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THE O P E R A T I O N S  OF THE 

GREAT TRIGONOMETRICAL SURVEY OF INDIA. 

These operations may be classified as follows :- 

I. Z'rigonometrical; the Brahmaput.ra Seriefi of triangles, on the meridian 
of 90". 

11. Trigonometrical; the Eastern Frontier Series, Burmah. 

111. lrigononzetrical; the Beder Longitudinal Series, parallel 1s" 

IV. !i'kigonomctrical; the Longitudinal Series west of Calcutta. 

V. Trigonometrical; the Bangalore Meridional Series. 

VI. Trigo~zonzetrical; the measurement of a base-line of verification in the 
neighbourhood of Cape Comorin. 

VII. Topographical; Himalayan Surveys in the districts of Kumaon and 
Gurhwal. 

VIII. Topograpl~ical ; tlie Survey of Kattywar. 

IX. Topographical; the Survey of Guzerat in the Bombay Presidency. 

X. Geographical ; Explorations of Trans-Himalayan Regions. 

XI. Astronomical; latitude bbscrvations at  certain stations of the triangu- 
lation on the meridian of 75". 

XII. Leveling ; execution of certain lines of spirit levels. 

XIII. Geodetic ; pendulum observations at  certain stations of Colonel 
Everest's Arc. 

XIV. Magnetic ; determinations of Dip, Declination and Total Force. 

XV. Con~utations ; the final examination and reduction of the observations. 

YVI. Cartography ; the preparation and publication of various Charts and 
Maps. 



(2.) T h e  out-turn of work executed by  the  Trigonometricd and Topopc 
phical parties I to IS may be briefly summarizecl 
follows. T l ~ e  measurement of a base-line in tile 
neigllbourhood of Cape Cornorin. The measurement 
of 7 a z i n i ~ ~ t l ~ s  of verification. Principal triangula- 
tion': wit11 the Great Tl~eodolites : 7 3  trittngles, the 
average errors of which, as well as  the average pro- 
bable errors of the angles, are shewn in the margin; 
they cover a n  area of 6,508 square miles, and would, 
if united. form n chain of triangles 320 miles in 
length. Secondary triangulation, with theodolites of 
various sizes ; 6,615 square miles, defining the posi- 
tions of 1,939 points, of 632 of which the heigl~ts 
were also determined. Topographical srlrveying, on 
the scale of 12 inches to the  mile, 13,173 acres; on 
that of 2 inches to the mile, 2,334 square miles ; and 
on tliat of 1 inch to the mile, 1,335 square miles. 

Boundary surveys and check lines, 914 linear miles. 

Prohnhlc I 
Series. 

R 

(3.) During the field season I went down from m y  head-quarters at De111.s 
Doon to inspect the operations wl~ ich  were iu  progress in  tile Madras Presidency. 
I availed myself of the opportunity to comply with a, request wl~ich was made by 
the  Secretary of State for India, at the suggestion of Professor Airy, Astronomer 
Itoyal, that I should draw up a document providing for the  future ad~ninistrative 
arrangements of the Madrtls Ob~ervatory,  by  prescribing certain deffnita duties for 
i ts  future pcrformance. Tliis document was submitted for the orders of the Secre- 
tary of State, on my return from the Madras Presidency. 

I ... 
11 ... 

nI ... 
W... 

(4.) I had hoped to have been able to  employ a second Astronomical Party 
this year in  determining the latitudes of some of the principal stations of this 
survey ; but unfortunately no instrument was available for the purpose. Of the two 
Astronomical Circles wl~ich mere brought out to India by Colonel Everest, one has 
become unserviceable ; but I expected to have received one of the two Zenith Sectors, 
which, with the other iqstruments for the determination of differences of longitude 

* T l ~ e  Grent l l ~ r o d o l i t c s  which ore ernployrd for tho Prinripol Trinngulation bore aziml~thnl ciwlcs of 24 to 36 
inclles in rlintnclrr, n l ~ i c l l  are reorl by 5 cilni<lirta~lt rnirrown'{cs, nnd vortirul.drclcs of  15 to 18 i ~ ~ r h r a  in rli:~~nrtrr,  ~ ~ l ~ i ~ l l  
nrr rend bj- 2 rnicroscop,.s. l l ~ o  ~y;,,rn of observing t l p  prinripul I~orizontnl nnfilrs is 11s follows :-Tlrr trle.a,pc is ~ n i n t r d  
t o  w m r  conrcnicnt sicnnl, wit11 t11c erro n~icroaropc RCI to o0o1; Ihe anr~,oundi l~g stations nre tlicn olvaorrrd in ordcr rollnrl 
tllc Ilorizon, no cnlire n.rulution of thc  instrornbllt hl.insirlg tile l c l ~ ~ ~ o o l ~ e  b~u:k to tho referring-mnrk, whicll is o ~ n i n  
olr~crrc(l ; Illis com1,letrs n ~ i n ~ l i .  rnnln<l ol' Inrsnauroa, nt rnc l~  of n11ir.h all tho 5 microseopcs nro rend; tllc lannd is, a 
rulr,  rrpentctl ttsic~., but if t l ~ r  3 Inrnnres  01' nnv nnCle d i lPr  hy moro t l m i  S", t l ~ c  ohsermtions of tllnt nnnle nrc r ~ p m t c d  
us ~onllrr~ ns m : q  hc eoqsidcred clcsirnhlc; tho telcsrolle is t l ~ c n  turned t l ~ r o l ~ g l i  a srmi-rerolution in nltit~ldo rind in 
nrim,ntlt, rind ~rointctl  to I h r  rcfcrrina-lnn,.k ; tllc rcro niirroecopc is tlllls brongl~t o r r r  180° on tho nzi~rnlthnl rirclr, llnrl tll0 
Llvc of tIw rnl.li<,nl circle h ~ ~ r o n ~ c s  trnnslrowcl from tllc o b ~ c ~ ~ . ~ ~ . ' ~  lrrft to llis right Ilond, or vice v o r r l ;  thrro ~.ollnll  
n~c,a;lln,s nre tllcn tn t rn ,  nncl tltis uon~plvtes nn rn t i r r  group of ol,arrmtions of rncll aignnl, on fnco right nnd filrp Idt," 
nncl on 10 rtlt~idistant g r a d ~ ~ n l i o n s  o l  the  ~ z i m t ~ t l i a l  rirclo. F ~ Y O  complctc gl.oops ol' mc~~qurcs  nrc ilrrnrinblp nlllde ill 

~ i t ~ l i l n r  nutnllcr, ~ I I P  ~ c l l i l l n  of t h e  zero rn i ( . ro~~opo h c i l l ~  in cnch group, no ns to hring 50 rq~li<lintxnt grndllntion8 
n~rc lc~.  tllr rnirroa~olrrr, :rind lo  vnrr- tho l~oritiorl of IIlr nsis in its sorkrt, rn 1nurl1 s s  possihlr, in tllo corlrnc of \vhnlp 
tlrc olwcrrnliu~ls to cxvlt sirnnl. l ior tlhij purposr l l ~ r  nri., 5Z0, b e t , ~ e ~ n  tllc microscopes, is n~ldcd to tho nrc. 7' 12'9 
r rprcwc? Ll~e fiftirtlt pmrt of t l ~ u  eil.curnrvr~nvc of tllo rircln, to nhtain tho reql~iaitn change of g~ncl!lntion ; t1111.r Lllp s1lrcCs- 
sir,. ~ r l l i n g s  rjl tlnc scrn rnicr<,wrpo nrt. 0'. 7!1° 13', 168' 21.: 23i0 36' a n d  316' 4.9'. T h e  signals wllicll or0 cnll)lo?ca nro 
i ~ ~ r a r i : ~ l ~ l v  Itt~ninn~lv, hc4iotropcs Itp dny, nnd lnmps by nigllt, most of tho olrscwotions boiog t d o n  by llight ahen lbo 
n tmosph~re  iv ueunlly nlost fnvornblo. 

Tho q ~ ~ n l i l p  of l h r  principal trinnznlnlinn with the  G r m t  Throdolitrs is tcptcrl by t h e  prohnhlo errors Or  ''lo 

ohrrrred nnelcr, und h r  the tritrnc~tlnr rrrnrr. 'I.lte ~ ~ n t n n s  tllc prnhablo error rnny be dcGl~od ns Ibcinz ~l lc l l  tllflt, tl'o 
c1l:tlx.r~ of I h v  ttrlunl w r u r  I .XL.C.~~LII< or I:lllin~ n1101.t t h , . ~ ~ ~ f  nr,, C1ll:llj i t  is dotcrlrlinr~l by 8, firrmllln \\.llicll t*1Wr into 
r.u~rirlc~mlion tllr ruri<lcntnl errl,rs of <.r*.li arrqlr ,,h3rrvntion, r~,,,l o(. tll,) g r : l l l l l l b t i ~ n ~  nf t11c eirclcm on wlii(.lt rnpnq'lr'" 

n n  nnntla. The  trioncruhr error is tlrr ntnounb Irv a l ~ i ~ h  bLo a m  of tho obserracl yeluoe of tho &oo o o g l u ~  ~f 'Jilmd" 

e l v c u h  or f& e ~ u r t ~ o f  180' + Chu apl~eriurl c ~ w s .  

OP',58 

.59 

.35 

.32 

v ... '13 5 

TI . 1 1 .21 1 11 
I n n g c s ,  . .  1 1 023 1 ... 

2 7  

.64 

047 

15 

12 

16 

13 

45 

36 

4.9 

39 

f 0".20 

.38 

.2o 

2 2  



with the aid af the electric telegraph, had been eanctioned by  the Secretary of 
State no less than seven years ago. But  not one of these instruments hnd bccn 
received, aud I was consequent,ly obliged to e~nploy the second Astrono~nical P m t y  
in other oporations. I can only hope tllat when the instruments arrivo eventually, 
their will be found to bear some proportion to the time that has becn 
expentled on their construction, for in  this case they will certainly be very exquisite 
and eficient. 

(5 . )  Captain Clarke has remarlred, in the chapters on the f i g r e  of the 
e ~ r t h ,  a t  the end of his account of t110 Principal Triangulation of Great Britain, 
(London 1858), that if tllere had been a larger numbor of astronon~ical points on 
Colonel Everest's Arc, they wocld liave added very greatly to the weight of tho 
determination of the eartll's figure. Several such points have since thcn becn 
added to the Northcrn Scction of this arc. as I ]lave previo~isly reported, and otllcr's 
mill be determined on the Soutl~ern Section as soon as a snitable instrrunent is rc- 
ccived for the purpose. But  the trinngalation of Inclia, whcu co~nl~leted, wit11 its 
astrono~nical observations of l a t i t ~ ~ d e  and longitude, will f i~r~l is l i  not only several 
meridional arcs, s u c l ~  as have until very lately been solely relied on by Geodcsist,~ 
for determining the figure of the earth, but i t  will also fu~.nisli several arcs of 
pamllel, such as are now being completed in Europe. T l~cse  therefore slioulcl 
greatly enliance the weight of all future deter~ni~aations of the figure of thc eartli. 

(6.) Already tlie ol)erations, so far as t l ~ c y  have been con~pleted, sllen~ that 
there is a considerable probability that they will materially modify thc latest and 
bcst determinations \\~liich have been pu1)lished Irithe~to. One of the stations of 
tlle Iridisn Arc is Doclagoontal~, ne:rr Hangalore, tho astronomical Iatitr~dc of 
which. as givcn by Bessel, in Numbcrs 334,335 of the Astrolzo~riischc ATachvichtcn- 
from calculations based on Colonel Lambton's ohserv:~tions-is 12" 59' 5 2 " 2  This 
station has bccn recently comiected by triangnlatiou with the Madras Observatory, 
and its Intit~~rle, as referred to thc astronomic:rl Iatitade of that observatory, is found 
to be 13" 0' V.6, or 8".4 in  excess of tlie v:rlne detel.mincJ by the astronomical 
obscrvstions on thc spot. Tile error generated in the trianyulation from hIatlras 
cannot possibly exceed f W.2; consequently, if, as luay be expected, the errors in 
the adopted elements of the stars mlricll were observed at  both places are imma- 
terial, the difference het\vecn the t ~ v o  results mnst be almost wholly drle to a local 
deflection of tlre line, e i t l~cr  at  Dodngoontali or a t  AIadrns, or a t  both; such a 
dcfcction \\7011lcl liomevcr ]nost probably Ile met wit11 at  Dodngoontnl~, which is 
situated on n table land elevated about 3,000 fcct above thc sca, and was rc.jectcd 
by Colonol Lambton, as llnsuitnble for observatious of t l ~ i s  naturc ; wl~ereas hi:tdras 
stands on an extensive level pl:~ln ~.aised very slightly above the level of the sea, 
and is a t  n considerable distance from any ~nountnins, or nppnrcnt irre~gdaritics in  
the disposition of the earth's crust, wllicli n~iglit  tend to cause a meridional displace- 
ment of the plnrnb linc. I f  the position of Doclagoontnl~ is a t  fault, all deternii- 
nations based tl~ereon must necessarily bc materially modificd. I n  any case, tho 
a ~ ~ n n f a ~ c s  of n~l~l t iplying the astrono~nical stations, and adding to the number of 
geodetic facts of observation, must be very considerable. 

(7.) At the fil~,rrrrstion of t,hc Government of Bombay and the Snperin- 
tcnrlent of tho GeoloRicnl Survey of India, meheurea nrcre sanctioned the year boforo 
l a ~ t  for determining tho mean sea level at various points on the coasts of t l ~ c  Penin- 
sula-apcl moro particularly on the coasts of I<attyww and the gulf of Cutch-with tho 



intention that t.he observations should be repeated a few years hence, in order to 
show whether any progressive cliange in the relative level of land and sea is going 
on, such as has long been supposed to be tlie case at the head of tho gulf of Cutch. 
As the secular changes of level which have been hithert ,~ ascertained are believed 
to indicate a very slow rate of change, " not more than a foot or two in a century," 
it is necessary that the tidal observations should be made with very great accuracy, 
in order that reliable results may be obtained in the course of a few years. For 
this purpose self-registering tide gauges of an improved design are being con- 
structed ; and, as the tidal ranges at different points of the coasts are very variable, 
at some places not more than two or three feet, at others as much as fifty feet, the 
guages are made of different scales-natural, half, and other scales-in order that 
the tidal curve at each station may be exhibited on the largest scale which can be 
conveniently employed. Some of these instruments are now completed, aud the 
remainder are nearly ready; tlie observations may therefore be commenced next 
year. 

(8.) In  orclcr to co~nbilic tlle reslllts of the pendolo~n observations which 
are bcing carricd 011 in India by Captain Bascvi, with those talicn in otlier parts 
of tlie globe, wit11 otlier peudula, it is necessary that the several pendula sllould be 
co~iiparecl, by bciug observccl at the same spot. The most important observations 
now in progress out of Inclin arc, I believe, those in Russia ; as the penclulrr em- 
ployed in the R~issinn ope]-ations are much sinaller and lighter than those which 
were supplied by thc Royal Socicty for tlie operations in India, I applied to 
hlons. Otto Struve, Director of the Poull~ova Observatory, for the loan of one of 
the Russian pcndula, partly witli the object of comparing it with those of the 
Royal Society, aiid partly with a view to its bcing employed by Captain Basevi, 
in taking observations on thc elevated table lands north of the Himalaya mouu- 
tains, to mhich the heavier and more cumbersome apparatus at present in use could 
not be transported witl~out much difficulty and expense. At If. Struve's recom- 
mendation, tlie Russian Imperial Acaclemy of Science has been so obliging as to 
lend me an apparatus which was employed, during the summer of 1868, by Pro- 
fessor Sawitech, on tlie southcnl scction of the Russo-Scandinavian arc of meridian. 
The following resolution on this sul?jcct mas passed by tLe Academy, at a meeting 
in December 1868 : 

Considering that t o  coml~inc the results of pcndr~lum obscrvntions made on the Russian and 
"the  Indian arcs it woul~l be most :ulvantngcor~s if unc and the same apparatus wna used nt lcast on n 
"couple of stations of both arcs, aucl nu h r  5s possiblc under similar conditions, tho Acndemy resolves 

" 1st. T o  lcnd Coloncl Wnlkcr, in agreement with a desire expressed by him to Mr. 0. Struve, 
I' the whole npparato~ nsud by Professor Saaitsch on the Ituminn arc, for n period of 3 ycnrs, beginning 
" ncxt summer. 

I' 2 d l y .  To c h a g c  Mr. 0. Struvo wit11 the nccestxq transnctions on that sol?jcct with Colonel 
" Walker." 

Tllc apparatus has been cluly de~patched from St. Petersburg, and may be 
expected to reach Calcutta in January 1870. 

(9.) I liavc much gratification in reporting that the results of thc Trans- 
Himalayan Explorations, which have bcen carried on of late years under the 
~uperintendence of Major hlontgomeric, in connection with the operations of thie 
Department, have been v c ~ y  favorably received by some of the most eminent Geo- 
graphers in Europe. The Russian Geographical Society has been particularly struck 



with our method of equipping the Pundits, who are deputed into regions inhabited 
by a Uuddhist popl~lation, witli 'prayer ~vheels', containing the instrunlents which 
have to be most frcqnently used in thc coursc of the ronte-surveys. I n  the expec- 
tation that such an arrangen~ent will be found of use in cxploratior~s from tlie Russian 
Territories into southern Mongolia, the Society llas applied to me for a prayer 
wheel, which I have had much pleasure in sapplj-ing; and I may well hope that it  
will be found as serviceable to Russian as it  has becn to British Geographers. 

(10.) The operations of this Department mere long restricted to geodetic 
investigations, and to tlle execution of trinngulation as a basis for tlre TopograpI~ical 
Surveys which are executed under tlla ordcrs of the Surveyor General, and tho 
several Superintendents of Revenue-or Fiscal-Surveys in the three Presidencies. 
But the Topography of the Hilllalayas l i : ~ ,  from tlie time when thcse rnollntains 
were first fairly accessible to Earopeaus, been :~llottccl to the TrigorlomeLricaI 
Survcy, and of late years other topoyraplrical labors have been undert;~lren by this 
Department, as it's ordinary operations are rapidly approacl~ing completion. Of 
these surveys the most important liitllerto has been the one of Icnshlnir, Ladak and 
Tibet, executed under the snperintendcrice of Ct~ptaiu-now A9:ljor-AIontgomerie. 
The interest which was felt in thosc regions on the annexation of the Punjab, led, 
-though they belong to a Nativc Priuce, who is a feudatory of tlie British Govern- 
ment-to their Survcy being completccl, bcfore otllcr portions of the Himalayas, 
which Ilad long bee11 subject to tlie Uritisl~ Government, were undertalien. On tile 
co~npletion of that Survey, Rlajor Montgorneric's party was transferred to the British 
states of Kunlnon and Gurli~val, in which it has now been operating for about four 
years, executing a topograpl~ical survcy on the scale of 1 inch to the mile, or four times 
that of the survcy of Iiasllmir and Ladalr. These circumstances are all well known 
to the Governmeut of India ; but I have considered it  desirable to state them here i n  
order to exp1;tin why certaiu Topographical Surveys are being executed by this 
Department, while othcrs are done by purely Topographical Departments; for 
t l~is  often pcrplcxcs persons who are imperfectly familiar with the operations of 
various branches of the Survey of India. The topography of the Himalayas was 
doubtless at first allotted to this Department because it commanded the services of 
assistants who could bc trained to delineate tllc features of t l ~ e  mountains, accurate- 
ly and artistically, more rcadily than the assistants in the other branches of the 
Srlrvey ; and thong11 this is no longer the case, it is now necessary to transfer a 
gradually increasing number of the assistants from the original work of this depart- 
nlel~t to topographical duties, in ordcr t11at they may be adequiiteIy employed in the 
&ill vast portious of the empire, which have not hitherto beell regularly surveyed 
in detail. 

(11.) I will now proceed RS usual to report on t,he general operations of 
the respective Survey Parties and OEces. Further details will be found in the 
Appendices, which contain select,ions from the annual Narrative Reports of the 
Executive Officers, a Iteport by hlajor Montgomerie on the Trans-Iiimalayan Es- 
plorations, and Notcs on tllc Tinrlevclly District by Captain Branfill, with a paper 
on the climate of ~011th Tinncvelly, which the Revd. Dr. Caldwell obligingly pre- 
pared for Captain Branfill, as an addition to his Notes. 



THE BRAHMAPUTRA SERIES, MERIDIAN 30'. 

( 1 . )  This chain of triangles emanates from the Longitudinal Series enst of 

P K R S O N ~ .  Calcutta, which was completed in 1866-67; 
Captain H. R. nuillier, R.E., Dy. 911pdt. 2nd Omdo. it the meridian 
Lieut. Lnrrninie, R.E., Awlstnnt S~~pd t .  2nd amdo. of 900, tllroligh the District of Furreedpore, 
Mr. C. .T. Nrurllle, Surveyor 3rd Cintde. 
,, F. W. Rydl, Aesi3tnnt Survcgor 1st Qmdo. crossing the Ganges a little below its jnnc- 
,, Q. A. FInrris, Asslatant Smegor 2nd CirntIe. tion with the Jamoona Brancli of the Rrah- 
,, W. J. O'Slfi~nn, A-bmlt Suweyor 2nd Qmde. maputra, and then advancing along b t l l  

banks of the Jamoona through the Districts of Dacca and Piibna. The stations are 
generally built a t  as  p e a t  a distance from the river as  possible, in  order that they 
may not be liable to  be swept away during the annual floods. 

(13.) Captain Thuillier, reports that  
"This  tract of country is pe~fcctly flat and uninteresting, there being scarcely any undulation to 

break tho monotony of its evct~ sorfacc. The southcm portion of the Furrecdporc district con8ists of 
immeose mornsscs, covered with long rccd gnss and other aquatiz plnnts, extending for miles without n 
spot of dry gronnd, excepting the small mounds artificially raised by the inhabitnuts for their hots. 
These great swnmps coTer a Inrge portion of the district, the  only really dry land being on tho banks of 
the  river3 nnd streams. Com~nunicntion, as may be imagined, is very difficult, but our chief diffi- 
culties were in finding solid ground for our towcr sites, and in carrying mys of 9 to 11 miles in 
length ncross such a cumitly. l'rocccding northwards the country grndually rises, but the slope is 
v c g  digl~t.. Evcn a t  thc  point ahere  I closed work, about 60 miles north, the ground is of snch a loa 
lcrcl that  it is iuutndnted clurit~g themins. The open ground in  thcse parts (Dacca District) ispriucipnlly 
used for rice crops and bcconlcs submerged after a heavy fall of rain." 

(14.) The  operations were commenced last year ;  but the preliminary 
measures of selecting a11d building the stations-invariably masonry towers of a 
height of 30 to 40 feet-and cutting the lines between them, were four~d to be so 
laborious that i t  was necessary to concentrate the entire exertions of the party on 
this portion of the operations only. Tlle measurement of the principal angles, with 
one of hlessrs. Troughton aud Simm's 24 inch theodolites, was postponed to the 
present year, when they were commenced by  Captain Thuillier who reports that 

"During thc early portion of the season, grcnt dclny waa experienced in the obscrvations, owing 
t o  tho heavy fog nnd mist which invari:tbly. rose nfler ~ u u s e t  and continued till some tilnc after sunrise. 
Tllis fog entirely precl~idcd any work bcing obtained from lamps, and I may say thnt up to the end of 
Janonry I obtained no lamp observatiot~u whatever, so that  tbe horizontal observntions were rcstrictcd 
to  heliotropes for nhnut two hours daily. Iu  F e h r t ~ a r ~  theso fogs din~inishcd, hut I was still p'cntly 
hnrnssed in my night work up  to thc end of the seasou. As the water in the " Jhcels" nnd low lnllds 
p d o n l l y  dccre:~se, tho reeds nnd jnnylc dry, the inhnbitnntu then fire thcm in 1111 directions, to prellnro 
thc B O I I I I ~  for their crops, and tho smoke arising from thcso fires nddcd considelxl~ly to my difficnltics. 
Jn Fchmnry and XIarch also thc atrno3pl1cre WIW unusually hazy nnd for many dnyu the Ircliotropcs were 
invisible. It was not till the 9th of April thnt we were relioved by clear weather, caused by north- 
westerly s t o m  which gcnernlly come in March." 

(15.) T l ~ e  positions of 15 new principal stations mere fixed, forrLling 3 
hexagonal figrlres which cover am area of 778 square miles and extcnd over a direct 
distance of 56 miles; an nzinli~th of verification mas observed; 13 towcrs were 
built and 353 miles of lines were cleared of trees and jllllgle ; stations were also 
selected in advance over a distance of 56 miles, for the triaugrllation of next season. 

(16.) In  connection with these operations, a chain of first class secondary 
triangulation, with a 14-incL theodolite, is bciug carried, by Leiatellent Larminie, 





the part of hIr. Rossenrode and his assistants, which, in  other districts, would 
have been rewarded with a far greater out-turn of work. Leaving his recess 
station, hloulmein, in October, hlr .  Rossenrode arrived in the hlyanoung district 
early in November, and was told by the local autl~orities that 11e had cotlle too 
soon, that the conntry was not d ry  and the roads were not open, tlrat to marc11 at 
that time was impossible, and thc danger of venturing out so early mas very great, 
a s  the whole camp would probably be prostrated with fever. H e  decitlcrl I~owever 
on Lrealting ground. a t  once, rather than losins two months of fiue wcatl~er by re- 
maining at  Rlyanoung for the country to d ry  and the roads to become passable. 
After surmounting various clitEc~~ltics, Ile reaclled his st,itions in srlcce;sion, and 
carried on his observntionu uutil the latter end of February ; at  tliis time it is 
custoo~ary for the vi1l:igers to  set fire to  the j~lnglcs, and then the atrnospl~ere 
becomes so laden with smoke ancl the haze of the previous m o ~ i t l ~ s  of dry weather, 
that  observations to distant stations become impossi0le. These operations mere 
resumed i n  April after the first fall of rain, and they were continued until the first 
week i n  June,  when nothing further could be done, as  the rainy season had fairly 
set  in. 

(20.) I n  all, 1 0  new principal stations were fixed, forming two hexagonal 
figures in  continuation of the preceding triangulation ; they cover an area of 1491 
square miles, and cstend over a clirect distance of 58 r ~ ~ i l c s ,  lying wholly in the 
districts of Prome and RIyanoung. Xine l~latform stations were constructed on 
hills, and 5 tower stations on plains, itlclnding a tower a t  one of the extremities of 
a basc-line wl~ ich  will I)e eventually measured in the Rlonyo Teili. 150 miles of 
final lines, 120  of trial lincs and 140  of pathway were cleared through dense forest. 

(21.) Mr. Rossenrode obscrves that " i t  is very disheartening indeed, after 
resuming operations so early as October and closing in June,  to show EIO small a 
quantity of worlr" ; but I am of opinion that, under the circurnstnnces, more has 
been done tl~rnl could almost have bcen espectcd. The system of free 1:ibor appears 
t o  be carried out in t l ~ i s  Province as fully as if the inl~ubitants had from time im- 
nremorial becn free and in,lcpendent Britons, whereas 1 ~ 1 t  lately they werc in a state 
of servitude to Native Rulers, and were I~ound to do everything reclr~ired of them, 
often with little, or without any, remuneration for their labor. The changc to a state 
of perfect frecrlom will doybtlcss be Lenefici;~I eventually, hut at present it is attended 
with grcat i t~co t lve~~ier~ce  to the pnLlic service. As laborers, t l ~ e  people of the 
country receivc far h ig l~cr  wages tllan obtain in niost other 1,:1rts of Ir~dia-8 annns, 
or a shilling a day. blr. Kossellrode says that " t l ~ e y  eat t l ~ r e e  times a clay, nll(1 
smolre cigars wltich they makc up on tile spot, and chcw beetle-nut a11 day;  froln 
two to two and a half lioars are taken up iu cating and in malting up cigars, and in 
emoliing and chewing. TIICY come to their work at  7 o'clock in the morning and 
mill on n o  accoulit remain after 5 o'clock in the evening. I t  will therefore be seen 
that out of tcn hours they actually worlr for only scvcn and a half or eight llorlrs 
d:~ily". If any prcssurc is put on them to do a fair day's work they inltnediately 
run away. Frequently villngcs are met with wl~ere  there are numbers of men 
employed. but sevcral day8 liave to bc spent in  tillking bcfore the people can be in- 
duced to do any worlt ; and thesc delays are particularly embarrassing to our officers* 
aq t l l ~ y  practically rcdncc-;lntl that very materially-tho length of the season of 
ficl,l opw:~tionrr, mlricl~ at Lest is Ixlt little nlore tllan half tile ycar in t l~ i s  climate. 
Az:~iu,  tljc survcy 1,nrtics are often in dnnzer of fntnisliing in the midst of plcllty, 
ul l lee~ thcy are prepared to pay twice or thrce times as mr~cL a s  the local prices for 



whatever they may require, as the natives scem to makc a point of over charging 
all strangers and morc particularly Europeans and their followers. 

THE BEDER LONGITUDINAL SERIES, PARALLEL 18'. 

(23.) This chain of triangles is a portion of the longitudinal chain which, 
PEIISOKNBL. when completed, will extend from Vizaga- 

&. Shelvcrton, Eaq., Dcpy. S~~pdt, .  3rd Grade. patam, on the east coast of the Peninsula, 
Mr. ?d. 0. Hickie. Surrevor 3rd Qrndc. to  Bombay, on the west coast. The  ort ti on . , 
,, F. Bell, Surveyor 4th amdo. 
,, A. Wriron, Proby. Assist. Survcyor 4th Omdo. 

west of t j e  Great Arc  (meridian T&') has 
lona since been completed. D u r i n ~  thc - u 

field season now under review, Mr. Shelverton fisished tlie portion between the t,ri- 
angles of the Arc-in the vicinity of the Bcder Basc-line-and the Jubbulpore Series, 
meridian 62"; he  measured 16 principal triangles, fixing the positions of 8 ncw 
stations, covering an arca of 2,653 square milcs, and extending ovcr a direct distance 
of about 100 miles. 

(23.) The district lies wholly in the territories of the Nizam of Hyderabad, 
who obligingly deputed an influential official to xcco1np;my Mr. Shelvcrton and render 
him all the assistance he  needed. Mr. Shelvcrton expresses himself as much ill- 
debted to the Nizam's Government for t l ~ o  valuable help which was given him on 
all occasions. Thc country consists of a succession of granite ridges and valleys, 
the hills being for thc most part covered with a dcusc forest, containing no valuable 
timber trees, but swarnring with tigers. Scventy-two hill tops l ~ a d  to be elcared of 
forest and jungle in thc preliminary operations. Several hill forts were mct with, 
which Mr. Sl~elverton considers very formidable ; they are usually situated on isolateil 
granite hillocks, scarped all round excepting a t  the main entrances, which however 
are strengthened by massive defences; in each fort there is said to bc au ample 
supply of water. The Surveyore were only allowed to enter tlle forts on t l ~ c  cur~di- 
tion that they sl~ould not build stations or set up any kind of siguals ou them, L I I ~  
the restriction was of no importance, as in all cases Letter positions were found on 
the eurrounding hills. 

(24.) Two azimuths of verification werc observed, a t  stations cspccially 
sclectcd for tlleir freedom froiu any apparent influences w l ~ i c l ~  might tend to d(3llect 
the plumb-liue, in order that lstitrldo observations also miglit ba taken :it them I~ei-c- 
:iftcr. Stations wcro also selectcd in advancc, ovcr a distance of 100 milcs, fur the 
operations of next season. The positions of upwartls of 150 secondary poiuts wcre 
fixed, and route-surveys werc carried to connect 37 villages with tlie i ~ n m e d i a t c l ~  
adjacent principal stationa, in order to facilitate the identification of tlic latter when- 
ever they may bc required at any future lime. 



THE LONGITUDINAL SERIES WEST OF CALCUTTA. 

(25.) The whole of the  triangulation between the meridian of Colonel 
Everest's Arc (78") and that of Calcutta 

PERSORNEL. (864'). from the Hirnalay as sout l~ward~ 
H. Kednn, Rflq., Deputy Soprnntcndent 9rd Grade. 
Mr. H. E Xrrlnn, S u ~ ~ r y o r  4111 Qrodc. 

down to the Beder L o ~ ~ g i t ~ ~ d i n a l  Series, is 
,, H. pryrl~ers, A s i e l n n t  Surrrgor 2nd Ctmrlc. dependent on the Calcutta Longitudinal Se- 
,, J. F. Troltrr, Ass~r lnn t  Surrryor 211d Qm~le. ries, for its initial elements. I n  my report 
,, A. Moore, Ass~stnut Sorveyor 4th Qmde. 

for 1864-65 I pointed out that the triangu- 
lation on the parallel of Calcutta 11nd been e r e c ~ ~ t e d  by a few surveyors, daring Colonel 
Everest's absence from Iutlia (18.15-30), wit11 irlferior instrunlents, arld under mani- 
fold difficblties, and that it  most ir~adeq~lntely served the purpose of a basis for 
several meridionnl series of triangles, for whicl~ it  mas or ig i~~ul ly  intended. Of far 
less accuracy t l ~ i ~ r ~  any portion of the triangulation of subsecluent years, i t  has long 
been the bile noire of this survey, and 11as quite prevented the possibility of bring- 
ing  the several chains ~vl l ic l~ are dependent on it, into harmony and consistence, in 
a satisfactory manner. For, the circuits formed by successive pairs of the n~eridi- 
on:d chains and the connecting p o r t i o ~ ~ s  of t l ~ c  locgitudinal or frontier chains at their 
extremities, have been ger~erally four~d  to be 1i:tble to  greater inaccuracies, in the 
s~nnll  portions into whiclr the triangles of the Calcutta Longitudinal Series enter- 
which mrely comprise Inore than a twentieth part of any circuit-than in all the 
other parts of the circuits. The fin:~l reduction of the triangulation was therefore 
necessarily postponed, until the angles of this Series could be re-measured with a 
first class instrument. 

(26.) This important and indispensable operation was commenced, in the 
field season of 1863-64, b y  Mr. Shelverton, who re-observed the angles between 
the Great Arc and Jubbnlpore, as a preliminary to his triangulation eouthmards from 
Jubbulpore towards hladms. Since then it bas been carried eastwards by Mr. ILeelan, 
and the last links of the chain wl~ich was required to conncct the Seron-j base-linc, at it's 
western extremity, wit11 the Calcutta base, a t  it's eastern extrcn~ity, were completed by 
that Officer, in t l ~ c  field season now under review. Tile rcvision has clearly estttblisbed 
the ~lneatisf;~ctcv~y nature of the original triangulation, ir~dicating errors of nearly 
an rn11c11 as a foot per mile on certain of the sides, and errors in the elements of 
C:rlcl~ttn of no less than 4" in latitude and 1" in longitude. The value of the com- 
~ ~ n t c t l  l , t r ~ ~ t h  of the C:~lc~l t ta  b:lse-line, as d c d ~ ~ c c d  from the rcvised triangnlation, 
diffv~s frt~rrr t l ~ c  nlcnqured length by less t11:tn half an inch per mile, whereas the 
o~ iginnl tlifl'c~.cncc? was more I l~nn 20 times as great. Tlie values of height cleter- 
nrinetl f~ .o~n  t l ~ c  mcns~lrerner~t of the vcrticnl auglcs in t l ~ c  course of the 11cw opera- 
t i o ~ ~ s  cliff(,r hy only 3 feet from t l~osc detcrrnined by the sl,irit Icvelir~g operations, 
whereas f;jrn~e~.ly the diKerence was about 11 1 feet. Tbe data now obtained mill 
aml'ly sl~ffice for the retluction of the wl~ole of the triangnlation dependeut on this 
chain, which will therefore be taken in hand witl~out further delay. 

