- 
ment, in the opinion of thoso engaged in the operations, proved emiuently convenient aud 
economical. 

On the 12th November the Qlrrit!/ left Rangcon, and roaohed Mercui on the 14th, 

Tba pnrty renclter Bler&n~i. the day before the arrival of Major liogers and the Emtern 
Frontier and Burma parties, with which the Bombny 

party was to co-operate. 
No time was lost in making the nocessery disposition of the party for commenoing 

the triangulation. The plan of operations deoided 011 was 
Plnn or oprntions. 

that the Bombay part,y eshould complete the t,riaugulntion 
near the base-line, inoluding its connection with the Eastern Frontier series, and ally verifi- 
citory and secon~lary tr ian~ulat ion tlint might be req~lisite before taking up the neceseary 
astronomical c~bservntions, whilst Ma,jor ltogers with the Burma partien extended the trian- 
gulation to the southwards as far  as possible until the middle of January, when both parties 
were to assemble and proceed with the measurement of the bose. 

l h e  signal-men were seut off t'o their stations by boat on the 18th of November, 

Trinngulotion commenced. 
and n complete observing party with Troughton and Simms' 
two-foot theodolite No. 1 on the 19th to king's Island for 

the liill station of Kapa Taung, where fiual observations were com~uenced on the 24th and 
finished on the 27th. 

Mr. Atkinson meanwhile having arrived with tho base-line apparatus a t  Mergui on 
the 23rd, I sailed back thither to ascertain thnt the equip- 

Arrivnl of I>aro.lino nppnmtua. rnent was all right, to see i t  properly stowed, and to  
or6nnizo, instruct, and start the leveling pnrty, all whioh wns accomplished by the 5th of 

Lcrcliag pnrty stn~.trd. 
Dccc~uber, when I rcsumed the final observin: a t  Pawo 
(i~lnntl) stfltion, whither the lnnin party had bcen transported 

in the interval. I may remark hero tllet all the travelling had to be done ill operl, colrntry 
sailing boots, nrld that i t  \ma a coutillunl soul.oe of incouveuiencr, delay, and anxiety, 
progress dcpeucliug eutirely on lair wcmther with favouring wind and tido. 



The final ohservntions were oarried on henceforward 
Completion nf  the principal trinngoln. ~ i t l l o u t  any noteworthy ouourrence liutil their completion, 

tion. 
as follows :- 

A t  Kapn Taung H. S., between 24th and 27th November 1881. (Levaling party 
orgnnized and started in this interval.) 

A t  Pawo H. S., between 5th and 7th December 1881. 
A t  T o ~ ~ n g  pili or west end of base-line T. S., between 9th and l l t h  December. 
A t  Natlaintnling H. S., between 13th and 18th Deoomber. An azimuth was observed 

at  Natlaintnung to a pair of circumpolar stars. 
At  Minthantnung H. S., between 21st and 27th December. An azimuth was observed 

at  Minthantnung to a Ursca Minoris (Polaris). 
A t  Tatoung H. S., between 28th and 29th December. 
A t  Tauribiye or east end base T. S., between 30th and 31st December. A set of &cum. 

meridian star observations for latitude was taken on the nights of the lst, 2nd, and 
3rd January 18@2 to eleven pairs of stars. 

A t  Sandawat H. S., between 5th and 8th January. A set of ciraum-meridian star 
observntions was taken at  Sandawat on the nights of the 5th, Gth, and 7th 
January to thirteen pairs of stars. 

The west end of the base-line wns again visited and a set of ciroum-meridian star 
obeervations taken for latitude to fifteen pairs of stars, on the nights of the loth, l l th ,  and 
12th of January, and also a set of ciroumpolar star observations to a Ursce Minoris for 
azimuth, between the l l t h  and 15th January, after whioh Miuthantnung was revisited and 
circum-meridian star observations for latitude taken on the 16th, 17th) and 18th January to 
fourteen pairs of stars. 

Finally a set of oircumpolar stm observations for azimuth was observed at  the east 
end of the base-line, between 23rd and 30th January, by Major Rogers, whilst the 
mensurement of the base-line mas beine begun. 

The above statement includes d l  &e observations taken with Troughton and Simms' 
t,wo-foot theodolite No. 1. 

Mennwhile Major Rogers, with the Eastern Frontier and Burma parties immediately 
Progross of the tlinnplntion t o  the under him, was engaged in proseouting the triangulation to 

southwnrd under blnjor ~ogors .  the southward of Mergui through the archipelago. 
No principal stations having been prepared or definitely selected during the previous 

season, his &st object was to lay out the series, build the stations, and clear the mys, kc. H e  
aocordingly, a.9 soon as possible, after reaohing Mergui, embarked in the Crlrrily with the 
whole of his establishment in tow, and, dropping parties at  the statious to be built first, proceed- 
ed to reconnoitre the archipelago, laying out the series of principal triangles as he went. 

With the aid of the steamers, he vieited 16 islands and selected as mnny stations, 
extending the approximate series 170 miles, as far soutll as latitude 20', and returned to 
Yajeo, the first station for observing at, within a month after starting, by the 15th December. 

The find observntions were carried on rapidly, overtaking the building and olearing 
parties by the 15th January, when the usual hazy weather hnd begun, and all had been done 
that could be accomplished in the time with the means available. Seven new principal stations 
were built and observed at, embracmg an area of 1,667 square miles, extencliug the serins 
94 miles to the southward. 

Dctnil o f  Tricrngrtlatiotz ~tnrlrr Nujar  Rogrrs. 

The final observations were completed at  the undermentioned stations as follows :- 

With FV/trrgh1s t~co:foot tRro(lo2ite N o .  1. 

At  Yajeo H. S., between 15th December 1881 and 18th Deaernbar 1881. 
Tai-ai-pin-zouk H. 8. ,, 21st ,, I 22nd ,, 9 9  

Linya H. S ,, 24th ,, t 7  26th ,, ,, 
Kiaseraing H. 5. ,, 29th ,, 31st ,, 9 

Alnymhfrn H. 5. ,, 3rd January 1&2 5th January 1882. 
Hsaeehyun H. 5. ,, f th ,, I I  8th ,, 9 9  

Kau-Yay H. S. ,, 11th ,, 97  12th ,, 9 ,  

W i t h  12-irtch fhcodolitr h y  Troirghton nrrd Sinrms. 

At V e s t  Lampee H. S., between 13th January 18H2 and 14th January 1882. 

T i l h  12-irrch theorlolitr N o .  181, T r n ~ ~ g h t o n  orrd Sirnrtts. 

A t  Ewt Lampee H. S., between 14th Janunry and 15th January 1882. 
The observations at  t k s  last statton were taken by Mr. L.  Pocock, all the rest'by 

Major liogere. 
A great number of observations were taken to fix the islands nnd hill penks of the 

nrchipelago ; mnny of the penks, however, were sodeneely overgrown with forest as to ba hardly 
distinguishable, but the objects fixed will be of value, as geographioal points. 

Wliilst the last series of latitude observatious wns still in progrcss, Major Hogera 
with the wliolo of hie triaugnlatiug party returned from the 

Aaaembly uf cntirc p r t p  lor tho so~~tbwnrd to toke pnrt iu tho measuremout of the bnse-line. 
Iiuc. The stnr 0bservntic;ns were somewhat hurriedly brought to a 



( 3 )  

close on the 19th of January, and the whole party assembled at  the enst end of the bane on 
the 22nd. 

The steamer Cclerit!, and the steam-launoh, together with all the country boats that  
were not absol~~tely reqnired, were now dismissed, and all the hands that could be spared were 
disoharged and sent in the disoarded boats to Moulmein. 

During the month of December the base-line apparatus had been oonveyed by 
degrees, whenover boats had been available for the purpose, 

Prcl~oratory arrnngcmollts lor tho to the east eud of the base, where there was a landing place 
bnso-lino. and the most convenient spot for encamping on. The car- 
penter, smith, and two or three slcilled khalasies meanwhile had been well employed i n  
putting together the trestles, tent frames, kc., kc., so that everything was just ready in  good 
time. The ground over which the base-line runs had been marked out and roughly leveled 
during the previous season, but beyond clearing the side drains little or nothing could be 
done to i t  before the middle of this January, owing to its being under water or too wet to 
be dealt with. The work, however, was now pushed on rapidly, and no inoonvenience was 
experienced from the delay. The measuring apparatus was put into working order, and the 
members instructedaud practised in the manipulation of the instruments as soon as possible. 
The comparisous of the compensation bars with the 10-foot standard (A) ,  those of the 
6-inch microscopes with their scales and those of tbe runs of the micrometers of the 
oomparing microsoopes, ti aud I ,  with the standard foot ( l J ) ,  were taken on  tho 25th and 
2Gth of January. 

The actual measurement of the base was commenced on the 27th and went on 

Thn mc~surrrnonL of the bnsc.line. 
slowly, but steadily, in the usual manner without any mishap. 
The measurement proceeded from east to west, i.e. from 

right to left of the obscrvers, who were south of the bars, facing north, the tongues of the 
bars poiutiug also in that direction. 

Distribution of work 
After the seconci day's work, the observer8 and instru- 

ments were arranged as follows, and this order was main- 
tained to the eud : - 

No. 1 p Najor M. TV. R,ogers, R.E., a t  the boning instrument 21 feet iu rear of the 
set of bars ; 

,, 2 a Lieutenant the Hon'ble M. G. Talbot, R.E., a t  the W. mioroscope on the rear 
end of compound bar A, origin of the set ; 

.. 3 A Mr. C. P. Torrens at  the R. microsco~e on the advanced end 

4 B ,, L J. Poocck 
5 C ,, R. TV. Senior 
6 D ., I). Atkinson 
7 E .. C. I). Potter 
e H ,, Lt.-Col. B. R. Branfill v 

the terminus of the set. 
9 Mo~lug Shoay Gyoke, with a seoond boning 

advance. 

of oompouud bar A. 
$ 8  9 I B. 
I ,  1, C. 

I , D. 
I I 9 ,  E. 
,, 9, H. 

instrument, laying the trestles in  

No. 2 had charge of the last fixed register from the beginning of the set until he 
had seen i t  safely covered up by a register box without being touched. I t  wns his duty 

to haud the ' director ' in passing dowu the fiual alignment. The temperature of the two 
componeuts of compound bar B. and of the air wns registered by No. 3 ; Nos. 4,5, and 13 kept 
up the field-book in triplicate, makiug all the entries independently as they were celled out, 
set by set, by the various observers : thus, immediately after the final alignment and 
before the final length was passed down, whilst the advanced register was being adjusted 
aud the tbree recorders (4, 5, and 6) last named were otherwise unemployed, No. 3 gave 
out the temperatures which he had just recorded, and NO. 2, the height of the rear and 
advanced ends of the set above the registers, which had bee11 entered in a note-book by 
himself and No. 8, who finally proclaimed the completion of the set and the l~articulars of 
the (0 )  mnrlt defining the terminus of the set. The spare time of No. 7 mas spent in  luok- 
ing after nnd oorrecting the length and dignmaot of the ohain-men and trestle layers in 
advance. No. H was fully occrlllied in directillg and aiding the npproximate focr~s and the 
npprosirnnte alignmeut-besides the laying and observing the register a t  the terminus of each 
set. 

0 u  t,he7th of Febrnary, t,he 9th day of the mensu~remerlt, the centre of tile base 
TIVO ,lays I,n~..cornpnrison takon nt w(L9 rcncbed, and the two following days were spent in  

cotitro 01 tllo Innw. conlpmi~~g t,he oo~~lpensaliou bars with tlle standard. 
Tho ~ncasurement was resumed ou the 10th anci b r o o ~ h t  to n conolusion in 5 -dnoa I"+ - .- - -.-J - \ Y Y  

Cootl'lotion of Lhc m ~ l u o n l e l l t  
the rate of over 28 set: per day) on the 15th of February, 
the 1.1111 dny of the measurement. On the 14th February 

36 sets were done in 9 working hours, at  the rntc of n quarter of an hour Der n ~ t .  th- 
L -- ---  ' "-- 

Ibpid progress. 
quiokest, having occupied only 12 minutes, the slowest 19. 
I t  is believed thnt this is the largest day's work ever done 

with the same nppnratus. 
The 258lh-&t and a hnlf fell 3.22 feet short of the (a) mark definiug the w a t  end 

of the base, which quantity was measured off on Cary's 3-foot brass soale. 



The first (eastern) half of the base was over comparatively good firm ground, but  
Ron~ark upon the soil. 

the lost (western) half was for the most part over a clnyey 
flat that was much cracked by the heat, and very shaky. 

It was found necessary to fill the orevices round the registers with pure dry sand, 
and to plaoe the registers in pits filled up to ground level or higher, with sand ; and every 
ureoaution was taken to nreserve them intact and unmoved from set to set. . - - ~  

TWO dnys bnr.compxrisons k S 0  01 The 16th nnd 17th February were  pent in a third series 
the n~eesure~uent. of bar-comparisons at  the west eud of the base. 

The triangulation nnd the line of levels having both been completed and arranae. 
ments made for closing and protecting the station buildilYgs 

COn~lu.sion the rind in  the vicinity, and for delivering them to the looel officials, 
return to Calcuttn. 

the majority of the p ~ r t y  proceeded to Mergui and took 
passage by the first steamer for Calcutta, where i t  arrived on the 7th of March. 

The theodolite& and tii,qonometrical iristruments Were returned into store in  thn' . ~- ~ 

- Mathernutical Instrument Department ; the camp equipage 
Disposal of the instrnments, kc. was stored with that  of the astronomioal parties at 

Chinsurah ; nnd the brrse-line instruments and apparatus were sent to the Great ~ i igonomet-  
rioal Survey O5ce  a t  Dehra Dun.  

The entire out-turn of trigonometrical work accomplished by the combined parties 

Entire out-turn of rvork 
engaged in the work comprises 15 trinngles, fixing 
15 uew stations, covering an area of 1,688 square miles, 

and extending the series 109 miles southward of the point reached the previous season, 
with e very oonsiderable number of secondary (topographioal and geographical) points in  
an area of 3,341 square miles exterior to the principal triangles. 

I n  addition to the above, and besides the meosurement of the base-line, four detemin- 
ntions of the ~stror~ornicnl azimuth were obtained near Mergui, andseven astronomical 
latitudes-fou of the latter about Mergui and three about Moulmein. 

A line of levels was exeouted 23 miles in length between the base-line and Mergui, 
where i t  is intended to establish an observatory for tidal investigations. I n  the course of 
this work ten permanent bench-marks were connected, four of which are trigonometrioal 
stations. 

I am glad to report that  the conduct of eaoli and all the assistants was u n e x ~ e p t i o n a l l ~  
good throughout. 

The  health and working capacity of the natives was on the whole very good, but a 
few of those who had remained at  Moulmein during the 

Henlth of party. precedi~ig recess were so debilitated as to be unfit for work. 
Several of the Bombay men succumbed to the enervating effeots of the climate aud food, and 
have since died. 

N o t e  oti the A s / r . o t ~ o n ~ i ~ n l A ~ i ~ t ~ ~ i t A  n ~ r d  Lnt i /nde  Ohscrc.n/io~za nbo~rt thc N c r g ~ r i  Bme-lir~r. 

Astronomical observations for the determination of the azimuth and the lntitude 

The lstro~~ornical obscrvnt~ons. 
were required a t  both ends of the base-line, and also at 
other ~r inc ipa l  stations of the series in the uei?rhbourliood, 

in order to obtain a good mean value df theie elements, that  should be as free -ns possible 
from the disturbing effect of any  abnormal looal attraction upon the plumb line a t  auy 
one station. 

31. The hill stations of Natlnintaling and Mintliantaung were selected for the extra 

Tho salmulh stations. 
azimuth observntious, on the north nnd south sides of 
the base-liue respeotively, as boing apparently less likely 

to be affected by any irregularities of locnl nttraotion in an east or west direction than 
the other stations in the immedinte neighbonrhood. 

The observation of oue circum-polar star at  both elongntions was found to be irnprnctia- 
able. I t  was therefore intended to observe a pair of stars at  their opposite elougations. 
Owing to oloudy and hazy wentllcr this wns also found to be impracticable after the first 
azimuth, and we were obliged to be contont subsequeutly with observations to a Ursm 
Milloris (Polari~)  at  one (the western) elongntion only ; talcing double the usual nurl~ber 
of obser~ntions with two obsorsera. olle of thetn at the telescope and the other at  the 
levels and microscopes ; this mna lound to be quite feasible. 

Circum-meridian star obserrntitrns for Intitlade mere taken a t  the Rame etntinns na 
nairnuth ob~ervations, with the exception of Natlnirl- 

('iretlm.meridinn atnr obrcrvntions lor 
I.ktiturIa. 

t n n n ~ ,  a t  mhirh i t  wns snrmi~od that there might probrbly 
be nn nhnormd excoas of local derintion of tile plnrub line 

in a nortl~erlg rlir~rtion. nnd the prinripnl station nest to the northward, Ssrrdnwnt H. S., 
wan preferred nu hring less ohjertionnblg ~ituntnrl on that ncore 

'rho 1,rincipnl slinrn of these obrrervntior~s, a3 fnr as the setting tho ta'esoopn anrl mnking 
tho intersnolion of the stnr was ~indertnkon hy mynolf, nnd. in the cnae of the M i t l t l ~ a l ~ t n ~ l n ~  
nheerrntions, I took them done  ne Lieuteuant Talbot was e~ignged ou other d~ltiea, 
prepsriug tho bnse-line, Bc. 



The ~bservatione were takcn throughout in  the ordinary observatory tent belonging 
Ohscrvnrory tent. 

to the party, the frame and top of which 11ad been 
divided in two in the centre, and the halves ~eparated so 

as to leave a complete meridional apertura 8 or 10 inches wide from horizon to llorixon 
through the zeuith. The junotion of the two halves was made by thin cross pieces of iron 
at  the peak of the tent frame, and at  intervals down the fly. The aperture mas corered by 
a separate strip of cloth (orpurdah) which could be attached or removed a t  will, and thie 
a r r a ~ e m e n t  proved sufficiently convenient without adding appreciably to the weight or 
portni;ility of t h e  tent. 

Forty-seven stars mere selected from the Nautical Almanac and from the Green- 
Shts used 

wich seven-year C?atnlogue for 1864, in pairs of nearly eclual 
north and south zenith distance ranging between 9' and 3R0, 

and in right ascension all between 1 hour and 8 hours, so as to b e  suitable for observing 
about the meridian between eunset and one o'clock after midnight, dtming the month of 
January. My illstructions were to observe ton pairs of stars on three nights each ; but 8s 
I was uncertain of the value of some of the stara' places selected from the old Greenwich 
seven-year Catalogue, I endeavoured to secure twelve or more pairs, and succeeded in obtain- 
ing 11 pairs a t  the east end, 13 pairs at  Snndawat, 15 pairs at  west end, and 1 4  a t  
Minthautaung. W e  had no experience or previous praclice, but after a little while the 
routine became easy aud tolerably quick : it  was as follows :- 

The 24-inoh theodolite having been adjusted during the day, was examined and 
leveled about sunset, when the transit of a high star was 

IIodt~s o p c m d i .  observed on the meridian, to determine the error aud rate 
of the Sidered ohronometer. The recorder mas provided with a table of the selected stars 
showing their aspeot, altitude and zenith distance, the chronometer time of their culmination 
or transit, and the maximum interval therefrom, within which i t  was requisite to observe 
them, so as to avoid, if possible, the necessity of using the second term in the formula of 
reduction. The intention was to observe the star as near to its culmination as practicable. 

&larks were made upon the circular lamp-table by which the telesoope was very 
readily laid approximatcly in the meridian with either a north or south espect, and i t  was 
then set to the nltitudo of the star about to be observed. A few seconds before the proper 
time for the first observation the telescope, set to the proper altitude, was moved 
in azimuth from the meridian to meet the star, and the illstant of completing the intersection 
at  the proper part of the horizontal wire of the telescope was called out by the observer aud 
noted by the recorder, who was watching the chronometer, and who read out the time regis- 
tered, which was theu checked by tbe observer looking a t  the ohronometer. The  level was 
then read and recorded, and lastly, the readings of the vertical limb, either the altitude or 
zenith distance, directly, by means of the two verticnl microscopes ((3 and H). 

The telescope wnsnolv turned over 180' in altitude and the same in azimuth, so as to change 
the face of the instrument from east to west, or ~ i ~ * c  ro,.sd. The telescope being again set to 
tlro zenith distauce or altitude of the star on the meridian, the secoud observation was made 
as uenr as might be to the time of its culrr.i~~atil,n, the time, level, aud vertical mioroscope 
readings being recorded. A repetition of this observation followed as quickly as possible, 
alter wl~ich the setting of the iustrume~rt was again reversed and a repetitiou of the first 
observation talcen. This completed the set of four observntions to a star for the night, and 
the instrument wns immediately set ready for the next star, barometer and thermometer 
readings being taken frequently in the intervals. 

The even and stendy illumiuatiou of the limb by the hand lamp was found to be 
a difficult and dilatory process, and a fixed light upon the graduations to bo read was a 
great desiderntun~. 

With two observers the avernge time occupied iu observing an ontiro set was nearly 54 

Tin18 occupiod I>p a set o l  obson.a. 
minutes, betweell a minimum of five minutes aud a maxi- 

tioun mum of 7 m i ~ ~ u t e s ;  but with only one observer, an average 
of 64 (between 6 and 7 minutes) for each set. 

Towards the conclusion of the nigllt's work another trausit was taken for error and 
rate of the clock. 

After some little practice i t  was found easy onongh to observe 30 stars with all 
the requisite ~obsitliary observntions in hnlf a night, between suusot and midnight, o . ~ ~ d  if 
an orclinary two-foot theodolite were specially adapted for this kind of work by a more 
suitable level, steady i l l~rn inn~ion  and other improvements, a greater number might be 
obtained, under o~.dionrily favournl~lo ciro~imstnnces, without difficulty. 

I ostimnte that seveu groups of latitude stntions, one degree apart, and three stntious 
F , s L ~ , , , o ~  of rOr season. near to one nnotller in each group, might he observed in a 

senson. Or if only one station were observed in a riugle 
locality, twc.lvo latit,udes might be dotermined extending over an aro of as many degrees 
of t,he meridian. 

D u r ~ n g  the observations on each night tile horizontal ctrllim~tion error was doter. - -  -. 
mined hy 'menus of a good referring-mark 1an;p sigunl, 

Culllmntion an11 indax crror delar. 
o~ioed. aud 1110 zero or index error of the vertical m~crosoo~)es 

liliemise. 
The value ir. aro of a divisiou of the levol scales wns dotcrmined by observations for the 

l lun  01 lorcl. pul.posc., tnlieu scvernl times duriog the operations; t,hut 
of the vertical axis level was found to be almost identiunl 

with 111e value in ordinary use, previously determined. 



The barometer readings were taken b y  an aneroid which was compared nith a 

Bnrometcr. 
George's portable mercurial barometer a t  both the highest 
and lowest stntions visited, and corrections applied acoord- 

ingly. The corrected barometer readings were projected and a curve for each night drawn, 
whenoe the correot pressure corresponding to the mean time of observing eaoh star was taken 
and entered in the  auele book. 

u 

Thorrnomotor. T h e  corresponding temperature was interpolated directly 
from the  original observations. 

From these interpolated vnlues a mean refraction was computed for each star on 

Rolinction. eaoh night  from Bessel's refraction tables in use in the 
a r e a t  Trigonometrical Survey computing o6ce. 

Extract from the Nai.ratite Report, dated 4th October 1882, of MAJOR M. W .  R o c ~ n s ,  It.E., 
Drprity Supcrintcndcnt, &o.vcy of India, irk c1tn1.g~ Enste~x A.ontier n16d B~ovnct Pavties. 

I TOOK over charge a t  Bangalore on the 20th September, and on the 26th the party left 
recess quarters for Burma and reached the field head-quarters a t  Moulmein on the 12th 
Ootober. 

A s  i t  was your intention to have a base-line measured a t  Mergui during the season, i t  
became necessary for me to arrange for labour, supplies, and boats, not only for my own 
establishment, but  for tha t  of the base-line party under Lieutenant-Colonel Bmnfill, which 
was to go direot from Calcutta to Mergui. 

The rains had not ceased in  Burma on my arrival there, so I had ample time to make 
all arrangements, and the party lef t  for Mergui on tho 12th November, arriving on tile 15th. 

Colonel Branfill in the Indian Government steamer Celvrit!, hnd arrived the day before; 
so having handed over his men and boats to  him, and arranged for the stornge of the 
Government property, I was then ready to carry out my part of the season's rogramme, which 
w u  to extend the triangulation as fnr south IM possible before the weather gecame too mist,y 
for observations, when i t  mas arranged that  the  party should return to Mergui and aid in 
the mensurement of the base-line. 

You had obtained the Indian Government steamer Celerity for the use of the triangula- 
tion, and Colonel Branfill had also obtained the loan of the steam-launch NwCmeirt; i n  
addition to these, I had two open cargo-boats and a decked schooner for the caxriage of men 
and stores. 

N o  station8 had been selected or built in advance, so the first thing to be done was to 
push on this part of the work : I therefore landed Messrs. Pocock and Potter on the two 
islands where I proposed plnoing the fil.st stations iu  advance, and I then proceeded in 
t h e  Cclo i fy  to make a thorough inspectiou of the Mergui Archipelago with a view to selecting 
stations for the triangulation as far south as the end of British territories. 

I visited sixteen islands during my expedition, lnndiug on sevcrnl of them at  more than 
one plaoe in order to find water and the best place from which to commence the ascent of 
the hills. 

Sixteen stntions were selected, extending the series from latitude 11°40'to g020', or about 
170 miles. Two stations fixed upon were not visited, and two islands visited were rejected. 

Having completed this part of tho work, I returned to Ynjeo H. S., and commenced the 
observations there on the 16th December. 

During the time I was observing, the buildiug of stations and cutting of roads were 
pushed on vigorously by Messrs. IJocock and I'otter. 

By means of heliotropes and the ordinary Morse Code, I ~vns nble to communicnte wit11 
them and the steamer, and they with each other, so that we were always acquainted with the 
progress of enoh party's work, and I was able to utilize the steam power, not only for my own 
observing party, but to transfer the assistants and their meu from one island to nnother, 
whenever they required it.  

Tho stenru-launch was mosi useful in taking me to several stations which the stenn~er 
could nt t have come nenr owing to the sl~nllowuess of the water, and I used her on this work 
whilst the C,,h~il!/ went to Mergui for coal. 

There wns nothing pnrtioulnr to note in tlle ohservntious themselves, save that on the 
morning of the 31st l)ecembor, whilst observing at  Kisserning H. S. ,  an enrthqunke o c c l l ~ ~ e d  
which, though llnrdly perceptible to a by-stander, was a t  ouce detected by the movement of 
the lovels of the grent theodolite and by the heliotrope (to which I happened to  be observing 
at  the nloment), rising and falling in the field of the telorcope. 

The observntions wero carried on until the 15th January, when i t  becnme necessary to 
close work in order to reach the base-liue nt. tile timo ngroetl on :  even t~efore this the haze, 
whicl; Illst ycnr hnd so impeded Captnin EIill's observations, began to give trouble; n ~ ~ d  under 
nus circumstances I doubt it' ohserving could have beeu carried on beyoud the end of the 
mouth, nnd as i t  was the reco~nition of intersected points was moat difficult during tho lnst - - 
ton dnys. 

Tho observing aenson here may be said to oommenco on tho 15th November and rud 
on the 15th January, and eveu this brief time is liablc to be curtailed by hcavy rnins at 
tho commeucoment and premature settiug in of the haze at  the close. 



It is tlierefore most necessary that no hindrance should occur through delays in travel- 
ling, and I can only wonder how any work at  all mas done in  the previous season, when days 
were spent iu drifting from stntion to stntion in open boats. Tllanks, however, to tho power 
of steam, we were able, in the very brief time me spent on the triangulation, to accomy~lish tho 
following work. 

Observations mere taken with the 24" theodoliteat seven principal stations, and with the 
12  at  two more, advancing the series 94 miles, and fixing seven new stations embracing 
an area of 1,667 square miles. 

Seven new stations were built on the islands. To  reach these stations, whose heights above 
the sea ranged from 500 to 1,500 feet, 23 miles of pathway had to be cut through most 
dense forest jungle, a portion in one cuso having to be made over mangrove swamps, b y  
felling trees and making a causeway. The hill tops had to be eleared of forest, and in some 
onses rays had to be cut to enable the adjacent stations to be seen. 

With this large amount of work to be done at  each stntion, it was only to be expeoted 
that tho observations should catch up the preliminary operations, and consequently no 
stations have been built in advance. 

I n  future operationa, to ensure that there may be no delay from this cause, there should 
be two building parties ; and in addition, during the latter part of the season, when the haze 
prevents observing or selecting, the whole of the party should be employed in  building and  
olearing. 

The partry returned to Yergui on the 18th January, and after having paid off and 
dismissed such meu and bouts as were no lon,oer required, i t  wns movsd to the base-line 
and plnoed at  the disposal of Lieutenant-Colonel Branfill for the measurement. 

During the measurement, arrangements were made for coveling and proteoting all the 
stations of the series, which was done; and although no stations, save those on the Mergui 
island, could be plaued under official protection, the inaccessibility and deserted nature of 
the country is such that I do not consider the statious to be in  any danger except from 
natural causes. After the completion of the base-line the party left for Moulmein, where 
they arrived on the 25th February. 

I then received your instructions to observe nstronomical latitudes a t  Moulmein, and 
I therefore selected three stetions of the tr iangul~tiou neer Moulmoin and proceeded to  
observe for latitude at  the first of them-Moulmein H S. 

AR I foresaw that owing to my tidal inspection work I oould not arrange to observe 
a t  nll tho stations myself, I carefully instructed Messrs. Pocock and Potter in  the use of the 
24" theodolite and the method of o l s e r ~ i n g  circum-meridian altitudes, and also in all the 
necesfiary computations for seleoting suitable pairs, &LC., nnd worked with them for two nights, 
rlntil I was satisfied that they might be trusted alone. They observed for latitude a t  
Martaban I-I.S. and To~lng-zun H.S., whilst I left M o u h e i u  for liangoon and Port  Blair. 

On completion of the latitudes the party left Moulmein for Mussoorie, under the charge 
of Mr. Potter ; Mr. Pocock having heen ordered to joiu the Mysore party at  Bangalore. 

I received every assistance in his power from Captain Butler, Ljeputy Commissionor of 
Mergui. 

Captain Hotham of the Indian Navy end the officers of the Indian Govornment 
stebmer Cel*.r//y did everything in their power to aid me in my work, and to their oordial 
co-operation I nm greatly indobted for the good progress which I made in  m y  observations. 

The triaogulation this year mns entirely on the islands of the hiergui Arohipelago. 
The islands may all be described as high nud preoipitous, the smaller ones rising sheer 

out of the sea, the larger ones having steop valleys between their various peaks, but no flat 
ground of nny extent. 

Towards the north, the islnnds are fringed with n belt of mangroves, some two or three 
miles in width, the only acoess to the mainland beiug up the larger creeks a t  high tido 
(the tide here rises from 16 to 18  feet). Sueh as this is tho large island of Kisseraiug and 
the eastern side of Domel: whorever there is a small valley with fresh water there are nearly 
sure to be mangroves at  its mouth. 

The islands south of 11'20' havo stretches of fine sandy beaoh, and in many cases good 
water coming out of the hills and flowing over the send into the sea. 

I n  Davis Idand,  latitude g050', there is almost a small river coming down from the 
hills with a fine waterfall, and in the interior of Kisseraing another was found. The peuka 
on many of the islnnds are of a oousiderable height, many being over 1,000 feet and several 
nvnr :, non - . -- -, 

With no exception, the islands are covered with dense forest, with thiclc undergrowth 
and creepers in every direction, a thorny kiud of oane being one of the most common. 
Tl~ is  makes it very difficult to penetrate to any distance, as every step of the way has to be 
cut through the undergrowth. 

The   oil is very rich, consisting chiefly of leaf mould, and i t  romains moist all the year 
round, ns it receives an imlnenso amouut of rain, aud the thiok foliage prevents the sun 
penetrating during tho hot wonther. 

The density of the forest may account for the few beasts and birds whioh are seen. 
Monkeye are plentiful, coming down to the beach ut every low tide to oatoh orabs and sl~ell  
fish in the mud. 

I saw tracks of wild pig, deer or tapir, looparda or some animal of that  desoription, and 
on Forbes' Island, what sccmed to be tho footsteps of a rhiuoceroa. 



Jungle fowl, imperial pigeon, curle\v, horn-bills, king-fisllers, and on ~~~i~ 
one pnir of finipe, were the only hirds I Eaw; but i t  must be remembered thnt , have 
only penetmted, a t  the most, half a mile into any of the islands except the cut to the stations. 

T h e  trees are in  many oases very large and high, having a great length of trunk 
without ally branches, npparently devoting nll their strength to reaching tile upper air 
and sou-light as soon as possible. One tree, wl~icli had been blown down on tile islaud of 
Kiseerning, nieasured 116 feet from the  grouud to the beginning of bmnches, 227 feet in all. 

Fish are very plentiful, and during tlie cold weather there are many tenlporary fishing 
villages established on tlie northern islands by men from Mergui and aronud, who dry the 
fish for export to Rnnpoon. 

Turt le  are met with OD most of the islands, but all I saw of them mere the remains of 
two very fino ones, which had served overnight as the meal of some of the wild men of tile 
islnnds. 

'I'he archipelago is  uninhabited snve b y  the fishermen nhove mentioned and the rovillg 
tribes of Seluugs or sen-gypsies mentioned by (hptain Hil l  in  his last report. Of these I met 
several, and as n rule found t h a n  by uo menus averse to co~nmuoication, rowing up to the 
steamer or steam-launoh and getting on board the latter when asked. These were in the 
southern islands, where they mostly live. The  only ones I saw on tlie northern islands fled 
i n  such haste thnt they left most of their bo:~ts and prnprrty behind. 

A t  Lord Loughboroughls Island, in latitude 10°25', they took us to their temporary 
villnge, where we were received by the whole conimunity in a very friendly way. The 
village was ou tlle beach, just above high tide, and under the shade of the trees ; i t  consisted of 
a few plntforms of light wood floored with split bamboos and roofed with the leaves of the 
neepri palm. 

The Inen were ns a rule a fino set, and extremely ugly, not at  all like the Blirmese ; the 
women were smnll nnd nlso ugly. They were nll dressed decently, but not supernbandantly, 
and many of the nlen wore necklnces of ~ I I L S B  bends. 

Tlley had a little rice and pnddy, and a large qllnntity of e\'illy smelling shell fish rind 
sen slugs dr.ying in  the SUII. These lntt,er they collect for sale, and also n large sllell, wllich 
takes a bentltiful pvlish and sells a t  Mergui fbr I&. 8 per 100. I t  is used in England, 
1 believe, for button-making. 

Their boats arc very light and fast ; the lower portiou is n sirlgle tree, t'he sides being 
heiGhtoned by bamboos or sonle kind of fibroue palm, which are woveu in and out on uprights, 
pro~ectinv from the two upper edges of the boat 

Their oars are beautifully made, and they use them a i t h  great skill, makrlg their boat8 
fly through the water. They have also masts nnd a sail of palm leaves. They are very 
clever in weaving bags, kc.. brit I could hardly get any, as when I visited them i t  was not 
the mnt-makiug Beeson, wlliol~ is the monsoon, when they can do but little fishing. Tlley have 

fine dogs, which they employ in hunting the wild pig in the islnuds, the weapons they 
use being the ordinary hog-spear. 

~h~~~ Malay trader living at  the village I visitecl, who traded with them for tlleir 
shells, kc., giving them cloth, rice, nud beads. H e  said thnt he came from Yrllnrlg ; he had a 
house a little larger than the rest, in which, besides his stock in trade, were such out-of-place 

ns a violin and a bottle of lavender water. 
A few of the Selnngs speak a little Burniese, nnd thus Ne were enabled to tnlk to them 

alld get a few of their worcls, which I give below spelt plionetically :- 
6ea . . . . Okel. 
Shell . . . . I<euiyak. 
Boat . . . . BBkiug. 
Tree . . . . R:iyk. 
Mountain . . 1)olni. 
Itice . . . , l'kleo. 
Ojsttcr. . . Geetap. 
Fresh water . . Ojem. 
Village . . Alamplan. 
I'nddy . . Pmr. 
hlnlay . . Ija-tak. 
1)og . . . . O p e .  
C o r d  . . . . &long. 

At there is no cnmmunicntion betmeen &fergui and any of the islande, none being 
necessary, as they are nenrly unillhabitecl and produce   lo thing. The coasting steamer from 
nnngoou to Pennng passes tl~rollgh n portion of them in  going between Mergni nud 
hIalcywoon or Renoung. 

I visited tbis lntter place, wllich is on the Binmese side of the month of the Pakcllnn 
river, and may beconle n placo of importance if the cannl throl~gh the iathmua of I ( ~ ~ ~  is 
r,.er carried out. .At  yrcfient it is a prosprrous villnjie, inl~aliited cntirely by Chiueso nfith 
blRlny cooli~s,  and owned hy  a eo-cnlled R$jn, who ifl n fino looking C h i ~ ~ a n ~ n ~ ,  llolding tllo 
nlillee llnder the S iam~so  Uosernrnent. Tho mines, wllicll llroduoe rich till ore, in  fippearaTlce 
like dnrk gravel, arc a few miles off; the sulelting w ~ r k s  aro close to the villnge nild tile ~ ~ j ~ ' ~  
house, wllicll is o fiuo one of the Indo-Ellglish style. 'pile smelting is carried on iu  rnthor 



primitive fashion ; the blast is produced by huge bellows like a syringe, with e man working 
the piston-rod forwnrd aud back. 

The Chinese seem to be well-to-do, and have good gardens. The day I was there was 
their mail day, the coasting steamer from Penang eommu~licating with China having just 
arrived, nud many households seemed to have received a box from China, which they were 
opening in front of their doors with great pleasure aud excitement. 

E.ctract.fiont the N ~ t r ~ r ~ n t i ~ ~ e  Rcporl of MAJOR CHAI~I.ES STRAHAK, RE.,  DrpuIy S~tpe~~itlte~tdettt, 
Szt~.ury of Itrdin, it1 charge No. 1 Topog~.aphical Pnrty, Grcalior nncl Central Indtn Suroey.- 
St aso~r 1881-82. 

TlrE following description of the country under triang~llntion I have compiled from 
notes furnished me by Mr. Doran. As already staled, i t  

~ ~ ~ ~ , . i ~ t i ~ ~  of country trim~mlated. comprised three standard sheets between the parallels of 
24"15' and 25"O' north latitude and the meridians of i2'30' to i3"Of east longitude. From 
the north-east coruer of this portion of country, and not far from thesmall cantonment 
of Erinpura, rises a range of hills known as S:rrnau, ~vllich runs about south-south-west for 
20 miles, and rises up t o a  maximum height of 2,773 feet s t  Makrora H. S. near its southern 
extremity. Below the western faoe of this range, some 12 miles from its northern end, lies 
the tomu of Sirohce, the capital of tho State of the same name. Here there is a branch post- 

a dBk bullgalow, aud auotlier bungalow used occasionally by the political officers. 
~t the foot of the s o ~ ~ t h e r n  extremity of the Sarneu range flows from west to east a branch of 
the Cllcta or Westeru Banns, and separates that range from Mount Abu. This mountain 
exteuds in a south-westerly direction for another 19 miles, the cu lmina t in~  point, known 
as Gum Sikkar, being 5,650 feet above the sea ; about 5 miles south.west of 8 u r u  Sikkar is 
the sm;L1l sanitarium of Abu. I n  continuatiou of the Abu rsnpe, but only connected by a 

low rnatershed, is the Jairaj mountain, the highest point of which is 3,675 feet, and 
the length about'l2 or 1 4  miles. Beyond Jsiraj, again, but bending nore  to the westward, 
is the Lllklls m o u n t a i ~ ~ ,  which is not more than 5 miles l o ~ ~ g ,  and is only 1,946 feet high. 
This brings us to very nearly the south-western corner of tlie couutry under description, so 
that tIlis cllain of moontnins, of which Guru Sikkar is about the centre and the culminating 
point, divides the g r o ~ l ~ i d  ciiagoually into two port.ions. More or less along the meridian of 
72O30' or the westeru limit lie the Nadona and Uohirra hills. The highest point of this last 
range is known as Sulida, and is 3,252 feet in height. 

The triangular space (about 700 square miles in area: included betmecn these hills is 
low, and more or less covered with j11ng1e ; but dotted about it tire smsll hills 200 or 300 feet 
a b o ~ ~  the genernl level. The general drainnge is From the centre: one stream, rising 
in the n,,rthern slopes of Abu, flows north-north-west; wl~ilst nuother, risiug from the 
same part of the country, flo\\'s soutl~.west and out between the Ll&ha and Nncioua 
IiilIs. They are both called tlle Sulcri, whioh nierely imr~lies that  tlie river clries up. This 
name seems to be 60  commonly given to river courses hereabout that i t  ceases to 
distingl~ish one river from mother, and is very apt to lead to confusion. A made 
road runs through this valley in 8011th-westerly direction from Erinpura rid Sirohee to 
Deem. Irnlned-intely below the Abu, Jairai, and Lukha mountaius on the opposite side, 
i.e. to the south-east, is the TVesterll Banas valley, dowu which runs the Rijputinn State Rail- 
way from Ajmero to Ahmedabad; itsoourse is, roughly speaking, parallel to the river on its 
left bauk. 'i'o tho south-enst, again, of this valley are ruggecl luasses of llills inhabited by 
Ijhils nnd Girnesins, some of whom prqved to be decidedly hostile and llluch averse to 
allowing N r .  Dornn oveu to enter their pals. The highest poiut is that kuown us Alard, 
which is 3,080 feet. 

'I'he general level of the Ballas valley may be taken at  1,090 nnar Rohera in  the north- 

Gcnori,l le,.cl oTt,,o east, and 630 where the river leaves the work. This shows a 
fall of 420 feet in a little over 40 miles, or just about 10 feet 

per mile. To  the west of the Abu ranges the height of the centre of the valley is 1,020 feet, 
and 25 miles to the  south-mest of that is 710 feet, giving 12 feet per mile, or lnllch the same 
elope. To the north and nor!h-west the fall appears to be about 16 or 16 lbet per mile. These 
vnlues must not be taliun as strictly occ~irate, but are suffioiently so to give a aeueral idea of 
the fall of the ground. 'l'he Western Ban- mas the only river bed in which tllere was any 
running water, and even this disappeared bcfore it left the ground uridcr description. 

OI cultivation there is not much anywhere ; the best part is alolig the oourse of the 

Coltivntion. Rauns river, but oven here there is no great extent of cul- 
tirated country, whilst on the other side of Abu by fa r  the 

g r ~ n t e r  part of the land is covered with brushwood and grass. No d o ~ ~ b t ,  parts of i t  may be 
poor, stony soil, and in other pnrts there mny be a lnck of water, but the reasoll of the scar- 
city of cllltivation is the uunettled stnte of the country and lawless cllmacter of tiie inhabit- 
ants. When reconnoitriug with Mr. Dornn we passed over large tracts of lurid in sirohee 
wllich in nlY o l~~nion  only required clenriilg nud tilliug to produco excellellt crops, but  wllich 
are now (le11~~1.~ C O V P ~ ~ ( ~  wit11 bush-jl~uglo. Water mas not outwmclly visible, i t  is trlle, bllt 
there \Va4 U O  TCaSOII to Suppose that there woul~l bo ally lark of it i f  wells were sullk, 
parti(,lllnrly near the beds of thastrcams. As ~ U U  npproach p ~ l ~ ~ ~ ~ ~ ~  Cll~t,ivatiou inCre,,sOs, 
very glloll ricn is grown, nlorn l)art,icularly at  a small village ljnlkhari, whicl, is lloted 
for the excellence ol' ita rice, liuown as Lamod. 

b 





may say you are in the desert. Due west there are more l i i l l~ ,  Aome of them reaching 
an elevation of about 1,500 feet above the plnins, or eveu more ; but they o i ~ l ~ .  folm cnm- 
paratively small groups, aud in no way seriously interfere with n traveller's r1r11jirr.s~ :~llnu 
the country. A t  the same time they are somewl~nt niore trnnb~esome to the aurveJor, f i~r  tlloy 
are most awkward hills to climb and to get about on ; n ~ ~ d  as the hent of tlie suu is nlmugs 
great, and after January rapidly increases until in the elid of March i t  becomes scorohing, 
i t  is no slight task scrambling over the big rocks of which these hills nro composed. There 
nover beiug shade for the tents, makes it very trying eveu under their ~ l ~ e l t e r .  On the 12tl1 
Maroh I registered a maximum in my tent, YDO, 011 tho 2lst  it was 103', and on the 2;th 
it reaohed 10TO, and did not go below 100" till past 5 in l l ~ e  afternoon. After that  I 
marched towards the hills, where I found it renlly quite pleasant colnl~arcd to what I hnd 
left. The change from the burning heat and glare from the sand without a drop of water 
to the narrow valleys with small streams trickling between green trees was very striking. 
By the 3rd April I was very nearly on the platean, nnd a t  5 r.nr. t l ~ o  tliermometer was only 
78", whilst at 6 a.nr. of the 4th the thermo~ueter on the grass read only 4.5". This was, 
however, in an exceptionally cool place, at  the bottom of a uarrow valley just below the 
plateau and close to a running stream. 

The fort of Jalor fell into tlie season's work ; i t  may be called a first class fort from 

Forts, tosma, &c 
its size and posilion, but I cannot give any detailed account 
of it, as no one is allowed to enter it. I t  is situated on a 

high hill standing 1,200 feet above the at  the north.west cud, and 1,600 towards the 
south-east end of it. On the north, east, and south the hill rises abruptly from asandy 
plain ; the city, which is enclosed by a wall, lying a t  the foot of the hill to the north. A t  a 
distance of 3,009 yards to the west is the Roza hill, which rises 320 feet above the highest 
point in the fort, and commands nearly all the interior. I t  is, however, a, difficult hill to 
get up, and the top is nothing but  a mass of huge rocks, piled one on top of the other. 
From hero I got an extremely good view of the whole position, a ~ l d  wns enabled to make 
a tolerably complete sketch on the one-inch scale for the standard sheet. I could also see 
enough to allow me that i t  was not kept in repnir, and i t  had dl the appearance of beiug 
perfectly deserted. I observed somehalf dozen guns on the bastions, but  not a sepoy nor 
a living soul was to be seen anywhere. The lioze hill is connected by a small range with 
the north-western portion of the fort hill, but there is a good pass for animals, though 
impassable for carta, through it. 

Extract ji.ont the Narralice Report of Nq'or T. T. CARTER,  R.E., Dryuly  S l l j>e l . i t l f~~~d~lol t ,  
Survey ~f I ~ ~ d i a ,  in cltavge N o .  2 Topegrapltical P ~ r l y ,  E h c ~ z ~ i c s h  mid B u s t h y  Nutire 
Statcs Strr.z.cy.-Scnsoit 1881-82, 

THC country triangulated consists of certain outlying rillngcs in Kliandeuli and Nasik, 
lying in the Allrnngnbad district of tho Nizam's dnn~inious, 

Description of tiimgulnted. extending over an nrea of about 500 square miles, lying 
between latitudes : ~ ' ~ ~ ~  North and longitudes- East. This 

ground lies to the south of the Satmala range of h~lle, above the Glibts, and a t  no average 
height of 1,900 feet above the level of the sea. The northern portion is hilly, the I~ills beiilg 
covered with heavy jungle. T O  the east and soutl~ the country is more unrlulatiug, but  is 
still woody ; while to the west and south-mest the c o ~ ~ n t r y  is tolernbly open, having a fe\v trees 
juet round the villnges. 

This sheet consists of three low range8 of hills-one to the mest, one very necrly in  the 
centre, and one to the east of the sheet. The$ ~ I I I  i; a north Description of co~lntly plnno-tablad.- 

sbcct NO. 21. and sonth direction, nnd uatnrally form two valleys. The one 
to tlie west is drained by tlie Boli river, which runs direct 

into the Tapti ; tlie one to the east is drniued by tlie Anjnni, a smnller river, which enters tbe 
Girna, a tributory of the l'npti. Both these valleys are vcry fertile and well wooded with 
fino mango topes. The Dori river, which enters this sheet at  an elevation above sen level of 
850 feet, fnlls to a height of G50 feet, where it lenves (he sheet ; the l~i l ls  on either side rising 
gradually to a height of about 250 feet above the levcl of the rivers. The eastern rangc rises 
to about the same height nbove the valley of the Anjnui, bat  the character of tho range is  
different, tho er~mnlits of the hills formiug considerable plntenux, on the top of one of which 
is built a temple and g ~ n t n  tnnlr called Pndmnln, by which nnmo the rnnge is known. All 
the hills in this sheet are covered wit11 low scrub R I I ~  grnss, but no lieuoy jungle : conse- 
r t l y  the country is rur~ch cut up with ravines and small streams, the trnciug of nhic11 on 
t e ground is nlways a tedious work to the detail surveyors. A portion of the chblieFnon 

sheat '23. 
sud PBchorn tnlukns consists nenrly elltirely of the valley 
of the CTirna liver, rr~nning tl~rough {he sheet from s o u ~ h -  

west to north-east, with its tributaries, the Titur, Hinrrt, n11d 13ohla, wllicli tnko tljeir rise at 
tho foot of tho Sntninla hills. Tho north-west corner of the sheet is hilly, the ground 
rising to an elevation of close on 1,300 feet above the level of the sen. A portion of t.11is ground consists of the Jewnrdi reserve forest, of 5,000 acres. T l ~ e  Khandesh 
C+overnment farm at  Itokro, of about 1,250 ncrrs, enters the sheets. It is cliiefly a cattle 
farm with breeding stock. There is uo very heavy forest in this slieet, the Jawardi 
rescNe forest being newly plnnted out. The )lills to the west are covered with grasa nnd 
~ c r u b  jungle, while tho valley of Cfirna is open and ne;l oultivated, and, except t h e  



western quarter of the sheet, is studded with fine mango topes. At  the village of 
Jnnldlrn a p(11it1 masonry dam is thrown across the river, and is the head work of two 
small cnunls, one of which is tnkeil north of the river and is 25 miles in length, and the 
other, south of the rivcr, is about 10 miles in length. The sheet is cllt by numerous 
s~uall  1111l1rs nud rn\riues. The boundary between the Kl~andesh alld tile Nizarn's territory 
extends along the southern portion of this sheet, and the detail survey llas been carried into 
the Niznm's country for a distance of 14 miles. The Great Indian Peninsula Railway passes 
tl~rough the sheet from east to west. 

Sheet No. 24 oomprises 142 square miles of the Ohilisgaon tnlulta, with an overlap of 

S I I O O ~  NO. 24. 50 square miles into the Nizam's territory. This country lies 
immediately below and north of the Satmala hills, which 

here rise up  abruptly some 1,800 feet above the level of the plain country, whioh is about 
1,150 feet above the sen. The ootlntry immediately below the Ghits, at  the foot of the hills, 
is rugged and mviny, and covered wit11 low sorub ; but the moutrtain sides facing the north 
are, compnratively speaking, bare. On reaching the top of the Ghbts (Niz;~m's territory) 
the country is fairly level, with a gentle fall to the south, and is well covered with fine 
forest trees. A portion of the Patua reserve forest enters into this sheet, but the 
forest is not very densely wooded. The rest of the country towards the north is open, very 
fcrtile, and studded m-ith fine mango topes, and is well watered by the Titur, Utaoli, Bakra, 
and Garad ~lalas, tributaries of the Girna river. These become considerable streamsduring the 
monsoons; their banks are steep and they retain their water all the year round. The 
Great Indian Peninsula Railway passes through the north-west corner of the sheet. 

The country plane-tnbled this year in sheet No. 34 comprises part of the Nandurbar 
Sheet No. 34. taluka. About half of this sheet had been completed during 

the field seasons 1878-80, leaving the western portion of 
the sheet and one plane-table (64 south-east) at  the south-east corner to be com- 
pleted. The country in plane-tnble 64 south-east is hilly. The hills (rising to a height of 
about 950 feet above the level of the sea) consist of narrow ridges of trap running 
in a north-east and south-enst direction, and here and there intersecting each other The 
hills are bare, and the cotintry is well adapted for plane-tabling. Mr. Graham 
Pays " a  remarkable feature in these ridges is that every alternate ridge is very stony, the 
tops being scattered over wilh huge boulders." The western portion of the sheet is of 
a different nature: the ground i l  more undulating, and for the most part covered with 
thick forest; the inhabitants nre chiefly Bhils, who have made considerable clearings in the 
forest; the country is very uubealthy, the only time in the year when it is safe to work 
being froni tlie beginui~lg of April to the beginning of June, nnd even in these months 
fever 1s very prevalent. Part  of the Deomogra reserve fo~es t   bout 33 square miles) 
enters into plane-tnl~les 65 north-west and south-west of this sheet. Fortunately, most of the 
forest trees nre decidnous, otherwise the whole of this tract would have been very difficult 
to surrey. 'Vhere is genernlly an undergrowth of tall gmss, which adds to the surveyors' 
difficulties A few mild beasts inhabit the Deomogra forest and the other forest tracts on 
the banks of the Tnpti. Mr. George, while surveying the Deomogra forest, killed a she- 
bear and her two cnhs. She had been tlie terror of the Bhils in those parts, having mauled no 
lees thau 13 men, killing 9 out of the number. Mr. George had some difficulty in gettiug men 
to enter the forest, SO he thought tlie best thing he could do was to bag tlie bear first. 

parOla, Lo,, I ~ n t .  &, 20' i.j. 63.' population 13,204, the head-quarters of the Mahplliari, is a large 
straggling municipal town I t  gives its nxrue to the peta of 

Towns-Sbcat 21.-I'arola. l'arola, R subdivision of the Amalner tnlllkl~. 'I'he chief 
object of interest is the fort, built 150 yenrs ago by J~g11ird;lr Hari Sndeshir Damodar. 
It is built of scone and mortar, is about 626 feet long by 485 feet broad, aud snrro~unded by 
a ditch T l ~ e  fort nzns tiiemautled in IF57 : nothing now remains except the walls. There 
are several fir~e stone Hindu temples i n~ ide  the town, and ontside, eevernl old mosques. The 
chief trade is in " lu,odns" (women's robs )  and in cattle, cotton, nnd grain. The town 

a blahalknri's court, three schools, a post-office, and a dispe~rsary. 

'Erandol, ~~~c~~f"$ -~ j ,  a municipal town, head-quarters of the Erandol subdivision ; 
population 11,295. I t  rises with high buttlrmeuted walle 

Erandol. from the bank of the Anjani river, and is connected by 
rnetulled ronds with Dhnrangnon, I'arola, and Mhaenwad railn,rry-st~~tion. I t  was ravaged by 
Shivnji in 1U30. I t  has a considerable trade in cotton, indigo, aud graiu, and has a manu- 
factory, where a coarse kind of paper is made. I t  has a Mnmlutdnr's court, a large school- 
house, dispcrrsnry, and post-office. I n  the Pandao Vada (a ruined stone mansio~l) there is sonle 
beautiful and varied scroll work. 

Bahndurpur, Amalner talukn, , population 3,586, bnilt in 1596 by Bnhndur- 

khan, was pillaged by Samhhaji in 1685. At that tinle 
Rnhn,lnrlmr. it a of much inlportauce, with mnny baulrers 

and merchants. I t  is now a squolid place of no  articular note. Tluere ore the remnins 
of tbe old fort. 

Tnmaswari, in peta Pnrola, Arn~lner taluka, eg, populnlion 858. I t  is situatcd 
on tho nori river, n~ ld  hr~s the remnins of a handsome 

Tamaswnri. temple built 125 years back. 



Plcllora, :&$:>, pop~llatjon 3,G82, the hend-quarters of the PBchora taluka. I 
etands on the railway 35 miles south-east of Dhulia and  

sheet NO. 29,-P6cllorn. 291 from Bombay, nud is the nearest station to the Ajanta 
caves, distant 25 miles. There are the traces of a wall and old fort. Piohora coutains n 
Mamlutdar's court, travellers' buugalow, poet-office, and school 

Lnt. 20' W Bhadgaon, G i I - , C ,  population 6,182, a municipal town, the head-quarters of the 

Bhndgnon. 
Dhadgaon peta of the Pbchora tnluke. The  town is built 
on an island formed by two branches of the Qirna river. The 

towns, bat t leme~~ts,  and four main gates of what was once a strong town wall, remain. Inside 
the wall some of the buildings are said to be 400 years 0111. I t s  trade chiefly consists in 
cotton, indigo, linseed, &o. I t  uontnius a Mahalkari's court, school, post-office, and dispensary. 
Tlie Khandesh Government farm, the ouly Governmeut farm in the Bombay presidency, 
lies two miles to the north of Bhndgaon. 

Bahnl, Chaliegaon taluka, &-, population 1,H48, a large village situated on the 

Bnbnl. 
Gi r r~a  river. I t  has the remains of an old paka fort and some 
old temples on the risiug ground, showing that  a t  one time 

i t  mas n place of importance. 
Kajgaou, Pbchora taluka. At the railway-stntion, half a mile north-west of the 

Knjgnon. 
village, are two cottou-presses-the New Indian Press 
C o m ~ ~ a n v  and Messrs. IIormariee Brothers. 

L " 

P\Tagrnrdeola, Eic-g$k, populatiou 4,416. A lnrge village about five miles east I I ~  Kajgaon 
rnilwny-station. There is a ruined Hamndpanti temple of 

Nogwdcolo. Malladeo to the west of the villnge. 
Chalisgaon, -2,; i;:? , populntion 5,603, the chief town of the ChBliagaon taluba, stands 

on the Great Iudian Peninsula Railway, 34 miles south of 
Sheet No. 24. - Chnlisgaon Uhulin. ' b e  old fort l ~ n s  fallen into complete decay. I t  is a 

place of no great importance, except t,liat i t  lies on bhe main rond to Knnnd, iu the 
Niznm's territory, rici the Ourram G1;it. The town is situated on the left bank of the 
I'itur river. The Mamlutdnr'a court and post-office lie between the river and the 
railwnv-station, which is on the right. bank of the river and distant about half a mile 
Ilorth-k.est of the town. U'ithin tlie town is aschool, where k:nglish and the vernacular are 
tauglit. 

Iianala, kgr$,-,., pnp~ilation 3,030, is situated i n  the Nandurbar taluka. I t  is nes t  i n  

Sheet No. 31.-Rnmln. size and importance to the t o m  of Nandurbar. I t  ie a n  
i m m i  or alienated village. The  first inamdar is said to 

have been a grandson of the Mnhrattn Shiraji. I t  was once the seat of an  independent chief 
ruling over the greater port of Western Khandesh, and in A.D. 1750 wna said to have had 
a populatiou of 20,000 people. There is a large settlement of Bohoras a t  Ranala, who keep 
~ 1 '  two schools for their children. The town contains over 000 y,l/ia houses. I n  addition to the 
abovementioned schools, there is a vernacular school aud a school conneoted with the Scotch 
mission. 

of forts, properly so called, there are none, though there still remain the old wall8 

Forts. round the towns of Parola, Eraudol, and Bhad aon. A t  
Bahndurpur, linhnl, Pnchorn, Chllisgaon, and kara inpar  

(sheet No. 34), there are remains of what were a t  oue time Keeps, consisting of four walls 
with round towers at their cor~iers. 

The Sstmala rnnge is crossed at the 011tram (more generally known b y  the name of the 
rind pnsaes,-Outmm Ghlt, Iianjnngnon) Ghht. A well lnid out n~etalled road of about 

five miles in length, which was opened in 18i2. leading from 
the foot of the hills on the British side to Knnad, the chief town of the IInuad taluka, 
Uowlatabnd C'kcar of His  Highness the Nizam's territory and the outlying British villogee, 
is taken to the top of the glrbt. The rond is practicable for t r a 5 o  of all descriptious. 

Farther east there is a disused pass called the Gortnlno Ghht, lelding from the village 

Gortnlno Ghdt. of Wngli in British territory cia' Saigowhan to Kannd. I t  is 
now i~nprncticnble for any one but a man on foot. 

Pndnlnln hills, three miles enst of Erandol. Abrupt lrills with flat tops or plateaux 
s l lcct  NO tjills. co~ered  with grass nnd scrub. 
Two small pnsses, lending from tlre lnrge village of Ranala, in  the valley of the 

S ~ C O L  NO. 34. Amrawnti, crossi~lg a ~ ~ n r r o w  ridge of hills that  separate it 
from the Tapti vnlley, and leading to the large villnge of 

Knpnrli. A t  present they are imprncticnble for laden carts, but with a little llibour mighi  
be made serviceable and of much use ns short cuts betwecu the villages mentioned. 

Prioril>nl mads.-sheet NO. 21. ( I )  Metnlled road with masonry bridges and mile- 
etones Iendir~g from Dhulia z.in' Parola and Eraudol to 
Nl~nsnwnd railway-fitation. 

(2) M~tnllcd rond 22 mile8 in l e ~ r g t l ~  froru Pnrola to Rnjgaon railway-station, on the 
Urent 111di:ln Peninsula Railway, wilb mnsonry bridges nnd mile-stones. Nine miles of tlli8 
road enter this a h n ~ t .  . .. . 

(31 Netr~lled rond, Ernndol to Dhnrangnon, mnsonry brid es a n 3  mile-stones. I t  brnncllcs ofl about one nrile enst of Erandol f ~ o m  the mnin rond to 8hulia .  

(?, Rond froni Ern~rdol to IInheji railway-atation, metalled between the village of 
Mahe11 and the rnilwny-utatiou. I n  course of being metalled tl~roughout. 



(1) Metalled rond horn Paohora to Bhadgaon, with mile-stones; length 8 miles. 

Sbeot No. 23. 
I t  continues past the Qovernment farm s t  Rokra 
but  the latter portion is unmetalled. 

(2) Thirteen miles of the metalled rond from I'arola to ICajgaon-rsilway station 
previously mentioned. 

(3) A laid out, bu t  unmetalled, though partially bridged, road from Pachora vid Kajgaon 
and Waghli to Chalisgaon, and ultimately Nandgaon to Nnsik Collectorate. 

Sheet No. 24 
(1) Metalled road from Dhulia to Chhlisgaon, find 

thence to Kannd, crossing the Outram GhAt. 
12) Unmetnlled rond from Pachora z.16 Ch6lisgaon to Npndgaon, Nosilr, in contio- 

uation of sheet No. 23. 
Main road from Dhulia t i l l  Songir, Dondaicha, and Ranala, to  Nandurbar. The portion 

Sheet No. 81.. 
entering this sheet is unmetnlled, but i t  is proposed to 
metal i t  throughout between Dhlilia nnd Naudurbar. 

This road continues a d  Visarwnri and Navnpur to Surnt, nud is much used. 
T h e  Great Iudian Peninsula Railway enters a t  its 201st mile from Bombay, crosses 

Ra~lmay. 
through the north-west corner of sheet No. 24, through the 
whole of sheet No. 2 3  in a north-easterly direction, and 

through the north-east corner of sheet No. 21, which i t  lenves a t  the 248th mile from 
Bombiy. 

The  Tapti  (sheet No. 24),  and its tributaries the Girnn and Bori (sheets 23 and 24), the 
Rivors. 

Amrawati, Shivnad, and Nnsu (sheet No. 34), are tile prin- 
cipal rivers met with in this yenr's work. The Girna and 

Hori take their rise in the Sahyodri mountain r m g e  in the Nnsik district; the Shivnad, 
Nasu, and Amrawati, in the low hills in  the Nnndurbar talukn. 

The  Tapti in sheet No. 34 runs through a country of thick forest, i n l ~ d i t e d  by wild 
Tnpti. beasts, and, except for smnll clusters of Bhil huts, with no 

sign of iuhnbitants. 
The Tapti is neither used for watering fields uor for bont traffic. 
The  Girna, in Khnndesh, flows throulrh a well-cultivated valley. A t  the villnge of Bahal 

Girnn. (sheet No. 23) the Jamdha oauals stretch east nbout 27 
miles on the left and 18 on the right bank. 

The  Bori river and its tributaries are much used for irrigation. Neither the Qirna 
Bori. nor Bori are navigable, arld in the dry season there is little 

water left ill their beds. 
I n  the talukas of Khandesh, viz., Amnlnor, Erandol, ChGlisgaon, and Pnchora, which 

lnhnbitnnts. are comprised in sheets 21, 23, and 24, the population is 
chiefly Hindu, being in a proportion of niue to one of the 

Mahornedan poplilation. 
The Hindu  popnlation is chiefly composed of cultivators, comprising Kunbis, Bhils, 

Banjnrns, and Kolis, in the proportion, rougl~ly spenking, of 5, 1, t ,  4 out of a unit of popu- 
lation of 10, the ren~aining 8 being composed 1 of Mussulninns and 2 of Hindus of 
other oastes and trades. I n  the Nnndurbar taluka the Bhil population came first in number 
in proportion of 3 Bhils to 1 Kunbi. The Banjnrns are in the same proportion ns in the 
other talukas. There are very few Kolis ; but their place seerns to be taken by n c a ~ l e  of culti- 
vators oalled Konlianis. The Hindu  population is about the same in proportion to the 
Mahomedon as in the other talukas, viz. 9 to  1. 

Of the people above mentionccl, t l ~ e  Kunbis are suppo~ed to have se(tlod in Khandesh 
Kunbir. about tho eleventh centt~ry, being forced to leave Guzerat 

by the encroachment of the Itajput tribes. Thcy are hnrd- 
working and moet skilful husbandmen. Some of them are well to do, b11t most are poor. 

The Bhils come next in number. I n  thc tnl~llins of Amnlner, Emndol, ChAliggnon, nnd 
Bbils. Pnchora they nre for the most pnrt in service as labonrers 

with Kunl~is  nnd other cultivators, or worb fields on n joint 
system, where the landowner provides the land nu(I grain, the Cllils the labour. I n  the 
Naudurbar talukn the Rhils are of n leus civilized stamp ; they form the  grenter pnrt of the 

The landholders nro chiefly G ~ ~ j a r  capitnlista, and tho Bhils nro c o n t ~ ~ l t  to work 
for their food, a little clothing, aud liquor distilled from thc flowers of the mown tree 
(Bassin lo~rqi/bli[t). 

The Banjarns may be divided into those who lteep to their old trnde of carriers nnd thoee 
Bnnji~ros. whn hnvo begun to settle as hushnudmen. They are strong, 

well-made, and as n rulu good-looking, both men nnd 
women; but they nre by no menns clean. Siuce cnrt-roads have been opcned and they 
have to compete with milways, they have 11nd to give np to a grcat oxtent their wandering 
ways. There are scvernl divisinns of the tribes. Tlle largest is that of the Chara~i Banjaraa, 
who form nbont ono-half of tho whole Danjnrn pop~~l :~ l io~l .  'l'ho Unnjnra settlemouts are 
usunlly distinguished from those of the liuubis, or ordinary cultivators, by caoh fnmily 
having a distinct hut  IU e clwolling place. 

Kolis aro either fishermen or villnge labourers. 'l'l~ey ore t,he snme cnste ns wllnt are 

Kolis. 
called " coolies" in tho north-west. I n  poiut of uumbers 
they como next to the Banjoras. 



I(onknnis, in the Nandurhar taluka, are sometimes confounded with the Rhile. 
Their ancestors are supposed to have come from the Kookan, 

Konknnis. or low country immediately below the Ghats. They are 
cultivntors. 

Soil, p~,orlttct~, 4c.-The soil is cither black, brown, or red ; the former is a rich loam, 
Amnlncr tnloko. 

the second coarse and gravelly, and the red an elluvial clay. 
Unjri, jonwi, pulee (kulith), a small quantity of wheat. 

There is a considernhle cotton cultivation, equal to about one-half of the cereal orop. 
soil, products, bc.-IGscept in somo very poor tracts near the hills nouth-east, the soil 

is the same as in Amalner. The chief crops are jowari, 
Ernndul tnlokn. bairi, ~vheat (a little), pulses (chiefly gram), and a cotton 

cultivation, equal to about one-third of the cereal. 
Soil cr,idl~l~w'llrets.-Ci0od black soil in the valley of the Girna ; in other parts a red clay 

noil. which near the hills is light and friable. The chicf crops ..- 
Pnellol.a tnlukn. ore' jowari and bajri, and a small quantity of wheat a i d  

oil-seeds. A considerable quantity of ti1 is grown, and the cotton cultivation is nearly 
two-thirds of the cereal. 

Soil coltlp~.odtrcts.-The soil is not so good as in the other talukas mentioned ; much of 
it to the south being hard and stony, and the black soil of 

Ch6lisanall tnlukn. the Girna valley rests on a subsoil of gravel and sheet 
rook : consequently bajri is the cbicf cereal crop, nearly double that of the jowari. Very 
little wheat is grown, but a larger quantity of oil-seed (til). The cotton cultivation is - - 

about one-thirduof the cereal. 
Soil a,,([ p~.odtrets.-Tl;e prevailing soil is a rich blaok loam. Crops : bajri, jowari, rice, 

and a considerable qunntity of wheat, are grown. Of pulses, 
Nnndurbnr tnluka. pram is the largest croa. There is not muoh cotton mown, - .  

the cotton cultivation being abo:t,ne-twelfth zf the cireal. 
Ja,,ldIaa ~nnal . -~he  Jamdhn canal (sheet No. 23), left branoh 27 miles long, right 

branch 12 miles long. The worlrs consist of a mnsonry weir 
Irrigation works. ncross the U11.nariver at  the village of Jamdha. Both canals 

are completely bridged and regulated, and command an area of about 46,000 acres for 
irrigation. 

The Mhaswa lake, 2% miles east of Parola (sheet No. 21), about 4 miles in circlim- 

Nllmwn lake. 
ferenoe, bnt the water-supply varies very much. During the 
season undcr review tllere was very little water in it, but a 

considerable extent of marsh. The wnter is retnined by R. mud nud a stone dam 500 yarde 
long. Two small canals are taken out, oommaudin~ an arable area of about 4,000 acres. 

Wclla. Over most o f  the couutry wnter is found from within 
20 to 40 fcet of the surface, and the country is well studded 
with irriga!ion wells. 

At  Diggi village (sheet No. 29), 8 miles south-west of IIajgaon railway-station, 
on the right bank of the Gnrad nadi, there is an old but 

Antirltlnrinn romnins, objects of in- 
terest, Sc. 

small Jnin temple in very good preservation,  roba ably some 
600 years old. There aro some well-carved figuresinside the 

building, representing a party of dancing-girls and their attendant musicians. 
At  Pntna (deserted village), sheet No. 24, nt tho foot of tlre Satmala range and 10 

miles south-enst of Ch6lisgnon, there are somo Brahmiu caves, dating probably from the 
twelfth century, and of iuterest as being probably one of the oldest settlements in Khandesh. 

E f / ~ , ~ c t  ,/).ooI the Norrotice Rrporl of MAJOR J. R. WILMER, S.C., Deptily Stcperi~lte~ident, 
& r ~ . o c ~  of I~rdin, i,l charge No. 5 Topog~q?lricrrt Party, Rujprrtu~rn and Xalrun Survey.- 
Sonso~i 1891-82. 
T H E  oountry triangalnted oousisted clliefly of hills and undulatin,o and intrioate oountry, 

Collntry trinngnlntod. ensy enough to throw points over, but tedious and trouble. 
somo for plnne-tablers. The greater portion of it consisted 

of the bed of the MAhi river after it tl~kes its peeulinr bend near the village of Anant. From 
flowing alruost dne north at this place the river sweeps suddenly rcund and flows south-mest 
into the Gulf of Camb:~y. The triangulation estonded ohiefly over the BdnsmBra, Dongarpur, 
and Udepar territories. 

The country plnne-tabled was adjnoent to that triangulated, and the nature of the 

Country plnna-tnlllcd. 
ground very much the same, there being only 100 square 
miles of open conutry out of 1,092 squnre miles surveyed, 

t l ~ e  remainder consisti~lg of hilly, jungly, and iutricnte ground, being chiefly below the Ghht 
and amongst the feeders as well ns the hed of the Mlhi river. 

Thcre w r e  two towns surveyad this season on the large soale-Jaora and BBnsw&m. 
Torvns. 1'110 former is woll known, and is the residence of the 

Nawab of Jaora, a chief who takes muoh interest in 
the wolfare of his estnte The city is kept generally very clean, and is in this respect a 
contrast to some other h g e  oities. It is situated in flat, open oountry ; a high wall with 
bnations runs three-fourths mund. Opium is fmwn on dmost every inoh of ground. 
lili~~rrwtirn, on the contrary, is a dirty, ill-kept, ha f-deserted, overgrown village, tlne residence 
of a R,bjput R i j h .  The town is eituated on a spur and at  the foot of some high hillsm 



These hills are to  its south-east, and completely overlook the place. There is an attempt at 
fortifications in the shape of' a high wall running nearly all round the oity ; but tile snll 
was never intended to resist artillery, being only a protectiou against the Ullils with their 
bows and arrows. The  city to the north being on a slope is oompletelp crnlmnnded from 
some high, open ground to the  north. The corlrltry round about is remarkable for ite 
numerous small lakes, Bdnswlira itself having six within a radius of a mile, nnd another 
large and deep one some two miles due east. A building built on its banks is the lifijg's 
summer residence. 

There were no roads of importance in this yenr's work ; in some pnrts even carts were 
Roede. not to be got owing to there being no roads along which 

they oould go. 
The Mdhi was the only river of impol.tnuce, a considerable portion of which runs 

Rivers. through the work. This river is  much brander now ; itE 
bed continues to be very rocky and shingly. I t  is not 

passable during the rains, but  can be crossed almost anywhere after the rains and before 
the  monsoons. There are n few fords and no ferries. The principal passes across the 
river are between Nain and Bnjrnngarh, Seognrh and Hijna, Bi jna  and Kelgaj, Kelgaj aud 
Ehandu.  Thislnet road crosses the Mdhi river three times. 

The inhabitants are chiefly Bhils, Their mnnnera and customs have been fully 
Inhabitante. described in the R ~ j j ~ i r t a ~ ~ f (  Gncelfe and the 1,eports of other 

survey parties. 1 mentioned in a previous report tho 
peculiar custom of the Bhils of branding their male children on the arms above the wrist 
with burnin cotton dipped i n  oil. This leaves a permanent mark for life, aud tlie Bhil 
proper is  t o t e  recognized by this mnrk T l ~ e  children are branded a t  about the age of seven, 
or when they get their &st permanent tooth. I have not seen this custorn mentioned in 
the Qaeelte referred to above, nor in  any  previous survey report, nor in the general nunntll 
report of surveys ; nnd as i t  is a prinoipal custom, and mns not known to officers in the Bhil 
corps or Yolitioal Agents with whom I came in contnct, I have alluded to i t  agniu. 

On the upper plateau opium is most extensively grown, being the chief product of the 
Prodocts. oountry. The usual fields of corn are oultivated, but are 

of very small importance compared with the opium culti- 
vation. Below the ghits, amongst the bhils, rice and Indian corn are mostly cultivated, 
though not in very large quantities, sometimes barely enough for their own consumption, 
excrpt in parts of Dongarpur, but  this bas not come under survey yet. The oultivation 
of opium is gradually being ~ntroduced, hu t  the Chil is not willing to give up his old ways 
of living, and i t  is not until they realize the profits of opium cultivat,ion t l ~ n t  they take to 
i t  with any faith or zeal. The  nature of tho country is ngainst opium cultivation to any 
great extent, but i t  grows well on either side of rivers aud low flat ground. 

Extract from the Narrative Rr j~ovl  qf BREVET LIEUTENANT-COI~ONEL R. Q. WOODTHORPE, R.E , 
Oficiating D e p ~ r t y  S ~ r p e r i ~ ~ / c r ~ d e r ~ t ,  Szoecy of Irrdm, ill charyc No. 6 Topog~,al)/~ical P a r t y ,  
ITIIasi and Gnro 8 ~ 1 1 s  61trcry.-Season 1881-82. 

THE country to be surveyed coneisted of the  lower spurs of the Tipperah Hills running 
nortllwards past the boundary into the plains of Sonth Sylhet, ns s e l l  ns some isolated hilly 
country due south of the station of Sylhet lying between Fenchugunj nud tho Manu river 
and a portion of HiU Tipperah, the whole lying west of and beiug a continuntion of lnat 
year'mork. 

Very little triangulation was necessary, as soveral stations of the Grent Trigonomet- 
ricnl survey nnd others previoi~sly fixed by t,l~is party 

Trinogoln~ioo fell in the difierent portious of the couutry to be surveyel, 
affording sufficient points to start work from. A small amount of subsidinry triangulation 
was done, but  the exigencies of superintendiug the new sub-surveyor's work preveuted my 
oarrying on any triangulation in a d v ~ n c e  of tlie plnne-tabling. 

Major Bndgely didnot, I believe, mention Mr. Ogle in his report on the Manipill.-Uurmah 
survey, nnd in this report I have also unintentionally omitted 

W o r k  01 Assistants. his name I find, as  i t  did not occur in co~nection with 
the field work under m y  own immediate supervision. H i s  worb in Mauipnr, I ]lave renson 
to believe, is exceedingly good ; and 1 hear that he availed himself, with his usunl energy and 
enterprise, of every opportunity after hrajor Badgcly left of extending ollr I;nowledge of 
that  country. H e  has been as~ocinted with me in many different nod dnngnrous uuder- 
takings, and has nlwnys so fully justified the confidence placed in him by a11 wit!, whonl he 
served, t h a t  I am exc~edingly sorry to Bud he lins not beeu as fortuunte as he deserves, and 

Ilnd no for nlmost ten years. - - I should be very glad indeod to aee his 
long and nleriforious ~crvice speedily rewarded. 

Mr. Chennell, to whom the survey of IIill Tipperah on the +inch acnle fell, completetl 
i t  by the  end of Msr.h, and managed to survey 222 squnrc miles. H e  serured the services 
of u lnrge number of Kuki and Tipperah cool~es, who were of great use to him. J wns unable 
to vikt  tbe bills in which ho wna working, but I have every coufideucc iu him, and havo no 
rewon to  question tho accuracy of his work-. 



Mr. MoCay snrveyed m area of 50 square miles on the scale of the rest of tho work, viz. 2 
iuchGs=l mile, and finished it by the 23rd February, when I sent him to nssist N r .  Ewillg, who, 
being cutircly new to tho work, fouud himself occasio~~nlly in dificultiea. Mr.  McCny's work 
eeemed to me to be very well done ; but he unfortur~atel~v, in one or two places, took as his 
blluIldary the revenue survey line, nnd left the western side of some low spurs u ~ ~ t o ~ c l ~ e d ,  
somewl~atspoiling tbelook of the fair map This defeat will be remedied. Mr. Keating did :jI 
square miles, which, as far as I could test it, seemed accurate. His  work will be still further 
tested thia season. Mr. Campbell hnd some difficult country to do, but t.urned out 41 squnre 

of very good work. Mr. A. Ewing had never doue nuy survey work Itefore, and the 
co~lntry in which he found himself set down is sl~cli ns to try the resources of the most 
acoomplisl~ed surveyor. l t  is therefore not to be wondered a t  that his progress was slow, 
but he surveyed 21 q u a r e  miles with very fair accuracy. 

shah  Nasiruddiu turned out 31 square miles of very good work. 
The country surveyed on the 2-inch scale presents few actual physical difficulties, 

Description of country, &c. 
innsmuch as i t  is easy to chain up the several streams 
which flow with au ulmost level course fro111 the lo= hilla 

in which they take their rise to the plains. I n  the part worlied b y  Messrs. Keating and 
Ewillg and the sub-surveyors this was the case, except iu a few places where the swampy 
ni1ture of the vnlley made i t  impossible to chain along the banks of the stream, or even to 
ciistinguish its coursr, which frequently loses itself in the mnrsh. As a rule, the centre line 
ill tlleso blocks of hilla iu the watershed, and the strenms flow thence nearly due cast aud 
\vest. TJ1e 111ghest hills in these trncts are not mucl~ wore than 100 feet above t,he plnins ; 
alld ns the streams descer~cl in the first hundred ynrds of their course some 50  or 60 fcot, 
i t  follows that, for the four miles, which is the average ~listance they have to traverse 
before reacl~ing the plains, their fall is only 12 feet in a mile, which just keeps the 
water f lowin~.  These streams are only 3 or 4 inches deep (except here and there, where 
shallow pools ooour) during the cold weather, but in March, after a heavy shower, 
they rapidly bccome impassable. On one occasion, when traversing one of these streams, 
I fou1ld myself at  noon only a mile from the tea-garden Chaotnli, a t  which my camp 
was pitched, aud as the plauter had asked me to breakfast at  131, if  I found myself 
near enough, I left my men in a small out-gnrden to rest nnd await my return, and 
went on. A good rond runs from this out-garden to Chaotali, being crossed several  time^ 
by the stream, which here has cut a deep and narrow channel for itself through the sandy 
soil ; but I had no dificulty in wading across the stream, without getting any water into 
my boots. While at  bredfast ,  one of the very heavy storms of thunder and rain, so 
prevaleut in the latter half of Mnrcll, came on, and sheets O F  water fell till 4 p.31.; when 
the storm passed away the sun came out,, and I sallied forth on a pony hoping to finish m y  
traverse before nightfall. On arriving at  the first c ross i~~g I fouud a swollen torrent laden 
with bouglla of trees, grass torn up by the roots, and other debris, sweeping past, 
and men and women gzzthered on either bank un:nblo to cross. They told me if I tried to 
cross on my pony I8hould be swept away, and they were evidently right. Fortunntoly 
I had an elepl~ant with Ne, and sendillg for him I cro~sed and went on, the river (for such 
i t  then was) having riseu at  least five feet in the three hours. A t  the crossing nearest to the 
out-garden I found my meu tryiug to pess over; one or two had managed i t  nt the imminent 
risk of beiug carried down and entangled among the bamboos and creepers linillg the 
banks and hnnging into the water. There would have been no chance of getting tile 
instrume~~ts ncross. 'rhe elephant had to make two journeys at  every crossing, and i t  was 
7 o'clock bofore we had reached Chaottrli, only three quarters of a mile from cur startillP 
point. 

w 

The difficulty cnused by rising streams was not, of oourse, experienced till March, 
and although the shnrp turus and wiuding courses of all these small streams, ne they tllrerld 
tlleir way bctnsee~i the low but steep-sided hillocks. prevent tmveree along them beillg 
carried on with anything like rapidity, yet the real difficulty of these surveys lies in the 
fact of the low hills being all of olle general overage height, nncl nll dcosely clad with forePt 
and close bamboo jungle. w h n l  looks a protuincnt llill from the easter~l plai~ls is seen t,, 
be elltirely liidclen by nuother eqllally prominent hill from t l ~ e  n.estc1.11 l>lains. On t l ~ i s  ac,-ollllt 
many of the tria11~111ated poiuts ill these rnllges are of no use in e l i t r n ~ l i n ~  the trinnguli1- 
tiolls, but arc very sorvicenble ill alTl#rdillg checks to tile plane-t[~LIe traverses, tllo~lgll it i s  
nlwlrys a work of time n l ~ d  trollble to fid tlle111, as at  a d i s ta~~ce  of a few yards only i l l  
tllnt jungle the  noa at couspicllolls mnrks ill the most cousl)icnr~us trees are not nlwuSa 
visible to the upturnedeye, senlcllillg in w i n  to ct~tch a glimpse of the sl>i~liIlg hnnll)n,, 
bnukct throngl~ the tangled Incoworl; or the beautiful l e a k  C I L I I O ~ ~ ~  01-erllond. lllat- 
fn r~us  were built in trees at  heights varyills from GO to 90 fect f ro~n  tlle grorlllll ; hilt 
although tho view obtained from such " coigns of vnnt~~ge  " over the oxllause of hills and forest 
was entoosive, i t  wan soldom illstJ'uctive, ns the i l ld i~f l l i0~8  of tho genornl rlln of the streoms 
nm of the slightest, and the gclltle dills between the m v e s  of the 1111broken sen of llnlc 
b;r~l~Loo or dnrli tree foliage below lnigllt iudicate a small dry r~ tv i~ le  morely, or tile course (,f a 

I;hrgo stream, arid it is im1~o~siLlc witllout nctllnl ox~~lorat ior~ to ~ n y  wl~icll. IIenco very little 
n~*tonl pla~le-tnl~li~lg could be dono; nlld (110 metllod grnrrally adopted mas to traverse 

the l ~ ~ ~ ~ o i l ) n l  strentus a ~ i d  their nfllllrnts, clllrl cllt liucs Le(w+rn, c o n ~ l r c t i ~ ~ g  tllc (litfercnt strrnlus 
i l l  R I I P ~ I  dircction~ ns seemed 11) 11If0l.d thc I~est O l ~ l ) o r t ~ ~ ~ ~ i l i e s  for : ~ s c o r t : l i ~ ~ i ~ ~ g  tilcr grl lcl : I~ 

toltogrnl~hicnl fe:~luras, n~ld,  whcre opportlluities on'eretl, plntlhrn~s \\.ere constrllutcd lo!.ty trees, from whicl~ II plaue-table lisiug could be obtained as a check on tLu 



The Rcenery in South Sylhet is exceedingly beautiful, and especially lovely in- the 
evening light. Here is one scene which is only a type of ninny such. A t  4 o'clock in the 

I am standing on a clenred hill just nbove a large ten-gnrden. The air is bonuti- 
fully soft and balmy, and looking to the enst I we  helow me the geutle u ~ ~ d u l a t i o ~ ~  and flat 
ground under tea oultivntion,the rich dark green buslies stnuding out in bold contrnst on 
the red brown soil. Among the bushes the busy coolie+ are a t  work, the women 
brightness to the scene with their brilliantly coloured robes. I n  the midst of the cultivation, 
on the banks of a olear stream in a small well kept euclosnre with a pretty tank, stand8 the 
Mnnager '~ bungnlom, a large, oommodious hlause with white-n-nshed walls and lofty thatohe,j 
roof slightly hidden by tnll plnntnin-trees. Rose bushes and other shrubs flo\uisll in the 
garden, iu  which from my elevated standpoint 1 can see that  the useful is not overlooked in 
the  oulture of the beautiful, as testified by a corner where many tempting looking vege- 
tables are growing. W i t h  the orange glow of the afternoon sun upon it, t h e  bungs. 
low with i ts  garden looks, as indeed I find it, a very haven of rest, comfort, and has- 
pitality. I hear voices behind the b u u g a l ~ w  near some large neat tea-houses, and looking in 
that  direction I see an excelleut tonnis court, where an excitiug contest is being carried 
on between tbe young planters of this and a ncighbonring garden. Beyond the tea, 
the view due south is closed by the virgin forest of dark trees and feathery bamboos, the 
greater portion of which will soon, by the enter~wise of the plenters and the exten- 
sion of the tea-gardens, disappear. TO the south-west aud west the eye wanders over 
the  plains of Soutll Sylhet, bounded on the south by the jungle clad hills of Tipperah, 
purple now and indistinot,. The  flat green fields, obove wl~ioh, ns the suu sinks, soft miat 
wreaths float, are broken up by frequent clumps of mighty bamboos or fiue old banian- 
trees, amid whose dark recesses a few glimpses of reddish roofs and the light blue slnoke 
ourling upwnrds Jenote the presence of villages. Beyond these, to the west aud north, lie 
open expanses of what at  this 80a80n is dry, or a t  the worst only damp ground, but which 
a fawof the March and April storms will epeedily convert into swamps and even lakes 
(&' haor " in  the vernaoular). A thin dark line appearing here a ~ ~ d  there marks the course 
of a river, its waters very low now and hidden by the high banks, nbove whioh the masts 
of oountry boats and the smoke from the funnel of a steamer, just about to anchor for the 
night, are visible. F a r  away to the north, beyond the p l n i ~ ~ s ,  the trees, the villages, and 
tile stat,ion of Sylhet itself, rises the long, level outline of the Khasia hills faintly glowing 
in  the sunset. A hum of voices asoends from the villages below, cows wend their way home- 
ward through the deepening gloom, aud, ns the sun sinks in the brown obscurity of the 
distant horizou, I ehut up my theodolite, and run~l ing  down the hillside soon find myself 
a t  tlie bungalow, where a hearty welcome and an excellent dinner await me. 

Alld \here I should like to take occasion to nckuowledge the very grent kindness, 
hospitality, and assistance I nnd my pnrty have almays received from the planters in oarrying 
on our work in  their gardens or the adjacent country-kindness whiah has extended to 
our knlassies and coolies, who hare frequently had a dry, warm shelter found for them when 
the inclemency of the weather rendered life in  tents unlileasant. 

Some good roads are being made in South Sylhet, and I hopo they will be finished this 
year-one from Sylhet to Fenchuganj and south to Lnngla being very much wanted. 
A narrow riding road, raised a few feet from the fields adjoining i t  on either side, 
already exists between Fenchuganj and Langla, and is being improved and extended aoross 
the Manu river d o m  to a large garden cc~lled Shnmshf~nagar. A road is muoh to be 
desired between Companyganj and Eylhet. A t  present the Uovernmeut road esietsonly 
i n  the imnginat.ion, though tall bamboos stuvk in the ground at  intervals are supposed to 
guide the traveller along it.  I t  runs throogh fields, and when I passed dowu lnst December 
the dltlrnn had just been cut, and was lying on the ground quite covering the (at all times) 
rather obscure path. I n  many plnces the villngers through whose fields the path pnssed had 
removed the bamboos to their neighbours' fields, nnd I was only aware that  I was going 
wrong by some infnriatod villager rushing at  me,- 

" Hr cried, he ronrrd, Ile stornr'd, he tore his hair, 
'' ' DeulL, hell aucl furlrs ! d o t  dost tlrou do there P' " 

Then 1 found that the deceitful bamboo had talien me half a mile out of my way. A bright 
tllnugllt struck me-" follow the telcgrnph line ;" but this lnnded me in  a swnmp, nod I only 

right ngain after n couple of miles' detour. Most of the other so-cnllod Government 
roads are merely iracks nrross the fields and open c o u ~ ~ t r g  mnrked out by bamboo etnkes, 
a little scmliiug hero a ~ ~ d  there through the low mnd partitions between the fielrls showiug 
how a ide  the road will be iu the millenium. I n  Ikcernber, January, and pnrt of Pebr~lary 

ride aoross the fields ie not unpleasant, after tllnt the dried-up earth crnclcs under the 
po\verfkcl suu, iu all directions, mnkiug walking nnplensnut a ~ i d  riding almost dangerous ; 
w\ljle in tho end ol  March, and onwards till t l ~ e  wins, tho trnvcller ploughs his pninful wny, 
knee-deep, through thc mud lints, over mhioh n little later OII  110 can gnily tnke his vvny in 
bontP. 'Jhere is a hill road across the Hnrnrgnj rnuge leading from Bagurnat to Uingajia, 
wllicll is paa~aLle in the dry weather, but aactr~~ds and d~,scends 60 stecply in many places aa 
to be diftictllt lor laden animals, and I should thiok so slippery nftor rnin ns to be dangerous 
even for ~)ot-pnssmgers. The pntbs t,brougli the lower ranges gcnernlly follow the course 
of tho streanle, wllich, no I nientio~~ed bofore, are very level, the o~l ly  rim bei~ig one of a few 
feet at tho mntorshcd. I u  the rains those ronds nro impnrrsnble. I u  sonio places, ns between 
Indnllagnr, I~ldessa, Itn, and Icijildnra, the plnntors wc opening out oomm~cuicntione aud 
rnokiug good roads for thcmselvce. 



The only rivers actually under survey lnst seascn were the Manu and its affluent the 
Deo, for that portion of their oourse through tllo Tipperah hills which fell in Mr. Chennell's 
work. I had reoeived two very nice little subtcnse theodolites from the Matllematicnl Instru- 
ment Department, Calcutta, one of which I found very useful and accurate in ruuuiug check 
traverses through and round the sub-surveyor's work. The other eunbled Mr. Chenncll to 
traverse the Monu and Deo rive18 in  boats with grenter rapidity and accurnoy thau he had 
been able to attain the year befme by cane measurcmeute from bonts. 

The bills in the l'il)perah territory immediately bordering on South Sylhet are not 
inhabited to any grent extent, but within our territory all the raugas are being taken up 
and opened out for tea by various com anies or individuals, and the words " low hills covered 
with impenetrable jungle " may soou ge left out nltogetlier from the maps ; for tho jungle, 
far from being impenetrable, will in a grent measure have ceased to exist. 

The plains in  South Sylhet are very fertile aud populous, ~ n d  we never had any 
difficulty in getting our supplies at  any of the many nuulorous bazars which are so frequeully 
held in that part of the country. 

Extmclfront the Nnrratice Re11or.t of G. A. MC@II.L, EsQ., St~roryor, ~Surcey of Indin, i ~ r  
charge No. 7 To11ogrnphical Party, R"j,)atti~~a nnd Sinlln Sftrz~cy.-Scnson 1881-82. 

DECREE sheet xx, surveyed during the season 1881-82, is unquestionably the finest bit 

Description. of country that this party line had to survey for the p u t  
five years. I t  is quite different from the usual run of the degree 

aheets of RBjputBna, being more or less fertile, with clumps of rocky hills of from 200 to 
400 feet above the grollnd and extensive plnins of a hnrd soil composed of clay m k e d  with 
snud, besides the usual rolling sand hills and ridges of the desert. The eastern linlf of it 
may fairly be called the land of aoshen, the western being arid sand-wastes, with few 
villages and little or no wnter. 

There is no doubt that from the great experience acquired by a Surveyor he is well able 

Water. 
to surmonnt grent difficulties; but the one great difficulty 
which at times quits bewilders him is t h e  making of 

arrangements for drinking-water for hin~self, his camp followers, and bnggnge camels. I n  
the north-east section of this degree sheet, o.lthougli water is pleuliful, it  has to he got with 
great difficulty. Tbe corlutry depends on its supply of mater on wells ahioh are very far 
apart, some villages having no wells at  all arid are dependent on other villa es for water. 

There wells contain delicious cool water and nro 3f extreme depth, ff;o average beiug 

Wolls. 
270 feet; but one measured by me at  the villnge of Bhnkri 
in lnt. 26' 54' 1", long. 72' 38' 41", was fouud t,o be 480 feet 

deep. The water is drawn up from tliis well by a relay of bullocks and camels. I hare 
endeavollred to get every inforu~ntion I could about these wells from the villagers. They 
have all been dug by the chnrity of some rich mnhajan or bania; they are well built, 
throughout of stoile, and hnvc one or two large cisterns on either side, round each of which 
runs a  tone trough for the onttle lo drink out of, aud this is the only mater that  they c:ln 
get, ne for five montlis in the ycnr the tanks ore quite dry. I was told that after a depth of 
three a pursns" (18 fect) the sand ceases, and a coarse kind of saudstono is reached, which 
is eney of penetration ; but at  a grent deptl~ hnrd rock is enconutered, which 18 blasted 
tllrough till the remaining pnrtion sounds hollow. The labourers then carefully tnp through 
this, when a jet of liquid mud rises of an offensive smell. The work is now over, and the 
workmen are pulled up. The well then fills fast with water, and all that is neoessary is to 
draw away a qql~nntityof it, and tho resl~lt is a spring of wnter that  never fails. 

I t  often so happens t l~n t  a bucket falls i n ;  men then are sent dolvn seated on stout 
leather ropes, to which n cross-pole is fixed ; they tnke down with them hooks for dredging 
the water and blillg up the lost bucket. These people have told me tlint iu some cmes the 
hard rock that had been tapped ha@ fallen in, and thnt tho water below was in motion ae 
if i t  were n flowing strenni, and in all such cases the bucket, is never found, as i t  is carried 
away: they nlso any that tho dept l~  of water is seldom orer 12 to 14 feet. The meastlrement 
taken by me to detenuiue the depth of the well mas to the surface of the wnter. The wellA 
are not broad, o~l ly  8 to 10 feet ncross and circular, and during the middle of the day the 
water is seen below liks n six-incli ~uirror. 

To form an idea of the depth of the woll it may be illustrated thnt its depth is 120 feet 
more than tho height of St. Pnul's at  Lolldon, 12 feet 

Height St. pnlll'a ... ... rt. more thnn twice the l~eigbt  of the " K r l t ~ ~ b  " a t  Dcllli, and ,. ILolub . . .  . . .  %I4 ,, 
,. Taj . . . 1 , 6 feet less than three times the height of the T a j  a t  

Agra 
On the north-west corner of degree occur estensive plains of hard ground and 

L*ko,. 
ficldn of rcd sandstone, nnd here I oame upou several 
dried-np salt Inltes. Dcfore the Inlaud Customs Department 

put a at,ol) to the mnnufnotnre of snlt, the Tehsildar of Phnlodi used to farm out the lakes 
t,o the " Klinrw~rls," and large qunutities of snlt uscd to be manufnoturcd. This was before 
1877, when I triangulated t l ~ e  country, n ~ l d  nt which time the lakes we1.e dry. Tllis 
yenr, owing to the lienvy rair~s, nll (Ilr I:ll<r.s 11ad water; the larger of them is 7.1 square 
miles, and the smallest 2 4 sqrlaro ~uilca iu area. 

c 2 



~l~~ largest portion of this degree! lying to the  south-west, is an extensive sea of 
sand r ~ d g e s  of a uniform height of 100 feet. Stranee as it 

Sand hills. may seem, the people of the country prefer to cuItirob 
crops in this sort of grouud; and with a good monsoon, rich crops of bajra, m6t, and ti1 
are produced. 

The fruit of the oountry is the mnt.ira, a luscious soit of water-melon, the seed or whioh 
is mid to have been imported from Kabul. I t  grows almost Fruits. wild, and is the great mainstay of the people and the cattle, 

who make use of i t  as food ns well ns to quench their thirst. 
The produce of the oountry depends upon the season's rainftlll. Bsjra, m6t, and ti1 

Produoe. 
grow well, and wheat in small qunntities is raised where 
the  ground is favourable. Melted butter (ghee) is also 
exported. 

The  population is partially agricultural and nomadio, the  latter preponderating. Large 
hlonoera nod customs. 

flooks of sheep, goats, and herds of cattle and camels we 
raised. l'he oxen are short, but seem to be particularly strong. 

I t  is surprising to see a yoke of them dragging a henvy cart laden with large L'gharssu 
of water over heavy sand and aoross country covered wit11 low snnd ridges. The cattle, 
owing to the soarcity, are only given water once in three days, aud for the same reason the 
hubits of the people a re  exceedingly dirty. The men and women of R&,jput&na are, I 
think, the most unsavoury creatures I have ever seen, even dirtier than the Thibetian coolies 
employed on road-making a t  Simla. All the people smoke, and men, women, and children 
me, without exception, opium. eaters. 

A s  may be expected, the country has no forests, but  large traots are especinlly reserved 

Forest. for the growth of timber for house-building. The larger 
kind of trees, are, bair (Zix?/ph~s jujttbrt), bnbul (Acnein 

Arnbicn), and khejra, also of the  nccaciu kind. These reserves are cared for, and trees yielding 
timber of 12 feet in length by 8 square inches are obtained. B u t  owing to the plentiful 
supply of slabs of sandstone, the thakurs and mahajans build their houses entirely of stone. 

Salt used to be plentifully ma~lufactured until i t  was put a stop to by the Inland 

Nnnilfacture. 
Customs Department. Woollen serges of different qualities 
are also made, but are not exported. The rude village 

loom is employed in making them, and i t  is surprising to see how good a material is produced, 
almrst equal to military serge. Coarse felt is also made, and is chiefly used for pi~dding 
camel snddles- 

The climate is pnrticulal.ly fresh and heolthy from 15th November to February; nothiug 

Climnto. 
better could be desired; a cool refreshing breeze blows all 
through the twent.v-four hours. During these months rude 

health is enjoyed by every one. During the night it is bitterly cold, and water gets frozen inside 
the tent,. With Februnry a decided and sudden change comes on: the thermometer rifles every 
dny ; nnd in Narch sandstorms are very oornmon. The misery experienced during t,his timecnn 
only be described by one who has had experience of it. The eaud penetrates everything, includ- 
illg eyos, nostrils, and enrs. The box of clothing, and even a strong iron despntoh-box, is not 
I ~ r o ~ f  againet its penetrnting power, and as a co~lsequence there is no partnking of a meal ns 
long as i t  lasts, as everything cooked grates under the teeth and makes the blood cradle. 
M y  experience of Hftjputina only extends up to the end of April; but  I would presume the 
hrnt must incresee grentl,y later on, and life must feel a burden to him who has to r main 
there. The salt people, with whom I spoke 011 this subject, and who live in aynkn 110 1se nt 
Agnr, told me they have experienced the sandstorms for days, and that  i t  was imposs~b 

fiue ealt from the intense heat of the wind. 

Dcgreo sheet xlx. 

t keep their lihnv-khnx tatties wet for any t.ime, the lake water t l~rown ou them turning inL . 
Degree sheet xrx was also partially surveyed dllring this season, and the triangulation 

extended through i t ,  and also degree sheet ~ V I I I .  Tbese 
two degrees are ~parsely inllnbited, X V J I I  being almost if 

not a howling wilderness. Sheet xlx contains parts of Jodhpore, Bic!raneer, and Jeysulmere. 
A line drawn connecting Ls$$, with -%:,, will divide the sheet into two parts ; the 
enatern representing the eand, and the wentern the hard soil consistiug of ~ n n d  arid clay. 
Water  is very scarce in the whole of this degree, and especially so in the northern half, 
which is also very sparrely inhnbited. 

The only two large towns are Phalodi of Jodhpore and BSp of Jeysulrnere; 
Towns. the former hns a pnkn wnlled encloeure called a fort ;  it  

is a plnce of importance and n tehsil, and wnter is { lfl&-.Yi"-RL -!!. 
PhnlmJi .. <,ng, %,, plentiful. B6p is also a trhail, but  in  appearance i t  in 

little better than a villnge; there is a fine tnuk of wnter a t  
D ~ Y  

, ,  { 1 ' this plnce. 
Lorlp. 1 1  29 .w'. 

Between both those places, 12 miles north of Phnlodi and 6 miles south of DBp, is the 

Agnr .%It Lnko. 
dry salt lake of Agnr. This plnoe hnn now beou selected 
and mnde into 8 drp6t of tile Inland Ralt C~istome, aud ia 

nRiciaUy known as I'halodi enlt source. 'l'here is a large lnke hero, about 2.5 fiqunre miles 
iu area;  it is generally dry, but  during n henvy nlonsoon coutuins water to the R I I ~  

of May. The 631t is mnde by evaporatiou of water in lalge p u s ;  the wator is d~.nwu from 



nGlls which nre s u ~ k  in the bed of the lake. The water is renclied at 8 feet below the surface; 
i t  is exceedingly salt, and readily evaporates and forms into salt in the pans. 

L)egree sheet xvlll might well be called a "terra incognita;" it is the worst hit of 
desert ground I have seen. I t  is almost devoid of villnges, 

Dapce ahout Lull l .  and water is exceedingly scarce: very frcq~ler~tly a well of 
water only occurs in 270 square miles. I n  this degree I frequently came upon wells yieldiug 
poisonous wnter; it is very very cautiously used by the people, and only taken after a 
meal, and even the11 most spariugly. If heely druuk it acts as  a violent emetio and 
aperient, aud frequently cause8 death. 

Cattle are watered from i t  but sparingly, and only once in three days. I n  some villa ea 

TB),kda or resrrvnire. 
the rain-water is carefully collected and preserved. ~ f i a  
is doue by sinking a cistern in the centre of a funnel-shaped 

enclosure of some hundred yards in circumfereuce ; the rain-water rushes down the slope and 
collects in the cistern. These cisterus are covered over and jenlously guarded ; they have 
a door ou top of the covering, which is kept olosed and locked. 1 was told that a man or 
auimal poisoned with poisonous wnter, if early taken in hand and given a free draught of 
this raiu water, nlwnys recovers. These cisterns or wells are called by the people " thnkhs," 
and, as might be oxpected, are much valued by the people of the oouutry ; and i t  is not till 
thoy are coerced by the rakil that their existence is made known. The water in thcm is olear 
and deliciously cool and fresh. 

Although Rhjl~uthna is in runny plnces a perfect desert, sport in some form or other 
Sport. 

is plentiful. The Chikara, a small species of deer, is 
very common. They are to be met with in numbers, more 

especi~~lly in the grounds belonging to the Bishnoiee, where they are as tame as goats. This 
is the ouly large game of the oountry ; but bustnrd, both the giant and small species, as well 
ns floricnn, can be shot. Partridgcs aud grouse are plentiful. The blue pigeon and the 
peacock are niore or less dome~tio birds, as they are worshipped by the people; and 
although the sandy plnius can't afford anything of the picturesque to a desert village, still 
the large numbers of these birds, especially the peaoock with its gny plumage and flowing 
tail of gold aud azure, lend a cheerful aspect to these otherwise uniuviting hnbitatior~s. 

Ri j~~uthnn ,  like most parts of Indin, hns a mixture of the various forms of religious 
Fwligion nnd cmtc. 

persuasions. I was most struck, liowev.er, wit11 the Bishnoies, 
a class of people who live by themselves and nre seldom to 

be fonnd iu the same villnge with the other castes. These people hold sacrcd everything, 
animate and innnimnte, carrying t.his beliet' so far that they never eveu out dowu a green 
tree ; they nlso do all in thek power to prevent others from doing the same, and this is why 
they live apart from other people, so ns uot to witness the tnking of life. The Uishooies, 
uulike the rest of the iuhabitlrnts, striotly avoid drink, s~uokiug and enting opium ; tLis 
being prchilited to them by their religion. They are also striugently eiijoiued to monogamy 
and to the performance of regular ablutions daily. Under all these circumstnnces, and, aa 
may be expected, tho Bishnoies are a well-to-do community, but nre abhorred by the other 
~eople ,  especially na by their donlestic aud frugal habits they soon get rich aud are the 
owners of the best lauds in the country. 

E.ct~.act fronz thc A'nrrntiue Report of MAJOR H. R. THUILLIER, R.E., Drput!/ Srl/)c~.i~llc~tdc~~t, 
Sroccy o j  Ijtdzn, i ~ l  d n ~ g e  No. 8 Topog~.o11Wicnl Party, Nys01.c S~rr~ccy.-Scoso~~ 1881-82. 

THE country topograrllically surveyed this senson mny be conveniently divided into 

l l e ~ t l n r k s  on the countr).. 
two clnsses, ench of which has disli~ictive features. l'liat in 
sheets 2, I D ,  23, m d  24 in tlie Sllimoga and Kndur districts, 

exeo~lted by the European nssistnots, oomprises an area of 1,460 square miles, and is of a 
similar chnrncter to that previo~isly surveyed in the Malnlrl, consisting of forest-clad moun- 
tain# and valleys preseuting alternntions of vnried and charming scenery, but  dense forests 
shut, ill the view and render tho survey of these parts not only difficult, but slow ; plane- 
table intersections from sl~rroundimg fixed points onunot be obtnir~ed, and work has to be done 
allnost ontiroly by trnversing with the chain. The twin rivers l'unga and Bbadra run 
tllrough sheets '23 and 24, nud meet at the northern edge of sheet 23, from whicl~ point they 
beoome a united stream onlled the Tungabhadm ; and tlie Shnrnvati river flows in a north- 
westerly direction througli sheet 2 till i t  reaches the ghfits, where i t  preoipitates itself down 
the celebrated Falls of Oersoppa, the largest of whioh descends iu an unbroken column to 
the depth of 830 foot. The Udbn Budan mountains, the loftiest range in Mysore, ekirt the 
eouthern edge of sheet 24, and rise like a gigantio wall to a height of some 4,000 feet above 
the general level of the couutry to the north ; the summits are olear, but  their slopes and water- 
courses are thickly covered with vnloablo forests, giving shelter in parts to coffee cultivation. 
With tlie exceptiou of a smnll portin9 of open country about Shimogn in sheet 23, and arollrld 
Tnriliere in sheet 24, tbo wholo of this area is covered with deuse forest and jungle. 'Yhe 
dif ic~~lt iea and delays which arise in surveying such couutry have been previo~~sly described, 
a ~ ~ d  i t  is ouly necessary to adtl that  the obstacles met with in tho sheets above nll,r~led to 
were as g e n t  RS t110~e experienced in former seasons, and thnt the same core and patience 
have been brstowed in overoomiug them. Sheets 10, 11, 14, 15 in the Chital&oog district, 
and 30 in the nnssnn district, comprisillg an area of 2.766 squnre miles, or" in tile &idau 
division or open c0untr.v. This portion of the Chitaldroog distriot is almost throughout 



a barren ~ n d  dry land. It is inoluded in the valley of the Vedavnti or Hagari, which during 
the hot months is for the most part dry. The general level of the ound is about 2,000 
feet above the sea. I t  cousists of great undulnting plains, traversed fy a belt, about 20 
miles broad, of approximately parallel chains of hills, mostly bare and rocky, the highest 
point being 3,863 feet above sea level. Trees are few in number, aud the low grouod, where 
not cleared for oultivation, is covered with stones and a dwarf speoies of mimosa Water 
is scarce, and the olimate, LM compared with other parts of Mysore, is drier and hotter. ~h~ 
greater part of this area was executed by the sub- surveyor^, and is for the most part open 
and easy, where the plane-table was utilized to its best advantage, and the chain hardly ever 
needed- 

The programme arranged for the season's operations proved to be somewhat more 

Oenernl remnrku. 
than could be.got through, and sheet 2 had to be left 
incomplete. Nevertheless a larger out-turn was oompleted 

than had yet been acoomplished, and this with a reduced Europeari staff. The sucoese 
of the season's operatious was in a great measure attributable to the good health 
of the surveyors, who were able to work uninterruptedly throughout, and also to the 
energy they displayed in taking every advant,age of it. The whole of the work hns been 
oarefully examined, and tbat executed by the European assistants has stood the test8 
remarkably well, and was found to be accnrately and carefully surveyed. The plane-tables 
done by the sub-surveyors were also found accurate as for as the position of the details was 
conoerned, and with two or three exceptions tlie general direction of the lines showing the 
configuration of the ground was found fnirly correct, but the drawing of some of them is still 
crude. The general tendency with natives is to exaggerate the features of the low ground, 
and on this account I took special precaution to have a large number of well determined 
heights taken in a systematio way with a theodolite, over their wwk. I n  the five sheets which 
were chiefly executed by them in the open and undulating ground, 1,061 heights were 
observed, giving an average of one height to every 2 8 sqllare miles. By tho aid of these 
extra heights, in nddition to those fised trigonometrically, the draughtsmen found no d s -  
oulty in modifying the drawing in the fair maps. A11 the surveyors were fornished with t b ~  
olinometers designed by Major G.  Strahan, and observed heights therewith throughout their 
work. But the results are more or less unsatisfactory, especially in the ground where the 
variations of height are small, and having such a large number of theodolite heights there 
was no necessity to utilize them. I have endeavoured to adhere to 50 feet vertical intervnls 
for the contour lines a3 far as feasible throughout the whole of t11e season's mnpping, R I I ~  to 
follow out, as far as the nature of the grmnd would allow, the method of keeping 
the contours closer to the streams, as introduced by Major Strnban last year ill sllects 
27 and 29. 

Extract f ion~ the 1Vn~~pattre Rcport of MAJOR T. II. H o ~ n ~ c a ,  RE.,  Deputy Supert~ltrnde~~t, 
SIO cey of IlctE~a, air charge Kohnt Topogv~tpl~r~al Paply-Season 1881-82. 

Plan of dotnil.-Survoy operntions. 
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wherever opport;nity offered. 9 
111 order to gain a little time, Mr. MoNnir left Dehra for the field in advnncr of the - 

rwty breaking grallnrl in tho ficld, kc. 
rest of the party, at tho end of November. Mr. Clnudi~rs 
(mlio took chnrge in the absenco of the Deplity Bnperin- 

tendent) followed with tho party about the 12th Decembor ; nnd the plaue-tnb!ers were at 
work by the end of December, commencing on dates varying between the 23rd and 30th. 
As tho field senqon closed about the 16th April, its actual length was thus reduced to a very 
short four months. 

Mr. McNnir's trinn~ulation consisted in fixing a few secondary stations rrn mints in tlre .. 
noighbourhood of< Bnlladur Khel,-and iuterseciing suflic-ieut 

nun of triangulation nod arrange- 
ments. 

nntol.al ohjects to give lrim tho bnsis for his plane-tnbli~lg 
and to determine a suficiency of heigbts. The most imllor- 

tant point he renrhed wns the celebrated Kafir Kot peak, nu nocount of which will 
be found npp~ndcd. On joining the party on the 4th February, I procecded to the 
nnrth-enst corner of the district, and thero fised a few secondnry stntions, whiclr were 
aufficient, with the nddition of such great trigonometrical stations as existed, to socure the 
trinugulntion of that (the only untriangulatcd) part of tho district. Subscql~ont t,o inspect- 
ing and checking tlip topographical work of the party, 1 triangulated for the Kohnt City 
and Cantonrucnt plun, wl~icl~,  with reduotion of supplementary Ircights, and other oomputa- 
tionr. nccuuied tho rcst of the season. -- --- . 

The ktnl  nrcn trningulated wns abol~t 500 miles by myself liudependent of tlre 
Trianp~lnlion cornl,loted. 

city trinngulatiol~) and 500 by Mr. McNair, or 1.000 in 
all. The secondary triangulation of the district oxeouted 



by Lieutenant Walkor 30 years ago was quite aufficiontly well marked to enable the triangu- 
lators to intersect a sufficient numher of points from these stations to serve tho purposes of 
topography. No previous reconnnissance was necessary, nod no time or monoy was wasted 
in the erection of poles or poiuts to intersect. 'the natural features of the country were 
abundant, and as the class of instrument used was no higher than the 6-inch theodolite, they 
were sufficie~~tly definite for the purpose. Of course, the linear errors are large-lar er than 
they would Imve been had the iustrum?nts been p e r m  of their sort, but  not too fwge to 
affect the results as the basis of topography on the one-inch scale. 

The oountry triangolated to the north between Khushelgarh and Attook is  remarkable for 
nothing but ~ t s  genernl roughuess. I t  is fairly open and 

Romnrks on the wuntry trlnngulntcb free from anytl~ing like heavy jungle. The Jnwaki and 
Peshiwar district hills close it iu on the west with a long, continuous, rugged line of peaks, 
running to an altitude of between 4,000 and 5,000 feet. On theeast the river Indus forms the 
boundary between the Rohat and Ramnlpindi districts. The river between Attock and 
Khushnlgarh is alwnys picturesque, and often grand in scenery. It flows between steep rocky 
banks formed by bnnda of many-colourod limsstone fringed with patohes of deep white sand. 
There is not much vegetation-a few scattered tamarisk-trees, and nu occasio~lal grove of 
~ t u n t e d  olives, are generally all that can be seen from the river banks; but here and there a 
patch of cultivatio~~ elopes down to the river and modifies its excessive wildness. A spur 
from the Jawaki llills, called Nilabgash, extends eastward to the river, and is the only obstacle 
to a fairly level line betwoen Attock and Khushalgarh. A road exists already, 
ruuning nenrly to the river, without which this portion of the Kohat district 
mould be ditlicult to traverse, from its extreme ronghness. I t  all belongs to the Khattak 
section of the Pathno tribcs. The country triaugulated by Mr. McNair oonsisted chiefly 
of the flat, open, sandy district which extends s o ~ ~ t h w a r d  from Latnmmar to Bannu. Ita 
flatness rendered it difficult to fiud or fix points along the western edge of the district, but  
the few that could t o  fixed were suficieut, with the well-known peaks of the LawLghar 
hills on the east, to enable Mr. McNair to plaue-table all this area. Tho peculiarity 
of this part of the Kohat district is its watcrless character. I n  the month of March 
the Kummer wells form the only water-supply for a distance of from ten to sixteen 
m~les  round, and the daily collectiou of people (chiefly women) at  these wells in tho early 
morning rather resembles a 111c'&r (or fair) than anything else. The water is carried in small 
goat-skin ?irusanks on tho bnclts of donkeys, long s t r~ngs  of which, driven by women, who are 
generally handsomely dressed, with a profusion of silver ornaments on their breasts and arms, 
may be seeu in the early morning, oouverging to the wells frsm every point of the compass. 

l'he country plane-tabled consisted of the upper valleys of the Kohat and Teri rivers, 

llcrnnrks on t l lo  country planc-tablcd. 
the Surdag hills, and the Lamighar hills, with the low- 
lvinr   lai ins at  their foot on the west. border in^ the Bannu 

0 - -  ----- 
district. A11 tlle smaller tributariis 2 the Kohat river, as well as tho main stream of the 
Teri, flow ge~lerally from west to cast towards the Iudos, in  approximately parallel lines, and 
throllgh narrow valleys fairly well oultivatod by means of irrigation The hills dividing these 
vnlleys are rough and precipitous, thek apparent formatiou beiag l imest~ue,  above which 
occurs a mclc cl<jsely resembli~~g latorite, which mny be the pisolitio lerruginous clay referred 
to in page 568 of tho " Rfannal of Geology of India." There is often great npparent regu- 
larity of outline, both in sectiou nnd ~ l a n ;  nud where the strata dip at  nny considerable angle, 
there is ~lsually n sharp knife-like ridge defining the summit, which is diffioult to traverse. 
But r o \ ~ g l ~  and dit6cult of access as they arc, they are entirely freo from heavy jungle, and 
possess great corl~rnn~~tl of view over tho surrounding counlry; so that this part of the district 
cannot be oallrd dificult for plane-tabling. The general level of the oultivaled portions 
io Iligh, between 1 , O l l O  and 2,000 ft~et above sea level, and the olimate cool and pleasant. The 
Surdig I~ills, stretohing enst n t~d  \vest below Bnhndur Khel, are diffiereut iu formation. They 
are red and lillrple clnys and sandstone, overlying large masses or" grey rook-salt, which is 
dog out of tllpm for trade. Thoy are ~eculiarly intricate in  cl~aracter, breaking up into 
miuut,e detail, w11icl1 is tedious and tronblesome to define topographically. B u t  they are 
also free from jangle : and dificulty of detail, when that detail is visible, isuot  to be compared 
to the difEc111ty caused by 11e.zvy j ~ ~ n g l o .  Thc  Lnwighar hills nre wholly sandstone, an& 
run parallel to a mngo of hills called the Slil.ghur, which is almost wholly limestoue. They 
are difficult of access, and the labour of making wey about them is severe. l'he low ground 
west of them is oron plnil~, almost o ~ ~ t i r c l y  u~ldor dry cultivation, but very destitute of water. 
Throo,~hont nn area of some 300 square miles water is only to be obtained a t  14 (out of 
140) rillnges, chicafly from derp-sunk wells. 

Tho only furt or town of nny importanoe in the district are those of Kohat itself and 

Forts, Lo,ms, eitios, k c ,  tho posts mniutnined along the frontier line to Bnnuu or in 
the Moranzai vallog. The town of Teri is prettily situated 

on n smnll l~ i l l  bordering the Teri river, nnd it contains a few strongly walled buildings. 'I'he 
comn~;~nd aboco tllo riror is ahnnt 100 to 150 fect, but it is not n place of muoh importance. 
l'hn chief lines of hills io  tho dint,rict Itnve already been referred to. The ridge, of rnllich 
Halwnt nud Awnni Sir are I110 two principal peaka, tho Stlrtang line of hills, the Burdig 
(nlre~ldy desoribeli), and tho I,n\\.:i,~bnr. are the most definite of these mluor hill systems. 'I'lle 
S ~ ~ r ~ l n , o  pn~s ,  c o n ~ l e c t i ~ ~ g  Uahntlur IClrrl with Lntan~mnr, is the only one of any importnnce f:lllinR 
within tho limits of Illst senson's worlc. Of other rnngea i t  would be safe to reonrd that they 
are impraoticnble. 'I'llo S~i r t l ig  pass i~ only a part of the m ~ i n  frontier roacl connentirlg 
Iiohnt and Bat~un, nrrd ns sue11 is well ki~omn and Srequently travereed. None of the rive= 



are nnvignble. They %ow down to the lndus  thro~lgh steep, r00l;y defiles and high ballks, 
and t,heir beds seldom even afford foothold for a unrrotv path. 'We beds of the I(l1hat rind 
the Teri streams are never absolutely dry. The Bungus11 and Khattalt tribes divide the whole 
distriot between them. Both of them are Pa th in  or Pashtu-spealiing people, and in manners, 
hnbits, $c., i t  is not easy to distinguish between them. As  a rule they are frank, pleasnnt 
people to deal with, and there was not a single case of dispute between the surveyors 
v d l q e r s  .during the last field season ; but they ore true Pathins,  with regular Pnth;iu 
love of border fighting and raiding. Blood feuds and reprisals are of oonstnnt occurrenee, 
alld lead probably to far more murders than the accidents attendaut on robberies and raids. 
In appearance they are a sturdy-looking, well set Up race of meu and women. Their 
dress is flowing aud picturesque, and, in the case of the women, often very handsome and 
well set off hy heavy silver ornaments. They prove to  be excelleut soldiers in  our frontier 
regiments. 

Adde?&dnf,.una a Report by MR. W. W. ~ I C N A I R .  

I  my^ the honour to submit a report of my raconnaissance of the tract of independent 
territory lying east of the Kurram river and immediately north of Edwardesibid or 
Bannu. 

The trnot in question embraces an area of 360 square miles, and througli i t  from east to 
west extends the range of bills generally known as Laki  J u n i  or Kafir Kot. This muge, 
which consists generally of conglomerate, terminates a t  each end in  huge  excrescence^ (,f 
grotesque shape, whioh rise considerably above the level of the ridge aud strilte the 
eye from every direction. 

The four most prominent of these esoresoences, perched ag i t  were on the eastern end of 
the ridge, are collectivelp called Kafir Kot, an app(?llation which, I believe, may signify either 
the " iufidel's abode" or an " inaccessible nest." I am informed their summits hsve hitherto 
not been reached. 

One of the mounds on the western end of the ridge assumes n form not dissimilar to 
that  of a well developed woman. This resemblanoe appears to have received loct~l recog~lition 
iu a legend, which attributes the peculiar formati011 to a fordalten maiden, whose p r y c r  to be 
turued to stone mas granted. 

The heads of two streams, the Changos and Jangana, constitute the northern b n u ~ ~ d a r ~  
of the tract of oountry, the subject of this report. The ei~oteru autl western boundaries are 
the Changos and Kurram rivers, aud the sontheru a range of hills througl~ whioh burst the 
Kurraru, eoumati, Barganatu, and Changos. 

The two streams, the Chaugos and Jangnna, flow some dist,nnce in opposite directions. 
The Changos, after proceeding eastwards for about two miles, turns sharply round to the south 
nnd fi~ids an exit through a rrngo of hills, finally joining the I lmraln six miles south of 
Birnnu. Tile Jnogana ruus parallel to the Kafir K o t  muge of hills uutil i t  empties itself 
into tho Icurram. 

I n  mv observ:~tions of the passes leading into the heart of this tract O F  countrv I was 
oareful to*notice that there mers  no obstacl& calculated to interfere with the proiross of . - 
wheeled artilltry. 

'I'hronahout the entire aren of 350 miles I noticed onlv four villnres containion pr1.111o- 
neat dwelliigs. They were Goumat,i, Snpnri, Sl~nzman, auh ~ a r n n g  Yaud I estimate there 
were nbout halt' n dozen other villages w h ~ c h  consisted ol~iirely of tempor:rry structures. 

'I'hn general nspect of the cooutry is wild. Of cultivat~ou there is very little. A very 
fair enl,l'ly of wnter tllroughout tile year, and grass in  fair qunutity, are to be had, but fr~el 
is ~ c a n t y .  

'Tile inhabitants are sections of the Daresh Khel Waziris, and are divided into clans, of 
wl~icll the principal are the Hat i  Ilhtls, Utmauzai, Umarzni, and tho Spiokhi Turi and 
Gngan Kbels. 

I n  miuter and spring as many as 6,000 fighting men nre estimated to occupy the hills, 
but duriug the hot months, from Mag to September, scarcely 500 remnin behind, while the 
nlnitl bully betnke themselves to Shawnl. For subsistence I hnvo rcnson to believe tho 
iuhnbitants lnrgely rely on robbery, carried out on Lhe Uannn nrrd llohnt border. Their 
rel,utntion as l~ighwaymen is great, and I thiuk I am right in saying they are a source 01' 
consitlemlla anxiety to the Deputy Commissioners of Kol~nt  and l<a;~nu.  