(27.1 In a revisionary operation of this nature, i t  is very necessary, at rill 
thc ~ i t l es  of junction with pl,ecccling t r iar~g~~lat ion,  to maI<e a conr~ection with the 
identical p ~ i n t u  nt wl~icli t l ~ e  fo~mlcr nbs(:~.v:~tio~~s byere matle. l u  the present in- 
stance, the original points wcre ideutGed in almost every case; but at a station 



near Hazaribagh, on the side of origin of the Chendwar Meridional Series, the  
markstone had been removed. Consequently Mr. ICeelan was directcd, after com- 
pleting the junction at  Calcutta, to proceed to Cbendwar, and connect the new 
station with those of the Meridional Series, a measure which protracted his opera- 
tions into the middle of the unusually intenso heat of the summer of 1869. 

(28.) While Mr. Keelan was engaged in the above operations, one of his 
assistants was employed in selecting stat,ions and malcing other preparations, for 
the trinngnlation southwards on the meridian of 84", through Belaspur and Raipur, 
which will be commenced next field season, a t  the requisition of the Surveyor 
General, to afford a b a ~ i s  for the Topographical and Revenue Surveys of those 
districts. 

(0-9.) The entire operations of this Par ty  during the present year a r e  
briefly as follows ; observations of principal angles a t  14 stations, completing 13 
trii~~rgles which cocer an area of 1,403 square miles, and extend over a direct dis- 
~ ~ I I I C ~  of' 63 miles ; azimuths of verification were measured at  two stations ; 2 new 
towers and 14 platform stations were built, and 4 of the old tel2graph towers, on  
the line be t \vee~~ Cnlc~~t ta  and the Upper Provinces, were converted into trigono- 
metrical stations ; 172 miles of lines were cleared between the stations in  the 
vicinity of Calcutta; 13 stations, extending over a direct distance of 100 miles, 
were selected in  readiness for the triangulation of next season on the meridian 
of 84". 

(30.) I n  prcvious reports I have described the difficulties which are met 
with now-a-d;~ys by our Officers in carrying on their operations in  the vicinity of 
thc Presidency towns, because of t l ~ e  opposition which is often raised by Zemindars, 
or other owners of property, to the steps which have to be taken for clearing the 
lines, and thus securing tile mutual visibility of the stations which is essentially 
neccsaary as a p r e l i ~ n i n a r ~  to the mensuremel~t of the angles. Upwards of 40 years 
had elapsed since tlre stations near Calc~rttn were first constructed, and meanwhile 
all the lines had beco~nc more or less obstructed by the growth of trees which had 
to be re~novcd b e f i ~ e  observi~tio~is could bc commenced. I am gratified to be able 
to report t l ~ n t  Mr. Iceelan a r ~ d  his assist;tnts sr~cceeded in conciliating all persons 
intcrestcd, and doing wl~atever was required for the fnrthcrance of the operations, 
without being involved in any disputes with the inhabitants of the district. 

THE BANGALORE DlERIDIONU SERIES ('la0.) 

(31.) The well lcnown Meridionnl Arc which was meaaurcd by Colonels 
1;nnibton and Everest, rvns done in parts at diffcrcnt times. The southern portion, 
from l'unnx ncnr C:tpc Comorin, irr 1;ttitllcle S" lo', to Da~n:n.gicla, in latitudc 19" 83'. 
was mcnsnrcd by Colonol Ln~nbto~l  2nd his r~ativc assis ta~~ts ,  prior to the year 1618, 
at  intervals during the progress of the triangulation of the Peninsula. Proceeding 



the section between Damargidn and Talralkhera, latitude 21" 6', was 
measured by Colonels Lambton and Everest conjointly, and the section betwern 
Takalkhera and Kalianpur, latitude 24" 7', by Colonel Everest solely. Up to 
Kalianpur the triangulation had been cxccuted with instruments which, though the 
best that were then procurable, were very inferior to those which mere subsequently 
obtained by Colonel Everest, in the interval between 1825 and 1830, when he went 
to England to recruit his health and obtain new instruments. 

(32.) On returning to India he carried the operations northwards with ])is 
new instrument.al equipment, measuring the section of the arc between Kalianpw and 
Ka]iana, latitude 29" 31'. Subsequently he re-measured the section between 18" 31, 
and 24" 7', with the new inetruments, for the following reasons, which I quote from 
pages XXXV and XXXVI of the introduction to his account of the Indian Arc 
which was published in 1847. 

"The triangulation was executed with very inferior instruments to thcae now nt my disposal, for 
tho portion between Beder nnd Pilkbcr wns performed with an 18-inch instrument, engine divided and 
of no great accuracy, whilst in the remaining portion between Pilkhcr and Seronj the old large theodolite 
which had been serioudy injured wns employed, whence in looking over the data the following r:~;lcts will 
be noted ae also a sufficient clue afforded to  guide us to  thcir origin :- 

1st. The divers ohservations from which the geneml mcans are drawn exhihit discordancies inter 
re seldom less thnn 20", and in one case to so large an amount as 36".5. 

2nd. The erron in the trinuglcs in the former portion frequently nrnonnt to 4" and 5",  
and in one cnae there is an error of upwnrds of 8", whilst in another, there is an error cxcecding ll",  
also in the latter portion, though the similar errors nre generally much smaller, yet there are thrcc 
instances wherein they amount to upwards of 6". 

3rd. There is n discrepancy between the base measurd a t  l3eder and that brought down from 
computat,ion in terms of the Takalkhern Bnso of ~tpwards of 63 feet, nllilst the compnrison betwccn thc 
bnses of Taknlkhern and Seronj instituted in like manner shows little more than 3 inches. 

4th. There is nn uncertainty nbout the azimuths in the whole cxtcnt bctwccn Beder, nnd Seronj, 
the obarvntions not having been snfficiently numcroos, and adequate a r c  not having been beetowed on 
the subject" 

(33.) Hut the southern portion of the arc, or that comprised between the 
the parallels of 8" 10'. and 18" 3', cannot be considered to be materially superior to 
tho triangulation which Colonel Everest condemned and re-measured. At the request 
of the President and Council of the Royal Society, a committee, composed of Pro- 
fessor Airy (Astronomer Royal), Doctor Miller and Professor  stoke^, reported, in 
1861 on Colonel lamb ton'^ Surveys ; and their report concludes with the following 
suggestions :- 

" The Committee tl~ink it nght,  however, to call the nttention of the President and Conncil to 
the genernl qudity of Cnloncl Lnmllton's sorvejs, which, thongh executed with the greatest care nnd 
nhility, wcre cnmed on under serious difflcoltics, nnrl at n time when instn~mentnl npylinnccs wcre f i~ r  
l r a ~  conlplete t l~nn  nt prcscnt. l'hcrc is no d c ~ l ~ l ~ t  t l ~ n t  nt tho preacnt time, the m~rvcys ndmit of l ~ e i l l ~  
improved in every rrnrt. T l ~ c  at;n~d:~rdn of 1cn&<h arc hcttcr nsccrtni~~ed tlr:~n forn~crly, nnd :dl nnccrtnint~ 
on the unit of rncasllre can Ire rcn~oved. The 11;rac n~cnsuring appnr;rtns cnn be in lp ro r~ l .  The instl.11- 
nrcnts for horizont:~l ~II:!CR 11~rfl 11y ('oloncl L:trnl,ton wcrc infcrior to tl~osc now in use, and one of them 
sna must severely injnrcrl hy nn necidcntnl hlow, tllc result of which wns more disti~rctly injnrione becnuse 
tlrc circle an8 rcnd hy only t.wo n r i c r ~ ~ c o p c ~ .  Alln~ion 111s nlrcnrly I,ecn made to the circ11n1stnllcc8 of 
ohscrvntion nffecting the nltitnclc of utntions. Thongh the n~tronornicnl observations were prohnl~ly g o d  
for their nge, c t  ncw observations, conrh~cted \vith ~rrch iuutrurncnts nnd on such principles ne those 
ndoptcd IIJ Sir Gcorgc Evcrcut, nonld llndonbtcdly 11e hrt,ter. The Committee tlrereforc cxprcsucs their 
ntrong hope thnt the whole or Colonel 1,nmbton's Survey may bc rcpcntcd with the llcst modcn~ npplinnccs. 
Xo arc of meridian c t  menanrcrl h:~s nnch c1ni1n.q on the nt,tc~ltioll of 111~ pnt.rons nf ficicncc ns tbc lndinn 
Arc, from its proxi~nntcly cql1ntori.11 pusitiol~, and k o n ~  its anorynlica r11r11 t l ~ c  rcfcroncc of ll~cm to the 
nttrncliou of the Ilinialnyn n ~ u ~ ~ ~ r t ; ~ i ~ r a "  



(34.) The time has now arrived when so mucll of Coloncl Lambton's tri- 
angulation as  appertains to the Arc of the meridian, map be repeated with the best 
lnodern instruments, without interfering with the operations for completing the trian- 
gulation of British India. I n  fact a portion of the Arc  was revised in 1866-67, on thz 
completion of the longitudinal chain of triangles from Madras as far as  Bangalore, 
by the Madras Party, when tlie operations were directed southwards along the Arc. 
revising about 6 0  milcs towards Cape Comorin. Last year the party was employed in 
the measurement of a base-line at  Bangalore, and this year it  was similarly em- 
ployed in the neighborl~ood of Cape Comorin. But  on tlie completion of the latter 
operation, Captairl Branfill-the officer in charge of the party-mas directed to  
occupy liimself for the remainder of the field season in re-measuring the angles of 
the southern estremity of' Colonel Lambton's Arc, and connecting the stations with 
the new base-line. Though the time available for these operations was but short, 
Captain Branfill was able to finish observations at six statior~s, carrying tlie trian- 
gulation ovcr a direct distance of 23 miles. H e  also obyerved an a z i ~ n ~ i t l ~  of veri- 
fication at one of the estremities of the Cape Base-linc, Lieutenant Rogers observing 
tlie azimuth at  the other extremity. 

'l'II1': J[EASUI11:,JlENT OF THE CAPE COJIORIN BASE-LINE. 

(35.) I n  tllc coursc of the early operations of this Survey, sever:~l base- 

Psesoxsc~ .  lines mere measured with chains, by Colo- 

( ' n ~ > t n i ~ i  *I. P. Dnscvi, R.E., I n  dlnrge. nel Lsmbton and other ORicers ; but tllcrc is 
I.ir~~tcnnnt J. ITerecl~cl, R.E. some uncertainty about their units of Icngth, 
C o l ~ l n i ~ ~  B. R. Hrtlnlill. 
L i r u l c ~ ~ n n t  If. 11'. Rogors, R.E. 

and t l~e i r  intrinsic value is much inferior 
Nr. J. W. .\litchell. to that of tlic base-lines measured since 
,, 0. An<!ing. 1S30, wit11 the Colby apparatlls of com- 
,, G .  Dclchnnl. 
,, A. CItri3tic. per~sated bar and microscopes which was 
,, 0. V. Sorris. const.ructed for this Surrey under Colonel 
,, C .  1). I'nltcr. 
,, d. Bond. 

Everest's st~~erintendence. Thcy I1a1.e 
,, .I. ~ ~ c ~ n ~ ~ g n ~ ~ .  scrved t l ~ e  purposes for mliich they were 
,, (:. Torrrns. origilially required, but are useless as  n 

cllcclr on thc trinngulation whicl~ 11as been executcd siuce 1830. 

(35.) On t l ~ c  Arc, Colonel Everest employed the Colby apparatus in re-mea- 
suriug tlre old clinin-base a t  Seronj (latitude 2 q  G'), and in mcasul.ing n base xt Dehr:i 
Doon (latitude 30" 18') and a, ncw basc, instead of thc c11ai11-b:isc, a t  neder (Iatituclc 
17" 5.5'). The apparatus has also been used in measuring b:lseu at the corncrs of thc 
q~m(lrilateral figures which are formed by certain obligatory mcridionnl anJ  longitn- 
dinal chains of triangles, as a t  Calcutta, I<nraclli, Attock. Vizagapatom &c. But until 
lately no opportunity has been of measnriug ncw I~nse lines, iri placc of 
thc cliai~l-bases on the soutllern scction of Coloncl Lnrnbton'u Arc. Last year 
llomever a baee mas measurcd ncar Bangdore with the Colby app:ir:~tns, as has already 
been reportccl ; and this year I decided on measuring a base-line in the vicinity of 



Cape Comorin, as I could secure the services of almost all the Officers and Assistants 
who had been employed on the Bangalore base, and had thus become familiarized 
with the use of the allparatus. 

(37.) Tlle Cape Base-line is, I consi~ler, the last that needs to be measured 
for the verification of the triangulntion wi t l~ in  the limits of India proper, tllough 
others may have to be measured in Burma11 and Tenasserim. I t  is the tclltll Last- 
line which 11as been measured with the same apparatus, and I iutentled, on itBs 
completion, to prepare a detailed report of it  and the preceding bases, for publica- 
tion. N o  such report however mo~ild now-a-days bc considered of much sciclltific 
value unless it  furnished complete details for estimating the probable errors of tile 
measurements. To  a certain extent such details have already been furnished by tile 
system-which has almost invariably been followed lritherto-of divitling each base 
into sections connected by  triangulatiou, and cornparing the measured lengtl~s of the 
several sections with the values obtained fi.om the triangulation. 13ut only in a 
single instance has there been an inrlcpendent determination of probable error by an 
actual re-measurement. Colonel Eserest  measr~red the base in Dcl~ra  Duon twice, 
and l ~ a s  given the discrepancies between the results of the two meas~ircments at 
page XXV of his work of 1817. There is  I~omever reason to suspect that, in con- 
sequence of an oversight which was made at  the commencement of the operations- 
the compensated bars having been cornpared with the standard in  a building at 
Dehra, and not, as they should have been in tents, under circumstances ~reciscly 
similar to  those of thc measurement-the discrepancies there recorded do not fairly 
represent, b l ~ t  rather exaggertlte the probable errors of the measurement. I there- 
fore determined to re-investigate this point a t  the Cape Comorin Base. 

(38.) Deeming that a single re-measurement wolild not throw sufficient light 
on the subject, while several measllres of a line of the usual length-:lbolit 7 miles 
-would be very laborious, I divided the line into t l ~ r e e  sections, of w l ~ i c l ~  the middlo 
section was 1.68 miles i n  length;  :lud I p v e  instrlictions that t l ~ e  middle section 
should be measured four timcs, and that the lengt l~s of t l ~ e  two end sectious slio~ild 
be determined from the central one by triangul:ltion on both flanks of the linc, 
whereby the entire length would be deter~nincd with as great accuracy as if it h:rd 
been once measured throngl~out, in  the usu:ll manner. 

(33.) The sriperintcntlence of the operations was entrl~sted to Captain Basevi, 
who was transferred for a s l ~ o r t  time from his l ' e ~ ~ ~ l a l r ~ m  operations firr tlle 1)rlrpose; 
and 1 have every reason to be well satisfied wit11 the 111:11111er in W I I ~ C I I  11e llav 
carried out the invest ig;~~ions that were rerluirc(l; also with C:tl)t:ri~~ Branfill's 
selection and preparation of the line, and wit11 the manner in wllicl~ Liel~tenar~t 
Heracl~el has c ~ ~ ~ r d n c t e t l  the rednctions of tlle fielcl measurements, with wl~ich IIC 
was entrnstctl, pe~l t l i t~g the RI.I.Iv;~I of i~~strunrcnts  from T ' : I I ~ ~ : L L I ~  for his as t r~~~orn ica l  
determinations of 1:~titude; the triangnlntiorl for detcrminir~g thc entire Ic11gtI1 of 
tlle base, from the measured central scction, has been very satishctorily conlpleted 
by Lieutenant Rogers. 

(40.) Full details of the resulte have not yet  reached me, nor indeed has 
the time anivcd wllcn the results can be ~ z a c t b  ascertained. I llnd previously 
bccn led to belicve tlrat t l ~ c  value of' t l ~ c  factor of expansion of the S t a ~ ~ d a r d  I h r ,  
wl~icli was dctern~incd for Colonel Evercst in t l ~ e  C:tlc~~tta hlint in 1838, was 
six or scrcn pet. c ~ ~ r ~ t  too grc:~t.  for J I I : I I ~  ascertnincd tl~irt it csccctlctl 1)y tll:~t amount 
the factors of similar barrr wl~ofie expansiol~s have Lecn detcrlllincd subsecluently, in 



Ellgland by Captain Clarke, and in Russia by M. F. G. W. Struve ; I had also 
found that a corresponding correction would inzuriubS improve the results of the  

bctween the compensated bars and the standard, under different tem- 
peratures, a t  all the Base-lines hitherto measured in India, and that it  would almost 
alnrays diminish the discrepancies betmecn the measured values of bases of veri- 
fication and the values computed tllrough tlie tl.iangulation carried up  to them from the 
base of origin. T l ~ e  Cape Base-line also tells the same tale, as do certain prelimi- 
nary differential determinations wliicll have been subsequently completed, aud will 
be described in Section XV. Tllus it has become necessary to re-determine the 
factor of expansion of the standard, and this is now being done, but until the observa- 
tions are completed, none of the base-line measurements can be &ally reduced. 

(41.) So far as the Cape Base has yet been reduced, with a n  approximately 
corrected value of the factor, the results indicate a very high orcler of accuracy 
in the performances of tlie apparatus at this base; the maximum difference between 
any two of' the four measurements of the central section-the length of mliich is 
8,915 feet-being .077 of an inch, or 0.72 millionth's of the length, and the theoreti- 
cal probable error of a si~tgle measurement being f 0.20 millionth. 

HIMALAYAN SURVEYS, IN KUMAON AND BRITISH GURHWAL. 

(42.) These operations are proceeding very satisfactorily. A s  regards the 
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triangulation of the present year, &ich Elas 
heen exccutcd to furnish a basis for future 
topogml~llical operations, Major Montgo- 
merie reports as follows :- 

" T l ~ o  gen tc r  part of the Pindur vnlley of 
Gurli~vnl urns triangrllstcd. In Rumnon the trinngu- 
l~~t ior i  wns eatendc~l to the cast of Almowh, up to  tho 
(:urec Iliver, nnd further south ns Car ns tbe Surdah 
Itiver, crossing some vory rugged liills iu parts covered 
with l~cnvy forest. 

" Tn tlie Tcrni R good many new points mere 
fiscrl to tho south and sontll-wcst of Nvnee Tal. The 

gollnd trinng~~lntcd was, n3 in tho previous season, gcner.~lly very clevnted, nnd though tho work 
ana cnrricd ou iu tlie lower ground during the worst seatbel; i t  am scveral t i~ucs  iu t cmptcd  by suow 
and clouds. 

"Tho total out-t11r11 of trinn,qolntion is 1,650 squnre miles with GG1 points and 354 heights, being 
an nvernge of 4 pointa 11ud ovcr 2 heights ill ench 10 square milcs." 

(43.) As regards the operations for filling in the details of thc ground 
which had becn tria11~111ated in previous years, Major Montgomerie reports that 

" T o p o ~ ~ ~ l ~ l ~ i c a l  opcrntionu mcrc conlmcnccd very early in the higher pnrt of Onrhwnl ; the sur- 
" vCJor8 8t11rtiug nt t l ~ c  cud of thc nlins \\.L'T(I nblc to ComIucncc \wrk na soon ns thc clol~ds cleared off, 
" nlld hcfo~.e thu f r s t  11c:rvy ftlllv of soow in I)ccc~~rbcr were able to conllncuco the skctchiug of the two 
" muill brauches of the hiaodagui or ICali Cuuga river, whioh drain thc soutllcr~i face of the Kidamnth 



" and Ba&<nath suowy penks. The sketching hcluded n~onntain ground of every dtitltde froln 7,000 
" to newly 23,000 fect above the sen, iuvolving n great deal of hard work aud exposure. Tllc henvy 
" falls of snow in December prevented nny filrthcr ertcl~bion in Gnrh\vnl. 

" In  Kumnon topopphicnl  work was carried on in the mountains n r o ~ ~ n d  Almorah and thollgh 
" thc low Terni laud enst of the llnm Gllngn rirer and of tho Kotirno; in the former portion tile n r o r ~  

was extended nbont 30 miles to the east of the ncw hill stntion of Hanikhct, and in tho lattcr througll 
" nbolit 40 miles of the lower hilla and Terni. 

" The higher groul~d, thor~gh in many pnrts re17 i ~ ~ g g c d ,  was in others so thickly studded 
" villnges that  there was considcrnble diflic~~lty in sholviug the whole of tliem ou the scale used. lIl 
"portions thc heavy forest \ r s  a bmeat hindlance, and in the T c n i  land thcre mere the usual difficulties 
" nrising from the dense jnnglc and l~envy fogs. 

" The Surveyors mero as before removed from the higher ground to the lolVer and vice versd accord. 
" ing t o  tho senson, with a view to secure the largest out-turn af work possible. 

"The area sketched in Ourhwnl amounts to  393 square miles, and iu K I I I ~ ~ U I I  to 9113 square milev 
being a total or sketching, for the field season, 3f 1,338 squarc rnilcs on the scale of one incl~ to the mile. 

"The greater part of the work was nmongst rugged mol~ntnius r lu~ning up to  considernhlc ~ l t i -  
trlrles, in mnny parts covered with forest. The remni~iing portion e~i~brnced n co~~sidcri~ble tract of 
Terei Inlid presenting almost ns grcnt diffic~~lties tlro~igh of a ditTe~.ent I~ind. Tl~rol~glloot thc ticld season 
tlre Surveyors worlicd zealously and tlicir escrtions are descrviug of 1111 praise." 

(44.) Major Montgomerie examined a portion of the ground allotted to 
each of the detail Surveyors-with a single exception-and found that it mas well 
delineated, giving an excellent and accurate representation of tlie country, none but 
small differences having been detected in the positions of tlie villages, mountain 
peaks and spurs, water courses, hc.,  which were tcsted. Hotli in quantity and quali- 
t y  the out-turn of work is  all that can be desired, considering the difficult nature of 
the ground. 

(45.) With  the aid of the process of p l ~ o t o z i n c o g r : ~ ~ ~ l ~ y  the maps of tlie 
several survey parties are  published now-a-days in x few 11ours after they are corn- 
pletecl and sent to press, whereas of old, years might, and very frequclitly did, elapec 
between their completion and publication. A I I ~ O I I ~  other aclva~itnges of tllc saving 
of time wliich is effected by the present metl~ocl of ~)ublication is tl~is,  that the SUY- 

veyors have frequently to  pass through tracts of country whicli 11:tve already been 
surveyecl, in  tlieir progress to  the Inore distant tracts a w n i t i ~ ~ g  survey, and they call 
readily ascertain on the spot to what extent the publisl~etl maps succeed in represent- 
ing  the configuration of the ground, and whether t l ~ c y  are as  complete as they sllould 
be. This is inorc particularly thc casc with rcfcrencc to the relative relief given 
to the  features of the mountain ranges, as a very short esaminatioli from co1nlnnll(1- 
ing  points is  sufficient to decide wllether it  has bcen adequately represented; coy- 
rections rnay be made, and additional l~eiglits rlctcrmined baron~ctrically, if tlley 
arc considered nccessnry f i ~ r  a correct ~~nclerfitanclin~ of the map. Morcover 01~1)Or- 
t r~r~i t ics  arc afforcled of introclucing the details of new ro:~ds, and shelving ally altera- 
tions ~\,hicli have taken place since the ground was sur\reyed. hlnjor ~ o n t ~ o m c r i e  
takes notes on all these objects, with a vicw to the preparation of 2nd editions of 
the maps, \vitli all the latest corrections and improvemente. 

\46.) I n  addition to  the 354 T ~ i ~ o n o m e t r i c a l  dcterminntions of 11eights of 
obligatory  point^, 260 differential determinations, with aneroid baromet.ers, were 
made at junctions of rivers and other points in  the vallcya, aucl on m o ~ ~ n t a i n  pzsflcs 
ar~tl othcr ,,oilits nrhicl~ could not be reached convcnicntly by triang~llation ; tllcsc 



barometric determinations, though far less accurate than the trigonornetrical, are  
sufficiently exact for the purpose of indicating the relative levels of ground of every 
altitude from 2,500 to over 20,000 feet. 

(47.) I have already reported that the Survey of the Sanitaria of Masoori 
and Landour is  taken up  by Major hlontgomerie at  intervals cluriug each ycar's 
recess, when the weather will permit and the Surveyors can be conveniently spared 
from their ordinary duties. A s  under these circumstances the progress of the Sur- 
vey was not very rapid, it  was considered desirable to employ some of the Sur- 
veyors on i t  during the last field season, instead of sending them into Gurhwal. 
The result is that the survey of both sanitaria is now nearly completed, upwards of 
13,000 acres having been triangulated (95 points and 63 heights) and topographi- 
cally surveyed on the scale of 1 2  inches to the mile, during the season; 4,700 yards 
of boundary line were first approximately demarcated for the civil autlioritics, 
and subsequently laid down finally, after various conflicting claims as  to rights of 
property had been judicially decided on. 

(45.) I may here observe that the reduction of the astronomical observa- 
tions and route-surveys of the Trans-I-Iimalayan explorers, throws a great den1 of 
additional worlr on hlajor Montgomerie and his assistants. The natives who are 
employed in these explorations arc purposcly trained to observe only, and not to 
perform any of the reductions, in  order that they may not find out how to fabricate 
observations, or learn how to apply arbitrary corrections to harmonize the results 
of erroneous observations. Tile reductions are invariably carried on undcr Major 
llontgomerie's superintendence, and this year tlicy entailed the calculation of 190  
astronomic,zl latitudes-from sextant observations, of 77 deductions of height- 
from boiling point observations, slid of 850 miles of route-survey. 

(40.) The circnn~stances which gave rise to tlie survcy of this Province, and 
Psnsoamr.. the special objects ml~icll it is intendcd to 

Cnptnin C.  T. nnip, R.E., nrlly. sllp(lt. 211a (trncle. provide for, have already been SO fully es- 
J , i r ~ ~ l n l n n t  Dnird, R.R., Assislnnt S~~pcru~te~idu~it. 
>IT. -1. 3Tc,Clil l ,  SurvcY<~r. plained in section VIIIof  my Administration 
,, I\'. T O ~ , I ,  Surreyor. Report for the year 1866-67, that I need 
,, A. D'So~lrn, Sorlvyor. oniy now observe that tlie survey differs 
,, N. Gwinn, Assistoat S~~rre~or. 
,, C. Mcd'Frc, Arsiatttnt N~arvcpr. from all other Topogrnpliical operations in  
,, 'r. ~ ~ I ~ V I I ,  Assialnnl s~~vP)-or. progress tl~roughout Iuclia in that the plane 
,, E. N. ITjntt, Awistnnt Survryor. table or field sections arc drawn on an en- - 

(Ctnzzaar PARTY.) lnrgcd scalc, viz., that of 2 inchcs to the 
Mr. .J. Q. Rcndell. mile instead of 1 inch as usual, and that ,, J. Iiickic. 
,, \v. pirl(1i11~. special operations are carried on, pari 21assu 
,, 0. GPBO~.  with the topography, for the purpose of 
9, C. Ouslin. 

N n t i a ~  Surceyorr. laying down the boundaries of all the 
Vh?ier Rqonn th ,  nncl othore. Talookas, or chief sub-divisions, of the 
British and Nativc Stat,cs in the Province. 



(50.) During the present year the operations have proceeded very satis- 
factorily, but with the serious drawback that Captain Haig-the Officer in charge- 
has suffered severely, his health breaking down s~ suddenly towards the end of the 
reccvs tbat lie was unable to draw up as complete a report of the year's operations, 
as mould otherwise have been desirable; hc was obliged to give up the chargo 
abruptly, and proceed to Europe on furlough for the benefit of his health, without 
loss of time. This was tho more unfortunate as I was thus deprived of his aesist- 
ance when I recently went down to Poona to inspect the operations of the party, 
and Lieutenant Trotter, who had been summoned from Bangalore to relieve Captaiu 
Haig, had taken charge only a few days before my arrival. But I: had full reason 
to Lc sntisficd wit11 the results of my examinations, and I came to the conclusion 
that tlie operations of the party must on the whole be considered to be very satis- 
factory, and creditable to Captain Haig and his senior asssistants. 

(51.) The last field season's operations comprise the following amount of 
work. lriangz~lation ; an area of 1,836 square miles, in which the positions of 953 
points and the altitudes of 267 of these points, mere determined by observations 
at 208 stations. Topography ; 2,334 square miles on tlie scale of 2 inches to the 
mile, chiefly in the Dandooka Perg:!undl of the Ahmedabad Collectorate, in Bhao- 
nuggur and Wardwan, and in tlie L~mree, Choora, Pallyall and Moolee Taloolts of. 
Gohelmar. Boundary surveys and check lirtes ; 725 linear miles of the former, and 
186 of the latter. Five assistants mere trained for the survey of Guzerat which 
is shortly to be taken up. 

(52.) The nlapping has also proceeded very satisfactorily. The maps are 
published on the three scales of 2 inches, 1 inch and 4 inch to the mile, in the 
following manner. First a fair copy of the field surveys is drawn on the same scale 
(2 inches = 1 mile) and a few copies are printed to full scale, by the photozinco- 
graphic process, for the use of the District Officers ; the original is however drawn 
in such a manner as to be suitablc for reduction to the ordinary 1 inch scale by pho- 
tography ; the reduction is tran~ferred to a zinc plate and printed, in black inlr,'for 
general issue as a, topographical map. A few impressiolis arc also printed in pale 
blue ink, and returned to the Surveyors, by whom as much of the details as is desir- 
able to be shown on a further reduction to the quarter inch, or geographical, scale 
is drawn boldly over the blue grounding with blaclr ink, and the names of the towns 
and villages are printed on the map, also in black ink, and sufficiently large to be 
clearly legible when reduced in size to one-fourth. Tho maps thus prepared are 
called the ' exaggerated maps', and when they are reduced by photography and 
printed on zinc, the minor details of the blue grounding, which have uot been 
blackened, dis:tppear, and tlie result is a clear and sharp geographical map, givillg 
all the necessary details and no more, and obtaincd with vast,ly lcss labor than if 
it had been drawn originally 011 tlic: quarter inch scale by hand. In this Party, the 
printing of names, heights kc., is invariably done by type, with the aid of small 
stamping machines which all tlic assistants are expert in using. 



THE SURVEY OF GUZERAT. 

(53.) This survey has becn purposely postponed until Lieutenant-Colonel 
Nasmyth's return from furlough to direct the operations. A s  his leave of absence 
did not expire until after the termination of the field season of 1868-69, nothing 
],as yet been done in Guzerat ; meanwhile the assistants who will bc employed i n  
these operations were employed elsewhere, chiefly in  the Survey of Kattywar. 

TRANS-HIMALAYAN EXPLORATIONS 

(54.) These explorations have, under Major Montgomerie's directions, been 
extended during the present year somewhat further into the vast terra-incognita 
which lies beyond the eastern watersl~ed of the upper Indus. One of the Pundits 
has carried a route-survey from Dunkhar, in  British Spiti, across the upper part 
of Chumurti, to the south-east corner of Ladak, and thence by a new route to  
Rudok-the capital of the north-west part of Tibet-which had never before been 
seen by a Surveyor. H e  found the town to be about nine miles from the Pangong 
lake, a small portion of which was actually visible from it. 

(55.) From Rudoli the Pundit advanced nearly due east, over an elevated 
plateau averaging more than 15,000 fect above the sea. From commanding points 
this plateau appeared to be of a dazzliug white, extending as far as the Pundit 
could see, and confirming what he  heard as to  it's great extent. The  whiteneee ap- 
peared to be due to some salt mixed with the soil. The plateau lies to the north of 
the great Aling-Kangri group of snowy peaks which was discovered during 1867 ; 
from all accounts it  must extcnd very far to the east, either joining or running 
parallel with the great desert of Gobi ; it's general position is indicated under the 
name of the " Aksai-Chin or white desert", in  my map of Turkestan. The routes 
in this portion are 630 miles in length, of which 500 miles passes over entirely new 
ground, the only point on it  which had previously been visited being Thok-Jalang. 
The remaining portion of the route is also in  a great meaaure new, but, i t  had been 
touched upon previously in  several places. The greater portion of the country thus 
traversed lies beyond the watershed of the Indns, and drains entirely to the eastward 
into inland lakes. These new routes will roughly account for the geography of an 
area of al)out 16,000 square miles ; they are checlicd by latitude observations taken a t  
37 different places. The general height of the country is very great and has becn 
detcrmined by boiling-point ohservations a t  49 different places. 

(56.) From the accompanying report by Major Montgomerie, i t  mill be 
Hccn that the above explorations fully coufirm the oral information collcctcrl rluring 
thc prcvious cxpcditions ; the route bctween TLok-Jillung aud Rudok agrccs vary 



fairly with that first given;  the  number of gold, salt  and borax fields, seen and heard 
of, is quite as  great  as  was anticipated, and the amount of mineral wealth seems to 
be vcry great. The  sources of the eastern or  main branch of the Indus have been 
satisfactorily traced to the back of the Kailas Parbut,  and a very high range to the 
north-enst of that peak. The  routes were continued to the east, not going over 
mucll new ground, but giving bearings to  some high peaks, north and south of t,he 
great road to Lhasa; these will prove useful additions to the  geography of the 
country in  that direction. 

(57.) Another explorer was employed to the eastward, who has made a route 
survey 1,190 miles in  length, with 20 latitudes and 1.2 determinations of heights,- 
fewer than usual of the latter, owing to breakage of thermometers. Of this worka 
small portion is entirely new, going behind or north of hlont Everest. Further 
advance in  that direction mas unfortunately prevented by the jealousy of the Ti- 
betan Oflicials, but the route, as  far as it  goes, is valuable, iusomuch as it gives us 
a little additional infornlation ns tn the Himalayan waterslied, mhicl~ 11as invariably 
been found to lie a t  a very considerable distance to t l ~ e  north of t l ~ e  great Hima- 
layan peaks which, from the side of Hindustan, seem to form t,he watershed. This 
peculiarity has been further confir led by tlie routes of a Zasknri who accompanied 
the third Pundit  for some distance, but made his may back by a different route, 
having been turned out of Tibet by tlie Lliasa authorities, as a sllspicious character. 
This man crossed from the  Tndnm monastery over the Himalayas to Mulrtinath. 