'Phis tracl of country is an nsylum for all the bad cllnracters and refugees from British 
territory ; nnd wllatever the plice at  which such men may secure shelter, the protection they 
mcelvr: i~ proof agnillat all trcat,y obligation. On the occnsion of my visit t,o llafir Kot I 1tras 
n ~ c o r v ~ ~ n ~ l i e d  by some 01' tile Nabah of Ilhattak's men, and from t l~eln I nfterwnrrls 
ascertnir~cd that one of tile Dnreal! Ichels, wllo engaged a good deal of their atteution, ~ n s  n 
mur~lerer  nud n refugee from British territory. 

'rllo ostenei1,le means of livelihood O F  t l ~ e  Dares11 R l ~ e l s  in the ~ n I e  of cattle and shcep, 
wIli14ll t l ~ e y  possess large n ~ ~ m l ~ e r s ,  and (he 1liri11: out of ramels. F1.on1 tlrc I3nur111 l,l:~ina 

tllr-v t l~nw ~ ~ t p l ~ l i e u  nf tl~cr ordillllry nc(:cssnries of life tI1rr)ugh pcrn~nnent seltlcrd locatcd 
tllf.rl. ent:l1 uf  the above mcr~tionetl r l n n ~ .  

~,i'l;u most AfKbLil~~, tbe I)sresh ICltel~ nre lncn of splcn(li(1 ~ ~ I I J s ~ ~ ~ , , ~  of g re :~ t  olldurnncc. 
ill~lred to the iucleme~~cy of wcntlltrs. I have uut 11enr~l uf RUJ.  of Chcir 11111~iber~ 

occcl!tiug employment under the British Govcrnmcnt. 



Lilte all Muhammndana, their graves face north and south ; but wl~ilst all other sections 
of Afgll5us erect two uprigl~t  stones-one a t  the head of the grave and t l ~ e  other nt  t l ~ e  foot, 
mith this distinction for thnt of a female, that t l ~ e g  have the flnt face of the upright stone a t  
the foot turned towards the north-the Daresh 1Chel Waziria place three atoues over the graves 
of their women and ouly two over those of the meu. 

I HAVE the honour to submit the followiug report of the worliing of the party during your 
absence from 27th November 1881 to 3rd February 1882, as also a few notes on the country 
plnne-tnbled by me. -The programme left by you for the last field season was followed out 
as closely as possible. W i t h  the exception of Mr. RloNnir, who started n few dnye in 
advance of the party for Rohat, with the expectatiol~ of immediate trans-frontier mork, and 
sub-sr~rvogors Esuf Shnrief and I(>td:rr Shsrief, who were employed by the ordore of the 
Surreyo.-General for about a month iu pla~~e-tabl ing on the half-inch scale a pollion of the 
oouutry between Nngtiba and Mussoorie, the party continued working nt the Afghanistan fair 
mnpping till about the 10th December. On the 12th I started with the whole establi~hment 
aud reached Kohat on the 15th. The usual preparations for field mork were tnken in 11and nt 
once, and all the plane-tablers, fully equipped, started for their respective portious on the 21st. 
'Lhe plan recommended by the Deputy commissioner, of supplying each surveyor mith a 
resl>onsible mall from the police, with the authority for engaging n certain number of men 
l>icked from the ground ou wl~icli each plane-tabler wns to be employed, answered admirably, 
i n d  nrns found even preferable to a military escort. Ou account of n severe attack of 
fevrr, \\rhicl~ is always gr*valrut in  Kohnt during the winter months, I was uuable to start 
my own plane-tabling till the 1st of January. Kndar Sllarief, from an  nttack of rheumatism, 
mas reported unfit for work a week after his departure, and continued in thnt state uutil your 
nrrival. Air. Warwiek, who had been on sicli leave, reported lii~nself a t  IColrat uu the 23rd 
January, and on tho day follonring he nccomp:lnied me P I ]  I.OII/O to I ~ i s  work, while I proceeded 
to insl)ect sub-surveryor Atma Singh, who hnd been makiug slow progress out of all proportion 
to tlrnt of the others. I fbund 11iln employed in exceetlingly intrioate ground, and i t  mas 
merely his want of experience in del ineat i~~g ~ u c h  ground tliat deterred his progress. I-le 
is very apt though, and 300u put into good elfert whntever he w:~s told. C)n my r e t u r ~ i  to 
ICohat, I was surprised to find thnt Mr. Jvarwick was obliged to meud his may back on 
accnunt of n relapse of sickness. l l e  was never able to uudertake any field work after 
that. 

The area surveyed by me, 280 square miles, included Kohat itself on the ~ ~ o r t l i -  
enst corner aud the hill snnitarirrm of 1Iirlihwnili 011 the south-west; tho former 
8urrouu~led with siniliug gardens nud fields of I ~ l s o r i a ~ ~ t  wheat cultivution, while the latter 
slll.moullts n mass of exceedingly stony agd rough I~ills. M y  out-turo, perh:tps, mould h ~ r e  
far  excectled what i t  did but  for the scarcity of villnges iu m y  wester11 cor~ler, nud the time 
tl1,l.q lost i r ~  tracing aud rotracing lily steps from aud to camp m o r ~ ~ i n g  and evenir~p over 
cut-llp and w:~torless tmcks. The hill Rlirlil~rv:~ili affords a cool retreat to a few of tho 
inllabitants of Rolrnt during the summer ruontl~s, and but for tho oxtrerne difficulty of 
colireyiog building mnterinls to the smnmit mould, 110 doubt, be utilized to a greater extent 
than at ~ resont .  Tbe ouly respectable builtling up there is tho one Nnjor  Csvngnari took 
the trouble of orecling, and to this the fas11ion:tble society of Kohnt tlre obliged to resort by 
t l l r l l~.  

Thieving, cattle-liftiug, and murders are of course of freqncnt occurrence all along the 
ICohnt frontier, hut  I was very much surl)rised a t  the daring di~plnyed by s o n ~ e  Africlis a t  
ICohat iu nn nttempt to steal lny horse in the mouth of April after the completion of my 
work. Twice on the same night a t t e ~ u l ~ t s  were mndo, al t l~ough on the first oecasioil they 
were fired nt by my h:ivildar and g11:ud. nnd oue wo1111i have t11011glrt that, h a v i l ~ ~  aroused 
everybody's nttcntion, the nttclllpt wnuld not hnvo becu repented, yet to our s~lrprise a second 
and more daring trinl was mnde to effrct nn entmnl,e illto the stable by digging a llole in the 
h:lc!i \vrrIl. '!?his of course was s<roo henrd nnd discoverell, Lilt the thieves mauaged to make 
good their escape with a few iueffective bullets whistling after them. 

As notes regarding my worl; of senson 1Hs0-81 mere not sent in a t  the propcr time, 
I trnst they will not be coosi~lerecl out of place here. Allout a mile to the north-west of the 
well-knomn village of Jnnjial, lirtitude 38' 3 i '  IO", longitude TI0 12' lo", there exists a most 
remnrkahle spring, aitunled a t  Q l ~ e  nortlreru base of a hill nrhich terminates one of tbo l o r ~ g ~ ~ t  
sprrrs jutting ont from tire I~nngnrdnrrn raoge. I t  is a deliphtf'ul spot, with a 81,lendid grove of 
immenne mulberry-trees growing n r o u ~ ~ d ,  and tho large body of water, pnre and clear as crystal, 
which bursts out of an cxcarntion 6 feet long and 2 feet wide in n perpetual flow, gives the 
visitor a strong tlisin~.liuation to leave sricll a btlnntiful spot after t rnvers i~~g  thesterile tract all 
nbont. Oreat cnro is bcstowed ou tlro clcnulincss and nrrnnpcnlei~ts of tlre place ; and not only hns 
tho nsunl marvollo~~s t,mdition been Irn~rrle~l down from Intljer to son regarding its origin, bu i  
nn extra nmorrnt of veneration ant1 s l~pers t i t io~~ in nftaclled to the spot. 'J'be rery fish in 
the iiamense l)ool i~nmedintcly 1)elow tho spriug nro \vorsl~ipped, R I I ~  nobody dare attempt 
t h r o w i ~ ~ g  in tho " bnrl~cd hook with its dainty nllurenient." 'l'l~e story repented to me was 
that about 70 gears ngo " Rnc*l~ni " it110 nxmo of lbat  part of the c o ~ ~ u t r y )  was eutirely 
deroid oE nxtrr, w11e11 " Mir Rnliini Syed," II vcry rcligious nnd dcvout mnn, promised to 
obtain t l ~ o  needl'ul eulqjly. A fipriug (lid csist, I boliere, l~rior  to h[L ldnhlm SyedTs 
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promise, but the water which issurd was very srnnty, and of a milky appearance. TIle ,yyed, 
however, determined to emnlnto hIoses and his rod, rind nfter excavating a littlehimself, made 
g0.d his entrance into the ro~.k nrld disnppenred. For  a whole week he was not seen, nor 
could nny one pretend to conjecture what Ilnd become of him. During this time, however, 
Mir Bohim was uot idle, for he rnnnaged to t raver~e  more than a mile right into the heart 
of the hill, and after the lapse of eight dn js  he reappenred, but about 100 yards away to 
the west of his entrnnce, and on nhout the snme level. Immediately on his reappearance 
the mngnifirent flow of water which continues unabated to this day burst out with an 
in~petuous r a s l ~ ,  and so not only the whole of Knchni, but  villages fnrther eastwards, have 
all a plentiful and wl~olesorne snpply. After this exploit some return was thought necessary 
by the inhabitnnts for N i r  Rahini's miraculous work H e  wns very modest in his own 
request, for he only asked for a piece of arable grouud as long as the shadow thnt would be 
cast from a wand of his. This was readily nlld glndly granted by the people, for they did 
not espect to get off so cheaply ; but to their iridescr~bable astonishment, when the Syed 
plnnted his wnud perpendicularly a t  one extremity of a field the shadow stretched far away 
for miles A corupromise was however made, aud a tract of ground given him, whioh to 
this day is held by his descendants. 

Regarding the passes into Tirah from the Kohat side there are three,-the route from 
Bar Mnrai, the Lnndukai pnss, and the route along the Qorbin river. The Landukai pass 
is the most difficult, but  the shortest, and the Gorbiu river route the moat feasible From the 
village of Slieu, six miles north-east of IIang11, the road is tracgd alongside the Gorbiu 
river for about 20 miles until tlie large village of ICnndl is reaohed. The route thon strikes 
north across the Senpnghnr rango, over a rather low kotnl, or saddle of the hills, and 
thence leads right into the heart of this little known country. A s  far ns I could ascertain 
from numerous enquiries, this is the only road that, with little trouble, could be made 
practicable, not only for mounted batteries and cavalry, but also for laden camels. 

Among the different clans inhabiting Tirnh (of which n complete l ~ s t  is subjoined), 
there is, as usual throughout AfghBnisliu, n great deal of tribal animosity and jealousy. 
Constant bloodshed and pitched battles are runre tho rule than the exception ; but perhaps 
the undying nntipathy displayed by the Meeshties towards the Mania Khels and 
rree F C ~ S &  is unsurpassed oven in Afghjn  feuds I believe, as  the former clan have 
invariably proved themselves the stronger, the latter hnve suffered so drendfully at  their 
hands that the clnn is aotually nppronchi~~g a state of extinction. While on Kudumb 
H. S., observing nnd reconnoitring, I w~tnessed a regular pitched battle below on the 
north side between the Feroz Khel nnd tlkhn Khel clans, the former acting on the 
defensive. The nttack was most determined, and the sound of musketry continued 
all day without interruption. I mas glad I was not seen and disturbed, for I had a 
considerable descpnt to make and a great distance to traverse before reaching camp. 
This, however, I could not manage till 10 at  night. The ascent was made at  3 in the 
morning. The  whole of Tirah is well supplied with Snider rifles, and 1 came acros8 n 
number of men on different occasions henr~ng well-cared-for Martinis. The owners mere 
quite proud of their weapons. They boast thnt these rifles are plunder secured during the 
two last cnmpaigns, both on the Khyber and ICu~ram routes. For the Snidurs they appear 
to hnve such an abilndnnce of ammunity thnt cartridges are notually bought from Tirah 
by men from our side of the frontier cheaper than they oan be obtained by them in 
India. The mnnufnoture of cartridges for the Martini hos already been commenced by the 
Afridis of Tirnh with great success, and I mas shown one thus manufactured. The oase is 
very similar to tllose manufactured in Kabul during the seige of Sherpore, and although 
rather thick and heavy, would stand any amount of reloading. 

nlnrnns i  ... ,.. 
Bar Mnlinrnmcd Khel ... 
n1n1,i I<hel ,.. ... 
Sipnl~i ... ... 
Frroz Khel ... ... 
Bozoli ... ... 

Pmduets. 

Rice. 
Wllent. 
1ndin11 corn. 
Potntocs. 
Gram. 

...... 
Wnlnutu. 
Grnprs. 
l'rnches. 
Yomcpnatcs. 

,..,.. ...... 

Zusultnis. but cornblued w ~ t b  Urnknzms. 



E r t l ~ a c t f r . m  hc Nn~.rntive Rcport, rlntcd 31at Octobcl 1881, ?/ COLONEL C. T .  H.\Io, R.E., 
&pctty Stcpetir~lr1crIc1r1, Suroey of litdin, i / l  chn~.yr Gttrcvnl P( tr ly .  

OF the country topographionlly surveyed sheet 76 is almost entirely Barodn territory 
There are but 8 small villages of the PSlanpur State. I t  is mostly flat and open, b ~ l t  in the 
north-east oorner there are a few small detached hills and an nrea of 70 or 80 sqllnre miles; 
in the south-east i t  is pretty thiokly wooded. The Sarnsw:~ti or Knwnrikn river crosses the 
sheet from east to west, and is a stream of some importance. I t s  banks are shallow, seldom 
more than 10 feet deep ; but tlie width varies from 400 to 900 ynuls, wit11 a oonsiderable 
body ofwater always flowing in  a more or less narrowed channel with a velocity that  
strilres one as being excessive for the apparent gentle, almost imperceptible, fall of the 
country. The 1tLjputLna R,ailwny crosses the sheet from north to s o : ~ t h  through the eastern 
half, where i t  taps a very populous district. There are two milway-stations in the sheet, 
Sidhpur nnd Unjha, which towns hare  respectively populations oE 13,600 and 10,500. 
About 20 miles to the west is  Pbtan, with a population of 32,600. There are two other 
towns of populntions hetween 4,000 and 5,000, two more betneen 3,000 and 4,000, six 
hetween 2,000 and 3,000, twenty-eight betweon 1,000 and 2,000, aucl of oorlrso very many 
smaller villages. This part of the country is full of Listorical interest. Pbtrtn is built on 
part of the site of AnhilwBda, the old capital of G ~ ~ z e r a t  before Ahmedabad mas built. 
AnhilwBda is snid to have been a city 18 miles in  circumferenoe, and t l ~ e  heaps of 0111 ruins 
and bricks to be found for miles round P i t a n  seem to corroborate tlle statement. Sidhpur 
is a noted place of pilgrimage, and the renlai~is of tlle Rudra N:da Temple of Shiva are 
nn ohiect of considerable nrch~ological interest. Sidhpur and P i t a u  are both on the -- - -  d - - -  - 
Saraswati river, which is itself veneratued as a goddess. 

- 
The nrea embraced by sheets 35 and 3G is divilled betwepn nritisli Bnroda, Birnsdn, and 

Dhnrnmpur territory. I t  is traversed by the l'urua. Plmbita, Kiveri, and other smaller rivers, 
which, with their many tributaries and feeders, nial~e tho country very intricate an11 diWcult 
for the surveyor. I t  is wooded also, nnd the east of sheet 35 nud the adjoining strip of sheet 
49 between i t  and the Dings is hilly country. The rn~lnwy-station of Bilinlora is just 
iuside the western murgin of sheet 35 ; the railway, ful lowi~~g the general trend of the coast, 
enters sheet 35 two miles north of Bilin~orn, and leaves sheet 36 about eix miles to the - 

soutll. From Bilimora i~ a made road of 29 miles in length to DAnsdn, formil~g the chief 
outlet for the timber from the Dlngs. On this road, at  SIX miles from Bilimora station, is 
the British taluka town of Chikhli, and about two miles north of the road, from a point 
about three miles from Bilimora statiou, is the naroda town of Gaudevi, of eome importance 
from its size, having a population of over 7,000. The Stnto town of Dharampur falls in  
sheet 36, having a population of 4,470. The population in these parts consists largely 
of Bllils and such like folk, who prefer living in huts, apart, or in groups of two or three 
huts, which adds much to the surveyor's trouble, pnrticularly as the oou~ltry is fairly thickly 
populated. Bilimorn has n population of 4,442, Chikhli 3,1.53, aud Nnlllhara, n Gaikwari 
i n m i  village, 3,650. Besides these, there are in sheet 35 atid the half of shcet :Hi, thirteen 
t o m s  and villages of populations between 2,000 aud 3,000, and fifty of popul:~tioos between 
1,000 and 2,000, and a multitude of smaller vi l l~~ges ; but even the popolntioos of the large 
towna contain a conside~xble Dhil element,, wliich is scattered in huts over tho fields. 

There is in sheet 35 a hot sulphur spriug at  a plaoe called Unbi, ou the boundary 
between tho Bnrodn and BBnsda States. The following mention is made of tliis s l~ring in 
the" Imperial Gmetteer," volume I ,  pnge 402 :-" A t  Unbi, within the limits of this (Uansda) 
State, is a hot spring, the tempernture of which is generally but little below boiling point; 
but once a year, at  tlie time of the March full moon, the heat abates sufficiently to allow 
a company of pilgrims and devotees to bathe in it." This is the popular account, but  i t  
states too little and too much. The bathing takes place on the day of the full maon of 
the Hindoo month Chaitra nud the two following days ; and if daring all tho rest of the year, 
ns is commonly said, the temperature of the water is bnt little below boiling pl iut ,  bere is a 
miracle indeed ; and the phenomenon is populariy nscribed to the power of the local goddess 
of Unii ,  Mnthn, in n,liose honour thousnnds conqregate a t  nu nnuual fair. I was in camp not 
far from U116i very shortly after the fair thls year. The new moon occurred on the :jrd 
April, end the bathing took place on thnt day and on the 4th and 5th. On the 11th 1 took 
the terupernture, w11cl1 wns snid to have returned to its norm:ll height on the Gth, and I fo111ld 
i t  to be 138" Fahrenheit, considerably below boilingpoint. I wnsil~formed by a UiuaJu officinl 
nt tlie plnce thnt the bathing c o n i m e ~ ~ c ~ s  by n sudden rush iuto the w a k r  of some hllndreda 
of Bhils and others, who previously fortify themselves with all il~tosicsnt drug (hlrczttg, hemp), 
nnd that thia cools the water, so that the hntliing can nf~erwards be kept up by the eclutiounl 
stream of the r i~ i to rs  to the fair-men, women, nnd children-who plunge in but for a nloment 
nnd so keep down the ternpcrnture, for they contiuue all through tho night. 'l'his is con- 
firmed by a Mnl~ommedan sub-surveyor who witnessed tile first rush lnst year. If this is 
the only explanation of the phennmonon, to my mind i t  leaves i t  yet to be explained bow 
people, iu whatever nrimllel.s, cnn 11111nge into water a1 138' without being seriously scalded, 
whir11 does not tippear to be t l ~ c  CIISP, t l~or~gh,  ns has been proved on more thau olie occnsion, 
a single i~~rlividoal falling in at : I I I ~  otlinr time of tlie year meete hie death. ' I was suspiciolra 
of snnlc (.old tnp capable of bcing turned on in t l ~ e  adjoining templo by n loonl Brallmin 
on behalf of the loon1 goddess, but could discover no nl~penrn~ce of anything of the kind. 
The spring is enclosed in a 1nneour.y tn~ilc or I-hrit~rl 50 feet bg 45 feet, in whioh the depth 
of the water vnrirs from 4 to 6 fect. Tile Bnrode aud Bdusda btate boundary passes along 
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the edge of tho kh~orri where i t  adjoins the temple, 80 thnt the temple is in BSnsda an 
the /,hrcir( in Bnroda territory. 

~l~~ por~ion of the 1)Qngs s u r v e ~ e d  this year consists of five sections of sheet 49, 
nllmbpred 7,13,  14, 15, and 1G on the iudex map. Captain IIobday, under whom the work mas 

on, stntes that the oharncter of the country is similar to what has been met with in 
forluer Fears, but  perhalls the features are larger as one approncl~cs the Uhits. I t  will be 
seen from the index map that  seotious 14 aud 16 reach the ellkt8 where the GuzRrat 
survey meets the North Dcccan survey. The highest peaks a t  this part of the Ci.hits are 
betmeen 4,000 and 5,000 feet high, and Snler fort, which is [bout  a nlile south-east of the 
south-east corner of sheet 49, is over 5,000 feet. The  chief river is the Purnn, which rises 
at  Saler and traverses the surveyed area in  a north west direction. The Eastern DBnga 
fire more populous than t,he western, and the forest clearnnces are in consequence more 
extensive. On the plateau there mas a great scarcity of water, aud what little there was, 
was very bad. One principal road, by no means a good oue, traverses the area surveyed ; 
it  is the continuntiorl of the road from Bilimora and B5nsda to Qarvi into Khandesh. 

I n  the 4Pud parngraph of my la-t yenr's report 1 mentioned an experiment made by 
Lieutenant-Colouel Leach and Captain Hobdag with a wator level, and stated my intentiou 
of giving the method n trial on n larger scale. 1 have now the satisfnction t o  report that 
out of the 10 plnne-table sections surveyed iu the D5ugs this year 8 mere contoured wit11 
water levels, and the method bas prcved a success beyond all m y  expectation. The time 
taken to contour these 8 sections comprising the s~uth-eas t  quarter of sheet 40, giving a 
contour at  every 25 feet, was but  very little morc than i t  would have required to have 
surveyed the oren on the old system ; and now that the hands have been trained to the 
new method, I anticipate that  they will be able to work quite as fnst as on the old. 

I mnet, however, here explain that  tho method cliffers materially from that of a 
rigorously contoured survey, inasmuch ns that  only the f e n  contours nenr the tops of the 
hills and a t  the foot of the slopes were ac'tunlly rigorously surveyed. A great m;cny 
sections were tnken, the principal sections startiug from and closing on trigonometrically 
determined heights, and ausili~iry sections emanating from the principal seotions were take11 
down all convenient spurs, and sometimes down very i l~couvenie~~t  slopes when the 
convenient spilrs mere too fur npart. 'I'lie water-conrses nud the plntoa!:x were of course 
cnrefully s u r v e ~ e d  ns usnnl, and the contours on the slopes mere sketcl~ed in from section to 
section ; the surveyed contours at  top and bottom of the slopes euabling this to be doue 
with great accuracy. 

Ext~.rrctf,.onr thr ~\~fll'l'fil;~'c &])or/, t/afct120th Atryr~st 1882, of L~I%UTENANT-COI.ONEL A. PULL.\>, 
Ur]~rity Sry~c~~irttendci~f, S~i r r ry  of I~ltlirr, i l l  chro.yc Ifitftyrcro. olltl Critel~ Pnrty. 

OF the couutry topographically surveycd this senson, sheets 17 and I8 are portions of 
General nqprct o f  the country. 

the featureless salt " Raun " which I have already described 
iu  former reports. Sheet 10 coutains tho remarlrablo little 

islnnd of Pachhnm. Having an area of 275 square miles, the i s l a ~ ~ d  conta~us 19 villages, 
the largest of which nre Khawndn, pnpulntio~~ 1,222, and Kunria, populatio~l 635. Two 
ranges of hills, called Kala and Qora Uongnr, run almost parallel from west to enst. The 
island is surrounded on all sides by Rann aud waste grass, and on three by sl~allom water for 8 
months in tho year. During the monsoon shallow water encloses the islaucl ou all sides. 
The rrmaiuder of sheet 19 is Hann and thc level grass steppes of Baur~i. 

Sheet 20 comprises a nlnjor portion of Banni, a grasvy plain, dotted here and t l~ere with 
clump8 of bribril-trees add the huts of ~ a n d e r i n g  herdsmen from Sind aud Uutch. 

Sheet 21 contaius a portion of the l iaun between Cutch and Bnuni, together with the belt 
of fertile ground which skirts Cutch on all sides ; the remaiuder of the sheet is mingled hill 
and valley, rocky and poorly cultivnted. 

The principal streams in this seasoo's work are-lrt " Nagmati," rising in the hills nenr 

Rivers. 
Kern in  sheet 22 and flowing into the Gulf of Cutch ; 21rd 
" l'hot," r i ~ i t ~ g  to the east of Kera and flowing into the 

Gulf of Cut r l~  a t  Navinal point; 3rd " Bhukhi" and " Sakrn" : these streams rise ill the hills 
south east of Bl~uj ,  flowing south and effecting a junction one mile south-west of LIhailresnr town, 
sod falling into the Ciulf of Cutch near that place; 4/11 "Khari," tnkes its rise in the 
hills south of Manliua in sheet 22 and terminates in the sand of the Ranu near Sumrwer 
village. 

Kala Dongar, the highest range in Cutch, is to be found in aheet 19. One peak, " 13abia," 

H ~ l l a .  
rising to an altlt~lcle of 1,520 feet above sen level. The other 
ranges in this senso~c's work are " IVnrnr," with an nllitude 

of 1,125 feet ; " Jhura," 1,062 feet nl t~tude;  aud " Habo," 974 feet altitude. 
The priuc~pal towns and vlllngcs in the senso~l's work are- Ul111j (the capitnl of Cutch), 

Toatxs. 
a very pretty, cleun town, picturesq~cely situate11 in a well- 
cultivated valley surrounded on throe sides tjy low rocky hills ; 

Bhujpur, populntion 2,892 ; Khnwada, tho pr~ncipal town of the island ol t'ncl~hnm, popu- 
lntiou 1,222 ; Xirunn, a large village on the borders of tho ltanrt, populntio~c l , A - 1 4 ;  and 
Dhadrosnr, pol)nlatiou 1,943. situated ou a creek two miles north of t110 Gulf of Cutoh and 
remarkable for its very fiue old temple. 
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E ~ l t . n ~ t  , f i . o , ~ ~  tlrc h'ctr,~.n/ite Rcport of MAJOR lt. I~EAV.\X,  O f i e i r t i ~ ~ y  Dcprtty B~~j~,~ . i t r t rnr lor l ,  
S~rrcc!~ fi~tliu, dl clrn~ge Bclrrehi.~tro~ Topcyr,~pItienl Pnrt!~.-,%-~.yo,r 1881-42. 

THE work i n  hand on the l e t  October wns continued without intorruption, and con- 

Plan of detail. Surray operntiona. 
sisted of the detnil survey, on the scale of half no inch 
to a mile, of the hilly country lying between Qoetta and  

Icelnt, ndjaoent to the Bolan and lZodbar pnsses. I received orders to accompany a 
military expedition, under Brigadier-Genernl H. C. TVilkinson, to open out the routee 
botween Thnl Chotiali and Dchra Ghazi Klian. I also took advantage of such opportunities 
as occurred for filling in, on the quarter-inch scnle, portions of country hitherto unsurveyed, 
and for getting observations to complete the  Sewestau triangulation. 

The plan of operations already in force continued to work throughout the senson, the 
ouly exception being that  less assistance mas available from 

h r a n g c r n c ~ ~ t s  for prosccnting rho 
,VO~L.  

the N ~ l i t a r y  Department in the mntter of transport and  
commissariat. 'l'his was partly due to the fact tlrnt our 

survey parties were gradually worliing further away from the military line of communi- 
catio~rs, and partly also to the reduction of troops and the curtailment of the trausport 
and commissariat estnblishments consequent on the cessation of military operatious. 

W e  continoed, however, to  receive nssistimce from the Transport Department till 
January, after wlrich me were able to hire camels a t  Sibi for mork in the lower country 
aud iu the Marri hills. 

Owing to pressure of other work, and particularly the great importance of completing 
as much topography as possible during the remainder of 

Tlinngnlnlion. Ar~.nngrmcnts for-. the field senson, i t  was not found practicable to advance 
with tllo t~iangulatinn in a systelnntio mauner, or to employ any  of the party on thie 
work alone, but  ovcry opportu~iity was taken for oompleting the observations a t  the different 
llill stntiolls selected for the purpose, as they Irnppened to come within reach duriug the 
progress of the detailed surveys aurl reconnaissances. 

In this manner observations were talien nt eleven stations, besides one hill (Blitu'r), 
which wns ascended and found to be well a(lnptsd for a 

Ttinngnlntion completed. stntiou ; but time was wnnting for takinw a r e g ~ ~ l a r  series of 
angles, and no opportouity offcretl for revisiting t ~ l e  place Some d'hculty arose from 

of the cair~is erected the provious senson having been destroyed, I ~ u t  considernble 
progress was made both iu i~uproving the nccuracy of the triangles previously laid out and 
i l l  extending the series, wliicl~, starting from three stations of the Belochistan series south 
of Sibi, spreads itself orer Sewestnn and the Uarri hilln, and oil1 eventnally join the Great 
Indus Series near Dera Ul~nzi ICl~nn. 'l'here is only one h ' l l  near Vitakri which has not 
been nctunlly visited in this series of triangles, but observations are still wanting a t  several 
stations in order to complete a satisfactory connection. 

On the 14th October I received orders to accon~pnny an expedition proceeding from 
Qlletta to 1)ern Crhnzi IChnn riri the Snonra pass. I obtaiued permission to start ahentl of the 
troops, n n ~ l  lcft Quetta on the 2.jtl1 October, joiuing Gdnernl 'ivilkinson nt Sl~nhrng on the 
7th November. I n  tlris interval I took obsrrvations a t  IChost, H. S.. and succeeded in 
sketching in several portions of country that had hit.herto been very roughly delineated. 
After this I accompauied the force on the marc11 oiti Mnudai, Shal, and Chamalang to L)ehra 
Glinzi Khnn, which plnce we reached on the 11th December. E I ~  rotttc I visited and ohserved 
a t  'rorgnrh, 13. S. and Uadnr, L l .  S. (= Cllaniilang Sir :-Heaviside', and also visited B6tlir 
hill, but had not sulfirient time for tnking regular observations there. The results of my 

lane-tabliug mork during the mnrcll were embodied in a map wl~ich I prepared for General 
Kilkillso11, and which has since been publislrcd. 

On t l ~ e  1st January the ofice was moved down to P i r  Choki, ~t the mouth of 
the l!oian pass, nucl I meut on wi1.h the t r iang~~lat ion,  visiting the folloming stations 
during tho mouth of January:--Eirta, Greitt Trigonometrical Station ; North 13n11d, 
Grer~t Trigonometrical Station; Snugon, 13. S. ;  and Nnri, H. S. A t  the last named stntion, 
owing to cloudy weather, I was unable on this occa~ion to secure the obserrr~tions 
I mnnted, and had to visit it  agnir~ Inter on. I n  February I observed a t  K l ~ n ~ l k i ,  
H. 8., and mnde nr~~anct.roents for coutinr~ing the snrvey of the Marri hills  wit!^ an  
escort uf Mnrris furnished me by the Assistant Ageut. Mr. Corkery havine finisl~ed his 
work in the ltodbar pass, ~ n d  being at t l ~ a t  time iu fairly good health, accompazed me, aud  
we left Sibi on the 13th Febrnnry. TVe n~nrc l~ed  rid Talli and 1)aho ns far as Tatra 
hill, a few miles north of Knhan. I took observntions a t  Bagrai, H. S., and Tatm, alld 
we rett~rued c.1d the Sart valley to the Chakar rivor. During thie period i t  was neces- 
sary to carry provisions with 118, not only for our men and animalr, but also for the Illtrrris, 
who ncron~panied us, aud grain for their horses. 1 hod arranged for a fresh supply of 
provisions to have been bronglrt ont with the 3rd Native Infantry who were marcllirlg in 
tlris direction, nud thoy mrre tinled to meet ns on the 3rd Maroh. They did not., however, 
leave Sibi till about the Gth, and my provisions were conseqoe~~tly delayed. I therefore 
decided to divide our pnrlg, and leaving the rem~~inder  of our provisions with Mr. Corliery 
relnrnrd n~ysrlf torrards Sibi, mnrclAing via" Qrmt Mandai, aud completing tile observntiolre 
nt Nr~ri .  LI. S., thnt 1 hnd been obliged to lcalre uufiniehed on the previous occnsion, 
I relurued to Sibi ou the 13th hlnrch. 



The whole of the country in whioh survey operations were carried on prosents the u811nl 

Ronlnrlra on tho country under surrey. 

- 
characterisrics of B~luohistan-dry and arid, with no ve6: 
tation; water very scanty; only procurable in certain places, 

and generally brackish ; bare rocky l~ills and stony plains. 
The field season continued over 12 months; the party left Sukkur early in April 

"urntion =lose OI tho  nold 1881, and continued at  work till nearly the end of March 
nemon. 1883. 

There was no serious sickness during the whole of this time, but most of the members 
of the party suffered from fever more or less, and oming to bad food and water were seldom 
free from dinrrhooa and mild forms of dysentery. Mr. Coxen had a serious attack of 
erysipelas, and Mr. Corkery was obliged to take siok leave to England in order to recover 
his health. 

As explained above, the grent object kept in view during the field season mas to 
Gonornl remnrka get as muoh topography completed ns possible, and at 

any rate to complete the map of the hilly country whicII 
lies between the Bolan and the Rodbar passes on the half-inoh scale. This was satis- 
fnotorily aooomplished, and the results are now ready for publicntion, and in addition 
to this a great deal of new work has been done on the smaller scale of 1 inch 
4 miles for the purpose of incorporation with the maps previously pnblished. To attain 
this result, however, it was necessnr,y, in a measure, to sub!?rdinate the pro ress of the trian- 
gulation, which is consequently still in a somewhat inoomplete form. $hen opening out a 
new country, a number of points fixed with moderate accuracy are of greater value than a 
few stations of which tho positions are rigorously determined within an inch or so. The 
former can, moreover, be more expeditiously secured thnn the latter, and the observntious 
necessary to secure rigorous accnrncy can be t&en at a future time if required. 

I n  the Sewestan series the trianglcs have to be laid out ou a large scale, the sides of 
several of them being 40 milos in length. This arises from the nature oE the country, which 
contains a few prominent hills, and between them n broken irregular mass of smaller ridges. 
To establish stations on tho latter is useless, as the rays from one to another get blocked by 
intervening ridges of equal height. IXence i t  becomes necessary to i~ t i l~xe  for triangulation 
only the larger and more promineut hills, which are all r~lutuully visible, but lying far apart 
from one another. 

Under such oonditions one might expect to attain a high stnndard of accuracy in the 
observations if only one could sec1u.e a clear atmosphere, but unfortuuntely this is very rarely 
to be had in this dry and dusty region. Thus it happens that frequently after a journey of 
seven or eight miles from camp, and a climb of 3,000 feet or so, some of the stations to 
which observntious are to be taken are quite indistinguisl~al~le in a dusty haze, especially if 
there happens to be a dnrlc bnclrgrouud of more distant mountnins. If in additiou to this 
it should happen that the pile of stones which the observer is strnining his eyes to deteat 
has been deslroyed by wnndering shepherdq, the ohnnoes are that he observes to some bush 
or rock, and does not find out 1111 long afterwards that he has nlistaken his point altogether. 

Short Drsrr~j)tiorh of the Trcrct qt'Colr~lt~.y ill Di.r/rict R,r~crtr'l,ir~(li, Ptlo~oz 0.v ' I  Xrrln Chitlo Pnhn~.," 
by LIEIJTEXANT-C)~L~XKI. D. MACDONALD, Drpt~Iy Suy)~ri~ltrtld~~ut, S~rrrry of fiu(li~. 

"THIS range is in the shape of n wedge, entering the district (Rawnlpindi) between 
Attock and Nnra, where its width is about 12 miles. I t  comes to a point at  its easlern extremity 
four miles due south of tho Nargnln pnss, and is about 60 miles in length. I t  lies in 
what is known ns the ' Ichnttar ' tract, so called alter the ' Khattars,' au important tribe 
of the Awans." 

" The 'Chitta' p h a r  is composed chiefly of nummulitio lime-stone, but the formation 
of many portions of its southern side is of soft snud-stone. The outer surface of the latter 
has, owing to the action of the ntmosphero, nssuncd a dark, almost a hlack colour, giving it 
the name of ' Knln ' prthar. The whole nlol~ntain is knowu ns the ' Kaln Chittn Pahar ' (the 
black and white hills) ; but it is more gcnernlly called by the latter name." . . 

" I t  is more or l e ~  thirkly covered with ' kow ' (wild olive) and ' phoollal~ ' (ncnl,i,i 
~tmstn). Grass grows plentifully on tho lime-stone hills. A rioh lime is the most valuable 

of theso hills. The trees are excellent for fuol nnd charcoal." 
The above pnrngrnplls are quoted from Major Crncroft's Settlement Report of the Rawal- 

pindi district, dated October 1864. 
I t  is a wild and gloomy region, not, mnuting, however, in the pioturesque. The 

range a t  tho eastern extremity is composed of low rounded hills. Proceeding mostward, 
the hills increnso iu height and become more hrolten nud rugged in their formation. 
The highest peaks, sonle of which range over 3,500 feet nhove mean son level, nre to 
bo found in the north-western corner, abutt,ing on the rivor Iurlus. Tile Indus forms the 
western boundnry of tho rnuge, separating it from tho Icollat district. As a rule, the liille in 
the north nre higher than thoso fnrtl~er aouth. The former are r ~ ~ g g a d ,  precipitt,ns, bare on 
their summits, and rise in huge masses abrul~tly from tho adjacent plains. Between those 
and the more nouthern portious of the rltnge are a fcw open valleys, but not of any great 



Then sucoeeds a series of rocky hills, very broken and disjointed. I n  parts they 
consist of narrow, almost perpendiculnr ridges of rocks, running in ~ t rn igh t  nnrl p:~rnllcl 
lines with deep gorges between. Sometimes these ridges nfisurno the most cxtmorili~lnry 
ollrves. I n  one plnce their shape is almost elliptical, enclosing an elevateil n n ~ l  oval plateau. 
This again is varied by collectio~ls of isolated and conical peaks huddled tngbthcr in the most 
inextricnble confusion. Altogether tho configuration of the grollnd in this regionis very 
remarkable and unusual. A storm chart suggests a not inapt compnrison. 

I t  is a most desolate and inhospitable trnot. Water  is very ecnrce, and in the dry season 
hardly procurable, and of bad quality. I t  may at  times be considered ns an almost uninllnb- 
ited region. There are no largo villnges in the interior. I[amlets, consisting of half a dozen 
rude huts, nre few and far between, aud only occupied during the rains, when wnter and 
fodder are procurable for cattle. The communications, Once you leave t11e benten tmcks, are 
atrocious. These foot-paths, if they can be so called, which connect one hamlet with another, 
are hardly traceable on the rocky soil. A guide well ncquninted with the locality is indis- 
penfable. These paths in their sinuous courses traverse all kinds of grolmd ; they nin over 
huge boulders, through clefts and fissures of rock, and along the dry anil slony beds of 
molintaiu torrents by turns. Walking in these parts is certainly the safest, and often the 
only possible, mode of travelling. 

'l'he principnl roads through these hills are four in number ; by far the best is a metalled 
rond from Cnmnbell~~ur and Attock to Pind Sultani on the Ramalpindi and Kohnt road. 
This can be useh for-wheeled carriage throughout its entire length.  ear its entrance iuto 
the hills, and again at  its exit, are two halting places, where tllere are large sernies for native 
travellers, with accommodation for Europeans ln a corner. " Choi" is the name of the camp- 
ing ground to the north. The other halting place is " Lambadan." Midway, in the Tery 
heart of the hills, at  a place oalled " Lall-ki-ban," is a bungalow on the road, ocoupied by 
a customs officer. 

The other roads are- 
1st. From Fatahjang, the head-quarters of a tahsildar on the Rawalpiudi and 

Kohat rond, to Hasan Abdal. 
2nd. From Fntnhjang to Campbellpur. 
3rd. From Campbellpur to  Gnggau, a camping ground on the Rnmnlpindi and 

Kohnt rond, one march west of Fntahjnng. A11 these three roads are very 
inferior, and can only be partially used for wheeled carriage. 

Animal life in these hills is not very plentiful. A species of wild shcep, called 
orial " or " horial," is found in some parts. " Uhikor," or hill partridge, nre tolernbly 

abundnnt. There is also a smaller bird, a kind of partridge, called locally " soosee." Sand 
grouse, both lorge and small, are found in large numbers in the adjacent sandy plninn. 

This region is alluded to in BIajor Cracroft's report as a plnce " where crime flourished." 
Mnny deeds of violence, " he says, " s e r e  perpetrated with impunity ; the robber, the murderer, 

and the offender ngnin~t  the Stato, found shelterhere." H e  adds " that i t  is only in recent 
years that life and property have become seoure." 

The heat in summer is said to be intense, and no wonder. Thio can easily be accounted 
for by the absence of moisture in any shape, the hills being oomposed of huge rnnsses 
of barc rock, and the adjacent plains conristitlg of a sheet of almost unadulterated Fund. 

The total area of the tract known ns the Kala Chitta Pahar, inclusive of hills and 
plains, amounts to 531.3 square miles. The following table shows how this area ie 
made up :- 

Squom miles. 
Government forecst reserves .,, ... ... 154.1 
Sirdar Foltrl~ KI~nn's jogir ... ... ... 4.3 
Fire villnge oE tahsil Rnwalpindi ,,. ... 23.2 
T~rnt f - s i r  djlto Fntnhjnng ... ... 127.0 
Eightccn d~tto Attock ... ... 120.9 
six ditto Yindigheb ... ... 101.8 - 

Total ... 63.1 3 - 

Notes InRcr~ droing the A('lrl Srsor~  of 1881-82 b y  MR. C). W. J~nnn, Assislarrt Strrccyor, 
cohen er~gngcrl on the fir.est Rcser.i~c S~rrrcy in District T~bflr.r~nro~o'dy, Britbh Burmn. 

THE tract of oountry in which the survey party operated is known RB the Thouezeh and 
Koonbeeling reserves. Tlie former is bounded 011 the north by the water-shed between 
the Heeling Toung and 'I honrzeh streams, which is one of the main spurs of the Yoma ; on 
the soutl~ by the Meeuing K~yorrtrg ; on the east by the h g u  Yoma range of hills ; and on 
the weet by the water-shed between Koonbeeling and Thonezeh s t ream,  a continuation of 
the spur which forms its boundary to tho north. The latter, Koonbeeling reserve, is bounded 
on the north by the water-shed bctwe n the Kadeen and Koonbeeling Kyorr,rgs; on the  
south sod east by the Thonrzeh forest reserve; and on the west by o demarcated line 
wllich is shown by mounds of enrth, four feet high, heaped round posts about fivo and a half 
feet high, on whioh are uniled ziuo plates with numbere out into them in the Burmese 
oharncter. 





trees (trcto,,n gr.n~fdis) of any grent girth, nor in any large quantities: in F:rct, of two 
@trips of say a mile wide along the two sides of tllo reservo boundary line, I am wrre 
that the one without the reserve holds more and better teak than that wlrich lies within. 
This is not likely to be true a few years hence, ns Karens are allowed und enco~imgetl to 
clear and cultivate for their own use, temporarily, any suitable portions of jungle lanil, 
on oondition that tliey plant them with teak, for which they are paid a t  a libcrnl rute 
per hundred. 

As respects size, the most striking tree is the ka~rybl ,  known in India the ~ / ~ r < j o n -  

tree. From i t  is extracted a n  oil said to be a cure for leprosy. I t  is nlso used by 
the people for their lamps and torches. The Assistarit Commissio~ier of Beeling says that  

in manufacturing torches decayed wood is trituratoil and s a t ~ ~ r a t e d  with the oil. This is 
then rolled up in leaves of the poloo palm, much after the fashion of the ordinary maize 
oheroot, and tied up a t  intervals of two inches with bnmboo withes." When burning, they 
give out an nromatio odour. They sell for about three rupees n hundred. 'l'he method used 
in extracting the oil is this :-TWO or three notches are cut into the heart of the tree ; from 
the lower portions of these notches the wood is scooped out, forming a rude c ~ ~ p ;  fire is 
then applied inside the notches, the heat of which onuses the oil to exude into the I~ollows, 
from which i t  is removed in earthen vessels or in hollow bamboos. A t  night, in the depths 
of a dark and dismal forest, i t  is a weird spectacle s u d d ~ n l y  to come upon half a dozen 
nearly nude natives extracting tlie oil ; their faces look distorted iu the lurid light of their 
torches, whilo ill silence they move rouud their blaok and gigantic victim. 11; deludes one 
iuto believing oneself a witness to the sacrifice of a human beiug to some bloodthirsty 
deity. 

A peculiarity of these forests, mliioh is sure to be remarked by any one who has roamed 
much iu those of India, is their scarcity in fauna. There are a few pheasants, partridges, and 
jungle-fowl, some beautiful birds as the t r o ~ o n  and parrot, +lid nlso some orgeous butterflies ; 
but deer and the larger , f ir ,  arc rarely met with to the west of the &ma hills, although 
the forests on their ensterti slopes hare beeu called the homes of such nuim~ils. T l ~ a t  
elephants and wild buffalo abound ou the Oltlian slopes I aln convinced, as I have seeu 
numerous tracks of both animals, and hare even heard the trunipetings of tlie former. 
Here I would mention that I have both seeu and heard guinea-fowl in these iungles. 
I n  doing so, I am awnre that it will be said I have mistaken the silver pheasant for that 
bird; but, as others have on several occnsious recognized them too, I can only think that, 
i f  they are not indigenous to this country, tliey must be the desceudants of birds that have 
escaped or been freed from captivity. 

From the almost total abseuce of animal life in the Thonezah forests, day is oppressive 
in its solitnde ; while to the silence of the night is added an abnormal darkness, due to the 
dens it,^ of the underpomth and overhanging foliage. 

The Karens, the only inhabitants of these parts, are a wandering raoe of people, who 
remind one very muoh, from their similarity iu features, clothing, aud habits, of tire Mechis 
of the Western Dooars of north-cast Bengnl, and the Tharoos who live in the Tarai of the 
Oudh forests. I n  passing, i t  may be worth remarking that " Taroo " is the name by which 
one of the clans of Karens are Imowu. The men are of fiuer phxsiqne than the Burmans, 
and the Karen women more handsome than the average good looking Burman lady. I have 
not seen one deformed, nor even thin, person amongst them. The clotl~ing of the men 
consists of a cotton garment closely woven in one piece ; this is almost identical in shape 
with the smock-frock NOrU by an English farm labourer. I t  is  soal ally of two colours, a dull 
orimson nnd a whitey brown, in alternate broad stripes horizontally, and reaches down to the 
ankles. The women besides this wear a petticoat of the same material beneath i t  when 
out of doors; but, ns a rule, when at  home, they discard the tu~iio, wearing only the 
petticoat, leaving the upper portions of their persons nude. The ohildren require no clothes ; 
their fatness keeps them warm. decenoy being quite a secondary consideration. 

A Karen village consista of but one house built on bnmboo piles from eight to ten feet 
above the ground, with bnmboo mats for its walls, and bamboos, not grass uor leavetr, for 
the roof. This house has a pnsSRge from one end of it to tlie other, into whioh rooms open 
from both sides, the number of thorn varying with the number of families iuhabitino or 
having a separate interest in  the villnge, the size beiug regtdatud by the number of inaivi- 
dunls in a family. Access is had to the upper part of the house by a very narroV,v hnmboo 
ladder, or sometimes by n limb of a trcc with a few notches out i r  i t  to answer for steps. 
This is placed iu so ucarlg nu upright position that it reqnires somo agility to he to 
climb it. The space below the I~~osc . ,  liternlly tho grou~ld floor, is utilized as a 
lig-sty, dog-kennel, and latrine. I t  is therefore furtu~late, on sanitary grounds, that tile 

karens removo their t v s .  n t,Iiose vi l lapa me mlled, to a more or less distant eyot every 
year without exception. On these occasiolis tho old house is burnt. propiti:ttory ofierings are 
made to spirits, wbcll the ICa1.en8 believe may pcrlraps haunt the new looatioll they have ; 
a grent feast is enten arid nltmerous libntious are poured out. 'I'lie community ill a body 
the11 take up their residence in the uew abode. The In!, is knowu by the name of its livillg 
" Sockay," ns their chiefs are cnlled. 011 the dcnth of one olrief, the village is relrnnled after 
h i  successor. This ou~tom is conltllon to thc JI,v.hi. The ICtlren too, like the Zochi ,  has the 
habit of wa~~der ing  nt his own sweet will from place to place iu the forest. When he comes 
to a spot wllioh tllkcs hi:; fancy, 110 outs down tlie trecs, and, after bl1rning tllcm the 
jullgle, 1 1 ~  solvfl ric0 in the nshc~, I)urcly sufficient. to yield a c.r.,p n,l1icll will slljfice f,,,. the 
~ ' " r l~ '  collsumi'tion of lris family aud fur~iish cuough for tile uest year's somiugs, H~ 

e 



oultivntes cotton for his olothing, a few vegetables, and some tobaooo ; while the small sum he 
realizes from the sale of betel leaves with nn odd rllpee or two, mhich some of them may 
ooonsionaIIy earn from forest oontraotors, prooures him his I~~xur ies ,  suoll as " ugapee " (fish 
pmte) ancl the areon-nut. I n  a year's t i n ~ e  he thinks he ought to remove to another part of 
the forest, where he repeats the operatious merltioned above. I t  is as well therefore that, 
since the formation of this forest reserve, he ha3 been obliged to oonfiue his timber-cutting 
propensities to the  cleariug of that land ouly whioh within certaiu ample limits has been set 
hptirt for him. 

Thc Knrens are filthy in their habits, dress, and persons. They are, as a rule, extremely 
indoleut. Sowing and reaping their crops and building their houses occupy very few of the 
twelve lnonths; their spare hours, when they are not tlrunk on liquor distilled from riue, are 
spent iu smoking and gossip. The women weave 010th aud malie very neat and durable 
bmkets, the slinpe and make of one kind is identical with the " kilta " made by the hill-men 
i n  the Himalnyne, and resembles an exaggerated strawberry pottle. The Karens evince 
great curiosity on the oooasion of an European encamping near their In!/s. They come over 
and ask all manner of questious, iuspect his tent and belongings, nud they will even touoh 
one's clot.hes to examine and descant upon the texture and quality of the cloth. Some to 
whom I shewed the figures of a pattern plate from the Yoro~y Lnclir.$' Jou~,~zcrl wore highly 
amused. They are a hospitable race as far as their menns will allow, but have a dislike to 
selling fowls or rioe, probably because the supply is limited in these parts. 

I n  religion they profess to be Buddhists, bnt they seem to be very lukewnym in  their 
belief. Knowing that many Karens had become Christians, I asketl some of them why thev 
too did uot clitinge their creed. They answered that  no one taught them the newreligion. 'I 
have heard that nlauy of them, who were once converted to Christianity, have sinco relapsed 
to what, omiug to their ignorm~ce of even Buddhism, may be called ~ ~ o t l ~ i ~ ~ y i . ; ~ ~ a .  I believe 
that  tlie present of a bottle of bmndy would, for n time, decide the religious beliof of a whole 
village in favour of any proposal by the donor. 'l'he BritiuA Bt r r~~in  G~:citco. gives greater 
nnd more interesting details of tho 'Ihonexeh forests and its inh:ibitants than any I oould 
collect in a s11ort field season. 

Of the ditfioulties i n  the m ~ y  of surveying, sickness is the greatest- 
" For hot, cold, moist, and dry- 
Fonr cllnmpions fierce- 
Slr irc here for mnstery' ' 

The superabundance of wnter in the met and its scnroit,y in the dry season, and the impos- 
sibility of procuring supplies on the spot, may also be mentioned. 

Not only acre  malarious fever nud dysentery very prevalent., but the khalttssies suffered 
much from sore eyes aud swelled legs. The former is, 1 think, csasod by tho fluffy hair 
of the bamboos getting into the eyes, and the latter was most likely due to the scratohes 
,>f poisonous thorns, drinking bad water, or perhaps to scurvy iuduced by tlie sameness of 
diet for moutlls together, with not oven an occasional dish of vegetables to give n relish to 
the monoto~lous meal of rice. Two of the snrvey ithalassies lost their sight, whilst many who 
were hale and hearty wheu they joined tlie party returned home crippled. The want of 
water in the hot weather is a great hardship. I t  is not so nluoh that  wnter is scarce, as being 
11nable to find it. when il. is required, that constitutes the dillioulty. The time nnd toil spent 
In searchiug for it down the valleys, after a long and hard day's worl: on the hills, is very 
trying, and having to climb the ascent again and then ooolr their food robs the lihalassies of 
hours of woll deserved rest after the fatigues of the day. .And ofton when the water is 
found i t  loolts like a strong infnsion of tea, nnd is lnost liltely impregnated with bneilrcs 
rr~rtlr~~nei.~. the fatal germs of splcnio fever. 

As regards supplies, they must all be imported from a distance. Elephants m y  be 
employed to bring thorn to tile foot of the I~ills ; but once arrived there, portera must be 
exclusively engaged ; and as one man can only carry suffioient rice for the consumption of 
himself nud two others, 'it follows that a surveyor's squad, which has usunlly eight men in it, 
must be incressed by eight othera, when startctl on a l~iece of work which it will take fifteen 
11n~'s to  complete. This nnd the short period duriog which work can be oarried on in thL 
ynrt of the country runterially affect the seasou's out-turn. 

I 13 4\.e the honour to send tho following report on tho survey of p u t  of tho Burma- - .  
hIn~lipur boundary. 

Mr. Ogle (who was deputed with me for this worlcl nnd I left 8hillonrr on the 4th 
of ~ o v e m b d r  witil n s111)ic.ient ;umber of survey khallnssies to carry our i n s t r u r n e ~ t s , a n d  69 
K h a ~ l a  coolies for the carriage of all bnggagt., publio and private. Our intention was to 
have made four marclles eastward from All~lloug through Jowni and alon the old ~ s d n  
rond, and than to have turned south-east tolvnrds C):tcllnr, by doiug whiof we would avoid 
all but one march in the plains, which i t  is always advisable to do when travelling with 
hillmen ns ooolies. Uut  on arrival at  our filth halting place we found that the village had 
I t~rtnialy been moved from the place it usell to orcnpy according to the map; and as we 
went fnrther we found on euqulry that tho wh,>lu of the country south of the old Asalu 



road belwecu tlie meridian of 93' and tho western houndary of the Cncllar hills mns quite 
deseded, all the inl~abitants having moved enstwar~l. As our supply of foorl dcpendcd on 
what wr oould purclinse day by day, wc nlv) 11ad to continue our ml~rch enstwn~rl through 
the populntcd c o ~ u ~ f r y  nrnrly to Gujong, tho head-qnartem of the sub-divis~on, before we 
could find a path to tnlie us to Cnchnr, where we arrived on tho 15th November Hcre WP 

found that it mould be ncceesary to carry our snpl~ l~es  with us for the seven dnys' niarrh 
to Mauipur ; and as the Dcputy Colnmiafiinner mould supply no coolies except a t  the 

price of RA. 50 n load (cncll oooly carrying hnlf a lond and r~ceiving Rs. 25 
jay), me had to mait for men from Manipur, which dolaycd us just a week. W e  arrived nt 

Hmlipur on the 27th November. 
F r r  the next eight day5 our men mere employed in clearing and putting up signals on 

old  tati ions and at  points choseu by us for our t r i  ~ngulatiou ; and on the 6th and 7th of 
December, respectively, Mr. Ogle and I left Nnnipnr to carry fornnrd the work. 

Starting from the stntions of Ycugbalong-Kong nnd Phunnn in the Manipur valley, we 
amanged to carry a series of triangles e.tytward to the neighbonrhood of the Rungal thnnn 
on the disputed boundary, where Colouel Juhnstone, Politicrrl Agent and Boundary Comm~s- 
aioner, had estnblislled hie camp, Mr. Ogle t n k ~ n g  the northern stations of the series, nud 
myself the ~ootheru.  

For tho first tbrec days after leaving X a ~ l i p ~ ~ r  I had nothing bat trouble. On the 
lllorlling of my start my coolies wcro late, as i s  u s i i : ~ l l ~  the cnsc wheu making a fresh depnr- 
ture, alld we did not cot off till nearly uinc o'clock, which was a bar1 begilluing. ns they lin(l 
a very long march of 25 miles befo1.e them. My own r m t e  led by a detour past the Phunau 
hill, ten miles south of Manipnr, where my trinngulation mas to begin. After climbing 
Yhunan to the station and setting 111) my t l~~nilnl i te  I turned the teleseope to search for the 
first of my new statinus, n ~ ~ d  foul~d that the 11ill hurl not beeu tonrhed, but that, tlirougll 
laziness probably, my cutters must hare bwn talien to n low hill at  hnlf the dietnnce. on 
which I saw rt sigllnl p11t 1111. I arrived in mmnp by torcl~light. 3 ly  Khasios came in after 
nine at  n~ld  tlle N a p  coolies with provisions, lint at  all. On the two following dnys 
I mas tnken, mucll ng:rinst Iny jndgmeut, n loug round in senrch of the hill I wislied to pot 
u p  my statio~i on, aurl at  Inst rcncl~ed it to And that I was ouly half a march from where 
me liad stnrted. Alter this I hod an es l~ ln~~nt ion  with Soppa x~rbnd~~r, who had been sent 

me as mnnnger of cutters, cm~iers, nut1 supplies, and had very little tro~ible of this sort 
during the rest of my joomey, for which, indeed, I urn much indebted to him, as without 
his excollc~~t m:rungemeut I should cer ta iu!~  not have accomplished so much as I have 
succcnded in doi~lg. 

1 was much disguslcrl on the night of my first mnrch, as well as on several occasions 
nfterntnrds, hy the conrluct of the .\lnnipuris tn~v:~r(ls coolies nnd their Naga tributaries 
grnernIIy. There is nlucli good, no doubt, in their rule over their Nngns. They prevent 
t l l ~ n ~  from 8laughtrring ouo auoilior, protect themu, ellcourage them iii ngricnlture and 
tmde, nud eniplny thrnl as anxilinries aud in repairing and opening roads; and among 
tl~eniselves tho Nngns serm well-to-do nud happy cnongh, but the Munipuris treat them 
like dogs. On this occnsion tho man ill chorge of the thana would give my coolies no fire- 
mood. Looking as I do on my coolies as tlle legs aud arms of my service, on whose well- 
being the snrccps of my work lunil~ly dqlendu, 1 wn8 llarticulnrly irritated, and the more so 
bo~ause I could uot llrlp them, ns the man wid that tllero was no more, mhioh I kuem to 
be uutrue. I t  was 10 o'cloclc on a ~~itcl i-dark night so thore mas no use in  their going 
out to sru~ch,  even if thry hnd had no ruarch to tire them during the day. I did what I 
conld for them by giring them the woo 1 thnt had heeu brought for my onmp fire, but  m y  
khallassies did mncli more : they gave what 11ad beon given to them for cooking and nrent 
dinnorless to bed, nnd they did this of thcir own free will and nitllout my knowing of i t  
till I heard i t  cas~inlly next day. This illtrentmeut of coolies is not an exceptional cast.. 
I t  llappe~ied whenever i t  could happcu ; and it is tho rule that  n cooly shifts for l~in~solf  in 
t l q  runtter of fuel aud tood, no matter where he may be. Towards subordinates the 
-, ipuris are always very overbenriug, and they are rer.7 iuhospitnble to every body. At the 
&f one of my last nlnwhcs hack to hlanipur. I arrived in the evening a t  a thnna where 
e jq~ided to halt. After n little talk with the thnnaliar I proposed to rest myself in the 
I *+ill my rnmp camo up. I mna told that I 0011111 not do so, but thnt a cow-shed would 
ti? jad out for nlc to nit in. I 111.p" thnt all nly remarks ou this were faitllfully trallsliaed 
be q.etor11reter; ilot knowiug h1nnipuri I caunol say, but some mere, as they begnn to 
h r q J r  .:lt and turned some of their men out of on0 of their houses and mnde me 
bueoQ. a (in it ol~posittg n good fire. 
cOmo vill:~g,* .--~Iir~re I encmnped on tho sccond day of my maroh I saw some trophies 

A t  ri n brnu,&,hy luen of tho villngo who had beeu among the Kulri contingent 
which l l a 4  Jnl~nathno took to relieve l iol~ima.  They were two Nngn skulls rnnd looked 
W ~ J ~ C ~ I  c O 1 ~ ~ ~ n s t i r ,  as tho snlr~ll trees nu which they were set UP bad, thmugh 
~ a r t i ~ t ~ l ~ ~ l ~ e s i ~ n ,  bccn 60  cut tllat two brnnches only remained, and tllase with theh twigs 
nccidellt (b: and fingcrs stretched out and thrown up in the air. 
looked lil;c'dt been nblo to do niore thau a little triangulation a t  Phunan, my mark 

,qL+hn Otll nt Snnaching hill, whicli I made ruy men and the Nagns from the 
actunl'y b~:dd$t 80 hard, that  though it wns covered with forest 1 i t  ,,leared alld a 
villnge ned *, I next day, nud was afterwards able to do some good work, at the 
signn1 Put \b' it +%gain fillding my way to my onmp (whicl~ I had sent on) by torohlight. 
exPonee, llo$\dPn~~nJ.s 1 oleared some points for plane-tabling, and on the 12th 19th On the two I ~ a ~ ~ ~ ~ c  

A 



set 11p a signal at, and observed from a hill named hfanchuihung. U p  to the 18th I 
was engllged in llnvi~lg two more hills clearell for stations, and in  returning to Sanaclling and 
Meuohuibnng for their triangulation. A s  Colonel Johnstone wished me to come to his oamp 
as soon as for tho actual boundary work, I worked very hard here, and 1 think 
nlmost the I I R ~ ~ R S ~  dny's work I have ever done was in  reobserving at  Sanaching. 1 left 
my oamp at  the Turet river, went up the hill, did my triangulation and plane-tabling, and 
came down ngniu. Tlre distance was about eighteenmiles, with 4,500 feet up aud down again, 
and i t  took from sunrise to nenr nine o'olook a t  night. On the evening of the 18th Deoem. 
ber I arrived at  tho Kungal camp a t  the northern end of the Kabu valley, where the 
disputed boundary, which the Commissio~ler had oome to settle, lay ; having up to this elenred 
five stntionrr, observed a t  three, and plane-tabled abont 280 square u~iles of half an irlcb 
to the mile topograpl~y. 

During the nest  Sew days I reconnoit,red the boundary with Colonel Johustone and 
sent working parties to endeavour to olear two points on the Angoching range, whioh lay on 
tlie eastern side of the Knbu vnlley opposite our oamp. The range is in  Burmese territory, 
and my men were sent merely as an experiment, and unnrmed, to avoid any ohance of 
collision. They wore turned back by armed patrol parties of Burmese. Mr. Ogle came 
into -amp ou the 24tl1, having cleared i ~ n d  ot~served a t  four stations and plane-tnbled about 
200 square miles, whioh, joiniug on to the north of my work, completed both the triangu- 
lation and topograpl~y of the country between the Msnipw valley and the disputed 
boundary. 

These days of oomparative rest were very agreeable after our hard work, and we all 
passed Christmas together. Besides Colonel and Mrs. Johnstone we had in our camp 
a. Phayre, A s s i s t a ~ ~ t  Commissioner; Dr .  W a t t  as Botanist ; Mr. Oldham as Geologist ; 
Captaiu Angols, of the 12th Klielat i-Uhilznies, of which regiment we had 250 men as well 
as some police; Lieutenant Dun, of the Intelligence Depnrtment ; aud Mr. Ogle and myself, 
of the Survey: and with so maily togetl~er, and of varied ideas, the time pa~sed  very 
pl?nsnntly. Colonel Johnstone was meantime ~~nsuccessfully trying to open negotiations 
r ~ t h  the Burmese oficials, and as a lost resouroe i t  was determined t l ~ a t  Mr. Phayre shol~ld 
go to Samjok to see the Itnjah, who seemed more obstr~lctive thati the others, and I 
immediately proposed to go with him, t h i n h u g  that  both profit and pleasure might be had 
from the trip. 

On the 27th December P l ~ a y r e  and I stnrted, making our f int  march to Morlung, about 
sixteeu miles nearly sooth of the camp. H e  had written a letter to the Samjok Rajn to say 
that  he prop:)sed to visit him to talk over matters, and on the way we met the messenger 
with the answer, n*hicll wns conveyed in ambiguous terms, tho clever use of whioh the 
Burmese rather pride themselves on, und was so very vngue that we had almost turned baok, 
as we did not know llow the lnaIl might roceive us, and we had no i n t e ~ ~ t i o n  of allowing our 
dignity to s~ltfer from want of the observation of proper etiquette. However, ou arriving 
a t  Morlung, tlie chief man, who was a relation of the ltaja, and who had come out to 
Thanan, about four miles, with all his armed following to meet UP, received a confideutial 
letter to say that the Itaja wished to see 11s. A t  Morlung they treated us most hospitably, 
as  they did everywhere else in Burma. We had given them no notioe: of our coming, or 
they would have built a special honse for us ; but they fitted up the travellers' houee with 
cloths ns curtains, nud thong11 i t  was a small village of merely twelve or fourteen houses. 
they gave us three mauncls of rice, a henp of vegetables, salt, fowls, and half a g n l l ~ ~ n  of 
honey, and wonld have been grievously offended if we hnd offered payment. Hospitality 
is a trnit of the Burmese. I n  every village there is a traveller's rest-hor~se, whioll is free to 
all, nud a Burn~an ,  they sny, will sell his coat to e~rtertain a friend. I n  every village also 
there IS a monastery, where, I believe, tlie village children are taught without feo by the 
priests, who are forbidden to touch money nud live on wliat is give11 to them an food by the 
villagers, and whioh they beg from day to day, doing this not beca~lse of poverty, but  beoauae 
of religious rule; some of them always being well off, ns I believe i t  is an i~~s t i tu t ion  ?b$ 
every young Inan, son of a person in good circumstances, s l~al l  pass a year or two in 81;i 

9 among tho priesthood. They shave their heads, wear saffron-coloored roboe, and are ot 
allowed to speak on public matters. Of common beggars I did not see anywhere we w$;, 
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A t  Thanan, which we passed throligh on our way to Morlung, we saw a coffin sl- jrted 
on stakes outside the village, and were told that i t  held the corpse of a very old r 
hod lately died, nnd that as his funeral ceremonies, on nocount of the honour d tow:: 
great age, would be very long, his relations hnd obtained permiseion to postpon, 
oftor the harvest. The Burmese burn t l~eir  dead. , i , ~ ~ e r n  till 

On the 2Hth we crosecd the Angoching range to Toungbnn, where the rd 
been got ready for us with ourtnios and an 

oouse had of leaves sot up in Ron: . . 
Rllago is on n little river, the Nnt-than-yit. :;i%king t r n ~ ~ e l a t ~ d  is Theon/_. 

it. This 
~ r y ' s  son." 

W e  came across the f;~iries ervernl timos on our visit. At Morlung tl~ero 1 s,llt ql)rillg 
which had burst ant of tllc 11ilI-sill. after an cnrtl~qunke, nnd we u o n  n S (  uit io 
too nenr it with our ~l~ocrs on fur fear of offo~~diug the resident fairy. rlbl 
with him. and in riding throogh n rlnrrow pnss wts naked by our glliclo:h[~i)~~ll~~O~~fi 
we cnnle to the ot l~ereo(l ,  ns t l ~ r y  snail the fairy w#tnld, if not thus propi "at I * '" Ing misfortr~tte 
0. tlrrir village And ngnin at  bnnljok, wl~ere Lhn hours they w r e  D n i t  
not heen finialled when we arrirerl, wc were neketl to wnit b e f o r d h ~ . ~ ~  "l' 'IA 

,iritual illfluenoes bad been propitiated by muaic, as otherwise m i s f u r t u ~ & ~ ~ : e ~ ~ m l ~ ' l  tbn 
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On the 29th we mnrched to Samjok. Thcy sent us a measage to Toungban, begging 

us not to come till the nun wns well up, as t l ~ e g  l ~ a d  had so little time to prepnre that they 
were not ready to receive 11s. So we started later than nsunl, and dawrlled away some time in  
Se&ng the view at  Nnt-than-yit., a village on the Kyenrlwen, and did not rraclr Samjok till 
noon. Even then our shed was not ready, but  in nbnut half an hour the band strnck t ~ p  
atld we entered and made ourselves comrortable. Our accommodation wns a largo shed 
about forty feet by twenty, with planks laid down ns a floor, with a leaf awnirtg about a 
hundred feet sqtlare in  front, aud sheds for the guard, servauls, and kitchen. 'I'hs roof of 
our houee was, to be sure, somewhat like a sieve, and the walls rather like a bird-cage ; but 
that was not from want of civil iutention, but  from want of time to do better ; and consider- 
ing that we were not wanted, and were looked upon more or less in the light of enemies, our 
treatment was very good-indeed so hospitable that we got more food thsn we knew what to 
do with, the ICaja sendiug us a present of that  sort every two hours during the day. A 
band had been sent to enliveu ur, consisting of a chime of drums, a big drum, pipes, cymbals, 
and bamboo castanets. The man playing on the chime sat inside a tub-like enclosure of 
carved mood with his drums in a circle round him-a picture, by the wny, of such a baud of 
musicians was printed in the Ilizrstrrctcd London Nrlca last year. A conjuror also wns sent in  
the evening : one of his tricks was very cleverly done. H e  held a rupee on the tip of his 
fiuger and asked that  some one in the crowd should t ry  to catoh it. Oue of our Kuki cooliea 
who mas near held out his hand, and tLe conjuror smacked the rupee into his palm. The 
Ruki closed his hnnd, and grasping the finger and money shouted " I  have it," aud wns very 
muoh amused and amazed to see the man when he had suoceeded in pullin- out his finger 
hold i t  cut  wit11 the rupee on it, and to  find his hand empty when he opened it. Dancing 
and singing girls were provided for our entertainment a t  night. The dancing was posturing, 
more gaceful  and lively than that of Indian dancing-girls, and not indecent. The women 
piuned their dresses down tho side, which was necessary, ne a Burmese woman's pettiooat, 
though i t  reaches her heels, is only about four feet broad. The singing wns really pretty, a 
ballad evidently, in two voices, the tune and time changing to suit the verse. I t  was, 
I believe, about the universal melody, one veme, whioh we got the translation of, being 
apparently a description of a pqir of lovers, describing her as the silver tendrilled vine 
clinging to him, the golden tree. The Hnja had wanted to gst  up a play for us, but could 
not on account of tlte death of one and the sickness of another of the actors. The one who 
died had died of cholera, which hnd been very bnd just before our visit. I t  appears to me, 
by the way, that new rice must have something to do with outbreaks of cholera. It invari- 
ably nppears with the new rice in Sylhet, and llas done so here nlso. The harvest here in 
just over, and rice is selliug at  three annns or less a mnund. I n  Mandnlay the price, 
I believe, is a rupee. Two of the Itnjn's ministers came to confer w ~ t h  Phayre, and to ask 
us to postpone our return till the day after next, as next day the Raja wished to pay ue 
a visit. 

The Raja, or, to gire him his proper Burmnn title, the Taciwbn, cnme a t  about 
11 o'clock. H e  fired a couple of guns (cloy bombs, I suppose, they were) a t  starting, and 
then his nppenred miuding aloug the nand and riverside. Two lictors, armed 
with sword, rod, and cord, cleared the way. Nine priests, calm and slow, with shaven 
heads aud yellow robes, headed the processton. Then followed men with pennons 
of white or purple with broad edgings of gold. Then the I'sawba nnd his younger 
brother oarried on tmy-like platforms at  the height of men's shottlders. Then the 
ministers andpdn-bearers, &c., on either side, followed by sepoys and mnsicia~ls, five gold 
umbrellm, two fine elephaltts, and about R, thousnud people, men, women nnci children, atl 
walking except the Tsn'vbn anrl his brother. They were both very h a n d ~ o ~ u e l y  fireseed. 
H e  had on a loose crimsou velvet coat with hnnging sleeves, with collar, cuffs and border 
about a foot brond of gold, a haudsome silk nether garment, and a high white and gold 
co irLvl cap. The miuisters were in white, will1 white fillets round their heads. The 
.d&; were in a uuilbrm of black jackets, red plaid cont,inuation, and red fillets ; the sedan- - >rs were also dressed uuiformly, and all the people were neat and olenn ; aud one could 

ri' noticing how diffurent it was in this to what one sees in Indian processious, where 
L & ~  nud bobtail element is alnrys so very oonspicuous. I t  was altogether a moat 
t h & , e  procession, the irregularity of its approach along the river bank helping to 
~ ~ ' ~ * u o r e  so, and in this picturesqueuess it wns very much superior to such pro- 

oae sees at home, wbioh, to my mi~ld,  could not hold a onndle to it. But in tllia 
ces@i. {peruliar ideas, as I can see no beauty, nor anything but dreary n l ~ s u r d i t ~ ,  
I ma.$ ,-military tramp of trades-people with double-poled banners followiug a 
in a \ 



The T q . ~ c i r r d r r  is a flne looking mnn. 1 noticed that  he had peculiarly lo r~g  lllltapered 
fingers, which made his linud seem wedge-shaped, which perhaps niay be an indica- 
tiou of chnrnoter explainable by chirosophists. H e  asked my age, nnd in  return for the 
information told us that  he \rns thirty-three, which I have no doubt was correct; but lie 
locked forty. 

I u  the afternoon we went to see the town. It wns a cloudy day in  December, so we lost 
the effect of bright light and full fresh foliage ; but even as i t  Was, i t  mas very pretty. About 
tho middle of the town, but  more removed from the river, is the Tsdt~.B(O.s house, with a  chine^^ 
pagoda-like wooden spire and many gnbles ; to the south and socth-mcst are the spur of 8 

little hill with many pagodns ; aud the monastery and all, interspersed with rnaguificentma~l- 
goes, oocoa~iuts, palms, and other trees, and the view of this, mith the broad-winding 
river seen from tlre monastery hill, is quite charming. The  town is a single street on the 
river bank, and in front there is a strip ol  saud, wit11 some sheds ocoupied by people 
connected with the boats which come lo trnde. Every place was beautifully clean. I 
wauted to find a memento of our visit, but there was notlii~ig for sale except pottery, red 
and ungltlzed, but  very good. I t  seems to be a specialit,y of the place, and all the boats at 
ihe landing were loading with some of it, and i t  is used all over the district. I t  is the only 
produce of the place I believe. There Were hn1f.a-dozen lnrge boats at  the place, and there 
are nlwnys some there, either going up or coming down, and in August a number of boats 
pass down, whioh have been farther up the river to the Kamti  country, trading for 
turpentine nmoug other things. 'l'hey go up, I suppose, in tlie spring nnd return with the 
flood at the cud of the ruins. I was in treaty for an ivory-handled sword, but at  tho last 
~noment the owuer refused to sell it ,  and I afierwards heard that  this was by the T y a ' r c d n ' y  
order, who had ordered that  nothing of tho sort should be sold to us, though why I 
cnnuot say. 

Sswjok, mlrich hns been visited by only about linlf-n-dozen Europeans, has a great 
lrome in these prlrts; but i t  is only n plnce of sixty houses, with no fortifications, and o~ily 
nbont t l~ i r ty  ~cpoys.  There nre, I Was told, about thrce hundred houses in  the district 
gorernrll by ban~jok, which does not extend across tlie river, bnt  I think from xha t  I saw 
that  tbere luay be six hundred. I t  is in a very defeusible position, provided the hill to the 
south of the place mere fortified, as  i t  has the broad, deep river to the east, a stream with 
rotten bnuks nnil soft silty bottom to the north, and apreat  mars11 to the west. Whoever 
holds the hill hus the town, but there is no may of getting to the hill from the nort l~,  so far 
as I know, except tllrough the town. 

The IZ~eullweu (prououuced Chindwin) river is a fine stream about 2,000 feet across, just 
above Snmjok, and 11erhaps 200 feet broader opposite tho town. I t  is said to be fifty feet 
deep iu tho cllucnel, and the current here was about a mile an hour. Tbe banks are steep, 
about twenty feet high, with forest growing to their edges, escept where there is oultivntion 
or habitation. I t  is ~ ~ a v i g a l l c  for largo boats (sixty feet lo r~g  and flnt bottomed) for two 
months' jo~iruey fwtlror up, the same journey by lanil occnpyiug one month.. 

All this part of Unrrun is covered mith forest, arid though I dill not see any ecod 
timber on our route there must he some, as the Kye~rdwen River Steamer Company have 
purchnsccl t l ~ e  mor~opoly of the t.imber trade of this river for Rs. 20,000 a year, aud the 
elnhs of tcak used for boat building mere magnificent. About fifteen to twenty miles east 
of the I<yeudmen is nnother large river, the Mu, ahicll joins i t  lower down, along whioh 
t l~ere  seelus to be a good deal of cultivation, and where they say ponies are plentiful. 
Beyond the &In I enw one or tmcl mouutnin mngea. 

There uscd to be a good dcal of trnde between this part of Burma and Manipur, 
principally of buiPnloes, ~ ~ o n i e s ,  and laoquer oil. The so-cnlled Manipuri pony mns really 
n nortlr 1;11rmn llouy, and since the supply has been stopped the number and quality 
nvnilublo in AImlipur has greatly fallen off aud the prices quadrupled For  the last four 
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but had beon turned back at  the Mnnipur frontier, and tluce of his beasts wcrc now dead. 
He had not ruarried, as he said, " Whcre a man's children are hi8 home is," and he W ~ I ~ ~ C I I  
his funeral in his oyn  country. I wns sorry for him, but could not hclp him. When t l ~ e  
passes are open agam, be will get awny I hope. 

On the 31st we made a long march of ttventy-three milce to Morlung, aud on the 1st 
of January, I ' l~~tyre  having goue on to Tammu to visit the Pagan Woon, I returued to the 
Kuogal camp. 

There are four routes from Manipur to the Kabu valley, but only two of those, the 
Inganrok-Kuugal and the Imol-morch, could be used by troops, water being scarce nu the 
others. These two also are easier, the Irnol being much the easiest of the four. The Kungal  
and Morch thanas, at  the edge of the Kabu valley, are each five marches from Mnnipur. 
Froln Kougnl a level path leads by Thanan (12 miles, G houses) to hlorlung (4 miles, 1 4  
houses) at  the foot of the Angoclling range. Thence the path of Samjok crosses the rnnge 
to Toungban (18 miles, 18  houses). The rnnge is about 1,500 feet above the valley. To  the 
west the ascent is steep, to the enst the path fi~llows a gently sloping spur the whole way. 
From Toungban to Samjok (abollt 5 miles) the road is level. I t  crosses a t  one mile tllo 
Nalthangit river a t  Tscl~dangon (ti houses), and nt four miles passes Nnlthangit villnge 
(30 houses). Between this and Sauljolt there are two small streams, the path following the 
river bank. The road from Morch thann joins the rosd at  Morlung, the distance being about 
thirty-two miles. I t  paRses m a r  llammu (18 houses),, I<ou~lo",{ (8 houses), hlaugsa (20 
houses), T:~p or old Samjok (10 houses), a i d  Monoi (4 uouses). l h e r e  is water on all these 
routes at  moderate distances, and in tho dry tvbather roo111 for campiug in the fields near the  
villages, or, where they are in bcuring, in the juugle, which is tllin tree forest with little 
undergrowth. A t  Nalt l in~~git  thero ie a fine plaiu, half a mile square. The paths are all fit 
for laden nllimals escept elepllauts, but mould be so for them with a little improvement. 
TIlc Nnlthangit river was a foot deep when we crossed it. There is no ford nt San~jok, aud 
not more thau a dozen boats, large and small, Rice was very cheap ; but this was probably 
because there were no buyers, not on account of any very large supply. The whole couotry, 
except for small patches of cultivntiou, grass, or sw;mp, is covered with forest. This, when 
we saw it, was of small scattered trees with light uudergrowth, principally of a weed called 
,,o/t/fi~~,~;cr. Lieutenant Dun, of the Iutelligcuce Department, has made a careful report on 
thc'passcs between Manipur and Kabu, so I nee~l not describe them. They are included in  
my map. 

.As a route for trnde the Mauipur valley mill, I thiulr, be happily exempt ; the road from 
&char is excellently made, but it crosses seveu ranges, and tho hills are tremeurlous, and 
thoso to the east of the valley are nearly as high. The whole journey from Snmjok to 
(jaohar, at  ordinary rstcs of travcl, W O I I ~ ~  take about twenty-two days. There is some small 
trade botweeu Samjok aud Southern Burma in China silk handkerchiefs and English salt, 
which ~ludersells tho native product. A few of the handkercliiefs find their way to Manipur. 

From the 1st to the 4th of Janllnry Mr. Ogle and I wore engaged in computing and 
plottillg our triangulation. OU the 5th I marlzcd orit the boundary with Colonel Johnstone, 
and on the (ith I<uugnl camp broke up, our boundnry work being done. 

Tho demarcation of th!s part of the Mnuipur bouudary had become necessary for several 
reasons, the principal being that while no definite line existed the Burmese were able to 
support some vill:L,oes of Kr~lcies, whom they had sent, with the intention of annoying 
Mauipur, to settle on lands claimed by Manipur, whence they raided on and enslaved 
the Mauipuri Nnga tributaries, aud nrhence they could not be dislodged without the 
,>rubability of bringing on a mnr, which, as i t  would have iuvolved us also, i t  mas tile policy 
of the Govermneut to prevent. Tho trouble that M a n i p ~ ~ r  hns had from these Kukies is 
a Nemesis on their conduct to them in past time, and would be also to Governmen(, should 
auythiug more serious come of it. The TCukies originally came from the south-rneat, 
settled in Manip~lr by invitation of the Haja. Some years ago the chiof, while on his way 
to Nnnipur to see Colonel hIo(hlloch, who had sent for him, was treachcrol~slg murdered by a 
Manipuri. Governm~nt would not interfere, nud the Nauipuri was ,lot hanged, and the 
chief's son, uow grown up, is IL bitter enemy to  the N a n  puries. They have tried to him 
over by lcindness and concession, once ransoming his mother, who had been cnrried oif by the 
S h a n ~ ,  at a heavy price, hut  he is not to  be wou. Four years ngo he left Mauipur territory 
with all his tribe, and since then has been giving a good deal of trouble. 

Since the time when Mauipur, much more powerful t,han now, made six ruiJs 
B11rma and carried tbeir arms to rho Imwndi, and Hurma in retaliation mnde seven raids on 
Mani ur ant1 slaughtered Inon, women, cbildron, nod cattle indiscriminately, the two pooplea 
]lase !pen bitter e ~ l c m i a ,  and the boun(1ar.y that keeps them fartllest apart is the bast for the 
preserving of pcnco on the bortlor. This, which is of so much i r n p o r t a ~ ~ ~ e  to us as well as to 
them, tho bonodnry, as now In.id down, does better than any other line that oould be ollosen, 
ils for nearly its whole lellgth it follows the bases of the hills or streams in  deep gorges ill the 
lrilla, ml~ich are parts of the oollntry nvoicled by both people ; tho Naga tributaries &ranipur 

high on the ridges a1111 spurs for their jonm oullivntion, n ~ i d  the Burmese keeping 
::$%om the hills in t h  ilat \lain for their flooded field. of rice. Zb only bills used aa 

of the boundary is t l l ~  IC~lsonl muge, north of the Nampagna river. 'J'llis hne nlw,lys 
heen known na the bonndnry ill that part, and serves very well, ns i t  ia not llabitable more 
than half way up, tho pe&s being sf the most extraordinary jaggednose, and more like thoso 
in a young lady's fancy sltotoll tbhu any 1 hove ever seen. The enth-e boundlrry, except for 



nbolit a mile nenr I<r~ngal thana, is iinmistakenbly marked by nature, and therefore requirts 
neither the trouble nor the exlieuse of markiug or maintainiug. 

From the 6th tlll my return I wns engnged iu  triang~tlation m ~ d  topogrnphy. TIle 
most southerly point which I visited was Morch thnna Tllis is used as a peual s e t t l c l ~ e ~ t  
for women who have committed murder. Tliere were aborlt a dozen murderesses iu the 
plane, \vl~o wnitcd on me with a preseut of fishes, aud among them I am glad to say tllnt 
there was only one moderately good looking. Shu had quarrelled with auother girl and 
drowned her. Ba~~ishment  is tlie extreme penalty which womeu suffer irr Manipur. For 
oflences lass thau murder they are cried in the mnrlcetplace, aud the most severe form of this 
pu~iishmeut is awarded to women who go wrong with meii out of their caste. They are 
sl~aved ar~ti hideously paiuted, and so led naked up and down the marliett~lace for three days, 
a drnmmer goiug before crying their crime. 'l'hey also lose their caste. Men are not hanged 
in Mnnipur, except for murdering women. For other murders they are nom~nally banished 
to n place in the south of the valley, where they are made over to the natives, who kill them. 
For other eerious offenoes men are hanished to the iula~lds in the Logtak lake, where they 
suffer torment from mosquitoes, which are so numerous, they say, that  they can be oaueht 
by handfuls. 

On the 21st I returned to Manipur, and on the 25th started for Calcutta, my work in the 
field being finished. During January 1 observed a t  four stntio~rs and plane-tabled about 600 
square miles. The total amount surveyed by me has been 900 square milns. To the end of 
January Mr. Ogle had finished about 450 square miles. The total area of our survey there- 
fore on that date was about 1,350 square miles, on tlie half-iuch scale. Besides this, I was 
able to get in on the same scale about 5U0 aqunre miles of reconnaissance. Mr. Ogle is now 
oontinuil~g, by your orders, the survey in Mariipur, and wlll bring in, I hope, some 
valuable information. 

Ezfrac/,fi.om a Navrntiue Rrport, dated 12th J(~r'rtnrg 1883, b.11 J. B. N. HGSNESSDY, EsQ., M.A.,  
Deprtty Superintendtr~t, 1st grnde, 018 Sllrz'eys irr Dnrdislan a r ~ d  or1 t ke  Iishnrrga~rga. 

' ~ H R ~ E  is a traot of oountry, horse-shoe in shape, belonging to Dnrdistan, with Cl1il6s 
about the centre and the lndus  bieecting it north and south. This tract is some 45 by 30 miles, 
and is edged by the territories of Kashmir, along which edge will be found Khanbnii Darra, 
Biriben pnas, Gor, NangB Parbat, and the Indus-Kishnnga~~ga wnter-shed reaching to 
Koghbu. This horse-shoe could not be surveyed, because the ruler of Chiliis refused admit- 
tance to surveyors, nor had the surrouuding wnter-slieils beeu visited, so that the important 
paFses lending across the Cl~ilhs horse-shoe were generally unltnown By visiting the water- 
shed, which is the boundary of Kashmir, not only could the passes b6 fixed, but as the 
country milst slope from the northern and southern limiting ridges down to the Iudus, i t  wns 
reckoned thnt a valuable sketoh of the horse shoe itself may be obtained. 

Ahmnd Ali was despatched to carry out the foregoing plan, with directions to begin 
a t  the west end of the south edge of the horse-shoe; hut owing to the delay already 
mentioned, he did not leave Dehra until 26th July. Further delay occurred at  Sriuagnr, due 
to his own illness and the absence of the Malinrajn's dewnn, so that the sub-survoyor did not 
rench his ground and commence mork until 15th September; meanwhile the winter snow 
had begun, and, when standing on Cfnmr~kdori pass, his foreground for soma 8 or 10 miles 
preseuted merely a confused msss of white hills, bare of vegetation a l ~ d  otherwise very like 
one nnnther. H i s  norlhern aspect a t  the nest  station lie visited, Hvle N6r pnss, was hardly 
more fnvourable, and in brief his season's mork was hampered by fresh snow and by illness 
brought on by exposure. 

Notwithstanding Ahmad Ali persevered working up the Kel Darra, ncrosr the Sho- 
c l~ar  Dnss into !he Mir Malik D R I T ~  and IID i t  to Rattu. aud from thence clown the Iiamri 
1)nrrAto the Knmri pass, where, w ~ t h  w h t e r  well on' him, he ceased surveying ou 12th 
Novemher. 

Although his field season was unnvoidably short,, he sketched on the f inch nbout 
800 squnre miles of country, of which some 200 square milee to the north were never 
~ketched before, aud the r e n l a i ~ ~ i n g  600 miles had been reconnoitered rnther than surveyed, 
the latter area, on the extreme co116nes of Knshmir, and pnrt of it a t  /hc tirrar utterly unin- 
habitoil, had not been ciu i t~d by Ahmad Ali's predecessor, who npperirs to hnve sketched 
from n distance of 10 or 12 miles, and in fact not to have crossed even the Iiishanganga. 

Ahmnd Ali, however, aotunlly stood on the ICishangnuga-Indus watershed, so 
thnt his survey of tho 600 miles in question can be relied on ; it  diffrrs consid~rnbly, as 
rnny he snppos~tl, from the original recouunissance. LIo also fixed three importnut pnesen 
hitherto uukuown on this wnter-shed, riz.- 

Gnmukrlnri ... .,. ... ln,too fcct 
Hole 8 i r  . . . . . . ... 14,i(y ,, 
Bunnr ... .., ... (Not ris~ted) 

bes~rles othor paases. &c., within Rnshmir territory, nnd arq~iired experience by which it is 
llkcly ho could sketch the 11orse.shoe in q11estin11 on making n second attempt. 

As regards the pnaaes and trnfFic, i t  appenrs thnt the Babusnr pnau, ou the confines 
or T<nghhn, 1s the one mostly used, especinll.~ for trnffic between tho I'aujab I,,& D~rd is tnu  
t o  Darel Tangir, &c. There is o made road from lhe south up ro D n b ~ ~ s n r  pnss, wl~ic l~  in 



The luui-solar declinationnl semi-diurnal tide, R! of I(, is lees in proportion to the 
main tide than hns previously been fouud, and ia very near the tlleoreticnl valur, being 
0.131 against 0.127. The large proportion which the diurnal components henr to thc main 
tide, which is the ohief peculiarity at  Aden, is again evident from the analysis of this year's 
observations. 

The proportion of the solar diurnal tide, R ,  of 8, is coasidernhly largor than hns been 
before obtained here, nncl very nearly equals the values obtained at  Deypore and Paumben, 
being 7 per cent of the main tide. 

The main diurual tide, R ,  of E, is nearly the same in amplitude as in 1877-78, and 
but slirhtlv less than that for 1879-80 : it bears the same immense proportion to the mnin - - 
luuar trde, b i n g  85 per cent of it. 

The solar diurnal tide (P) is about 24 per cent of the m a h  tide, which is muah about 
the sanle as has been found in the previoua years, and is greater than in any other Indian 
port. 

The proportions of the diurnal tides, 0, J, and Q, to the main fide, ngree well with 
thofie found in the previous years. 0 i s  a little less than before, but 1s stdl 44 per cent of the 
main tide. 

The proportion betweon P and 0 is within the theoretical limits ; that between J end 
U is again higher than the previous year, and much higher than theory gives. 0 to 11 is 
slightly less thnn the last year, and lese than minimum proportion given by theory. 

With regnrd to the long period tides. The proportions to the main tide (except in 
the CaEG of the lunar monthly and lunnr fortnightly) are nearly the same as laet year. 
The lunar monthly is double the value obtained in the previous year, whilst the lunar 
fortni htly is one-third less. 

!I%% epoch of the solar annual agrees well with last year, but the solnr semi-annual is n 
month later than last year. 

VALUES O F  THE TIDAL CONSTANT3 AT ADEN, 1881-82. 

The following are the n~nplitudes rind epochs deduced from the 1881.82 observations 
nt Aden :- 

Short-Po,iot l  Tides 

Lollg- Po . io f f  Ti(1t.x. 
Lunar monthly tide . . . . R - 0'026 6 = 32J0, 129 

,, for:uightly ,, ... .. . R = 0,042 E = 1' 90 

Luui-solar ,, ,, .., ... R = 0.016 6 = loo0~a7 

Solnr aunr~nl ,, . . . .. R = 0,353 F = 1°.(i2 

,, .semi-nununl ,, ... ... h' = 0,093 E = lj03.93 
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The mean level of the sea (A,) is alightly higher than has been obtabed in the 
preoeding years. 

The amplitudes of the main lunar and solar tides are almost tlie same as the previous 
and therefore the pro ortion between them is identical with what had beon found 

{efore This is rather less ty~an the theoretical value, being 0.444 against 0.476. 
S i t h  regard to the lunar elliptic semi-diurnal tides, the smaller (L) has a proportion to 

the main tide slightly lesa than theory gives, '020 against ,027; and this value is just tho 
mean between the values of tho two first years, but 13 VeQ' muoh less tlian that of the 
preceding year. 

The proportion between the larger oomponent (N) end the main tide is rather less than 
has yet been found, but is still one-third greater than is given by theory. 

The proportion of the eveotional semi-diurnal tide (A) to the main tide is higher tllnn 
has yet been found at  Aden, being more than three times greater than the theoretical value, 
whilst the proportion of the other eveotional tide ( v )  agrees, exactly with theory. 

The variational tide (p)  is 5 per cent of the malu tlde, whioh agrees with the values ~. 

kom former years, but is double the theoretioal value. 
The luni-solar declinatioual semi-diurnal tide ( R ,  of I<) is rather less in pro ortion to 

the main tide than has yet been found here, and is slightly in defect of the t{eoretical 
value. 

The proportion of the luni-solar oompound semi-diurnal tide to tho main tido isthe same 
as mas found in the two previous years. 

The high proportion of the diurnal tides to the main tide at  Aden is again shown this 
year. The chief of these, the luni-solar declinational tide (R, of K), is 80 per cent of the 
main tide. The solar doolinatioual diurnal tide (P) is 25 per ceut, and the lu~iar declina 
tional diurnal (0) 40 per oeut of the main tide. These proportions are the greatest found at 
any Indian port, Bey ore having the nenrest approach to such high values. 

Tho proportionn fet,veen E' and 0, J and Q, and 0 and.I(, are very much the same as 
previously obtained. The first two are greater than theory glves, and the third less. 

The lunar and solar over-tides agree with the values of previous years, and are all 
small. 

With regard to the long-periocl tides, their amplitudes and epochs agree fairly well \pith 
the results of preceding years. Tho solar-annual and semi-annual are sliglitly less than 
previously obtnined, but call for no syeoid comment. 

VALUES O F  T I I E  TIDAL CONSTANTS, KURRACHEE, 1879.80. 

The following are the amplitudes and epochs deduced from the 1879-80 observatioris 
a t  Kurmchee :- 

Sltort-I'criod Titles. 

... ... Lunar monthly tide R - 0,098 e = 2S0.C1 
,, fortnightly ,, .., , . . R = 0,036 e = :107O,1 G 

... ... Luui-solar ., I I I1 = 0 030 E = 320°'17 

... ... Bolar annual 8 9  11 = 0.042 e = 86O.40 

... ,, scmi-annual ,, ... R = 0,165 e , 170'97 



The value of menn sea-level (A,) is the highest yet obtained, except in 1878-79, which, 
however, haviug been specinlly treated to correct for alterations of zero, cannot he oonsidered 
to have q11ite the same weight. 

The amplitudes and epochs of the main solar and lunar tides agree well with the values 
of previous years. The proportion between them is likewise nearly the same as before, hut 
i~ cons~derably less t l~an the theoretical vnlue, being 0.379 against 0'476. 

With regard to the lunar elliptic semi-diurnal tides, the smaller (L) has a proportional 
value double what mas found in the preceding year, and agreeing very nearly with the 
theoretical proportion, which on the whole is nearly approached a t  Kwachee. 

The lnrger component has a proportional value not far from the mean value of former 
years, nnd rather greater than is given by theory. 

With referelice to the lunar perturbational tides, the smaller evectional tide (A) hee 
nearly exactly the theoretical proportion to the main tlde: previous years have generally 
given a largur value. 

The Izrger component ( v )  is also almost identioal mith the theoretical value, being 
smaller than has beeu generally found here. 

The varintional tide ( p )  has a proportional value of -080 ; theory gives -022. The 
general menn of the previous yenrs is ,026. 

Tho luni-solnr dcolinr~tioual semi-diurnal tide (R, of I() agrees very well with the 
general value at Kurrachee, and has nearly the theoretical proportion to the mnin tide. 

The diurnal tides ctdl for no special mention ; they agree very well mith the values 
obtained in previous years. 

The same mny be said of the over-tides of S and M. 
With rcgard to the long-period tides, the lunar tides call for no special mention ; they 

agree well mith the general menu vnlua of former yenrs. 
The solar annual is, however, abnorfnally small, being hardly 2 per cent of the main 

tide. Its epoch is the 18th June, a month earlier than in 1877-78. The epoohe of this 
tide at Kurrachee have been variable. 

The semi-annual tide has a proportional value about equal to the mean of former years ; 
its epocl~s, which occur on the 13th June and December, are also unsettled at  this port. 

VALUES OF T I I E  TIDAL CONSTANTS, KURRACHEE, 1880-81. 

The following are the amplitudes and epochs deduced from the 1880-81 obeer~ntions 
at  Karrnchee :- 

L ~ I I ~ -  Period Tides. 
Lnnnr monthly tide ... ... R = 0.038 E = 131'23 

,, fortnightly ,, ... ... R = 0.021 c = 47'4.5 
Luni-solar ,, ,, . . . ... R = 0.018 e = 304".50 
Ho1nr:annnnl ... ... R = 0,102 e = 101°.51 

,, semi-annun1 ,. ... . . . R = 0.139 e = 191' 73 



~l~~ value of mean sea-level (A,) is slightly less than last year, and ngrees very well 
with the moan of previous years. 

~l~~ main solnr and lunar tides are slightly higher than before found, but they agree 
h0t.h in amplitudes and epochs with previous values. 
~l~~ lwoportion of the luain solar to the main lunar tide is 0.382, which is 

aocordent with former values, and is considerably less than tho value given by theory, 0.476. 
'l'he slnaller lunar elliptic semi-diurnal tide (L) has e proportion to the main tide 

nenrly double that of last year, and much larger than the usual proportion at I(urrachee, 
whicll npproaohes nearly to the theoretioal value. 

The proportion of the larger oomponent (N) to the main tide is nearly the same as 
llist year, and agrees well with t,he mean of preceding years, but is rather greater thou the 
theoretical proportion. 

Jvith regard to the evectional tides, the smaller (X) has the same proportion to the 
m8in tide as was found last year, and which is nearly the theoretical value. 

The larger (v) is noarly double what was found last year, when its propoltionfll 
value nearly agreed with what theory assigns. 

The vwiation tide (p) has only h d f  the proportional value which was obtained Imt 
yew, and is considerably under the theoretical value. 

The eolar elliptio semi-diurnal tides are calculated this year. The smaller one (R) 
hns a value four times as great as theory nsslgns. This is about the mean value 
of this tide at Kurrachee 

The larger component (T) is about 25 per cent greater than the theoretical proportional 
valne. 

The luni-solar deolinatiounl semi-diurnal tide is larger than has ever yet been found at 
this port. I t s  proportional valuc is 0.166 : theory gives 0.127. 

Wit11 regard to the diurual tides, the largest (It, of K) is rather smaller this year than in 
general, It, of 6 is larger, aniounting to 5 per cent of the main lunar tide. 

The lnuar diurnal tide on the contrary has a smaller proportion than ueual. The 
other diurnal tides have this year smaller proportional values than the mean of former 
years. 

The over-tides of S and M are muoh the same as in previous years. The over-tide, R, 
of M, at Xurrncheb is double the quarter diurnal tide, a peculiarity whicli in the Indian tides 
only occurs nt one other place, Elephaut Point. 

With regard to tlle long-period tides. The lunar tides are rather smaller than the 
menu of provious years. The solar aunual tide this year is 4 per ccnt of the main luunr 
tide ; last year it was hardly 4 per cent,. The value of this tide has fluctuated greatly at 
Iiurrachee, as also has the epoch, which this year is about 15 days later thau last year, wlieli 
the maximum occurred tibout the middle of Juue. 

The solnr semi-annual tide is slightly less than last year, and ogrees well with the 
general moan value. I ts  times of maximum occur about ten days later this year than the 
last, i .c .  about the eud of June and December. 

VALUES O F  T I I E  TIDAL CONSTANTS, BOMBAY, 1880. 

The following are the amplitudes and epoohs deduced from the 1880 observations 
at  Domb~y :- 

Sl,or.t-Prriod Titles. 
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Long- Period Tides. 

Lunar monthly tide ... ,,. R = 0.041 e = 86O.07 

,, fortnightly ,, ... ... R = 0.059 e = 337O.84 

Solar annual 11 ,.. ... R = 0.173 e = 312O.56 

,, semi-annual ,, ... ... R = 0.071 e = 162O.31 

The results of the analysis of thie year's observations differ but slightly from thoee 
which have been obtained from the reductions of former years, and do not cull for any 
lengthened comment. 

The value of A,, mean level of the sea, is almost identical with that obtained last year, 
80,187 instead of 80.184, above Town Hall datum ; the mean value, as far ae yet obtdned, 
being 80.212 feet. 

The amplitude of the main lunar tide (R, of S) is the largest yet obtained, being 4.05, 
against 3.98 in 1879 and 3.89 in 1878; the main solar tide being nearly exactly the mean 
of the two preceding years. 

The proportion between the two main tides ie slightly smaller than has yet been 
obtained, being 0.402 ; the theoretical value being 0.476. 

The epochs in both cases agree well with previous years. 

The smaller component (L) of the lunar elliptic tide has a proportion to the main tide 
greater than has yet been obtnined, being .039, the previous year having been onlp 

.014. The theoretical value is ,027. For the larger component (N) the proportion ngreee 
very well with the vnlues in former years, and is about 25 por cent greater than the theo- 
retical value. 

The perturbation tides, with the exception of v ,  agree fairly in their proportions to the 
main tide with the ~ a l u e s  of former years. The proportion of v approaches nearest to that 
obtained in 1876-77, but is not more than one-third of the value of the last two years. 

The luni-solar compound deolinational tide (R, of K) and the luni-solar compound semi- 
diurual (2 SM) are fairly accordant with previoua values. 

The values of the dirirnal tides agree well with what has been found in former years, 
the principal one (R,  of K) being 35 per cent of the main tido, which is slightly less than 
the values previously obtained. 

The proportion of the solar and lunnr declinational tides, P and 0, is .59 to 1.0, which 
is about the value already obtained here ; theory giving from ,391 : 1 to ,574 : 1. 

The proportion between the two lunnr elliptic tides, J and Q, is 1 to  1.25, which agrees 
with the value obtnined in 1Y7ti; theory giving about 1 to 2.4. 

The proportions of the over-tides of 8 and M are nearly identically tho snme 8s found 
in former years, as is also the proportion of the quarter diurnal luni-solar tide (US) to the 
combined lunar and solar semi-diurnal tides, vie. ,022. 

The proportion between the lunar ter-diurnal and the luuar semi-diornal tide is .017, 
which is allnost precisely the value of former years. 

With regard to the long-period tides, the reduction of this year's observations in 
several cases values diverging, both in amplitude and epoch, from those already obtained. 

The solar annual has a value of 0,173, against one in 1879 of 0.137 and ln 1878 of 
0,254. Its epoch ngrees within about 15 days with that of 1879, and more nearly with that 
of 1876, but direre entirely from that of 1878. Prom the resulte of 1876, 1879, and 1880, 
the date of maximum effect seems to be early in February, \vhilst 1878 gives the middle 
of August. 

With reference to tho solar semi-annual tide, the amplitude is nearly the same as in 
187P, nud not much more than half the value obtaiued in 1879. The epoch differs cousider. 
ably from that found in previcue years. The maxima would appear to be about the 9th 
Juue and 9th December, agreeing most closely with the 1876 values. 

The lunar fortnightly and lunar monthly tides agree fairly in amplitude with the two 
previous years. 

Tho luni-eolar fortnightly tide is ncarly three timee as large 8s last year, but ie nearly 
a moan betwaen tho values of 1876 aud 1878. 
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V A L U E S  O F  TEU3 TIDAL CONSTANTS, BOMBAY, 1881. 

The following nre the amplitudes and epochs deduced from the 1881 observation8 a t  
Bombay :- 

Sho~.t-Pc'~~iotI Tid~~s. 

Long-P~riorl Ticks. 

Lunar monthly tide . . , ... R = 0,048 c = 55O.55 
,, fortnightly ,, . . . ... R = 0,028 c = 22G0.;18 

Luni-solar ,, ,, ... . .. R = 0.019 c = 335O.66 
Solar annual B) ... ... R = 0.188 c = 31G0.59 
,, semi-annual ,, ... ... R = 0.201 E = 232O.34 

Analysing these observations, they mill be found to give results differing but slightly 
from those obtained by the reductions of the observation iu previous years. 

A,, the mean level of the sea, is found by this year's observntious to be 80,248 above 
the Town B a l l  dntum, which is 4 6  feet higher than last year's value, and about the same 
amount higher than the mean of tlie four preceding years. 

The amplitude of tho main lunar tido (Lt, of M) is about 4-inch greater than t l~e  
result of last year, and is the largest yet obtained ; while the amplitude of the main solar 
tide is slightly less than lnst year, and agrees very well with the moan of the previous years. 

The mnin solar tide is only 0'395 of the main lunar, whioll is the smallest proportion 
yet found nt l3ornbay, where, however, the value has always hoen less thnn the theoretical 
one, 0.476. 

The proportion of the smaller component of tlie lunnr elliptio semi-diurnal tide (LI to 
the main lunar tidc is  .023, which is sliglitly less thnn the theoretical one, .027, but agrees 
with i t  much more closely tban hns been found in any previous year save 1876. 

The larger lunar elliptic semi-diurnnl (N) agrees very well with the results of former 
years, being about 24 per cent of the main lunnr tide. 

The evection nnd variation tides X, v, nnd p bear about the same proportion to the mdn 
tidea as had been found in previoua years, h being rather smaller, whilst the proportion of 
Y is  about mean value. 

With regard to the solar elliptio tides the smaller (E) is rather less than the vnllle 
previously obtained, hrld ita proportion to the main lunar tide is slightly nearer the 
theoretical value, but fitill twice as great. 

The larger tide (T) is three times grenter than its previoue value, and its proportion t o  
the main tide of b1 is more than twice as great as the vnluc given by tbenry. 

The  luui-solar declinntional semi-diurnal tide (It, of K) has a value slightly less than 
haa been yet obtained, and its proportiou to the rnaiu tide is less than theory ausiglls, '100 
ngtrinst ; in  this ngrcning with the last two years, the proportion in 1877 aud 1878 
bein greater tban the theoretical vnlue. 

h e  luni-solar compnttu~l semi-diurunl tide 129M) ngrees well with preriot~n yoars. 
The  proportions of the over-tides of t3 ntid kI to the muin lunar tide agree almost exactly 

with the previous v:1111es. 
The  proportiou of the tcr-diurnal lunar lidc to its main tide olightly less lhan has been 

found in the previous ycnrs. 
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The whole of the diurnd tides agree well in value with the values obtained last year, and 
t,heir proportion to the main lunar tide is very nearly a mean of the values previously fnund. 

The proportion of the solar deolinational tide (P) to the lunar declinationnl (0) in 
about 1 : 1.57, whioh is greater than in any previous year. The theoretical proportion is 
from 1 : 1.74 to 1 : 2.56. 

The proportion between tho two lunar elliptio tides J and Q is 1 1.07, being much 
the lwgest yet obtained at Bombay. Theory gives the proportion about 1: : 2.4. 

The quarter d iu~nal  luni-solar tide (MS) bears precisely the same proportion to the 
combined lunar and solar semi-diurnal tides as it did in four of the five previous years, 
viz. ,022 ; the year 1879 giving .024. 

With regard to the long-period tidee, the solar annual has an amplitude a little greater 
than last year, and an epooh about four days later, agreeing nearly exactly with the value 
obtained in 1576. 

Looking at the five years' values which we have obtained, i t  would seem that the value, 
both for amplitude and epoch, obtained in 1878 was abnormal ; the other four years are 
oonsietent in fixing the dates of the maxima as being in the first half of February. The 
1878 values gave the date as the 17th July, and the amplitude ns 25 per cent greater than 
even this year's value, whioh is the highest of the othcr four years. 

The solar eemi-annual gives values, both of nmplitude and epoch, divergent from those 
already obtained. I ts  amplitude, 0.201 feet, is three times as grent as last year's value, ,071, 
and one-fifth greater thnn the largest previous value ( .I63 in 1877). I t s  epoch is nearly the 
snme as in 1879, but differs from all other years. 

The lunar fortnighly agrees fairly in the amplitude with the values of the last two 
years, but the amplitudes of the other two lunar tides differ greatly from previous values. 

VaLUES OF T H E  TIDAL CONSTANTS, KARWAR, 1880-81. 

The following are the ~mplitudes and epochs deduced from the 1980-51 observations 
at  Emwar :- 

Short-Po.iot l  Tirirs. 
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... 

naos .... . . .  
... ... 

ma ...... 0.01s . . . . . . .  . . . . . . . . . .  
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R4 0'0111 0.014 ... 
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Lol lg -Po~;o t l  IYt/,:s. 
... Lunar monthly tide ... R = 0.048 E = 99'91 
... ,, fortnightly ,, . . , R = 0.036 E = 322O.54 

Luni-solar ,, Y P  ... ... R = 0.021 E = 224O.02 ... Solar annual ) Y  ... 1 2  = 0,491 e = 302O.72 
,, semi.annua1 ,, ... ... It = 0,128 E = 191°.21 

The value of (A,), mean level of tho sea, is Pery ~ l i g l ~ t l y  higher than in thr preceding 
yenr, being 6,564 ngninst 5'541 for 1879-80. The menu 01 the t h e e  years' observation 
gives 6,588. 

The value of the main lunar tide (R. of M) is sligldly grcater in amplitode thnn in 
either of the foregoing yenre. 'l'he epoch agrees moll wit11 n ~ l ~ n t  was previously found. 

The value of the main solar tide (R, of S) is nearly the snme, both in amplitude and 
epoch, ne in the two rcceding pears. 

The proportion &tween Llle two main tidos. whirl was 0.868 and 0 315 in the two hat 
years, is 0,354 this yeor-all s~ualler than the theoretical value, though ngreoiug i ~ l t r ,  s t .  
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The proportions of the lunar elliptic semi-diurnal tides to the main tido sliglltly 
greater for L than in tlie previous years, and considerably above the theoretical value. F~~ 
N the proportion of tho former years is slightly diminished, but i t  also is greater than 
theory gives. 

The evectional semi-diurnal tide (A) differs both in amplitude and epoch from either 
of the preceding years, and is greater than theory gives. I t  is .018 of the main tide ;the 
theoretical value being -007. 

The proportion of the other evectional tide (v) to the main tide is nearly the same as 
lnst year, and about twice the theoretical value. 

The variation semi-diurnal tide (b) has nearly the theoretical value, i t  being f126 of 
the mein tide ; theory giving .022. 

The semi-diurnal component of tlie luni-solar declinational tide (R, oE K) hae a 
smaller value than yet found at  this port, nnd its proportion to the main tido is consider- 
ably less than hae been found in the previous yenre, when it had nearly the theoretical value. 

The proportion of the luni-solar oompound semi-diurnal tide to the main tide is the 
same as lnst year, and is the smallest that has been yet obtained at  any Indian port ; the 
next smallest being at  Beypore and Vizagnpatam. 

.The ohief diurnal tide (Rt of K)  bears a proportion to the main tide of .589 to 1, which is 
about a mean between Bombay, .369 to 1, and Beypore, .794 to 1, and ia muoh the same 
is found at Kurrachee. 

The solar diurnal tide ( R ,  of S) is about +th of its principd oomponent, being about 
the same proportion aa obtains at  Bombay and durraohee. 

The proportion of P to 0 is again greater than the previous years, but all these values 
are within the theoreticnl limits. 

The proportion of J to Q (0.672) is again greater than in 1879-80 (0.584) and 1878-79, 
when it was 0.413 ; these values are all in excess of the maximum theoretioal limit, 0,417. 

The proportion of 0 to K is nearly the same (0.506) as mas found in the two previous 
years (0.518 and 0,517), but all much less than the minimum proportion given by 
theory (0.657). 

The proportions of the over-tides of S and M we all small, and agree fairly well with 
those of the previous years, except the solar quarter-diurnal tide (R, of M), which is twice 
as great. 

Tho Helmholtz tide (MS) is -009 of the main lunar tide, the same value as was 
obtained in 1878-79. 

With regard to the long-period tides, the lunar monthly and 111ni.solnr fortnightly 
agree with previous vnlues ; but the lunar fortnightly bears only about, half the proportion 
to the main tide that it has borne in previous years. 

The solar annual and semi-annual again show a considerable increase, these values 
being three times as lnrge as those found for 1878.79. 

The epochs' of both the solar annual and semi-annunl agroe well with laet year's  date^, 
being about four da js  earlier. 

VALUES O F  T H E  TIDAL CONSTANTS, KARWAR, 1881-82. 
The following are the amplitudes and epochs deduced from the 1881-82 observations at 

Karwar :- 
Short-Prriod 7idrs. 
- - - - -- --- 
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Lunar monthly tide ... ... R = 0.045 e = 0°.47 

,, fortnightly ,, ... ... R = 0.045 e = 350°.49 

Solar annual ,, ... ... R = 0.383 = 302O.66 

,, semi-annual ,, ... ... R = 0 053 e = 224O.01 

The value of A,, the mean level of the sea, above the zero of the gauge is sliglltly 
lower than in previous years ; but all the vnlues are very accordant, the extreme difference 
having been 0.135 foot. This year's value is .05 foot below the mean value. 

The rnein solar tide ie very slightly less in amplitude than in the previou~ years, and 
the lunar tide is a little greater; the epoohs of both tidee nre nearly identical with 
last year's values. 

The proportion which the main solar tide bears to the main lunar tide is rather less 
than has been found in the three previous years, and is oonsiderably below the theoretical 
value, being 0.348 against 0.476. 

With regard to the two lunar elliptio tides, the smaller (L) ie only about half the 
value obtained lest year, and is slightly less in its proportion to the main tide thnn its 
theoretical value. 

The larger component (N) is sli,ohtly less than in former years, but fairly concordant ; 
it is rather greater in proportion to the main tide than theory a l l o ~ s .  

The smeller evectional semi-diurnal tide (h) has a vnlue which is nearly the mean of 
those obtained at this port. This tide is about half as large again here as theory gives 
it, agreeing exnctly with Beypore, whilst at  Bombay the mean value of the proportion 1s 

exactly the theoretical one. 

The larger erectional tide (v) is much smaller this year than ha0 been before found, 
being only about half the value of the previous year; its proportion to the main tide 
appronches very nearly to the theoretical one, being .033 against .037. 

The variational tide (p) is rather larger than last year, but its proportion is not much 
greater thnn theory gives, being .029 ngninst ,022. 

This being the fourth year of the observations, a second value of the solar elliptioal 
tides (R and T) has been obtained (two years' observations being necessary for each vnlue) 

The smaller component (R) is slightly larger than before; the mean of the two gives 
exactly the theoretical proportion. 

The larger component (TI is considerably greater than its former vctlue, and its propor- 
tion to the mnin tide is 50 per cent greater than theory gives, whilst the last value at  
this port exnctly ngreed with the theoretical value. 

The semi-diurnal component of the luni-solar declinational tide (R, of I(, hna 
nearly the snme proportionnl value as last year, which is somewhat less than the theoretical 
vnlue. 

With regard to the diurnal tides, they all agree well with the values obtained in the 
years; they are on the whole a little smnller in proportion to the main tide 

with the exception of the diurnal lunar tide, whioh is about double its former value. 
T h o  proportions of P to 0 and J to '2 both exceed the theoretical limit, while that 

of 0 to I( is less than it. 

The over-tid~s of S and M agree very well with the values of previous years, aud 
for no special montion. 

With regard to the long-period tides, the lunar tides have all much the Enme propor- 
tionnl vnluoe as before found. 

Tllc solar annual tide is rather less than mas found Inst year, but is about the 
of the vnllies of the four years. 

The semi-nnnual has a proportional value, the snme as in 1877-78, but less than tllH 
two previous yenr.s. Its epoch is Illore than half a month later than last year. 

The time of mnximum of the solar a~lnual is exactly the same as last vh, 2;3rd Jannnry. 



previous years. 
The over-tides of S and M presont no re~nnrltnble features, except tbe rather lnrger 

1 ~ 0 1 ~ r t i o n  of the lunar quarter-diurnal to the main tide, a peculiarity noticed iu tile 
previoue yeara. 

V A L U E S  O F  T E E  T I D A L  CONSTANTS, B E Y P O R E ,  1.880.81. 

The followiug are the amplitudes and epochs deduced from the 1880-81 observations at 
Beypore :- 

Short- Poiod Ticks. 
-- 

I s I " I o I K l p I J l Q 1 L  

Long- Period Tides. 
Lunar montl~ly tide ... ... R = 0.108 E = 349'41 ... ,, fortnightly ,, ... R = 0.021 E = 26O.05 
Luni-solar ,, 91 ... ... R = 0.017 r = 276O.62 

... Solar annual 8 )  ... R = 0.328 e = 310°.74 
,, semi-annual ,, ... ... R = 0.180 r = 208O.39 

The mean level of the sea (A,) from the 1880-81 observatio~ls was found to be 5.412 
feet above the zero of the garigo, beiug ,020 higher thau that  obtained last yearand 
,057 than tha t  of the year before. 

The mnin lunar tide ( R ,  of M) is almost identical in  amplitude and epoch with the 
values of the two preoeding years. 

The  amplitude of the main solnr tide (R, of 8) is almost the same as obtained last year, 
and its epoch differs but  very slightly. 

The proportion between the two main tides (R, of M and R, of S), .342, is still 
less than was found in the two preceding years, and is greatly less thnn the theoretiad 
value, which is  .P76. With  the exception of the places iu the Gulf of Cutch, this is the 
smnllest proportion yet  obtained in  Indin ; the value a t  Karwar being the nearest to it. 

The smaller lunar elliptic semi-diurnal tide (L) has not quite half the value found last 
year, but  agrees very fairly with the valile of 1878.79 and the proportion given by 
theory. 

The proportion of the larger component (N) to the main lunar tide is very nenrly the 
same as mas found i n  the two previous years, and is sligbtly greater t h a i ~  the theoretical 
proportion. 

W i t h  regard to the two evectionnl tides (X and v ) ,  h is nearly tho same value as lnet 
year, v is slightly greater, and both considerably exceed the theoretical proportim. 

The vnriational tide ip) is ouly nboot one-third ns large as in the previous yenrs, nnd its 
proportion lo  the main lunar tide is ~ n u c l ~  less tban what is given by theory. 

The luni-solar deolinational semi.cliurnn1 tide ( l d ,  of I() has a value alnlost identioal 
with that obtained last year ; its proportion is considorably less thnn the tlieoretianl one. 

Wi th  regard to the diurnal tides, the chief one (11, of I() is al i t t le  less thnn the 
values of the previous years, but is still greater than has been found at  any port exaopt 
Aden. 

The proportions of the other diurnnl tides to the main lnnnr tide do not cliffor much 
from the value obtaiued iu tho previou~ years, except It ,  of hl, which is 6 par cent of the 
mnin tide, a proportion which hns only heen slightly excecdod one year a t  Aden. 

The luni-solar oompound somi-diurnal tide (2SM) agrees se l l  with the value8 of 
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The proportion between the solar and lunar diurnal declinational tides (P and 0) ie 
-599, which is larger than has yet been obtained, and slightly exceeds the maximum limit 
given by theory. 

The proportion between J and Q is much larger than in previous yeare, and oonsider- 
ably greater than the theoretical proportion. 

The proportion between 0 aud R is slightly less than in the two previou years, and is 
less than the theoretioal minimum proportion. 

With reference to the long-period sides, tho lunnr monthly equals 12 per oent of 
the main tide, which is a lnrger value than before obteinod at any port in India. 

Theluuar fortnightly is ouly about one.fifth of the values obtained in the previous years, 
which, however, were two or three times as groat as had been found at other Indian ports. 

The luni-solar fortrlightly is also much smaller than the previous years'. The values of 
both these lunar tides, as deduced from this year's observations, agree much better with the 
general values of the ludinn ports than tlioae previouely obtained. 

The amplitude of the solar annual tide is about a mean betwoen the two previoua values, 
and its epoch agrees very well with previous years, the maximum ocourring enme day as in - 
1878-79. 

The solar eemi-annual is ratl~er less than last year, being 20 per oeut of the main tide, 
instead of 28 per cent : its amplitude is still, however, much greater than at any other port 
on the west coast. Its epoch is about niue days earlier thau in 1878-79 and a fortnight later 
than iu 1879-80. 

VALUES O F  T H E  TIDAL CONSTANTS, P A U D E N ,  1880-81. 

The following are the amplitudes and epochs deduced from the 1880-81 observations at 
Paumben :- 

6lrol . l -Period Ticlea. 

L o ~ i g -  Period Titles. 
Lunnr monthly tido ... ... R = 0.034 E = 22O.81 

,, fortnightly ,, . . . . . . R = 0 052 E = 335'2.5 
Lnni-solar ,, 9 B . . . ... R =  0027 0 = 156O.99 
Solar nnnnal 1 9  . . . . . . R = 0.164 c = 258O.80 

,, semi-annun1 ,, .. . ... R = 0.184 e -- 11G0.70 
The mean level of the sen (A,) mns found to be 2.759 above tho zero of tho gnuge, 

being sliglitly higher thnu tho values found in the two preceding years, which were 
2.666 and 2.707 respectirclg. 

Tlio main lunar tille (R, of hf) is slightly lnrger than tlio values for preoeding 
yenrs ; its epocli is the snmc. 

Tho mnin ~o la r  side ( R ,  of S) agrees extremely woll both in nmplitude nnd epoch 
with former rnlncs. 

Roaulti~lg from this ma And tho proportion between the tn70 main tides is much the 
snme ns ill prerinits yenrs, being 627 as compnrrrl with . G S 2  and .615 in the two 
p~ecoding yenrs. This lrroportion ia nbnomnlly higl~,  'L'aticorin being the only other 
Iudiau port where the theorcticnl proportion, 0 170, h n ~  bee11 exceeded. 



The of the emaller ~ u n a r  ellipti0 semi-diurnal tide (L) to the main tide is 
but very slightly in excess of the theoretioal value, whilst that of the greater co.effioient 
(N) considerably less, being about a mean of the proportions found in the previous years. 

With rcgard to the two lunw perturbation tides (A and v), A  i~ only one-third as large 
as was found last year, and approaches more nearly to the theoretioal proportiou than 
has yet been found here, but ia still nearly t r ice  as great. 

The proportion of v is nearer to that given by theory than last year's value, but is 
oonsiderably in excess. 

The variational semi-diurnal tide (p) is nearly the same in value as last year, and its 
proportion to tho main tide approaohes very nearly to the theoretical value. 

The luni-solar deolinationd semi-diurnal tide (R, of E) is nearly exactly the same 
ns was found for the two preceding years, and at this port is higher in its proportion to 
the main tide than has been found in any Indian porte except Tuticorin. 

With regard to the diurnal tides, they agree well with the results of the two previous 
years. The prinoipal one (R ,  of K) is slightly less than the preceding years ; its value 
is greater than those found at the ports of the east coast and less than those of Aden and 
the west coast, exoept Bombay. 

R ,  of 8 is nearly identioal in value and proportion to the main tide with the result 
of 1878-79, which agrees with the Tutioorin values. 

The proportions of the other diurnal tides to the main tide agree closely with the 
results of the previous years. 

The proportion of the solar and lunar declinational tides (P and 0) is still greater 
than was found in the last two years, and very much greater than the maximum value 
assigned by theory, whioh is 0.572, the proportion found this year being 0'931. 

The of J to Q is nearly the same as last year, being greater than theory 
has assigned, as hns generally been found, except at Tuticorin and here in 1878-79. 