(58.) The  greater part of the 1.190 miles of routes will be valuable in still 
Eurtllcr elucidating tlie geogmphy of the eastern Himalayas, when coullinecl with 
the information collected during prcvious esplorations. I11 1na11y parts the routes 
traverse country that is almost new, though some places ill i t  have been indicated 
on ]naps from information of all lcinds but mitl~out any regular coli~lcction; thc 
results will be pu l l i s l~ed  \\fit11 m y  n e s t  report. 

(50.) TO the north-west of India, a Rial~o~ncddn gcntlem:ln has been em- 
plopcd in exploring tlie countries north of the H i ~ i d o o  I<oosli, and of tllc J1nst:~gIl 
and l<arakoram ranges;  lie has however only just retur~led, ant1 as yet his mark 
llas not beer1 tliorouglily examined. H e  succeedetl in ~naking  his way from Cnbul into 
Badnltshan, and thence ascericling througli the upper vallcy of the Oxus hc renclied 
the Siriliul (or Victoria) lake of Lieutenant Woocl ; sliirting t l ~ e  southern end of tlie 
Pnmir Step he  passed from the Sirikul lake down to Tash JCl~rgan. and thence over 
the mountains by a nearly direct route to I<ashgrnr the capital of enstcrn Tr~rlristnn 
(or little Uokhara). From K a s h p r  liis route was carried on to Tarlrnnd mid thence 
to  t l ~ e  vicinity of the l<aralroram Pass. The most interesting part of the route \rill 
no doribt be that between tlie Sirikul lake and Kashg-ar ; hlnjor hIontgomerie will 
report on it  as soon as tlie field work has been esamiued, and l)rcpnred f'or 
publication. 

(60.) JVith reference to Trans-Himalayan explorations I still hope tllat 
some further extensions may be madc into Tibet, though the jealollsy of the Lhasa 
officials is very rlllicll agaiust any thing of the kind. EI-cry effort is also bcin,n 
madc to add to our kuo\\.lcrlge of the countries beyond the Elindoo ICoosh, corn- 
prising the upper b r a n c l ~ e ~  of the Oxns, the Pnmir Stcppc kc.,  aud I hope tliat the 
absolutely unkriowrr ground iu that direction will. a t  no very diatont timc, be reduced 
to a ~ l u a l l  quantity. 



LATITUDE OBSERVATIONS ON MERIDIAN OF 753 

(61.) The chain of triangles on this meridian, which is now very nearly 

P E R S O N ~ L .  completed, will extend from the southern 
~ i ~ ~ t c n o n t  W. J Hcav~alde, R.E., h t .  Sopdt. slopes of the Ilimalayas, in  latitude 3Y0, to  
a. J. wood, As3istnnt Suwegor. the vicir~ity of Mangalore, latitude 13". In  
this and previous years, latitude observatious have been taken at  11 stations, a t  about 
1" apart meridionally, cor~~plet iug the observations of' this nat,ure over the northern 
half of the chain of triangles. So far, the ground passed over has been for the 
most part a very level plain. with few hills or other local irregularities ot the earth'e 
surfirce, and these of but em:tll ~nagnitude;  judging from outward appearances only, 
there is no such favorable belt of country in all India for astronorrlic;~l observatior~s. 
in its freedom from any infl~iences wl~ich might tend to deflect the p1111nb-line; for, 
though great deflections have bee11 foun 1 on level r~lains. as at i\ioscow, such grouud 
must on the whole be considered rnore f;~vorable than a Lill region. 

(62.) The southern half of this chain of triangles does not offer the same 
advantages ; i t  crosses severi~l ranges of ~nou~ltains, atld the deep snuk valleys of tbe 
Nerbndda and Taptee Rivers. I n  such regions the value of astronomical observations 
may be questioned ; if however they avoided the tri:lngulation which has been 
necessarily carried over them will be of no use to geodesy. On the whole however 
it appears desirable not to igr~ore them, but to carry the latitude observations over 
them ; and it rnay be observed that they are r ~ o t  lcss favorable for such observations 
than the tracts of country over wl~icll a considerable p o r t i o ~ ~  of Colonel Everest's 
arc, a ~ l d  some of t l ~ e  Ellropean arcs, 11:rve beerr carried. I have therefore directed 
Lieuterlant IIeitviside to co~~tir iue tlle I:ltitr~de observations southwards, but elljoined 
particular care in t l ~ e  selection of the stations. H e  rlom makes a flying reco~~noi -  
eance of the grour~tl, determines differe~~ces of level b;lrometrically, and draws 
sections througl~ tlie n1ericli:ms of t l ~ e  stations, and finally de te rmi~~es  which positions 
appear to be most sr~it:~ble for the observntions, in being situated where the influ- 
ences ot the sllrrounding llills and hollows on the plumb-line rnay be fairly expected 
to cancel each other. 

(63.) These operat.ions necessarily take up a considerable portion of the 
field Reason ; but 1,ieutenant Heaviside was nevertheless able to take complete sets of 
observ;~tions to 36 pair8 of north and south stars.-of tlie Greenwich seven year 
catalogne-cach star being observed on the meridian on six nigl~ts,  with astrono- 
mic:rl circle S o .  2. T l ~ e  observations are excellent, giving prob:tble errors wllich 
average less than f Il.05, when computed on the assun~ption that there are no 
constaut errors in  the Greenwich cat:llogue. 

No. XI1.-LEVELIXG. 

DETERMINATIONS OF ALTITUDE BY THE SPIRIT LEVEL. 

(64.) Since the completion of the main line of Spirit Levels mhich was 

PBRSONNOL. carriccl, from t l ~ e  d:~tum of the mean sea 

C. Lane, ~q., ~ c p u t y  Seperirtundcnt. level of ICaracl~i h a r b o ~ ~ r ,  t h r o ~ ~ g h  Sind, the 
I&. A. W. DonooUy, Swvoyor. Pr~n.jnb, the North-West Provinces and 

Uengnl, down to Ci~lcutta, brauct~ lines of 
level have becn carried frorn tlre n1ai11 line 

Aqjad Alli. for the purpose of c o ~ ~ n e c t i ~ ~ g  tlie various 
detached groups of levels which have been executed for Irrigation and other publio 



norl<s, and reducing tlrcm to a common datum ; also for the  pllrpose of correcting 
tlle trigolrometric:rl tlcternlilintions of tllc llcigllts of s o ~ n c  of tlle stations of tllis 
Survey, wllicll 1l:lcl been made uirder very unfjvorable circumstances, and were not 
a s  reliable as is  to be desired. 

(65.) D u r i n ~  tile present year h1r. Lane has carried a line of levels from 
the  vicinity of Bi~rcilly tliron:,.ll Sll:~l!jel~:mpore, Seetapore and Lnclrnow, to CClwn- 
pore, arid from Lucla~ow eastwa1.d beyol~d Fyzabad. Tliese opcratior~s are a 
continuation of the line mllicli was colnlr~enced last year at  a bench-rnnrlc of the 
main line at  hleernt, nrlcl carried t11ro11gli Aloradabad to Uareilly, and wliicll llas 
now been connected with tlle main line a t  Cx~vrlpore. 'Tlle Ileigllt, above Inean 
s c : ~  level, of' the bel~cll-1nn1.1~ at  C:lwnl)ol.e, :IS bronglrt do\vn directly fro111 hlcerut I,y 
t he  main linc, is  407.75 fcct ;  as detlncccl Ly the circ~iitous br:tncli line it is 4J7.11 
feet. T11ils tlle two detcrn~inations differ Ly 0.64 fcct, but tliis callnot be considered a 
material discrepancy, for tlie two lines are of the respective lengths of 290 and 330 
miles, and thus form a circuit of 620 miles. 

(66.) During the present year, 353 miles of line were leveled independently 
by h i e ~ s r s .  Lane 2nd Donl~clly. in  co~~formi ty  with the rigorous mctliod of ~)roced~lre 
whicll has becn clesc~~ibed in former rcports ; in tlle course of tlrese operatio~~s. the 
heights of 9 Trijiononletricd Stations, on tllc Amua, 1Cnr:tra and Garlvani ~neridionnl 
chains of triangles, were rlctermiried, as  \\,ell as  of 411 bericll-marks, Iridgcs, milc- 
stones and other permanent marks i n  the vicinity of the line. 

THE PENDULUM OBSERVATIONS. 

(67.) Although Captain Bascvi was ernployerl during a considerable por- 

P~nao>m!r. 
tion of the field scason in supervising the 

Cnptoln J. P nsscri, I7 F , n, p~ Supn~ntcndcnt. rne:~suretnent of the Base-line at Cape CO- 
31r J 11' Mcl)ougnll, r isc i r tn~ t t  Sur>rjor. morin, lie was ncvcrthelcss able to complete 
,, C .  P, lorrens, Do. tllc pe~ldululn observations-in confurnlity 

wit11 the system of operation wllich has alrcady been described in previous reports- 
a t  no less tllan 6 stations, viz., a t  tlie two estrcmities of the Bangalore J3;lsc-line, 
a t  Pacliapollii~m, hlallnpatti, I<udankola~n, aud P u n n ~ ,  all stations on the soutliern 
section of Colonel Everest's arc. 

(68.) Tlle wl~ole of the pendulum observations on the Arc  have now been 
completed, but before t l ~ c  apparatus is r c t ~ l r n c ~ l  to the Royal Society, it  is desirable 
t l ~ a t  observatior~s should bc t:tken on the hiqllcst accessible table Inncls of the 
Himalayas, as  well as a t  various points on tlie coast line, and at  the Calcutta and 
Madras observatories. 

(63.) 11l:tve already reported that the results of the first scason's operations 
tended to confirm the I I ~ ~ ) O ~ ~ I C S C R  of hlr. Airy and Arclldeacon Pra t t  t11:tt tlle dcrl- 
sity of t l ~ e  strata of the e:irth's crnst ~lrldcr tltc Him;tl:lyan mount;ti~ls is less than 
under the plains :rt a, distance from t l~ose  monr~t:~ins. Thrls it  may be espected 
t l~n t ,  or) the otllcr 11mld. t l ~ e  del~sity of t l ~ o  strilta 111lder thc Led of tile ocean most 
be  grcater tllan uritler continents, aud Arcl~tlcacon I'ratt 11:~s suzgcetccl tllat " helow 
sea bed8 the crust of the earth is as much clcnscr, through a ccrtain depth, 



as mill equal the deficiency of matter cm~sed by tho ocean hollo~v, and beneath 
the density is as n ~ u c h  less, t l ~ r o ~ l q l ~  n certain depth, as will account 

for t l ~ c  cscess of mass in tlle mountains." I t  is impbssille to talre obscrv:~tions 
on tlre l)ed of tllc occan, but sl~onld t l ~ c  l~ypotllesis be correct, t l~cre  is a con- 
s i t lcral l~ prol~ability t l ~ n t  as t l ~ e  peli1111l111n stations arlvnr~ce from the interior of 
tile milin land to~vards t l ~ e  coasts, tlie olscrv;~tions mill int1ic:lte an incl-case in tho 
force of gravity, just RS when t l ~ e y  atlvance to~vnrrls the 1Iimnlny:ls t l ~ e y  indicate a 
decrease of force. C.~ptai~i  13ascvi will tlrerefore take observations at a fcw points 
on tile coasts, and also or1 the lo\\. isl.~ntl of Ali~iikoy, w l ~ i c l ~  is in tlie sarne latitulle 
as his sontlrcrn~rrost station of PUIIIIX, and sta~rtls on a cor:~l rcef in the ocean at  a 
distince of upw:~rds of 250 ~nilez from the mairi land. When these observations are  
cornpletcd, 11e will proceecl to tlie Himalayas to take the necessary observations a t  
the highest attainable altitudes. 

No. XIV. 

(70.) These operations l lwing  been suficieritly described in former reports, 
it is only necessary for me to give, in tlre present place, the results of tlie several 
deterlniuations of ~nngr~et ic  elements wlricl~ have bccn made since my last report 
was submitted. The measures of intensity are all expressed in British units. 

S?/nopsis qf Magnetic Ohsowations. 

hmni~ggor,  . . . . . .  29 2b 70 10 

Ngneo Tnl, ...... 29 23 79 30 I I 
Dllecm Td.  . . . . . .  20 21 70 35 

Yan.u~~ lc  ELEPEATJ. 

R E I A B K B .  

0 ,  

Novcmbcr 1868, ... 7.2039 N413087  9.7409 

Dcccmbor ,, ... 7'2903 ,, 35.02 0.7466 

Januory 1869, ... 7.2063 ,, 32.20 9,7475 

Fobrunrg ,, ... 7.21),i7 ,, 331.29 0.7491 

... 
by hIr. \V. H. 

March ,, 
0 I 

7.2915 ,, 28.10 0.7307 

... Septcmbcr ,, E 3 5.17 7'2558 ,, 35'43 0.7041 .. . . . . . . .  Norcmbcr 3 GC3 72065 3212 9.7475 

blnrch 1869, ... 7'3472 K40  6250 0,7167 
stnlions in Ku- 

Fcbrunrg ,, ... 7'31 13 ,, 40 6.07 96015 
tie11 G u r l ~ t i d  

Morch ,, ... 7358G ,, 39 50'22 8'5832 
Alontgomorio, 

... I) ,, 40 8.24 

October 1868, ... E 1 G.8 8.1050 N 7 23.51 8.1738 

8cptr. & Octr. 1868, ,, 0 50.3 8.1009 ,, 7 10.68 8.1649 1 O b a e r v e d  n t  .. Norcmbcr l8G8, ..... 1 4.4 S'01,27 248.41. 8.0524 ntntionn on the 
) Urrnt Arc by 

Doccnlber ,, ... , ,051.5 8.0268 S 036.01 8.0273 Cnptnin J. P. 
Busevi, B.B. 

April 18G9, . . . . .  .. 3 33.00 8.0774 

March ,, 3 21.21 8.0700 ) . . . . .  ,, 



No. XV. 

THE COMPUTING OFFICE. 

(71.2 The principal triangulation which is completed on each of the several 
meridional and longitudinal chains during 

Psnsomc. 
each field season. is provisionally reduced, 

J. B. N. Hennessey, Esq., Depy. Snpdt. 1st Qrnde. 
W. H. Cole, ~ s q ,  M A ,  Assistn~lt Sllperintendcnt, during the following recess- by the officers 
Lieut. M~~dogh, R.E., Assistant Supermtendent. b y  whom the respective operations have - 

Comp.ting ogice. been conducted. The most probable cor- 
MT. C. wood, gurneyor. rections to the  observed angles, which are 
Bnboo Qunga Pershod, Computer. 

,, Gopnl Chunder Siwr. required to satisfy the geometrical equ a t' lone 
,, Jfnlly Mohnn Cihose, and 8 other native, of condition of the several polygonal figures 

W ~ P U ~ C T E .  forming the successive links of the chains - 
Printing Office. of triangles, are conlputed in the fi~sat 

Mr. M. J. O'Connor. 
instance, and then the linear values and 

azimuths of the sides, and the latitudes and longitudes of the stations are calculated. 
Preliminary Charts are then prepared and publisl.led, on which the triang~ilntion 
8nd ~ ~ u m e r i c a l  details are exhibited, and these are placed in the hands of the Topo- 
graphical Surveyors and Geographers by whom they may be required. 

(72.) The information given in these charts is of a high order of accuracy, 
and quite sufficie~lt for all immediate purposes ; but it cannot he considered fiu:ll, 
because final results cannot be determined until the several cl~nins of triangles are 
completed, when further reductions become necessary to llarmonize the results of tho 
operations. For  ex:irnple, a chain of tri:lngles rnny start from and close on measured 
base-lines ; certain corrections are then necessary to make the results of tlie trian- 
gillation, as computed from the base at  one extremity, coincide with the given 
length of the base at  the othcr extremity. Again, calculntions may be carried from 
any adopted side of origin throu;h a circuit formed by a pair of rneridion:d and a 
pair of longi tudi~~al  chains of triangles; certain corrections are then necess:iry to 
satisfy the condition that the values of the length and azimuth of the side of origin, 
and of the coordinates of it's extremities, as obtaiued fi.oru t l ~ e  cxlcrll;ltions, sh:tll 
agree wit11 the iuitial valucs. I n  this survey 8imil;ir conditions have to be satisfied, 
not merely for single ch;~ins of triangles betwcen a pair of Lase-lilies, or for single 
circuits, but for several such chaina and several circuits, wl~ich are mutu;lll~ 
connected together. These reductions are perforrlled in the computing office under 
Mr. Hennessey's superintendeuce. 

(73.) Theoretically, the final reductions should be postponed until the trim- 
gulation of all India is completed, the whole of wllicl~ R I I O U I ~  then be treated si~nul- 
taneously ; but tlie practical solntion of such a problenl, would be quite iltirnanage- 
able, as it would entail an immense amount of inter-dependent calculations, which 
would bc liable to be visited by a s i r ~ ~ l e  error. ~ ' I I I I R  it is necessary to divide the 
triangulation into sections, and reduce each section y r r  YL', arid the s~~bseqrlent sections 
in such a manner as not to disturb the results which I~ave  been obt:iincd f;~r tl1ose 
previously reduced. Tile prirt~ary eections are tllose whicli are formed by the 
triangulation between the great qnadrilateral figures at each corner of wllicll there 
is  a measured base-line; twu of these figures have been very recently c o ~ n ~ l e t e d  in 
all their details, so their h a 1  reduction may now be commenced. 



(74.) A s  a tentative measure, a portion of one of these figures. comprieing 
3 meridional and 2 longitudinal chains of triangles, was taken in hand in the f i s t  
instance, by Mr. Hennessey, during the present year. I t  comprised about a third 
of thc entire figure, but presented 380 unknown quantities subject to 11 geometri- 
cal equations of condition, for solution. Numerous difficulties were met with and 
overcome in the course of the computations, such as the devising of checks a t  every 
successive stage, ascertaining the degree of arithmetical precision wl~icli was requir- 
ed to satisfy the conditions of the problem, and preparing forms for the computa- 
tions wllich would reduce the labor to  a minimum and serve as  a guide to  the  
computers. But  the problem was satisfactorily solved, and ~ f t e r  the application of 
the angular corrections-the magnitude of which i n  no case exceeds V.4, and 
averages O".15-the geometrical equations of condition were found to have been 
adequately satisfied, the maximum linear discrepancy a t  either of the 5 closing 
sides heing only 1.7 in  the seventh decimal place of tlie l o g ~ r i t h m  of the length, 
and the manimurn angular discrepancy in eithor of the 6 circuits of latitude, longi- 
tude, and azimuth being only Ot'.005. Thus tlie problem may be considered to have 
been successfr~llp grappled with, and the experience which has riow been gained 
mill be of much value in  future applications of the methods employed to problems 
of still greater magnitude. I am very greatly indebted to Mr. Heunessey for the  
care and attention which he has devoted to this subject in  every stage, from the  
primary theoretical investigations to  their practical application ; I have also to  
aclinowledge the valriable assistance which has been rendered, both to  Mr. Hen- 
nessey and ~nyself,  by Mr. Cole, not only in tlie details of the operations, but by hie 
translations from various German authors who have written on similar subjects. 

(75.) I liave already, in  para. 40, alluded to the uncertanity which exists 
about the factor of expansion ot the standard bar. When the bar mas brought back to 
Dehra, after the completion of the measurement of the Cape Comoriu Base-line, I 
niade some observatioris, with Mr. Hennessey's assistance, to determine the value of 
tlie factor differentially, by comparing tlie bar, under different temperatures, with tho 
new stecl standard which was lately constructed in England fcr this survey, for the 
reasons which liave been stated in Sec. XIV of my Administration Report for 18%-67. 
The factor of the steel stanllard 11as been very accnrntcly determined by Captain 
Clarlie, whose observations are giyen in dctail in his volunie entitled " Comparisons 
of thc fitnnclnrds of lcngtli of Englal~d, France &c." The observations indicate a 
valnc of factor about 4 per cent less than the one which has hitlicrto been adopted; 
Iwt they were not as satisfactory as is to be desired, for they were talien under ra- 
pidly changing natural temperatures, and there is reason to bclicve that the tempera- 
tures indicated by the thcrmorneters mere not identical with tliosc of the bars, bat  
llad a tendency to lag behind them, being too low untler a rising and too high under 
n falling temperature. This had bccn previously anticipated, and guarded a p i n s t  
ns far as practicable by observing only at  the maximum and minimum temperatures, 
bllt tllese precautions merc to some cxtcnt nugatory, for the steel bar is much more 
mnssivc than tho standard and conseq~~ently is less affected by the diurnal ranges of 
telnlmatnre, wid it's tilncs of maximum and minimum heat do not coinside with those 
of t,llc st,andard. The r e ~ u l t s  show that satisfactory comparisons can only be taken 
n-hcu thc temperatures of both bars arc tllorougllly coritrolled by artificial nieans ; 
the necessary apparatus for this purpose llns been very recently constructed, and 
the question will be immediately invest,igated with the aid of this apparatus. 
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(76.) Tlie Drawing Office has been chiefly employed in the compilation of 
the Cliarts of Lcvels which are alluded to 

PEIIsosNEL. 
in para. 80  of my last report. Of these no 

Dvau*ing Oflce. less than 14, embracing lo in longitude and 
W. H. ~ c o t t .  ~q., Surrrror find Chief Drortslnnn. 4" in latitude, on the scale of 2 miles to 
6 Native D d t a m ~ n ,  nnd I) Appronticcs. - the inch, have been completed, as far as the 

Photozincographic of ice .  requisite materials for them have been sup- 
Nr. C. G. Ollenbnch. plied by the Department of Public Works; 
6 of these, as  well as 2nd editions of the 2 charts first published, are now nearly 
rendy for the press. I am much indebted to Mr. Scott for the constant attention he 
has devoted to the preparation of these laborious compilations. The series when 
colup]eted will form a most valuable record of the Levels of this Survey and otller 
Departments, in the Doab between the Jumna and the Ganges. 

(77.) In addition to the above, a new map of the whole of the s~~rvcye 
which have been execnted by this Department in the IIimalapas, is under prepara- 
tion, for publication on a smaller scale, and in a more convenient and portable form, 
tllan the maps hitherto published. 18 slceleton charts of triangulation, and as many 
topographical and geographical maps have been prepared; 5,538 copies of these 
maps and charts have been printed, of which 2,297 have been colored by hand, 
for issue to Government Officials and sale to the prlblic, and 10,800 copies of forms 
for calculations and ofice work have been printed for the use of the Department. 

(78 ) An abstract of the out-turn of work execi~ted by the trigononietricnl 
and topogphical parties I to VIII during the present year, is given on the next 
page. 

J. T. WALKER, COLONEL, R.E., 
Szydt. Great fiigrmomclrical Szcrvg of I~ tdh .  

DEURA DOON, 

2nd December 1869. 



ABSTRACT OF THE OUT-TURN OF WORK EXECUTED BY THE TRICONOMETRICAL AND TOPO- 
GRAPHICAL PARTIES OF THE C. T. SURVEY, DURING THE OFFICIAL YEAR 1060-69. - 

D E E ~ U I P T I O N  O P  D B T A I L E .  

Nurnbcr of Principnl Stations, newly fixed, . . . . . .  
Number of Principnl Trianglrs complotod, . . . . . .  

... Area of Principal Trinnp~lation, in sqnnro miles, 

. . . . . . . . .  Lengths of Principal Scrics, in miles, 

. . . . . . . . .  Avcrngc Trinngular orror, in scconds 

...... Arcragc Probnblo errors of Angles, in sewnds i 

Azimutl~a of verificntion, . . . . . . . . . . . .  
Numhrr of Srronrlory Stntiolls. wlloso positions and \ 

. . . . . . . . . . . .  l~rigbte hnvu been lirod, ) 

Numbor of Scrnndory Stntions. \~lmsc positionsonly \ 
. . . . . . . . . . . . . . .  Ilnvc brcn lixcd, ) 

Nu~nher of Srcon(ln~~Trimglea,  of which nu 3 onglcs 
harc been ob~orved, 1 . . . . . . . . . . . .  

Arca of Srcondnry nnd Minor Trinngulalio~~ in squnrc \ 
n~ilrs, ) . . . . . . . . . . . . . . . . . .  

N ~ ~ n ~ b c r  of Points fircd by intrmrtion, but not visited, 

Lcngth of boundary lino Surveyed in milos, 

Lengtl~ of check lines UI miles ,... 
Area Topogrnpl~icnlly Survryrd on mule of 1 inell 

= 1 milo, in squnrc miles, . . . . . . . . .  
Aron Topopophicnlly S t ~ r r r y ~ d  on ~ I C  or 2 incl~cs ) 

= 1 ,,,,lo iu sqllnro . . . . . . . . .  j 

Arcn Topo~rnpl~icnlly Survcjrcd on ecnlc of 12 incl~cs \ . . . . . . . . . . . .  = in ) 

Number of Revunuc S ~ ~ r r o y  Stnt io~~s fircd, . . . . . .  
Number of Principnl Stntio118 selected in odvnnre, ... 

... LrngU~a of Approxin~nto Serirs, Principal in milw, 

h g t h r  of Apprnximntc Series, lsl clnsa rcondury, in \ 
milrs, . . . . . . . . . . . . . . . . . .  ) 

N~~nlbc r  of Towers, wnstn~ctcd ,... . . . . . . . . .  
Do. Plotforms wnstrncted for P~,incipal Stntiona, 

... Do. Plotforms construrted for Scco~~dary Stntione, 

Do. Milcs of l b y s  clcnrcd, . . . . . . . . . . . .  
DO. Milcs of pnth.nny medc, . . . . . . . . .  
DO. IIill tolie clenrcd of fo r r~ t  nud junglo, . . . . . .  

Do. l'rinripd Stnt,ions s l ~ o s c  clcn~ol~ts I Y C ~ O  wr~lputed, 

Do. Srrondnry ditto, . . . . . . . . . . . .  
D o . P r c l i n ~ i n n ~ ~ C h n r t ~ o f T r i m g ~ ~ l ~ ~ b i o n  , . . .  ... 
Do. Principnl Stations p l m ~ l  ~ ~ n ( l r r  ollicinl protcclion, 

Do. Towcr Stntiuna prolertcd nnd closrcl, . . . . . .  
Du. I'Iulfu~,nl Ditto , . . .  
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EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN H. R. THUILLIER, R.E., 
DEPUTY SUPERINTENDENT, IN CHARGE BRAHMAPUTRA SERIES, NO. 93, 

DATED 20TH SEPTEMBER. 1069. 
-..- ---- --.. 

(4.) Fir-t, I will proceed to  detail the worlc of tllr Br:~l~maputra Serics and then report 
011 the Assan1 tr ia~~gulat ion which is being carried on by I~ieutcnant 15. M. Larminie in  conncc- 
tloll with my party though co~upletely detached, therc I~ein;: a distance of 360 miles between 
our worl~. 

(9.) T l ~ c  13rallmaputra Series Party assembled at  Calcutta from IIcad Quarters on 
1st November and after making the necessary prclr;~mtions for taking the ticld, I started the 
larger portion of Iny camp on 15th November to lilnrcll cid Bareset and Jessorc to Dowlatpur, 
a statiou of the E. Calcutta Longitudinal Series \~- l~eucc  the Ural~n~aputra Serics emanates and 
Irhere 1 had to comnlcncc obscrvations. I followcd on 17th idem by boat accompanied by Mr.  
1tya11, haviug previously instructetl Messrs. Ncu\-ille and Harris to proceed rid Kuslltia, to the 
11oi11t H-11c1.c ~ v e  had closed the previous season; the former to continue the Approximate Series 
~~or t l~r \a rds  and the latter to proceed wit11 tllc bu i ld i~~g of the towers. 

(4.) I arrived simultaneously wit11 my party at  Dowlatpnr on the 21th November and 
011 thc fbllo~ving ilny, detached Mr. Ryall to rellcn. the l~latf'uri~ls of the to~rers  in advance 
whicl~ had ~ C C I I  I~uilt the prcvious season. 

(5.) I was dclaycd a fern days a t  Dowlntylrr erecting a new platform, as tllc old onc had 
disappcarctl, thrcc years having elapsed since the stntiou was last visited. On the 2nd December, 
1 put up the Theodolite and commenccd observations. I n  accordance with your i n s t ~ ~ ~ c t i o n s ,  I 
tletcrmincd to talie a sct of azimuth observations at  this station, i t  being more favorably situated 
t l ~ a ~ r  the othcr statiolis of thc E. Calcutt:~ Lougitudiual Series nrllicl~ I l~atl to \-isit. For this 
purposc I sclcctctl two stars viz., 51 Hev. Cephci and A Ursze Minoris at opposite elongations autl 
complct,etl t l ~ e  ol)servations on 7th Dcccrnbcr. Thc rcsnlt sho~vs a discrepa~lcy of' + 6.71 
s~contls ~ ~ i t l ~  thc computeil value as brought up from t l ~ c  Calcutta Basc. 

(13.) The triangulation follon,s the course of the Gauges and J a n l n ~ ~ : ~  rivcrs. T l ~ c  
changes in  the collrscs of these streams, ~vl~icl l  ruu  tllrough a sa~~cly  soil, arc vcry great. 
Islands or " Churs" nrc annllally th ro~sn  up in one placc and washcd away in a ~ ~ o t l ~ e r  and the 
barrlts u ~ ~ d e r g o  consitlcral~lc cllange cvc18y rllonsoou. I n  some places, the grcat hrcadtll of thcsc: 
rivers prcve~~ted my selecting sitrs for tllc tt~\vrrs snilicicntly i ~ ~ l a r ~ d  to srcure permanency, but 
sucll sitcs Ilavc bcen selected \r.itl~ carc, ill pl:~ccs \r.llel~c the lrctioll of t l ~ c  strcam ia slight ant1 
I aln in hol~ru they may Inst for years ; by fiu t l ~ c  greater portion Ilo\re\~cr nrc well inland. 

l k )  111 Furrccdl)orc : I I I ~  Dacca tl~c*rc nrc numcrous Indigo fnctorics, scattered over 
lllr portiorls of the districts tl~rongh \rlricll the: t,riaugul:~tion was cnrricd, hut by far t l ~ e  greater 
lllltnhcr of them I fotuld dcscrtrd : I I I I ~  in ruins. Comml~nic:ltion ill ~ I I C S C  ~ ~ a r t s ,  is very dificnlt 
i l l  the tlry rno~l t l~s  owing to thc waut of roads: iu t l ~ c  ~ : I ~ I I J  scason thc traffic is cntirt:ly 
c'arrietl on by 1)oats. 

(15.) I n  t l~csc districts f(.v~.r in very prcv:rlc~~t in t l ~ c  commcnccnlcnt of the cold seasol), 
l\llic,h in tlrc rcason of the Pnrty not t n l < i ~ ~ g  thc field earlier. Again n-l~eu tlrc soutllrrn 111011- 
won scts in, gcncrnlly in ~ I : I ~ ( : I I ,  f ' t~ers  coIlIlIIcncc : ~ n ~ l  tll:~t is the 1)criod ill \vIlicI~ ~ I I C  cstablisll- 
1111'nt sl~ITt'rs most. Onr of t111. ~~r inc ip :~ l  ~ ' ~ I I I S I I S  of L ~ ~ . I ~ I I C S S  ;~t tlli3 time of' the year is b:ld 
n.:ltc-r. 11s t l ~ c  hot F ~ ; I S O I I  : I ~ ) ~ I I . I I : . C ~ I ~ ~  t111. Inntls I IVCOII IC  thorongl~ly (Ivy; aat tSr  in tllc sm:rll 
ptl.(.:~rns stngoatcs n11t1 gootl i 'v t .? ; I~ w:~tcr is v ( ~ y  tiifticult to proellre. 1)11ri11g the m o n t ) ~ ~  01' 
>I:IN:~I a ~ ~ d  April, I SOII I I I~  it ~ ~ t ~ c c ~ s : ~ r ! ~  to  tli? \ r ~ ~ l l s  :rt all my a t n t i o ~ ~ s ;  thc n.:rtcr in the pool* 
i l l l t l  S I I I : ~ ~ ~  streams l)t,ing so ~ J I I I  : I I I I~  I J : I ( ~  t11:tt it \vaa unlit cvcn for I)atl~iug p t ~ r p o s ~ s .  C ~ O ~ C ~ : L  
also invari:lbly appcnrs : ~ t  this srasoll of t l ~ c  vc:rr and iu yome pnrts of the Dacca district tilt: 
~nol.t:rlity Iraq grcnt this year, hut r~ot  so s c ~ ~ ~ , r c *  in thc vicinity of my opcr:itions nu tluriug the: 
l)r('ccding spring, ~ \ . I I ( I I I  wl~ole 11:11nlcts ljl,rts i~llnost denuded of t l~c i r  malc inhnbitnnts. T l ~ c  
Ilc:llth of thc Estal)li~I~rncnt IY:IS on tllc* lrholc, good; t l~ere  wcre I~on-c\-er six casualties, 1, 
j'ronl cholcra and tlyscntcry :rntl !! Sronl nn nc.t.itlcnta1 causc, I)y dro\v~~ing.  



(16.) 011 the 10th Januwy the mllole of Bcngal was visited Ily a rcry severe eartll. 
cl11alie. I a a s  observing at  the time at  Saidpur T.S. (about 15 miles south west of Furreedpore) 
, , I ~  the top of a 40 feet toner where the motion was rather alarming. Therc wcre three 
>lrocks, whicll I timed to occupy 15 seconds, the first happening at 4.53 P.M. 

The ra\-c 
:lPt~earcd to pass from S.W. to N.E. When the shocks were apparently over, I ~ a t c l ~ e d  tllc 
level of the Theodolite and at  the end of 20 minutes the bubblc was still osc i l la t i~~.  ~l~~ 
loner luckily did not undergo any damage. 

(17.) As the survey progresses north\vartls the country gets Iligher and more favorable 
for our operations and is not so unhealthy, so that I trust to  take tllc field earlier in future tllall 
1 11a\,e been able to  do ill thc low and marshy districts, ill whicl~ this party has becn c n ~ p l ~ ~ ~ ~ d  
I'or the last seven years. 

(18.) After completing observations at Pi~ipara T.S., tllc end of the third hcxngon, 1 
t,losed work on 19th April. 