The proportion of 0 to I( agrees with the former values, and is lower than is 
generally found. 

The overtides call for no speoial remarks; they agree very closely with former valuee. 
With regard to the long-period tides, the lunar monthly is only about half the amount 

found in the last two yenrs. 
The lunar fortnightly agrees well with the former values, whilst the luni-solar 

fortnightly is twice as large as the previous values. 
The solar annual tide is larger than previously found, being 27 per oent of the main 

tide (but although i t  Lao increased, the solar semi-annual tide continues to exceed it), and 
is 31 per cent. of the main tide, exactly the same proportion which was found last year. 

The epoch of the annual tide does not ngree very well with that of last year, bei~ig 
more than a month earlier, occurring early in January, which was nearly the time found in 
1878-7 9. 

That of the semi-annual occurs about the middle of May and November, which is 
about the same date as the two previous years. 

VALUES O F  T m  TIDAL CONSTANTS, MADRAS, 1881-82. 

The following are the amplitudes and epoohs deduoed from the 1881-82 observations 
at  Madras: - 

Short-Periotl Tides. 
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Long-Period Tidee. 

Lunar monthlv tide ... ... R = 0 049 e = 130°.38 
,, fortuightly ,. ... ... R = 0 0 4 7  c=325'25 

Luni-solnr ,, ,, . . . ... R =. 0.034 c =  47O.8R 
Solar annual ,, . . . .. , R = 0.335 E = 224O.82 

,, semi-annual ,, . . . .. . 12 = 0.383 E = 148O.67 

The mean level of the sea (A, )  is 2.209 feet above the zero of the gauge, being 0.042 
foot less than last year's value. 

The main lunar tide (El, of M) agrees well both in amplitude and epoch with the value 
obtained last jear. 

The same remark applies to the main solar tide (R, of S). 
Ae may be imagined from the foregoing, the praportion between the two main tides 

(R, of M and It, of S) is the same, 0.419, as  was obtained last year, being less than the 
theoretical value. 

The smaller lunar elliptic semi-diurual tide (L) has an amplitude of not much more 
than one-third of the amount found last year ;  its proportion to the main tide is considerably 
less (.01G) than the theoretical proportion, which is ,027, and is only about half what has 
been found a t  Vizagnpntnm aud Paumben. 

With regard to the larger eUiptio semi-diurnal tide (N), its proportion to the main tide 
is  s l igh~ly less thau last year, but is greater than the theoretioal proportion, and very muoh 
the sanle ss  at  Vizagapntnm. 

With reference to the two evectional tides ( A  and w ) ,  X is nearly the same in  value 
and proportion to the maiu tide as last year, the proportions being much greater than given 
by theory. 

The value of w  is extremely small, and its proportion to the main tide is much below 
tile theoretical value, being less than hm yet been found at  any Iudian port. 

'I'he vt~riatioual tide (p )  is nearly the same as last year, and its prq~ort ion to tho main 
tide is about double the theoretical value, whilst at  Vizagapatam and Paumbeu i t  has been 
found to be rather less than it. 

Tlie solar elliptio semi-diurnal tides (R aud T )  l~nve been deduced for the first time for 
Madras (two years' observations being necessary). With regard to the smaller component 
(It), the proportion to tho main tide is nearly four times tho theoretical value, and is a mean 
betweeu the values of Vizngapntam and Paumben ; whilst the larger component (T) is nearly 
twice as large as the theoretical value, and is much larger thau at  Vizngapatam and rather 
smaller than a t  Paumben. Both these tides approximate nearly in  value to those fouud 
at  Beypore. 

The luni-solar decli~lntional semi-diurnal tide ( R ,  of R) is rather less than i n  the 
preceding year, and is iu defeot, of the theoretical value. I t  is sliglltly less than a t  Vizaga- 
patarn, aud only about half wl~nt  Was found at  Paumben. 

The luni-solar compound semi-diulmal tide ('LSM) agrees nearly exaotly with last 
year's value. 

The distinctive feature of the Madrns tides, viz. Ihe ,co:,/ siitnll proportion ~chich the rliirr~tal 
tirlcs benr to the 11ttri1l 71orn1. tide, is borne out by the result of this year's obsorvatioue. 

The solar diurnal tide (I t ,  of 8)  is considerably less than last year, aud agrees with the 
mean of tho two years at  Vizngapntam. 

The solar declinational diurnal tide ( R ,  of P) is exactly the same as last year. 
The luni-solar deolinational diurnal tide (R ,  of I() is ulightly less than last yew, and 

agrees well with tho Vizagapatam value, but is ouly about half that found a t  Paumben. 
'I'he proportion of the lunar diurnal tide ( I t ,  of M) to the maiu tide is so small os to 

be barely nppreciable, and is the smallest yot cbtained a t  any I ~ l d i a n  port. 
'l'lie luunr deolinntional diurnal tide (It, of 0) is slightly less than last year. 
The elliptio diurnal tide ( R I  of J )  is only a little more than one-third the amount that  

was found last year, and is only half tlio value at  Vizngnpatam and Paumben. The other 
elliptio diurnal tido ( I t ,  of 61) is the same as Inst yeur and iusignificunt in  amount. 

The lunar and solar over-tides aro very small a t  M a d r s .  
With regnrd to the long-period tides, the results of this year's observations confirm the 

very high value of the solar-annual and semi-aununl tides, in proportion to the main tide, 
whioh wns f o u ~ ~ d  last yenr, shewiug that the mean level of the sea a t  Madras in November 
war, 17 inches higher tllan in Mnrch and April. 

The proportion between tho solar auuual tide and the main tide is slightly smaller tllia 
yenr than in the previous one, 0.315 against 0,356. Ou tho other hand, the proportion of the 
eomi-annual tide is considorably grcnter than lnst year, being 0.361 ngainst 0.268. Thus 
tho general effect of theso tides in raising tho level of the sea is nearly the sameas last 
vmr. ., --- 

The epoch of tho solar annual tide, which last year was about tho 10th October, is this 
year the 2ud November. 

The epochs of tho somi-annual tide lnst year wore the 20th May aud 20th November. 
This year they are tho 4th June and 4th Deoember. 

Thus tho maximum combined effect of the solar-annual and semi-annual tides would 
seem to occur in Noveu~ber, and this is borne out by the tidal dingmms, which give the 
moan eea-level in November 1.36 feet higher thau in March aud April. 

h 



The lunar monthly tide is slightly larger than last year, and is about a mean between 
Vizn apatam and Paumben. 

!'he lunar fortnightly tide is a little greater thnn the laat year's value, being very newly 
the same as at Viza apatnm and nbout half the value found at  Paumben. 

The luni-solar fortnightly tide, whioh last year was hardly appreciable, is thie yew 
oonsiderably larger, and is about the same as the mean of the last three yenra at Vimg. 
spatam aud Paumben. 

VALUES O F  THE TIDAL CONSTANTIS, VIZAGAPATAM, 1881-82. 

The following are the amplitudes and epochs deduced from the 1881-82 obsematione 
at  Vizagapatam :- 

8hort-Period Tides. 

Long- Period Tides. 

Lunar monthly tide . . . ... R = 0-051 r = 104°'02 
,, fortnightly ,, ,.. ... R = 0.057 r = 337O.81 

Luni-solar ,, ,, . . . ... 11 = 0 039 r = 316O.49 
Solar annual 91 . . . ... R = 0.577 c = 188' 65 
,, semi-annual ,, ... ... 11 = 0,468 r = 140°,37 

The value of the mean level of the sea (A,) thilr year is .1 of a fpot less than last year 
and .2 less than that of the year before. 

The proportion between the two main tides (R,  of M and R,  of S) agrees very well 
with the  results of the two previous years, and is slightly leas than the theoretical value, 0.442 
against 0.476. 

With regard to the two lunar elliptio tides, the proportion of the smnller of the two 
(L) to the main side is only half what has been found iu the last two years, and falls 
much below the theoretical proportion as it exceeded it before. 

The larger component (N) has a slightly less proportion than previously obtained, and 
approaohes very near to the proportion given by theury, being 0.199 against 0.192. 

The smaller eveotional semi-diurnal tide (h) has nearly exactly the same propodion 
to  the main tide as waa found in the preoeding years, about double the theoretical proportion i 
whilst the larger sveotional tide is hardly apparent at all thia year, agreeiug with Madras 
in this peouliarity, as this year'e value of this tide at  these two places is by far the smallest 
yet fouud at  any Indian port. 

The proportion of the variational tide ( p )  to the main tide is less than in the previous 
yearn, and is exactly half the theoretical value. 

The proportion of the luni-solar declinational semi-diurnal tide (R, of K) is nlso 
smaller thnn in previous years; s mean of the three values would give a value but slightly 
less than theory aasigns. 

The smallness of the diurnal tides at  Vizapapatnm is again shewn in the results of thin 
vear's observations. The ohief of these ( R .  of I() is oue-quarter of the main tide, whioh 
ihe asme ae s e a  found in the two precedbi yeare: 



The remaining diurnal tides do not differ much from the values of the former yeara, and 
with the exception of the solar declination diurnal (P), which is slightly larger, they am 
all of less amplitude than previously fouud. 

Tho lunar-diurnal tide especially being almost imperceptible. 
The lunar and solnr over-tidelr are small, and call for no special mention; the lunar 

and solar quarter-diurual tides are each about one per cent of the mnin tide. 
The proportion between P and 0 is larger than theory assigns, but agrees well with 

the value found at Paumben and Madms. 
The proportion between J and Q again depnrts entirely from the theoretical value, whioh 

gives Q about 24 times greater than J. Here J is 31 times greater than 8. The same or even 
a larger value is found at  Madras and False Point, and Dublat givee nearly the same 
results. 

The proportion between 0 and I( is smnller than the theoretical one, and i t  azrees with 
the value at  Paumben and Port Blair, and is less than a t  any other port except Madras. 

With regard to the long-period tides, tho solar-annual and semi-annual coutinue to shew 
the very high proportion to the main tide, which is a distinguishing feature of this port, and 
is only surpassed in India by the two riverain ports of Kidderpore and Moulmein. 

The solar-annual tide indeed is less than in  the two former years, but  is still 39 per 
oent of the mnin tide ; last year i t  was 57 per oeot, and the year before 49. I t @  epoch thin 
year is the end of September, being the same time na mas found two years ago. 

The solar semi-annual ia greater this year than before, reaching the very large propor- 
tion of 31 per cent of the main tide, whioh is larger than hna yet been found in any Indian 
port except at  Madras for this same year, when i t  wus 36 per cent. I t s  epoch ie later than 
before found, ocourring on the 1st June  and 1st December. 

The other long-period tides require no speuial mention. 

VALUES O F  T H E  TIDAL CONSTANTS, FALSE POINT,  1881-82. 

The following are the amplitudes and epochs deduoed from the 1881-82 observations 
at  False Point :- 

Wort-Period Tides. 

Lo7r.q- Period Z'irlcs. 
Lunar monthly tide ... ... R = 0.055 r = 5.7O.15 

,, fortnightly ,, . . . ... R = 0.055 E = 1:1°.62 
Luni-solnr ,, 9 1  ... ... H = 0 042 E = 2H0O.81 
Solar nnnual I )  ... ... fi = 0,746 r = 1(jfjC+12 
,, eemi-annual ,, ... ... H = 0,364 r = 142O.23 

The mean level of the eea is found to be 7,552 feet above the zero of the gauge, or 12.99 
feet below bench-mark A. 

The main tide9 of S nnd M hnve amplitudes of 1.01 and 2.27 feet respectively, esempli. 
fying the iucrenaing amplitudes of the tides of the ports on the east coast, goiug north from 
Paumben. 

The proportion between the two main tides is 0.442, which ia a little less than the thew 
retioal proportion of 0.476. This prol~ortior~ is nearly oxaotly the same as ie fouud at Vixng- 
apatam, and slightly greatcr thau a t  Madran. 



With regard to the two lunar elliptio tides, the proportion of the amaller of the two (1,) 
to the main tide is exactly what is given by theory ,027, and agrees well with the mesn 
values at  Vizagapatam and Madras. 

The larger component (N) also agrees very fairly with the theoretioal value, being 
0.210 against 0.192. The Vizngapatam mean value is almost identical, and the Madroa 
value slightly larger. 

The smaller evectional semi-diurnal tide (A) has a value about three times the theoretical 
one, and about a mean between the Madras and Vizagapatam values. The theoretical value 
of this tide has been exceeded in all the Indian ports, except the three on the west coast. 

The Irtrgrr evectional tide (u )  is twice the theoretical proportion, in this iustnnce daeF  
ing from 1he two othor east coast ports, where the mean value of this tide has nearly agreed 
with theory. 

The variationo.1 tide (p) is about half as large again as i t  should be theoretically ; ite 
value being about a mean betveen the mean values at Madras and Vizagapatam. 

The proportion of the luni-solar declinational semi-diurnal tide (R, of I0 to the main 
tide is rather less than theory assigns ; the value found here agrees well with the means of 
Madrns and Vizagapatam. 

One of the distinguishing features of the tides at  this port, as at the other two east coast 
ports, is the very small proportion which tho diurnal tides bear to the main lunar tide. This 
is more marked here than at  either Madras or Vizagapatam, whioh may be shown by the 
fact that at Madras the sum of all the diurnal tides mould equal 52 per oent of the main 
lunar tide ; at Vizagapntnm 49 per oent, and at  False Point only 33 per cent. 

The chief diurnal tide (R,  of I() is hardly 18 per cent of the main tide. The lunar 
and solnr diurnal tides are insignificant ; as are also the two lunar ell~ptio diurnal tides J 
and Q ; whilst the solnr and lunar declinational diurnal tides, P and 0, are only 6 and 7 
per cent respectively of the main tide. 

The over-tidesof S and M are all insigni6cant in amount, and call for no speoinl mention. 
With regard to the long-period tides. The solor annual, althouzh not so large as at 

Vizagepatam, amounts to 33 per cent of the main tide, which is almost the same proportion 
a8 waa found at  Madrns. 

The solar semi-annual is about half the proportional amount whioh mas found at Madras, 
and tmo.thirds of the vallie at  Vizagapntam. 

The time of maximum of the solar-annual tide at False Point is the 4th September, and 
the maxima of the semi-annual tide occur on the !st June and December. 

At  Vizagapatam the maximum of the solnr annual tide seems to occur during the latter 
portion of September, and at Mndrns in October. 

The times of mnsima of the semi-annual tide seems to be nearly the same for all the 
three east coast ports and for Port Bloir. 

The lunar long period tides are smaller in proportion to the main tide than have been 
found either at  Aladrns or Vizagapatam, but tbey call for no special comment. 

VALUES O F  T H E  TIDAL CONSTANTS, KIDDERPORE,  1881-82. 



Long-Period Tides. 
Lunar monthly tide . . . .,. R = 0.329 E = 0'38 

,, fortnightly ,, ... ... R = 0.278 E = 1i0.18 
L u n i - s o h  ,, I S  .., . . . R = 0.8::8 E = 36O.56 
Solar-aunual s )  ... ... R = 2.809 = 15i0.08 
,, semi-annual ,, ... . . . R = 0 935 E = 204O.56 

The mean level of the river from this year's observations is 10.739 feet above the sill 
of the Kidderpore Dock. The menn value of the five former yeara being 10.489 feet, the 
present value is therefore 3 inches bigher. 

The tides at  Kidderpore, owing to its situation high up a large river, are not comparable 
with those of any of the Indian ports, except Rangoon and Moulmein, whose situation is 
similar ; and i t  is with the results of the obeervations a t  these ports that  the comparisons are 
chiefly made. 

The amplitudes of the main tides of S and M are slightly greater than  the mean of 
the previous values. Their epochs are nearly identical with the value in 1877-78, but differ 
by 22 minutes from the menn value of the five years which had been previously used. 

The proportion between the mein tides is  less than the mean va111e obtained before, 
and considerably less thnn the theoretical value, being 0.393 against 0.476 ; i t  is rather more 
than the value obtained at  Rangoon and Moulmein, whioh is 0,360. 

The mnin lunar elliptio semi-diurnal tide (it, of NI haa a proportion to the main tide 
nearly exactly the same as given by theory, 0.189 ngainst 0,192. This is identically the 
same proportion as was found to obtain both a t  Moulmein and Rangoon. 

I h e  smaller component (L) has a proportion of about twice thut given by theory, but 
approaching i t  more nearly than at  Moulmein and Rangoon. 

Tho larger evectional semi-diurnal tide ( v )  is 9 per cent of the main tide, the theo- 
retical value being a little less than 4 per cent. This is the same value as found at  Rangoon, 
but a little larger than at  Moulmein. 

The smaller evectional semi-diurnal tide (A) is five times as reat as the theoretical 
proportion ;-the value of this tide is very large in proportion at  dubla t  also, m d  all the 
stations in Burma. 

The proportion of the varintional semi-diurnal tide (P )  to the main tide is slightly 
less than before obtained, and is about three times greater than the theoreti~~al proportion ; 
at  Moulmiein and LIangoon i t  is found lo be four times as great. 

The proportion of the 111ni-solar deolinational tide (It,  of K) to the main tide is very 
nearly the theoretical one, being 0.113 against 0 127 ; i t  is h i g h  here than a t  Moulmein 
and Hnngoon. 

The proportion of the luni-solar compound semi-diurnal tide to the main tide is .023, 
rnhi0h is nenrly the same as was found a t  Dublat, but  is one-third less than at  Uoulmein 
and Rnngoon. 

The proportions of the diurnnl tides to the main tide are smaller than were previously 
found: the chief diurnal tide ( R ,  of K)  being only 10 per cent of the main tide, iu  t h ~ s  
it ngrees with the other two riverain ports, where i t  is 12 per cent. 

A11 the diurnal tides in the Ray of Bengnl have smaller proportions to the main tide 
than prevsil in the Indian Ocean, and their proportion seems lo be esceptionnlly amall in 
the riverain ports. 

With reference to the over-tides of S, the quarter-diurnal tide R, of S is 5 per cent of 
the mnin tide, which is the same as a t  Moulmein end Rangoon ; the other over-tides +re 
insignificant. 

The lunar over-tides are larger in proportion thnn the solar, the lunar quarier diurnal 
being 21 per cent of the main tide-an amount whioh has only been equalled a t  Moulmein, 
where it is 24 per cent, wl~ilst at  Hangoon it is only 7 per oent. 

The lnnar sexter-diurnal over-tide (R,  of M) is also very grent in proportion, being 4 &  
per cent of the mniu tide, which 1s the lnrgest proportion yet obtained in India, but which 
is very nearly equalled at  Rangoon. The remaining over-tide R,  of M is 2 per cent of 
the main tide, being the largest value yet obtained in India. 

The compound 111ni-solar quarter diurnal tide (MS) is 13 per cent of the sum of 
the amplitudes of the two maiu tides (R, of S and R, of M) with the exception of hIoul- 
mein, where it is 14 per cent,. This nlso is the largest vnlue yet obtained in  India. 

With regard to the long-period tides, their very large proportion, compared wiih the 
main tido, is again apparent. 

The chief tide of' the solar nnnunl is 77 per cent of the main tide, whirh is the largest 
value evcr yet found. At Moulmein, whero the next largefit value was found, i t  wns ti4 per 
cent, and at  Raugoou per cent. Tho epoch of this tide is very nenrly the mean epoch of 
the former yenrs, shewing it to occur on the 28th August, and indicating that  its cause 
may be ascribed to rninfall. 

The ~ o l n r  semi-a11nun1 tide is 26 per cent of the mnin tide, which is considerably more 
than wns found either nt bIotll~uein or ltnngooll. The epoch of this tide differs greatly from 
the menn, or any of the values of former yenra ; from this yenr's observations its msXimum 
ehould orcor nt tho hegillui~ig of July aud January, whilst the former dates were the 
bepinniur of Ser~temLcr nurl hlnrrh. 

" ~ l l e q ~ r x t  inAimportnnco is the luni-solar fortnightly tide, which is 23 per cent of the 
mnin tide, ~ r l ~ i r l ~  is renjn~knbly high, though exceeded at  Moulmein, where i t  is 29 per cent. 
A t  liaugoon ~t is 9 per oenc. 



The lunar fortnightly tide is 8 per oent of the main tide, and the lunar monthly 9 per 
cent, both these proportions being considerably in excess of what has been found at anp 
Indian port except Moulmein, Paumben, and Beypore. 

VALUATION O F  THE TIDAL CONSTANTS, DIAMOND HARBOUR, 1881-82. 

The following are the amplitudes and epoohs deduced from the 1881-82 o b ~ e r v a t i ~ ~ ~  
at Diamond Harbour :- 

Short- Period Tides. 

Long- Period Tides. 
Lunar monthly tide ... ... R = a e =  ,, fortnightly ,, ... ... R = -3 E' 
Llmi-solar ,, t t  ... ... R =  O '  E =  
Solar annual tv ... ... R =  z i  r =  
,, semi-annual ,, ,.. ... R = o E = 

The mean level of the river at Diamond Harbour (A,) is 9,263 feet above the level of 
the zero of the gauge, which is the level of the Kidderpore Dock sill. The river-level at 
ICidderpore is 10 74 feet above the sill of the dock, whilst the sea-level at Dublat ie approx- 
imately 8.55 above the same point. 

The amplitudes of the main solar nnd lunar tides are greater than nt Kidderpore or 
Dublat. The epoch of the main lunar tide differs from the mean of the previoue years 
about 10 minutes. The crest of this tide will reaoh Diamond Harbour about 1 hour JO 
minutee after Dublat and 2 hours and 26 minutes before Kidderpore 

The proportion of the main solar to the main lunar tide is 0.423, which is rsther lmn 
than the mean of the previous years, and somewhat in defeat of the theoretical vslue, but 
is the largest found as yet at  any riveraiu port. 

The proportion of the smaller lunar elliptio semi-dillma1 tide (R, of L) to the main 
tide is but slightly in excess of the theoretioal value, being ,031 agninat 027. Thie is nearly 
the samo proportion as was found at  I)ublat, and oonsiderably less than nt Kidderpore. 

The larger oomponent (R, of N) may be said to be theoretically oorrect in itn 
proptrtion to the muin tide, wbioh is the snme result ns was found at  Kidderpore. 

I'he smaller eveotional tide (X) is about five times aa great as the value given 
by theory. This is the same as nt Kidderpore. 

The larger component ( v )  is about twice as great as theory gives, which also agrees 
closely with h e  ICidhrpore vali~e. 

The proportion, of the variational semi.diurna1 tide to the main tide is about twice the 
theoreticnl value. I t  is sliphtlv less than at  I(iddernore and little lareer than at Dublet. . 

'(IIG proportion of the'iud ~o la r  declinational tide to the main l&ar tide ie very nearly 
what is given by tl~oory, being 0.118 against 0.127. Kidderpore and Dublat both give 0'11% 

The Ir~ni-.sol:~r compound semi-diurnnl tide (2 6M) is 2 per cent of the main tide, which 
is the snme as found at Kiddrrpore nud Dublat. 

A11 the dillrnnl tides at Diamond Harbour are very small, agreeing in this with what 
was found nt Kidderpore and Dublat. The tctal value of all the diurnal tides at Kidderpore 
in only 25 per cent 01 the main tide, wllilst a t  Diamond Harbour and Dublat it ie only 
20 per cent, the smallest value yet found iu India. 



The ohief diurnal tide (R, of K) is only 9 per oent of the main tide, which is a v e y  
small value, whilst the solar.diurna1 tide is not 2 per ceut and the lunar-diurnal less than 
1 per ceut. 

The solar quarter-diurnal tide (R, of 9)  is 5 pcr oent of its main tide, which i~ the 
proportion which has been found at  Kidderpore, and also at  the other riverain ports. The 

- .  
other over-tides of S are insignificant. 

The lunar quarter-diurnal tide (R,, of N) is 15 per cent of the main tide, which is lese 
than was found at Kidderpore or Moulmein, but is twice as great as at Rangoon. 

The sexter-diurnal (I&, of 8) is 3 per cent of the main tide, agreeing in this with the . - 
other riverain ports. 

The proportion of the amplitude of the oompound luni-solar quarter-diurnal tide (MS), 
as oom~ared with the sums of the am~litudes of the two main tides (Reof 8 and R, of M), 
is 0,09$, which is slightly less than foind at  Kidderpore. 

The long-period tides have not been evaluated, a correction in the formula for 
their reduction. 

VALUES O F  THE TIDAL CONSTAN'PS, DUBLAT, 1881-82. 

The following are the amplitudes and epochs deduoed from the 1881-82 observations 
at  Dublat :- 

Short- Period Tidca. 

Lollg- Poiad Tidrs. 

Lunar monthly tide ... .. . R = 0 047 e = 29O.34 
,, fortnightly ,, . .. ... R = 0'051 e = 37O.12 

Luni-solar ,, I ... ... R = 0 050 e = 279O.70 
Solar annual II ... ... R = 0.796 e = 146O.93 
,, scmi-nnnual ,, ... ... R = 0,234 e = 162O.17 

The mean level of the sea at Dublat was found to be 14,394 feet above the zero of the 
gauge, and therefore 8.58 feet below benoh-mark A. 

The poaition ol Dublat is on the sea near the mouth of a large river, and this situation i t  
ehsree with three other tidal stations in the Bay of Bengal, viz. False Point, Elephant Point, 
and Amherst, and, ~llowing for differences of geographical position, we ehould expect to 
find the same peculiarities in the tides of all four. 

The proportion of the mnin e~llar to the mnin lunar tide is rather lese than the theo- 
retical one, being 0.439 against 0.476. The mean proportional value of the four estuary ports 
i~ 0.434 - - - - - - . 

The smaller lunar elliptio semi-diurnal tide (L) at Dul~!at exceeds the theoretical 
proportion, as also does the lnrger component (N). I n  this nlao the other estuary ports 
shew similar values. 

With regard to the evcotional semi-diurnal tidee, the smaller (A) is very nearly ten 
times greater than the theoretical valuo. I t  ia nonrly the same value as found a t  Amherst, 
nnd these with Elephant Point give the highest proportione for this tide yet found in 
India. 



The larger oomponent (v) has also a vsluo about 50 per cent greater than theory gives, 
but the other ejtunry ports have a atill higher value than this. 

The variational semi-diurnal tide ( p )  has more than double its theoretioal proportional 
value. 

The proportion of the luni-solar deolinational semi-diurnal tide (R., of K) to the main 
tide is very slightly less than the theoretioal value. I n  this it agrees well with Ftrlso Point. 
One of the ohief features of the Dublat tides is the exoeedingly small proportion mhioh the 
diurnal tides bear to the main lunar tide. This is a general feature in all the statione 
in the Bay of Bengnl ; but it is most marked at Dublnt, where the sum of all the diurnal 
tides only equals 194 per oent of the main tide. The  owes st value beEore obtained ma8 
25 per cent, at  Kidderpore and Rangoon, whilst at  the two other estuary stations it is 
28 per oent. 

The chief diurnal tide ( R ,  of I() is only 10 per cent of the main tide. The lunar and 
solnr diurnal tides are insiguificant, as also the two lunar ellipti0 diurnal tides, J and Q, 
whilst the solnr and lunar declinational diurnal tides (P and 0) are only 3 and 4 per cent 
respectively of the main tide. 

The over-tides of S and M call for no speoial remark. They are all very emall ; the 
largest, the quarter-diurnal lunar tide, being only 2 per cent of the main tide. 

A11 the long-period tides are small at  Dublat. They are nearly the same in total 
~ ro~or t iono l  amount as was found a t  Elephant Point. 
A .  

The three lunnr tides are each onlv i Der cent of the main tide. 
The aolar annual tide is 17 per c&t, and the semi-annual 5 per cent. 
The time of the maximum of the solar annual tide was the lUth August. This tide 

seems to occur earlier as one goes up the Bay. At  Madras it is in Ootober, at  Vizagapatam late 
in September, at False Point early in September, and here in the middle of August. 

'I'he times of maxima of f h e  solnr semi-annual are the 12th June and Deaember, 
very nearly the same time as at  False Point. 

LOII~J- Prriod Tirlcs. 
Lunar monthly tide ... ... R = 0 238 E = 8O.83 

,, fortnightly ,, ... ... R = 0 2 0 8  E = 2O.91 
Luni-solar ,, ~t . . . ... R = 0,565 e = 5a021 
Solar annual , I  .., ... R = 1,415 E = 15:j0.23 
,, semi-annual ,, so, ... R = 0.012 e = 314O.51 

 he value of mean sea.leve1 (A,) this year is ,094 foot lower than by lost year'e 
determination. 

The main solar and lunar tides agree almost oxact,ly in nmplit~~dcs and epoclls with last 
yenrye results. The proportion between them is therefore nosrly the same ns last year, 
boiug 0.369 against 0.363, both values being considerably in defeot of the theoretioal 

0,476, ns hns been found at all the river atntions. 
The smaller lunar olliptio semi-dinrnnl tide (L) is condidorably less than 1mt year, but 

ia still more than double ita theoretiool proportional valuo. 



The larger component (N) is slightly smaller than last year; but approachoe very 
nearly to the proportional value given by theory, with which it lest year was almost 
identical. 

With rcgnrd to the evectional tides, the smaller (h) is identical with last ~ear 'e  value, 
and is about eight times larger than the theoretioal value, whioh is the eamo result as WM 
found at Moulmein. 

The larger cbmponent ( v )  is about ono-third less than last year, but is still 50 per oent 
greater than the theoretical proportional value. 

The variational tide (p) is the same in value as last year, which ie four times the propor- 
tional value given by theory. 

The solar elliptic semi-diurnal tides (R and T) have been deduced for the firat time this 
year (two observations being necessary). 

The smaller component (K) is about five times greater than ite proper proportional 
value ; in this it agrees well with the results obtained for this tide at  Moulmein. 

The larger component (T) has also the same proportional value as was obtained at 
Moulmein, which is nearly twice as great as theory gives. 

The luui-solar declinational semi-diurnal tide (R, of K) is nearly idention1 with last 
year's value, as nlso is the luni-solar compound semi-diurnal (2SM). 

The diurnal tides at Rangoon are again very small, and agreo almost exactly in propor- 
tional value with last year's results. Both here and at  Moulmein their total amount is only 
25 per cent of the main tide, mhioh is also the case at Kidderpore, shewing that the diurnal 
inequality does not greatly affect tides in rivers. 

The lunar and solar over-tides are very accordant with what was found last year. 
The solar quarter-diurnal is 4 per cent of the main tide, and the lunar quarter-diurnal is 

8 per cent ; the sexter-diurnal l u n ~ r  over-tide (R, of M) is also 4 per cent of the main tide. 
The large values of these over-tides is due to the position of the place, separated from the 
sea by a considerable length of shallow water, and the same phenomenon is found in the 
Hughli and Moulmein rivers. 

Wit.h regard to the long-period tides, the lunar tides have muoh the same proportion to 
the main lunnr tide as mas found last year. These, as well as the solar long-period tides, 
are considerably less in proportion than at  Moulmei~~ and Kidderpore. 

The solar annual tide is 25 per cent of the main tide ; last year i t  was 39 per oent, 
whilst the scmi-anuual tide i a  very smnll. 

The epooh of the annual tide is about nine days later than last year, oocurring on the 
21th August. 

VALUES OF THE TIDAL CONSTANTS, ELEPHANT POINT, 1880-81. 
Tho following are the amplitudes and epochs deduoed from the 1850.81 observations st 

Elephai~t Point :- 
Short- Period Tidrs. 

I J ~  I J '  
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L O I I ~  Pcriutl Tidrs. 
Lunnr monthly tide ... ... R = 0.145 , = 5O.95 

,, fortnightly ,, ... ... n = 0.102 , = 286°.fil 
Lnni-solar ,, v t  ... ... R = 0'059 E = 275O.34 
S o h  allnllal I ... ... R = 0.930 e = 145O.63 
,, semi-annual ,, ... fl = 0,261 E = 198O.43 
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The gauge ~t Elephant Point being situated nearly on the sea at  the mouth of a large 
river, the tides here are comparable first with Amherst, similary situatad on the opposite side 
of the Bay about 100 miles distant, whore we shonld expect the same pllonomena to prevail, 
and mith Dllblat and False Point, also situated nt the mouths of large rivers. 

The metin sea-level was found to be 16.55 feet above the zero of the gauge, 
Tho amplitudes of the two main tides (H, of S and R, of M) are 2.3 feet and 5.9 feet 

respectively, the oorresponding values at Amhel.st beiug 2.9 and 6 2. The proportion of the 
main solar to the mnin lunar tide is 0.398, ml~ich is less than that found at  any of the other 
estuary ports, and considerably less than the theoretical value, 0 476. 

The proportion between the smaller of the lunar elliptic semi-diurnal tides (L) and the 
main tide is about 24 times that given by theory, whilst at  the other estuary ports the 
agreement is close. 

With regard to the larger cclmponeut (N), i t  is rather greater than the theoretical 
proportion, being 0.263 against 0.19'2. 

The two lunar perturbational tides (A and v) are very much larger than assigned by 
theory, aud are the largetlt proportions yet found in India. 

The variational semi-diurnal tide (p )  is about three times as great as theory allows, and 
is nearly the same proportion as is found at  Amherst. 

The luni-solar oompound semi-diurnal tide (R,  O F  K) has a value of only about half 
the theoretical one. I n  India this tide has generally been found to agree very well with 
theory. 

The luni-solnr compound semi-diurnnl tido (2SM) is very small at  Elephant Point, 
only about one-fourth the value found at  Amherst and one-third the value at  Dublat. A 
distinctive feature of the Elephant Point tides is the small value of the diurnal tides; in 
this it agrees mith Amherst, Rangoon, and all the stations in Burma and the Bay of nengal 
generally. The most important of the diurnal tides, the luni-solar declinational diurnal tide, 
is only 14 per oent of the main tide, whilst on the west coast of India i t  ranges from 40 10 
80 per cent. 

The solar diurnal is only about one-half the proportional value to the main tide that 
is generally found in India. R ,  of 0, the lunar declinational diurnnl tide, is lese than 
one-third of the general proportional value, whilst the other diuruel tides are insignifi- 
cant in their proportion to the main tide. 

There is nothing to 0811 for special remark in the over-tides either of 8 or M, except 
the rather l u g e  value of the senter-diurnal lunar tide. 

With regard to the long-period tides, they have small proportional values as compared 
with the other Burman ports, but agree very well with the vali~es found at Dublat. 

The lunar long-period tides are all considerably less in value than the general mean 
of Indian values. 

The solar annual tide is 16 per cent of the mnin tido ; at Dublat it is 17 per cent, 
and a t  Amherst 10 per cent. 

I t s  time of maximum occurs at  the middle of August, which is the same time as has 
been fouud at  Rangoon. 

VALUES O F  T H E  TIDAL CONSTANTS, MOULMEIN, 1881-82. 
The following nre the amplitudes and epocbs deduced from the 1881-82 observations at 

Moulmein : - 
Shn~.t- PoYorl Ti(lcr. 
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Lojrg-Poiod T i h .  

Lunar monthly tide . . . ... R = 0.459 = l i c ' 4 3  

,, fortnightly ,, ... ... 8 = 0,346 r = 16O.15 

Luui-solar ,, 9)  ,.. ... R =  1.110 r =  49'86 

Solar annual ,, . . . ... B = 3.383 e = l5Z0.84 

,, semi-annual ,, ... ... R = 0.653 r = 233O.89 

The value of tile mean sen-level (A,) above the zero of the gaugo is found to be 
foot greater from this year's observations than from the last. 

The amplitudes of both the main tides are slightly less this year than last. The propor- 
tion between t,hem, 0,359, is almost identioally the same as last year, and is much less 
than the theoretical value, 0,476. I t  is nearly the same proportion as is found at  Rangoon. 

The lesser lunnr elliptic semi-diurnal tide (L) is nearly half as large again as last 
year, nnd its proportion to the main tide is nearly four times greater than assigned by 
theory, being rather larger than the proportion found at Rangoon, and nearly twice n~ great 
as that at  Kidderpore. 

The larger component (N) has nearly the same proportion as lnst year, and is but 
slightly in defect of the theoretical value, being 0.182 against 0.1!32 ; E d d e r ~ o r e  and 
Rangoon both beiug 0.189. 

With regard to the lunar perturbational tides, the evectional tide (A) is one-third higher 
in its proportion to the main tide than mas found last year, being .067 anainst .041. This 
is very much higher t l~nn the theoretical proportion, which is ouly ,007, but agrees well 
with the values found at Dublat, Amherst, and Itangoon. 

The proportion of tlie larger component ( v )  is .0,58, theory giving .037. 

The proportion of the varintional tide (p) is about four times the theoretical one, beiug 
,086 against .022. Rangoon gives ,090 and Kidderpore ,063. 

The solar elliptio semi-diurnal tides (R and T) have been deduced for the first time 
this year (two yeara' observations being necessary). With regnrd to the smaUer compo- 
nent (It), its proportion to the main tide is 66 times the theoretical value, and is the highest 
value yet obtained for this tide except one year at  Kurrachee, and lately at  Amherst. The 
larger component (TI  has a proportion about twice that given by theory-a result whioh 
differs little from what has been found at several of the other ports. 

Tile luni-solar deolinational semi-diurnal tide (R,  of K) is less this year, being 
only 7 per cent of the main tide, or about half the theoretical prop~rtion. The luni-solar 
eompouod semi-diurnal tide is very much the same as was found last year, and agrees well 
with what was found at  Rangoon. 

The diurnal tides are nearly identical thie year with the values of the previous one, 
and their values are very small, ss was also found at  the riverain ports of fiangoon and 
Kidderpore. 

The quarter-diurnal tides, both solar and lunm, are nenrly exaotly the same in amount 
ss was found last year ; the solar over-tide being 5 per cent and the lunar 224 per cent of 
the main tide. This very large proportion is a marked characteristio of the Moulmein 
tides, which has been found at  no other place esaept at  Kidderpore, where the two combined 
are equal to 25 per cent of the main tide. 

V i t h  regard to the long-period tides at  Moulmein, the solor annual tide ie by far the 
lnrgest, being 64 per oent of tho main tide. The same vnluo was found last year. This is 
the lnrgest proportion found anywhere save at Kidderpore. I t s  epoch agrees very well 
with lnst year, nnd is about the middle of August, shewing that it has to do mith the 
rainfall. 

The aoknr semi-mnunl tide this yenr in 17 per cent of the main +,ide I ta  times of 
mnxim~~m agree exactly with those of lnst year-tho middle of August and the rniddle 
of E'ebrnnry. 

The solar monthly tide is rntller larger thnn lnst year, and is 12 per cent of the 
tide, the highest value yet obtained nt any Indian port. 

The lunar fortnightly tide is slightly larger than last year, amounting to g per cent 
of the main tide, which is n very high rnlue. 

Thcr luni-solar fortnight,ly tidc is aiso sligl~tly larger than last year, and is aetu&y 
30 per oent of tho main tide-nu nbuormally high value-whioh is only approaobed by 
Kidderpore, where this tide was 23 per cent of tho main tide. 

i 2 



Long-Period Tides. 

Nil. 

VALUES OF THE T I D A L  CONSTANTS, AMIIERST, 1880-81. 

The following are the amplitudes and epoohs deduced from the 1880-81 observatione 
a t  Amherst :- 

Short-Period Tides. 

/ I Y I O K I ~  ~ I ~ a ~ l h l u l ~ / r l ~ l x ~ J r a r  

The value of the mean level of the sea (A,) above the zero of the gauge is found to be . -. - - 
13.59 feet. 

The amplitude of the main solar tide (R, of 8) is 2.85 feet, which is about twice the 
amount at  Moulmein, and is larger than ha8 been found at  either Rangoon or Elephant 

A0 
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'1 

Point. 
The amplitude of the main lunar tide is 6.25 feet, whioh is also the highest yet obtained 

at  any Burman port. 
The proportion between the two main tides is 0.456, which is larger than has been found 

before in Burma, and approaches nearly to the theoretical value. 
Of the two lunar elliptic semi-diurnal tides, the smaller (L) has a proportion to the main 

tide about 50 per cent larger than aseigned by theory, but only about half the value found 
at  Elephnnt Point, Moulmein, or Rangoon. 

The larger (N) ia not very muoh greater in proportion to the main tide than the 
theoretical value, being 0.221 against 0.192 ; it is slightly less than at Elephant Point. 

With regard to the evectional semi-diurnal tides, the smaller (A) is nine times greater 
than theory gives, but agrees with the Moulmein value. 

The lareer (14 is not quite double the thooretical value, and also ngrees with the mean 
valueat ~o;lmiin.  

The variational tide (p) is more than thrice arr great as i t  should be nocording to theory, 
The luni-solar declinational semi-diurnal tide (E, of K) is very large, being '28 per cent 
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of the main tide, which is by far the largest value yet found at  any Indiau port. 
The luni-solar compound semi-diurnal agrees well in value with the value found at  
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Moulmoin. 
As has been found at  all the Burman stations, the diurual tidea are very emall at  

Amherst, their total amount being only 28 per cent of tho mnin tide, whioh is exactly the 
value found at  Elephant l'oint, and slightly greabrthnn at  Moulmein and Rangoon, where 
they amounted to 25 per cent. 

Thg main diurnal tide (R,  of K) is 11 per cent of the main tide, which is the same 
proportion aa found at  all the Burman ports 

The solar diurnal tide hue a lnrge value, being 7 pcr cent of the mniu tide-a proportion 
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and 

The long-period tides have not been computcd. 
The results in  this table have been deduced from the observatione of eight lunatione only, 
havo not therefore the same value as the results of a full year. 

VALUES O F  THE T I D A L  CONSTANTS, AMHERST, 1881-82. 

The following are the amplitudes and epoche deduced from the 1881-82 observatione st 
Amherst :- 

Ghort- Period Tidea. 

Long- P c ~ i o d  Tide$. 

Lunnr montl~iy tide ... ... R = 0'160 c = 4-3O.45 
,, fortnightly ,, . . . ... R = 0.054 c = :'.9i0.89 

Luni-solar ,, 1 v ... ... R = 4.081 c = 78O.37 
Solar annual 9 ,  . . . ... R = 0.638 c = 149'83 

,, semi-annual ,, ... ... R = 0.188 c = 1'3~'.72 

The value of the mean level of the sen (A,) above the level of the zero of the gauge 
is 13,974 feet; the incomplete year of 1880-81 gave i t  13.691. 

The main solnr aud lunar tides agree well, both in amplitude and epooh, with last year'e 
values ; the amplitudes in  both cases being slightly iu defeot. 

Tho proportion between the two 11lnin t ~ d e s  is less than i n  the previous year, being 
0.438 ngainst 0.45G; theory g ~ v i u g  11 476 This value is almost identical with that  found 
a t  Dublat nnd False Point, and is rnther grentcr than a t  Elephant Point. 

The lesser lunar elliptio semi-diurual tide (L) is idelltical in propnrtional value with 
the resolt obtnined lnst year, about 50 per cent higl~er than the theoretical value. 

The larger corn onent ( N )  is n little smaller than last yenr, and approaohes very nearly 
to the theoretical vafue, being 0.206 agninst 0.192 

Of the evectionnl semi diurnal tides, the smaller (A) is somewLat less than the value 
of the previous year, but is still bctwoen six and seven times the theoreticnl value. The 
menu of the two yenrs agrees well with the ruean values obtained at  Moulmein and Rangoon ; 
but is lower thau at  Dublat and Elephnnt Point, and muoh higher thau a t  False Point. 

The lnrger oc~mponent ( v )  is also less than the last year's vnlue, and approaohee nearer 
to tho theoretical vnlue ; the mean of the two years agrees with the Dublnt value, and is less 
than at Elephant Point m d  False I'oint. 

The variational semi-dinrnnl tide (p) hnn a proportionnl value this yoor not muoh greeter 
than l~nlf wllet was obtained lnst yenr, nnd is about t q c e  the theoretical proportion. 

l 'he ~ o l n r  elliptic semi-diurnal tides (R and T )  have been deduced here for the first time 
this year (two genrs' observations being necossary). They both appear to be extremely 
large, It being I 8  times the theoretical vnlue and three times greater thau haa yet  been 
found at any Indian port ;  wl~iiut T is five times the theoretical value and twice as $reat 
IU nny value at  any other port. These tides have not ae yet been deduoed for any  other 
estuary port. 



The luni-solar declinational semi-cliurnal tide ( R e  of K), whioh last yenr shewed an 
nbnormally high proportional v s l u ~ ,  has this year a proportional value nearly identioal with 
theory, beiug 0.125 ngainst 0.127. 

l'he luui-solar coulpound semi-diurnal tide (2SM) is nearly the same a3 l a ~ t  year. l t s  
l~ropcrtional value agrees well with that of Doblat, bl;t is much higher than at  Elephant or 
False Poiut. 

The diurnal tides, the sum of which last yenr only amounted to 28 per cent of the 
main tide, are this year only 24 per oeut. All the eevnral tides are nearly thesame 
as last yenr, the reduction beill:: in the solar diurnal tide, whioh last year reached the large 
proportion of 7 per cent of the main tide, and is this year only 2 per cent. 

The proportions of P to 0 and J to Q are greater than theory gives, whilst that of 0 to 
K is less. 

With regard to the over-tides of S and Y, the quarter-diur~nl of 9 is 4 per cent of the 
main tide, whilst that of M is 7 per ceut, and 14, of &I is 2+ per cent. A t  Elephant Point it 
is 3; per cent. 

The quarter-diurnal Helmholtz's tide (R, of MS) is nearly 5 per cent of the sum of the 
two main tides. 

The long-period tides a t  Amherst are all small, beino the smallest in proportion to the 
main tides that have been found in the Bay of Bengal. %heir total is only 18 per oent of 
the mnin lunar tide, agreeing iu this most nearly with Port Blair, where they are 19 per 
cent. A t  Elephant Point and Dublat they are 35 per cent. 

The solar annual is 10 per cent of the main tide. l'he epoch of its maximum effect 
is about the 21st August, whioh is the snme time as has been found at  Rangoon, Elephant 
I'oint, and Moulmei~l. 

The solar semi-annual is only 3 per oent of the main tide. I t s  epochs are the 1st June 
and 1st December. 

VALUES O F  THE T I D A L  CONSTANTS, PORT BLAIR, 1881.82. 

The following are the amplitudes and epochs deduced from the 1881-82 observations at 
Port Blair :- 

Short- Prriorl Tides. 

Lunar monthly tide . . . ... R = 0 018 E = 25O.71 

,, fortnightly ,, ... ... H = 0,061 e = 351°*00 
Luni-solar ,, I )  ... ... R = 0,007 e = 6'26 

tiolar nnnunl 8 )  ... ... R = 0.062 e = 132'.117 

,, semi-annual ,, . . . . . . R = 0 134 E = 196O.96 

Tlin vnl~ie of the ruenn level of the sea (A,) above the eero of the gnuge ia rather leae 
thou Inst jenr, heing 4.718 ngainst 4.782. 

The value of the amplitudes of the main tides of S a n d  M is almost identical with 
what was found lnat yew. 



The proportion between the main tides is again very nearly the theoretical one, being 
0,480 against 0.476 given by theory, the mean of the two years giving exactly the theo- 
retical proportion. 

The proportion between the smaller lunar elliptio semi-diurnal tide (R, of L) and 
the main tide is not Bo close to theory as i t  wns last year, being ,044 against 035 ; theory 
giving .027. 

The larger lunar elliptic tide IR, of NJ is almost exactly the theoretical value, its propor- 
tion being 0,195 ; theory giving .192. 

With  regnrd to  the two lunar perturbational tides (A and v), they are much the same 
as last year ; h being about three timos a~ great in proportion to the main tide as theory would 
assign, and v nearly twice as great. 

The variational semi-diurnal tide (p)  is the same as last year, and twice as great as the 
theoretical value. 

The solar elliptio semi-diurnal tides (R and T) have been deduced for the first time this 
year (two years' observations being uecessary). 

Wit11 regard to the smaller component (R), its proportion to the main tide is 24 times 
the theoretioal value, which agrees well with what has been found a t  Madras and Vizag- 
apatam ; whilst the larger componeut (T) is about twice the theoretical value, which is what 
was found a t  Madraa, but  is considerably greater than at Vizagapatam. 

The luni-solar declinational semi-diurnal tide (R, of I() appronches very nearly to the 
theoretical value, beiug 0.134 agaiust 0,127 ; whilst at  Madras, Vizagapatam, and False 
Point the values nre rather less than theory gives. 

The luui-solar compound semi-diurnal tide (2SM) is the snme as last year, and has a 
roportion to tho n ~ a i n  tide about half what wns found nt Madras, and nearly the same as a t  

!hagapatam and False Point. As  mas fouud last year, the diurnal tides bear a very small 
proportion to tho main lunar tide. 

The solar declinatioual diurnal tide (R, of P) is the only one which has a slightly . . 

larger proportion than was found laat 
The lunar elliptio diurnal (Q) and the lunar declinntional diurnal (0)  are the same ns 

last year, whilst the solar diurnal ( R ,  of S), the luni-solar declinational ( R ,  of K ) ,  the lunar 
diurnal (It ,  of M), and the lunar clliptio diurnal (It, of J), arc less than last year. 

The proportious of I' to 0, J to Q, and 0 to R, differ greatly from tlle valuea assigned 
by theory; the two former beiug much greater, and the last oue much less. As was found 
last year, the lunar and solar over-tides are insiguificant. 

There is a close coinoidenc~ botween the amplitudes of the short-period tides eval~iated 
from the two  ears' observations, ns might be expected from the positiou of Port Blair as an 
ocean port ; and from this oause also the proportions of the various tides to the main lunar 
tide are more generally agreeable to theory than is usually found. 

With regard to the long-period tides, the luunr monthly is nearly the same as last year, 
and insignificant in amount. 

The lunar fortnightly hns a value of 3 per oent of thc main tide, whioh is the same as 
was found last year. The luni-solar fol.tnightly is hardly approciclble. 

I n  the solar annual tide there is a considerable difference both in amplitude and epooh 
from the values of last year. This year i t  is only 3 per cent of the maiu tido, which is 
nearly the smallest value whioh has ever been obtaiued for nn Iudian port, t,he only values 
a t  all approaching to it being at  Kunnchee and Bombay. I t s  time of maximum effect is  the 
4th August. Last year i t  was early in  September. 

With regard to the solar semi-aununi tide, its proportion to the main tide is ,0133, which 
is about one-fifth mhnt mas found at  Madras nnd Vizagnpatam, nnd ngrecs nearly with the  
proportion fit Dublat and Elephnnt Poiut. I t s  times of maximum are about the cud of J u n e  
and Deoember, or about a fortnight later than was fouud last year. 

Mrmorn~idrrnt by Jfqjor. M. TV. ROGERS, R.E., Dcp~ct!/ S u l ~ w i ~ ~ t r n r l o l l ,  4th gt.n(!e, on the 
mrt/ tq~inl .e  o f t h c  3161 Dcccn,l,er 1881 nnrl the g ~ ~ n t  sen-~unc~eu r.estclti~ag t l r o ~ f i ~ o n ~ ,  a s  shotun 

O ) L  the d ing~~arns  q f  the t idal  oBse~*cinto~.ies i18 the Brry q f  B o ~ g n l .  

PORT B L A I R  mean tirnc is used througllout. Latitude 11°40'30" N., longitr~de 92'4.5' E. 
The tide-wave can bo trnccd olearly on the dingrams nt seven tidal stations, viz. Port 

Blair, Paumben, Xadrns, Negrapetnn~, Vizngnpatam, False l'oint, Dublat, nud may Le 
suepeot,ed on an eighth, viz. Dinmoud IIarbour, on tho Hooghly. 

At Port Blair, in the Andanlnu Islnnds, the first indication of tbe shoclc is at  7h. 42m. A,\, , 
and this, I am inoliued to think, is due to the earbh-wave, or rnther to the forced sen-wave, 
whioh is formed when the earth-wave gets into shnllow water; for the t , i d ~ ~ l  cnrvo gocs on 
undiaturbed for Borne 30 rr.inutes nfterwads, and it is not until Xh. !Om. a.nl that the first wave 
is rocorded, follomrd by otlrers in ~t~ccession a t  nbout 15 minntes' iutervnl, wit11 a height of 
about 3 feet from crest to hollow. The tlingram ie ~~ufortunately incomplete, for the penoil 
of the gauge, io  its violent oscillntions, caught in and tore the pnper of tho dingmn~, and the 
clerk, beingfr igl~te~~ed,stopped the driving clock, which was l ~ o t  started ngain until 1 P.M. 
There is ~vidonce that  thc wnvw continued to follow one nlrother with great regularity 
until nbont 3 r.m, when they became of n much arnaller size, but  aro traoeable until 
9 P.M. Small shork3 wcro felt on Ross Islnnd all that dny, and the violence of the greet nhock, which (larnngcd the barracks and did other in.jury, seems to illdimte that the 
centre of impulso could not Ilnve heou far from the Andamnns. 



A t  Mndras there is a trustworthy time for the advent of the earth-wave ; it is obtained 
from the Telegraph Office, where the shook affeoted the recording instruments. I t  occurred 
at 7h. 56m. a .nr  (7h. 5m. 45s. Madras time), whilst the great sea-wave reaohed at 
10h. lorn. a.nr., and continued until 7 P w., with intervals of about an hour from crest to 
crest, and the influenoe of the disturbance can be trnoed until 10 P.M. 

At Negapntam the first and largest wave came in at  10h. 10m. A.M., with a height of 
nerdy four feet from crest to hollow, and it wns succeeded by a series at  about half-hour 
intervals, which oontillued until miduigbt. Judging from the diagrams, the see at this port 
seems to hnvo been more affocted by the earthquake than a t  any other. 

A t  Paumhen the first wave was registered at l l h  35m. A . M  , m d  was followed until 
midnight by a succnssion of waves with about two hours' interval between them. 

At  Vizagapatam the first wave mas recorded at  10h. 48rn A.M.,  and from that time there 
wap a successlcn of small waves at  irregular intervals unlil past midnight. 

A t  False Point the diagram shows tho passage of the earlh-wave or forced sea-wave at 
7h. 54m. A.M. The pencil seems to have born moved rapidly up and down asmall quantity for 
some minutes, and the clerk notes that the building was shaken by an earthquake. The aea- 
wave here is hardly indioated. I t s  first appearance is at  l l h .  12m. A.M., and there is a 
second one at  1 r.N. 

At Dublnt the wave appears to have arrived at  1 p.nr., and a second, one hour 
afterwards ; there is also an indication of a third at 3 Y . M .  

A t  Diamond Harbour tbe indications of the wave are untrustworthy, and very slight. 
If  felt at  all, i t  was at  about 3 P.M. 

Looking over the data at  our disposal, I find that the shock, i.e. the oarth-wave, wae 
recorded as felt a t  Madras, Coconadn, Vizagapatam, Go~i lpur ,  False Point, Calcutta, 
Port Blair, and Kisseraing, an island in the Mergni Archipelago in latitude 11'39' N., 
longitude 90'31' E., and also on board a ship, The Com~~~o t~~u~n l lb ,  in latitude 5'55' N., 
longitude 92'49' E. 

Of these the times of the shock at Madras, False Point, and Esseraing were probably 
recorded ooi~ectly within a minute. Madras was recorded in the Telegraph Office, and given 
to the nearest second ; False Point wns recorded on the tidal diagram, and also by 
Mr. Rendell, of the Survey. who was level in^ n fen miles from False Po~nt .  and whose , --- 
recorded notice of the t<me at  mhioh he f z t  the shook agrees to the minute w ~ t h  the 
tide gauge record. 

- 
A t  Kisserainp I was observinr nt the trironometrioal station there with a 24" theotlo- 

lite, nnd saw the e;rthquake before f h n g  i t ;  tvhe heliotrope (d~stant some 15 miles) to which 
I woe observing appearing to rise and fall in the fiold of the telescope, and tile levels of the 
instrumeut being violently agitated. Tho motion was, to my feeling, barely perceptible, 
but the recorder and other men with me said that they felt it distinctly. I t  was not, 
however, felt by several of the officers of the Indian Marine, who were on the island that 
mornlrlg, thus proving that i t  was not n tievere shock, though plniuly noticeable by instru- 
mental means 

At  Madras, False Point, and Esseraing, the earth-wave was felt at  about the same 
minute-ih. 55m. A.M.  On the hypothesis that the strata between them and the oentre 
of impulse is homogeneous, this ceutre wns equidistant from them, and would be at a 
spot in the Bay of Bengal in latitude 11'55' N, and longitude 8g033' E. 

There is no reliable evidence on the subject of the velocity of earth-waves; i t  varies 
with the natura of the strata through which it passes and the violenae of the initial shook, 
and a l ~ o  on the depth of the locus of the centre of impulse. 

If  we assume that the rontre of impl~lse in this case was at  the point mentioned, i t  will 
be found th:lt it, and Port Blnir and Kisseraing, are almost in a straight line. The distance 
from Port Blair to Kieseraing is 400 miles ; and if we assume that the mark on the diagram 
at  the former place a t  7h. 42m. was due to the earth-wave, it took 13 minutes to travel 
400 miles, which gives a rate of 30 miles per minute-a velocity which I find mentioned 
in books on the subjeot ae probable under fnvouraLle ciraun~stauces. With this velocity 
the cent~nl shock should havo takeu place at  7h. 35m., the distance to Madras, c'c., being 
a little over GOO miles. Tho distance from this assumed centro of impulse to Port Blair 
is 218 miles, which would talte seven minutes in transit and causethe shock to be felt thcre 
at  i h .  42m. 

This fixing of the locality of the centre is of course merely hypothetical : the whole of 
the region is volcanic. Narcondam and Barren Island, to the emt of the Andamnns, are 
volcnnoee, the latter having been in eruption as Into as 1792 ; the only thing aertaiu is thnt, 
the centrg must have been not far from Port Blair and Car-Nioobar, and about erluidistant 
from the whole of the enst coast of the Bay of Beogal, and also i t  must have been 
subaqr~eous in order to have caused such distinct tidal wnves. 

A11 the times of the narth-wave reaching plares on the west side of the Bay agree very 
fairly ; but ill all tlle cases except those ment~oned, the times are not likely to be sufficiently 
accurate to aid in the inrestigatiou. 

The forae of the enrthq~~nke wns great at Port Blair, where it did damage to tlrc 
brrracks, Kc., and at  the Island of Car-Nicobar it was felt severely, the huts of the nntives 
aud many of their palm-tree0 being thrown down. 

Hevernl slight  hocks were felt at Port Blair on the 8ame and the two succeeding dnys, 
snd The Co~,rnro~twcctlth, which, as mentioned, felt the shock of the 3186 felt three shooke 



again on the 1st off the Island of Car-Nicobm. All this points to thero having been consi- 
derable subterrnnnan disturbi~nces in those rcgions at  that time. 

I can find no trustwortl~y indicntion of the direction of the motion t-18 felt nt the 
various places. A t  Madras t l i ~ r o  are thrce ostimntions of i t  : one north to soutli, and two 
others north-east to aouth-west ; whilst tlie clerk of the tidal observatory says that there were 
two shocks-tho first north to south and tlie seoond east to west. Mr. Itendell, a t  False 
Point, states thnt the direction appeared to him to be from north-west to south-east, whilst 
a person a t  Calcutta says that it appeared to  go from west to east. A t  Kisseraing Island 
the maltion was so slight that I could not deoide gn any direction. M y  first impreasion 
was that i t  came from the west, but after oareful oonsideration I could not decide 
suffioiently satisfactorily to place it on reoord. 

The great tide wave, of which we have full evidence on the tidal diagrarbs, was felt, ae 
was to be expected, a considerable time after the shock, varying with the distancu and other 
causes. such as wind and its ve!ocity of translation, which agaiu varies with the depth of the 
wster at  any given pcint. 

Tho wave reaohed Port Blnir first a t  8h. 1Om , or, if we assume t ! ~ e  foregeing idea of 
the locality of the centre of disturbance and time of the originnl shock, in 35 minutes, 
with an average rate of 6.2 miles per minute. I t  reached Madras and Negapatam a t  
10h. lorn., two hours later than Port Blair. These places are 614 and 640 miles front 
the assumed oentre, and would give a velooity of 4 miles per minute. 

A t  Paumben the first wove came in at  1111. 35m., or more than one hour later than 
Negnptnm ; but owing to the intervening land and straits, I do not think any estimate 
of velocity can be made. A t  Vizagapatam the wave reached a t  10h. 4Hm., about 40 minutes 
later than Madras, giving a velocity of 2.9 miles per minute. A t  False Poiut the wave 
reaohed at  I lh .  12m., or 24 minutes later than a t  Vizagapatam, giviug the same velocity of 
2.9 miles per miuute. The wave reaohed Dublat a t  1 P.N., giving a velocity of a little over - - 

two milesber minute. 
The directiou of the wind all day was N.N.E.. which would tend to relluce t h e  

velocity of the wave on its road to the northern ports. 

Extract.f io~tt  the Narr.ntiuc R C ~ I O I . ~ ,  dfltrd 2211d Dccc~~bbo. 188.2. ? f L r ~ u ~ ~ x a x ~ - C o ~ o . v ~ ~  w. M. 
C.inrro~tr., R.E , D c f ~ t ~ t y  S t c f ~ o i n t o t d ( ~ ~ t t ,  2iad grnllc, in charge N o .  1 Artrorzo~nicnl P a r t y  

I ARRIVED at  Mussoorie, on return from furlorigh to Europe, on 1Btli May 1882, 
and took charge of No. 1 Astronomical Party in the place of Mnjor Heaviside, who 

on furlough. Mnjor ~ t m h n n  haviul: writtell a general report regarding tile longi- 
tude operations carried out during season 1881-82 by the two L~stronomical pnrties combined, 
I need not here allude to the movelneuts of No. 1 party, under Mnjor Heaviside, in the 
field. 

I f o ~ ~ n d  the work in a fairly forward stnte as regards the reduction of the observations, 
and i t  was steadily proceeded with until oompleted in October. 

A large portion of my own time was employed in going through the reductions of the 
season's work, viz. ltlHO-91, with the hope of findiug so~ne  source of error, the 

oorrection of which would improve the acoordance of tho results obtained. I n  this I was 
unsuocessful, and my investigations throw no light on t l ~ o  origin of thedisorepancies, the 
magnitude of some of which had caused me much surprise and some ~ineasiuess. 