(19.) Mr. Neuville commenced ~vorli on t l ~ c  26th Norcm1)rr ar~tl procccdctl rvitll tile 
Approximate Serics, 011 whicll uutlertaking I I C  was occapied t l u r i~~g  the \vholc seagorl. By tllr 
30th March he hat1 selectetl 15 stations, arrange11 ill I~csagor~s, covering a direct tlistallcc of 3; 
miles. This operation involved the clcarancc of 31.k miles of tri:lI rays. I tllc11 scllt l l i l u  i l l-  
structions to turn b:lck from thc point he I~ad reachcd, clcaring the final rays on his \ray. 011 
closing work on the lc4.tl1 April, 11e hat1 atltlctl 1GO milcs of final rays to his out-turn. Tlli~ 
amount of work I consider very credital~lc to Mr. Ncuvillc. 

(20.) Mr. Ryall was employed during the early part of the scmon in renewing tllc 
platforms at thc towcrs which had been erected d u r i ~ ~ g  the previous scason, and also in re-clcnri~~g 
the rays. The growtl~ of vegetation in these parts is so rapid, cspccially I);rmboos, that ill 
six months time a ray becomes entirely choked up. After IIC lrad complctcd this duty, Ile anr 

eugaged in clearing tllc final rays between thc stations sclectcd last field scason and at tllc closr 
of his work, had comllletetl the clearance of 213 miles of fresh final rays. I I~ave evcry reason to 

be satisfied with Mr. Ryall's progress. 

(21.) Mr. Harris took the ficlrl on the 17th Novcml)cr, and was employed during tl~r 
wl~ole season in building the towers. At the commencement of t l ~ c  scason 11c hcartl of t l~c fitll 

or a portion of the IIarina to~vcr, wl~ich hc had built thc previous scason : this appcars to have 
occurred from thc sinking of the foundation. Thc sitc was n n.cll r;~iscd mot~ntl wllicl~ l~atl 
originally becn occnl~ietl by a hut. Tllc country, in parts is so Ion. and swamlry, that these arti- 
ficial rno~~ndu we  tl~c: only sites on wl~ich towers can be built ;rntl I col~sct~acntly for~nd i t  
difficult to proc111.c good and permanent sitcu. Mr. Ilarris spcctlily matlc arr;u~gc~~lc~lts to 
rebuild this towcr ant1 succccdcd in getting i t  completed Ircfi~rc 1 ~.cquirctl it for my fi11:1l ollser- 
vations, so that I n.aa not delayed thereby. D u r i ~ ~ g  t l ~ c  scason Mr. con~plcletl ser.cll 
rectangular towcrs, 17 x 13 fcct at base, aud six 11crforntc.d pillilrs, rar)vi~~g in hcigl~t from 35 
to 40 feet. Matcrials also for t l~rcc other pillars nrcrc prcparetl antl collcctctl. Tl~csc stl.~~ctllr~' 
are paka througl~ont ; the n~ntcrials havc to he prrl)arcd and linlc, kc., I)ror~gl~t tiom a di.;t;lllcc 
and conveyed, with n ~ u c l ~  trouble and delay, to the various towcr sitcs. Mr. llarris' arrnl~gcnlcllt~ 
were very good and l~ i s  progrcss satiufttctory. I lc  rcturnctl to Calcutta on 28th 1\1;1y. 

(22.) Tllc Assam triangulation, which had been commenced last ficld scasoll by Licntcllnllt 
Larn~inic lt.E., was coutinued by t l ~ c  same Officcl 

A s s ~ r  Orsnrrroxs. Oning to thc dilRculties Ilc mct with in that 
Iisut. E. M. Lermi~~ie,  R.E., Asst. Surreyor 2nd Orode. scasoll, I l e  was "bligcd to collfillc llimself to tllc 
Mr. W. J. O'Sullirnn, Sub-Assialant 2nd Grade. Approximate Scries, so that this was the first Yfnr 
in which ol)servations wcre takcn. IIis cquipmcnt this scason was more favorable than du*lllg 
the last; thc cntablishmcnt No. 7 Extra Party, I~ad bccn, ad interim, much incrcasctl and hc 
had been p~.ovided with three Elephants. This amount, of carriage ho\vcver provcd inadeqllatc 
to his requirements and he was much dclaycd on this account; coolies, which are thc only locn' 
resort for carriage in Assam, being most difficult to procnrc. The season also sccms to 
heen very exceptior~al: the observntions werc considerably clelaycd hy the haziness of tl'c 
atmosphere, rvhicl~ I~ieutcl~nnt Larminic attribr~tcs to the failllrc of tile rain svhich usually 
ahout Xmas tirnr. l ' l~e  i ~ ~ s t r n n ~ e u t  uscd was a 1.1. Inch l7llcotIolitc Troagllton and Simms and 



out-turn of work consists of observations taken at  11 stations, covering an arca of 480 s q u u e  miles, 
ill a dircct distance of 56 miles. The Approximate Series was advanced 64 miles in direct length, 
by the sclection of seven stations arranged in polygons: 42 miles of roads vcrc constructcd up to  
stations and seven platforms built. The following is extracted from Lieutenant Larnlinie's report. 
" Up to the end of January I mas ahle to  get vcry fair observations, though great delay w r  
occasioned by the time occupied in marching from one station to anothcr, owing to  rivers having 
to be crossed, where ferries are few and far  between, and to the pancity of Elephants for t l ~ c  
carri'agc of my camp. From the 1st February till the 20th March, when I was obliged to close 
work, the whcatl~er nras most unusually hazy, owing, I have reason to  believe, to  the absence of 
the few days rain whicl~ generally falls in  Assam about Xmas. Very little was done during 
tlicse two mor~tlis, in conlparison wit11 what might havc bccn effected, if the weather had been 
in a more satisfactory statc for observations. With the exception of one day, I was unable 
tloring the whole season, to obtain mornir~g observations and I regret that  on one occasion only 
tlid I obtain a view, and that an imperfect onc, of the snowy peaks. On the 0 t h  March, having 
llccn 9 days at  the last station ~vitllout being able to  get any obser\ratious, the weather still 
rc~naining hazy aud showing no signs of clearing and fearing lest the establis l~~ncnt  should be 
Iwostrated by fever, as they had tecn  last year \vheu I remained out  till 2nd April, I thought i t  
cspedient to closc work. I then marched to Go\rl~atty, where I was joined on 29th Marc11 by 
Mr. O'Sullivan with his party, he having becu obliged to close morlr for similar reasons to mine, 
: ~ t  the same time as I did, though Ilc was nearly 100 miles fur t l~er  to t l ~ e  East. I may here ob- 
serve that the \r.eatllcr renlaincd the same np to the day I left Ausam. The health of t l ~ c  
establislrrncnt was tolerably good during the scason, about 12 per cent of the entire party being 
t l ~ c  tlaily average on the sick list. Tllere were uo dcutl~s and what sickness tllcre was, of an ordi- 
nary type. Mr.  O'Sullivan accompanied mc till 15th Jauuary and acted as observatory record- 
cr. P r o ~ n  that date Ile was employed on the Approximate Sericu. 011 closing work he hat1 
coluljlcted the sclection of 7 stations, arranged ill polygons, coveri~lg a dircct length of 64milcs. 
I i o ~ d s  11ad to l ~ c  cut to each of those stations and the hill tops, clearctl of forest and jungle. Mr.  
O'S~lllivan appears to have had a very clifhcult country to  dcal with, it bcing covered wit11 
alc~lsr forest j ~ l ~ g l c  and the pop~~la t ion  very sparse, so that grcat ditticlllty \ms experienced i l l  

,Vc.ttilrg s~ljpl ics  for the ramp. I-Ie has througlloot the sc:lson \vorlictl llartl and consicleriug t l ~ c  
tlillic~lltic* :rnd tlclays nlct jvitl~, has (lone a vcry fair scnso~l's work." 



EXTRACT FROM THE NARRATIVE REPORT OF W. C. ROSSENRODE, ESQ.. 
DEPUTY SUPERINTENDENT, IN CHARGE EASTERN FRONTIER SERIES, 

NO. 42, DATED OTH JULY, 1069. 

(3.) Owing to the slow progress last semon, for want of labor, T took thc field early and 
left hioulmein on the 27th October 1868. 

(6.) Accompanied by Messrs. Pricc and Gibson, I left Rangoon by tl~c, first River Steamrr 
and reached Myanoung on the 3rd November. filessrs. Beverley and (:UIIIIOT l1:td arrived tIlere 
a week before, and could not leave Myanou~~g,  owing to the eou~ltrp bring still under n~ater. 

( I . )  On my arrival at  Myanoung, I was told by the hIya~~oung :~utl~oritics, t l~nt 1 hntl 
come too soon. They said the country was not dry ant1 the rontls ~ c r c  not open ; ant1 tItr!-, ,,Ilt: 

and all, strongly adrised me not to r e l h r e  out until the beginning of January : to rnnrcll tIlrv 
said mas impossible and the dangcr of ven tu r i~~g  o ~ ~ t  so carly nas very ~ r c a t  ; and t l~at ,  if I nlade 
the attempt, I would certainly have my n-hole camp p~,ostratrd wit11 Srvc-r. I hoirr\-n., de t r rn~i~~r t l  
to commence work, rather than lose two mouths of finc \re:lthcr, I)y waiting ;tt A ~ ~ : L I I O I I ~ ~  for tllc 
country to dry and the rontls to opcn. Frorrl my expcricnce of last season, I Sound that 1)ccc111- 
ber, January and the greater portion of Fcl)TU:lly only, wcrc clcar months, during wl~icl~ f i ~ ~ a l  
observations could be taken. I noticed last season that the j u ~ ~ g l e s  wrre fircd in the Iattcr end 
of February, and the smoke and haze prcve~~tctl any signals being seen until the first fulls of 

rain, in the heginning of May, when ob5ervations c o ~ ~ l d  be resumed. With sucl~ as l~or t  t i~nc t~f 
good observing weatl~er, and knowing the dificulty of obtaining labor, I could not atiortl to losc 
the best months ; and; witl~out being disheartenctl, I cornmcnccd makil~g my a r r a ~ ~ g c ~ n c ~ ~ t s  for 
beginning work at oncc. 

(9.) 1 tricd my vrrF best to obtain coolics, to start hfessrs. l3rvrrlc!. and Connor, to corn- 
luence clearing the Rays and building thc To\~cra.  Not a single man, ho\rcvcr, m ~ ~ l t l  I)c ol)tainc.tl. 
I decided therefore to send the al~ove named assista~~ts by stcnmcr to P r o n ~ c ;  : I I I ~ ~  dirrctctl the-~n 
to proceed from t l~crc  to Poongday by the metnlrrl road bct\vcc~l tllosc two s t ;~ t io~~s ,  n.l~ic.I~ nns 
open all the year T O I I I I ~  for carts ; and 1 rcclncstcd tllem to comlnencc work, and licrl) on t l ~ c  l~ ip l~  
ground, until the co1111try was dry for hui ld i~~g towrr.; ant1 rlrnril~: I.nys i n  t l ~ c  11l:~ins. Hy c:~r~.yil~g 
out these a r r a n g , ~ n ~ e ~ ~ t * ,  J l e~qf i .  Llcvcrlry :ir~ll (1011110~ \v:rc able to begin work on t l ~ e  I(it11 ant1 
20th November, an11 t l ~ c . i ~ .  rc%spectivr Xntite I.:stal)lisl~r~~cntn cb~~joyctl gootl I ~ r ; ~ l t l ~ ,  on t l ~ r  l~ ig l~  
ground they occupictl, : L I I ~  wllcn thc c o u ~ ~ t r y  nnr tlry they took up the rays VII  tl~c* Ion. gru~u~d.  

(10.) 1 W : I ~  m!.v,lt'~r~*y xl~sic~u< to conllnrllrc tllc final opcrationu, all11 tricd rr~y 111l11o.t 
to engage coolics to t:~l;c nle to Tl~lu~gtong, Iny first station, a l~ic l l  \vns 1-1. rnilcs by tl11- ro;1[1 
from Myanoi~ny. 1:ailiug to procu1.c t l ~ c  nrvll of t l ~ c  co~~n t ry ,  I m:itlc tl~c: :rttv11111t to ~II;:I:~' 

the laborers from I'lrl~er J ; I I ~ I I I ~ .  1Iortles of t l~rsc  "11 foot, a ~ ~ d  bo:~t loatls ol' ~ ~ I ~ . I I I ,  \v~'r(' (I:lil!' 
passing M ~ ~ I ~ O I I I I ~ .  I r ~ ~ ~ p l o y c d  i ~ ~ f l ~ ~ c ~ ~ t i a l  ro~l t rae tor~,  by o f c r i ~ ~ g  a 11igl1 11l.cn1iu111 li)r :L 

c-ertain number of Inen. Xot sl~ceccdiug in this, I ofkred n daily 1)cr cc~~t:~gc. 011 t-ncl~ Inall 
supplied me. 'I'l~csc: I-lt~wr H I I ~ ~ I ~ I I  lahorcrs 11:rtl comc to work on tllc crnlr:~~~!in~rnt?l, 011  tllc 
roads, and wrrc also goill:. on to H:I I I~OOII  ; a ~ ~ d  ~ ro l~ l t l  listen to r ~ o  ovcrturr.i t o  nrronIp:111y 1111: 

to thc jungles, wl~cn t11t.l.e \\:IS so grcnt :i ~ C I I I : I I I I ~  for c,o~~tr:~ct I:~l)or. 

(14.) T l ~ c  fiual olrt,r:rtio~~s I I I ~ ~ ~ I .  gootl progrrss in Dccyvnl~rr and J ~ I I I I : ~ . ~ .  I was [I('- 
titined at kcokitlong H.S.,  oa illy to t l ~ c  ray not br:i~~g clrar, nlt11011gl1 it l~xtl 1~ci.11 ron~rnellcc'il 
illore than a montll I~cforc. I)y 111.. Col~nor. '1'11(: drnsc forest and tllc u n t l ~ ~ l a t i ~ ~ g  gro~~tld,  ill- 
creased the dific*ulty of a l i g~~ ing  the flags and carl,yir~g on thc my. T l ~ c  pri~~cipal rausc, I I ~ \ v -  
ever, mas want of labor, in this, :IS in cvcr) o t l~cr  ray, owing to want of nsclista~rcc ~ I I  Ilriti.11 
Hurma. Thc :~p:ltl~y ant1 indini*rt*~~cc* s l l rn~l  11y t l ~ c  district and local offic.i:tls, trns U I O ~ ~  dis- 
I learte~li~~g : : I I ~  disLr(:ssil~g ; : L I I I ~  I i':~ilc:il i~ou~ l ) l c t c l~  in S C C I I ~ ~ I I ~  their co-oI)cmtiol~, and o w -  
1:omiug the pre.jl~tlicc: a g a i ~ ~ r t  tl~i. 11atibe ~ \ t ; ~ l ) l i h l l l l ~ ~ l ~ t ,  ~ O l l l p ~ ) ~ c d ,  yOll  ill.^ alyar,:, or nlcll 
~llostly from ITl~per luilia. 



(15.) The signal parties this season were very seldom able to procure coolies, and when 
these were supplied, the charges were enormous, and much time was lost in the dilatory manner 
the orders were received and executed by the native officials ; and the signal men took 10 and 
15 days to  reach their stations. To prevent the embarrassment caused by delays of this nature, 
I had to send men of the native establishment to aid thcm in reaching, or rcturning from, 
tach station. The instrument bearers were detached on this duty, the day after I reached cac l~  
new station, and they returned in time to convey the large theodolite to  t l ~ e  next station. I 
felt the want of men, brlt I could not entertain spare meu for this and other duties, as none 
were willing to  take rmployment. T ~ I C  carriage of the lamp, hcliotropc, oil, baggage of thc 
men and the provisions tbey are generally rcquircd to carry, takes up fire or  six coolies. The 
Iampman has his two assistants, carriers, and requires tlwce or four extra mcn for tllc 
remainder of his loads. The number of men varies arcording to the station to which he is 
posted, whether inllal~itetl or not. \'Iicre the \-illages are far rcmoved, a large quantity of 
provisions are scnt with him, and if any delay take placc, and tllc ol)scrvations to  thc station 
are not completed, a further supply is scnt. nIy establishmeut is very ~uuch crippled, owing to  
the high wages paid to  them; as the lowest pay now given to  carricrs is tcw Rupees a month : 
not a single man can be entertained or kept on for Icss. Influential men were engaged t o  
obtain coolies, by making i t  worth thcir while to supply tl~cln, I)? daily payment of onc anna per 
head. This arrangement cnabled each detachment to procurc Ial)ur f u r  clcariug the rays anrl 
building towers. Thc coolie gongs, as they are called, always succeedc~l in i~~t luc ing  their rela- 
tions and connections to accompany them ; and, as it was their interest to provide as many men 
as they could, they exerted themselves to  bring as largc a nnmhcr as tllcp s e r e  able to collect. 
Although the supply fell far s l~or t  of the demand, still coolics came IU daily, and thc work pro- 
gressed. The progress, although sure, was very slow in forest rays ; and cach ray occupied, OII  

an average, nhout two months to clear. 

(18.) By the lattcr end of February the jungle and hills merc fired ; the haze set in ; 
and nothing could be seen, consequently no final work could he done. I therefore cmployerl 
myself in clearing rays, until the first falls of rain, af'tcr which only, I could resume final 
ohservations. I n  31ay the rains fairly set in, and tlic 11:lily sllowcrs and s t o m s  caused very 
grcat iuconvenicncc. Wl~encvcr a break occmred, th r  instrnmcnt \\.as sct up antl observations 
were taken but, on tllc approach of a storm, i t  mas tlismantled :u~d hoxetl. Pcr~cvcring in this 
way, the observations mere completed at  ~fcododon; and l'ongtalung, and I rcached Timuklii 
on the 8th of June;  waited there until t l ~ c  wl~olc of tllr dctacl~cd partics joined IIW, itnd 
then mnrched to Rangoon, which place I reached 011 t l ~ c  2lat mTu~lc. 

(22.) The detentions last season for carriage, \vrr- vcly frcqnrnt, and thc disaffection autl 
discontent s e r e  apparently caused by thc nativc oficials I~cing rcpcatcdly urgrtl to f i ~ r ~ ~ i s l ~  t l~t .  
ahove aid, which they were required and rcquestcd to do b!. the ortlrrs of t l ~ c  ncputy Com- 
missioner of the district. The native officials find it irksonir to attc-11t1 to surh orders. l'ro- 
curing cnrts and coolies entails labor; and labor is ~listastchtl. To t l ~ o w  ncquaintctl wit11 
Burma ant1 the Rnrmans, another reason for not ~~ rov i~ l i ng  1al)01- anti carriagc is 011rious. TIIC 
Ilurrnans are averse to carrying loads nnd to working as coolies. They arc not disposed to 
llire their cattle and carts. The cattle are use11 for plonghing tllcir 11adt1y fields, aftcr t l ~ ~  
~e t t ing  in of the rains ; and are also used wl~cn they pcrso~~ally rcquirc thcm, to cart in their 
grain from their fields, or thcir supplies from the ncarost n~:rrkct towns, or in c a r rg i~~g  bamboos, 
grass and other bl~iltling ~naterinls from the juuglcs for thcir I~nts, \ r l~rn  rcnclviug or repairing 
tlirnt; or some who trade rnakc usc of t h r a ~  for this pllrpost? : and, at  all otlirr timcs, the cnttlr 
:ire ~ ~ n c m p l o ~ c d  ant1 alloncd to grazc. 'L'hry I;c,cl) Ll~c-ir clrttlc all11 r:~rts for their o!r.n ct)ll\-rlli- 
mce nnd usc ; and arc unwilli~rg to I~irr: t11~1n. 

(23.) The lower p d c s  of Native Ilt~rman ORicials, I :rll~~dt- to t l ~ c  rilla:r arttl~oritic.. . 
strive (it would appear) to  I)c on thr vcry I~rnt of tcrnls wit11 tllr villngcrs U I ~ ~ C I .  ~II'III. 'L'II 
Jjrc-scrve and maintain their intimacy illtact, t l~cp  nrplrct (;nrcrnnic:nt work, antl will rat11t.r 
incur the displeasure of their E ~ ~ r o p c a ~ ~  s~~prriorn,  tl~;m onivd t l ~ c  1)col)lc nntlcr tl~cul, I1.v 
illlluring them to rendcr tlie llccdful aid, to rnal)lC the offircr to rcaclr his stntion and begin Ilis 
1 .  Sucl) n confederacy is ~oainfcrt to :r l l  Uovrrnmcnt scrvants working in Hurma; antl 
(lll)s(. ulficii~ls, who are armed wit11 thc  ~ I I ~ B ; I I I : L I I S  of the dist1,ict olliccrs, as \vc arc, and ~.~qiiirt: 



the orders they contain promptly attendcd to, become unpopular ; and falsc complaints alld 
false statements are made, so that they may be saved the trouble of providing aid, at the risk of 
forfeiting their own popularity with the villagers. 

(30) Mr. H .  Beverley, Civil Assistant 2nd Grade, cleared five forest rays and built two 
towers, Tongtalung and Sahu-Bng, during the season. Mr. W. C. Price, Sub-Assistant 3rd 
Grade, was engaged upon the base-line nearly the whole field season. FIe built the cast e~ld 
base station platform and the tower at  the west cud base station, and cleared the ray. hfr. E. J. 
Connor, Sub-Assistant 3rd Grade, cleared three rays and a portiou of the foilrth, and built the 
tower of Keingbeng-gyee. H e  was subsequently sent to  Keoklsda H.S. to observe the angles. 
Mr. R.. Gibson, Probationer, recorded in the observatory and assisted generally in office duties. 
He has been taught the use of Vernier instrumc~its, and has also been instructed in cuttiug 
rays. H e  cleared one and carried on two trial rays. 



EXTRACT FROM THE NARRATIVE REPORT OF CEO. SHELVERTON, ESQ., 
DEPUTY SUPERINTENDENT, IN CHARGE BEDER LONGITUDINAL SERIES, 

NO. 11, DATED 31ST AUGUST, 1069. 

(1.) On receiving ponr letter ordering me to begin, during the approaching field season, 
the triangulation of the Beder Longitudinal Scries, I arldrcssed the ICcsident at  the court of 
His Highness the Nizam of Hydcrabd, to notify to the authoritics that my work, during field 
season 1868-69, would lie in the ncighbourhood of Beder and IIyderabad: he am good enough 
to send a court official, " Mansabdar" Ghafar Bcg, with a suitahlc escort, to wait my arrival at 
Ashraraopctta, on the borders of the Ilydcrahiul states, abont 36 miles to thc rca t  by north 
of Rajahmunclry. I bcg hcrc to record, that I am vcry mucl~ intlchtcd to His IlighnessJ Govern- 
ment for thc taluable help that was rcndcrcd to mc, d~ i r i l~g  tho \\.1101(* of tllc ficltl season. 

(3.) The principal difficulties of the season having bceu snrmountctl, and thc Approximate 
Scr~cs v ~ r y  nearly laid out, I bcgan building the stations towards the Great Arc Serics, and 
rlcspatchcd Mr. lIickie to select the two flank stations of the Chinchalkot polygon, which he was 
soon able to do, as the country was remarkably favorable. 

( )  During the month of January 1869, I employcd Mr. Hickic in building the stations 
or thc Cl~i~~cllalkot figure, and in cutting roads and clcnril~g tl~c: l~il l  tops of jungle; for thc 
rcmaindcr of thc ficltl scason, he was cngagcd OIL minor trii~11g11I;ttion 11 itlun the main series ; he 
obscrved angles at 60 stations, and fixed thc positit~ns of al)o~tt 100 uill;scs. His out-turn of work 
IS very large; I again beg to bring him to your favorable noticc for promotion to the nrxt 
superior gradc of Civil Assistant: Itis esertions during the past field scmon have been vet.!. 
~waiseworthy. 

( 5 . )  Blr. P. Bcll begad his field operations by connecting Kllummummct hill fort with 
the Jubbnlporc Mcridional Series : I had intended him to supl~ly the omissions of thr 
.Jnbbulpore AIcridional Serics, during ficlrl scasorl 1867-68, 11y employing him, duriug thc field 
season i~ndcr rcvicw, in minor triangul:~tion, similar to that conducted by Mr. Ilickie for the 
Rcdcr Longitntlinal Serics ; but, as in 2+ m o ~ ~ t l ~ s ,  Mr. Bell hail not sncccctlctl in observing at 
more than ninc stations, from causes owr  nhicl~, he says, that hc had no co~ltrol, I cancelled my 
first instrnctions, as the season was pretty well dvauced, and tlirccted him to carry out, ~ri thout 
any further delay, a series of route survcys such as you spccifictl. M r .  Rell'~ triangulation is 
not satisfactory, inasmuch as, he failed to fix the positions of \Parangal and Eilgundcl, two 
ont of four plnccs of importance, that his minor scries was specially designed to eonncct. 
Llllring the months of March and April, Mr. Ucll couductcd ronte survcys, avcmging each livc 
miles in length, round 13 principal stations of the h~bbulporc hfcritlional Scrics, and thus fixed 
thc positions of 37 villages ; the progrcss of this worlc was very satisfactory, as Mr. Bell hat1 
to march over 300 miles of ground in the course of it. 

(6.) Mr. E. P. Wrixon, assisted Mr. Hickie for about two months, and was of great 
rcrvicc tn him : after Mr. Low's resignation, I ordered Mr. Wrixon to join me, and he proved 
hirr~sclf a very i~scful assistant throughout. 

(8.) 111 marching to our ground, me adoptcd the shortest route, kecping along thc 
I)ckhan rontl for 1 1  days, ant1 then striking across country for Anhwnmopetta, near the westcr~~ 
confincn of the Itajal~mundry district. From Ashwaraopetta to Kallur, n distance of 50 miles, 
thc road a good cart track, lay through dense forcst ; thc villages hcrc are small, and thc 
rrlltivation scanty ; from Kallur to Subler (60 miles) there was extensive cultivation, thc 
\'ill%gcs wcrc lnrgc, and watcr ww abundantly stored up in fine tanks; from Subler to Itur 
(-1.0 n~ilcs) thc country was barren; the tanks aud wells wcre vcry nearly clry in Deccmhcr, 
anrl thc pcoplc 11ad begun cmigrating; this is a portion of t l ~ e  Nalgondall Talook wl~osc chronic, 
colltlitio~~ I)ortlcrr u~fi ftrrnine. They have a saying in the couutry that ~vhcn Nalgondah grows 
rrolrq tlrc I l ck l i :~~~  rejoices. Prom Itur onwards, as far as my work lay, the country (excepting 
(Ilc l~illy 11ortio11) was frcc from jungle, had yielded an avaragc harvcst, and the labouring 
rlrtsscv lookcll lvcll fed and were ~vell clad; from Itur \ve reached Jidkal in two marches. 



Jidkal is noticeable for a great fair, that is held on the full of the moon, in " Kartik", 
corresponded on the last occasion to  30th October 1868, and continued for 15 days-the attrac- 
tion is a temple, sacred to " Mahadeo", built on a granite hillock, outside the village, and 
ministered by a small colony of Brahmans. These priests knew that there was to be a 
eclipse of the moon, on the 28th of January 1869, but did not assume great learning; their 
source of information was a T e l i y  almanac, published in Madras by one Siriram 'I Siddanti", 
which they produced. From Jidkal we marched to Kulpak, a large village, which must have 
been of some note once, as i t  is styled " Dakhin Kasi," or the Kasi of the south, in contradis- 
tinction to the holy city of Benarca. There are 18 " mats" or temples of " Someshar" (Brahm 
Mahadeo) in the village itself, and tradition runs, that ten million " Lings" are to be found in 
the neigbbourhood, within a radius of ten miles : there are still many temples and monoliths to 
be seeu about the village grounds. From Kulpak I marched to Chinchalkot aud began my 
rrconnoissance of the country. 

(9.) The principd forts that lay within the area of the trinnplation, were KIlummnm. 
mett, Bhonaghir, Eilgundel, Mullangoor, Warangal and Medduck ; all very formidahle. Kllum- 
mummett is built on an isolated granite hillock, that riscs about 80 fent above the level of the 
country, and the town surrounds the hillock : the hillock looks like one entire block of stone, 
and is steep on all sides, save, at the entrance to the fort :  there was water within the wnlls in a 
deep cleft of the rock. There were no guns in position, but some that were lying on the ram- 
parts, purported to have been cast in the year 1180 of the Hegira (106 years ago) by order of 
Nawabs Rookan-ood-Dowlah and Zuffer-ood-Dowlah, in the foundry of Mahomed Kasim; the 
walls on the hill top were showing signs of decay, hut the works at the entrance are in excellent 
preservation ; they are very massive and strong. Bhonaghir is situated on rather a high hill of 
g r a n i t m n l y  the western face, which is the weakest, is strongly fortified. Mr. Hickie wished 
to visit the hill but the garrison refused to admit him : on his representing thc matter to His 
IIighness the Niznm's Government, permission was obtained to nntcr the fort ; but, with the 
injunction, that he was to build no Trigonomctricnl Stations otl,thc hill or set up any kind of 
signals ; this was fortunately of no consequence to us, m we subsequently lcarmed that the view 
from the hill westwards was limited, by the ncighbouring heights of Itngl~ir. Wnrangnl fort 
is situated in the plain; it has an inner wall of paka masonry and an outcr Iiacha vall of great 
tllickness, both surrounded by broad ditches. Thcre were sevcral breaches in tllc ir~ncr wall, 
within the fort, a watch tower, built on a small hillock ovcrlooks thc walls. &Iullangoor fort is 
I ~ ~ i l t  on a steep granite hill, at  the foot of which, tlrc city of the sarnc name, has sprung up; thc 
side of the hill facing the t o m  is strongly fortificd, arid the l~ill top is cromnctl with an innrr 
and onter wall-the uc:ighbouring heights arc also fortified and covrr the apllroacl~cs to thc fort. 
Eilgundel fort is built on an isolated hill; tllc town of the same rlamc lics at t11r ~ ~ o r t l ~ c r n  hot- 
the hill is said to be girdled from top to bottom hy right walls. 'rhc garrison at I~:il~untlcl n.0~111 
not permit Mr. Bell to enter the fort; thc hill is elmvncd by a mosqrlc. Alctlrl~rk fort is b~~i l t  
on an isolated granite hill, which appcars to bv ~ i rd l cd  with a;tlls and b :~s t ior~~,  from foot to 
summit, and is surmoutlted by a nlouque, rritl~ four tall ~uinaretq; t l~crc  is snit1 Lo Ilc an aml)l: 
water supply within thesc forts. 

(10.) In t l ~ c  coun t r~ ,  tl~rough rrhicll the triangulation or t l ~ c  Dcdcr 1,on:it~ulinal scric~ 
mn,  there waq no valual,le timber, tllougl~ the llill ranges wcrc rovrrc.11 \ri t 11 ii~rcst, 11rllse 
rnough to amurd cover to tigcrs, wl~ich were numerous cnongh at  all my l~i l l  5tntions. I n  till! 

tnloolia of Brllar :lnd ?rI(:tl~l~lc.Ic, wtgarcanc mas ratllrr cstcnsivcly cultivntc~tl : I I I ~  (,r!.*1:1lli~~11 
Pllg7IT, of good rloality, m:tr~ul':rcturc(l : iron or(: was pl:~ntiful nt Ttot~nili, YoI.I.I~II:III~ :LI I I I  I \ I I ~ Y : I R ~ ~ I  
at the first twu s t a t i o~~s  it Iny ~rcar t l ~ c  ~urf:wc, and t l ~ c  c~xcavatiouu sc.ldorn c.xc.c~.~l(.tl :r tlrl)tll 
six fcct, but nt Anasagar they l~atl trl work dccl)pr. I was .sho\vn tllcrc a shaft, that I~:ltl tllml)lvl1 
iu, killing a11 thc ~lip~grrs, variorl~ly r ~ ~ , o r t r d  as from 16 to  100 in nu~nl)rr. ( ;~c.:~t  l~l(lcks 
stone, laid bar(. 11y tllc anrl~ing away of t l ~ c  soil, are to bc for~ntl on n~ost of the hill tops of tlli: 
pranite ranges of the cor~ntry ; sornc of these blocks are 30 feet high, and otllcrs of slLiC 

too. Deem periloi~sl!. Iralanccd, onc on top of the utllrr. 



EXTRACT FROM THE NARRATIVE REPORT OF H. KEELAN ESQ., DEPUTY SUPERINTENDENT, 
IN CHARGE SAMBALPUR SERIES NO. 6, DATED 23RD AUGUST, 1869. 

(2.) The party left Head Quarters on the 5th) arriving at  Burdwan on t l ~ c  9th N o v e n ~ b c ~  , 
to  resnme the revision and completion of the Calcutta Longitudinal Scries. Aftcr 3atifyiRq 
myself that  the arrangements for taking the field wcrc completed, and that the Assistants wer . 
furnished with instructions, for the conduct of the work allottcd to each, tllc camp Ixoke groun:l 
on the morning of the 15th, and 1 went, in the first instance, to examine t l ~ c  stationmarks of tllc 
Madhpur polygon, at  which the operations closed the preceding season, and fount1 them in gooil 
preservation. I returned to Madhpur T.S., to obscrve au Azimutll at  that station. 

(3.) Madhpur T.S. is the centre of the polygon, about 50  miles wcrt of the Cn1cutt.r 
base-line, and over 50 miles east of any hills ; at  the same time, the n r n  tower, built thc p1.u- 
ceding year, was strong and firm. 

(4.) Azimuth observations to e U r s z  Minoris, commcncecl on the 4th and were cornplctc~l 
on the 12th December; cloudy and foggy weather delaycd the obsrrvatior~r. T l ~ c  i~lcolul~lrtc set. 
were subsequently repeated; and, by the close of the month, t l~rce  zeros of fiual angles I ~ C I . ~  
observed at  Hakistapur T.S. 

(5.) During January, final angles were completed at  rIaltistapur, nfobarakpur a u ~ l  
Aknapur : the observations at  Mobarakpur took 13 or 14 days, owing to t l ~ c  itlatlhpur I1cliotro111. 
being only visible, by the aid of refraction, a little before sunset, and for n short whilc oft(-r 
sunrise: scarcely a lamp angle was taken to it on account of intensc srnokc. IVhilst t111, 
observations at  this station were giving troublc and causing delay, a violent cartl~qunkc was fclt 
on the evening of the 10th J a n u a q ,  and the following uotc was rccortlctl in thc angle bool, 
immediately after the occurrencc :- 

"Shortly after commencing the horizontal angles, thin evening, and n-l~ilst interscctiug 
the Madhpur heliotrope, a slight vibration was noticed in the tclcacopc of thc Tl~cutlolite, as if r l  

person was treading heavily on  top of t l ~ c  tolvcr, grarlu:~llg increasing ill forcc, whcr~ it n-:w 
found to he an earthquake. I t  bccame 111ore a l ~ d  more r i o l r ~ ~ t ,  and thc i l~str~un~cnt ,  a ~ ~ d  every- 
thing on the tower, rocked to and fro for sonlc t i~nc,  rrcat i~lg IIO littlc alarm, ~vhcn thc shock 
suddenly ceased; I then looked at the level ant1 thc pIu111b line ; tlle former s-as 11111ning r io lc~~t ly  
hackwards and forwards in  the tube, whilst thc lnttcr was oscillating riolcntly beloa.. Tl~c* 
shock was felt at  about 4-45 P. nr., and l:~stcd fully one or two mil~utcs ; t l ~ c  direction of tllc 
motion being apparently north and south, as ir~dicnted by thc oxc~illation of thc plurnb line. 011 

examining the instrument, after the level Ijecalrle steady, I ~ ~ I I I I I I ~  tlw ~ I I I I I I I I )  linc sligl~tly to t111. 
south of the dot, marking the station, on tllc, sunln~it of tllc town', wl~ilrt tllr Icrcl scc~nccl 
unaffected. The large plumb line was the11 let tlo~vn to tllr n ~ a r k s t o ~ ~ c  helu~v, ill tllc p a v e ~ l ~ c ~ ~ t ,  
and found to agree. The instrument was then rc-centered and Icvcllctl." 