I did make so~uo minote alterations in tile method of computing the level corrections 
applied to the star observatious, and, curiously enough these in al~uost every case increased 
the closing error of the triangular oircuits, which seems to indicate that n coincidenoe withiu 
0*.01, or Ov.02, in the values of an arc of longitude obtniued by direct meas~rrement and by 
the sum of two otller arOS i8 Very fortuitous. Muah of m y  time was also occupied in super- 
vising the printing of the results of 1880-81, which was carried on, aud nearly completed, 
during the recess. 

AB regards the results obtained From tlie observations of 1881-89, these are, I regret to 
sayy, vary unsatisfactory. The disorepancies between the individual values of each aro are 

larger thau in former sonsons, and two out of three cirouit errora obtained are of 
almost incredible mngnitudo. 

'rile observatious taken for cnllimation througlln~it the season fihorned nn al~lount  of 
iustability in thnt ctdjustmeut in the cnse of both telescopes, bnt mrbre p :~r t iou la r l~  wit), 
regard to No. 2, which was used by Mnjor S t r a b a ~ ~ ,  which has c:rused me great anxiety as 
to the results from the time when 1 toolc charge of the reductious ; but the event lilr 
exceeded my worst antioipatious. 

When tlie bad results beonme apparent, suspiciou was first thrown on the met,llods of  
observation and reduction ; but tho work hns beeu gono tllrougll witllont ally sucoess in 
detecting ruistal<os of procedure, and all the evideuco p o i ~ ~ t s  out thnt tlle ilistrlllueuts arc tr, 
blame. Tlie instnbility of tilo collimntion ndju~tmcut,  nlrcadg remnrkecl upon, ruight perIlnps 
behold s~cficient to nccolmt for tho errors ftluutl, were i t  tlc)t for t l ~ e  fact t L : ~ t  tile systc.ll, 
ol' revcrsi~~g tho inutn~munts, rnllicll has always been cnrriotl otlt, must elimiuate frllm the 
r e a ~ i l t i n ~  value of e ~ ~ a l l  nro the effects of all instrl~mootnl dofectu whioh are collstant ; arid 
i t  is diliici~lt lo iinngino iooonstnlroy, in miy liypotheticnl source of error, sl1llicieLlt to leave 
~ u c h  gross disc!ropa~~oies in spite of the tetldoucy of the ~ J - Y ~ C I I ~  to caucel its effects. 

k 



The inoonstanoy of oollimation pointed to  the conclusion that  the fault in telescope 
No. 2, whioh was suocessfully treated a t  Madms in 1875, had reappeared in that telescope, 
while No. 1 was affeoted to some degree by a similar failing ; but the oollimstion 
observations recorded dwing  the season do not suf6ce to enable me to speak with absolute 
co~lficleuce on this point. During the recess both the telescopes were examined by M ~ .  
Bolton, who reported that there was great wenkuess of both in the suspected parts, the 
junotion of the object-half of the telesoope tube with the flange, by whioh i t  is attached to the 
axis. These parts were acoordingly thorol~glily streugthened by the addition of internal 
collars aud new solderiug, and the same treatment was applied to  the oorrespouding parts of 

the eye-end tubes. I am glad to say that both instruments have since then given satisfrc. 
tory evidence of stability in  the collimation adjustment, and I believe they are now in a 
better oondition than they have been at  any former time. 

I n  case of the reappearanoe of any  such defects as  have on former occasions been found 
in  these telesoopes, i t  may be advisable to record here m y  esperience in  the matter, wllioh, 
os regards these irldividual instruments, is greater than that  of any one else. 

I n  the first place, I oonsider that  all observatioua for oollimation should be oarsfully 
oarried out in a way oaloulated to show up any instability which may exist in that adjust. 
ment, and so long as these observations afford no evidence of such instability the telescope 
may be used with confidence, but if any  symptoms of inconstancy of the oollimation adjust. 
meut should appear, suspicion should be at  once aroused. 

'L'he most oruoial test of stability in t,his respect of wliioh I a m  aware is to obtain two 
determinations of collimation error ; one from readings of horizontal collimutors taken after 
tbe iustrument has been pointed towards the zenith, and the other from similar readings after 
poiuting towards the nadir. A slight difference between these two values may always be expect. 
ed, as they are obtaiued after subjecting the telescope to two sets of strnins of exactly opposite 
effects, and 110 instrnment can be absolrltely perfect aud free from yield to such strains. The 
nmo~ult  of difference in this respect whioll should be looked upon as suficient to condemn 
the telescope must remain a matter of judgmeut and experience. I f  repeated experiments 
sbould show that, although somewhat largo-say three divisions of the micrometer = 1 "- 
it  is very oonstant, the telesoope may be continued in  use, beoause the effects of all conatont 
errors oan be elimiuated by reversiug the tolescope in its Y's ; but as soon as irregularity in 
the amount, or sign, of the difference occurs in any marked degree, the telescope had better 
be onrefully exnmiued, and should remedies prncticable on the spot-such as screwing the 
parts together more carefully, whicli I have known to be efficacious on one oooasion-prove 
iusu5cieut, ir must be sent to an i~~strument-mnlier for repairs. 

I would very strongly urge that  every determination oE collimntion error tnlten during 
obsorvations should show two distinct values obtained as above descrilmd, oue for the zenith 
aud tho other for tlie nadir position, and that, if there should be a sensible constaut difference 
between them, the former should be employed for correcting the transits of stars, nn l  the 
latter should be used in combination with the mercury observatious for finding the dislevel- 
ment of the instrument. 

I n  order to afford the means of testing the constancy of the line of collimation in all 
positions of the telesoope, I designed a frame to carry a small refleotor permaneutly iu front 
of the object glass, so that, by ueing n Bohnenberger eye-piece, a reflection of the mires 
might be observed in  any position. 

This reflector must not be large enough to interfere with the ordinary use of the tele- 
soope for ster and collimation observations, beonuse, unless i t  can be kept permanently in 
position on the telescope, its chief advantage will be lost, and from experiments nlrrndy made 
I fear that a refleotor of suitable size may not give su5cieut light to afford an image fit for 
observation. 

If a larger reflector were employed, and only :~pplied to the telescope at  certain times, 
when wanted for iise, the diEcnlty of mounting and a d j ~ ~ s t i l ~ g  i t  securely would be immensely 
increased ; and it need hardly be rernnrked that  the slightest uncertainty in this respeot would 
vitiate the whole principle, because if the reflector bo subject to any accidental ohange of 
plane, relatively to that of the object glnss, i t  will give false and misleadiug results. 

Ou this point I feel considerable doubt as to the eliccess of tlio cout,rivaucc, even in the 
case of a small reflector permanently in position ; but as in that case its readings could be 
oornpared with those of the collimators, and of t l ~ e  meroury rellections, such changes would 
prob;ably be detected. 

If such all adjunct oould be perfected, it would be ,r valuable additmu to an astronomical 
instrument, even more so in the case of one for observing altit.udes which is directly affected 
by Besure in a vertirnl plane. than in the oaso of a purely transit telescope, where s~roh 
flexure is of no consequence, exoept in its indireot effects, whioh may take plaae in other 
planes. 

ExImrf ,fronr Ihc Nnrrntirc Rrj)ort of h f h a o ~ ~  G.  & ~ . ~ H A N ,  R.E., Drp~rt!! S~cpcr intc~l f l r~l t ,  291d 
q r n r / ~ ,  i , h  chnrgc No.  2 A . ~ t ~ ~ o ~ r o ~ ~ ~ i c r r l  l 'cr~.t!/ , . fo~. thc scnson r11d111y 3 l s t  Octobcr. 1883.  

l N  arcor,lnnce will, iustructions received from yo11 I proceedccl to Agra, after having mode 
ohnrFR of t l ~ e  hIyeore l'opogrnphicnl Survey to Major Thuillier, to meet Lieutenant- 

colonel c&phell and Mnjor Hcnviside there, from the former of whom I mns to reoeive 
of the iustruments, office records, and camp equipment of No. 2 Aetronomioal party, 



and to gain some flirther innight iuto the details of the longitude work before his departure 
on furlough. I arrived in Agra on October 27th, aud speut twenty-seven dnyu in examination 
of, and potty repairs to, the iustruments and field equipment of the party, aud some preliminary 
practice with the apparatus, including the determiuatior~ of persoual equation betweeu myself 
and Major Heavieide. The charge of the party was made over to me by Colonel Campbell on 
November 4th. 

On November 20th Mnjor Heaviside started for Fyzabei  to commeuce the measure- 
ment, pf the first arc, Fgznbad-Agra. 

l h e  aros measured during the season were as  follow^ :- 

Ohscrvom. Commenced. Completed. 

... 1. Fyzabad ... Major Heaviside ... November 25th ... December 2nd. 
Agra ... ... Strahon. 

2. Fyzabad ... ... ~ i j o r  Heuviside ... December 12th ... December 20th. 
Jubbul ore ... ... Strnlian. 

3. ~ a z a r i l a ~ h  ... ... ~ j o r  Strnhan ... January 4th ... January 10th. 
Fyzabnd ... .., Heaviside. 

... 4. Hoznribngh ... &,or Strahun ... January 19th ... January 26th. 
Jobbulpore ... ... ,, Heuviaide. ... 5. Calcutta ... Major IIen~iside ... Fcbruary 8th ... Fobrunry 16th. 
Hazaribagh ... . . . . .  Strahun. 

6. Jalpaigori ... ... Major Hcaviside ... February 26th ... hloreh 6th. 
Hazaribagh ... . . . . .  Strubno. 

7. Jnlpsigor~ ... ... Jlajor Hcnviside ... Jlorcli 17th ... April 6th. 
C'alcutta ... ... ,, Struhnn. 

Observations for personal equation mere taken, besides those a t  Agra already men- 
tioned, a t  F p a b a d ,  Hazaribagh, aud Jalpaigori, tlle results of the four observations being as 
follows :- 

By Norlll Btsra. BS South Slnm. 

At Agra in November ... S-H = -0.014 prob. error* 'OH S-H = -0 005 prob. error k .013 .  

,, Fyzabnd iu December .. S-A = 0.00.) , +.010 8-H = +0.037 ,, k 009. 
., Hazaribagh in January S-H = -0.039 .. k . 0 0 6  S-H = - 4 0 1 5  ,, +.on;. 

,, Jalpaigori in March ... S-R = - 4 . 0 0 6  .. f '007 8-H = +0.027 .. &.OOG 

'rhe process by which these values were obtained wm the usual one in which one 
observer notee the transit of a star over the first 10 wires, and the other observer over the 
last 10 ;  to the central wire then gives the equation a t  once. About 81) stars 
were talcen a t  each place for this purpose. The oapital letters S. H. refer to the observer's 
initials For the first two arcs, tho meau of the Novemher and December values was used : 
for the third and fourth, the meau of the December and January values ; and the fifth, sixth, 
and seventh arcs, the mean of the January and March values. 

I t  occurred to me during the work that there might possibly be an eye equation 
depending on whether the right or left eye mas used for observiug, aud while at  Huzaribagh 
I took divided transits of about 80 stars to nscortain this poiut. The reduction of these 
&owe euoll an equation to be inappreciable, but i t  brought to light most unmistakably the 
fact that when a star is observed over a numher of mires (15 or 20) thcre is a marked 
tendenoy to anticipate the tra~ieit over the latter l~alf of them, i .c. that the meau of 
the former half, when reduced to the central wire, gives a Inter epoch than the mean of the 
latter half. A little consideration will show that tlie effects of this peculiarity are taken into 
account when the differences of transits by the two observers are talren out and oorrected by 
the application to them of their relative personal eqllntion ; for i t  may be oonsidered as 8 

persoual error pecular to the individual in estimating the time of a transit. The peculiarity 
is brought into play exactly in n similar manner in tlie observations for personal equation 
and in star transits, and its annihilation would be theoretically perfect if the same number 
of wires were observed in both processes. 'l'his is not drictly tlie case, as ten or tirelve 
are used in the former nod any nrirnbnr from one to fifteen (fifteen in a largo majority) in 
the latter. The whole effect is however so small, and mas moreover recognized only by 
the observation of twenty wires, that this departure from theoretical acouracy may be 
considered ns quite immaterial. 

There is little to notice in the way of unvelty in the procedure during the past 
year. Oue clinnge that was discussed and snlictioned a t  Agra duriug your visit tllere in  
November wns made, viz. an alterntion in t1le system of changi~ig pivots. U p  to that  t,imq the 
 pivot,^ had always been sin~ilnrly plncod at  both st;rtions. either both I. P. E,  or I. P \V. (tile 
initials I. I? stand for illuminated pivot), t,he chnnoe from one to tile other being made alter the 
first half of the olservntion.; was oc,rnpleled. h e  new method (which was applied to 
alternate nrcs only, viz. the 1st. 3rd, Gth, and 7th ) consists in placing the pivots dissimilarly, 
i .c.  I .  1'. E. at  one station and I. P. W. nt the other, both beiug chnnged as before nfter the 
first half of the observations. Theoretically one system cnucela pivot error ns effeCtunlly 
~s the other, but i t  w.m hoped tlrnL fionie light might be thrown on some supposed pivot 
irregularities b.7 this 1)rocese. The niimber of observations, however, is not great enough 
for the yilrpose, bcsides the eLTccts of nuy such irrrgulurities are mneked by other errors 
to bc lioticed below. 

k 2 



The direct oomparison of olooks and deduction of the differonce of th+ir errors by 
the observation of what me have termed "local grol~ps" (in c?ntrnrliatinct,iou to longitude 

and so called on accourrt of the looal clocks beiug used by but11 obsctrvers) mas never 
omitted, so that on every night t l~ere  exist two separate methods of determining the dilferellco 
of lollgitude; the ono, by noting tho time elapsed during the pnssago of a groupof stars 
(t,lle same for both observers) from the meridinn of the eastern station to that of the 
by each oloolc alternntely, nnd the other, by the direct comparison of olooks alludedto above: 
The agreement of the results of two methods is remarkably close, the mean difference being 
only ,012 seo. Both systems had been in use previously, but the latter had never been made 
an integral part of eaoh night's programme before this season, or rather i t  wo~lld be more 
oorreot to say thnt the deduotions of the latter had never been fully worked out for each night, 
because of so muoh extra labour being necessary for that  purpose. The importanoe, however, 
of thus seouring two partially independent values of each aro was so strongly urged by 
Lieutenant-Culonel Campbell that  means were taken to secure them, and experienoe hae 
sllowl~ that the additional labour of observing m d  reducing caused thereby is not so great as 
was anticipated. 

I t  is with much regret that  I have to report that, notwithstanding all the oare 
thnt was bestowed on the work down to the minutest detail, the result of the season's work, 
as tested by the closing of the oircuits, is not satisfaotory. 

I n  investigating the cause of these oirouit errors all possible souroes of error exceed. 
iug twenty in  number wsre eaoh discussed one by one, and a brief rc.rfcmd of the results was 
~ubmitted to you shortly afterthese disorepanoies first came to light. The cause has been proved 
quite conclusively to my own mind to lie iu  uncertain flesure or shake of some lrind 
iu the telescope tube. This conclusion is almost forced on one by three separate consider. 
ntions : Grst, because systematic reversal of pivots! pens, clocks, &o., makes it impossible that 
errors of this kind and amount can have their origln ln any other source ; seoond, beoause there 
is an upriori probability of its b e i ~ ~ g  onused by an imperfection in  the tube, as a similar 
imperfection had been brought to light and remedied in a previous season's work; and 
thirdly, because there is no securi t .~ that  the line of collimation, wbon the telescope is pointed 
to the zenith, or near it, for the observation of transits, remains in the same relative position 
to the axis as when the telescope is placed horizontal or pointed to the nadir, as i t  unavoidably 
is in co l l imr~t i~~g and leveling respeclively. During the recess both telescopes have been 
overhauled and the tubes strengthened, nnd various small chauges, merely for the oouvenienae 
of the observer, which i t  is unnecessary to pnrticulnrize, were made. 

The causes of, and remedies for, these instrumental defects have been so minutely 
considered and discussed by yourself and Colonel Campbell, with me in  person, that it is 
perhaps unnecessary to enlarge upon them here, and I mill only add that  the repairs have 
been tested, as far as poseible, by methods which on a previous occasion hare shown similer 
faults to huve been remedied. Some slight changes in the routine are to be adopted in 
future to guard, as far as is possible, apninst such faults coming into play again unnoticed. 
One suggested by Colonel Cnmpbell seems to be an excellent safegunrd, and is as follows:- 
I n  collimating, the telesoopo is supposed to begin from the nadir position ; i t  is then to be 
raised twice to the north collimrttor and micrometer readings talten (suppose the mean = P). 
I t  is t l~on  rnised to the zebith and twice depressed to the north collimator, giving n mean read- 
ing Q. The u:lme process is then repeated with the south collimator giving mean readings R 
and S. Now if the telescope were perfect, the following equations would hold : P= Q and lt=S, 
but prnctirally uo instrumeut can be mnde so perfect as exactly to fulfil these conditions ; 
but the nenrness or otherwise of their frrlfilment is a good test of the stabilit,y of the tube. 
Colonel Canlpbell then proposes that  the value of collimation 4 (P+Q)  should be used when 
determining the level correotion by mercurinl reflection, and ) (El+!) for computing the 
correction for collimntion for the transits of longitude stars. The d~fferenoe between the 
twowould be quite inappreciable while the instruments were perfectly stable, whereas if 
they are not, the result wonld be rnoro theoretically correct than by using a ( P + Q +  R+S)  
both for level and for longitude stars ns has Ilitherto been the praotice. 

I t  is proposetl also to change pivots enoh night, and also during the first aro to observe 
for eight uigl~ts  iustead of six. 

The chronograpl~ic aud electricnl parts of the npparatus worked well, with some 
trifling exceptions, mud seolu to a(1111it of no furlher improvement. Some esperimnr~ts mere 
made to nscertniu how fqr t l ~ e  ndjnstment of the various relays and armatures affected 
the retardntio~~,  but no definite ros~rlts were afforded by the observations, except the con- 
clusion tlrnt any oor~ections duo to this cause were rr~ectnneous; they remain, however, 
permanen!ly recorded on the cllronngrnph sheets for f ~ ~ t u r e  reference if required. 

TIIR programme for the senRon 1 8 8 3 - ~ 3  will corumence with the arc Jnlpaigori- 
Fyznbn~l, wl~ich will, ml~en completod, bo npproximnt,rly computed. This. with the be1 of all E three observers, Lieutcnnnt-Colonel Cnmpbell, Mnjor IIenvi~ido, and myself, will proba IY not 
tnke more thnn two or three dnys. The arcs to be nest  undertaken will part,ly depend on 
tho res~ilts nf thiu (me. (:hittngnng-Jalpnigori an11 ~ll i t tngol~~-Cnlcl l t tn ScAm tht moflt 
de~i:.,>l,le, tl11.11 (:111~1lltn-F) ~:dlnd nnil Clalc~ll tn -J l~ l~bul~orc ,  and wllrrt time t,llell renlaills 
4110111d e 1 ~ 1 1 t  in revisior~ of FnnlP of ~ I I U  OTCB tibout Agrn t,o ~uhneqllontly decided 
on. Lip I ~ R Y ~ I I ~  t l ~ v  W P S ~ C ~ I I  nrrn to tho Inst, it  mill he po~sil~le to work Illter in the 
Peacon, nr l l ~ e  we:~ther up-ro~iutry rrrurlin~ favi~urahle for such ubservntiu~~s ~ ( J I I ~  alter the 
in 13e11gal becomca or~rcns t .  



GEOGRAPHICAL COMPILING AND D R A W I N Q  BRANCH, SURVEYOR-GENERAL'S 
OFFICE,  CALCUTTA. 

Dislt*icl Maps. 

Stnte~nclat shocoing the J~nture qf the roork pe~:for/ned nizrl the progrcsa made froin 1st OctoBc~. 1881 
to 30th Scptesbber 1882. 

t.1~~8. RE HA EX^ aao  Paooaass. 

Uannrl ... ... 
])ern Tshmnil Khan ... ... P ~ s l n \ r u r  
D,.m Ghnzi Khan ... ... llnipur ... ... S~bsngnr ... 
homyong (Assam) ... ... Gonlpnra ... ... Sylhct ... 

... Darrang ... ... Knmrup ... 

... India ... . ... 1,,,jin (outline map), 4 sheets 

l,,dia (with hills), do. ... 
~ ~ d ~ ~ ( ~ ~ ~ ] i m i n a r y  edition), 6 sheets ... lndia 6 sheets eograved. final 

... Rnjputana Agency, 2 sheets ... ~ ~ ~ ~ t ~ ~ l  Indilr Agency, 2 slleets ... crl l tral  Provinces, 4 sheets 

~ ~ ~ ~ ~ l ,  Beher, O r i s s ~ ,  and Chota 
Nagpore (with hills), 2 sheets. ... ~ l ~ ~ t ~ l ~  map of the Hazarajat ... Punjob, 4 sheets ... 

~ i ~ ~ ~ ' ~  dominions, 2 sheets ... 
~ ~ ~ t I ~ - W ~ s t e r n  Provinces (edition 

of 1876), 4 sheets. 
Berar ( H y d e r a b ~ d  Assigned Dis- 

tricts), 1 sheet 
Pishin nnd Sibi ... 
Punjrb (edition of 1976), 8 sheet;;' 
~ ~ ~ ~ a l  (ed~t ion  of 1876), 16 sheets 

with index. ... Polltl~cm Afghanistan. 2 sheets 
SillKbpo-Knmpti counlry, or 

neutral ground between India 
and Chinu, 2 sbeets. 

Special Maps. 

Distrirt Shnhjel~nnporo 
Dilto Dvl~rn-Dun ... 
I)itro Tcrni ... 
p ~ t o  Morndabad .. 

... 111d1n ... 

... Do. ... 

... Do. .. 
North-Western Provillcen 

In. Mls. 

1 = 96 
1 = 64 

1 = 64 

Khnsin nnd Gnrrow Hills Survey, 
li.xlrxct from Yhcrt No. 84. 

Char1 of the coast of India ... 

Revisions, kc., on enpavcd  proof for new edition. 
Additions, territorial names, &c. (Crom recent surveys), 

inserted for E n g r ~ v i n g  Braoch. 
Hills in brush shading completed. 

punjnh (to i l l l l~trntc Ad~ninistra. I 
li,,n Rrport for 18RI-88.) 

Lowrr Bpypt. 115used on E. A. 
Gnejon s ulap.) 

B~lrz Cnnnl. ( f iom Charts or the 
SIICZ Caunl Coml~any, 1876.) 

1 = 92 Hills  completed, and additions made for second issue. 
I = 32 1 Mditions (I~.*s-Railways-new materials for 

1 = 16 
1 = 16 
1 = 1 

1 = 16 

1 = 16 
1 = 16 

1 = 16 

1 = 16 

1 = 8 

1 = 8 
1 = 8 
1 = 8 

1 = 8 
1 = 16 

J 
Estrnctrd from the sl~eets of the Atlas of India, rnd 

In cnurse of complrtlon. 
Completed Ibr publlcntion of second issue of map. 

Afghnnislnn, &c.) for engravers. 
Compilation completed from surveys made u p  to date. 
Compilation completed u p  to dote. 
Brush shading of hills completed on proof sheet for 

Lithogrnphic Branch. 
Railmass inserted, names corrected, and marginal lines 

adjusted. 
Hill drawing completed for photozincoqmphy. 
New corn ilation, embracing all recent surreys to date. 

Sheet 30. 4 completed. 
Drawing in outline finished, printing of names, kc., in 

progress. 
Revised to date. 

Hil l  drs+ng completed. 

Compilation completed. 
Revised to dnte. 

Ditto. 

compilation completrd. 
Prepared for Mr. C. I-I. Lep or. Compiled from 

various souroes for reduction to $male. 

1 = 4 
1 = 4 
1 = 4 
1 = 4 
1 =  4 
1 =  4 
1 = 4 
I = 4 
1 =  4 

I l D r a m  for Ihe Gezotteer, North-Western Provinces. 

Compilntion completed. 
Ditto In progress. 
Ihtto conlploted. 
D ~ t t o  ditto. 

1 

Estrncted Rom the shrots of the Atlas of India ; revis. / ed and completed to dnte for publication. 

J 
Co~n letrd for Grologicnl Survey. 

b i t to  Meteoro1o:iral Heport. 
Showlne hot springs ; nnlues i n s e r t d .  
Tsbsecl boundaries and o t l ~ c r  addilions inserted for 

Crna118 l)e~art~nl#.nt~. ........ - 

Division a& diulrict boundaries corrected and brought 
11 tn date for Crnvus Cnmmissioner. 

~ i f l  shnding complcted for Geological Snmey. 

Coast line enlnrgrd to double scale, and names inserted ...... I for Postal Dcpnrllnrnt. 
1 = 39 Rrriscd and broufil~t up to date for Punjab Govern. 

I n>,.n. ........ , 
1 = 3 1566 Blue prints oullinrd. n l ~ d  cnrrertions made from informa. 

1 Lion supplied h? the Qunrlrr-Master.Guneral.ll D~,,,,*- 

...... 
mrnt for redl~riit,n to $ scale. 

Blllt. print,s or~tlined, and rlalnes. Be., typed for 
tion to S C I I ~ C .  



GEOQRAPHICAL COMPILING AND DRAWING BRANCH, SURVEYOR-GENERAL'S 
OFFICE, CALCUTTA. 

~tn,r(/,rrrl sh~cl.? of thc To~~o ,q r~ph icn l  B~.ntrcl~ SIII'L~P!/ of I t~d in ,  rl,.nlo,r , f o ~  rcpro(/~rr/io~~. 

311P8. Rn\lan~s ~ x n  Pnoon~ss. 

Shrets of the Atla.9 of Indirt, 1 iuch = 4 miles. 
. -- --- 

-- 
Chnla kknypore SI~IYJ?~. In. MIS. 

Bhrrts 39,413, 46, 46. 47, 67, and 
bH ... . . . 
ghandcnh n~rd Ilombny S U Y I ~ ~ .  I I 

13 N.E. 

14!::: 1 
I8 N.E. 
19 S.E. 

Reviring bounllnries, rnilwags, R I I ~  oII1crwise bringinq 
the sheets uv to date for rcprorluotio~i lor second issue. 

Part of Junagarh ... ... ( Hills drawn nnd footnotes completed. 

Part of Hazara ... ... 
Part of Bbawalpur native states 
Part of Rajputana ... ... 

Compilation on drppr in t  in progress. 

Reduction from recent surveys. 
Ditto. 

Ditto and hill shading by brush. 
Compilation on dry- rint in progress. 
Additions and large yettering completed. 
Insertion of railway.station names and minor details. 

20 N.E. 

28 
29 
30 

... ... 
Hazora ... ... ... 
Ruwalpindi, kc. ... ... 
Parts of Gujrsnwala and Amrit- 

sur. 

::F ) 
32 %%: 1 
36 S.B. 
36 N.W. 

S.W. 
37 N.W. 

:::: 1 
38 N.W. ) 

S.W. 
N.E. 

39 1 40 
40 N.E. 

S.E. 
49 S W. 

%%. ) 
60 N.E. 

Y.E. 1 N.W. 
64 
66 

67 "" 

; ] 
7 1  S E. 
76 N E 
78 N.E. 

103 

106 
112 

) 
116 
11R 

Part of Bickaneer ... 
Reductions from recent surveys and additions. 

Ditto ... ... 
Part of Iadore ... ... 

Ditto ... ... 
Rajpipla State ... 

Ditto and ~hande 'sh  ... 
Parts of Khandesh ... ... 

Hills drawn in brush for engraving. 
Reductions from recent surveys. 
Correction of boundaries and names: 

Ditto m progress. 
Insertion of boundary (Holkar ceucession boundary) . 

Parts of Nasik, Ahmednugur and ~ ~ , ~ i ~ ~ ~ i ~ ~  on , - ~ ~ ~ - ~ ~ i ~ ~  in progress, Poonah. 
Part  of Hydernbad territory ... 
Part@ of Poonah, Ahmednuggur, 

andPuriandah, nnd partof Sacara. 
Part  of British Gurhwal ... 
Part of Mozuffernugnr. &o. .. 
Parts of Ulwar and Jaipur ... 
Parta of Dclhi ... ... 
Parts of MI trn,Gurgaon, and Agra 

Partof Hydernbad ... ... 
Parts of Barai and Xaldrug ... 

Pnrts of Bareilly. Rsmpur, Bu- 
dam, and Morndabad. 

Parts of Mandls and Seoni ... 

Drawn in outline from existing materiala. 

~ ~ d ~ ~ ~ i ~ ~  from D~~~~~ survey. 3 
Details inserted from newsurvey of Dehra Dlin. 
Reduction fronl surveys. 
Additions and details from recent surveys. 
Reductions from recent surveys in progress. 

Ditto ditto. 

Insertion of Holkars boundary. 
Rerisiou of old work arcording to recent surreys from 

Dcccnn Topographical survey. 

Hills drawn in brush for engravina. 
Nellore Guntur ,,. Superintendent, Madras 
Arcot ... 
part of ~ e i a r  ... ... 
Part of Vizinnngram ... .., 
Ports of Munglrir aud Pntna ... 

Parts of Chota Nagpore and Bengal 

Part of Orissa ... ... 
Part of Dnrjreling ... .. 

of Eastern Frontier of As- 

Corrections of the old courses of the Ganges, Gogra, arid 
Gnndnk rivers. 

Hill shnding in brush for engraving. 
Rvenrveys of the Ganges and Gogra rivers, inserted in 

outline. 
Inserting cnn~rls. 

Insertion of additional details ond revision. 
Hill alisdin,~. 
Additions in sketch work about the Nougyong Lake, 

Yatkai range. 



GEOGRAL'HICAL COMPILING AND D R A W I N G  BRANCH, SURVEYOR.GENERAL'S 
OFFICE,  CALCUTTA. 

Sndiya Cnntonment . .. 
Plnn or Calcutta ... ... 
Plan of the Snnitnrium of Simla .. 
plane-table srctions of the Khan- ... dcsh and Bomhny survey 
Chnrt of the Trinngulntion of tho ... Mysore Topographical survcy 

Drawn on vellum cloth for reproduction. 
New buildings nnd names inuerted. 
Hill shading in vertical completed. 

12 = 1 
6 = 1 
3 = 1 

1 = 1 

1 = 4 

Prstnl map of Ccntrnl India .. 
Map ellowing aron occupied by 

nihari dialect, Lower Pro- 
vinces ... ... 

Revised boundaries inserted. 

1 = 32 

. . . . . . . . .  

Points plotted, nameR of stations inserted, revised and 
corrccted, work previously plotted. 

Drawn on vellum cloth for Post-Maetcr-General, Central 
Iudia. 

Insertion of boundary sod names For Magistrate of ' Pntna. 

Miscclktnco~is f i rs ,  &c., conclrrded. 
- -- 

Trace on rcl:um clot11 prepared. 
Trncings prrpared OII vellum cloth for the uso of Execu- 

tive (survey) officers. 
Corrections mnde in original as given in proofs (by 

Coloncl Lcnchl. 

Sketch msp of tho country from 
Sherdnrra to Mulka traversed by 
Eusorzai Bold force ... ... Designs of almirahs for typo 

... City and environs of Knndahnr 

Sketch map of the Hnzarajat -.. I 1 = 16 1 Prepared according to Colonel Loach's directions. 

In.  MIS. 

1 = 2 
3 copies. 
About 
6 = 1 

847 sheets of various engraved, litllogrnphed, and photorincographed proofs, examined, corrected, 
or added to fur publicution in a complete form for office use and for issuo. 

W. H. PATTERSON, JOHN 0. N. JAMES, 
~ ~ ~ ~ u c ! , o ~ . ,  1 s t  grode, SIO.CP!/ qf Iwlia,  Asaisl~rnt &rrz.eyor-QrnernI, 

a d  Chir.f Dt,aftsr~lua. In charge -0ratoi11g and Gcoyraphicad Cotrl1,iZing BruncA. 

W O R K  DOXE BY T H E  E X A M I N I N G  BRANCH F R O M   ST OCTOBER 1881 
TO 30m SEPTEUIIER 1PS2. 

JOHN 0. N. JAMES, A. c W A R E T T ,  
A ~ s i . r l ~ t l t  S trr~~yor-Gerrernl ,  &trr.eyor, E.canrinrrtg Umtrch. Is1 chnrgs Drnrring nnd Guogrrrplrica/ Cott~prling Branch. 

Subjects exnn~lnrd . . . . . .  

Original stnndnrd slleets, large scdo plans, and triangulation charts ... of To ogrnpl~icnl Survo s ,.. 
Origina! com~ilntions Of parts of atlas sheets and ather me;; 

68 

... coml)ilcd iu Surveyor-Gcnernl's o5ce ... ... 25 
E n p n r c d  proofs in outline nnd names, &c., in various s h e s ,  

... well as of gouerol nnd prorincisl maps ... ... 138 
Photogn~ lled and IithogmphcJ proofs on various senles, includin 
p a y s  pfnns, stlns sheets, kc., together with ndd~tionnl work ob; 
corrections in tcrritorinl changes and public constructions, such 

... \ boundaries, cnnals. roeds. Bc. ... ... ... 469 
Hill shading in brush rind Atlae shects in brush, end mope in pen work ... pen . . . . . . . . .  I ... 4 ... . . . . . .  w o r k  Port~orls of ntlns sbccts and provincial mops, &p. 

~ ~ ~ j ~ ~ t i ~ ~  of gmticulc Projrction of ntlns sheets, nnd district and provincinl maps "' 2 ... 
Trncil~gs of sketches, cllal.ts, and supply of gcopraphicol dat.'& 13 

vnl.ious officials, computntion of grsticule for the plates of the ... Misrcllnnooua ... I n d ~ n n  Atlns and projection of tho snmo on coppcr, calcullrtiou 
of arcns, &c. 



p~oaEEss R E P O R T  OF THE E N G R A V I N G  BRANCH F R O M  l s ~  OCTOBER 1881 TO 3om 
BEPTEMBER 1882. 

Map of India, scale 1 inch = I I I I 

Qclzerol Mops,  &c. 

. 4 . . . . . .  

.. 6 . . . . . .  .. 6 . . . . . .  
Map of India in four sheets, ... scnle 1 inch = 64 miles 

Y a p  of India in t w o  eheete, 
scale 1 inch = 80 m ~ l e s  ... 

Map of India, scale 1 inch = . . . . . . . . .  96 miles 
Map of Bcngnl in two sheets, 

scale 1 inch = I6 miles .. 

Map of Central Provinces in 
two sheets, scnle 1 inch = 16 
miles . . . . . . . . .  

Map of Rajputana in two 
sheets, scale 1 inch = 16miles 

Mnp of Central India Agency 
in two sheets, scnle 1 inch = 

l r r u  or MAP. / Outline, I Writ is .  I Hi. and mnd. 

I sq. in. I r t t e r s  o u t  1 ~ q ,  in. 

16 miles . . . . . .  
Map of Assam, scale 1 inch = . . . . . . . . .  16 miles 

Remarks shosin~ pmgresa. 

... Chart of the Indian Ocean 

... Mnp of Himalnynn Routes 
. . . . . . . . .  Map of Berar 

Map of India, No. 2 ... 
Index Chart t,o G. T. Snmey 
Rtmnee's Zenith Sector. Fron- - - 

. . . . . . . . .  tispTere 
Strange's Zenith Sector, five 

... other plates ... 
Transit Telescope. 
Idiometcr (Mach~ne) by CO~O- 

nel Cnm~bcl l  ... ... 
... 

Comrnntntor Board, plate 3 

S .E.  ... 
I lc  de Copraia ... 
Geo!ogirul sperimens,'2 
Tint S o .  I ,  21f" X 13" 
Tint 22" x 18" ... 
Three imprint plates ... 1 

Total ... 
I- 

Ittrlinn 

---- 
Total 1 plete. ., 1 1 10.5a6 34611. ~;BY. H. ----- 

1 ...... 

..... 

...... ...... 

...... 

...... 

...... 
60 

...... 

47 

...... 
39 

...... 
140 
320 

...... ...... 

...... 

...... 

...... 

...... 

...... ...... 

...... 

...... 

...... 

...... 

...... 

...... 

Atlas shrctq- 
3 1 X . W  . . . . . . . . . . . . . . . .  
32 S.JV. . . . . . . . . . . . . . . .  
6 : )  K.W. . . . . . . . . . . . . . . .  
rx N.W. . . . . . . . . . . . . . . .  
7 S . . . . . . . . . . . . . . . . .  
7 7  Y.E. . . . . . . . . . . . . . . . .  

I !  5 . .  . . . . . . . . . . . .  
I:," S E. . . . . . . . . . . . . . .  
139 M.W. . . . . . . . . . . . . . .  

...... 

...... 
77 H. . 

196 H. 

...... 

...... 

...... 

417 H. 

66+ H. 25 S. H. 

109 H, 

...... 

...... ...... ...... 

...... 

...... 

..... 

...a,. 

...... 

...... 

...... 

...... 

...... 

. 

...... 

...... 

...... 

...... 

. 

10,706 

6,360 

6,470 
2.929 

13,458 

46 

40 

9,284 

...... 

1,782 

...... 
3.460 

266 
40 

288 

...... 
340 

41 

1,827 

292 

192 
441 

...... 

...... 

460 
199 
80.4 

...... 

...... 

Heavy additions to outline, rni~. 
ways and lettering for znd 
edition. 

Revised and added to for 2nd 
edition ; finished. 

Plate in hand ; hills in progreaa. 
Revised and added to for 2"d 

edition ; finished. 

Additions and correctione done; 
h ~ l l s  in progress. 

Slight additions ; plate put down. 

Ditto ditto. 

Outline tnkcn out, corrected and 
engraved ; plate put down. 

Slight corrections to outline and 
writing; hills in progress. 

Additional c~utliae engraved; 
wriling in progress 

Hills in progress. 

Large portion of old work tuken 
out ; new outline engraved. 

Additional writing. 
New outline ; plat<! in progress. 
Plnte projected, border cut and 

outline done ; plate in progress. 
Corrections and additions done. 
Additions and corrections done. 

Highly finished. 

Plates 3 and 6 finiahrd ; others, 
ontline nearly Gnishrd. 

Plate nearly fi~~ished. 

Additional r r r i t i n ~ .  
Plate nenrly finished. 
Outline finishrd. 
Outline nnd writing done. 

Title and imprint finished. 
Plate finished. 
Finished. 
Ruled and finished. 
Ruled in i\'' div~sions ; finished. 
Dntra taken out and re.cnrraved 

1 340 1 232 
1 2,216 

105 

for 1882. 

ptrbli.~hcrl. 

...... 
596 

Atla.9 

7 8 .  H. 1 
172 8. 11. 
66 H.  

Completed up  to margin. 

8 s .  in. I Letters cut. I 90.  in. I 

l g 2 1  

67,695 6G64H. 25S.H. --- 
Shccts (nciv) complrted wid 

/ 4,074 ...... 
2R,L 21 F1. 1 905 I7 11. Ditto lip l o  limits or @UrVcY. 

1,59h 98 kr. I Dilto up lo mnrgn. 



PROGRESS REPORT O F  THE E X G R d V I N G  BRANCH FILOhI  ST OCTOBER 1881 T O  3 0 r ~  
SEPTEMDE k t  1882. 

Atlaa sheets- 
8 N.E. . . . . . .  

13 N.E. . . . . . .  
18 N.E. . . . . . .  

. . . . . .  18 S E. 
19 N.E. . . . . . .  
1 9 8 . E .  . . . . . .  
2 0 N . E  . . . . . . .  
Z0S.E. . . . . . .  

22 N.W. . . . . . .  
2 2 N . E .  . . . . . .  
2% S.E. . . . . . .  
ru N.E. . . . . . .  

23 S.E. . . . . . .  
31 8.w. . . . . . .  
31 S.E. . . . . . .  
3.2 N.W. . . . . . .  

36 N.W. . . . . . .  
35 S.W. . . . . . .  
36 N.W. . . . . . .  
36 N.E. . . . . . .  
37 S.W. . . . . . .  
37 8 . E  . . . . . .  
38 N.E. . . . . . .  

40 N.E. . . . . . .  
N.E. .,. 

49 N.E. . . . . . .  
67 1J.W. . . . . . .  
66 S.W. . . . . . .  
87 N.W. . . . . . .  
67 N.E. . . . . . .  

67 S.W. . . . . . .  
69 N.E. . . . . . .  
69 8.E. . . . . . .  

7 1  0.E. . . . . . .  
56 N.E. . . . . . .  
76 S.W. . . . . . .  
76 S.E. . . . . . .  
7 7  S E. . . . . . .  
78 N.E. . . . . . .  

138 8.w. . . . . . .  
Total 

0111Iiu~. ( writ in^. 

sq. i n  1 Letters cut 

Hills end rund. ( h m s r h s  showing progres. 

New border cut ; plate projected ; 
outline done ; writing nearly 
done as far as  drawing. 

Outline and writing completed 
up  to border. 

Heavy additions of new survey, 
outline done ; writing in pro- 
gress. 

('ompleted as far as drnwing. 
Completed us far as survey ; plate - - 

down 
Repro,jected ; new border cot ; 

outline and writing in proKress. 
Reprojected; new border c u t ;  

outline and writing in progress. 
Reprojected ; new border cut ; 

n-ritine nearly finished : in pro- 

I 
- - .  

gress. 
Slight additions ; plate again put 

down. 
in progress. 

Plate put down for fresh drawing. 
Additional outlinc ; lakes shaded 

and sand banks donc ; writing in 
progress. 

Reprojected ; new border ru t  ; ...... 
outline in progreas. 

62 S. H. Outline and writing finished ; 
1 sand bills in progress. 
I ...... Writing almost done ; in progress. 

Projected ; new border cut ; out- ..... 
line finished uo to marein : writ- - - ,  - 
lng In progress. 

Slieht correction to outline and 
~ ~- ~. 

&&ting, done. 
Slight correction to outline, done. ...... 
Heprojected ; new border cut. ...... 

37 H. Completed as  far ae drawine: - .  
plaie put down. 

Wriling in progress. ...... . 
Plate in band. ...... 
New border cu t ;  writing in pro- ...... 

cress. 
New border. scale cut ; and writ- ...... 

Ing finished as far as drawing 
New border, scale and outside ...... 

figures cut ; outline in progress. 
New border cot and outline ...... 

repaired ; writing in progress. 
New outline cu t ;  writlug in pro- ...... 

gress. 
Outline vpry intricate; in progress. ...... 
New border cu t ;  outline just com- ...... 

mcnced. 
146 H. Hills almost finislied ; in progress. 

4i H. 1. S. I*. Finished as far as drawing; p l a k  
put down. 

Outline and writ in^, done es fa r  ...... 
as drarring ; hills just  com- 
menced. 

Outline and writ in^, done as far ...... 
as survey ; plate put down. 

New scale c u t ;  writing in pro- ...... 
gress. 

Outline and writing, done as  far ...... 
as drawing ; plate in hand for 
corrections. 

21 H. Hills in progress; nearly h i s h e d .  
New border and scale, cu t  ; o u b  ...... 

line donc ; writing in progress. 
New border cut ; outlrne done; ...... 

w i l i n g  just commencrd. 
NEW border c u t ;  oulline corn. ...... 

plrted ; rrritina in progress. 
Oulline completcd ; writing just ...... 

commenced. ...... New border c u t ;  under examin- 
alion for outlinc. 

36 H. Outaidr. dislrict nnmes. and note, -- cut ; hills in progress. 
1264H. 139J.H. -- 



PROGRESS R E P O R T  O F  T R E  E N G R A V I N G  BBAXCH F R O M  1 s ~  OCTOBER 1881 
T O  3 0 m  S E P T E M B E R  1882. 

-- 
A(ltlitio~ts an t l  Corrections to filrlinn Atlas Shcets. 

TITLE OP MAP. I Ootlinc. I Writing. Hills m d  a n d .  I 1 Rcmrka  showing pmgms. 

Atlns sheets- 

1 N.E.  . . . . . . . . . . . . . . .  
Letters cut. 

64 
9 J ...... 

...... 
349 

20 
38 1 

4,692 

...... 
19.1 

351 
277 
3i7  
200 

76 
166 
27 

650 

1G2 

..... 
1,162 

...... 
90 

419 

20G 

436 
84 

254 
...... 

371 

323 

305 

231 

...... 
1,016 

...... 
72 
83 

Bq. in. 

Rcpni1.a n11r1 At/,/i(io~ts to O l l  P l r ~ t r s  of thc I ~ i t l i f l ~ ~  At/((*. 

Sq. in. 

...... 

...... 

...... ...... 
100 5. H. 

2 H. ...... 
...... 
...... 
...... 
...... 
...... 
...... 

1 H. 

...... ...... ...... 

. . 

...... 
1 H. 

. . 

. ...... 

. 

. , 

, 
...... 
...... 

10 8, 

2 H. 

9 H. 

4 H. 

...... 

24 H. 
, 

6 H. , 
...... 
...... 

1 S.E. . . . . . . . . . . . . . . .  
2 N . E .  . . . . . .  10 
3 1 . 8 .  . . . . . .  :::I ...... 

- 

Slight additions, h i s h e d .  
Dit to ditto. 

.4lterations to outline done. 
Slight cortections to  outline and 

writing. 
Heav-y additions ; plate completed 

u p  to margin. 
Slight additions completed. 
Correotions to outline and writing 

completed. 
New outline and heavy additions 

In rogress. 
~ l i g e t  corrections to writiog 

donc. 
Addilionnl roads;  district nnmes 

and boundaries nltored ; corn. 
leted. 

s k g h t  nddil.ions completed. 
Ditto ditto. 
Dit to ditto. 

S l i ~ l ~ t  correction to boundnry and 
Ilills completed. 

Slight ndcl~tions to writing done. 
Ditto ditto. 
Ditto ditto. 

Addilions to  outline and writing 
done. 

Slight additions to outline and 
writing done. 

Slight corrections donc. 
Additior~s to writing done. 
Slight corrections, done. 

Dit to ditto. 
Corrections to outline and writing 

dolie. 
Additional writing nnd slight 

corrections to  outline nod hills 
donc. 

Addilionnl writing done. 
Ditto ditto. 
Ditto ditto. 

Now bill work done ; ndjoining 
hills touched up. 

Additionnl writing ; boundnries 
and hills corrected. 

Addilional writing ; outline nnd 
hills corrected. 

Bdditionnl rrriting ; outlilie nnd 
liilis corrected. 

Addilional mriting ; boundnrics 
corrected. 

Aclditionnl hills comploted. 
Additional outline nnd writing 

done. 
Hills re-etched, nliglit. 
Slieht ndditions done. 
Slight ndditions to writing nnd 

8 S.E. . . . . . .  
12 N.E. . . . . . . . . . . . . . . .  
32 N.E. . . . . . . . . . . . . . . .  
3 5 S . E .  . . . . . . . . .  
36 9.E.  . . . . . . . . . . . . . . .  
37 N.E. . . . . . . . . . . . . . . .  

4 5 N . W .  . . . . . . . . . . . . . . .  
4s N.E. . . . . . . . . . . . . . . .  
45 S.W. . . . . . . . . . . . . . . .  
52 S . V .  . . . . . . . . . . . . . . .  
63 N.E. . . . . . . . . . . . . . . .  
63 S.W. . . . . . . . . . . . .  
ci3.4. N.w."' . . . . . . . . . . . .  
G4 N.W. . . . . . . . . . . . . . . .  
(;$ S.W. . . . . . . . . . . . . . . .  
66 S.E. . . . . . . . . . . . . . . .  
69 N.W.  . . . . . . . . . . . . . . .  
YU S.W.  . . . . . . . . . . . . . . .  
86 S.E. . . . . . . . . . . . . . . .  
97 S.W.  . . . . . . . . . . . . . . .  

l2.b S.W.  . . . . . . . . . . . . . . .  

1.24 S.E.  . . . . . . . . . . . . . . .  
1 2  . . . . . . . . . . . . . . . .  
116 R.E. . . . . . . . . . . . . . . .  
1% N.E. . . . . . . . . . . . . . . .  
126 S.E. . . . . . . . . . . . . . . .  
127 N.E. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  127 S.E. 

128 N.E. . . . . . . . . . . . . . .  
129 N . W .  . . . . . . . . . . . . . . .  
129 N.E. . . . . . . . . .  
1:in N.E. . . . . . . . . . . . . . . .  
181jS.W. . . . . . . . . . . . . . . .  
1.71 N.JV. . . . . . . . . . . . . . . .  
P S . E ,  8 s . w . ,  9 N.w., 

18 N.W., T2 S . V . ,  23) 
fr.tV., 33 9 E.. 7'2 N.B, 
r2S.W.,72S.E.,01S.W.,  
: 1 ~  N.W.. 31 N.E., 3.1 
N . W . ,  34 S.E., and 36 
N.E. ... h t d  

, 4,630 ...... 

---- I-- 
17,615 p1  A 100S.H. ------ 

~ d d i t i o n a l  nnmes done ; plnte pnt 
down. 

~ d d i t i o n n l  nnmcs done ; plat0 put 
down. 

Oulsidc figures corrected. 
Ibilwny nnd nnmcs cut. 
ildditional name8 and Lollnd81i~s 

done. 

14 ... ...... 32G 

I .i .,. 
I (i ... . . . . . . . .  ...... i 
17  ... ...I : ..... 
2.9 ... I ... ...... 

boundaries, done. 

9 

67 

66 

/ 

1 154 

Corrections nnd ndditions to rail- 
wnps and names done. 

...... 

...... 

...... 
, ,  

...... 



YIZOGRESS REPORT OF THE ENGRAVING BRANCH FROM l s r  OCTOBER 1881 TO 
30ra S E P T E M B E R  1884. 

Neio Plnlcs projected and Borders crct. 

Rcpnir.9 and AtIrlitiorts to Oltl Plnlce of  the 111rlimt dtlno-concluded. 

...... . . . . . .  1 2 s . w .  ...... 
13 N.W. ... ...... 830 
13 S.W. and 9 . ~ : "  ...... 

TITLE OF PAP. 

Atlas shects- 

29 ... 
30 ... 
38 ... ... 
39 ... 
46 ... 

64 ... ... 
56 ... ... 
65 ... 

68 ... ... 
102 ... 
108 ... 
111 ... 
119 ,,. 

115 ... 
116 ... 
118 ... 
119 ... 
121 ... 

... ...... 14 Four qnurters I 208 

37 N.W. . . . . . .  . . . . . .  

Outline. I Writinp. I llillu nnrl atnd. I I(smnrL8 nhorvinb prnprem. 

39 N.E. ... 
40 N.TV , S.W. k'dd S.E; 
60 Four qunrtcrs ... 
69 D i ~ t o  . . . . . .  

Srl. in. 

. . . . . . . . .  

. . . . . . . . .  
39 

. . . . . . . . .  

. . . . . . . . .  

J8 

43 

. . . . . . . . .  

16 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

Totnl ... 1.iG ... I ..".. 

62 T)ilto ... 
7 6 N . W .  . . .  :::I 
HO Four quarters ... 
91  N.W. ... 52 
94 N.R.  nnd s.TV:" 10 1 
9LS.E. ... 52 

...... 
1 4 4  Four quarters 1,8 16 

------ 
1,18; ------ 

146 Ditto . . . . . . . . . . . .  ...... 
. . . . . .  1-53 N.E. 371 

...... 153J.N. . . . . . .  :::I 1 : : :  1 

Corrections and additions to rail- 
' u a  a done. 

slip& corrections done. 
Additional outline and writing 

dnne. 
Addilional outline and writing 

done. 
ddditional outline and writing 

done ; Ilills, part rcpnircd ; plate 
put d o r n  Eor more urgent work. 

Hcnvy additions ; writing in pro- 
gress. 

Heavy additions; outline c o t ;  bor- 
der repnired ; writing in progress. 

Additional hills etched and por- 
tion of old hill work repaired; 
finiehed. 

Additional outline and writing 
done. 

Embankments and canals cut ; 
coml~leted. 

Heavy additions ; hills just  com- 
menced ; in progress. 

Slight ndditiona; border repaired. 
E~ubnnkrnonte and bouudaries 

cut ; completed. 
Slight corrections to outline and 

writing done. 
Slight ndditiona done. 
New hill work done ; small portion 

of old hills repaired ; completed. 
Sligl~t nddicioos t c  outlino and 

writing done. 
Slight additions to writing, done. 

166 H .  

Letters cut. 

239 

...... 
60 

300 

394 

2,756 

1,580 

21 

6.l 

126 

...... 

...... 
69 

G2 

...... 
52 

276 

216 

I 
Repmjected; new border cut. 

Ditto ditto ditto. 
Ditto ditto ditto. 

Projected ; new borders and scales 

Sq. in. 

...... 

...... ...... 

...... 
60 H. 

...... 

...... 
32 H .  

...... 

...... 
15 H. 

...... 

...... 

...... 

...... 
49 H. 

...... 

...... 

cut. 
Projectad; ncw border cut. 

D ~ t t o  ditto ditto ; scale 
and ootside figures cut. 

New border cut. 
Ditto ditto. 

Pnjected and now borders cnt. 
Ncw borders n l ~ d  scnlcs cut. 

Ditto ditto ditto. 
Ncw scale cut. 
Projected ; new borders and scales 

CU t. 
Projectcd. 
Projected and new bordcrs cut. 
Otitsidc fipures cut. 
Heprojected. 1 New borders, scales, and outside 

figurcs cut. 
New borders and scales cu:. 
Outside figures cut. 
New scale cut. 

-- 
...... Total . . I  ...... 1 I,(* ( I 

- -- 

1 2  



PROGRESS REPORT O F  T H E  ENGRAVING BRANCH FROM Isr OCTODER 18.91 TO 
3 0 ~ ~  SXPTEMBICR 1882. 

Abstract of Wo18li Complelcrl and irt Prog~.css. 

Atlas sheets completed . . . . . .  9 
Ditto in progress in various . . . . . . . . . . . .  stages 42 . . . . . .  General maps. plans, &c. 4G 

Repairs, corrections, and additions. 77 
Projections and e n p v e d  borders . . . . . . . . . . . .  cut, &c. 47 - 

Total ... 2.21 - 
Copperplate-pvinting. 

Impressions taken . . . . . . . . .  7,573 
Proofs pulled . . . . . . . . .  1,063 
Transfers pulled . . . . . . . . .  341 

Platen. 

Double elephant plates, steel-heed 14 
Ditto ditto re-steelcd,.. 12 

Quarter plates steel-faced ... 23 ... Dltto re-steeled 35 ... Miscellaneous plates steel-faced 11 
Ditto re-steeled ... 2 - 

Total ... 98 - 
Square inches of hill-etch in^ ... 2,060 

Ditto of jun le etched ... 3el 
Ditto of outyioes ... 3,792 

Number of letters engraved ... 225.6i6 

... Total 8,967 

C. W. COARD, JOHN 0. N. JAMES, 
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Table B. 

Statelneat of w ~ l i  pe~lfor~rted ~ I I  the D~.ntoi~rg a11d Col)~pili~sg Branch of the Drpicly Sttrt*r!pr. 
General's OjTce duri~rg Iltc yrar rrltli~tg 30th Seplc~nbcv 1882. 

- - - - . - - - _ - 
~ E U A ~ K S .  

-- 

Geographical lines have been iuserted on 
133 of the 4-iuch maps, comprising 
staudnrd sheets 18, 19, 22, 23, 26, 27, 
30, 31, and sent to prese for photo. 
reduction to  half scale. The !&inoh 
blue prints of sheets 19, 23, 30, 
and 31 have been typed and drawn; 
the drawing of sheets 36 and 39 ha8 
also been completed ; and sheets 18, 22, 
26, aud 27 nre well advanoed, leaving 
9 sheets to be taken up to complete 
these districts. 

Number of sheetspublished up to date, 25. 

The original maps drawn in the Execu- 
tive's ofice and received up to date, 
viz. 13  out of 27, have been eramiued 
and completed for press. 

Number of sheets published up to date, 13. 

Originnl maps prepared by the Esecut.ive 
were esnmiued, completed, and sent to 

ress for publication for the use of the 
bunjab Government. 

The typing and dramiug ol the remnin- 
ing Ci two-inch blue prints completed. 
During the year 20 sheets have beeu 
examined nnd sent to pross for reduction 
and publication on 1-inch scnle. Ouly 
sheets 63 and 64 now remnin to be sent 
to press. 

Only one sheet hns yet been published. 

Geographical lines inserted on 82 of the 
original 4-inch maps, comprising stan- 
dnrd sheets 112, 112A, 127, I ' L H ,  142, 
143, 155, 156, for reduction to half scnle. 
Dluo prints awaited. The blue prints 
of the 8 standard sheets mentioned in 
lasl year's return have all beeu typed, 
drawn, and exnmiued for press. 

Tho originnls of 16 sheets drawn in the 
Egecutive'a offioe hare been received, 
viz Nos. 1, 2, 0, 4, 13, 1.4, 15, 16, 17, 
18, 27, 27A, 28, 2!),  30, nud 31 ; they 
have been minutely cxnn~incd in tile 
berid office, corrected, rendered suitable 
for and sent to press for 
pul~lication. 

Number of sheets publisl~ed up to date, 8. 

. - 

TITLB OF ~ ~ P I I .  1 
Plr~Gab. 

Districts Bnnnu, Dera Ismail Khan, 
and Thal of Mueaffnrgarh, in 44 
standard sheets, 30' x 15'. 

Dietriot Ramalpindi, Knla Chitta 
Pahar, in 27 sheets, 7' 30" x 3' 45". 

Yunjab and Knshmir boundary, on 
distriot Sinlkot along the Cbenab 
river and Tawi Nadi. 

f l o r t l ~ -  Western Prori~iccs.  

L)istricts Morndabad, Budaon, Tarai 
(part of), and Rampur state, in 22 
stnndard sheets, 30' x 15'. 

District Dlndn, in 16 standard she.ts, 
30'x 1 5 .  

Metrut Division, districts Shahnrun- 
pur, Muzaffnmagar, and Mcerut. 
Pine set showing villn e boundnries 

'? for reprr~duction to son e in f sheets, 
15' x 71'. 

%d~. 1 
Inoh. Mile. 

1 = 1 

4 = 1 

4 = 1 

... .. . 

1 = 1 

2 = 1 



Table B--conlinzted. 

TlTLn OP hl~ra  I b a l e  ( R E M . % R K ~ .  

North- WCS~CIYL Pro~inccs-concld. Ilnch. 1ile.1 

Coarse set, without villuge boundaries, 1 = 1 
for reduction to half soale, 30' x 

Reduction for Atlas of India,  sheets 
48 SE and 40 N E ,  containing 
parts of districts Muzaffarnngar 
and Mecrut. 

Oudh (new edition), in G5 sheets 
standard size, 30' x 15'. 

Distriot Midnaporo, in 18 sheets 30' 
x 15'. 

The 19 sheets received to date, viz. Nos. 1 
to 7, 13 to 18, 2 7 8 ,  27 to 31 (19 in all), 
have been examined, corrected, and sent 
to press for publication. 

I I Number of sheet. published up to date, 19. 

Do. do. . . I  $ = 1  

District Nonkholly, in 12 sheets, 30' 
x 15'. 

Prepared in Executive's office. Re-exam- 
ined in hend office with 1-inch sheete, 
corrected, and sent to Surveyor-General's 
office for engraving. 

The original maps, with grnticule linee 
ineerted, comprising 18 standard sheeta, 
Nos. 105, 106, 121, 122, 123, 135, 136, 
137, 150, lSI,  163, 1G4, 1G5, 166, 167, 
176, 177, and 178, have been sent to press 
for lithography. Gince last report sheets 
Nos. 139 and 140 have been published. 

Number of sheets printed to date, 6. 

The proof sheet No. 1 7  has been passed 
through press, and the publication of the 
entire district is completed. 

The map of tho district beguu lmt  year 
hns been completed and submitted to 
the Surveyor-General's ofice for engrav- 
ing. 

All tho sheets were published during the 
yenr, excepting eheet No. 12, which is 
now under correotion at press. 

Distriot Jnlpaiguri, in 13 sheets, 30' 
x 1.5'. 

Distriot Mymensing, in 23 sheets, 
30' x 15'. 

District I'ooree, Killa Khordn, in 40 
~myerial sheetr. 

1 = 1 

1 = 1 

4 = 1 

Litllogrnphic proofs returned by the 
Uel~uty Commissioner have heen oom- 
pleted to show thnun boundaries, which, 
however, still awnit tho fills1 sanction of 
Govornmeut. Press order is deferred 
pelld~ng above sanction. 

Geogrnphicnl lines have been inserted 
on the main oircuit maps, comprising 
sheets Nos. 240 and 2S4, and skeleton 
stondnrds of these sheets, showing the 
limits of nlnin circuits, &o., have been 
projected for the guidnnoe of litho. 
grnphio brnnch in preparing the transfer 
drawiugs to be put dowu on stone. 

Exnminod, touched up, and adnpted for 
photography, hills d d e d ,  and sent to 
press. 

T'he original maps have been examined 
nnd revised for a second edition, sl~owing 
additions and nlterntious stlpplied by the 
Superintendent of Works. 6ent to press 
for publication. 

...... 
- -- 

District Pntnn, Pntna City . 10 = 1 

Bnnkipore Civil Station . . 1 0 = l  
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Table B-contihued. 

District Darrang, sheets 3, 5, 8, 9. 

Blo.t~la. 

Distriot Hanthawaddy, sheets 115, 
116, 124, 125, in 11 sections, 15' 
longitude x 7 y  latitude, contain- 
ing the Syrian township. 

Ditto ditto ditto. 
Quarter sheets, each 15'x 71'. Six 

sheets complete, and portions of 
seven sheets published on full 
soale of survey to meet speoial 
demanh, as noted. 

Decoan Topo raphiod Survey, includ- 
ing the Ifontan, in 128 sheets, 
30' x 15', to latitude 16". 

Sheets examined for a second edition and 
sent to press. 

1 = 1 

The original sheets d r a m  in the Exeou. 
tive's office Were oarefully re-examined 
in the head offioe and sent to press for 
publiontion on full soale for the use of 
the looal Government. 

Sincelast report the 2.inch standard sheets 
61, 62, 68, 75, 76, 77, 84, 85, 86, have 
been examined, corrected, completed for 
publication, and sent to press, making 72 
sheets sent to press to date, includi~~g 
survey up to 1880-81. 

Sheets 75, 76, 77, 84, 85, 86, have been 
sent to ress for reproduotion to full 
soale for gorest Department; also aheeta 
30 SE, 31 S E  6 SW, and 35 NE for 
Exeoutive Engineer, Poona Division ; 
sheets 14 NW, 18 complete, 22 NW & 
SW, and 26 NW for Collectorof Thana. 
Sheets 30, 31, 35, 14, 18, 22, and 26, 
had previously been publiehed, in the 
usual course, on the 1-inoh soale. 

Niscrlintzeo~rs Tracts, 4c .  I I 

Districts Dera Ismail Khan, Rnnnu, 
Rnmnlpindi, the Meerut Division, 
districts Ghnzipur, Ballia, Benares, 
Mirzapur, Hnnthawaddy, Bassein, 
Tbarra\vnddy, the Deccan, and 
Konkan 

Traoed for Deputy Superintendent of Sur- 
vey. 

Do. do. do. 

On various 
scales. 

Boundary between districts JEang 
and Dera Ismail Khan. 

Boundary between district Sliuhpur 
and districts Bannu and Dera 
Ismail Khan. 

Boundary between Nepal and dis- 
tricts Bbagulpore, Durbhanga, and 
Mozuff erpore. 

I3oundary between Nepal and dis- 
trict Chumparun. 

5.7 villnge plms of dietriots Shahabad 
and Qhszipur. 

Hooghly river and one mile of ad- 
joining country on both banks 
from l'hulou~ia Semaphore to Soln 
Mohnn Creek. 

Inserted villnge boundaries on 
IIoogllly riversheets from Kanchra- 

nrn to Cnloutta. 
A Tine or villngea along left bank oi 

EIoo hly river from Atcheepore tc 
Uro8 8~mnphore. 

Plan of jungle block comprising 20 
villages of district 24-Pergunnahs. 

Do. do. 

The index maps of the Meerut Divieion 
and the Deccan have been re-drawn ; the 
others have been revised and brought up 
to date for the annual report of 1881.82. 

. 

do. 

Do. do. do. 

Do. do. do. 

Do. do. do. 

Do. do. do. 

Do, do. do. 

Do, do. do. 
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Table B--continued. 
- 

. . . . . 
-- . . 

TITLE or MAPO. l c i ~  / . nan~sxa 

fiecllancous Truce.$, 4c. - continued. Inch. Mile. 

Plans of two French settlements in 8 = 1 Prepared for Colle~tor. 
district Balasore. 

Completed boundaries of waste land 4 = 1 For De~utj '  ' h m ~ ~ i f l s ~ o ~ e ~ .  
blooks on the Deputy Commia- 
sioner's copies of atlas sheets. 

sheets containing Jalpaiguri Station 4 = 1 Traced for Mr. Bond, haistan+-, Great 
and Environs. Trigonometrical Survey. 

~ ~ ~ ~ d ; ~ ~ ~  oommon to Sind and m e -  4 = 1 Traced for Agent, Cfovernor-eellord, 
lat. Khelat. 

13 old mehnlwar mapa of district 1 6  = 1 Traced to illustrate rep3rt on Sylhet Test 
Sglhet, in duplicate. Survey. 

Several Deccan triangulation oharts. 4 = 1 Traced for Deputy Superintendent. 
Ditto ditto ditto . 1 = 4 Do. do. do. 

Illsorted course of Megna river as  4 = 1 For o5ce record. 
surveyed by Deputy Collectors 
under orders of the Board of 
Revenue, Lower Provinces, on the 
survey atlas sheets in this office. 

Prepared a plot of portion of S m a  32 = 1 For Settlement OEcer, Khorde. 
river. 

Extract from plan of mouzah Jujhur- 32 = 1 Do. do. do. 
sing. 

Boundary of 3 villnges of district 16 = 1 Traced for Deputy Superintendent. 
h u m g a r h ,  touchiug on Gbnzipur. 

Sheets comprising the E t a  Hills, dis- 4 = 1 DO. do. do. 
trict Sylllet. 

Severnl bonrd plaus of Hooghly river 1 G  = 1 Traoed for comparison with preview eur- 
survey by Colonel Leach. veys. 

Prepared a plot of ltatharuati river. A = 1 For Settlement Officer, Khorda. 
Ditto 2 villages, diatriot Jaun- 16 = 1 F u r  Settlement Commissioner, Punjab. 

pur. 
40 village plans and grants . . 4 = 1 Copied for Deputy C'ommi~sioner and 

others. 
1 sheet Puncbunnogram . . 150ft.=lin Traced for Deput,y Colleotor. 
Typed title pages (24 sheets) . . ...... For  volumes of Burma published cndes- 

tral plans. 
Inserted 1" sheet numbers and limits ...... For office record aud use of executives. 

on several copies of Burma map. 
Inch. Mile. 

Inserted b o u ~ ~ d a r y  ns surveyed by 4 = 1 For Deputy Commissioner and offioe use. 
Messrs. Sham and Smart between 
Qoalpara and Garo Hills on 2 
copies. 

Conlpleted mnps of districts Agra a = 1 For Exeoutive Engineer. 
and Muttra to show numbers and 
limits of 4" sheeb. 

Completed set of sheets of district 1 = 1 For Deputy Commiesiol~er. 
Lakbimpur to show the boundary 
ndjoiniug Seebs.lgore, as sllomu in 
the 4" sheets of the latter district. 

Completed all the printed copies in 1 = 1 For office use and issue. 
stock of sheet No. 11, Deccan series, 
to show the portion of &strict 
Thaua surveyed in 1879-80. 

Completed all tho printed copies in 14 2 = 1 Do. do. do. 
stock of sheet NO. 10, Deconn series, 
to 6llow bouudaries thnt were not 
evailnLle nt time of puL1ic~ti011. 

Pre Bred new index to the 1" eheets 1 = 16 For ofice use. 
or Dengal. 

PrePrcd  dingrnms sllowing the ...... For Surveyor-Cfmerd'e Offica 
nvernge heights of 5 minute corn- 
peltmrnts In the ~avernl districts 
of the Puujal) and N.-W. Provinces, 

far as availnblo in this office. 
- - -- . - - - -- 

m 



Coloured a set of sheets of district 
Chumpnruu to show latest thana 
and subdivision boundaries. 

Coloured a set of sheets of distriots 
Hooghly and Homrah. 

Photozinoograph maps . . 
Litl~ograph maps . . . 

1 = 1 For Surveyor-General's O5ce. 

1 = 1 I do. 

Mnps on various scales . . . 
Do. do. . . .  
Do. do. . . .  
Do. do. , . . 

Total . 

Description of Work. 

Travcrse Datn, &c., stcpplied. 

109 
100 
610 

1,044 -- 
1,872 

Of 50 villagee of Moradabad along Ganges 
river. 

Of Hooghly villnges from Botanio Garden to 
Chandernngore (60 pages). 

Of Eta  Hills, didriot Clylhet, with co-ordi- 
nates of village trijunotions. 

Of Cechar grants (17 pages) ... ... 
Of Jnunpur, along Bonares, with co-ordinates 

of Porgana trijunetions. 
Of Captain Samuell's Nepal boundary, along 

Purneah and Bhagalpur. 
Of districts Tirhoot and Sarun, along Nepal ... 
Of M. C. 11, 12, and 13 of Moradabad, along 

For Surveyor-General's Offioe. 
For Deputy Surveyor-General's office. 
For the India Ofice. 
For Government officials. 

Ganges river. 
- 

Of Agra and Muttm, along Aligarh . . . 
Of Sirao and Rohtak, along Hissar . . . 
Tritangulation values of three charts of Deccan 

Topographioal Survey. 
Aiphnbeticnl indexes of distriot Hanthawaddy 

(four copies). 

For Deputy Superintendent. 

,, Assistant ditto. 

,, Ditto ditto. 

,, Deputy Commissioner. 
,, Ditto Superintendent. 

,, Assistant ditto. 

,, Ditto ditto. 
,, Deputy ditto. 

,, Ditto ditto. 
,, Ditto ditto. 
,, Ditto ditto. 

,, ~et t lement  Officer. 



Ilcucription of Works. I nESl . \nKs.  

District Jnunpur ... ... 1878-80 
Ditto Bnndn ... ... 1877-78 

Dietricts Saharanpur and Mum- 
ffarnngnr ... ... 1e78-79 

Cnloulation of nreas of Hill Tipperall and 
Gurjnt statee, also l'hana arena of di~tricte 
Chittagong, Sonthnl Pergunnnhs, Sing- 
bhoom, Haznribagb, Lohnrduggn, and Dnr- 
jeeling. 

Preparation of area statement of district Noa- 
khally by summation of villages. 

Cnlculation of co-ordinates for the projection 
of districts Uanda, Tarsi, Dora Ismnil Khan, 
Bannu, and Mymensing, and of Pntna 
City. 

Calculation of orens of districts Goslpnra nnd 
Garo Hills according to revised boundaries. 

Entering of hei hts of 5' compartmonts for 
the districts o f  the Punjab, Nurth-Western 
Provinoes, Oudh, Bengal, and Centrni Yro- 
vinces. 

Preparation of a statement showing scnle nnd 
ohnrncter of survey of the distrii;ts in Cen- 
tral Pravinces. 

1 Final examination. 

For Bengal Government. 

,, publication with aheets. 

,, office use. 

,, Deputy Commissioner. 

,, Surveyor-Cfe~~ernl's Office. 

,, Uovernmsnt Centrnl Provinces. 

- - 

DEPUTY SURVEYOR-QICNEIIAL'S OFFICE, F. W. KELLY, J. E. SANDEMAN, ,U~,jor, 

Calcultn, 1st Octubcr 1882. Strr~~cyor .  D!/. Srrpdt. at Dendpunrtzrs. 



Table C. 
Slate of Prtblicati ,~n of Cndnstral Mops on the 30th Septenrbcr 1882. 

Detail of Ezflminatior~ i11 connecliu~t rcith Prrblicntion. 

B.suraxa. 

(0) P i s u m  ol p r e  
vious mtl~rn bar0 
b a n  cl~ynmd la 

mth Eml 
results. 

( b )  'These npuruu am 
linblo to nlter 
8 t h  until publi- 
artion h b ~  bwn 
mmpletcd. 

DIUTUICTI. 

N.-W, Prauincsr. 

A g m  . . . . . . . . .  
Amrngnrh . . . . . . . . .  
Bands . . . . . . . . .  
Bijnour . . . . . . . . .  

... Ohsaipar snd Bnllis 

klsmirpur . . . . . .  
Jaunpur . . . . . . . . .  
Moradnbnd and Terni ... 
Muttin . . . . . . . . .  
tdlnapur . . . . . . . . .  
Terai . . . . . . . . .  

Total ... 
Bri lbh  Burma. 

Blvurein . . . . . . . . .  
Hsnthswnddy . . . . . .  
Tharraaoddy . . . . . .  

TOW ... 
Bsngol. 

P a h a  and Ogn . . . . . .  
Bbhmbnd . . . . . . . . .  
Pwree (Khords estate) ... 

T O ~ B I  ... 

Araam. 

Bylhet . . . . . . . . . . . . . . .  

T o w  

a u n D  TOTAL. N..w. 
Pnuvrscss.  BURMA 
BlnQrL. AnD d 8 s d  

Exnm~ncd nnd 
rmdrwd 

m ~ ~ l n l ~ l e  fur 
photnz~nro- 

g m p h ~ .  

NUNBER OF SUEETS. 

PAP8 PIIBPAUBD. I P n n ~ r s u n ~ .  

DUUIAQ 1891. 

North.Wmtern Pmvincm . . . . . .  
Bntnah Burma . . . . . . . . . . . .  
B e w l  . . . . . . . . . . . . . . .  
Aaam . . . . . . . . . . . . . .  

Totsl ... 

%,OM 

090 

(a).1.311 

91 

(0)8.005 

8,020 

(0)3.434 

4.023 

1,058 

( a ) ~ . w a  

89 

e9.M 
-- 

1.1% 

e.203 

491 

9.800 

3 . 0 3  

4,0Z4 

3,311 

-- 
11.390 

-- 

. . . . . . . . .  

98.891 

Tmccd nnd 
olnmln~rl lor 
z~ncosraphy. 

DEPFTY RURVEYOR-GENERAI!~ OFPICB, J .  E. SANDEMAN, dfnjor, 
Calcirltn, 1st October 1882. Deputy Supe~intendent at lTeadqrrarferu. 

1.881 

1.371 

Z(1R 

10 -- 
9.634 

...... 

...... 
..... 
...... 

1.323 

...... 

...... 

...... 

...... 
056 

22 

P.900 

-- 
1.031 

860 

060 

----- 
2.651 

--.-- 

...... 

...... 
C73 

87s 

-- 

El 

---- 
81 

----- 
6.693 

h o o l  wp~oa 
eromlnrd 
prov~a l~s  
to reJs 
orsor. 

Colaured mnd 
auhscqucntly 

ommmed. 

2,024 

030 

3.317 

91 

(b)4,Ol8 
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STATEMENT OF woaK DOYE BY THE LITHOGRAPHIC BRANCH, BURVEYOR-ONEBAL'S OFFICE, 
BETWEEN THE Isr OCTOBER 1881 AND ~ O T H  SEPTEMBER 1862. 
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STATEMENT OF WORK DONE BY THE LITHOGRAPHIC BRANCH. SURVEYOEQENE&AUS O P ~ ~ ~ ~  
BETWEEN THE l s ~  OCTOBER 1881 AND 30m SEPTEMBER 1882. 

Wol.k  don^ for /he S~irvey Departn~mt-continued. 
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STATEMENT OF WORK DONE BY THE LITHOGRAPHIC BRANCH, SURVEYOR-QENERAL'B OFFIOE, 
BETWEEN THE Isr OCTOBER leal AND 30~n SEPTEMBER 1882. 

L. 2. 
Worl; done ,for other Dcpnrfincnts. 
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Statenae~~t of type-work executed, excluai~~e of trarzsfirs, &c., alrcadg irsckded ira the cost of the aetvral 
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L. 4. 
Cfoseral Abstract qf Out-turn artd Vabte of Work perforawd. 
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&t,act frowb Rcl,or.l ~ ~ ' Y A J ~ R  J. WATERNOUBE, Assist(t18t s t ~ r r r , ~ ~ r . - ~ r n r r n l ,  i ~ z  c h n r p  P] lofo-  
grnpliic Brnrrch, S 1 1 1 ~ r e ~ o r - G e 1 ~ c r u 1 ' ~  O ~ C C . - ~ C N S O I ~  1881-82. 

I HAVE the honour to submit the usual tabular statements of mork done, expenditure, 
kc., in this branch of your office during the survey year from 1st October 1981 to 30th 
September 1883, viz.- 

( A )  Abstrnot of work performed during 1881-82. (Printed in Part  11.) 
( B )  Comparative statement of the out-turn of 1880-81 and 1881-8!!. 
(C) Statement sliowing the value of work done for other departments. 
(D) Statement of expenditure and value of work done. 

Ou~-~vn~.-Vrdinrog.-The out-turn of ordinary departmental and extra-de artmental 
work shows a considerable increase in negatives, tmsfers ,  and press pulls, though t!e number 
of printed sheets, both single and combiued, is less. 

The work passing through the office during the year has been of the usual misceIlaneous 
oharacter, as will be seeu from the retlvn of work done for other departments, which 
a steady increase in this direction. The Egyptian campaign cnused a great demand for 
reproductions of charts of the Suez Canal, Red Sea, ports of Alexandria, Port Said, and Suez ; 
also for maps of Egypt. The total number of these lnaps printed was about 4,430. 

~n(/n.stra/.-On the cadastral side also there has been a oonsiderable iucroase in the 
number of sheets photographed and transferred to zinc, the total number amounting to 
about 5,000 sheets, which is tho highest figure yet reaohed. The out-turn in pulls and printed 
sheet8 is not so great, owing chiefly to the reduction in the number of copies printed off for 
the North-Western Provinces from 25 to 10, which entails loss of time inconstantly ohanging 
plates. 

Arrangements have now been made for a steady out-turn of 20 to 22 sheets a day, or 
about 6,000 sheets in the year, part being dorm by photography and part by tracings 
prepared for zinoography in the Deputy Surveyor-General's offiae; rud this is about the full 
extent to which we can work with the present staff and accommodation. The number of 
shoots a ear that can be turned out depends, however, upon the number of copies printed 
of each L e t  ; and as this varies for each province-thus for North-Western Pmvince~ 10, 
for Bnrmah 34, for Bengnl (Khurda) 43-it is di5cult to make any close estimate of 
probable out-turn. 

ESPENDITL-n~.-As will be seen from Table D, the espenditure of the office, including 
establisl~rneut and atores, has been lts. 9:3,146, ns against Its. 89,560 of the previous 
year. The vnlue of work done for which crodit is taken, as calculated by the scale drawu 
up by me in 1HT9, has been Rs. 1,14,795, showing a balance in favour of the department 
for the year of Its. 21,648. The value of the whole work done duriug the year is Rs. 1,25,260. 
From this it appears that the rates laid down in the scale are more than amply suHicient to 
corer the cost of the work done, and I proposc to take an early opportun~ty of going into 
this question again, to soe whether the rates cnu be reduced. 

P ~ ~ s o s s e r , . - I  returned from furlough and relieved Major Coman on the 26th 
Docember 1HH1. There have been few changes in the establishment during the year, 
the principal one being Mr. Cnddy's resignation in February of his post of storel~eeper. 
hlr. Dempster has since had ohnrge of the stores and mnkir~g up collodion, &o. Mr. J. Hnrrold 
retornecl from furlough and resumed oharge of the photo-tmnsfer printing brar~ch on the 
21st June. In  the zinc-printing branch Mr. E. A. LePrnnc has been superintending the 
cadnstral mork during Mr. Watson's deputation to lithographic branch since 10th April; 
and during Mr. 13. Mackenzie's absence on privilege loave from July to October he took 
charge of the office presses, Mr. A. P. DaCosta taking charge temporarily of the cadastral 
prOSSe8. 

The establishment of the office mas generally reorganised and arranged from the corn- 
menceaent of the current financial year, as reported to Government in your No. 1146, 
dated 19t.h April 1882. The ohnnges, however, were chie0y in designation and pay of the 
difforent posts. I have not yet boeu able to fill the post of head assistaut, but hope to find 
a suitable incumbent in the course of the curreut year. 

Pnoc~sses.-There have been no changes of speoial importance in the processes worked 
in t.he office beyond that in intensifying negatives we seem at last to have succeeded 
in doing away with the bad-smelling hydro-sulphate of ammonio for intensifying, and have 
replaced it by a solution of- 

Pnrts. 

... ... Hyposolphite of soda ... ,,, 30 
... ... Liquor ammonia ... ... (io 

... ... ... ... Glycerine ... 20 ... ... Water ... ... .,. 1,000 

This change will effeot n very considerable saving in expenae, the full amount of whioh 
cannot yot bo estimated. 



The method hna tho defeot that the films become Very tender when dry, end will not 
beer handling ; but thia appears to be obviated by coating them with a mixture of albumen 
and gelatine- 

Parts. 
Qelatine . . .  ... ... ... ... 20 
Water ... ... ... ... . .  500 

and the whites of two eggs. 
I have also found a method of intensifying which appears likely to be useful for special 

half-tone work. 
The collodion  lat to, efter exposure and development, is intensiGed slightly with pyro-gallio 

aoid and silver or iron and silver, and, after washing, plunged into a solution of bromide of 
oopper at  loo/,, which a t  once changes the colour of the film to a light canary yellow. 
I t  is then plaosd in a bath oontaining the ordinary ferrous-oxalate developor. This speedily 
darkens the colour of the film t o n  dark olive green, whioh becomes darker and darker u p  
to a certain point by leaving the plate immersed in the solution. I t  is then taken out, 
washed, and dried. I f  not intense enough, the operatio11 may be repeated, but the colour of 
the image ia much more non-actinio tlian it appears. I have since found that  instead of the 
bromide of copper, Carey Lca'e solution of- 

Pnrts. ... Saturated solution of bichromate of potash ... ... 3 ... Hydrochlorio acid ... ... ... 1 
Water ... ... ... ... ... 48 

may be used : it  is almost equally effective, and much cheaper. 
I n  the photo-tmnsfer printing some exceedingly good results hare been obtained by 

using an paper highly glazed with gelatine as the bnsis of the transfer prints. 
The paper is sold by the Autotype Compnny as a transfer paper for pigment printing. I t  
can either be sensitised as i t  is in a bath of bichromate of pohsh, or bo coated with a thin 
solution of gelatine and bichroniate. I n  some cases the best results nre obtained by inking in  
with a roller on the damped gelatine surface, but on the whole the usual. method of iuking 
in and washing seems to answer best. A small supply of this pnper has lately been received 
from England ; but being more thickly ooated with gelatine than that I brought out with me, 
has not given very good results for large maps, where the sections have t o  be joined, though 
for work within the limit of a single ne ative i t  will be very useful. 

W e  have made several trials of inging in the trauefers with velvet rollers, as done a t  
Vienna and Woolmioh, but hnve not been able to obtain better results thnn we u s o c ~ l l ~  get 
either by washing or by rolling np with nu ordinary lithographic roller. The latter, in cases 
where the work is very fine, is exceedingly useful. 

Co//otyl~e.-I should hnve beon glad to llave been able t,o start this process again, bat  
we have bad few subjeots for which i t  could be used with advantage, a ~ ~ d  more attention 
bas been paid to heliogravure. The press obtained from M. I'oirier seems exceedingly good 
for the purpose, and as soon as opportunity offers I hope to return to this process. 

Hc/iog1~octrrc.-D11ring the year I lrave giveu ns llluch attention to this process as other 
demands on my time nllowed. Two plates takou from original drawings in Indian ink of 
trep crystals have been reproduced by the process, nud l~pwards of 800 copies of each printed 
for publication in the Records of the Geological Survey of India ; four other similar plates 
are in hand. A plate of coins was reproduced for the Asiat,io Sooiety, but not published. 
A reduotion of a sheet of the Atlws of lndia was also done as a n  experiment. 

More might have been done, but, apart from iuterrupt,ions from ollier work, I have been 
trying to perfect an improvement whioh I foond resnlted from using tissue glozed with 
collodion. Owing to the fine smooth surf:loe of tllis tissue the gelntine reliefs obtained with 
i t  are very much sharper in the detnils, nod develop much clonrer than they do witll 
unglazod tissue ; and this is particularly important in map and other line work, where nbso- 
lute sharpness of the lines nl~d a olean ground are imperntive. Unfortunately, t.he collodion 
eurface is apt to split away from the onpper in drying ; n~rd in the eleotrof,ypiug bath the 
oopper solutiun gets under~leath it nnd forms irrcgnlar deposits. 

I have tried a great mnny ways of overcoming this difficulty and of obtaining 
the same advantages in some other manner, but the results as yet are not altogether 
satisfaotory. 

Substantinll~, the process is the some as 1 was workiu,o before I went on fnrlollgh ; 
but the experience gained during my stay in Europe, from wbat I saw at  Vienna arid 
Florence, and from independent work at  the Autotype Works at  Enling, has bcen of inlmense 
use, n11d tho improvenlonts I I~nve now introduced soem to have put the process on n prncticnl 
footiug, though i t  still requires perfection in certniu points. I t  nppenrs therefore desirable 
to give a full desoription of tho wholo process, as I am now working it. 

Before going into details, it  may bo briefly stated that the prooess consists in  
ing by the ordinary pigment-printing process a photogmphlc image in  on a 
l~n l i8h~d nn& silvered oopperplate. This relief is formed of insolsble gelatine, and, if it  is 
of a half-tone s~~bjcc t ,  llas its surfacc roughened or grained while met by means of waled 
nand or emery, which is removed w1lc.n the relief is dry. I t  ie then blnck-loaded, and 
copper is deposited on it by the electrotypillg process, so as to produoo a copperplate, 
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on which the design is reproduced in intaglio, with lights and shades of varying depths, 
corresponding to the gradations of tint iu the orig~nal. 

T ~ P  J , ; ~ I I W I I /  tissrrc.-The pigment tissuo consists of paper evenly coated mith a mixture 
of gelatine and any suitable pigment. A8 a rule, it is purchased ready prepared from 
the Autotype Company. Their engraving black, warm blaok, and standard brown tissues, 
all answer well. 

The prepared tissuo keeps fairly well, but i t '  is an advantage to have it as fresh 
as possible, otherwise the gelatine surface becomes more or less ~nsoluble by keeping, 
especially in dnmp weather, and forms a dark scum over the picture. 

Sensiflsr~,~.-The tissue is sensitised by immersing i t  in a solution of- 

Biohromate of potash ... ... ... ... 1 ounce. 
Alcohol ... ... ... ... ... 5 ,, 
Liquor ammonia ... ... ... ... 4 drachm. 
Water ... ... ... ... ... 25 ounoes. 

I n  the hot weather this solution must be cooled with ice. 
The bath keeps well, bul should not he used if i t  appears at all brom.  
Tho tissue is laid in this for a minute or two, till it softens, and is then taken out and 

laid evenly down on a glass plate, and the excess of moisture removed with a squeegee or 
glass rod. I t  is then lifted off the glass and placed in the drying-box to dry. 

To obtain the most perfect sharpness in the reliefs, i t  is desirable that the tissue should 
bo dried so as to have a very highly polished surface, which will liein perfectly close 
contact with the negative. This is best obtained by drying it in contact with a plate of 
glass, but the latter must be ooated with some substance which will permit the tissue to be 
readily stripped off when dry ; and in this there is a good deal of di5eulty. 

I n  Vienna the glass plnte is rubbed w ~ t h  powdered French chalk, but this I ]lave 
found very uucertnin in its action when used with tissue sensitised as above : so are wax, 
stearine, and para5n. Linseed oil varnish answers well, so does coconnnt oil ; but a certain 
amount of tho fatty substance is taken up by the tissue and diminishes its adherence to the 
oopperplate support, so that it is liable to lift and blister in the after processes. 

The substance I have found answer best in many ways is oollodion, whioh has very 
distinctive advantages in the sharpness and cleannoss of the images developed upon i t ;  but on 
the other hand, it also has tho grnvo defeot noticed above of splitting on the plate, aud the grain 
in half-tone subjects is not so well brought out as on unccllodionised tissues, collodion being 
one of the best prevontntives of reticulation or the natural graining of the gelatine 
which occurs in hot weather. 

The best way of using collodion is to thoroughly clean n piece of patent plnte glass, 
rub it with a little powdered French ohalk, theu coat i t  with a modoratoly thin nnd 
absorbent collodion containing- 

Pyroxyline ... ... ... ... 1 part 
Alcohol ... ... ... ... 60 1,  

Ether ... ... ... ... ... 50 9 ,  

and nllow this to become perfectly dry. 
The collodion being dry, the glass plnte is immersed in the sensitising bath along with 

the tissue, and the latter is drawn out with the gelatine side in contact with the collodionised 
surfnce and pressed closely down to it mith an Indian rubber squeegee, which removes all 
excess of fluid. The rlate is put into a drying.box, which may be moderately heated, 
till the tissue is dry. This generally takes two or three  hour^. 

Some miters recommend that the collodionised glass should be ~ u t  in water as soon am 
the collodion has set, and mashed till all appearance of greasiness is gone, snd the met 
~ensitised tissue applied to the wnt surfnoe of tho collodion. I have not found this answer 
so well na ollomng the collodion to dry thoroughly. I t  may, however, answer with 
suitable collodio~i. - 

The tissue being dry the edges are out roi~nd, nnd it should readily leave the glass plat,e 
and show an evenly smooth and brilliant swface. Pieoes of the required size are out from 
i t  with the nid of a properly squared gloss plnte. 

The varnish prepared by the Autot,ype Company for the trnnsfer of pigment prints nlso 
answers very well in giving a good glazed snrface and allowing the dry tissue to be eneily 
removed, though the imnge does not dcvelop 80 clearly as with collodion, and the vnrnish 
is rather brittle and IiaLlo to orack in rrmoving the tissue, the craoks flhowin on the finished 
plnte. The way of upplying tho vnmisl is much the same ns with the ooEodion, the glass 
plate being coated with tho varnish, allowed to dry, and the wet tissue squeegeed down 
ipon it. - 

Erponrrrc lo 1iyht.-Tho tissue bcing rut of the proper size is laid on the negative in 
the printing-fmn~r, so that the imago mny bo sqnnre and correctly centered on it, and is 

to light in rhc i~snnl may luldnr a rrrrrs,d n lp t ive  ; tho time vnrying in di811sed light 
frnm about 5 to 10 rninrlt.rs for linc ~lll!jeots, to 10, 15, or 20 minutes, or longcr, for hnlf-tone 
~ ~ b j ~ c t ~ ,  n c c o r d i ~ ~  to the dcnsity of tho ncgzztivo, -trength of light,&c. An aotinometer may 
h* ~ ~ ~ n f n l l v  cmnlnrrd. ns in orrlil~arv ~ipment-printing ; but the light in this country being "" ...,.... '., - - - I  - - J  ~S " . -  
generally bright, tirno is a sutficicntly near gni(ie to tlle proper exposure. 

Drrclo )IIIIPIII of thr t~~rn!,r.-Tho exposod tissue is tnken out of tbe printing-frame and 
immersed in perfectly cold water (in hot weather ice must be used to oool it), drown out agniu 



quickly in contact with and squeegeed well down to apolishedcopperplate which has Seen light- 
ly  silvered with a solution of nitrate of silver in cyanide of potassium, the object of the silvering 
beingto prevent the ndhererlco of the deposit of copper in the subsequent operation of olectro- 
typing. Care must be tnlien to lay tho tissue d o m  squarely and in ita proper place ou the 
copperplate, and the squeegeeing is best porCormed by laying the plate and tissue dowu ou a 
wooden support standing in a trough. 

The superfl~~or~s moisture being wiped off the back of the tissue and edg+s of the plate, 
they are set aside for about 10 minutes, and then plaoed in clean worm watcr, just about as hot 
as the hnnd can bear it comfortably. After a few minutes the paper support of the pigmented 
tissue will be loosened, and may lie removed, leaving a black, slimy-looking masson tho plate. 
By leaving the plate to soak a little longer in the water, gently moviug i t  from time to lime 
to  wash away the dissolved gelatine, the image will gradually appear and the development 
may be finished by dashing the warm water over ita fnco with the hand till the details all 
appear clear and tho soluble gelntine is all removed. Should the imnge be too dark from 
overprinting, the use of warmer wnter in the later stages will lighten i t  up. I n  any CREe 
it is desirable that the ground of n liue drawing or the highest lights of a half-tone subject 
should appear in bare copper ; but in this couutry there is great difficulty in  avoiding a slight - - 
scum of gelatine. 

After develonment the d a t e  is rinsed in cold water, and may sometimes be lightly 
brushed over with'a soft brush to remove any loose s~ luble .~e ln t ine  o i  pigment still adheriug 
to the plnte. If a line subject, the plate is now drained and wiped at  the back a n 1  along the 
borders to removo as muoh water as possible, and then plunged into a hnth of strong spirit of 
wine. This at  once contracts the gelatine forming the lines, and gives the latter a crispness 
i t  is difficult to obtain in any other wav. 

With some tissues the use of alcohol will also give a rough velvety surface and a certain 
amount of grain. Threo or four years ago I found an alooholic solution of tannin most 
useful in giving grain and the required hardness to the film ; but with the tissues now manu- 
factured by the Autotypo Company, I findit of no use at  all in graining, though it tans the 
gelatiue and hardens it. I t  causes, however, scummy markings which are diffioult to remove, 
and on the whole I do not now recommend its use. 

~t Vienna, line subjects are first dried off and then soaked in a solution of bichromato 
of potash at  5'1, for about half an hour ; they are then rinsed in wntor and dried slowly 
witahout heat. This is a very good plan, but in the hot weather I find {,hat the reliefs run 
if left to dry slowly, nnd therefore quiok drying off with spirit is better. The bichromat,e bath 
may, however, be used with advantage after the drying off with spirit. 

For half-tone subjects, the treatmenl is quite different. After rinsing in cold water, 
the developed picture is first placed in a bath of bichromate of potash at  so/, and 
nllowed to remain for about hnlf an hour. The superfluous biohromnte is then washed out 
under the tap, so as only to leave that  absorbed by tho gelatine. 

The object of the bichromnte bath is to harden the gelatine relief and render it lcss 
liable to iujory in the d t e r  process of graining, without a t  the snme tirue mn1;ing i t  too 
tough to receive tlle grain, as alum or ohrome alum would do. The bichromnto also seems 
to  aid in the production of a good grain, either by a slight crystallisatiou iu  the gelatine 
or by some repulsive action exerted on the greasy graining powder. 

Qroi~ti~~g.-In order to produce proper prints of' half-tono subjects in the copporplnte press, 
i t  is essential that  the different gradations of shade should be broken up into a grain consisting 
of a multitude of little points, which will ensure the hollows in  tho plate holding the proper 
amount of ink ; and it should therefore be oomparatively coarse in the shadows, grndunlly becom- 
ing finer, in proportion as the tiuts become lighter, t i l l i t  disappears entirely iu  the high lights. 
The obtnining of such a grain in a simple way has been the great difficulty iu the way of 
photographio engraving processes for many years past, and various methods have been 
proposed from time to time to overcomeit. I n  most of these methods the grnin obtained 
is unifolm throughout, monotonous and unduly prominent, while others more successful are 
trnde secrets. 

Whilst working nt tho Autotype Works a t  Enling in 1881, I llnd the good fortune 
to hit upon a method of giving the gelatine reliefs a graduated grain, which is 
quite novel and seems very efficient. I t  coneists in sprinkling over the sllrfnoe of 
the gelatine relief, while still wet and soft after development,, a granular powder, such 
as flue sand, omory, or glass powder, previously coated with some grensy material, 
such as wax, pnrnfIin, or stearine, to prevent ita ultimate adherence to the gelatine. 
& the gclatine driea, the powder is drawn into it, and nr~turally sinks deepest into 
the darkest parts, where there is most gelntine; less into the half-tones, whore there is less 
gelatine ; nr~d not at  all in the light,s, where there is no gelatine. I n  this way tho surface of 
the gelntir~e imnge on the oopperplate is pitted nll over, and takes n fine granular testure, 
following cxnctly the lights nnd shades of tho picture. 

Wero plnin snnd or ornery usod, i t  would stick to the gelatine and i t  woul~l bo impossible 
to remove it. I n  tho collrso of oxperimeuts at  Enling, I found that these grnnuInr l>oKder,3 
could l o  coated with su6cient greasy or insulating material to enable t l ~ ~ n ~  to hc 
removed from tho gelntine wit!ioat in nny Nay interfering with their gmunlnr c]lnmctor. 
l'araffin and nnx answer well, but I have generally used stenrine. Coconuut oil would 
probably do eqnnlly well. 

The choice of ~rnnulnr  mnterinl depcnde very muoh upon the kind of grnin 
(frnining snnd of 160 holes to the inch gives a very clean ope11 grain, rnther too for vory fine sabjeots. Emery powder, 160 holes, gives also a gcod grain, but flatter, and not 



so clean cut as the sand. Oakey's glass powder No. 1 'gives a delicate, clean-cut grain suitable 
for very fine work. On the whole for general purposes I prefer the graiu given by OakeyJE 
coarse dour emery well waslled to remove all dust. 

The washing is done by plaoing a quantity of the powder in a long glass jar, which is 
filled up with water; the powder is well stirred up and allowed to settle for a minute or 
two, till all the coarser grains nre precipitated ; the dirty water is poured off, and the process 
oontinued till the water remains fairly clear. The coarse flour emery requires about 20 wash- 
ings of 1 to 1& minutes each to clear i t  ; glass powder requirea about 12 washings of 
1 minute each ; fine graining saud also requires several washings to take out the duet. 

The powders washed as above are dried with heat in an iron or copper bowl, and when 
perfeotly dry and still hot are stearined by shredding a little stearine into them and 
well until it is melted and thoroughly incorporated with the powder. The pot is then taken 
off the fire, and the powder kept well stirred till cold. The grains should then be perfeotly 
separate, and to all appearance the same as before being stearined. 

The proportion of stearine is not of much consequence ; from 4 to 6 or 8 gmins to the 
ounce of powder are suffioient. The coarse flour emery takes about 4 or 5 grains to the 
ounoe ; 160 holes sand, rather more. 

The washing of the granular powder is a very essential point in getting a clear sharp 
grain. I found that the dust oonfused the image in a very peculiar manner, alld was very 
di5cult to remove. 

The graining powder is most conveniently applied with a small tin pepper-box, the lid 
of which is covered with fine wire gauze, instcad of the usual perforated plate. The powder is 
well sp~iukled all over the image, and the plate is set nside to dry in a horizontal position, being 
Ieft for some hours, in order that the bichromate in the film may thoroughly harden it. The 
loose powder is then brushed off with a stiffish small paint-brush, and being returned to ite 
receptacle can be used over and over again. The plate in now placed in a dish of oold water, 
m d  the remaining powder is removed by vory gentle rubbing with a soft brush or the finger, 
till all feeling of grit has gone. The presence of powder will also he easily seen by reflected 
light. The powder should oqme away quite easily, and if i t  does not, more stearine must be 
added to it. 

The plate is then well rinsed in oold water and gehtlp brushed with a soft brush to 
remove all loose groins of powder, and set aside to dry. When dry, the margins are oleened 
and the plate is ready to be electrotyped. 

The plate should now show a fiuely-grained image in very low relief, and this image 
should as nearly as possible be an exact reproduotion of the original in depth of light 
and shade and general apprnrnncc, while there should be suffioient gelatine to give an image 
of the proper depth when slightly swollen in the electrotyping brttn. 

Elcct~~ot~~);,tg.-!L'he first th i l~g to bo done is to give the gelatine a conducting surface by 
brushing it over with plumhago. This must be done vcry thoro~~ghly, nud the plumbago 
must be good ; othnrmise there may be difficulty iu getting a deposit of copper on the deep 
shadows. Gilt or silvered plumbngo are useful; and it is a good plan to facilitate tho adherence 
of the pl~lmbngo by breathing on tho image. Where the shadows are very heavy, the relief 
may be rubbed over very liphtly with n greasy pad ; but this trentment is apt to give flat 
images by the grease preventing the sliglrt rising of tho gelntine relief in the buttery. 

The form of battery I have foand most useful for electrotyping theeu rcliefs is the 
single cell arrangement used in tbe Nilitary Geogrnpliicnl Instit~ito at Vienna, and also 
at  Florence. While on furlough I worked up the ose of this battery, particularly as to the 
best material for tho porous dinphrngm, and found that leather may be advantageously used 
to replace the pnper parchment used at Vieuna, which is easily liable to damage and not 
a l w a ~ s  procurable. 

The battery consists of two wooden troughs fitting into one another. Tho inner has a 
porous bottom, nud contains a ziuo or iron plate lying in dilute sulphurio ncid ; the outer 
oontains a snt,urated solution of snlphate of copper, and in it is placed tho plate boa!.ing the 
gelatine relief. This is suitably connecbd with the zinc or iron plate in the inuer trougll 
above it, rtnd receives a deposit of copper, which being removed whan of the proper tl~iclinesa 
forms the printing plate. 

The inner trougll is a tray with wooden sides about 4 inches deep. Over the bottom of it 
a piece of leather is stretched tightly and nailed down with copper nails. 'I'he edges of the 
leather and the corners of tha t r o ~ ~ g h  are painted ovor with eleotricnl cement, so as to prevent 
leakqe except by permeation through the Icnther. Por the stmting trough with zinc, 
1 use kid akin, and for ordinary deposition with irou, sheep's skin. Along the ends of the 
trough, inaide, are ledges nbout llalf au inch thiok fbr tho zinc or iron plates to rest on. 

The outer trough is nbont 5 or G inches deop, and I prefer to make it longenoogh to 
permit the plate benriug the relief to be passed underneath the iuner trough without the 
latter being liRed ~ p .  This enables the state of deposition to be ensily examined at any 
time. The trough is best lined with load, well pitched over ; but good oomenting with eleo- 
trical nnswers wall for smnll troughs. Th9 solutiou or sulphate of oopper oontailled 
in tile trOUg]l is llept at saturntion by crystals of sulphnte of copper placed in a perfornted 
box at  one end of the trough. This box should bo lined with flannel or cotton 010th to 
provent dirt going into the trong-h. 

TIlc plate bearing the geln,tiue relief is supportedon acopperplato coated wit11 electrical 
cement both sides, but fllrnishcd on the upper side with stud9 about 4 inch long, the 
pointe of are kept bright in order to produce electrical contaot ~vith tho under side 



of the relief plate. One side of the supporting plate has a stout copper band about 8 incbea 
long riveted to i t  and carrying at  the other end a connecting screw. 

I n  this manner the plate bearing the gelatine relie1 is left quite free, and can eaaily be 
removed for examination or cleaning, while the electrical contact is quite sufficient for all 
purposes. 

Before starting a plate, the solution of sulphate of copper is  carefully filtered into 
the outer trough. A zino plate, about the same size as the plate to be copied, and 
having a copper band soldered to one side of it, having been amalgamated in the usual 
way, is wrapped up in  thin cotton cloth and laid in its place in the inner trough with 
kid skin bottom. A11 being rendy, the supporting plate is laid in its place at  the bottom of the 
outer trough, the plate bearing the black-leaded gelatine relief is laid upon i t  and just 
allowed to soak in the solution of sulphate of copper, while the inner trough with plate is  
placed in position and filled with the proper quantity of dilute sulphuric acid, containing 
one part of acid to 60 of water, so as to cover the zino to a depth of about one-fourth 
inch. The copper band attached to the zino is then fastened in the connecting clamp attached 
to the supporting plnte in the lower trough, and the eleotrical circuit being complete the  
depositionshould begin at  once. 

All workine well. the eelntine relief should be completely covered with copper i n  the 
course of an ]lo& or tko, a i d  may then be changed i n 6  the ordinary depositing trough, 
which is exaotly the same thing, but  with an iron plate instead of zino, and sulphurio acid 
one part to 40 of water. I generally allow the plate to remain in the zino battery all night, 
and then change to the iron battery in the morning. While depositing, the plate ie washed 
every morning to remove dirt ; aud if any lumpy nodules or other irregular deposits should 
form on the face of the deposited copper, they are removed by filing. The iron plate ie 
washed, and the acid renewed every other morning. As  a rule, the deposition proceeda 
very evenly and I-egularly, at the rate of from lb to 2 ounces a day on a 10 x n plate ; so that  
a plate of this size, weighing It%, takes from 12 to 18 days to deposit. The whole arrange- 
ment is exceedingly simple and easily worked by a native assistant. I find i t  a great 
improvement over the Smee's battery I formerly used. 

When the deposited copper is sufficiently thick, the outer surface is smoothed with a 
rubber file, and the edges heing filed round, the deposited plate can easily be removed from 
the relief plnte. Any gelatine adhering to the plate is washed out, the edges are trimmed, 
and the surface being polished mith a little of the finest washed emery, or oil-rubbed, is ready 
for printing. 

These plates generally require a little brightening up of the high lights with a 
burnisher, and, if Iiecessnry, deep shadows may be brought ont by rebiting, or worked up with 
a roulette. A t  Vienna tints are sometimes deepened by applying a mixture of sulphur 
and olive oil with e brush. If due care is taken tliroughout~, the original and negative 
good, and the tissue fresh, very little retouching should be required. 

Before printing i t  is essential that the plates should be steel-faced, otherwise the fine 
parts will soon \\-ear out. 

Arrangements hare been mnde for working larger sized plate?, and I hope to report 
furtller progress during the ensuing year. The work is very muoh facilitated by the erne 
with which we now obtain reversed negatives by means of a silvered glass mirror placed 
behind the lens ; and tho uew lenses and apparatus I obtained from Messw. Ross & Co. while 
in  Ellgland have p r o ~ e d  very useful. 

I have also giveu attention to other processes of photographio ongraving in  which the 
image is obtained by biting. These methods are quicker and more economical than eleotro- 
typiug, but require more nltill. Some of my experiments have shown fair promise of success, 
and I hope to fiutl n method that shall be as far as possible automatio and require little aid 
from the skilled engrnrer. 

I 'ho tog~ .n j~h i~rg  or1 Copj)o..-An occnaion having arisen mhen photographs of a drawing 
were required to be mnde on a copperplate as a guide to the engravers, I found a new way 
of photographing either line or hall-tone snhjects on copper, which is simple and likely to be 
useful. 

The copperplate being cleaned aud polished rendy for engraving upon is dipped for a 
miuute or two in a bath containing R ten per cent solution of bromide of copper; i t  is washed and 
nllowed to dry, then esposed to diffused light fbr a second or two under a reversed negative 
or under the dra~viug itself, if mlitnblo, nnd developed with the ord inav  ferrous-oxalate 
developer used for gelatine dry plates and mnde by adding one pmt of a saturated solution of 
ferrous sulphate to three parts of a saturated solutiou of neutral potnssio oxnlate. The image 
soon develops in red on a greenish yellow ground. The plnte is washed and the image 
fixed in a weak enlation of cyanide of potassium, which clears and brightens the yellow 
ground. The resulting images aro of a rich brownish purple on a canary-coloured ground. 

It. is in some ways nn ndvantnge to lightly silver the cspperplates before sensitising 
them. The coating of bromide of silver is more sensitive, and develops better. The silvered 
platrs should, howevrr, hc Gxed with I~yposnlphite of soda. 

Some of these plates, when etched with perchloride of iron, gave very distinct image8, 
the perohlorido attwking the shadows; but there is n dificulty in biting sutBciently deeply. 

Grlnl ino-brom;,~e j ~ l l r t e s  nsd pnper.-During the year I have worked a good deal 
with the nem gelatinn dry platcrs, with a view to see whether they could be usefully employed 
in the office in suprrsessinu of the wet collodion process. Wi th  eomcr plntes I have found 
no diffioulty in working through the hottest weather, but the images obtained are not eo 



olear as with wet collodion ; and I do not think that the gelatine would suit us so well sa 
oollodion, though it has many advantages in greater sensitiveness and convenience in 
manipulation. 

Some of Morgan's argentio-gelatino bromide paper was obtained from England for 
trial, with the idea that i t  might be useful for reproducing cadastral maps. I found that 
i t  might be used very well for taking negatives in the cnmera, but the dcnsity was insufi- 
oient for photo-transfer printing. The paper might very usefully be used for making 
direct negatives by oontact from originals drawn on fine trncing-paper, but not with our 
present origiuals, drawn on thiok paper, and many of them dirty and stained. I drew the 
attention of the Meteorological Department to the paper as likely to be useful for the self- 
reoording instruments. It waa tried in the Observatory at  Alipore, and found to answer so 
well that i t  has been definitely adopted in preference to  the old waxed paper prooess. I t  
saves a great deal of trouble and gives olearer results. 

NEW BUILDINGS.-A great deal of my time has been taken up during the year 
with the preparation of rough plans and drawings of the new buildings for the accommo- 
dation of the office, so very urgently required. A set of plans was made by Mr. E. J. 
Martin, the Government Arohitect, but they required considerable alterations, and then, 
is still a good deal of work to  be done in oonnection with the fittings and special appliancee 
of a photographio oftioe. 

B 
C o n i p a r a l i c e  S l a t e c e t t l  of tAe O u t - t t r m  of 1881-82 w i t 1  tlral of 1Ae p r e a i o r c ~  year. 
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fitatenlent ahowing the Amount and Value 4 thc tcork done fur. other Dc~~artntcnte and 
dcsnatchcd betrcccn 1st October 1881 and 30th September 1882+ontinued. - 2 -- 

N,,~),,,~ ~ ~ ~ ~ o r  Numbor N ~ ~ m l a r  Nl~mhrr  
NAYBB OB DBPABTMB~FS. 1 acc~!,ua. 1 nw::ivcs.l p i n .  1 01 COP~cs. can!plete 1 of Print#. rilvor 1 Price. 
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D. 
Stalemetat of Rxpcrtditttre of the Ph0togrnj)hic brnrzrh and of the Vulrre of t ie  work done aj2d 

issllcd c l l~ l~f lg  the StwOCy year frons 1st Ocfober 1881 to 30th &plembsr 1882. 
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Extract from the Nat.rative Rcpwl qf J. B. N. HENNEE~EY, Esa., MA., Deputy Superin. 
tet~dent, 1st grade, iu charge Bend-Quarters Oflces, bigonomctrical Branch, Dehra 
Drin, for 1881-82. 

COMPUTING BRANCH. 
THE following oost table of work done in this Branch ie similar to the oorrespond- 

C o m p u t i o ~  Bnnah. ing tables exhibited in the reports for previous years :- 

Cost Tables in  Ru9ees. 
~ - 

These percentages oall for little remark, being about the same as in previous years, 
excepting in the case of olass 6, which in the present return shows an average of about half 
the usual amount. It is also to be notioed that an additional class, viz. 11, has been intro- 
duced for the first time, it having, hitherto been included in class 10-Miscellaneo~~s. The 
average of the new olass is unavoidably approximate on the present occadon, for the sub- 
division mas adopted only in June. The percentage, however, is now seen to bo sufficiently 
large to make the change desirable. 

The particulars of the work done, indicated iu a general manner in tho preceding 
table, are given hereafter in auoh detail aa appears dosirable. 

- 
-. . - 

CLALIII. 

Sorrthcr~r Trigon.-The simultaneous reduction was continued without interruption 
from the stages roported on lnst year ne finished, and was concluded satisfaotcrily in 
doe course. The following table statos the 22 equation8 of condition, which mny be 
f~llowcld with the help of the diagram, and the errors as given and as found after elimination. 
It will be seen that the residuals are very small. 

1. Beeords, L i b m y  . . . . . . . . . . . . . . .  
9.Com~uhrtions . . . . . . . . . . . . . . .  
3.A~~0~n1~.re~ns,corrasDondenee . . . . . .  
4.8uPPly . . . . . . . . . . . . . . . . . . . . .  
6 . P W m p y  . . . . . . . . . . . . . . . . . .  
a.*ressprw,s . . . . . . . . . . . . . . . . . .  
1. charla . . . . . . . . . . . . . . . . . . . . .  
0.Statiaoa . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  9.LBBvennd~llcations 

lo. Miaeellaneoua 
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SOUTHBRN TRIGON. 

REFERENCES. 

A-cheat A1.c Swieq. Srct. R0 ~o 18'. 

B-Oo;;~bn!j Lo~~giludi~~ul Seriss. 

C-A'oufh lloirkon Coat Scriu. 

D--Mnngnlorr H e v i r l i m l  Smies. 

E--Bfu~Il.nti ilfevidiolln2 nnd &at  19nie.q 

F--South-Eaat Clomf I S C ~ ~ P X .  

G-Ma&aa Longilrdinal Smer. 

1 Caps Cornorin Bw.o.i&. 





Error Table. 

The exhibits of this table assume the completion of the usual after-oomputations of 
triangles A, L, and A ,  which are included in  the fullowing statement :- 

... Triangles up to log feet .,. ... ... ... ... 36n 
Auxiliary figures ... ... ... ... ... ... 7 
Second cleductions of h, L, and A ... ... ... ... ... WO 
First deductions of latitudes nod longitudes (chiefly for supplying data for longitude work) 30 
Compound figure. Ceylon Series ... ,,. ... ... ... 1 

Numhcr 01 
equation. 

1 in side 

a .. A 

.l ,. I! 

4 .. A 

a .. A 

8 ,. L 

7 .. A 

8 .. side 

9 . .  
10 .. h 

11 ,. L 

1s ,, A 

I3 .. side 

I4 .... 
1 . .  
10 .. 
7 , L 

18 ,, A 

10 ., ridc 

90 ,, A 

21 ,. L 

sr ,. A 

The oompound figure last mentioned presented some peculiar features. It was origin- 
ally ground in the ordinary way as ttcn figiires, i .c .  a quadrilotel-al and a hexagon, of which 
ool some trilmgles presented unusually large error.., nmounting to over 6 inches; but i t  
oouid be seen that the wbvle of these e n o n  may be accou~~ted for by assuming t l ~ e  displaoa- 
ment of a single ray at  but one of the two stations C ~ I I J I I I O I ~  to the two figures. Moreover, 
them two stations wero unavoidably only $th mile npsrt ; and as the sites were subject to high 
winds while the drops for the plumb-liuea were considerable, there mns every ronson to  
suppose that improved results would be secured by rejecting the ray in question. Thie wae 
verified by actual computation, nnd the displsoement detected ; but the reduotion of a 
oompound figuro of the kind, i t  will be found, presents some speuial difficulties. 

Obarrucd Lntitudcu -1he u:nount of progress bns unavoidably bean less thnn desir- 
able, though quite commensurate with the working power available. On the one hand the  
maas of observotiona is conaiclerable : there aro 906 a h a  iu all, and several pairs of them 

0 2 

Triengulation involved. 

(B, + 0)  -D, . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Ditto 

. . . . . . . . . . . . . . . . . .  Ditto 

. . . . . . . . . . . . . . . . . .  Ditto 

. . . . . .  [n, + (D, + D.) + 0.1- (A, + A.) 

. . . . . .  Ditto ditto 

. . . . . .  Di tta ditto 

. . . . . .  Ditto + An 

A + A . . . . . . . . . . . . . . . . . . . . .  
A , + A , + Q , - @ , + E n )  . . . . . . . . . . . .  

Dilto ditto . . . . . . . . .  
Ditto ditto . . . . . . . . .  

(E, + 1 , )  + 0 ,  + A*... . . . . . . . . . . . .  
A. + O. + P + A. . . . . . . . . . . . . . . .  
A + A + A  . . . . . . . . . . . . . . .  
(A, +d, ) - (G,+ P )  . . . . . . . . . . . .  

Ditto ditto . . . . . . . . . . . .  
Ditto ditto . . . . . . . . . . . .  

E, - E, . . . . . . . . . . . . . . . . . .  
nilto . . . . . . . . . . . . . . . . . .  

mtto . . . . . . . . . . . . . . . . . .  
Ditto . . . . . . . . . . . . . . . . . .  

NOTE.-Tho uuila or this tuble uo-iu side, tho soventl~ 
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have been obsemed a t  117 stations (including revisits). On the other, the nature of the work 
has not hitherto admitted of employing more thnn one pair of oomputers: even these two 
wero required for still more pressing computations, 80 that their servioes have been diverted 
from the latitudes for five months out of the past twelve. In  faot, two computers heye 
been on loan to field parties for three-fourths of tho year. 

Notwithstanding interruptions, sensible progress has been mnde. Having exhausted 
the iuformation in all available catalogues, (provisional) places and variables were adopted for 
the remaining 106 stars (epooh 1860), and from these the required sub-epochal values for 
years of observation were found. The facts of the place-table, i .c. N. P. D., procession, 
secular variation, and proper motion, woro then suitably abetracted for the whole of the 906 
stnrs. This enabled the oomputers to enter on the next stage, i.e. finding tho latitude 
from each concluded zeuith distance (or Z). I n  arranging for this end, every advantage mill 
be talien of the components already computed by the field parties, as reduotion to rppn~-ent 
N. P. D. (or A ), refraction, collimation, &o., kc. Though, however, these components nro 
mostly forthooming, i t  is necessary thnt they should first be suitably combined before the 
successive values of A and Z can be cshibiled. This, with entries of results, comparison 
ngninst duplicate records, correction of mistnkes disoovered, kc., require great onre and 
circumspeotion, which are not compatible mith rnpid execution. Notwithstanding, tho required 
entries have becn cleducecl and made for some 40 stations, and are now under comparison. 

BeeiEes foregoing, n table hns been put in hand by which the adopted values of A 
(or ~rovisional n lace) may be checlted hereafter. 

,V.-E. Qrtndrtlnternl.-NortIt-Ed Lorrgil~trlirlnl Scrips, A s ~ n ~ r t  Vnlle!/ T~,iarrgtr?nlio~a, nnd 
Gn~ryrs  Hire. Tri(org111nt10ra bettccer~ U i r z q ~ t ~ ~ '  and C I L ~ L I ~ ~ I . .  

Trinnfilrs cnn~pnted ... ... ,,. ... 18 
Nnin Series ... ! 1,rduetions of Intitndr, longitude, and nzirnnth cornputcd ... 2~ 

( Weights of n~lalrs, romputcd ... ... ... 6 4  
Trinnglcs, ndjurtrd nrld computed ... ... ... 477 

... ... Trn~er~c of 57 trin~iglrs, computed and adjusted 1 
8scondai.y Dcductions of Intitudr, longltndc, and azimuth, computed or ... corrected ..# ... ... ... 660 

Extrn azimuths, computed .., ... ... 92 
Heights. corrected ... ... ... ... 325 

Volr~nic VII.-Various tables prepared for incorporation in the sections of this volume. 
Corrr~~rrtntiort.~ .for Colorre1 T N I I I I E I .  qf ?cork i18 alrd nvo~rnd Gilgit.-Computed 448 secondary 

triangles ; 310 deductions of latitudes, longitudes, and azimuths ; and 110 deduoticna of 
heights ; 15 deductions of azimuth and side from given latitude and longitude ; besides a 
variety of rniscellnneous work in the way of examining angle books, preparing abstraots and 
synopses. kc. (Occupied n pair of computers, 34 months.) 

d'o~nl)rrtntio,ts .for Colo~rcl B1,rc11~7ll, C'olo~rel Ciinrpbell, 1Unjor.n Ro.qr~,s rind Hill, in 
c o ~ ~ i ~ c c t i o n  sr.il/~ tlrc JIr~.gtt i  bosc line, and I~tiltrrlc nrrrl ueinritlh obnwt'n/io~rs, thc Enslovz 
Fr,ot,tier Srrics arrtl B t r r ~ ~ i o / ~  P u ~ , t y  opo.cilio~rs, n i ~ d  the clrcf~,o-teky~.(q)hic lo~lgl'trtrke sc.01~12.- 
The calculations, kc., are of so very miscellaneous a chnracter that i t  would be tedious to 
detail them. They oooupied a pair of computers five months in all. 

Irrcitlei~tnl co~rlptrtntiot~s.-Collneoted chiefly with supplying of data called for by 
various officers, including the cnlculntion of 65 deductions of side and azimuth from given 
latitude and longitude (for Major Holdioh), the oalculatiou of 26 deductions of prinoipal 
latitudes and longitudes for Mr. Beverley, ko., kc. (Occupied n pair of computers half - 
R month.) 

The amount of nssistnnce in compntntions and othermiso necessarily required by field 
parties was cousidernble : it is npprosimntcly indicated in foregoing. Notwithatnuding this 
help, vniious field cpcrntions unavoidably remain to be reduced, including the measured 
leugth of the Mergui bnse line. 

CLASS 3.-ACCOUNTS, Rerunns, COR~ES~OXDEXCE.  
As mentioned in last ye~r ' s  report, tho designation of thia clnss is more general than 

a eoial, to avoid undesirable incrense in the adopted number of classes. Briefly, a consider- 
%\lo portion of the work embraced in this olass is of n purely professional nature, presenting 
much variety in liind. 

CLASS 4.-SUPPLY. 

Requisitions from over thirty officers for data of various kinds hnvo been complied 
mith. Amongst the officers so supplied were Major Bailey, R.E., Superintaudent of 
Forest Surveys, and Mr. J. H. Fisher, in chnrge Provincial Gnzetteer, North-West Provinoes. 
1,136 despatches of runps, charts, booke, Bo. ,  were mnde during the year. 

CLASJ 5.-Pn~ss COPY. 

Sortther~rr Tr igo~r . -The compilntion of Descriptions of Stations (Principal) for puhli- 
(ration hne been gone on wit11 so fnr ns prnctionble. The nbstrnots of angles have been finally 
compare11 nnd now stand cnmplete. I n  the reduction of figures some further rocomputation 
was uecpsenry, nnd this ha8 been done. 

E/ri.t~.o-lot,gi:rrc/r, 01 .  Vulrt~~rr IX.-Cortain portione of tabulnr mntter Ilnve been 
transcribe~l n11d corul>arerl ; also the press copy us received hns heen examined gonerally. 

L o t i t o r l ~  V O ~ I ~ I ~ P ,  01.  V O / I , I I I , ~  X.-Major G .  Strahnu l>ropnrerl vnrious d r n ~ ~ i n g s  of 
Stmuge's Zenith Seutor, nnd Uoloncl Cnn~~,Lell wrote nn nccount describing the instrument 



and how to uee it. These were examined and discussed. Subae uently, the drawings were 

press a few Provisional Prints were struck off iu  this 0 5 0 0 .  

8 placed in the hands of the engravers (Surveyor-General's Offioe, nlcutta), and of the letter- 

N.-E. Qundrilnfonl, VoAlazes VIZ rotrl VIII.-Introduotions to seven of the eisteen 
series forming this ~uadr i la te ra l  were reported last year as pwsed to press : those to eight 
more have during the present year been completed, and oonsiderable progreea has boen made 
with the only remaining iutroduction (vk. to the Assam Longitudinal Series). The tables 
of non-circuit triangles and of the final figural adjustments have been fully compared. 
Vooabulary of native words prepared. Addendum to Descriptions of Prinoipal Stations 
compared for 1 0  serics. ltough draft prepared of section 19, volume VII, describing and 
comparing cortain differences in details of processes adopted in the reductions of the several 
quadrilaterals. Volume VII completed iu all respects, and sent on to binder. 

S!ptol)ticnl Volu~~tc of Assnm Lo~igitrtdinal Series.-Bzinluth table extended to include 
work of 1876-78 (wants recomparison) ; Co.ordinate list extended so as to iuo1ude~1a1.t of 
work of 1876-78 (wants oompletion and comparison). 

S?/nopticrtl Volitwe of the G~irtm~bi Series.-Extended Co-ordinate list to include Clangee 
River Triangulntiou betmeeu Mirzapur and Chunar. 

Enter11 Sind Srrirs.-Partly abst,mcted, and compared observed angles and rednotion 
of figures. Prepnred letter-press of Eastern Sind Sories, Preliminary Chart [seasons 1879-81) ; 
this needs ownoarison in anrt Prenared aud com~ared  letter-press of Sehwan Serio.q, Prelim- 
inary Chart (sinsou 1880:81). 

Ass to~~ Valley T~~ia~igtrhrtio~t.-Compiling letter-prese for Preliminary Chart of 8eR80n8 
1 R7A-SR 
A"." .". 