(6 . )  During the month of February, final n ~ ~ g l e s  acre  con~plctctl :it Dns ta~~plu ,  sattell, 
Bbola and Dilakas. 

(7.)  In  the early past of it4nrcI1, a secontl .izilnutl~ was ol~s[~~.vctl, at : \ I i~~aparT.S.  : this 
tower station is the ccntre of a polygon, about 2ii n~ilcs ill a tlircct 1i11r fi.0111 the Calcutta bnrc.- 
line. The Azimuthal observations were coml)lctetl ~ I I  t l ~ c  Sth, 1 ~ 1 t  t l ~ r  r:imp was uunblr to molts 
next day, ou account of heavy rain, to Nibrin ~ tn t ion ,  whcrc you desired to inspect the i n s t r ~ ~ n ~ c n t  
~d party of this Series; late, however, in tlrc a f te rnoo~~ of tllc 12tI1, aftrr a forced n~:trcl~, tl118 
i~rstrument arrived at  Nibria, and I wns glnd to lluve it up rcndy, 11t'lt ~norning, for ~ O I I I ,  

inspection. 

(8.) The observationa at  Nibrin a l ~ d  North E:nd Basc towers, ac rc  finished on the t t l ~  
March, on which date, I bad the honor to report to you, the complction of the revisionary 
operations of the Calcutta Longitudinal Series. 



(9.) Whilst the observat~ons werc In plsogrcss, at the North End Basc, Mr. Sub-Asslstanl 
nloorc, and a large number of men of the establishment, and privatc servants were suddenly 
tnken with fever, and two men died of cholera. As the work was now completed, I left the 
Bellgal district without delay; and, on the 30th March, the camp arrived at  Burdman, en route 
to  the IInzaribaugh district, to observe the angles of two triangles of the Chendmar Series, to 
ro~lllect tbe new station of Chendwar, the old station having been destroyed. 

(10.) The party arrived at  Paraia hill station on the 16th April ; and, after 9 days of stormy 
nud hazy weather, the angles at  this station wcre completed: observations at S i n d r a ~  H.s., 
rvcrc complctcd by the 29th April; at  Chendwar after another delay of several days, on account 
of bad weather, on the 17th May; and at  Kasiatu H.S., on the 23rd Alay; and as soon as the 
vcctallgular pillars werc built up, and the platforms transferrcd to the village officials, the party 
luarchcd up, for recess quarters, to  Chunar by the Grand Trunk Road. 

(11.) During the march to Chunar, the heat mas so iutcnsc, that several cases of sun- 
htrokc occurred in camp, which the men of the establishment called Loo-ka-Mara : frcquently 
o u  t11c lillc of march, as soou as the day dnmlcd, travellers, men and women, used to be seen 
I! ~ I I X  tlcad, ou cithcr side of the road, struck domi by the tcmihle heat that prevailed, and there 
t11t.y rcmitil~cd till their corpses werc removed by tllc Police. 

(12.) Mr. Civil Assistant L. H. Clarke, who was postetl to this Serics for the apl)iox~- 
ri~ntc operations on the meridian of 82", reached Mirzaporc on the 3rd December, and soon 
at4t*r pro(-cc~letl to the stations of the Calcutta Longitudinnl Series, on that meridian, from 
\r l ~ c ~ l c c  311 n1)proximate series mas carried down soutl~ by him, though not however without 
son~c diHiculty. 

(13.) The Series is double throughout, trends slightly to the east of the mcridlu~ of 
H2", n l~d is 100 miles iu length. Therc arc no hills further south of thc basc thanDalhea H.S. 
ant1 Soti II.S., hut an extensive plain, which, it is said, extends ovcr n l~uudred miles, when the 
country ngaiu bccomcs hilly. This level country is in the suh-division of Belaspur, District 
I~ail)ur, in tllc Ccntral Provinces, and is well populated, though interspersed with jungle here 
and there. Tllc Scriea in continuation will thcrcfore nced towers, of the height adapted for 
sides of 10 and 12 milcs, until it reachcs the highlands beyond. 

(1 i.) Alr. Civil Assistant H. E. T. Keclan proceeded fionl Rurtlwnn to the ~ t a t ~ o n  of 
l):tstanpnr, sclrrtrd hy him the previous scason, situated to the north of, and formiug the 
Irc.\ag'on roolltl 11kua~r111 as tllc rays from this statlon required to he tested, bcforc thc tower wfio 
tnkcu in l~nud. Tl~crc wcre three rays in all to be testcd, and tllcy wcrc fortunately free from 
~ ~ ~ t c r r u ~ ~ t i o n s  ; as soon as this fact was asrcrtaincd, thc I)n~ltling of thc tower was taken 111 

llanrl, and t l ~ c  rays clcarcd of trees by the end of Dcccmbcr 

(16.) During January, Mr. Keclan cleenced four rays, nut1 111 February, the last my, 
T)hol:t to North Entl Uwc Tower, across the river I-Iooghly. He then marched up to thc Grant1 
'Fnlnk Iloatl to srlcct onc of the two milestoues, fixcd by the Lcvcling operations, in order to 
rlctcrmine the d~fl'rrcncc of level bctwcen the stntion of Sonakllr and OIIC of the abovc milt- 
S ~ O I I C S .  TIIC G3rd milestouc being nearest thc station, levels wcrc cnrried from it to thr 
st:rtion, and hnck for vcrifcation. On completing thc lcvclv he next closed and transfcrrc(l 
bcver:rl or thc Towers, and proceeded to  thc Hazareebngh tliatr~ct, to assist in the ,operations 01 

thc Cllcndanr Series. 

(16.) Mr. Sub-Assi~tant H. W. Pcycher~ was cmploycd (luring the season in clearinf: 
rnyn of the Calrl~tta Longitudinal Scries ; in assistiug in thc star observations at Madhpur and 
Aknapur ~tations,  nnd in closing and transferring scvcral towers to the nativc officinls. Hc. snbsc- 
quently procecdcd to thc IIazaribaugh district to build the rcrtangulnr pillars of the Chcndwnr 
Scrics. 

(17.) Mr. J. F. Trotter wae detacllctl early in Octobcr to prepare materiala for, anr1 
built1 the Uhstanpur towcr. H c  next rcrnovctl tllc old Sattcn towcr nut1 I)uilt r ucw ollc over 
thc stition. 1lc alsn rencrvcd thc Ilpl)cr ()arts 0 1 '  Uilnli:~., Ilhola, Niljrla x11tl Norlh End fiaac 



toncrs, from which last station he proceeded by order to Calcutta for his cramination for a 
commission. On his return he closed and transferred the towere of Satten, Dastanpur and 
Madhpur, and I next directed him to proceed to the Hazaribaugh district to build platforms 
u ~ l d  make roads to the hill stations of the Chendwar Series. 

(18.) Mr Sub-Assistant A. Moore waa employed during the season in recording prin- 
cipal horizontal and vertical angles in the observatory, and in current of6ce duties. 

(20.) I am happy to report, that the operations in the vicinity of the Metropolis 
lvcre completed without any complaints on the part of the inhabitants, and without o w  being 
involvcd in any disputes with the owners of estates. For the three seasons that we have becn 
~vorkiug in Bengd proper, and particularly in the neighbourhood of Calcutta, I have labored 
1111t1cr great anxiety on this head, and i t  is due to my establishments, both European and 
Nativc, to state, that in their dealings with the people of the country, they have conducted 
tl~cmvelves to my entire satisfaction. 



R ~ o r t  on the g~teastlrement of the Cape Comorin Base-Line. 

EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN J. P. BASEVI, R.E., 
DEPUTY SUPERINTENDENT, IN CHARGE OF THE MEASUREMENT, 

NO. 19, DATED 12TH JULY, 1069. 

, .  (2.) The following Parties were employed :- 

1. Madras Party in charge of Captain Branfill. 
2. Bombay ,, Do. Lieutenant Rogers, R.X. 
3. No. 1 Extra Party Do. ,, Herschel, R.12 
4. No. 4 Extra Party Do. Captain Basevi, 1t.E. 

The tirst two parties cleared the line and made all prrlimit~wy arrangements; tllr t \ r l ,  
others arrived on the ground on the 4th Janual~y, s i m u l t a ~ ~ e o ~ s l ~  with the apparatus, nhic.ll 
under thc superintendence of Lieutellant Herschel, had been convryerl from Bangalorc by Inllll 

(3.) The Base, selected by Captain Branfill during the preceding season, is 7.G nlilcs 111 

Oencrnl descr~ption of Base le1l@ll, having a dircctiou of nearly nortl~ ant1 
soutll; its northern extremity is sitnatcd ncar t l l ~  

village of Rathapurnm, and the southern on an elcvatcd stony ridgc, a milc from tllc sea, near 

the village of Kudankolam. I t  is divided intu 
Position. 

tlirce sections by t l ~ c  stations of Paramcsyilrai~~ 
n~id  Shanganeri, t l ~ c  extreme sections being cach about thrcc milcs, and thc middle scctiol~ 

1.68 miles in Icngth. The Base is in the l'innr- 
D i r ~ d e d  Into tl~rco scrlions. 

velly district, aud thc sontl~crn cxtreniity li1.4 
about 13 miles north-east of Cape Comorin. 

(A,.) You decided, in order to obtain data for the probnl~lc errors of n Bnsc mcasl~rcll 
with Co1011cl Colby's apparatus, ~ I I  measuring tl~c 

Short Bsse to be repeatedly mcssured ond extended 
by Trinngulotion. middle section of 1.68 miles four timcs, instcad ol' 

measuring the wholc 7.6 miles once : bat tllc rll- 
tire length selectetl was to be prcscrvcd, by cxtcnding the mcssarccl portion by mcans of tlln 
triangulation, which has hitl~erto been tcrmcd, nasc-line Minor Triangulation, and has serv~*~l 
only as n sort of cl~rck on the mcasurcmcnt. This Trianpllation, tvllich consisted of a tlolll)l{' 
hexagon, further strengthened by the observations of scvcral of the cross mys, nnp sclcrtrrl 
~~rincipally by Lieutenant Itogers R.E. 

(5 . )  The middle scction Was a very favoral~lc one for mcasnrcmcnt, hnving vcry gcntll. 
slopes, and thc soil t l~rougho~lt  hcing very gooti : 

Rfntldlc section described. 
the length was 8,912 fect, making 1414 sets of till' 

compensated Bar apparatus. The only drawback to it was that, owil~g to the risill~ 
intermediatclp, the two ends wcre not mutually visihlc. This circitmstancc (lid not howev1.r 
i~~convcnicnce the measoremmt, but for the triangulation masonry tolvcrs wcrc ncccssary : tllc!' 
were designed and their building superintended by Captain Branfill. 

(7.1 ljy t l ~ c  8th of .January all the apparatus was unpackcd and rcatl!. for work: Bar 
comparisons wcre taken on thc 9th and 11th J n -  

Uyernl~ons commenced on the 9th .I:tnuar~ 
nuary, and the first mcasurcmcnt was comrnenrrtl 

on the 13tl1, from Paramc~purem, and completed on thc 23rd January. 

(8.) Thc dlrcct~on of the lncasuremcnt waa changed cach time : betwcen tach rncnsurr- 
mcnt four days of Bar Comparisons, and after tllr 

Rar mmparlmna all taken at Peramespuram, ramp 
-Inlionarj there aU tbe t ~ m e .  foi~rth aud last time of measurement, two day' 

Brrr Cornpari~onn were taken. As thcrc was 
warcity of water nt Sl~anganrri, and a3 all supplies must havc bccn carried from P a r ~ m c ~ p ~ ~ ~ a r n ~  
thc camp rcmaincd at the latter placc during the whole time of measurement. The c O a r i -  



SOU8 also mere, for greater convenience, all taken there, the  bars and tents being marched back 
for the purpose each time the measurement reachcd Shangaueri. 

(9.) All the operations connected with the measurement, mere completed on the 12th 
March, and tlre following day the camp was broken 

(bmpletion of vork nnd brenking up of cnrnp. 
L up, and the scveral parties proceeded on the dif- 

ferent duties allotted to  them by you. Lieutenar~t Hcrschel .superintender1 the repacking and 
transport of the apparatus to Tuticorin and thence to C;llcutta: Captain Branfill undertook 
the connectiou of the Rase with the principal triangl~lation: Lieutenant Rogers took up the 
Base extension tr ivgnlat ion;  and I myself proceeded to Pnnnae, to resume the Pendulum ope- 
rations, which had been susperrded during the measurement. 

(10.) The times of the  different measurements, and number of sets daily completed, were 
as follolvs :- 

(11.) I u  lhe measurement, the three more important posts, viz. boning instrument, 

Detail of time eud rate of menauroment. 

Number of days,. . . . 
Total hours of work, . . 
Number of sets measured 

on the 1st day, . . 
2nd ,, . . 
3rd ,, .. 

4th ,, . . 
5th ,, . . 
6th  ,, . . 
7th ,, . . 

8th ,, . . 

9th ,, . . 
10th ,, . . 

ndvanced microscope, and renr microscope, were 
Distribution of OlRcers in tho menaureme~~t. 

taker1 altcruately hy Licutena~rt Ilersclrel, Captain 
Bmnfill, Lientenant Rogers, and myself; you yo~rrsclT also took the boui~rg instr t~mer~t  aud 
a microscope ou sevcral occauious, dllring the first time of rncas~lrement. Mr. Potter super- 
intentlcd the laying of tlre trestles during the first two mcasurerncuts, Mr. nIacdongall during 
the third, and Mr. Anding dluin:: the f o ~ ~ r t l ~  time of measuremeut. The following assistants 
had charke of microscopes at  diHtrent timcu, viz. :- 

Mr. filitcl~cll,} Madru Puty, 
,, Yottcr, 

1st 
Time. 

1 0  

74  

8 

11 

9 

1 4  

17  

1 2  

17  

1 9  

21 

13& 

,, Delchnm, No. 1 Extra Party. 
,, hlecduagall, No. 4 13xtrs Party. 

of thrse Messrs. Hclcham and Macdougall wcrc thc only olies who h d  not previously handled a 
mlrrosropc. 

T l ~ e  har comparisons and runs of compnriug microscopes, were taken by yourself, Lieu- 
tenant IIerschel, Captain Branfill, Lieutcuaut Rogers and myyelf. 

2nd I 3rd ( 4th 
Time. Time. Time. 

(12.) I will now procertl to dcscribe with more detail the different parts of the opera- 
tions, and first of all thc compariaona. 

9 

65 

94 
1 4  

1 5  

20 

16 

21 

20 

2 2  

4 

--- 
7 

56 

1 6  

1 9  

1 9  

1 6  

2 3  

2 3  

254 

7 

5 3  

134 
1 9  

2 0  

1 9  

25 

27 

18 

I 



(13.) Tlrc main principle lleld in view waq to preseI3ve, as FJI. as possible, e x ~ t s i m i l ~ ~ i t ~  
of circumstar~ces in the compnrisons and memure. 

Compnrianna.-3Ionaerr~ tokrn to prcsrrrr finiilnritp of 
ri~rumatances 111 compnriso~~s and mcosurcnient. ments. T l ~ c  comparing bench was set up under 

two bar tents, and on eithw side a sufficient num. 
her of tents to rcceive thc six compensated bars, were arranged in line, slightly in rear of the 
other two, parallel to tllc direction of thc haw. The arrangement is shewn in the accomp;my. 
i r l ~  diagram. 

Tllc I~ars were plncctl ill li~lc, caactly :rs in tllc proccss of mcasuremc~~t, in or~c of the sets of 
tcl~ts, the right hand sct for instarlce, aud each bar was brought up in succession, compared 
n~rd thcn carried on, and placed in a similar positio~r, in the lcft hand set of tents. Care also 
was taken to raise and lower tllc pardahs of the tents, a t  the same time and to the same dcgrcc, 
during the comparisons as during the n~easureinc~rt. 

(14.) The comparisons nere taken :rt regular intervals, every half hour 
the first set being commenced at 6-30 *.)I., and 

Order in which comporiaons nere tnbrn. 
t l ~ e  last set commenced at  4 P.M. ; these times were 

cl~osen so as just to overlap the hours of working ill the measurement, which were from 6-45 
A.M. to  4 P.M. The comparisons, for each time of measurement, were kept independent; thus, 
for the first time, whicl~ was from north to south ahcn the tongues of the bars would point to 
the east, two days comparisons were taken before, and two days comparisons after the measure- 
ment, with the bars tongues east. For the second time of measurement, which was carried 
from south to north when the tongues would face the west, two days comparisons were tnkcn, 
both before and after, with the bars tongues west, and so on. 

(15.) I n  order to  make this change in taking the comparisons, it was ncccssary to tnrn 
round the comparing ~licroscopcs on their piers. 

Mode of mounting the b1icroawpee. 
To facilitate this Lieutenent Herschel mountetl 

the microscopes ou finely dressed blocks of stone, which were made to rest on three points, on tllc 
t o p  01' t l~e  rtylllnr stone piers : when it was necessary to reverse the microscopes, thew block*, 
~r~i,.l .~,.rrope.; 311~1 all, had merely to be turned round on tlrc picrs. l'his ;~rran=.emcr~t was per- 
l'cctly satisfactory. 

(16.) Each "set" of comparisons consisted of a rcatlina of tllc .~tnt~tlard, t h c ~  of' all tlle 
\ ,  

Definition of a "set." 

- 
bars in order, and lastly a srcontl reatlil~g of tllr 
standard. 

(17.) For tlre purpose of obtaining some information on the rclativc trmpcrat~rrc.u. of 

the two components of a compensated Rar, Lien- 
Comprnsoted Bar B pierced for Thermomelers. tenant Herschel, with your permission, picrcerl 

each component of bar I3 in two places for thermometers; this was done at Bangalorc prior 
to the measurement. The readings of these four thermometers, were takcn carh timc har U 
was compared, and at  each set in the measuremrnt. 

(19.) The measuremeut. In  this no change of procedure was introduced that I 
aware of. Owing to  the character of the groun(I, 

The mraeorrrncnt.-Xahue of ground permits the uw 
of few s ~ g ~ ~ r  vanes. the gentleness and regularity of the slopes, tlla 

alignment by the boning instnunent waq nhle to 
be made, almost entirely, on the points fixed by the great Theodolite. 

(20.) As already mentioned, the object of measuring a short base he sevcral times 
~~~d po*ion of B- sub-divided into lollr =- instead of a long base once, was to obtain a proba- 

tima. Mode rued of recording the lerminalioos of t l ~ e  ble error of the memuremcnt. This probabl~ 
diaerent mewurementa. 

error is deduced from the differences between tllc 
ralues of the several measurcmentrr, and t I ~ r  prcnter the 1lnmI,rr of diRcrcnt lncasurcrncnt~ 



more reliable is the probable error. So in order to obtain a grcatcr number of independent 
measures, the base was sub-divided into four sections as follows; at the end of the 35th set a 
large atone of about five hundred pounds weight was firmly embedded, and to its upper surface 
a brass plate was attached, of a size sufficient, making due allowance for the deviations that 
were to be expected in length and direction, to receive thc marks of the four measurements. 
Another brass mas similarly fixed at the end of the 70th set, and a third at  the end of the 105th. 
These plates wcre marked X. Y. 2. and the circles and dots denoting the several measurements 
were numbered 1.2. 3. 4. The direction of the line was also laid down on each. On the com- 
pletion of the measurcmei~t these brasses were taken off the stones, and the differences between 
the dots carefully measured. 

(22.) The microscopes were compared with their scales generally, before the first 
measurement, once in the middle of each measure- 

Microecopes when oompared. ment, once between the measurements, and after 
the last measurement, that is nine times in all : but several wcre compared oftener. The colli- 
mation error and error of parallelism of the side telescopes were determined before the first and 
aftcr each succeeding measurement. 



Report on the reduction of the C I ~ J C  Cornorin Buse-Li~ze. 

EXTRACT FROM THE REPORT OF LIEUTENANT J. HERSCHEL, R.E., DEPUTY SUPERINTENDENT, 
NO. 126, DATED 1ST JULY, 1869. 

(1.) During the recess of 1868, the party was quartered at  Bangalore; but during the 
months of July, August, and September, i t  was absent on special duty connected with the late 
solar eclipse. 

(2.) During the ensuing field season i t  was employed, in connection with the Madras 
and Bombay parties, on the Cape Comorin base-line measwement. 

(3.) A special report on the subject of the eclipse expedition having been submitted, 
m d  by you, printed in last years report, no further recurrence to that subject is needed here, 
except that, both in its preliminaries and actual event, the legitimate recess work was, to some 
extent, interfered with and retarded. 

(4.) That work was the reduction of the base-line operations of the season 67-68. In 
carrying out those reductions I mas led, by the circumstances of the case, into considerable 
modifications of existing records on similar subjects, and into a lengthy demi-official corres- 
pondence with you on various points arising out of them. Among the principal of these mas 
the investigation of the behaviour of the measuring bars, during the comparisons between them 
and the standard; from which i t  became evident that the length of the former was subject to 
momentary changes, which were beyond the reach of existing means to account and allow for 
sufticiently. 

(5 . )  The importance of these changes having been discussed and conceded, I was 
instructed by you to prcpare one of the meaauring bars for the reception, during the approach- 
ing measurement of another base-line, of delicate thermometers, for the purpose of supplying 
evidence on the surmised cause of the variability known to  exist. This mas accordingly done; 
and the facts thereby established, while they present some features of thc utmost importance, a.3 
bearing on all previonsly measured base-lines, offer at the same time a range of enquiry 
speculation into which I am unable to enter fully at  present : this much was ascertained I)y a 
course of experimental observations of the temperatures of thc bars, takcn by myself duri~lg 
October and November last. Subsequent observations, during the measurement of the Cape 
Cornorin base-line, have supplicrl a mass of data, now in course of reduction, which will, it is 
hoped, throw considerable Light on the perplesing changes which these bars have seemed to 
undcrgo. 

(6.) My party left Rangalore, in charge of Mr. Geo. Belchnm, 2nd grade sub-assistant 
nn the 11th Decemhcr, escorting tbe base-liue apparatus and storcs to the sccne of its llcxt 
employme~~t, near Capc Comoriu. I followerl n~yself (in your company) a fortnigllt Iatcr 
The ground was reached on the 4th January 1869, and the first comparisons were taken 
on the 9th. 

(7.) From the former date until the cornplction of the final comparisons after tile 
mcnanrcmcnt on the 10th March, the party formed part of the combined forces enggcd on tile 
abovementioncd work. I t  is not t.hercfore my ~)rovincc to report specially ou that ol~eratioll, wit- 
nessed as it war by yourself, in part, ant1 superintcntled I)y my seuior, Captain J. P. Bascvi, X.G., 
from beginning to cud. Neverthclcss m, from the circumstances, I mm specially il~terestc(l jn 
many parts of the work, the reduction of wl~icl~ was eventually eutrt~stctl to rue, ant1 is now In 

my hands, I may veuturc to prcaumc that such remarks I may now make upon it, will not 
he out of place, if confined to their propcr limits, as hcari~rg on previous discussious and 11re3cnt 
occupation. 

(8.) Thc basc-line, in question, was only onc-fourth part of thc onc originally designe[ll 
bul 11, was mcasured four times over, with the object of arriving at  experimental data for 



estimate of practically attainable precision of auch like measures. I t  naturally became a 
cpestion, of no small import in its consequences, whethcr these repeated measurements should 
be merely repetitions, o r  repetitions under changed conditions. The latter alternative was 
adopted ; and with i t  thc principle that the four opcrations should, while retaining their indivi- 
dual independence, be yet so arranged as to tend to betray sources of uncertainty in their results. 

(9.) So far as the actual lengths of the measuring hars are concerned, i t  is already 
abundantly evidcnt that  these uncertaiuties are me11 worth hunting down. The modified form 
of reduction of comparisons, adoptcd last ycar, by which the actual excess of length of each 
bar abovc the normal standard, is ohtained on the spot for evcry comparison, had already put 
it b e y o ~ ~ d  qucstion that  thcse bars were particularly sensitive to  changes of exposure. I n  
illustration of this 1 may arldnce thc fact, that ou one occasiou the mcan lcngth fell 28  &Iicro- 
meter divisions*, while the standard rose 55, and tbcn rosc 62, while the standard rose 121 
morc. The standard is an iron har ; and thc measuring hars were expressly designed to  avoid 
thc changcs of lcngth to which a simple iron har is ncccssarily subject. Without therefore 
enquiring "what is thc actual liucnr quantity rcprcsentcd hy so and so many divisions ?" it  is 
here plainly in evidencc that  soi~zetinzes the compensated bar is half as sensitive as the simple 
bar, without any such simple key to  thc natnrc, o r  scale of thc dcgree of that sensitiveness, 
cxc~pt  under continual coinparison wit11 a known length, an exception which is unfortunately 
the rule when these bars arc iu use. 

(10.) Such changes as I have instanccd, are not exceptional, although the range in this 
case is greater than usual. The point lies in thc possibility of such changes. 

(11.) It is clear that similarity of circumstance, whicl~ has always been more or less 
insisted upon or assumed, during comparisons and measurement, is the only safeguard against 
erroneous estimate of length during the latter ; short, of course, of doing what would equally 
have to he done were simple iron bars employed, viz., recording the temperature of the mea- 
suring apparatus. 

(12.) 1 may justly say that  recent invrstigation and discnssiou, leading to eramiriation 
and experiment, had put it almost beyol~cl douht that  this safeguard had been inadequately 
grasped, if i t  was not altogether out  of rcach from the first. At the Cape Comorin base a 
regular record of temperatures was ltcpt (hy mcans of thc lately perforated bar B) which 
while on the one hand i t  almost entircly accounts for the variations in length duri~zg comparisons, 
shows cqually h o ~ v  sensitive the ten~perature, and tl~crcforc the leugth, is to changes of weather 
during measuremcnt; changes which cannot be guardcd against, nor allowed for except in this 
way. 

(13.) I beg lcave to avail myself of this opportunity to express my deliberate opinion, 
that the compensating apparatus docs not compensate, by increased accuracy or diminished 
I;lhor, for its g e a t c r  coluplcsity and instability; and that, on the contrary, a set of simple bars, 
of cclual (or Icss) weight, w o ~ ~ l d  enlist morc confidence, scctwc greatcr accnracy, entail less 
I:il)or on the wholc tl1a11 is now provcd to bc requisite, and be more handy in the field. I 
moold not he ~~ndcrs tood  to imply that such opiuion is a novel one, but I helieve that it should 
c-omc with grcatcr forcc whcrl bascd on such facts as may now bc adduced, than when i t  was 
merely a stroug impression based on undefinable experience. 

(14.) But  thc length of the measuring bars is not the only element of uncertainty in  
the measurement of a basc-line. I n  thc present instance (owing to thc m a s  of data available 
for the purpose of obviating it) this element should be reduced to a minimum; as I hope, will 
be shown to he the case in the reductions now in progress. I f  I am right in this, it  follows 
that outstanding crrors will be due to itupcrfections iu other parts of the apparatus. I am 
sorry I am uual)le, as yct, to cnforce more poiutcdly I)y this argument my strong conviction of 
the compnrative uncertainty due to the complcx and u ~ ~ s t a b l e  " compensating microscopes." 

1 Micromrter division = Aj% or 46 milliouths o l  on inch.-J. T. W. 



(16.) For fear however, that I al~ould unintentionally l~avc maligned the allparatus, 
the results which it is capnble of giving under a strict nnd time honoured system of manipu. 
lation, i t  is but just to give the actual discordances between the several re-measureme11ts 
reduced in any way. Premising that the total length was 2,972 yards, aud nssuming the first 
measurement to have been right, Inch. 

the I1 Rlcasurcrnent made the distance less by, 0.17 
,, 111 ditto ditto, 0.22 
,, I\' ditto greater by, 0.18 

or if we considcr the first and sccond measurcn~ents, out and home, as one contin~~ous mensure. 
merit, and likewise the third and fourth, the total d~stauce being 5,!)44 yards, ill each crae tile 
two circuits differed from eacli other by only 0.13 inch or 1 in l,li50,0(10. 

(16.) AS n further cl~eck on tllc mcasurcrncnts, the clistarrcc mas clivitlctl into ,I. eqlls1 
portions, by 3 intermediate brass plates, ou \r-hirl~, as rach m c a s l l r e ~ ~ ~ c ~ ~ t  passctl, m v k s  \~-rl.,; 
engraved. The plates nrcre aftern9;lrtls t a l i ~ : ~ ~  up :tr~d ~ ~ ~ c a r ~ ~ r e t l .  i l s s ~ ~ ~ n i ~ l g  11s hcfor~', t l ~ ; ~ t  tll,: 

1st measurement was errorless, the rrrovs wrrc a* follo\vs* :- 

1st 'lltl Yrrl Measurement. 4 tl1 
Quarter. ~ l u n t r r .  U I I : I ~ ~ W .  (111:1rwr. 

(16a.) Some such palpable evidcncc of thc ordcr of accuracy of our oprratio~~q, TFOIIIII 
seem to be desirable when, even to this (lay, we occnsionally wc  c-lla~.ged with nupl) ly~~~g tri~ono- 
metrical data to Revenue Surveyors, which they can prove by chain nr~d compa~s to be vl.ung; 
and imply that i t  arises from erroneous linear measures ! 

By the I1 Measurement, 

9, 111 ,, 
,, Iv ,, 

(17.) On the completion of thc bnsc-line meas~vcrnent, and while the apparatus was 
being dismantled and pacl~ed, I assisted Captain Bmnfill in malti~lg copies of the standnrtla as 
follolvs. 

1.-A thin iron band on a wooden frame, intcndcd as a Levelling Staff standard. Six silver 
plugs were let in, in pairr, three nt cnch end, nnd 10 fect np:~rt, olr which dots nerc made 
of different t lrgre~s of grossness. Ncar thc edge of this bar, coarse dots visihle to the 
naked eye, representing 10 feet nntl 10 feet + and - 1, 2 and 3 inches, at~tl 10 fret - fi, 
9 and 12 inches were also mndc. 

2.-Three well seasoned teak wood bars, which had been ~ i t l t  the Riadras party since 62, 
and were provided with brnvs pletea near the ends, were marked in the same nay, I)? 3 
pairs of dots each, marked E (cast) W (\vest) and C (centre). Compn~.isons wcrr nftcl- 
wards made, from which it appearcd that, under normal colltlitions, thc lenptlrs of these 
copies would be as follows :- 

- .08 i r~c l~ .  

- .02 ,, 
+ .09 ,, 

1 division = inch = .000,046 inch. 
21,758 

Bar. I C I W  

- - - - - -  

Addendum, dated 6th Srpfrmher 1.969. It shosld I~oaerrr  be ststcd that t l ~ i ~  conclrrrrnrr of unrcdllrrd ~ Q S Q ~ ~ ~ ,  / a  
dm& ee-ly fortuimus, M the 6-inch mioroneoprn wro known to laore h e n  nltared in len~th,  boll^ inknt ione l !~  and 
don~a~y, dunng the operetione, to Rn extant more t h ~ n  a~mcier~t. to  lone scrnunt for t . 1 1 ~  ~ h o r o  dilrrral~crs ; nl l~ie  1herom. 
prison8 of the 10 rrct horn hnd sho rn  that thry likcv,ire hnd nltered ronsidomhly in menn length, from the rficts of rhnnCm 
uf trmprrntulr. 

- i 

- .04 inch. 

- '03 ,, 
.00 

_ . 
A - 5 divisions. 

- 48 ,, 

- 2 0  ,, -" ,, 

A - 14 divisions. 

- 12 ,, 
- 4 2  ,, 
- 23 ,, 

Levelling staff iron guuge, . . 
Wooden Bar I, . . . . 

P I  11, . . . . 

- .0!) i1Ir11. 

- '07 ,, 

A - 31 divisions. 

- 8 ,, 
- 8  ,, 

+ . ( j k  i11t.11. 

- . lo ,, 

7 1  111, . . . .  I - 2 2  ,, 

+ '01 ,, 1 + .OH ,, 



There is, of courec, a good (leal of uncer ta i~~ty  in estimating the normal Icngtli : in thc case of 
the iron bar, both its actual temperature and its coeficieut of erl~ansion a1.e uncertain ; and in- 
the case of wooden bars, the laws of expansion are empirical only. I n  this particular case one 
of the bars had been under comparison for several days, as an cxprrirncnt, the rcsult of which 
was, that the length was found to increase slowly, 30  to  50 divisions between 7 A.M. and 11 ,t.ar. 
and then to  decrease by about the same amount till 3 or 4 r.ar., aftcr which it rlccrcascd more 
rapidly. 

(18.) Taking iuto consideration the scantling (3" by 2") and the unprotccted condi- 
tion of a plain unvarnished rod, and that the range of au iron bar of the some length, during 
the same hours, would be 4 times as great, I am inclincd to think that a more massive and well 
protected wooden beam would be worth trying, as a support for comparing microscopes. The 
slow conduction of heat in wood, would maltc its bulk its own protector from any but tlie 
slowest changes, while protection from liygromctric influence might be iusured agninst by a 
variety of diRerent coatings of paint ant1 varnish. I an1 the more il~clincd to hazard suggestiolla 
in this direction, from a conviction that permarlellee of datum is not only the best safeguard 
azaiust erroncoun, or dependent, or relatiye, coefficicnts of expansion, but  also that i t  is practi- 

(19.) I n  accordance with your Departmental Ordcr, Ko. 8 of 1869, dated February 8tl1, 
after the com1)letion of thc mcasiwcment, I transferred the mark:, definiug the ends of the base, 
from the ground level to  tlie summits of the pcrforated towers coverir~g them. The importance 
of the step, which connccts linear measure with triangular, is so great, that i t  is necessary I 
should place on record, in detail, tlie means by which i t  was cffccted, as the only guarantee of its 
correctness. I t  will suffice in this place, horevcr, to sny that the apparatus consisted of a first 
rate plummet, snspcndcd by thin brass wire from an arraugement above, by which both horizontal 
and vertical motion could be given with precision indcpender~tly. A rotatory motion IU well, 
communicated to the wire above withont affecting its position, ennblcd me to discover and 
eliminate whatevcr cacentricity there luight I,(! ill tlie point of the plummet, without causing 
i t  to spin. Thc complete ~ e s t  and csactr~css of hcight, ~ r l ~ i c l i  cau bc cnsurcrl hy the use of wire 
suspension, makes all thc difference betwecn a satisfactor!- and an nusatisfactory transference by 
plumbing, whcn the height is cousiderablc. The pluniu~ct having bccu propcrly centred, and 
cross thrcads fiscd above as a precaution, every one was ordcrcd off tbc top of the tower and a 
sentry placed a t  tlic foot of thc stairs : the plummct was unhooked, melted war was poured 
over the mark, and the massive black granite coveriug block was brought in and deposited above 
it on a bed of mortar. This block mas then adjuster1 in positiou. 

(20.) After some hours, during which it a a s  supposed to have taken a permanent 
bearing, the wire having been shortened Below, the plummet was again suspended free of the 
new surface. A piece of paper gummed upon the latter received a prick from the point of a 
plummet slowly lowered from above, and tlie first transfer was complete. The wire, previously 
provided with a loop above, into which was hooked the nlai~a length, was now shortened and 
the plummet hookcd on ahovc, thc solid stonr plug having hrcn first inserted into it's pre- 
pared soclret in the 'millstone', upon which tlic throdolite war to he crected. I had some 
tloal)ts sbont .fi.z.ing tlle plug, R I I ~  cvcntually contc~ltrd myself a i th  rnnning d~ sand into the 
uarro\r. i~~terst ices nntl aftcr~rm.tls pouring ovcr it n thiu crc;un of limo n~ld a n t n .  The plug 
F U I L  tlicrcforc IIC rstrncted if ~~ecrssnry,  n11(1 r(*fcren~(: ~nndc to tllc I~lnck-stone-mark bclow, 
\r.ithout brcal;ing into t l ~ c  vault. The ~ ~ l ~ ~ m ~ i i c t  \\-:IS then niatlc to imllrcss its norn~al  ns beforc. 
l ' l~c n~:lrliu tl111~ n~ndr  \r-rl.c, ill rnrh c:lsc, niatlc prrrn:incnt hy cnrrli~ll!. p ~ ~ n c l ~ c d  holes f inch 
drrli, t l ~ e  lo\r.c-r n ~ ~ c  ,:, i t~( . l~ :  I I I I ~  tllc I I ~ ~ I C ~  OIIC r:1t111~r II.SS, in diamctrr. I.nstlp the npper mark 
n-as trstrd 11y t l ~ ~  c.ro.s t l ~ r ~ ~ : ~ t l s ,  the ~ ~ l u ~ n r ~ ~ e t  arr~ulgcnlcnt having IICCII rcn~ovrd for t l ~ e  purpose 
of making tllc I~olr .  

(21.) l'hc mholc operation was repcatrd at  tlic o t l~cr  terminus, nnd both were then 
hantlctl ovcr to Lirotcnant Itogcrs for trigonolnetrical opcmtions. 

(27.) I n  conclnsion I regret to have to report that hir. Belcham's health appears to  
suffer much from exposrlre, and that the prospect of obtaining ernploymcnt in another branch 
of the public service, may possibly rlccide him to leave the depar tme~~t .  But this need not 
prevent me from reportitlg favornhly on his contluct nnd exertions during the fcw months he 
1131 111~:11 1111(lrr tny orders. 



EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN 8. R. BRANFILL, DEPUTY 
SUPERINTENDENT, IN CHARGE MADRAS PARTY, DATED 5TH JULY 1869. 

(2.) The party took the field on the 21st November, and arrived at Palamcottah on the 
5th December, I having previously visited the harbour and light-house of Tuticorin, and decided 
that the former was suited for the proposed tidal observations, aud the latter for use as 8 

principal station of the series, when raised as was proposed, and a tower built at Trichendur. 

The party reached the base-line near Cape Comorin on the 10th December, and began 
the buildings for the ends of the base-line measurement, for which two towers, 20 and 25 feet high 
respectively, were required. 

Materials were obtained with much d3cu l ty  and of inferior quality, and apprehensions 
were entertained, that from the unavoidable speed with which the buildings wcre run up, their 
stability might be seriously affected. They were finished however in time, and used without 
accident. 

Drwing the measurement of the base-line, two of my assistants were usually available 
for carrying on the buildings on the base-line, which included an observatory at Kudankolam, 
the soutll station of extension, and a permanent pillar station at Rathapuram, thc north 
station of extension, and centre of the polygon of conncction ; all these stations the 
building party completed before they were required. I havc made arrangcrnents with the civil 
authorities for purchasing the ground on which the four buildings, at the ends of the measured 
base and its extension, stand, half an acre at Parameshwaripuram, and an acre or more at ench 
of the other three stations, Shanganeri T.S., Rathapuram S., and Kudankolam Observatory S. 

On the completion of the measurement, and its closing operations, the principal trian- 
gulation was commenced at  once, and an Azimuth, by a Ursz  Minoris, observed at Rathapuram. 

The hazy hot weather set in before the end of March, and the observations were conti- 
nued, with much intermption and difficulty, till lGth April, when the polygon of con~~cctioll 
was complete. 

During the hazy weather, I took the opportunity of visiting in person the great Mahen- 
dragherry mountain, onc of Colonel Lambton's principal points, which I wm aansious to fix 
accurately as a secondary point with a view of verifying its identity. I found my sigual men 
had occ~rpietl a new and lower point, ahout 4 mile south of Colouel Lambton's old statiou, 
which however, after repeated search, I was so fortuuate as to find. 

I ascertained the esistcnce of scvcral higher pcaks in the neighho~~rhood, but was unable 
to  observe the angles I wanted, in consequeuce of the haziness of the weathcr. 

Being anxious, if posaiblc, to cornplctc the triangles adjacent to Trichendur nnd Tuticoriu, 
I proceeded to Trichcndor, but found thc season too latc to secure the observatior~s. The 

35-foot pillar which had been built on the highest ground available, a sand hill N.E. of the 
temple, surmounted by a stone " Mantapam", which Mr. 3Iitchell hnd made nse of, na3 in- 
su&cicut, at that Peason, to command a vicw of the Tuticorin light-house, which Ilad not yet 
been raised ; moreover, it NUS judged too i~lsccure for nsc, a part of the " hlantnpam" before- 
mentioned having already given way. I thcrcfurc gave up the itlca of furtlrer obdervations~ 
and marched on the 24th April towards Palarncottah, whcre I Was joined on thc 28th by Lieu- 
tenant Rogers, autl on the 1st May we cornmenccd our marc11 northwards. 

I sent Mr. Pottcr to Trichcndur, to re-build the Trichentlur pillar station and properly 
aecure it, and made arrangements with tlrc St~pcrintending Engineer of the division that .lie 
should acquaint me with the progress madc in raisiug the Tuticorin light-house, and promde 
means for our usiug i t  as a station of obsewntion. 



The party returned to Bangalore by the middle of May, and commenced the recess duties 
at once, interrupted, I regret to say, by every member of the party being laid up repeatedly 
by illness. 

I am glad to have a favorable account to give of the labon of my assistants. 

Mr. J. W. Mitchell, 2nd class Sob-Assistant, selected six, and built ten principal 
atations, besides taking a share in the Base-line measurement for a month : considering 
that he had to supervise the building of so many btations, as well aa the duties of the Approxi- 
mate Series to attend to, his out - tun  of work seems creditable, the more so, as he was much 
hindered by illness. 

Mr. 0. V. Norris, 3rd class Sub-Assistant, mas employed during the entire season in pre- 
paring the base-line and its buildings. I-Ic built the Shangaueri tower, the observatory at Kudan- 
kolam and an arched brick roof to the Yunnz observatory. 

Mr. Yorriq's work is crcditahle to him, and sl~oms that his education at  the Civil En- 
gineering College, Madras (of which he is a B.C.E.) was not thrown away. 

Mr. C. D. Potter, 3rd class Sub-Assistant, was also engaged on the base-linepreparatio~ 
and builkngs. 

Mr. Potter accompanied me as observatory recorder and ofice assistant, and proved him- 
aelf a promising member of the department. 



EXTRACT FROM THE NARRATIVE REPORT OF LIEUTENANT M. W. ROCERS, R.E., 
ASSISTANT SUPERINTENDENT, IN CHARGE BOMBAY PARTY. 

NO. y,  DATED JULY, 1869. 

I arrived in Bangalore, on the 15th November 1868, and took over chmrge of the party 
from Lieutenant Campbell, R.E., who was a b u t  to proceed to  Europe on furlough. 

Tllere being a considerable amount of work to be done at  the Cape Comorin Base-line, 
previous to the measurement, I thought i t  advisable to take the field as soon as I had received 
charge, and therefore on the 23rd November, I despatched the party, under the charge of 
Mr. Anding, by rail to Trichinopoly, with orders to march from thence to Palamcottah, where 
I proposcd to join them ; Mr. Christie accompauied the party. At the request of Lieutcnant 
IIerschel, R.E., Mr. Bond mas temporarily attached to his party, to  aid in the computations and 
tlre conveyance of the base-line appnratus to Cape Comorin. 

I remained at Bangalore until the 2ith, being employed in helping Lieutenant Campbell 
to conlplete the computations of the minor Triangulation of the Bangalore Base-line. 

I then proceeded to  Beypore and thence by steamer to  Tuticorin, and joined the party on 
their arrival at  Palamcottah. I had beforehand arranged with Captain Branfill to divide the 
work, which remained to be done on the Base-line previous to  the measurement. The part 
assigned to the Bombay party, was the obsewations necessary for the alignment of the Base, aud 
the building and partial selection of the stations of the extension triangulation. 

I n  the previous season, Captain Branfill had placed marks at  the stations of Kudankolam 
and Rathappuram, the ends of the 7 mile Base, and also approximate marks at the section 
stations of Paramespuram and Shanganeri, and one a t  the centre of the Base. I observed 
with the great Theodolite, at  the centre and two end stations, the angles necessary for correct- 
ing the approximate alignment. 

Mr. Anding had chargcof thc eastern flank, and Mr. Christie of the western. After 
completing the alignment observations, I employed myself and the rest of the party in aiding 
in the selection of statiorls and ray-clearing : the whole, with the exception of onestation on tllc 
western flank, was completed before the cornmenccment of the Bue-line. 

When the measurement commenced, the party was placed at the disposal of Captain 
Rnscvi, R.E., and remained so during the measurement. 

During this time you inspected the instrument of the party (I3arrow1s 24.-inch Tl~eo(lo- 
lite No. 2) and were led by the discrepancies shown in the observed azimutl~s at the Bangalore 
Rasc-line, to suspect that there was something mong with the relieving apparatus, you there- 
fore decided on dispensing with this apparatus and altered the instrument. 

On the completion of the measurement, I deputed Mr. Anding to fix, by trarcrsing from 
the extension triangulation stations, the position of all villagcs and pcrrnnnent dl-defined 
Hcvcnue Survey marks, within, and immediately exterior to the triangulation. 

Mr. Christie, after completing the remaining station on the vestcrn flunk of thc triangu- 
lation, was detached from the party and proceeded to Dehra Doon in charge of the Base-Lint 
apparatus. 

Taking with me Mr. Bond as Recorder, I proceeded to execute the extension triangulation 
of the Baae-line. I commenced at Kudankolam, where in accordance with your instructlons~ 
I observed nn azimutl~ with a view to testing the performance of the instrument in its altered 
co~ldition. 

I commenced obacrrations on the 14th March, and finished on the 28th April, having 
observed at 11 stations. 



The 21 triangles observed, give a mean triangular error of 0".64 : the maximum weight 
reciprocal of the 45 angles is 0.25, the minimum 0.03, the mean 0.10. 

In  addition to the extension trianylation, I connected Colonel Lambton's latitude 
station of Punnae with the modern triangulation, by a triangle with t h e e  anglcs obseired. 

A brick observatory has been built at  this station for Pendulum observations, this 
includes the old observatory (which had bcen 10 feet square outside) and also a new portion, in 
which tlie pendulums were swung. 

Mr. Anding, as before mentioned, was deputed to select and build tlie stations on the 
east flank of the extension triangulation. This work he completed in good time before thc 
comrncncement of the Base-line, and the three stations under his charge mere judiciously 
clioscn. After the Basc-line had been measured, lic was employed in making a map of the 
country arouncl the rinse-line. This map has not yet been completed, but as far as can be 
judged from the field books and rough plots of the traverse, the work has bcen done 
creditably. 

After I had finished the triangulation, Mr. Anding was employed in closing and handing 
over the stations on and around the Base-line. 

Re  has given me general satisfaction since be came under my orders, and has worked 
hard and willingly. 

hlr. Christie selected and built three stations on the west flank of the triangulation. 

Daring the short period Mr. Christie was with me, I always found him willing and 
hard-working. 

Mr. Bond accompanied me as recordcr during my observations, he is nn accurate 
computer, and a good recorder. He is quick at learning, and anxious to acquire knowledge of 
the departmental work by all the means in his powcr : I have had every reason to be satisfied 
with him. 

The party left the Base-line on the 29th April, and marched to Trichinopoly, and thence 
I?y rail to Bangalore where thcy arrived on thc 16th hfay. 

On the 1st June, I handed over charge of tlie party to Lieutcnnnt l'rotter, R.E., who 
had rcturncd from sick leave in England. 



EXTRACT FROM THE NARRATIVE REPORT OF LIEUTENANT W. J. HEAVISIDE, R.L., 
IN CHARGE NO. 2 ASTRONOMICAL PARTY, DATED 5TH AUCUST, 1869. 

(3.) The party left Ajmere on the 20th of October, and rcached Jetgarh H.S., the first 
station for obscrvations, on the 1st of November. A Collimator pillar had been built at 
Jetgarh by Mr. Wood during the pr~viouu field season, but some alterations had to be made before 
the new observatory tent could be put up, and 1 did not commence observing until the 7th of 

November. Observations were completed at Jetgarh on the 21st of November, and at Khamor 
H.s., on tlie 19th of December. The party then marched down to  Neemuch, near which place 
is situated Arumlia H.S., the third station I had selected for observing at. 

(4.) Haviug deposited most of the instruments and Camp equipage in Neemu&, Mr. 
Wood and I left that place on the 2nd of January to select two stations suitable for latitude 
observations, between Arumlia and the Nerbudda river. Mr. Wood went down the mestern 
side of the Khaupisura Series as far as Indrawan S., and I, down the eastern side to SingarcLori 
H.S., which overlooks the Nerbudda valley, and is close to the Southern edge of the table-land 
of Ccutral India. Returning northwards I met JIr. TVoocl ricar Arnasa S. on the 25th of 
January, and we marched together back to Arumlia, and reached that station on the 2nd of 
February. The rcsult of this esploration was tlie selection of Deo Dongri H.S. and Arnasa S. 
as suitable for observing at. 

(5.) I commenced observing at Arumlia on the 8th of February, and finished on the 
20th; I then marched to Deo Dongri and completed a set of observations there on the 24th of 
March. 

(6.) For reasons which I stated in my progress report for January, I considered that it 
was unadvisable to take n set of observations at Arnasa S. during the ficld season of 1868-69, 
and that I should better employ the portion that remained in proceeding further south, and 
selecting some more stations for next season's work. In  marching, however, from Deo Dongri 
into Mllo~v, where the party was to recess, I passed close to Arnasa, so I put up the Instru- 
ment, and observed 6 pairs of stars on two nights, to find out whether Arnasa was as free from 
local attraction as I thought it. An abstract of the results thus obtained is attached to this 
report, and the final results arc tabulated in para 9 with tlie results obtained at the station1 
where full sets of observations were taken. 

(7.) The party reached Mhow ou the 5th of April. I then dismissed a portion of the 
native establishment, and engagcd a housc where I conld stow away the instruments and camp 
equipage, and which would also do for an office during thc recess. I lcft Rihow on the 12th of 
of April and marched south, across the Nerbudda and Taptee rivers as far as Sirsala H.8.1 
latitude 20' 30'. Rcturniug by Dhoolia, I arrived again in Mhow on the 31st of May. 

(8.) During the time I was away from Mhow, Mr. Wood was employed in protecting 
the Survey stations on both sides of the Nerbudda, and transferring them to the native officials. 

(9.) Full sets of star obscrvations have becn taken this season at four stations; the 
results are shewn in the table below. 

C 

N A Y E ~  or Sra~1oh.s. Sa~rra. 

f - -- -- 
Jetprh n.8. G u h p r b ,  .. 35 1 - O r t l 3  t 01,.053 

A. - Ae 

+ 11147 zt W t 0 5  

- 6".21 f W',O4 

- 4"lO f C . 0 5  

- V ' 6 3  zt W1.08 

- I.,I I C. lo  

K h o r  H.B. Do., ... 37 

&WII.  

A. in&mul the ocrd 

the obtained 
mlculntion tllrouah Iho trio 
n n p l l ~ ~ i o n  from Knlianplu 
N t i n  d the OmY Ur 

1 

Dm D o n 6  H.B. Khanpi- ... 36 

Ar& x . 9 .  Do,, , ,  1 3 1 

- 4 ' . 5  f 4' .044 

1 

- 4 ' 3 1  

Mean N -  S st 4 a l n t i o ~ ,  ... 
rlmw 9. -pi8lu. , ,  I 6 1 1 

zk C O I B  

- 4 ' 2 3  f 4'-051 

-0"-31 

-C.oa 1..m8 



(13.) Mr. J. Wood, Sub-Assistant 1st Grade, was employed duriug the chief portion of 
the field season in recording my observations. He protected and transferred three stations, and 
sent in descriptions of 10 stations. He likewise ercctcd collimator pillars, built up the 
platforms at five stations, and made a survey of the hill on which Deo Dongri station stands. 
Mr. Wood continues to work with industry, and to execute all he does in a creditable manner. 

(15.) Owing to the small quantity of rain that fell in Rajpootana last year, I had 
expected, in commencing the field season, to encounter considerable difficulty in carrying on my 
work. The whole country was as dry in October, as it generally is in April : a large portion of 
the population had migrated, leaving only sufficient people in the villages to cultivate such fields 
as could be irrigated from wells, and in somc places slipplies wcre difficult to procure. I was 
enabled however, to send tlic camels I I~ad wit11 me into Ajmerc for flour, and though 
occasionally done by the hunneahs, I manngcd to keep things going, and had worked my way 
out of Rajpootann, before the country pcoplc bcgan to snffcr. scriolisly from want of food. 
Between Neemu, :I ~ n d  the Satpura range of hills, which separatcs the Nerbudds and Taptee 
valleys, there had been a fair q~lantity of rain during the mollsoon; and in this favored tract, 
but more especially in western Malaa, wcre collected a great numhcr of people who had migrated 
temporarily from the north, the ea-t anrl the vest. Outside ucarly every village, there was an en- 
campment of these unfortuuatc people, a handmill and a few b~illocks and buffaloes being apparent- 
ly their sole property. Somc of them wcrc crnployed on the road which is being made between 
Mhow and Neemuch, b ~ i t  many preferred out of the way  pots in the jungles, where there was 
better grazing for the cattlc, with a cliauce of an occasio~~al job in the villages. Notmithstand- 
ing the straits to which these people iuust hare bcen reduccd, they did not beg, and report spoke 
of them as living most peaceably, fully exemplifying the patient equanimity with which 
natives bear hardship and suffering. 



EXTRACT FROM THE NARRATIVE REPORT OF C. LANE, ESQ., IN CHARGE LEVELINC PARTY, 
NO. 354, DATED 25TH AUGUST, 1069. 

(2.) T l ~ e  party marchcd from Dehra on the 10th October 1868, vid Meerut, Moradabad, 
and Barcilly, arriving on the 10th November at  Fatehganj, where the terminal G. T. S. ~~~~h 
Mark of the preceding season had been embedded. After testing the permanence of this ~ . b f .  
by connection wit11 thc two nearest mile-stones, the levelling operations wcrc resumed by myself 
and Mr. Civil Assistant A. W. Donnelly, assisted by Native Surveyors. The work proceeded 
through the Stations of Shajehanpore, Seetapore, and Lucknow to Cawnpore, connccting the 
G .  T. S. Bench-mark at  the latter station; then returning to  Lucknow, proceedcd from tllence 
to  Fyzabad, and cn route to Goruckporc, up to the 6th mile post from Bustee at Jagesar encamp. 
ing ground. As each Meridional Series, Amua, Karara and Gurwani, was being croascd, 
braucll lines were carried to connect three principal stations of each. Levelling across cou~ltry 
is always slower work than along a trunk road, and with the single exception of Or?jar Pillar 
Station, situated on n hillock, the upper markstones of all the stations were missing. The 
sides of Orajar hillock, within a short distance of the station pillar, are occupied by Gosains, 
n l~ose  presence no douht has contributed to the safety and preservation of the markstone for these 
many years. Of each of the other stations the tower and buttress and, where such existed, the 
masonry pillar, had to  be excavated to get at  the ground level markstone, for connection. This 
always involvcd some delay, having to he done vcry carefully in the form of an arch, so that 
none of the superincumbent mass might fall in and crush or injurc the men employed in the 
excavation. After connection, each excavation was duly restored to the original condition. 

(4.) I t  was noticcd that strong wind right against the front or rear of the line of levcl- 
ling, tiltcd the tclescope to  the extent of 0.9 of a division of the level; to prevent errors from 
this cause, the indications of the bn1)hle wcre narrowly watched for changcs, hy reading thcm 
both immediately bcfore and after cnch rcadiug of the staff. The axes of thcse standard levels 
Nos. 2 and 3 by Tronghtou and Simms, appear to he rather too slender for such length and wight 
of telescope as they l~avc to bear. 