Bn~rokol; T,~in~rn~rlr~t io~r . -Pwarecl  and oomvared tabular portion of letter-press for 
prelimi&ry Cl~art .  " 

Sl)i~.~t-lct.rlzd Ptr~i~phlet No. 4, Sorrfhern I1irlin.-Examined generally nnd corrected 
orthography ; addendum prepared, giving aprbcis of the reduction by miuimum squares 
of the levels betmean Uombay, Karwnr, and Madras; and the oorrections requircd by this 
reductiou iutroduced into the press copy (wants comparison before publieation). 

Rotttc Book, 31-rl etlitio~,.-Examined the additions and oorroctions to former edition. 
iUi~~lsl:cl/n~icotts.-Arranged (alphabetically; a list of names for IvCussooree cemetery plan, 

aud checked i t  against the iuscriptions. 

CLASS ?.-CHARTS. 

Final ... ( Co~npnred Cnlcuttn Mcridionnl Scries nnd erldendnm to Gnrmani Serics. 
Corrections csnmiocd in Hurilaong Series. 

1 Compared Assam Trnlloy trinngulation, srnaon 1876-78. 
Prcliluinnry ... Ditto Eastern Siud Series, senson 1879-81. 

Ditto Schmnn Series, ,, 1880-81. 

Jfi.~rcNn~lcorts.-Assisted Colonel 13rnufill in  plotting Preliminary Charts of Emtern Sind 
Series (1579-81) and Sehman Series (1880-81). Examined generally diagrams for level 
sheet No. 82, and fair drawing to illustrnte Pamphlct of Spirit-levels No. 4, Southern India. 
Examined and corrected orthography i n  a list of names occurring in Atlas Reduction of 
sheet No. 2, Dohra Dlin 8WVey. Examined chwt of portion of the North-East Lougitudinal 
Serie~,  prepared fcr Captain Harmnn's uso. Examined delineation (on Preliminnry Chart of 
Pegu, Rangoon, nnd Const Series) of coast line along the Irrawaddy delta, and of the traverse 
from below Rangoon to connect the Krishna shoals with the triangulation. Compared 
two chwts, showing portions of the triaugulatiou in 13urma, prepared for the Marine 
Survey. Examined several diagrams for volume of Electro-Longitudinal Operations ; 
Skeleton Chnrt of Principal Chains of Triangles, and the frontispiece for volunle VII .  
Entered correct vnlnes of Spirit-leveled and Railway Heights on several sheets of tho Kattya. 
mnr Survey for second edition. Examined Plan of the Nussooree cemetery. Prepared rough 
morlriug-charts of Gauges ltiver Trim~gulntion from hlirzapur to Chunar, and of two miuor 
series emauating from tho Assam Valley Triangulation. 

CIA?; ~.STAT~ONS. 
The increased percentnge for this olass makes i t  desirable to give a few particulars as 

in the following table, indioating the amou~it  of work annunlly devolving on this ofice in  
cn i~ying  out the important duty of protecting o w  principal stations for the benefit of 
future surveys : the table also shows what has boen done in past years towards enabling the 
loon1 officers to recognize the stations in questiou :- 



Under exisfbng orders, District OBicers and Politioal Agente are authorized to expend for 
the proteotion of eaoh station a sum not exoeeding on an average Rs. 4 per annum ; any 
outlay in exoess of this amount oannot be inourred by them without special authority from 
this 0500. The officers are also required to report annually on the oondition of the stations, 
and as a rule this duty is dieoharged efficiently : on tho present occasion it will be seen that 
there are 54* exceptions, or about 17 per cent. 

Vokcmes of the Cf. T. Sto.vt.y.-Volume VII ,  pages examined, sorted, and despatohed to 
Caloutta for binding. Synoptioal Volumes VI I ,  X, XI, XLI, and XIII, distributed. 

Exa,nination papers.-Six sets prepared for examination of oandidates for Junior branoh 
of the Department, and the workings of four candidates examined. 

T h e  observations.-Forty-two sets of observations to the sun (on 14 days) for time 
taken, aud reduced in duplioate. 

Examined and reported on the Annud  Report (MS.) of the Kattywar Party for 
1880-81. 

Examined and reported on Mr. Rendell's aooount of the orossing of the line of spirit- 
levels over the Hooghly by simultaneous observations of Tide heights on both banks. 

Examined and reported on Major C. Strahan's form for the caloulation of Interpolated 
points. 

Reported on (and oorrected in some cases) heights on oertain 5-minute oompartments of 
India sent in by field parties. 

Examined and reported on (1) Crellin's Traverse tables; and (2) Mackesy's tables for the 
oa2culation of Barometrio heights. 

Devised and prepared speoimen forms for reduction of Southern Trigon. 
Cost table prepared for the several soales of survey on the Kashmir, the Kumaun, and 

Qarhwal, the Dehra Dlin, and the Jaunsar-Bawar Survey operations. 
Discussion of nssimilation of certain office forms for the three branohes of tho survey. 
Examined proposed symbols for maps. 
Deduoed Telegraphio longitudes of seven stations for oomparison with Qeodetio. 
Set up stage at  illussoaree Observatory for new large Anemometer, and mounted the 

instrument. 
illcrgui base li~~r.-The proparations for this base line, measured in 1881-82 under the 

supervision of Colonel Branfill, neoessnrily caused a considerable amouat of care and labour 
to this office in general. The nppsrnt~~s had not been wed for twelve years, so that the 
whole of the instruments required nt least oleaning aud ad,justing, while several needed 
repairs ; and other portions, as trestles, had mostly to be constructed anew for the occnsion. 
It was also necessary to revive recollections of the art, which, like others, does not improve 
with disuse ; nor were the difficulties diminished by tlle fact that tho old base line nnlwc! 
establisl~ment, if not  officer^, bad of course become very scarce. I n  addition to the arrange- 
ments above briefly inrlicntcd, provision was also made, by preparation of suitable books, 
for tlie field records of the mensurement. 

Cl..lss I 1.-~ETEOROLOOY A N D  GENERAL SC~ENCE.  

~ l r t e o ~ ~ o l o q ~ c ~ l  Obrr~ I o/~o~~~.-Tal;en at  Dehrn twice on every day of thr year, and at 
XIussoo~ee dmlng about seven months. The results for Dehrn have been supplied month by 
month to the hlcteorologic.tl Reporter to Goverument, North-Western Provinces and Oudh ; 
and dally wcather telegrams from Jlussooree (for some seven months), as well as the nnemo- 
grams for both Dchrn aud Mussoor~e, Ilnvc been supplied to the Meteorological Reporter to 
Uovernment of India The usual tahles of mouthly results and of the mean velocity of 
the winds at  Dehrn are appended. 

&71'lh to~~p~rnl~rrcv.-TI~ese ohservatione ore briefly iutrodnced in tho report for 1880-81, 
nnd fi~rtllcr pnrt~cnlnra as to procedure would be redundnnt or out of place here. The series, 
moreover, has ns yet been contillued for only one aud a half years, so that detailed disoussion 

NOTE.-01 thcsc there o r e  
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would be premature. It may, however, prove ueeful to give the monthly mean temper- 
atures obtained, and these are aocordingly exhibited in  the following table :- 

diean Nonthly Readings of Deep-sunk Earth Thermometers. 

June ... 
July ... 
August ... 
8eptcmber 
Ootobcr ... 
Norember 
December 

YPAU AND MOXTU. 

Jnnuury . . . . . . . . . . . .  
Fehmnw . . . . . . . . . . . .  ::: :::I 
March . . . . . . . . . . . . . . . . . .  
April . . . , . . . . . . . . . . . . . .  
May . . . . . . . . . . . . . . .  
J u n o  . . . . . . . . . . . . . . .  :::I 

Dept.lla in feat 01 thermometer hulbs below mrIsfe 01 grmnd. 

July . . . . . . . . . . . . . . . . . .  
At~e!~s t  . . . . . . . . . . . . . . . . . .  
Bepternber . . . . . . . . . . . .  
0ct"I~or . . . . . . . . . . . .  ::; :::I 
November . . . . . . . . . . . . . . . . . .  
December . . . . . . . . . . . . . . . . . .  

Thermometer 

9 I 12.8 I 6.4 / 0.9, [ 1.1 

'I ' _  
NoTE.-Tl8e second plncas of decimah nm purely nrithmeticnl outeomos. 

in 

Contrasting to the following extent the Dehra results for 1882 with the meana for 
Greenwich 1847-1873 :- 

1881. I I I I I 

So Fnr as it goos, the result is curious. I t  may be added that the two greater depths a t  
Dehra iudicate lower maximum temperatures in 1892 than in 1881. 

~rt i~tonlctr~.-The necessity for this work, and the eligibility of certnin localities in  Tndie 
as stations of observntion, are now 60 fully recognised, that t,he Secretary of Stnte, co-operatine 
with the Solar Physics Committee, South Rensiugton, has sent out Sergeant Itowland, R.E., 
in order that he may be instructed to take n series of observntions, extending over at  least two 
years, at Leh, in Kashmir. Sergeant Ron.l:~nd landed in In&a on 1st November 1892, so that 
i t  is nnticipating events to allude to him bcfore nest  report. The allusion, however, is necessary 
in order to explnili briefly my connection with aotinometry, nod that the Mete~ro lo~icn l  
Rrporter to Government, H. F. 13lnnford, Esq., F.R.S., has found it oonvenient to place the 
Sergcant under my orders here pending his departure to Leh. 

Some 16 years ago the Royal Society plnced oertain instruments suited for high altitude 
a t  my disposal, for use in my leisure hours, including two of Hodgkinson's actinometers. I 
oom~uenced using t,hese in 1860 a t  Mussooree, where the brilliant weather, especiallyin 
autumn, admits of excellent work. Subseque~~t observations with these instruments, and 
recently with a Stewart's notinometcr, \\.ere made from time to time and published in the 

NO. 126 or I R ~ O .  Proceedings of the Royal Society,* together with my discue- 
,, 2014 of IRPO. sions of the results and earnest representations that  the most .. 220 of 1862. important work of act,inometry should be vigorously prose. 

ciltcd. The work performed hy " a sunbeom," at  any rnto on this globe, from "propelling 
n locomo(ive" to goverl~ilig the comnlone~t erents of life, is of vital importance to us all ; 
and i t  is certainiy a matter for nstonishment that one of the most powerful of solm forces, 
radiation, should rernnin 80 littlo measured as it is. 

I n  consequence ol' these aclinometric o b s e ~ ~ n t i o n ~ ,  I have acquired familiarity with the 
work, which nt first mna nll done entirely in leisure houm; but  na the subject became more 
attmctive and apprecinted, it wns necessary to obtain some help fro111 my nssistnnte, and hence 
to shorn, as hna been done in the coet table, the percentage due to this, as well as to  kindred 
~cientifio duties in which Lhe office is called on to co-operato. My opportunities for 
using the actinomc.ter are nccessnrily limited to the Bne weather which may occur during m y  
residence at ~ n ~ s o o r c c  in summer. The work in still done largely in leisure hours, but the 
opportunitira me o111y row in number under the circumstances. The resolts, however, help to 
indicate what should and moy be done, aud are likely to prow useful guides. Apart from 
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this, the prooeoclings of the Royal society also show what faots hare been elioited, but their 
ropetition here would be out of plaoe. Tho aotinometer was used a few days last summer 
and ngain in autumn ; but I have had no leisure as yet to disouss the results. 

Softrr cclipsr, 1882, Ulny 16-17.-This happened a t  Mussooree to the considerable extent 
of about oight digits. I t  ocourred to me that with the help of a cou t i~uro~~s  nctinometrical 
series an attempt may be made to measure z'nrinlio~zs of radiation in different parts of the 
sun's surface. The project was oarried out, but the sky and sun mere oovered with light 
clouds throughout, so that the results are vitiated. Tho negatives taken with the photo. 
heliogrnph at Dehra present a oomplete and interesting series. 

E.rl)lol.(rtron.-Mter an absence frdm India of about three years, explorer M- S- returned 
with a valuable trnverse of various routes in and around Badnkhehan. H i s  journal and 
itinernry were arranged and translated in this offioe, and passed on for printing orders. 
Under the oircumstanccs, a desoription is unneoessary here. The sketch map illustrating these 
travels was taken from a more oomprehensive oompilation prepared by Colonel Tanner : the 
sketch was examined and made consistent with the translation on whioh it depended. 

TYPOGRAPHIC BRANCH, 

The usual table showing the work annually performed by this branoh during the pant 
five years is given below, the unit (a page of foolsoap) being the same throsghout :- 

Pages composed ... .,. 

... ,, printed ... ,.. 

An analysia of the pagee oomposed furnishes the following :- 
Pages. 

For Professionnl Volumes VIT and V I I I  ... ... ... 444 ... ,, I X  (Longitude Volh'Le) .,. 290 
,, .. ... ... I) X Latltudo ~rovisi&rJ) 24 ... .. ... soutkerd Trigon ,., ,.. 177 - 

Total ... 935 - 
For Volume of Kendnhar and Khakrez Triaogulation ... ... ... 12 
,, Auxiliary Tables ... ... ,,. ,.. ... 9 
,, Spirit-leveled Heights, No. 4, Southern India (since superseded for re- ... ... printing) ... ,.. .., a -  57 

charts, orders, memoranda, forms, &c. ... .,. ... .. .,, 210 - 
Total ... 948 - 

PHOTOZINCOORAPHIC BRANCH. 

The following are the partioulars of the work executed by the Photozincographing 
Branch during the year :- 

lu(ps. 
-- 

Prints of maps published in formerycars ... .., , a n  

Rcscrrcd forests, Bahraich ( f o r  Fores t  Department) ... ~ c t o b ' c ~ " '  
Guzcrnt Survcy, sheet NO. 6 ... ,,a .., - 1 8  9, ... fjketrh of Lower Dnanr l ' d e y  ,.. . . . . .  ... Ditto the Khnisor Poss Woziristqn ... t t  

Djtto tho Waziristan Defilc .., .,. ,.. I, 
Spint.levclcd hcight~, shcct NO. 75 ... ,.a ... Indcx to thc Dnrjceling Snrvey .,. .t 

Bcscmed forests, Klmnon and Garhwnl Division for  f i e a t  - ... ... I ~ r p f l r t n ~ c n t l  
~csc rv r r l  ~ n d ~ r o t c c t c d  forcsts, Kumoon and Garhwal ~ i v i s i i  

" 

... ... u o r  Foi.e61 J)cpfl~./rne?l/l  ... Novcml~cr ... Rcrcrrcd forcsts. British Burma ( for  F o r e s t  Departrent) Dcccmbcr 
Gnzcrat Snrvcy, sheet NO. 16 ... .., ... t p  ... Catch Survcy, sllcct No. 6 .., ,-. January ... I I , ~ C X  to the cut& survey .., , , .  ,, ... ... Index to tllc Lcrel Chnrts . a .  t~ 

K1,mnon ond Cnrhwol forest mop, shcct No. XLYIII UOI* Furrst 
D~11nrlnrrrtll  ... ,, ... Ditto dillo, No. XLl'II ( d i t t o  )  ,, 

Ditto ditto. No. LSVII  ( d i t t o  ) . .  ,, 
Dilto ditto, KO. X l I I  I d i t t o  ) ... ,, 
Ditto dilto, KO. LXIII  f d i t t o  ) ... j ,, 



... Index to the G~lzerat Survey ... ... ... ... The Russo.Persian Frouticr ... ... Dehra Dlin Cemetery 
Kumaon and Gnrhnal forest map, sheet go .  ~ ~ ~ 1 " i f o r  Fared  

Deparhnenl) ... , a ,  , a .  ... S irit-leveled h r i ~ h t s ,  sheet No. 82 ... ... 
&maonand  Garhwal forest map, aheet No. XLIV ( f o r  Forest 

Departmel~t)  ... 
Ditto ditto, No. L X I I  ( ditto ) ... 
Ditto ditto, No. LX ( ditto ) ... 
Ditto ditto, No. XI1  ( ditto ) ... 

Reserved forests. Bamuupokri ( for  Forest Department) ... 
Kumaon andGarhma1 forest map, sheet No. LX1 ( fur Forest ... Dcpai~tinent) 

Ditto ditto, No. LXVII ( ditto ) ... ... Cutch Survey, sheets Nos. 3, 4, 10, and 11 ... ... Ditto, sheet No. 1G ... ... ... Trans-frontier may No. 9, 2nd odilion ,.. ... ... ... Guzerat Survey, sheet No. 17 ... ... ... Cutch Surrey, ,, No. 13 .,. ... ... ... Ditto. ,, No. 14 ... Guzerat Snrvey, ,, No. 33 ... ... 
Ditto, ,, No. 33, section 1 .., .,. ... Ditto. ,, No. 34 ... 

Russian Turkcslan, ,, No. 9 ( f o r  ~ o r e i ~ ~ ~ f l r e j "  .a. 

Guzerat Survey, ,, No. 77 ... . . , .,. 
,. ... Ditto, No. 60, section 1 (Dung Foreria) 
,. ... Ditto, No. 49, .. 6 ( ditto ) 

Ditto, .. No. 49, .. 8 ( dit to  ) ... ... ... Ditlo ,, NO. 3.1, ,, 1 
Kohat Survey, plane-table, sections Nos, 1, 2, 3, 4, 6, 6, and two ... unnumbered soetions ... 
Man of Mussooree nnd Landour (for North- wes t e rn  Provtnces ... d a z e t t e e r )  ... . . , 
Alexandria Hnrbour, plnn of ... ... 
Northern Waziristan ,.. ... 
Bouthern ditto ... ... 
Turkistan map, sheet No. 1 (provisional pr~nts)  

Ditto, ,, No. 3 ( ditto ) 
D~t to ,  ,, No. J ( ditto ) 

Gnzerat Survey, sheet No. 33. section 3 
Muasooree Ccmetory ... .., 

January 

February 

March 

, 
~ p ' h  

Juno 

3) 

July  

August 

September 

I n  addition to the foregoing, 460 blue printa and 726 eilver prints (146 subjects) were 
prepared for tho use of exeoutive officers :- 

Charts. 

Sueracr. Numbor or 

printed. 

Budhon Meridional Serien, final ... ... ... 
Chart illustrating trinngulntion in Kattywar, degree No. I X  
Kumnon and Gnrhmal forest triangulation, shoot No. I11 i0.1: ... Forest Drpartinent) ... ... ... 
Tho Nalnbnr Miuor Series, season 1879.80 ,.. ... 
Karnrn nlcrirlionnl Bcries. final ... ... Reduction Chnrt of the Budhon Meridion2 Scries, f i h l  
Eastern Frnnticr Series, scason 1890-81, preliminary ... ... Hurilnong hlcridional Sories, Goal ... ,., 
Cnlcattn Ncridiounl Series, fino1 ... .., .,. 
Chendnnr Metidionnl Series, Gnnl .,. ... ... 
Eastern Siud Scriea, scnson 1879-Lll, preliminnry ... .,. 
Enstrrn Frontier Serirs, aecoudory triangulation to Bnngkok, 

srnson 1R79.80, )reliminnry .., ... ... 
Wcstrrn conat oi Burnin, shect NO. 1 flog. 3 t w i n o  Survry) ,.. 

Dilto ditto, No. 2 ( dit to  ) ... ... Northcrn Afghnnistnn ... .,, ... 
6rhm,nn hliuor Srries, senson 1880-81, preliminary ... ... 
Burmoh Trinngulation, Pcgo, Rangoon, and Coast, showing also 

tho trovorso to the Krivhnn Shosls, ecnsons 1578-80, prclim- 
innry 

, a .  ... Redoclion Chsrt of'yho ~odhp; Meridiodal Series, final 

Totnl ... 

October 1881 

January 1882 
February ,, 
,March ,, 

August ,, 

September ,, 



................ - -. - -- 

An abstraot of the work exeouted during the past five years stande thus- 

SrnJscr. 

-- 

The total number of negatives taken is 885, the number of ohromo-carbon prints 1,089, 
aud the number of transfers to zino 189. 

Coutrasting the work performed since 1877-78, we have- 

YBAB. I U a r  ( B 1 t m  prints I%lvwr / CI~mds. I Di~tmtrns. I Fan a,.. 

The money aotuallp realized and oredited to Government from sales of maps, &c., duriug 
the year is R s .  743-10 10. 

Wllrn publislsd. 

... 1877-'is ... ... ... 1878-79 ... ... 

... 1879.80 ... ... ... 1880-Hl ... ... 

... 1881.82 ... ... 

-. - - - 

Nonnm o a  Pnrnrn. 

SIID1BCT. 1 8 77-70, 1 Inn- 7L 1 I I h  1 I* 0.0.. 1 I*.0/ .  

DRAWING BRANCH. 

The following tables exhibit the work performed in this branoh :- 
-- - -- - - - - -- - 

Nosnaa oa Snnms 
IIBICRIPTIOII OP WORK. MA.... 

-- 
Namhot.nf 

mpics 
prinlpd. 

426 
353 

1,021 
52 
726 

... Jlnpa. cbnrts, diagrams ... ... ... ... Blue prints ... ... 

... ... ... Silver prints ... ... Forms. &c. ... ... .., 

Ilralrmnputra Series ... ... ... 
~ a s t  ~ 'a lcu t ta  Lnnfitudinnl Series ... 
Eastern Frontier Series ... ... ... For reduction by 

C n I r ~ ~ t t n  hlrridionnl Series ... ... ... ...... pliotozinco- 
C;nnacr Hivcr Triangulation, for incorporation ... C411ranni Spries ... ... .... 

620 
018 
909 

1.062 
298 
25 
857 
5 10 

4.789 
24,987 

October 1881 
Jnnunry 18R2 
Febronry ,, 

Pol ~ o n s  and other figurea to  illustrnle firurn1 reductions for 
o r t h e  Great Trigonometrical Surrey,  bench-marks, &c. 

1 August #, 

12,481 
20.229 
15,100 
15,669 
13,471 

Prr1imi1rar.y h'umerical Charta. 

[ 

Total ... ... ... Professional nnd office forms ... ... 

195 
1,394 
688 
414 
460 

21,889 
195 
426 

23,736 

A ~ s o r n  Vnllry Triangoletion, aessona 187678 ... 2@ 1 ...... ... Hnatern Sind Serie~,sensons 1879-81 ... l* ...... 
8elraen Minor Series, season 1880-81 ... ... 1 ...... 
oilyit  Trinnculntion ... ... ... ... 1 ..... 
Dnrma Coast Line Triangulation, seoondnry, aensons 
1878-80 ... ... ... ... 1 ...... 

S e p t ~ m b e r  ,, 

...... 

....,. 

23.736 
20,070 
17,909 
19.608 
24.987 

4,531 
2.642 
3,821 
1,8H6 
3,486 

For botoeinco- 
gmpYhy. 

For offico record. 

4.H77 
2.603 
2,271 
3,367 
4.789 

26.474 
1,394 
363 

20,070 

For botoeinco. 
Y 

- ................. ...--___-- _ 
The Ictlor.plrul uppertaining to t l l w  cllnrts is no1 yct complcle. 

21,192 
58R 

1.021 
17,909 

20,912 
414 

62 
19,GOH 

21,746 
460 
716 

24,987 



N U S I A R R  OP ~ ~ R I B  

DRSCnlPI1ON OP WOBK. 

. . . .  
~-PA- 

Cornpilotion. I I I 
Charts of the Western Coast of Burrm, with hills (for 1 1 1 I I ~- ~ 

Marine Surve)y ... ... ... J ' ' " I  : I :I:::: 1 32 l\Por photozinco. Turkishn map, ~lleets NOS. 1. 2, 3, and4 16th edition) ... 
Spirit-leveled height charts, sheets Nos. 67, 81, 83, aud grapl~y. 

88 ... ... ... ... 
Map of Jaunsar Bnwar. with hills ... 
Atlas reductions of sheets 2 and 3, Det ra  Dlin and 

... Simalik Survey ... ~.. 
... I 

&Cap of Astor nnd Gilgit with surrounding country ... ...... 

1 ( A ~ I ~ ~  male 1 pur incorporation 
I i n  atlas sheet 

The Aglnr Vlrlloy, portion of country betnccn Landour 
... and Nngtibn rauges ... 

Trans-froutier map No. 9 (2nd :;tion) ... ... 
Trans-frontier ]nap No. 9 (3rd editiou) ... ... 

NO. 48. 
J For hotosine~- 

r For reduction by 

corporntion m 

L -" 
Map of country on North-Western Frontier .... For correction of I 1 adas  sheet No. 

Sketch mnp illustrotin the csplorations of ill- S- 
... and arouud ~ a d a k b s f a n ,  1878-81 

Mn s of parts of Arabia and Persia for the Resideut in I 
t i e  ~ e r s i a n  G U I ~  ... ... ... ... I ...... 

Map of the Panjnll (Upper Oxns) States and Dardislan 
Routcs for nem addition oE pamphlet to accompany 

Himalayan Route map ... ... 
Skeleton chart of principal chains of trinnples west of 

meridian of 92' (for pmfessior~al volume VII )  ... 

Skeleton chart of principal chains of triangles oe com- 
pleted up to May 1682 ; also the proposed secondary 
trinn~ulotion in Uppcr Burma and in the nlalaynn 
Peninsula (for Surveyor-General's Annual Report to ... Government) ... ... 

1 

. . . . . . . . .  

1 

Map No. 4, Sonthern India, illustrating spirit-leveling 
... opcrntions of Q. T. Survey, season IdSO-81 

Chart of tho principal chains of triangles included 
in the N.-E. Quadrilateral (for professiounl vols. T I 1  
and PIII) 

Charts of the  N.-E'.'~ongitudinol Series (Eor Copt& ... Harman, B.E.) ... ,.. ... 

... mlr (for various officers) ... ... 
Examined end corrected the folloainq I- ~ltlas reduc- 

tions, Guzcrat Survey, sheets Nos. 6. 6. 7, A. 14. 
15, 16, 23, 26, 27, 28, 29, 31, 78, 70, and 80 ; Kalti. 
war Survey, sheets Nos. 39, 40, 41, 49, 50, 52, 6.1, b ~ ,  
66, 66, 67, b8, 69, 60, and 61 ; Cutch Surrey, sheets 
Nos. 3, 4, 6 ,  10, 11. 12, 13, 14, 15, 16,nnd 22 

Exanlined and reported on, corrected nnd pnrse'd 
for tho press, 16 original mnps of topographical 
eurvey8, excluding thc above shrets ... 

Examined 294proofsof maps and charts; colbered 8.749 

1 

1 

8 

Tnbulatcd mean lieigl~ts above sen-level of 6-minnte 
compartmcnts in 64 de rees of latitude and longitude 

Calculated the arras of Cbamba State. Dchra Ditn 
distriot, and the domi~~ious of the Yaharnia of Hash- 

~ ~ l ~ ~ ~ t e ~ ~ r .  W. 6iiffitli's heiyits in Afihanistm 
...  he Snrvcyor-General) ... 

l ' lo t rd  cxplorer M- S -'s route surrey in and 
Badakhshan ... -. ... ... 

Drew dingrnrns of eenith sector ... . .  / :::I:: 
Drew onemo ram form (fur recordieg velocity and 

direction o!wind) ... ... ... 1 ...... 

...... 

For reduolion by 
p h o t o z i n c o -  
PP~Y. 

For office record. 

For reduction by 
p h o t o r ~ n c o -  
Rrnphy. 

For photozincu. 
v a p h y .  

For reduction by 
p h o t o z i n c u -  
grapliy. 

Ditto ditto. 

For reduction by 
pliotozincography. 
For use of Geld 

party. 

For engraver. 

1 For ~ h o t o a i n e a  
I 

~ - 

Drew actinomctcr observation curves ... grephj.  
Prepared a t r n r i n ~  of level heights aloug Chenab risi:; 

... iu Gujrauwalndi~trict  ... . . . I  ...... ...... ...... 
~ - 

.- - .-- 
p 2 





COIIRESPONDERCE AXD STORES. 

The year's oorrespondence is represented by 2,244 letters and offioe memoranda. 01 
iuatruments, &c., received and despatched, there mere- 

... ... ... Instruments, despatched .,, ,. 464 

... ... ... Ditto received ... .,. 399 

... ... ... Stores, articles received ... ,.. 416 

... ... Ditto despntched ... .,. 609 

presenting a total of 246 parcels and paoltagcs reoeived and of 93 peokagee issued. The  
rincipd ocoasions of issue and receipt occurred in connection with the m e a s u r c ~ e n t  of the 

&ergui base line. 

SOLAR PEIOTOGBAPHY. 

Mr. L. H. Clarke, Surveyor, 2nd grade, has continued to work as h l a r  Photographer, 
with Mr. C. I?. Guthrie as his assistant. The working fnots for the year are given in  the 
subjoined table :- 

This tnblc shows thnt during the period of 3G5 days the 8lln mas photographed on 
328 days ; that 903 negntives more taken, of which only three exhibited faoulre alone, while 
tho others (900) showed both spots and faculre. 

It will also be seen that 257 r n s  mere taken. Theso runs are quite useless for this 
particular iustrument a3 i t  stands. A run is intended to exhibit the ncouracy of instrumental 
adjusting, nod the exhibit is true only if 910 telescopio shift iu deolination occurs in the 
instrument betmeen tnkiug the two imnges. But  the declination clamp of this instrument 
is faulty in design and monk in construction; nor can i t  be remedied without n break 
of some days in the series of negatives, for whioh there really is no justifioation. Thus 
the pcrnicious shift oocurs when least expected, nud the runs then show instrumental 
errors which in ronlity do not exist. I n  fact the adjustments are always maintained in 
perEeot order. This I never omit to state in my meekly extraots from the diary sent to the 
Solar Physics Committee. It follows from what has been said that the runs are even 
worse tlinn usrlcss, for they may mislead, unless tbe caution in the diary be attended to. 
I have no doubt tlint tho runs, ns tlle inlitrument stands, should be discontinued, and I have 
urged this more thnn once without eliciting any rcply from Mr. Lockyer, a&at the runs 
coutinue to be tskon. The iustrnnlcntal ad.justments aro examined daily. 

The following percentnges relate to daily visibility of the sun and prewnoe of featuroe, 
i e, spots nud faculm :- 

187;-78 ... ... 
1879-:!l ... . . .  
i s i i ~  no .., ... 
1HHO.81 .. .. 
1881-92 ... ... 

9 days (obtained fro111 273 dnj-s) ... 
11 89 ,, ... 
1.L 283 ,, ... 
1G 365 ,, ... 
10 3 , ... 

30 dogs (obtaiucd from 218~or l i in~  dugs). 
28 73 ,, 
82 232 ,, 
96 807 ,, 

100 328 ,, 



Contrasting the perccr~lnges of number of days of illvisibility above given with those 
furnisl~ed by the  astronomer Royal's annual reports, wo have- 
-- - - -- - 

I I 
- 

TEAR. I ~t DBLYI, y c ~ r  eudillp 90111 ~ c t o l ~ e r .  ( A t  Greenwirll, ymnr ending nl8tg. 

So that  on an averago, from above, for one day of invisibility a t  Dehrn about four occur 
npparently a t  erebnmioh. I n  view of the gape thus caused in the Greenwich series, the 
Astrouomer Royal, in his report dated 20th May 1882, remarlis :-Ig As regards solar photo- 
graphy, the value of our results would be very greatly incrensed if the gaps in the Oreeuwich 
series were filled up by the help of the photographs takeu in  India and elsewhere under the 
auspices of the Solar Physics Committee, so that  the  areas and positious of sun spots and 
faculre sbould be given for every dny." 

The photographs a t  L)ehra are, arid have always been, taken on every day of the year, 
i~r(.itrtIi~t!/ thr~rtln!/a, when che suu is visible : a t  Greenwich uo uegatives apparently were takeu 
on d i~udays  uutil the begiuuiug of September 1881. 

Solar activity, as indicated by the preseuce of spots and facula, has been enormous 
during tlle ye.ir uuder report. No attempt is made here to find the positions and magni- 
tudes of these features, as i t i s  intended that  this work should be done iu Eugland, so that 
weekly batches of my uegatlves are sent home for the purpose by the mnil; and as now that 
the Debra negatives I re  to be placed (na I am recently iuformed) at the Astronomer Royal's 
dispvsal, ea r l j  1)ublication with his own results may be expected. 

A rcrre exbibit of sun spots occurred in 1882-April 13 to 26-the Uehra negatives 
uf wl~iuh were fortunately obtained complete without n Ibreali. I f ,  to distir~guisll between 
t l ~ e  two hn1j.e~ of the sun, we deuote the visible half by ocr~.th,titcr and ctdl the other half 
~t,cr~.,~r.:tircr, I t11inl; i t  will be found that the majority of spots, not iusiguificant, burst out 
(Or occur) on the latter fuce, so that their first appearnuce to us is on the sun's edge. Now 
whether earth-face or reverse-face spots are most potent in produoing terrestrial effects can 
hardly be inferred from magnitudes alone, whioh may pos~ibly continue to be visibly great 
for a time after the force which caused them has passed its maximum. Anyhow, a distinc- 
tion between the two kiuds of spots appears desirable. I therefore notice of the ontburst 
or exhibit in  question that, regarding them as three groups, numbered from enst to west, No. 1 
was a reverse. face group, ancl somewhat the largest ; No. 2 was insignificaut as a reverse- 
face group, but  alter considerable progress across (with) the earth-face it burst out, 
aud grew prodigiously, until i t  almost rivalled No. 1, besides that a relative clisplncemeut 
l l ~ ~ ~ > p e n e d  al~pnrently between the two : the bchaviour of No. 3 wns son!ewhat sirnilnr to that 
of No. 2, but on a vastly smaller scale. 'l'hus Nos. 1 and 2 present very remnskable grcllllts 
of the two kinds of spots incllcated, the former being a reverse-fnce and the latter esseutinlly 
all eavth-lnce group ; nnd this r u e  combination suggests enquiry ns to relntiotr in time 
hetweel~ these spots nnd (nt lenst) the magnetic disturb~~ncea which nre kuown to have occtll~r(1 
iu  their presence. 111 ndditior~ tn the nrgntives taken, 879 silver priuts were nliirle trcm 
them. 'Zlie negatives a ~ l d  lirints have bee11 regulwly despatched weekly to the Indin Office. 

'1he secouclnry mnguificr for the old photo-l~eliogrn~~h, for enlargiug the sun's image 
fr(t"l  4 to 8 iuches, \rrns received clnring last Nonsoollrr, when the mentller mas too unsettled 
to arlmit of substituting the nevi fur the old tube without grent risk of break in cclntinr~ity of 
srrie.s. 'I'his substitution wnd effected later on, ancl 8-inch negatives taken until the 18th 
L ~ ~ ~ ~ ~ b c r  1H,\:', when, I~owevcr, in nccorda~lce with n letter from (3enel.1~1 Strnchey to the 
~ ~ ~ ~ v ~ ~ ~ ~ - ( j e t i e r d ,  revvrsinn to 4-inch ~ ~ r p ~ t i v e s  (with the old instru~nent) was effected. 
Srg,.nti\-rs of the Intler size n1.t- i1111.11dcd lor the Astronomer Hoynl. 

T l ~ r  llew large, photo-hrliograph for 12-iuoh negr~tives came to hnud snfely iu the end of 
Inst .July, when it mns set up for the purpose of nscertsining its c l i ~ ~ ~ ~ : ~ ~ s i o ~ i n  rxnctly, in view 
of  cc8nstructing n suilnhle b u i l d i ~ ~ g  nncl ~ l o ~ c  for its r~!ccpt~on. This necensnry ollservntory i s  
now beillg pushed on with tho r~tluost rigour, mld will, I hope, SIIOII be iir~isl~ed. I much 
rr,gret that its completicln should llnve be011 delayr:d by circu~uslnucrs berond my control. 

TIlr suushine recorder cc,ntinnes to nct etficieutly ; too much so fvr evidence of opport~l- 
" i~ies rnhen sun photogrnphs may be tnkm, for tho recordcr ulay declare tlie suu tc~ Lc present 
wt leu  lor purposes of pho~opra~lhy he is prnctically invisible. 





m a n  Velocity i,a Miles of the WitlrZ. s tul~iclr bleio at Dehrn Dlirr rlurijrg the troelce traoriths of 
1881-92. for ench Horw of the D a y  . 

CIVIL HovRs . 

0 to 1 . . . . . . . . . . , a  
I .  . ¶ . . . . . . . . . . . .  
a . .  s . . . . . . . . . . . .  
I ) . .  4 . . , . . . . . . . . .  
4 . .  6 . . . . . . . . . . . .  
6 . .  6 . . . . . . . . . . . .  
8 .  . I . . . . . . . . . . . . .  
7 . .  8 . . . . . . . . . . . . .  
8 . .  9 . . . . .  
9 . .  10 . . . . . . . . . . . .  

1 0 . . 1 1  . . . . . . . . . . . .  
3 1 . .  11 . . . . . . . . . . . .  
1 2 . . 1 8  . . . . . . . . . . . .  
1 8 . . 1 4  . . . . . . . . . . . .  
1 4 . . 1 6  . . . . . . . . . . . .  

. . . . . . . . . . . .  ~ b . .  10 

. . . . . . . . . . . .  1 0 . .  17 
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Circular No. 409. 

Eztrae l  f rom the P7oc1.edingd of the (:oi~crniaest o f  India, ill tBe R e t i ~ n u e  and  Agricullural  
Depur l~nea t  (S~rrvya),-dulcrl S i ~ n l a ,  1st June 1683. 

READ the General Report on t l ~ c  Opcmtions of the Survey of India  during the  
year 1881-82, submitted \rith the letter from thc Ofliciatiug Surveyor 
General of India, No. 108.4 of the l i t h  April 1883. 

R E S O L U T I O N .  

F o r , ~ o w r ~ a  the ordcr obscrvetl in  rrports of previous years, thc  first c l~ap tc r  
of [lie Report deals with the  triangul:~tio~i worli of t h e  ycar. 'I'he chaiu of 
principc~l triangles, known as the  Eastern Frontier series, n-lrich i n  previous 
years llad bccn cnrricd from Assnm t l i rougl~ Arnlian and British Burma into 
Tcnasserim, mas complctcd : t l ~ a s  was bronglit to  a close the  principal triangn- 
lation oE all  India on the  liucs Inorlied out i n  1830 by  Colonel Everest. 
Opportl~nit,y is taken oE this fact 1)y the S u ~ r c ~ o r  General to give a n  
iliterestilig history of tlie undcrtalcing, from its inception almost si~lglc- 
handed I)y Major Lambton i n  t h c  first year of thc  century. Thc maps 
accompanging this scction well illustrate the  principles on n7lric.h this great 
morlt I ~ a s  been built  up. As rrgards tlie secontlary triangulation still to be 
done, thc Gurve!.or Gellcrnl reports that  a great cl(,nl is reqr~ircd on  t h e  coast 
lincs to  furnish fixed points for tlic mnriilc snrveys, and in localitics i n  t h e  
interior a t  a distance from tllc nearest principnl cliai~ls, mlrerc data may be  
rcq~lirerl for topogrnl)liical purposes. It is also ~vantvtl outside t h e  limits of 
Intlin propcr on the  Nortlr-East,crii Frontier to  furnish a basis for the  geography 
of U p l ~ e r  Uurma, and southwards in the direction of Singnporc*. 

2. Tllc next cllnptcr dcals with topogmphy. Tliirtccn topoqraphical 
pnrtics ilal-e carried on their regular work in contiuuation of that  of last year, 
and chicfly in  t , l~e  snmc pro\-inccs. T l ~ e  pnrtics were tlrus distributed :-tliree i n  
ll:~jput,ana ant1 Central Intlia, four i n  the Bon11)ny Prcsitlcnry, mld thc rcmain- 
irlg six i n  Assnm, RI~sore,  ICol~nt,, Ueluchi-tan, AIccrut, antl on the Hoogl~ly 
river. l ~ o l l o \ \ ~ i ~ ~ g  t h c  nl~ove ordcr, t l ~ c  nforlr of cnch p:~rty map be 1)riefly not,iced. 
T11e party eml,lo)-cd in  Rt~jputnna worked for tlie most pnrt in the J o d l r ~ ~ o r e  State  
ant1 completed a n  nrcnof 6,611 square miles. I t  has nonr been transferred to  British 
U:lrma,, ant1 tllc pnrt of country rctnaining to 1)c surveyed lias bet.11 made orc r  to 
the  G\vnlior ant1 Ct:ntr:ll Illdin Survey pn.rty for co~npletion. 'l'hiu latter party 
survcyetl tlr~ring tlie ycnr thc  three Rnjput Stntvs oE Alarnrar (.Todhporc), Meymar 
(Oodeypore), ant1 Sirolii, embracing a n  arcn of 2,-l.40 sqll:lrc miles, of nllich 460 
equnre m.lcs arc dcscril~cd as hcing " about ns dificult and int1,icntc as coultl well 
1)c found." The ~ o r l i  of t l ~ e  Rhopnl and h,fnln,a party fell c11icfl.v i n  the  terri- 
toriesof Bans~varm, Oodcyl)ore, l 'cr ta l~garl~,  antl l)mlgarpur, most of n h i c l ~  is said 
to bc very hilly, wild, nntl iiltricatc couutry. I n  adilition to tho standnrcl scalo 
of topogrnl)liy, two cil ies-Uansn~arm and Jaora-lrcrc surrryed on the scale of 
6 inches = L mile; t . 1 ~  total area survryed a t n o ~ ~ ~ i t e d  to ahout 1,096 square 
miles. The grcntcr part of tllc pnrty lias now bccn tmnifcrrcd to  Alirzapur t o  
colnplrtc the tol~ogml)lry of that  district \\.lrich is I-cquire:l i n  councrtion with 
t , l~o cndast,rnl survey operations now in progrcss tht:rc, and t.l+ coml)letion of the  
survey of hlnl\\-a Llas I)cen assignctl to tllc Kl~nntlcsh pnriy. 

:<. T l ~ c  four Bol~r l~ :~y  pnrt.irs wt,rc rcspcct.ivcly c~nployctl in  Guzcrat, 
I< l~n~~dcs l i ,  Crlt.cI~, ant1 t,llt? So~ltlrcrn Collcctoratcs of l l ~ c  Docci~u. In  Guzerat 
four tlcscriptious or work wcrc cnrricd on :- 

(i) 'I'ho ordinary topogr:~pliicnl survey of Natirc States, cxecuted on t h e  
2-inch sc:rlc and publislied on t l ~ c  1-iucli scale. 

(ii) T l ~ c  pi-c-pnr:rt ion of a srrics of map3 on tllc 2-inch scale, comprising 
lZri(is11 t,t,rritory ill detail, ant1 foreign territory in slicleton ; and 
for 1.11~ I'oriucr utilizing the innps of  tlle 13onlbay revenue and 
sct t l rmc~lt  survcjs as far  as practicable. 

(iii) Tllc 4-inch scalc of the Da11g Forests. 



(iv) The survcy of the city, cantonment and environs of Surat on tho 
Id-inch scale. 

This party has d l  le very g-nl w3rlc duriny thz ymr, an1 h33 now 1)rl)uoht 
? the total surveyed ares of the distri a t  up to nb )ot 15,(j9S square miles, leaving 

about 14,850 squzrc miles (or about h11E tll: tlistricl) yzt to bo complcted. 
The ICl~andesh p lrty surv$.yc 1 all arc L of 1,65 h squ lrc rnilcs out of the 2,650 
square miles which rcrn~illed for coml)lptlon a t  the closc oE the prcvims year, 
thus leaving only nnotllcr seaso.1'~ work for t l ~ c  party. Tllr arc1 surveyed by 
the Dzccsn party includes a portion (130 square mi1t.s) of the Nizam's Domi- 
nions. This portion hill to b? surveyetl, ns thcro are no rn'lps of t,l~c tract forth- 
ooming in the records oE tllc l I y ~ l e r ~ b - ~ d  sul.vcy. The Cutch survey was con- 
ducted in  a similar lnanncr to that of last ycar. 

4. Of the other s i r  topogmpllical parties, the Aqsnm onc mas employed 
in surveying the lower spurs of the Tipperall Hills rullning nortl~wards past 
the British boundiry into the plains of Syll~ct, as 1vcl1 as tllc group of low hills 
which lie betn-em Prnclrnganj and the Manu River. Tlicse tracts are now 
becoming vcry valnnblc, as tllcy are b,:iug taken up ant1 opened for tcs  cultiva- 
tion. I n  Mysore the pnrt>y completed an area of 4,226 square ~nilcs on thc scnlo 
of 1 inch to  1 ~nile. T l ~ e  Kohat party surveyed some vcry intricntc ground 
lying in the uppcr valleys of tlrc IColrat and Tcri rivcrs, and also tllc Surdng and 
Lawaghur Hills wit11 the low lying pIains a t  t h i r  Soot on tllc wcst of the 
Bannu District; and the Beluclristan party did a ftlir alnount of work, chiefly 
in the country lying between Quetta and Khclat. 

Tlio c11icF work O F  thc North-Western Provinces party mas to survcy the 
Meerut and Uulnn:lslishr Diltricts ou th,: 2-inch scale. 'l'lie rivcrnin tract along 
the Ganges and thc J i~rnnn in ~ u l a n d s h a l ~ r  was, I~oarcver, survc,yc[l on the 
larger scale of 4 incllcs =1 mile. The survcy of the 11 ~ogllly llivcr, ~vitll z strip 
on each bank varying from a qunrtcr of z mile to onc mile anrl lip\\-nrds, was 
commenced during t,l~e yew. A reliable survey of the river Irns lo~rg bccn ~ ~ s n t -  
ed, and i t  is now bcing cnrricd on pcrri pnsstc with a survey of tlic I ~ r d  of the 
river now in progrcss u~ldcr  thc ordcrd of t,lle l'ort Commissioners. T l ~ c  survey 
is to be conducted on two scnlcs. From Kanchrupam, a st ;~tion on thc Enstcrn 
Bengal Rliln-ay, down to Atelripore it is to l)c on the scale of 1 G  incllc~ to the 
mile, aud from Atellipore to the sca on tllc G-inch sccllc. 

6. Thc Governm-nt of Inclia notice3 wit11 satisfaction t h l t  thc triangulation 
has in each case bccn kcpt well in advance of the topogmphicnl n-ork. 

6. Therc mere two ~~zrc~cznrun~~ or village survey p.~rties eml)loyed during 
the year undcr rcriem-onc in the Punjnb and thc o t l~cr  ill Bombay. The 
Punjab party mas cngngcd on thc  4-inch scale of- 

(a )  Parganl L?i:~h, in D-rs I.;mzil Khan.  

( b )  P a r g ~ n a  Sinanmnn ('Cllal portion) in &IuzzEargarli. 

(c )  Kzla Chitta Pahar, in Rzwalpindi (for the use of th:: Porcst Depart. 
mcnt,). 

The tots1 area surveycd ma3 1,SGL squaro rnilcs. 

Thc Bornhay pnrt.y was cnqajied in t,hc l'linna (Konlinn) District. Tlrr larger 
ecalo O F  4 inclles = 1. mile mas adoptcd inste:~d oE t l ~ c  2-iuclr scale, in accor~li~nce 
+th a lettcr from t,lw IIomo Depnrtmcnt,, No. 830P., dntctl tlic 20t11 Septcml~cr 
1831, on tlro groun(1 t , l~at  maps on tlrc lcsser scalc nrc insulfic~icnt, for t.he 
administration of t l ~ c  forest,s wl~ic:ll cover large t,r,zct,s in tllc Tlrnnn District. 
I t  wag, l lo~~c\rcr ,  ngl.ccd that the li'orrst Dcl)nrtmcut of Uoml)ny sl~onltl be 
&argcd wit11 tlre additional cost of thc more cxpensivc survey on t l ~ c  larger 
ecale. 

7 .  C.ltln~tml or ficltl S I I ~ V C Y S  wcrc C O I ~ ~ I I C ~ C ~  1)y six pnrt,ics-two in tho 
Nortll-IOcsterli l'~.ovinccs, tllrcc in Britisll Burma., aud one in Sylllct. 

The Mirxaprlr party s u r ~ r g c d  750 sqllnrc mile3 on t l ~ o  scalc of 16  incllrs 
to the mile. Ib'ith n vicw to cffcct a largc reduction in t,lto uslral cost of pro- 
paring the record of rights, the experiment of allon-iug the surtrcyors to write 



t ~ p  tlie Ichnsrn ( i . e . ,  thc rctrrrn in \vllic:l~ tlro pnrticulnrs a1)olrt each field are 
entrri:d) a t  tho tinlc of 1,lle srrrvc>y ol' tlrc ft!!tls, \\-as ~ l n d ~ , r t : ~ l i c ~ n  11y Colonc*l 
Alitlcrson a t  the  rcql~cst  of t l ~ c  1jo:rrtl of Itc,vcnno. T l ~ e  ~ ~ c s u l t s  ol t , l~c cxpeli- 
ment, so far as it  has zonc, is 1)clic:vcd to 1)c Ili;l~ly sntisf:rc:tory. '1 l ~ e  second 
Nortll-\Testern Prnvinct!~ pnrt,g colnl1lc~12tl t l ~ c  Ghazipur Districl, and con- 
tinued work i n  Billin during the season. 

8. The t l ~ r e c  Burma p:~rlics Trcrc clnplogrvl r,~sl>ertivt~ly in  TInntl~an~atlrlp, 
Bassrin, audTl~nrra~rndt ly.  Tllc o11t111rn oE \\,orl< i l l  lliis 1'rorinc:c l ~ a s  I ~ r c n  very 
satisfactory, tllc total area slrrrryod bcinq 3,513 sil11,11~c milcs. T l ~ c  Govern- 
ment of Indin rcxrcbts to observe tlrc ~ri~I'avournl)lt: opiliio11 csprcssc-(1 as to tile 
merits of Burman sur rcyo~~s .  'l'l1ou~11 I l ~ c i r  \ ~ o r I i  i.; qoo:l in  tirlnlity, tllcg are  
said to be very i l ~ r c r i o ~  to t l ~ c  1Ii11rlnst:ini surrc.!-ol.s ill r.~pielity of c~secution, 
and to work in 'a I~nlf-hearted \ray \ \ .I  tll a sole cyc to c u i p l o ~ r n c ~ ~ t  i n  some 
otlrer Depnrtme~lt.  

9. I u  Assam n small p:trtp, sl,c-i:~ll,v orgnniscd, 11n.s l ~ c m  enr:ngt%il on the  
cadastral sarvtby of sc:lrctcd rill:~yvs in  tlirc,? p:rrts of tllc: Sy l l~c t  .L)i>trict, to  
test tlle accuracy of tllc ~trnlrnltont. lunps of tllc ilist,ric:t ~ v l ~ i c - l ~  were pre- 
pared by the civil ~ ~ ~ t l i o r i t ~ i c ~ s  ill 1862 ; sixteen ~ ~ l ~ o t o ~ i t ~ t : ~ ~ r : ~ p l ~ ( ) i l  ~ l l c e t s  of 
t h e  work clone bg t.his ],arty linvc 1)clen sullmitt,cd t,o t,lrc ClticE Coruluissioner of 
Assam, and thc Govcnl~ucut  oE Iudin a1v:rils thc tiu:~l rc11ort on t h e  rcsult of 
tho Icsling. 

10. The future crnployincnt of tlrc cndnstml pnrtics n~llich hnve heen 
orgnnisccl in  t l ~ o  North-JYcstcrn 1'1.ovinccs antl in JJur:nn, wit,Ir great troul)le 
and cxpcnsc, lrns for somc tilnc p n t  1)con un~le r  th; consitl::r.~tion of tho Gov- 
c:rnmc&~~t ol' Indi:~. A 1~ro;r~~1111nc~ i+ 1101~ 11ci11y t1rnn.u up i n  cornm~lnication 
wit11 llocnl Governn~ent ,~  11-l~ic.11, it  is e s p  ~c.t,c.(l, mill r n , ~ r t  the  r e q ~ ~ i r c m e n t ~  o f  
thc lnttcr for tllc ucxt tcn ycxrs, ancl pr~\-id,:  t l ~ c  Dcpartrncnt with :~ml)le work 
for that  period. 

11. Tlrc snrrcy of tllc Darjcclinr: Disl lint vras unrlertnlccn in conseqrlence 
of  certain errors in  tlrc oltl 1rl:Ips llnving 1)cc.n 11rotl:ht to noticc I)!; tlle late 
Ca.pt:~in IIarrnan's party \rllcu i t  n n s  slrrvcyin? new l . )oimdar~ lines and rc-lay- 
ing oltl oncs. This I ~ a s  evcntl~ally involrc~d tlro rc-sr1rvc.y of the  whole of the 
Hill  Tracts I\-est of Ihc Tcesta river. I t  is i~lt,;~rcsl-ing to uoticc, in  con~icction 
1vit11 tlris surl-cy, the tlisco\-c\ry madi: 1,)- Cn1)tniu II:rl.~iiai~, tll:rt the ~ ~ l o u l ~ t a i u  
whic-11 Iras llitllc,rt,o 1)cc)~ poilrlctl out ns 11ouut I3rcrcst from tllc n r i ~ l ~ b o u r -  
11ood of Dnrjcc~ling, is not tlrnt n~oluntnin ; thc true Mount  Evercst I~c iug  im- 
medintely to  the Icft (or soutli) of t11r pcnlc which generally passes for it. 
The Gnrcrnmcnt of Iitdin rcgrets to  Ical~u the rt~ceiit t lcatl~, when ou furlough, 
of Captain I larman,  : ~ n  oficcr of l l lucl~ ability antl energy. 

19. Tlie sc~clions under t l ~ c  head or Cfrography, Titlctl and Lel?c.llittg Oper- 
a t i o ~ s  antl Ccotlcl ic  are, ns usual. vcrv iutcresti~in. 'l'l~o Burrun-lL1xni~ur 11ountl- 
nry mas survcycd by A1:ljor B;idglcg, tllc* demarcation of ~ v l ~ i c h  was unclertalicn 11y 
t h e  Political Agent ant1 Bonndnrv Commissioner, Coloncl Johlrstone. Alnior 
Badglcy took adkantnge of his r c t i ~ r n  journey to com1)lcte as  much as  possible 
of t h c  survcy of the h la i~ ipur  territory. No actual sur r ry  was exrcuted i n  
Afghanistan, bu t  n'grcat c1c:il of yroqrcss 11ns l )eenn~ade will1 tlre final mapping 
of t h e  surveys ~ h i r h  were n~ntle  cluring the  late war. T11e R'atirr Surveyor, 
Ahmed Ali ICllnu, descrrcs credit for tllc work I IC  llas pcrfornlrd i n  Y~r t l i s tan  and 
on thc  Rishangango ~ratrrshet l  ; antl t l ~ c  accorlnts of the  Tmns-Himalayan 
explorations a rc  very interesting, and rcflcct groat credit on thc s e ~ c r a l  officcrs 
who undertook thcm. 

13. Tho Govrrnmant of India  notices ~vit.lr plrnsrlro that t l ~ c  tidal observ- 
ations, in  addition to t.lirir practical ~ : l l u c  for tlrc rcquiremcnts of navigation, 
arc now furnislring information n.11ic.h is fo~rnd  to l)c of rnuch scir~ltitic value. 
Tlrcsc ol)srrrations h a r e  rcccntly tbrown l i q l ~ t  on tho question of t,lle tlrgree 
of t11c rigidity oE t,he ca r t l~ ,  and tllc following r:xt,mct from parngmlh. 227 of 
the  Rcport slrclvs thc  cstecm in which the  1uili;ln tidal obser~a t ious  are 
held by rllc scicnt.ific world :- 

" At. tllc rrcelrt r n v t i n ~  of t l~c British Assorintion fr'r thc a~lvnnrernent oE Srienre at 
6outhnmpton, Mr. (+. 11. Darwin I~ror~gl~L for\mnl n ' norncric:ll estimatc of tlre rigidity of 
the earth,' which givcs evidcuco of a tidal yiclLLiug of the esrtll's mass, aud further iudicates 



that  t,lle ~ffcct ivc  rigidity of the  whole earth is abnat  eqnnl to t h a t  of steel. B u t  i t  is only 
r cco~~t ly  tll:~t tilerr has been a snficient accomul:~tion of t i~lnl  ohservntions, properly reduced 
by harmonic analysis, tn test Sir William 'rl~omson'e i l~cory ( tha t  the ~~n ivc r sn l  existence of 
oceanic tides oE con.;iclernl~le height is s proof tha t  the earth, as a wl~ole, p jsseisrs a high degree 
oE rigidity, and tha t  t . 1 ~  ~~rcv ious ly  received geslogical hypot,hesis of a fluid int,crior is unte~i- 
able) ; ant1 Mr. D ~ r m i n  points out tha t  t,he grcat mlvancc< in l i~ l~mlc i lgc  t h a t  have now been 
made are  princ~gnlly due to  the  :~doption of systemat,ic t i d d  obscrviitioos a t  s great  nomber  
oE stat,ions by the  Indian Govcrnrne~~t." 

1L. Witli regard to the spirit levelling operations, t,lic revision of the 
Westcrn G h i t  section of tlic linc of levcls from M.~~.\dms to Bombay was under- 
taken wi tll n view to asccrtaininq \\hetlier any :~ccitlcntql crror hat1 been made in 
levelling up thc steep ascent of the Glibts, tl11t \rould accol~nt for t l ~ e  discre- 
pancy of 3 fect wl~icli h:ld b e ~ n  lnct with a t  M..ttlms on coui1)ariuq the value 
of tlie mean sea determincd from the local tidal obscrrntions nritli tllc value 
given of tlie spirit lcvellinq from Bombay. The revision, llowcve~*, gavc pmc- 
tically identical results \\-it11 the first operations. 

15. T l ~ e  second part of the Report d e ~ l s  mitll thc opcrntions of the several 
IIead-quarters Oflices of the Department. Tlie t n o  Offices of the Sorvcyor Geacral 
antl the Deputy Surveyor General (Reocnuc S~ l rv ry  0fi:c~) : ~ t  C ,~ lc l~ t t a  are now 
accomruodatcd in tllc ncw buildinq rcccntly coristructctl, mhicli llns I~ecn well 
designed and admirably b~li l t .  I t  has also becn Fonntl to 1,c commodir~us and 
airy. Tllc C;ovcrn~ncnt ol' Inilia notices mitli s~tisfuctioii thc proqress that 
has been matle towards complcti~lq a scrics of ol~tlinc mzps of India on scales 
of 1 inch to G h  miles, 80 miles and 9G milcs. Tliese nzclps are alway.; in grcat 
demand to i l l~~s t r a t e  official reports. A new map of Bcnqnl, Bel~ar and Orissa, 
with Iiills, on the scale of 1 inch=lG milcs was printed ; and a t  t l ~ c  request 
of the Q ~ l n ~ t e r  i\Ilster Gencrnl i n  Indin, a map of Lomcr Egypt was (11.anrn and 
pul)lishetl for t l ~ c  use of t l ~ c  troops procredinp to Egypt. Maps of the Suez 
Canal, Cairo m ~ d  Alcvantlrin wcrc also printerl. All tlicse mere in great 
demand, ant1 Iarqc nruul)ers mere bo11q11t 11y the pr11)lic. The n~unlwr of cadas- 
tral maps pal~lisl~ctl daring tllc ycnr was 5 090. T l ~ o  e ~ p e r i ~ n c n t s  with the 
heliogravure process, n.11ich Major Wafcrhonse rontlr~ctcd in tlrc Photogmpllic 
Brancl~,  seem to l~ave  bcen eminently surccs\f\~l. A lull accouilt of tho 
process, wliich is practically a clicap sul~stitute for coppcr cbngmviny, is given a t  
page 99 of the Rcport, and the print which appears as n frontispiece is a good 
example of tlic rcsults attained. 

1G. Tllo cost O F  cadastral surreys has becn rcducerl cven lower than what 
it mas Iast year. I n  tlie North-Western Provinces it mas Its. 138-13-3 per 
square mile (lb. 0 - 3 4  per acre) nq compnred wit11 Ks. 139-E-11 per square 
mile (Re. 0-4-0 per acre) in 1880-81. I n  Britisli Burma, too, the gcneral rate 
for the year was lower tlran that of laqt year, oiz., 11s. 2:%2-lS-9 per square milc 
(Re. 0-5-0 per acre) against Rs. 250-8-7 per sqilnrc ~ n i l c  (Ile. 0-6-3 per acre). 
Thc topograpl~ical survejs n,orkctl a t  rates similar to tliose of last year. 
Thesc rcsrllts are ocry satisfactory, antl tcnd to confirm tllc opinion of the 
Departrncnt tl~at, its Held surrey mnrlc will comparc fnvo~~ml)ly in cost, as it 
unq11estion:il)ly tlocs in accuracy, with thc survrys esccutcd I)y pntnaris and 
other unprofessional agenrirs. I t  now rests with the Surrey Department to 
~naintain, and, if  possiblr, improve, the very crrilitn1)lc stniidard of economy 
attained in catlnstral surveys during thc yrar under rcport. 

17. Tlic al~ility with wl~icll Gcnrral Wnlltrr admillistrrctl t h r  Dcpnrtmcnt 
doring 1991-62 is again aclinon~lcdgcd by thc Govcrnment of Intlin. 

(Trac Extrnt~t.) 

T. W. ITOLDEILNESS, 

O f j .  Secretary to the Goaernme~d of India. 

O R D E R . - O ~ ~ C ~ C ~ ,  that copirs of tllc R,csolut,ion l)c Pornartlcd to tho 

Mndro*. Ponjnh. Fnrvcyor Gmlcml of I ~ ~ t l i a ,  to t,ltc Ilocnl 
nomhay. 
nenynl. 
Narth.Wr~lcrn rrovinces 

CC,,!~.I ~rnrinros. Gover~l~ncnts and Atlministmlions noted 
I l r i l i ~ l >  U ~ n m a .  
Arsnm. 

in t,llc inargin, anrl to t,hc >'orcign and 
..,I ouah. Caarg. Mililary Departrncnts. 
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G O V E R E N T  OF'TNDIQ, 

REVENUE AND AGRICULTURAL 
DEPARTMENT. 

S U R V E Y S .  

R E S O L U T I O N .  

Circular No. 408. 

Dated Simla, the 1st f ine  1883. 

Reviews the General Report on* the operations 
of the Survey of India during the year 1981-8%. 
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