(10.) 1 have plcnsurc in stating that Mr. Don~lclly cndcavourcd to give satisfaction in the 
performauce of his dutics : he ncver snccumhed to heat undcr a h ro i l i~~g  sun, and zealously 
atteuded when callcd upon to do any work. 

(11.) Native Surveyors, Amjarl Ali aud Nursiug Doss, gnve gcneral satisfactioll. 

(13.) The party cxpericnrcd inccssa~lt aunoyance this scason from thicvrs, throagl~out 
the districts of Shajchnnporc, Sectnporr, L11rk11om and Fvznbnd. Stones or br~rks  acrc frr- 
qntwtly Ilmlcd at u ig l~t  nmong the tcuts and many attcmptu at  robhcry wcre n~adr, llut 011ly 
in a siuglc iustaucc Kith nlly sucCCss. 

(1.4.) Tlls ficld work was closcd on tllc 7th lfxy 18G3 on a G. T. S. Jlcnch-mnrk, (111 

t l ~ r  N. cdgr of the t l~ lnk  road from Fyrnl~nrt ti, Bustcc alld (ior~~clipore, ncnr thc S.JS. I I ~ I I I I I ~ : I ~ , V  
pillnr of Jagcsar c n c a m ~ ~ i o ~  gro~uutl, at the (it11 nlilc 11o.t from 1l11str.e. Bct~vccn tllc nl~rwr I<.JI. 
2nd tllc p k a  wcll of the said cncan~pi~r: g r o l ~ ~ ~ r l ,  nl~otllcr G. 1'. 9. B.M. 11;~  bccn cml~c:~li~l, a* a 
t(*ml~orary nrrangcrnent, simply with thc vicv of harillg two d~~r:rl,lc 11ni11ts as tests of tllc lrcr- 
lunrlcucy of tllc first mcutionctl or liuc 13.JI. for resumption of tllc opcmtiouu ucxt scasoll. 

(16.) T l ~ c  following is a summary of work pcrformccl :- 
359 nrilt~s (in c-llai~~s of doublc Icrclling, eull~racing dctcrminntiol~ ol 
316 T'nk:~ points, 



9 Tower stations, rlx., three of each of tllc Amue, Karara and Gurwan~ 
Mcridional Series, 

12 G. T. S. Bcnch-marlts embcclded viz., at Pnglia, Jalalpur, Attnria, Rnlisi- 
ka-'l'alno, Luclc~iom mar  thc Ice IIouse Nawabg~l~j,  Barn l lauli~ 
Nawahganj, Sanehi-ghat Fyrabacl I'o,t Olficc, Uarl~ar Iil~urtl, (lesser 
or small ) Amba and Jngesar exclu~ive of tllc 21id U.11. temporarily 
embcdded at ~ I I P  last placc, 

13 l'illars C O U S ~ N C ~ ~ ~ ,  including onc at Camnpol.e, to illdicatc sites of' 
G.T.S. Bcnch-n~arks. 

I also crosscrl the Rivrr Ganges ant1 (jllogra nl~tl Kaliani Nadi, bcsidev 
tllc Goon~ti aud other strcarus \\.it11 bridges. 



EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN J. P. BASEVI. R.E., IN CHARQE 
PENDULUM PARTY, NO. 22, DATED AUGUST 1869. 

(2.) I had intended to begin Pendulum Observations at the S.W. End Bangalore Base on 
the 1st of September, but was prevented by heavy 

P ~ d n l p m  Obsarwtions mmmeneod at S.W. End Ban- 
dm Bsw on the 21st September 1868. rains from leaving the station until the 16th, and 

could not commence actual work before the 21st 
September. There waa a great deal of rain during the remainder of Scptember and the early part 

of October, but I mas generally able to get transits 
Qmpleted s t  N.E. End by end of October. 

at night, and I finished off Pendulum Observations 
at  both ends of the Bangalore Base without any further delay by the end of October. 

(3.) I then, after a short halt in Bangalore, proceeded by rail to Erode and thence 
marched to Pachapolliam, where observations were 

Pmhapolliann.-Colonel Lambton's mark-stones not 
found but atation ident&ed by remains of pillor. commenced ou thc 16th Novcrnber and completed 

on the 28th. This observatory mas built close 
to the site of Colonel Lambton's latitude station; the mark-stones, both upper and lower, had 
been removed, but the villagers poiuted out the place, and IIr .  IIacdougall also found the re- 
mains of the masonry pillar, so that there is no question about the identity of the station. He 
raised the pier for the Transit Instrument as nearly as possible over the centre of the old 
pillar but put down no mark-stone. 

On completing observations I gave the station in charge to the District Authorities in - - - 
order that i t  may be protected until it can be 

T M d e m d  to Civil Authorities. 
connected with the principal triangulation. Mr. 

Maedougall also identified the two ends of Colonel Lamhton's Pachapolliam Base, erected - 
pillars over them, and transferred them to the 

Ends of Colonel Lambton's PacbapoUiam Base found 
m d  transferred to Civil Authorities. Civil Authorities. Pachapolliam is well suited for 

Pendulum and latitude observations; it is on high 
undulating ground and there are no hills in thc immediate neighbourhood. 

(4.) From Pachapolliam I marchcd vid Madura to itlallapatti. Colonel Lambton's 
principal station of Kooteapanrae is close by, but 

Ma1hpatli.-Obscwntory not built on the Kwten- 
purne hill on ncmunt of expenm. as the Pendulum Observatory could not have been 

built at the station without very great expense, I " - 
authorized Mr. Macdougall to build at  a short distance from it to the emt, and named the station 

Dewription of Kwbapanrne. 
afterthevillage on the lands of which it wits situated. 
Kooteapanrae station is on a low rockey hill about 

50 feet above the level of the country; the rock has been quarried away by the villqes on all sides 
leaving barely room even for a small theodolite ; should it be requisite to retain it a3 a principal 
atation of therevision triangulation, a good deal of builtling up would be unavoidable. This station 

is very suitable for latitude observations, and there 
Buitable for latitude obmewstions. is ampla room on the hill for an observatory at a 

ahort distance to the ewt. To avoid calculations of attraction I preferred placing the Pendulum 
Obaenatory below the hill and at  such a distance that its disturbing effect could be lafe l~  
neglected. 

(5 . )  Observations at Mallapatti Were corn- 
x d b p a t t i . - ~ b s e n ~ t i o n a  h i sbed .  -Joined Cape Co. pleted on the 26tl, necember, I marched et 

mmiu Base m ~ w m m e n t .  once for Palamcottnh in order to aesiet in the 
meaanrement of the Cape Comorin Base. 

(6.) Having no necond assistant all this time, and Mr. Maedougd being emplo~d  in 
building, my wife, ss lsst year, recorded for me s t  the above four etations. 



(7.1 The measwement of the base wcls com~le ted  bv the 14th March, when 1 resumed . . 
P e n d i u m  observations, taking them first at  Pun- 

Pendulnm Obsorvntions resumed nt Pnnnm on 15th 
Ymh, nud eompletcd Kuda*olnm on 13th 

n= and afterwards at Kudmkolam, the southern 
extremity of the extended base-line. These ob- 

servations were completed on the 13th April, when drect iug the party in cl~argc of Mr.  Mae- 
dougall to proceed to Coimbatore, by the regular marches, I myself travelled up the western 

coast vid Trarandrum, Quilon, Allcppev, and Co- -. . 
I return to qua*ers by to aolect Pendu. chin. I wish'cd to select the most suitable station 

lum Station nnd to onquire about Minicoy. 
for Pendulum Obncmations next season, aud to 

make inquiries as to  the best means of getting to the Island of Minicoy. T l ~ i s  Island is isolated 
and situated nearly in  the same latitude as Punnz,  so that a comparison l~etween the Pendulum 
results at  these two places, mould alYord some data on the relative densities of the submarine 
and subterrane strata. 

(10.) The out-turn of the past season's work consists of pentlulum and magnetic ob- 
0ut.hlrn of work. servatious at  s k  stations, vir. : - 

Bangalore Base, N.E. end. 
Ditto, S.W. end. 

Pachapolliam. 
Mallapatti. 
Kndaukolam. 
Pnnnre. 

Tlre party was also employed for two months on the Cape Comorin Base. 

(11.) I have now to report on my assistants. Mr. J. W. Macdongall, 3rd Grade Sub- 
Assistant went out into camp ou thc 29th Augnqt, 

Mr. Mncdougnll. 
anti built the observatories of Pachapolliam, 

Malla~att i  and Punnze. EIe assisted in the Base-line nlrasurcment, being in charge of laying 
the trestles duriug the third timc of measurcmerlt, and talring a microscope during the fourth 
time. I was well satisfied with his building arrangements, aud his observatories wcre on the 
whole very economically built. H e  is vcry e~~ergctic ,  always docs his best, and I shoold 
he very glad if your arrangements admitted of his early promotion to a higher gradc. 

(12.) Mr. C. P. Torrens, 4th Grade Sub-Assistant, was posted to thisparty on appoiut- 
meut to thc Survcy on 12th Dcccmbcr 18G8, nntl 

BCr. Torrc~is. 
joiued on the 17th Jalruary 18GO. IIc acquire11 

:I familiarity with all the computations very quickly aud well. 

(13.1 The results of the ~ a s t  season's work are given in the several tablcs apl~endrd to , , 

RFsulla nnd probnblo errors. 

- * .  

this report. The mcan probablc error of n st;rr's 

transit over one wire, is + 0.~060 which aEect\ 
the vibrations in a day by only + 0015.  

The mean probable crror of the observation of a coincidcnce, is + 0.~323 aud its alTccf. 
on the vibrations pcr dicm = + 0.006. 

The mcan  roba able error of the uuull~rr of bibrationu per dicm, at ally station obtaincll 
Il.om the results, is f 0.03-1, for No. 4 Pcndalum and + 0.036 tbr No. 1821. 

(14.) At Pu~rnre I swung each Pendulum for nearly the wlrole day in the following any.  
The Pcl~dulnrn wm startcd at  about 3-30 P.M., 

Determinotion of tho nmount of "logging" nt Punom. 
g i v i ~ ~ g  it a large iuitial are, (donblc arc = 21') 

and observed; an observation way taken at  al~out  9 o'clork, aud wain  at 1-30 a.ar. Tlra ncxt 
n~orniug at about 7 o'clock t l~rce  coincidcnccs were obscrvcd and ol)scrvatio~rs wcrc t : ~ k ~ . u  ns 
lisunl up to 44 P.ar. The swil~g could thus bc divitlcd into n rlight n~rd n (lap portion, duri t~g the 
former tLc trlupcrature \raa eoutiur~oasly falling nut1 duri l~g tlrc I:~tter continrto~ldy rihiup; the 
tllHcrencc bct\rer:n thc t,wo rcjtilts denotc~l t l~nt  duc to the sum of thr: errors of t l ~ c  rucau tcw- 
111 raturcs, and balf that s u ~ u  would rcpreucnt the alnouut of '& Iaggrug." Includil~g the two 



observations taken last year at Damargida for the same purpose, the amount of " lagging" is 
as follows : 

No. 4 Pendulum, . . . . 0.177 Vibrations = 0.37 Fahrenheit. 
,, 1821 Do. . . . . 0.138 ,, = 0.30 do. 

conseqnently the results at each of the Indian stations should be dimini~hed by the sum of 

these quantities i .  e. 0,315 vibrations to make them comparable with the Kern results, where 
the observations I beliere s e r e  a11 taken during the night. Also the results at each of the 
Indian stations should bc diminished by l~alf  of 0.315 i .  c. 0.158 vibrations to make them re. 
present the true mean numbcr of vibrations per diem at 72' Fahrenheit. 

(15.) During this season I kept the clock pendulum adjusted in one position in the 
hope that i t  might be used diffc:.entially as a 

E"dcnrOur to use penduJum ' third pendu- third penrlulum, but the results by it arc too mild luru Inils. 
to admit of any reliance being placed on it. I 

thought that this might be owing to the variations of the pressure and temperature of the air. 
Mr.  F. Baily had swung a somewhat similar pendulum in air and vacno and determined its 
correction to be about 0.48 vibrations per diem per inch of pressure, but thc application or 
corrections to the clock rates based on this factor did not improve the results in any way. 

(16.) Table I V  gives the mngnetic results of the past seasons. I t  will be observed 
that the magnetic Equator cuts India in latitude 

Mopetic Result8.-Dr. Lamont's method of obscrring 
Dip found conrcniont in low latitudes. 9" 30' very nearly. Finding the operation of set- 

ting the Dip circle in the meridian very tedious - 
in these low latitudes, as the slightest motion of the horizontal limb caused the needle to 
vibrate in large arcs, I tried at  Kudankolam the method of observing the Dip of the needle in 
any four positions 90" apart, changing the face of, and reversing the poles of the needle as usual 
This method involves double the number of observations and some computation, but on the 
whole saves time and temper, and is, I think, more convenient in low magnetic latitudes than 
the ordinary one. I t  is given by Dr. Lamont in his hand-book of magnetism. The form~~la 
for computing the true Dip ie 

2 Cot.% = - x sum of  cotangent^)^ of observed dips where n = number of divisions 
n 

of the circnmference, which must be even. 



EXTRACT FROM THE NARRATIVE REPORT OF J. B. N. HENNESSEY, ESQ., IN CHARGE 
COMPUTING OFFICE, DATED 1ST MAY 1869. 

(4.) Calculating branch.-The Computers have been engaged clliefly on calculations 
connected with the rcduction of the triangulation 

Progreen. understood by the N.W. (or Sironj-Chach) Quad- 
rilateral. The process of working this geodesical problem having been cstablisl~ed theoretically, 
it became highly desirable to ~llustratc the practical application of the mcthod on a compara- 
tively limitcd extent of triangulation, before undcrtalting the entire quadrilatcrnl. Accordingly 
the two circuits made up of the Jogi Tila Series and of portions of the Glu.hngar11, N.TV. Hima- 
laya, Sutlej and 111dus Series, were selected, and in order that this experimental calculation 
slro~lld the more fully illustrate the reduction of the entire triangulation, base-lines were 
assumed to exist at thrce of the four corners of the outer circuit whcre none were measured, so 
that these three imaginary base-lines, together i t 1 1  that mcasul.ed on the plain of Chach, fur- 
nished a liuc of verification at  each angle of tlie outer circuit, as is the case in the Quadri- 
lateral Sirouj-Chach. 

(5.) The calculation then before us mas to find simultaneously 380 unknown quantities, 
subject to 11 equations of co~~dit ion,  by the " method of least squares." I pass over with but 
a brief notice the difficulties encountered aud overcome in  course of computation ; such as the 
devising of cl~ccks, the preparation of forms which mould reduce labour to  a minimum and 
promote the runsimum of accuracy, and tlie dcgree of arithmetical rigoor to be maintained. 
The unavoidable mnguitudc of the calcl~lations and their requirements, create so many new 
features in the ordiunry application of t l ~ c  " method of least squares," that the process thus 
altered can hardly bc recognised as the one in familiar departmental use. Premising this, I 
state the resulting facts as follows :-* 

ASSIGNED VALUE BY 
VALUE. COI\IPUT,lTION. I ASSIGNED VALUE BY 

VALUE. COIIPUTATION 

(6.) The corrections were next applied to the angles; and, on completing the ordinary 
computations of triangles, lntitudcs, lougitadcs and azimuths, it was found that the triangula- 
tion had been made consistent wit11 tlle follo~ving small residual discordancies. 

In /be 5 aide equations. I In the 2 Lat. Circuits. I In the 2 Lonq. circuits. ]In the 2 Azth. circuits. 

Thc largest angular change introduced to enforce this consistency amounted to  only O'''98. 
The average angular change employed is probably under 0".16. 

el . . . . . .  ell are the nbmll~te tcm8 in the equstions of oondition, of which there were 6 betwean aidem, 3 in 
hli tude (A), 2 in Longitude (L) urd 2 in kimulh (9. 

~ o g  feet. I #I ,I 

. . . . .  (11)z 0.005 
. . . .  @) L" 0.002 

. . . .  (1) 0~000,0001,5 

. . . .  (2) 0~000,0000,9 
(3) . . . .  0~000,0000,2 
(4) . . . .  0~000,0000,7 
('5) . . . .  0~000,0000,9 

8 11 

. . . .  m) 0.003 
(11) . . . a  0.004 

. . . . . .  (6) 0.001 
(9) . . . . . .  0.004 



(8.) Miscellaneozcs work.-A list was prepared shcming the latitude and longitutlc of 
points in the priilcipal towns of the Bombay Prcsidcncy. A sy~~opsis of coninlon aidcs ill 
the N.W. Quadrilateral was drawn up for guidance in finishing thc triauglcs : a table nf wuiglrts 
of corrected angles for the quadrilateral conrpnted, aud various calculations prcliminary to this 

(7.) The portions of ordinarp work that can be tabulated readily are given hercaftcr :- 

table prformea. A somewhat similar tal~lc and caIcuIatiorln wcre partially luatle for the 
quadrilateral Sironj-Sonakhoda : tlre triangles and figurcs of the lattcr q~~atlrilaternl reduced 
and prepared for circuit tests : preliminary calculations madc in couucction with t l ~ c  \vcigllts 
of h e - l i n e s :  charts to aid in the calculations arrangcd and cxamirrcd, and vario~~s calculations 
for weights of functions of angles performed. Tabular data werc prcpnrcrl for thc poi~rt Divy Chart. 
Certain questions, miscd in councction with somc of the points in the lcvcli~lg operatinnsof 
1866-67, were examined. Lieutenant McCullagh waa passed tlrrongl~ thc ordinary calr~~lations of 
the D~par t~nen t  : thrce candidates for Snh-Assistantships examiuetl, and pal,crs for 2 ot,llcra 
hrcparcd. Thc entire field records of thc Snrvcy, at IIcad Qnartcrs havc becn armllgc(1 i n  
suitable cascs constructcd for their reception. An ohscrmtory lias hccn bnilt, bnt no1 as yet 
quite finished, at the head qoartcr's officc, including a transit room antl a rotating rlomc colulect- 
cd by n covered passage and stair-caw. 'l't~c S~rpcriutcnding of t l ~ c  work-mc~l, collcr:tillfi 
matcrials kc., kc., in the construction of this building are ?no to Mr. R. Srott of tho ~ I I I J " ' -  

intendcnt's corresponding ofice. fiIeteorological ol~scrvations nt l)cl~m throaghont tllc l\jfi'lve- 
month and at I I u s s o o ~ ~ c  for a portiou of tire ycar have lrecu talccn twicc a day, nnd tllc lilnncr 
cornmunicatcd mouthly to the ltcportcr on hfcteorology N. W. Pro~inccs. Tinle has hrt-11 tll~sc~. 
ved aud computed about once a fortniglrt antl shown daily for local use. Advantqc ';lltcn 

of Mr. Clramarett's scrviccs to make a Survey of tllc new cantonment for t l ~ c  21111 G I ) o I . ~ ~ I . ~ R  On 

a scale of 400 fcct to one iuch; ahout thc ssnlc time 2 Native Surscyors of tlrc Funlacln 
Gurlrwal party wcre partially trained in the use of the plane-tnblc. A~lrlitions l~avc bcell mn'le 
to the library from time to tirue of such works of rcfercncci aa alrl~enrctl de*il.al~lc, nnrl 1 m ~ ~ ~ ~ ' l  
laere achnowledgc with thauks, the kiltducas of the Presidents aud Cuunciln of the Itoyal, the I t o ~ d  

Subject. 

- 
Numhered pages of and indexed, . . . . . . 

. . . .  Mean readings, computed, . . . .  
Do. examined or compared,. . . . . . 

. . . .  Angles examined or compared, . . . .  
Abstracted observed angles, . . . . . . . . 

. . . .  Computed spherical excesses, . . . .  
Copied principal triangles, . . . .  . . . .  
Compared Ditto, . . . . . . . . 
Computed Ditto, . . . .  . . . . 

Do. Log sines and log sides of principal A s, . . 
Do. Secondary triangles, . . . . . . . . 

Quantity. 

- - 
69 volumes of anglc books. 
75 operlings do. 
385 do. do. 
385 do. do. 
330 angles. 

10 triangles. 
4m03 do. 

1286 do. (in duplicate.) 
596 do. do. 
80 do. do. 
481 do. do. 

Do. Latitudes longitudes azimuths of principal 
stations, . . . . . . . . 5 s i n e  deductions, do, 

Do. Latitudes longitudes azimuths of secondary 
stations, . . . . . . . . do. do. 

Do. Weights of observed angles,. . - .  . . 41 anglea, 

Do. Corrections to fi,pres by the method of 6 quadrilaterals, 
least squares," . . . . . . 11 simple polygons, do. 

5 compouud tig~irra, 

Do. Weight of aide of continuation, . . . . { 3 P ~ ~ Y S ~ S ,  
1 conrpound figure, 

fo. 
Do. Indeterminate factors in terms of errors, . . 

Do. Nat. cotangents (to 4 places of decimals), . . 
Do. do. (to 5 places of decimals), . . 

Compared proofs of . . . . . . . . . . 
Trar~aierred stations to care of district officers,. . . . 
Supplied data called for by, . . . . . . . . 

3 compound figarcs, do. 

}do. 

475 angles, do. 
2750 arrglcs, do. 
36 1. pages, 
436 stations in 1.6 districts. 
22 officers ; (involvirig about 60 

pagcs of numcrrl~.) 





Charts Zincographed. No, of No. of 
copics. 

North Eeast Quadrilateral, . . . . 
Gurhagarh Meridional Series 1861-62, 1st part, 

Do. do. 3rd 11:1rt, 
North West Quadrilateral 1st part, 

Do. 2nd part, 
Khagan and Peshamar, . . . . 
Skclcton of Kattyn~ar Topogrnphicd Snrvey, 
Eastcrn Frontier Scries 1867-68,. . . . 
Rahuu RIcridional Series 1800-GI, . . 

Do. 1861-62, . . 
Do. 1862-63, . . 

Total, . .  / 12 1 710 

Thc hoolte of the officc shcm a df,spntrh of 8,952 map3 and 318 charts. Hcsitles thc 
printing of maps aud charts, 10,800 fo1.m~ and 640 diagrams havc bccu struck off in compli- 
ance with indents. 

(11.) The following table shews the total work exccutcd iu tllc past 3 years.- 

The ni~mber of maps, Charts and diagrams struclc off 11). tllc prcsscs was lcss in the pnst 

pear t l l a ~  in thc two prrceding, I)ccnusc ill thc two ~~rcccding years the mn1)s rcq~~ired lvere 
mostly of small dimcllsions wit11 little tlct:~il ill thc~n,  tllc pr i l i t i~~g of 1~11ic.11 could hc cacrutcd 
rapidly ; wllcrras tluril~g tllc past year, the nlnps have aln~ost without csc-cption 11ccn depart- 
mental, tllc majority of thc full sizc of the zinc ~)lates, and all requiring grcat care and caution 
from the priuter. 

Subjccts. 1806-07 
NO. of prints. 

Maps, charts and diagrams, . . 7,118 
Forms, . . . . . . . . 

(12.) Printing brunch.-This ofice composcd 697 pares (foolscap sizc) and 11rintrd 
155,025 impressio~~s of tllrm. Compnrrd wit11 the \\-ark of 18G7-68, tllcrc wcrc 56 pages more 
composed and 28,729 pagcs rnorc prilrtcd. 

(13.) In conclusion, I take this opportunity to acl~nowlerlgc the cordi:ll co-operation 
ant1 valuable aid rcrldcred to mc by Mr. \V. 11. 

Conclusion. Cole, nf. A. I n  nrltlition to his tl~corcticnl attain- 
mrntr, this gentleman is acqi~iring thc skill I)y wl~ic l~  dclicatc 111stn1rnc11t.s arc rucccssf~llly 
n~:llli])lilatcrl, and tllcsc clil:~lificatio~~s com1)ined wit11 his patience, will, I fully cspcct, cllable 
him to provc a highly uscl'ul member of the dcpartmcnt. 

18tj7-68 
No olpri~lts .  

7,316 
10,531 

( I . )  I ~voi~ld also offer my h e ~ t  thanks to Rlr. Wood, and Dnhoo G11nga Pcrshnd for 
their he:~rty and skilful rnsistancc in t l ~ e  various d ~ ~ t i c s  profcssiol~al and n~isccllanco~~s vllicll I 
have occasion to require tllern to discl~arge. I am glad to 1)c ablc to spcal; in terms of con]- 
mendation of Haboos Knllp AIolliln, Gopal Cl~untlcr, Tarapodo and Kally Coomar, nor have I 
any reavons to be otllcrwisc tllan pleased wit11 thc rcst of tllc Computers. 

1868-60 
KO. of pri~~ts. 

5,538 
10,800 

( 1 . )  In  the Plrotoxincogmpl~ir l~mnch, Air. 0llcnl)ach colltil~l~cs to prncti.sc tranrfcrrillbr 
t o  zinc with sliill aud ncatl~eus. Mr. D!.sorl is vcry uscl'1i1 in ttrking llcgntivcv and in gcllcral is 
s very w i b g  lad. 
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(16.) Mr. OJConnor the printer dcscrves commendation at  my hands, and I am glad 
to  say that he coi~ducts his dutics with cfficieucy and earnestncss. 

P. 8.-The following appcar sufficiently intcrcsting to be noticed in this rcport, 
tbougll pcrformcd subsequent to 1st May 1869. 

(1.)-Dehra and Mussoorie 06ser~alories.-Observations to fix these observatories wcre 
talien l)y Mr. W. H. Colc, ~ . a .  with a 14 inch T h o -  

Posbcript. 
dolite I)! l'rougliton aud Simms. hlr. Cole, visitcd 

five stations in course of the necessary operations aud observcd 12 angles. IIis average trian- 
. - 

gul:lr error amonnts to 2.9 seconds. Tl~is  triangulation has fi~rnisl~cd us with the muchdesired 
values of Latitude, Longitude aud Azimutl~ at cacli of t l ~ e  two obscrvatorics. 

( 2  Expansion of Stanrlarrl Bar A,-Tl~c factor in dcpartmcntnl use for this bar is the 
valrrc dctcrn~u~ctl by Coloi~cl l$\crezt, Captain R. IV~lcox :~nd BIr. Jalucs P ~ I I I S C ~ ,  in 1832. 
Tllc l ~ r o c ~ l ~ ~ r c  they adopted, whci~ compared wit11 the iinprovcd mctllods of modern times, is' 
oprn to grave ol~jcctious. In  addition, t l ~ c  factor appears to 11c unduly largc, since thc avcrvge 
factor, dcdurcd fbr cigllt basc-lit~cs, amo~ints to only .0000064. rnl~ilc Ercrcst's factor is .00000G801. 
As 3 prcliminary mctl~otl of dctcr~uination, you dccidcd on coniparitig standard A with t l ~ e  
standard stccl .l):ir I, at the highest :rud loacvt tcmpcraturcs of t l ~ c  day, selecting a time of the 
p a r  nhcu t l ~ c  t1:iily rangc of tcmpcraturc \ms t l ~ c  grcatcst. As the factor for I, stantlv detcr- 
mil~ctl 1)y C:q)tain A. It. Clarltc, It. E ,  of t l ~ c  Ord~lancc Surrcy, t l~a t  for A would t h ~ s  bc 
ol)t:rinctl tlitl'i:rc~itially. ~lccortlillglp 61 comparisons were made at Dcl~ra betmeen I, and A 
during a portion of last May. T l ~ c  rcsults arc ax fo l lo~~s  :- 

May 1869. 0 0 

lXtl~ Range of tcmperature 77.30 to 99.39 factor for A '000006546 
l!)th Ditto 77.10 to SY.X9 6325 
20111 Ditto 79.86 to 99.02 6325 
Plat Ditto 83.37 to 09.20 G5lG 

hlcan factor for A .000006528 
Evcrest's factor, .000001i801 

Difference, .000000273 

This differcncc of factor monld prodncc ni l  altcmtion in t l ~ c  length of a basc-line about 
7 miles long, measuretl at  s tcnipcraturc diHbring fro111 62' bp lo0, of 1.2 inchcs. 

(3) (,'onll~71.ison qf inch (7-8) on Cr1,y's I n  clctcrn~ining thc value of the IIicrometer 
brass srnle (or L), w i t h  znch /a-6) on thc stand(zrd screw s t  barc-l~ue-, n~casnrcd I~cforc thc arrival 
slrc,l ,foot (or F). of the stccl foot from England, it was cus- 
tomary to cn1l)loy thc incli (7-8) on Carp's brass scalc. As olic of t l ~ c  strps involvcd ill rcdncing 
all our lincar mcasures to thc samc unit, it bcc:~n~c tlcsiraLlc to cxprcss i ~ c h  (7-8) in terms of 
(ten foot) s t :~~~da rd  A. Csl~tain A. 1E. C1:lrkc l~atl nlre:lrly dctrrn~inctl t l ~ c  sub~livisions of thc stcel 
foot, it \\.oald thercfore bc sufficient for tlic p~irl~osc in \-icw to corllparc (7-8) wit11 a I;uo~n~ inch 
on F. Tl~is con~parison mas madc i~udcr your tlircctiorl as follon.~. Thc hIicroscopes could not 
11c sct up  at a less distance apart than 5 incllcs, t l ~ c  spacc 8 to 13 on L was thcrcfore coml)arcd 
30 timcs wit11 6 t o g  on F. Aftcr wbicl~ t l ~ c  h[icroscol~cs were nladc to span 6 incl~cs, m ~ d  30 
con~l~arisnns takcn bctwccn 7 to 13 ou L all11 a to (I on F. Tlic obscrvcrs wcre hiajor 1'. G. 
hlo~~tpr~n~crie,  R.E., a. 11. N. IIcnneszcy, Esq., Capt:riti 11. R. Tl~uillicr, R.N., C. Lanc, Ksq., 
11. I<~elan, I ~ R I ~ . ,  and L i c ~ ~ t c n a ~ ~ t  'I1. T. Cnrtcr, 1L.1;. JCach obscrvcr took 5 comparisons bctween 
t l ~ c  5 i11c11 s11:~ccs a i~d  as n~any bctwccu the Ci iucl~ sl~accs. 

Tlic rcs~llt givcs 
A 

a-6) - (7-8) = 13.4 + 1.0 in milliontl~s of a yard, and - - (7-8) = 14.6 
120 

A 1'56 
In t l~ is  last cquation, it lias been aqsumcd tllat -- - - - - 0.17, as dctcrmined 

120 30 - 
t11ro11gl1 thc Dchra comparisons of April 1867, a rclation which is dcpcntlcnt on Evcrcst's factor 
for A. IJl~lcss this relation be vastly altered, t l ~ c  corrcctions to our basc-lines, arising from 

A t l ~ c  dilfcrciice bctmccn - and (7-8) arc nll inappreciable. 
120 



EXTRACT FROM THE NARRATIVE REPORT OF MAJOR T. a. MONTOOMERIE, R.E., DEPUTY 
SUPERINTENDENT 1ST GRADE, IN CHARGE KUMAON AND CURHWAL 

SURVEY PARTY, NO. 359, DATED 4TH NOVEMBER 1069. 

(1.) Dnring the recess of 1868 all the computations connected with the previous 
triangulation were worked out, with thc exception of a small portion that was completed during 
the subsequent field season. Three contoured sheets-including the sheet with the site of the 
new hill station of Ranikhet-two skeleton sheets and one exaggerated degree sheet of the 
Knmaon and Gurhwal maps, were complcted and have subsequently been printed in the Photo. 
hcographic  Department. Two Skeleton sheets of the Mussoorie and Landour Survey were 
also prepared and have since been published. Considerable progress was also made with various 
other sheets of the two surveys. 

(2.) Major Montgomerie reports that in all of these sheets the draftsmen attached to 
the party have made marked improvement, both in the outliuiug and in the writing. The out- 
lining is sharper and clearer than formerly; in tlie writiilg the progress is more especially 
marked, and it is now possible to at  once determine the relative sizc of the various villages on 
the sheets, simply from the style of printing uscd; the smallest villages in the district having 
their names in the smallest italics, the next in a sizc larger, and so on. 

(3.) Two degree sheets were commenced in the exaggerated style for reduction by pho- 
tozincography from the one inch to  the ) inch scale. One sheet was completed and has been 
published, a large portion of the other wns also finished. 

( 4 )  The process of preparing maps for reduction being a new one, several small experi- 
ments were first carried out ; and, by closcly studying the results, avery fair approximation was 
made to the conditions which arc necessary to produce a good reduced map, such as the proper 
strength of the cantour lines, and of the distauce between thcrn, the size and strength of the 
writing, strength of the outlining &c. The diHiculty of doing this was of course greatly en- 
hanced in reducing by so much as a fourth, and without some preliminary experiments, the 
results could not have been satisfactory, for eveu with thcm they arc not as yet all that in 
required. 

(5.) The first reduced sheet puhlishcd, mill it is hoped snpply all that is necessary 
geographical material for the Atlas of India, hut certain small defects wcrc noted, and have 
been provided against as far as possible in the 2nd Dcgree Shcet, which is now in course of 
preparation. 

(6.) At first sight, preparing a map in the cxaggcratcd style may appear a simple matter, 
when the sizc to which the wnting kc., is to bc rctluccd has bccn dccided on, but to produce 
the proper amount of exaggeration in cvcry l~artic~llar, is 11y no mcans easy-thc dificlllty of 
producing the propcr effect in tlie contoi~r shading by a nunlbrr of lincs at a very'consitl~ra~~le 
distance apart, being in itself very puzzling, and tllc prcscrvation of the propcr proportion of 
the various parts of the letters requiring closc attention. Thc ncccwity for tllc constant of 

the proportional compasses was soon :tpparc~~t, a9 the cye of the draftsman could very seldom 
be trusted to decide as to what was necessary. 

(7.) The reduction being required for the Atlas of India, one of the shcets last pllb- 
lished was taken as the standard to which evcry thing was to be reduced, mld as far as possible 
every thing put upon the exaggerated sheets, waa made four time8 thc size of that on the lltlafl 
~heet .  

(8.) The result SO far has been tolcml)ly successful, and the rcdnccd map is much clearer 
and sharper than could have been secured if the drawing had been origiually douc on the same 
mde. 



(I).) The saving in time, as compared with hand reduction, has not been v c y  grcat m 
yet, but as soon as the Draftsmcn become accustomed to the process, and have precise mlcs to  
go by, the saving will no doubt bc vcry grcat. 

(12.) During the recess, operations connected with tlre Mussoorie and Landour Survey 
mere prosccutcd, as far as the office work and weather would permit. The positions of the first 
36 pillars, (which wcrc built on that portion of the boundary referred to in para. 5 of the 
Narrative Report of 1867-68), were finally fixed on the field sheets and will be entered on 
the maps. 

(13.) The rc-demarcation of a further portion of the boundary was taken up, and 
about 4,700 yards mcre retraced to the south of Hatipaon. Arrangements were made to retrace 
more of the boundary, but as tlre Civil Authorities were unable to send any o5cer to accompany 
the Surveyor, and held out no hopes of being able to do so within a reasonable time, the boun- 
dary opcrntions mcre suspended, and the Surveyor was sent upon other work. 

(14.) Towards the end of the rccesq arrangements were made to complete the triangu. 
lation and sketching of the Mussoorie and Landour settlements, one trianbwlating party and 
three skctclring parties were put upon this work, and were employed on it nearly the whole 
of the field-sason. 

(16.) The sketching of 13,173 acres on the 12 inch scale, was turned out, completing 
the survey of tlre wholc of the Mnssoorie and Landour settlemcnts, with the exception of a 
small portion near Rajpore. The sketching was, in all cases, extcnded to some distance 
bcyond the bounday liue indicated on Brown's Map; so that in case of dispute there will be 
no difficulty in entcring on the maps the boundary line finally fixed on, unless i t  is m d e  to  
deviate very much from that of Brown's. 

(17.) Captain Pullan was at  first employed on the triangulation-he visited 30 stations, 
fixed 75 points, 48 of which had their heights determined, and he sketched 5,168 acres on the 
scale of 12 inches to tlic mile, fixing his plane-table 516 times. 

(18.) Captain Pullan observed with an 8 inch theodolite, and his 33  triangles show an 
nvcrngc crror of about 18 seconds. Thc points fixed werc well sclcctcd and have proved 
amplc for thc skctcl~ing; altogcthcr his progress with thc triangulation ww very ~atisfactory. 
His sketching has becn douc artistically, and the ground has been nccuratcly represented. 

(10.) During the recess, Captain Pullnn took a share in the computations,-he also did 
the contour shading of orre of tlre Gurhwal shccts, one of Landour, and portions of two of the 
cxaggcrated shccts for rcdactiou ; in both, his contouring was vcry artistic, and his success 
wit11 tlrc esaggeratcd maps was very considerable, his bold style bcing more especially suited to 
tlre latter. 

(33.) Ancroid barometers werc supplied to each of the topographers, and with them 
they were nblc to dctcrminc the heights of a n11m11cr of passes, junctions of rivers, kc., which, 
in addition to the large n~rml)cr of trigonomctrical heights, supply ample mcarls of judging of 
thc general rclief of tlre c o i ~ ~ ~ t r y ,  indcpcndc~1tly of the contour shading, which, however ~ ~ 1 1  
done, is of itself not cluitc sulficicntly esplanatory, cvcn to a practiced eye, and conveys the 
relicf but very partially to tl~ose who have not studied the eubject. 

(34.) Major Montgomcrie was able to take a complete set of Magnetic observations 
at four diffcrcnt stations with thc unifilar n~agnctometcr and dcclinometer and dip circle, 
viz., ncar ltarnnagar, Bhccm Tal, Nynce Tal, and Bagcsw. 

(36.) Lieutcnnnt IIill assistcd in the compntstions during the recess, but not having 
frilly recovcrrd his health, which sr~ffered nt the cntl of the last field season, was obliged to 
takc lcave to Eurol~c ou sick ccrtificatc from the 1st of Octobcr. 



(37.) Mr. Beverley rejoined the party on the 23rd of July 1868, and assisted very mncll 
in bringing up the computations during the recess, completing a vcry large amount of ~vork. 

Taking the field early, he proceeded to extend the triangulation to the east of Almorirh. 
H e  carried the work successfully ovcr several ranges of rugged mountains, some portions of 

which were difficult, owing to t l ~ c  deusc forcst, nlrile the o t l~cr  portions to the north were 
more dificult, owing to thcir grcat ele\ation and consequent liability to falls of snow and clouds. 
Notwitllstanding thcsc and otlier difficulties as to coolies and supplies, Mr. Bcvcrley was able to 
complete 1,100 square milcs of triaugulation, fixiug 4,GG points with 249 heights. 

(38.) His triangles hare been well sclccted, so as to  cover the whole of the ground 
equally, and with reference to his heights, which are very numerous, he has fully carried out 
Major Montgomerie's iustructiolls, to determine some of the lowest points in his ground ss 
well as the highest, which in a mountainous country are apt to absorb the greatest amount of 
a Surveyor's attention. I Ie  also computed, out in the field, a considerable number of fresh 
points which were required for currcnt topograpllical work, a task which added vcry consider- 
ably to  his labors. 

Altogether Mr. Beverley turned out a capital season's work, and has fully sustained the 
reputation which he dcservcdly earncd on the Kashmir and Ladak survey opcrations. 

(4.0.) Mr. R p l l  was employed during part of the recess on the re-demarcation of the 
Mussoorie and Landour boundary. H e  retraced 4,700 yards, and pointed out to the Civil 
Authorities thc proper sites for permanent pillare along that portion. IIe had also arrangcd 
to  retrace a still farther portion, and was retained for that purpose at  the beginning of the 
field season. The Civil iiuthorities however were at  that time unable to send any officer with 
him, and as it maa of no use to retrace i t  without tlie presence of a civil official, and tllerc 
appcarcd no cllance of one bcing available within a reasonable time, Mr. Ryall was directcd 
t o  take up the work originally assigned to him in thc north-east of Qurhwal. 

(41.) Owing to  the delny about the boundary, Mr. Ryall was not able to start early, 
and on arriving at his ground tllc snow had already come so low down that he was only able 
to  select the stations and lay out the work for the ncxt season ; a Iargc nmouut was thus prc- 
pared which will save a good deal of time hereafter. 

(42.) H e  also managed, while laying out the above work, to  start Mr. Dryson on his 
trirngulation, and succeeded in showing him how to  overcome the difficulties whicll hilidcred 
him at the beginning of the previous season. 

(43.) Returning from the higher ground at  the end of the year, M r .  Ryall procecdc(1 
t o  take up a very difficult plnnc-table scction near Ramnuggur, including a large amount of 
Terai land and forcst, as well ns some rather high woodcd mountains. T l ~ c  slictcl~ing of tllc 
Terai land and forest inrolvcd a largc nmount of traversing, both with tlie thcotlolitc a1111 the 
plane;table, and the liilcs hat1 in many cascs to be actually clcarcd through the dense jullgle. 
This ground, though in parts apparently lcvcl, was in rcality so intcrscctcd with ravines that 
moving about it was positively more difficult than in the llillr groond. Thc j~inglc in 11nrts 
was so very dense, and tigcrs so numerous, that without the assistance of an clepllar~t but little 
survey could have becn rccomplislicd. 

Mr. R p l l  dcvotcd all his encrgics to the work, and having made good armngrmentg n9 

to  supplics and labor, was ahlc to make capital progress, cornplcting the skctch of an arcs of 
346 Rqllarc niilcs on thc one inch sralc, fixing his planc-tahle 505 times, inclutling 4!) tmvcr$C 
stations fixed with the theodolite, bcsidcs running 47 ahort traverse lines with tllc plane-table. 

(44.) The greater part of the ground was inspcctcd hy bfajor Montgomerie, and tllc 
~ketching of i t  was found to 1)r vcry arcurntcly and artiqtically donc, Mr. Ryall having sue- 
ceeded in showing both the high gror~nd and low ground well. T l ~ c  lattcr from its ir~tricac'Y 
and lowness being cspccially J~fficult to dcl~ucatc well, when in such closc contnct aitll Lifillcr 
ground. 



(46.) Mr. Peyton was employed during the recess on the contour shading of the fair 
shcets on the onc inch scale-this he did most artistically, and his success in combining the 
hill shading of two or morc Swcyor s  on one sheet, is highly commendable, as. his rendering 
in almost all cases, makes thc work nppear to bc homogcneons, a difficult task when the work 
of an experienced topographer comes ncxt to that of a beginner. 

(47.) A large numbcr of shects having bcen prepared, Mr. Peyton was not able to take 
the field early. FIe commenced with somc low ground near Ramnuggur, and then took up the 
sketching between Ranikhct and Almorali, in continuation of his last season's work. Tho lomcr 
ground mas very intricatc, and covered witli deusc forest and jungle, making all progress difficult. 
Thc highcr ground was 011 the other hand intricate, from the great number of villagcs and t l ~ e  
cultivation around them ; this scction including the most populous part of the Baramundal Per- 
gunnah, the heart of the province of Kumaon ; on 30 square miles no less than 70 villages were 
found, in both the higher and lowcr ground. Mr. Peyton's sketching has been well done, and 
the detail was found to have been very accurately laid down. 

Total area sketched 263 square miles with 352 plane table points. Progress during the 
short time available very good. 

(48.) Mr. Low started early to take up the sketching of the eastern or Mudmesur 
branch of the Mundagnec River, including somc very high ground running up to, and along 
the southern face of t l ~ c  Dadrinath range, which rises to 23,000 fect above the sea. The sketch- 
ing of this ground iilvolved a great deal of exposure and hardship, as great heights had to be 
visited, and towards the end of the fine weather tlie cold was very great. Mr. Low worked 
hard and mas able to complete this portion by the end of the year, before the fresh snow came 
low down. Subsequently Mr. Low took up lower ground to the east of Almorah and altogether 
made very good progress. A portion of his work was examined in detail and was found to bo 
very accurate. 

Total area sketched 338 square miles with 703 plane table points, the average in the 
lowcr mountains being about 3.3 points in each square mile. Progress very satisfactory. 

(49.) Mr. Atkinson did a large amount of computing during the recess, and assisted 
Major Montgomerie witli the translation of the Pundits' Trans-Himalayan route-surveys, and in 
thc computations connected witli them. He also carried on the Current O5ce work of the 
Party. 

(50.) During the field scason Mr. Atkinson was at first employed in computing out the 
observations of the Mussoorie nnd Landour Triangulation, which was urgently required for 
the sketching then in progress. This he was able to accomplish by hard work, and the sketcbing 
was consequently nevcr interrupted. Subsequently he took rc large number of observations with 
nneroids, to dcterrni~ic thc hciglits of various obligatory points in tlie first and also in the new 
portions of the survcy, which could not have bcen dctcrmined by the triangdation, except at  a 
grcat incrcasc of expcrisc. Tlic hciglits thus fixed d l  form a great addition to the maps. 
Mr. Atkinson worked capitally and his out-turn of work altogether has been very satisfactory 
and creditable. 

(51.) Mr. nraithwaite started carly to taltc up the skctcliing of tlie western branch of 
thc Mundagnee or Kaligunga Rivcr, includ~ng somc vcry high ground nmning up to the Kidcr- 
nath peaks, 22,800 fect above thc sen. IIe madc good progress with this piece of ground and 
managed to finish it by the middle of December, and had he earricd on his skctching in the 
lower ground nss~gncd to him, IIC ought to have done wcll; lie howevcr took upon lumsclf to 
abnndon his work under rircirm~t:rnccs ~vl~ich  hnve bccn separately reported on. He was ulti- 
mately grn~ited lravc ou hlcdical Ccrtificatc, his hcalth having completely broken dom.  No 
portion of RIr. Braitliwaitc's sketching could bc examined, but it mill be reported on at the end 
of ucxt season. Arca sketcl~cd 182 square milcs with 190 plane table points. 

(52.) Mr. Pocock w.m at first eml~loged on the 3Iussoorie Survey, practising with the 
plane table ~inrlcr Mr. H.ynll, and at thc saltie timc fixing some additional Trigonometricnl points 
along tlic boundary. He vcry soon mastered the use of the plaue table, aud was able to do an 



area of 3,740 acres of sketching on the 12 inch scale with 202 plane table points. This portion 
of his work was closely examined by Captnin Pullan, and found to be very accurately sketched. 
ACtcr finishing thc ahove, Mr. Pocock was trnnsfcrred to Kumaon where he took up sketching 
on the one inch scalc on a portion of Mr. Ryall's section ; he was not long in adapting himself 
t o  the smaller scale and, with Mr. Rynll's nssistancc, he was able to turn out 65 square miles 
mith 98 plane tnblc points, in some of the bold ground north of the Kotal~ Doon. Tllis pieee 
of sketching is very neatly d r a m  and wns fotmd to be accurately exccuted. Mr. Pocock 
assisted Mr. Ryall with the very heavy traverse work in the low ground, and generally made 
himself useful wherever his services were required : altogether, Mr. Pocock made capital 
progress. 

(53.) Mr. H. Todd was at  first employed on a section of the Mussoorie maptpl and 
eurveyed 1,382 acres on the 12 inch scole with 253 plane-tahle points; this was accurately 
sketched and the ground has been artistically delineated, the variations of the ground being care- 
fully shown. Subsequently Mr. Todd was transferred to Kumaon, and completed la square 
miles on the one inch scale with 363 plane-table stations. This piece of his work is very 
neatly done and represents the ground well. The small portion examincd was found to be accu. 
rately done, a farther portion will be examined during the ensuing season. 

(55.) Mr. Byson ivas at  first employed on the triangulation of the Pindur valley in 
Gurhwal. Having the benefit of Mr. Ryall's aid a t  starting he was ahlc to fix 66 stations in 
that part, subsequently he was transfemed to Kumaon and fined 129 points from auxiliary sta- 
tions, in connectio~l with Mr. Beverley's triangulation, working immediately under Mr. Beverlcv's 
orders. H e  observed from 35 stations, fixing altogether in the two portions of his work 195 
points. I Ie  made good progress and his out-turn of work altogether shews a markcd improve. 
ment on that of the previous season. 

(56.) Mr. Kinney joined the party on the 1st of August 1868. He was at first 
employed in computing and made some progress. Towards the end of the recess a portion of 
sketching on the scale of 12 inches to the mile was assigned to him, in order that hc might 
accompany Mr. Ryall and get some training in the use of the plane-table whilst the latter wns 
fixing a portion of the Mussoorie boundary; in this way Mr. Kinney was able to make consi- 
derable progress-afterwards he was put uuder Captain Pullan who completed his training on 
the 12 inch scale. 

(57.) Mr. Kinney's first pieee of sketching showed great promise, and each section that 
he afterwards took up showed eontinucd improvement. His contour shading hns been very well 
done and the ground was found to be both accurately and eharncteristically represented. He was 
employed throughout the field season on the Mussoorie and Lnndour Survey, completing the 
eketch of 3,880 acres with 330 planetable points. Altogether he made very good progress. 

(58.) The men of the native establishment have worked well and given satisfaction. 
Their health has been generally good and tbere have been no eases of severc illness. 

(59.) The Civil Authorities of the Province have continued to give cortlial assistance 
in all the operations of the survey, and have thcrcby considerably facilitated its progress. 

(61.) During the ensuing field ncason the triangulation will be pushed on in the higher 
part of Gnrhwal on the main stream of the Alaknunda River and on its two upper branches, 
vix., thc Trishnoo Gunga and Dhauli Rivers. I n  Kumnon the triangl~lntion will bc cxtended to 
the north enst of Almorah, and also along the foot of the hills and Terni land east of Hl~ldaani. 
The Topographical work will includc a urnall portion of Gurhwal, but will be mostly confined to 
Kumaon, to the north and east of Nmorah, with a portion of the lower ground near Hnldwqni. 

The Trigonometrical data available from the last season's work, is sufficient to kccp all 
the Topographers fully employed and at the same time to leave a reserve for future operations 
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EXTRACT FROM THE NARRATIVE REPORT OF CAPTAIN C. T. HAIC, R.E., DEPY. SUPDT. ~ N D  
GRADE, IN CHARGE KATTYWAR PARTY, NO. 2 DATED 20TH SEPTEMBER, 1069. 

(2.) The party left recess quarters on the 1st Dcccmher, but availing myself of a 
month's privilege leave granted in your letter No. of November, I only left Poona on the 
25th Decembcr. 

(3.) We toolc the field considerably augmented in numerical strength ; for, in addition 
to the four lately joined sub-assistants l)clonging to the Guzcrat party, who had not taken part 
in the prcvious season's operat~ons, Lieutenant Baird, R.E., joincd the party on thc 4th De- 
cember as 2nd Grade Assistant Surveyor and RIr. W. Todtl, Civil Assista~~t, formrrly cmploycd 
wit11 the K~~rnaon and Gurhwal party, rct~wning from lhgland from sick lcare, joined the party 
on the 1st Dccembcr 1868. 

(5 . )  Thc out-turn of work comprises the topograpl~ical sumeying of sheets 5, 12, 13, 14 
and half of shect 16, the othcr half having beeu fillcd in during scason 1866-67. T l ~ e  minor 
triangulation was cs tc~~ded ovcr half of sl~cct 5, half shcet 12, half shect 13  and nearly all 
sheet 17 slrect 18 and sl~cet 10. Sheets 18 and 19 I~cing on the sea coast cmbrnce both togcther 
about one ~ I I I I  sheet. The boundary survey opcrations comprise the nehole of the demarcated 
boundaries in t l ~ c  5 sl~ccts 1v11ich harc been topographically survcycd this season but no more. 

(6.) The incrcascd strength in the numbcr of our plane-table surveyors, rendercd it 
imperative to adopt estraordinary mcasures to drivc forward both the triangulation and the 
boundary surveys; I therefore attachcd Wissajee Raggoonatl~, native surveyor, to RIr. RIcGill as 
a rrrorder and co-computer, and RIr. AIcOill \\,it11 his assistance completed the latitudes and 
longitudes of all thc stations of his work in sllccts 12 and 13  in the ficld. 

(7.) Mr. Todd's opportune arrival enablcd me to relieve Mr. D'Souza of the duty of 
inatrncting two ncm sub-assistants of the Guzcrat party in planc-tabling, 311icl1 he madc over 
to Mr. Todd on thc 5th Jannary, and I thcn sent RIr. D'Souza to triangulate in shects 3 and 4. 

(8.) Licutcnant Bsird's joining I ha11 of course nnticipatctl, and I had therefore a party 
an11 equipmcnt ready for I~im. As 11c stnrtcd for I<attynar nearly n month before myself, I 
sent him to accompany Mr. AIcGill for n. short time, to familiarize him with the modus operaudi 
of the department, and then scnt him south to triangulate in shccts 17, 18, and 19. 

(9.) I append hereto n tintcd skctch sl~oxving the progess of both triangulation and 
plnnc-tnl)ling during tllc scason, aud a t;~bulnr statcmcnt sl~oming exactly the quantities and 
value of work of all descriptions turucd out by the wl~olc party. 

(13.) As soon as Mr. 3IcGill had cornplctcd thc triangulation of sheet 12, I directed 
him to procced soutl~ and to morli ill conccrt with Lieuten:unt Daird, so as to cusure t l ~ c  corn- 
plction of tlrc trinr~g~tlation of sl~ccts 18 and 19 during t l ~ c  scnsou. I t  was most fortunate t l ~ a t  
I did so, for ncar t l ~ c  closc of thc scason, Lir~~tcnirnt  Jjairtl was put uttcrly hors-de-conlbut by 
a sun-strokc or somctl~ing of that uaturc, and AIr. AIcGill completed the triangulation I de- 
sired to be done. 

(14.) Dnring thc pnst ficld scason, bring anxious to nsccrtnin mhcthcr I could not 
employ anrroitl baron~ctcrs to dctcrmir~c brights, with sufficient nccumcy to malic the rcsnlts 
a valunl)lc nddition to thc Knttyvar maps, I crcctcd a small observatory at Soncpuri in sl!cct 16 
N.15. scctioo, and con~lcctctl it vertically and horizontally by means of a 1-I-inch tl~cotlolitc 
wit11 two ~tntions, Cl~aml)nrdi H.S. nnd Tramhnlt H.S., of thc principal trinngnlation, and 
Rct up a mcrcnrinl 1)aromctcr by Atlic, wrt ant1 111.y 1)11lh dctncl~rd tl~crmomctcrs, and ~nnsimurn 
filld minininm tllrrmon~ctcrs, a ~ ~ d  I stntioncd two nativc survc!.ors to rccord t l ~ c  obscrvatious 
cvcry 11nIf honr from day-li,rrl~t in the morning till dnrli in t l ~ c  cvcning, cscrpt bctwcer~ the 
hours 10 aud 2, wl~cn ouly hourly obscrvatious wcrc rccordcd, aud on Sundays wl~en 
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obscrvations mere reeorclcd only nt 4 A. M., 10 A. n1.1 4 r. M. and 10 P. M. The observations have 
been daily kept during the recess similar to the ficld scason Sunday's observations. 

(15.) I gave threc ancroids (mllich 1 obtaincd from among the stores rcturned by the 
Survey Party from Abyssiuia) to those assistallts whosc plal~e-tahlcs contain the most llills, 
and wit11 the aneroids I also gave a couple of thermometers and I carried with myself a mer. 
curial mountain barometer and accompanying thcrmomctcrs. 

(16.) I gave the Surveyors with thc aneroids detailed instructions regarding thc method 
of recording tllcir obscrvations, and dircctcd them ilcver to omit to  takc observations at any of 
thc trigonomctrical stations within t l~cir  plalle-tal)les ; but I rcgret to say the results are of not 
sufficicl~t ~n l i l e  to  warrant thcir entry in the maps. An aneroid obscrvcd at the top of a hill 
and carried imrncdiatcly to the bottom and obscrvcd again, would give a fair approximation to 
the ditrcrencc of height bctwecn thc top and the bottom, but uscd as thcy wcre it was found 
that the indcr error was constalltly cllanging. 

(17.) Using the molintain barometer in connection with the fixcd barometer at Sone- 
puri, I determined somc Ileigllts ~vhich I bclieve to be reliable. I mas nt~fortunatcly only able 
t o  check my results at  thrcc trigonometrical stations ; the discrcpailcies bctwccn my barometcr 
heights and the trigonomctrical heights at  these three stations were respcctivcly + G feet, 
- 9 feet, + 7 feet. 

(18.) The work clluing the present recess mill comprise as under :- 

Mapping.-Preparations of Sheets 5, 12, 13, 1 4  and 16 on the scale of 2 inches to a mile, and 
Sheets 6, 7, 8, 9 and 15, on the scale of 1 inch to  a mile, exaggerated for reduction to 
the 4 inch. 

Duplicate computations of 380 Triangles Secondary Stations. 
Do. 1,239 do. Intersected Points. 
DO. 200 Latitudes, Longitudes, Back Azimuths, Secondary Stations. 
Do. 63  do. do. of Intersected Poiuts. 
Do. 188 Hcights of Scco~ldary Stations. 
Do. 78  do. of Intcrsccted Points. 
Do. 17 Barometrical heights of Stations. 
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ADDENDA TO CAPTAIN HAIC'S REPORT ON THE KATTYWAR SURVEY I SUBMITTED gy 
LIEUTENANT TROTTER, ON THE 24TH NOVEMBER 1869. 

(2.) Lieutenant Baird, R.E., was employed througl~out this, his first season in tile 
Department, in triangulation. To enable him to become acquainted nith thc practical opera. 
tions of thc snrvcy, hc mas dircctcd to acconlpnoy ah .  McGill, who was employed in brealiing 

U1, tllc old triangulation and fixing points for tllc plane-tablers in sheets Nos. 12 and 13. ~ft,.. 
rcmaill i~~g in company for two ant1 a half wceks, he com~nenced vork in January on own 
account in sheets 17 and 18 in t l ~ c  south portion of the peninsula. That he did good work is 
sllown by the fact that in spite of being delayed and stopped by a sun-stroke, he trianp~lated over 
661 square miles, visiting 62 stations, determining the heights of 70 points and fixing 416 
intersected points. His triangulllas error n i th  a '/-inch theodolite by Cooke and Son a m  13". 

(3.) Mr. J. McGill turned out a first rate scason's mork. H e  was employed the wllole 
timc in triangnlation. H e  morkcd over 850 sqllare miles, visited 89 stations, determined the 
hcigl~ts of 70 points and fiscd 380 points for the plane-tahlcrs. His aycrage error was 13" 
working with a 6-inch Tllcotlolitc hy Trougl~ton and Simms. I n  addition to the rcpilnr field 
work, and in ordcr to provide work for the plnnc-tablc surveyors, Mr. AfcGill, whcn at vorlc in 
sheets 12 and 13, not only triangulated, but at t l ~ c  same time (wit11 the assistance of Vissajce 
Rnggonatll) brought up the computations connected theremitl~, so that more than half of those 
sheets mere both triangulated and topographically surveyed during the same scason. 

(4.) Mr. A. D'Souza mas emplo~cd part of the time in triangulating 4.26 square miles, 
and part in training some of the last joined assistants ill plane-tabling, for which service I 
understand he was emincntly qualified. The rcsults as shewn by the mork of the Juniors is 
highly satifactory. 

(5 . )  Mr. W. Todd, Civil Assistant, late of the Kumaon Survey, joincd the Kattymar 
Pnky  for the first time in Dc!ccrnher and (lid a good season's plane-tabling, having turned out 
180 square milcs i n  creditable style. His time was also partly occupied in training Jlessre. 
Hickie and Goslin. 

(6.) Of the othcr old hands llessrs. Grinn,  MchJFcc, T, Rcndell and E. Wyatt surveyed 
rcspectivcly 167, 210, 253, and 207 square n~ilcs. Thc n.l~ole of their work was good and 
stood well, tllc scverc tcsts that nrc applied ill this Silrvey, of traverses run somctin~cs nroulld 
t l ~ e  different talookm sitoatcd within tllc sllect, sometimes along the meridian or l~:u.allcl bound- 
ing tllc sllcet. air. \TI-att tnrl~rtl out n rcry large a ~ n o i ~ n t  undcr peculiarly dificnlt circilm- 
stanccr, ncnrly the wl~olc of l ~ i s  work, cast of sllect 5 ,  consisting of swamps corcrcd with 
mangrorc trees, but nenrly tlcvoid of villagra, thcrc heing only one in one plnnc-tablc srctionof 64 
s q ~ ~ a r e  milcs. IIc Irnd to travel about in hoatv or watlc in the mnd and work at long di~tanccs 
from Iris camp. Mr. Gainn's \\.orli ~ v m  son~cwhat l c s ~  than the otllcrs, owing to its sit~~atioll in 
a Lilly and ditlicult country. IIc was also employed in tcacl~iug Mr. Fielding his work. 

(7.) Of the assistants who I~ad only just prcvionsly joincd the party, &lc%sm. 
J. Rendell, Hirkic, Fielding, Cusson, nnd Goslin, the work is on the mllolc very satirfnctoY. 
I n  proving their work by the t c ~ t s  I havc mentioned, I think Mr. Ficltling's is pcrhaps tllc mod 
accuratc. T l ~ c  early portion of Mr. (3oslin'~ work as yo11 arc air-arc, wol~ld not beer thc3c 
tcsts satisfactorily and some of i t  will have to be done over again this season. 

(8.) During the rccess Mr. filoGill ha.q heen in cl~nrgc of the compntntiona, nn(1 the 
mapping has bcen almost cntircly compilcd by hlcssrs. Gwinn and TVyatt oysistcd by the 
Mersrs. nRudcll. 



(9.) Of the Native Surveyors, Vissajee Raggonath assisted Mr. McGill in his field 
computations and executed some accurate plane-tabling over easy ground, Govindjee Mahaley 
and Vishuu Moreshwac (the former of whom is now invalided) turned out good and accurate 
work. 

(10.) Of the ten Native Surveyors employed in traversing the Talooka. Boundaries, 
Gopal Vishnu, Gancsh Bapl~qjee, Narsoo 1)inkar and Tookaram have turned out the largest 
quautity of work. Of these Narsoo Dinlrar's stands best the tests that have been applied. 

Gopal Narain, Mahratta Karkhoar, has as usual done good miscellaneous service. 



ANNUAL RETURN OF AMOUNTOF WORK EXECUTED IN THE DRAWING BRANCH OF THE OFFICE 
OF THE SUPERINTENDENT C. T. SURVEY FROM 1ST MAY 1868 TO 30TH APRIL 1869. 

Do. No. 6 Spirit Levels and Trigonometrical Hrighte of the 0. T. Survey of India, 
(Compilation), Vide Annual Return for 1867-68, ... 

... Sheet No. a Mnp of Turhestan (Compilation) Vide Annual Return for 1867-68, 

... Do. No. 4 ditto ditto ditto, . . . . . .  

. . . . . .  Beetions Nos. lo, 1418, 19 m d  20 Kaslunir Survey S d o  8 miles=l inch I Ditto. 

For Photozinwpphy. 

Ditto. 

. . . . . .  Do. Noa. 7, 8, snd 9 ditto Scale 4 milca=l inell I Forreductionby Photograph,. 

meet  No. 6 Spirit Levels and Trigonometrical Heighte of the 0. T. Survey 
(Compilation), ... ... ... ... 

.. Do. No. 7 ditto ditto ditto For Photozincogmphy,. 

Do. No. 8 ditto ditto ditto ditto, ... 
Do. No. 9 ditto ditto ditto ditto, ... 

Do. No. 10 ditto ditto ditto ditto, ... 

Finished in pcncil. 

Outlining Gnishcd in ink. 

Abont 3 of the o~~tliuing and 
printing finished. 

Finished in pencil. 

DO. NO. la  ditto ditto a t t o  

Do. No. 13 ditto ditto ditto 

Do. No. 14 ditto ditto ditto 

Do. No. 11 ditto ditto ditto ditto, ... 
ditto, ... 
ditto, ... 
ditto. ... 

I Ditto. 

Ditto. 

Ditto. 

Ditto. 

Do. No. 16 ditto ditto ditto 

Do. No. 15 ditto ditto ditto dilto, ... I 

Do. No. 17 ditto ditto ditto 

Do. No. 18 ditto ditto ditto 

Ditto. 

ditto, ... 

ditto, ... 
ditto, ... 

Half of the outlining and 
printing liniahed. 

Finished in pcncil. 

Ditto. 

Prepared Skeleton Chart of portions of the Rahoon Series, Qurhagarh Series, 
aeries, ... ... ... ... ... 

... Do. An Extrnct from Colonel Lambton's Bfndrna Trimgulations, . . . . . .  

Do. ditto. from Khngan Trimylation, ... .,. . . . . . .  

Do. An Index to the Photoziucogmpbcd Sections of the Kashmir Survey, . . . . . .  
... Ekclcton Sheet No. 9 Mussooric and Landour Survey, ... . . . . . .  

Ditto No. 14 ditto 3ilto. ... ... . . . . . .  
... Painted Exaggerated Shcet No. 6 Kumaon nnd British Qurliwal, . . . . . .  

Preliminary Cl~art of the Peahnwur and Khogsn Triangulations on lrnnsfer poper, ... 
Prepared Skeleton Cl~nrt to illustrate the progreJsof the Kattjwar Topographical Surrey) 

... on tran@Ccr psprr, ... ... ... ... I 
... Do. A Lint of Latiludes m d  Longitudes of places in the Bombay Presidency, 

Preliminsry Chnrt of the Rahwn Ycridional Bones, Scaaon 1860.61, on transfer paper, ... 
Ditto ditto 1861-62, ditto, ... 
Ditto ditto 1862-63, ditto, ... 
Ditto of the Eastern Frontier Series, Bearon 1867.68, ditto, ... 
Ditto of the Point Diry Minor Serira, ... ... . . . . . .  

Colored 2,306 copies of topogmphid and geographical maps. 

For t11r Surveyor Qencrel of 
Cc).lon. 

For the use of Qnnrtcr Mu- 
ter Qcnrral's deportment. 

For Photozi~~:ogrnphy. 

Ditto. 

Ditto. 

For Major Montgomerie, R.1. 

For Zincography. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

For Photozinwgrnphy. 

E-rd proofs of Atlas Sheets for Surveyor Oeneral, and performed rnrious other mis- 
cellsneouo duties. I 







REPORT 

0 N 

THE T R A N S - H I M A L A Y A N  E X P L O R A T I O N S  

IN CONNECTION WITH THE 

GREAT TRIGONOMETRICAL SURVEY OF INDIA, 

D U R I N G  1868. 

DRAWN UP BY 

MAJOR T.  6 .  MONTGOMERIE, R.E. ,  

IN CHARGE TEUB.rrmrbwYLN EXPLOmQ PARTIEB. 



NARRATIVE REPORT OF THE TRANS-HIMALAYAN EXPLORATIONS MADE DURING 1860, 
DRAWN UP BY MAJOR T. C .  MONTCOMERIE, R.E., C. T. SURVEY OF INDIA, FROM 

THE ORIGINAL JOURNALS ac., OF THE TRANS-HIMALAYAN EXPLORING PARTIES. 

Early in 1868 preparations mere made for sending an exploring expedition beyond the 
eatern watershed of the Uppcr Iudus rivcr. 

The explorations of thc Pundits doring 1867, had supplied tolcrahly ccrtain information 
( ~ s  to various Til~etn~l districts lying Iletwcen Rudok and the Tliok-Jalung gold ficld, and be- 
tween the lattrr and the Tadum monastery, 0x1 thc grrat Lhaca road; morc va,rrlle information 
hdalso heen rcccivcd, as to an upper road running from Thok-Jalung tllrougl~ various gold 
ficl(ls to the great Tcngri-noor, or Nam-tso-Chimbo Iakr, and thence to Lhasa : 3ercrd traders 
had been met with who l~arl actually travelled along this upper road, but t l~cy wcm all ratllrr 
relnctant to tell the Pundits mi~cli :il~ont it, h c i ~ ~ g  afraid of spoiling their market. Iiaving 
the above informntion to go upon, Major hlontgomerie decided upon scnding the exploring 
party to Rndok, and thcnce through the districts of ltawung and Tingche, to the north of the 
great Aling-Gangri group of peaks, wliich were discovered l= t  year. 

n o m  Thok-Jalong the exploration was to he carricd, if possible, dong  the upper road 
to the Tengi-noor lake aud tllcncc to Lhasa; failing that, to take the routc through Majin 
and Shellifuk towards the Tadum monastev. 

The Cliief Pundit rcquired a rest after his lmt expedition, and the 3rd Pundit wm 
conscquently selected for the work. 

This Pundit assumed the character of a nisahiri, and taking a few loads of merchandize 
started in April \vith a party of real Disnhiris, (or m m  of Koonoo), whom he had induced to 
accolnpany him. IIe made his may from Spiti, through the upper part of Chulnurti and Ladak, 
to Demchok on the uppcr Ir~rlus. Here the 3rd Pundit meas~vecl the velocity of the Indus by 
throwing a piccc of mood into it and tllcn noting l~om long it took to float down 300 paces. 
The vclocity turned out to 1,e 2,: miles pcr hour with a deptll of 5 fcct, and a breadth of about 
270 feet in thc month of July. From Dcmcliok lie went northwards through Churkang irnd 
Ilooksuu, (or Rokjung), to nudok-vide the map accompanying the report of 1867. 

Churkang was found to be a favorite place for l~olding monthly fairs. Rooksum turned 
out to be a large standiug camp where one grcat annual fair only is held, but that a very large 
one, the Jongpon (or Zongpon) always attending it in person. 

Rudolc has hitherto ncrer bccn actually visitcd by any European, for although Captain 
8. Stracllcy reachcd a point about 12 rnilcs to tllc cast of the Fort, aud Captain Austen another 
point about tllc sanie distancc to the north, they merc ncitller of them able to advance any 
forthcr, and could never get an actual vicw of the place itself, owing to the jealousy of the 
Jongpon who rcsidcs thcrr, and governs this most north-wcsterly district of Tibct. 

Though thrrc was but littlc doubt that the position assigned to Rudok was nearly 
correct, it was hardly satisfactory not to have a tr~lstmorthy nccount of the place, and the 3rd 
Pundit was ordcrcd to get all information ahout it, and to takc observations for its latitude and 
hciglit, and this hc succccdcd in doing. 

EIc found that thc Fort wns 111iilt on a low rocky hill, rising ahont 250 feet above the 
flat ground at its base, having thc Iludllist n~or~nstcrics of Sllnrjo, Lakhaug, Alarpo and Nubrndan 
close up to it on thc cast, south, an11 west with about 150 scatterctl hou~es aloug the foot 
of the hill. 

A strcam callrd t l ~ c  Clluling-chu passcs the Fort, and flowing in a north-ensterly direc- 
tion for 3 or .la milc~, j o i ~ ~ s  the Churkang-chu, another large southern fceder of the great 
Pangkong lake which is about 9 milcs fro111 the Iludok Fort. 



T l ~ e  3rd Puntlit hcard tllnt there is small Iakr, about 24 milcs north of Rudok, which 
llas not l~ithcrto bccn ahown on any map ; it swarms with wild fowl aud is celebrated on accoult 
of a place called Kalpcc Mhai, on its north-eastcr~~ shore, whcre the ground is so intensely hot 
that i t  smokes, and rcadily burns any wood, kc. that may be thrown into it. This place is 
much resorted to for tlle purpose of worsl~ip. Thc three monasteries round the Port contain 
about 150 fifollbs. 

The 3rd Pundit rcmainerl a couplc of days at Rudok, and in his assumed chnrncter rn 
a Bisnhiri, he nud his p a ~ t y  excited no suspicion though they were summoned bcforc the 
Jongpon. 

Leaving Rudolr on thc 22nd of July the party marched back to Rooksum, and then 
turning eastward I)y a new road, advanced through the districts of Rawuug and Tingehe to 
Dak-korkor, a large standing camp, where an annrial fair iu held. Several small lakes and a 
large salt lokc callcd Rawuug-Cl~aka, or Phondok-cho, were passed on the way. These l&es 
supply salt to Dianhir, Spiti kc.  

During the Imt threc marches to Dnk-korkor no water of any kind wns mct with, and 
the party werc forced to carry a supply in skins. In  this arid part of the country the soil was 
of a drizzling whitc, a peculiarity which cxtendcd as far as the Pundit could see. 

Thc Pundit was informed thnt 5 days march to the north there was alarge district 
called Jung Phaiyu-Pooyu, and that throl~ghout its wholc cxtcnt the earth is of the same white 
kind aa thnt they were crossing over, so vhitc in fnct that the eycs of people who are unac. 
cuatomcrl to it get inflamrd from its glarc, just n.q if they wcre suffering from snow-blindness. 
The clistrict is iuhal~itcd by Dolipa people, it is under Lhasa but said not to form part of 
Narikhorsum, having a separate Sa rpo~~ ,  or gold commissioner, of its own. Thc largest en- 
campmcnt in i t  is callcd Tlrok-daurapa said to havc at least 200 tents. The district abounds 
in small tarns. I t  must bc very elevated ns the inhabitante are said to eat very little if any 
grain. 

A large river is said to flow from Jung Phaiyn-Pooyu northwards and thcn to the elrat 
towards China. Thc district is said to tnke its nnmc From some high snowy peaks which are 
prohably those at  the cutern  cnd of the Kiun-Lun range. 

The Whor (or Hor) conntry is said to be due north of the district, nnd from inform- 
ation gathered elsewhere there is little doubt but that Whor (or 1Ior) is thc Tibetan name for 
eastern Turkiatan. 

As to the district of Pl1aiy11-Pooyu, with its rivcr flowing town~.cts China, it is difficult to 
decide whether it is known by any other namc, hut i t  probably lies considerably to thc cnst of 
north, communicating with Lhasn hy the Tcngri-noor lalic district. A similar n-hitc soil has 
been noticed to the east of the Chang-cheumo, and Mr. Johnson, ahen seven marchs to thc north 
of that valley at a place cnllcd Yangpa, reported that "on looking down from a height the 
whole plnin has the al~pearance of I~ciug covrl.crl with suow." 1Ie attributed this to saltpetre. 
Mnhommcd Amccn, in thc routc he snpplicd, nnitl that "beyond the pms (north of Chaug- 
chcnmo) lies thc Alisai-Chin, or a9 the term irnplies thc grcat C11inc.s~ ~ v h i t ~  dcscrt or plain. It 
is ~ a u d y  nud gravelly and covcrctl vith brush-wood. Its hrrndth hcre from south to north may 
bc reckoned to bc ahout sixty kos." " I t  extends into Cl~incsc Territory, to t l ~ c  cast. Therc are 
sevcral lrrkcs ant1 gold ~ n i ~ l c ~  in it kc." This quitc allsvicrs to tllc accounts that the 3rd Pondit 
heard, a scparntc gold Cummiasioncr proving tho c?ti.stt:nro of many gold fields. No high pcaks 
werc ucen to the enst of the Cl1nng-cl~~ntuo, Mr. dohnfion llnving noticed from tho peaks he 
mccndrd large plnina to thr  cmt and south-cmt, which nre I)clievetl to mcrge into the Chang- 
thang plair~s of Rutlok. Wllilnt ho ah0 gnthcrcrl that the Kiun-Lun rango only ran abont 100 
miles c a t  of thc Rarnkash rivcr and then terminated on an cxtcusivc plain also communicatiug 
with the Chug-tllanfi pining. 

The Punclit whilst marching from lt~idok to Tllok-baltlng enlv no I~igh llcaks to tho north 
or cast, evitlencc which all tcn~ls to 1,rovc tho cvisterlcc of a large plain in that direction, 
term Chnng-thang rncnnins morcovcr tllc grcat plain. 





The nest place of importancc scen Ily the Pllndit was Thpk-Snrlung wldch at one time 
l t d  been tllc chief gold ficld of the district, but had bcen in a p e a t  measure abaudoncd on the 
discovery of thc Tl~ok-Jnlung gold ficld. The Pundit passcd a great excavation, some 30 to 40 
feet deep and 200 fcct in widtl~ and two miles in length, from which the gold had bcen extracted. 
H e  heard of auothcr gold field to the west, but his route took him direct to the Thok-Jaluug 
gold ficld, ~vhich hc fonnd in much the same state as when visited by the Chief Pundit. The 
Pundit and his party cscitcd no particular notice, and they were consequently able to  march on 
after halting a day to rcst. 

F'rom Thok-Jalung they passed through the Majin county,  partly undulating, and 
partly quite level, hut all abotlt the anmc altitude, viz :-15 to 16,000 feet above the sea. TIle 
drainage slopcd towards the cast, und nothing bnt comparatively low rounded hills were &iblo 
in that direction ; wllilat on the west the party skirted a large plain of a yellowish clour said to 
be drained by thc Upper Indus. 

The party passed numerous lakes producing salt and horax, nnd after 9 days1 journey in 
n south emterly direction, found themselves at Kinglo, a lnrgc camp on the banks of ariver called 
the Chu-sangpo, which is 80 large that i t  cannot be forded during the summer. This river 
flows enshard and falls into thc lake called Nala-Ring-cho or Cho-Sildu, said to be about the 
same sirc ns the Mansarowar Ialce; i t  hrts a small island in the centre. The lake is reported 
to  receive a 1wge stream from the south, another from the east, and a third from the north, 
the latter draining part of tlie Phaiyu-Pooyu district. Tliongh receiving so many streams, (one 
of which, 8s noted above, is a large one), the lake is nevertheless said to  have no exit. 

To the south of thc lake there is a well known monastery called Shcllifuk, the rcsidenco 
of a grcnt Lama. Still farther to the south therc are somc high snowy pcaks, and a district 
called lloonjor, while to the north arc thc districts callcd Gyachun and Girke, the latter 
probably adjoiniug Phniyu-Poop. TO the east he hcud  of another district called Shinpar ,  

From Kinglo thc Pundit wished to march on to Lhasa by the northern route past tho 
Tengri-noor lake, but the Chief of Majin (Kinglo) would not permit it, and the partywere 
consequently obligcd to take a soutll-westerly route to thc Mansarowar lake.-They followed 
thc coursc of tLc Saugpo-chu ncarly to its source, crossing one very high range called Nnk- 
c h d ,  and anothcr called Iiiego, and finally descending to the Mansarowar lake. The 
Nngchail and niego ranges are evidently off-sl~oots of the Kailas peak. The Nagchail peaks 
appeared to be very high both on the east aud west. 

Wlen  crossi~~g thc rangc the Pundit saw a very large herd of wild yaks; his party 
countcd over 300 of all sizes I~cforc thc herd ran off: the yaks werc all black. l'hese wild 
yaks arc callcd "J)onf ; thcy wcre mostly secn hctwccn Majin-Kinglo and the Mansarowar lake. 
Grcat lrcrds of wild nsscs wcrc scrn tlirougllout; somctimcs FC~ many as 200 were in eight at 
the same time nhcn tltc platcalm were extensive. The IIodgsonian antelope, wild goah, and 
shcep, (the lattcr including the gigantic ovis nmmon), werc all acen in numbers. Large g c y  
wol~es wcre constantly sccn but nevcr more than two or threc at a time, though packs of them 
were often heard yelling at night. Numhcrs of rcddisll harcs and a kind of fox were secn on 
every niarcli. hf:lrn~ots wcrc vcry numerous, t l~eir  subtcrmncn~~ villagcs hcing mct with whcr- 
evcr grass and wntcr were at hand. Qoantitica of geese, ducks, and storks wcre sceu on the 
lakes. Eagles and wlturcs appearcd to be the samc as tl~oac in thc IIimalaylrs, and were seen 
every where. 

Whilst marclling from Ihtdok to l'l~ok-Jalllng the Pundit hcartl minute descriptions of no 
less than 7 sepcrate gold ficlcls, viz : tlioge of Tl~ok-Sarkong, 'I'hok-Dikla, T l ~ o k - R h ~ o k ,  ' b k -  
Thasnng. Thok-hlan~obl~ool~, Gunjec-Thok aiitl Tliolr-Nianmo, brsidcs thosc of Thok-Sarlllng 
and Thok-J i~lnn~ w11icl1 11c actlinlly uisitctl, a ~ l d  thaw of l'liaiyu-l'ooyu of which he heard 
vaguely. The Pund~t  uud~*rstands tlic wort1 Thok to mcan a mir~c. 

Scvcrd salt lnkcu wcrc passcrl and others llcard of. IIc dcscribcs tllc celcbmtcd Chrk-chnka 
salt lakc bcbg all but conucctcd with the IIagong-cho lakc, and stated that an arcn of about 



20 luiles by 10 is all about on a level with those lakes. Thb apace ir filled with a&, the water 
haring evidently at  one time covered the whole. 

 ora ax fields werc eeen at  Rooksum and Chak-chalca, and nnmbers of people were working 
them. No gold or salt mines were seen or heard of bctmceu Thok-Jalung and tllc &fansG 

rom,u. lake; but numerous borax fields were seen, at one of which about 100 men werc at  1roi-k 
near a camp of some thirty tents. The other fields werc not being worked when the Punflit 
passed. T l ~ c  borax generally was said to find its way down to Kumaon, Nepal &c. Altogetller 
this portiou of the third I'undit's route has broltght to light the positions of n large numI>cr of 
gold, borax, and salt ficlds, testifying to an amount of mineral wealth, as to the value of which 

]lave llitherto had no information. I n  marching south from Tholc-Jalung the Pundit appears 
to left thc gold bearing rocks, and from the information he rcceired, the line of gold fields 
is continued more to the north ; but it is evident that this part of Tibct contains an iuexl~au~t-  
iblc sopply of gold. 

As to borax, there appears to  be any amount of i t  to  be had for the digging, the Lhasa 
nntlloritiea oi~ly taking a nominal tax of about 8 annns (or a shilling) for ten sheep, or gost 
loads, probably allout 3 maunds or 24.0 lbs. Borax sufficient to supply the potteri~s of 
Staffordshire aud all Europe mould be forthcoming, if the supply from Tuscany should ever - 
sl~ort. 

Tbc salt fields appear to bc the source from which the hill population from Nepal to 
Knshmir clmw~ t l ~ c  greater part of its supply of salt. , 

Throng-11oi1t his march, the Pundit was at an elevation of over 15,000 feet, and yet an 
encampment was met with ncarly e v e r  clap. Thieves were numcrous, and threatened the party 
srreral timcs; but on seeing that the Pundit's party were armed, they invariably went off again, 
not liking the loolc of an E~~gl is l l  gun. The party arrived at  Mausarowar in safety ; and the 
Pnmilit decitlcd ilpon waiting for thc Ladalc Kafila, which was known to hc on its way to Lhma. 
Mrllilst tl~cre, thc Puudit made a careful traverse of the Mausarowar lake, with bearings to the 
perks north a1111 south. A nlap of the lake mill bc givcu hereafter. Though the water was 
sweet no exit was secn : at oiic lloint on thc west the ground ncar the J u  monastery was low, and 
looketl as if acltpr had perhaps ; ~ t  one time flowed tl~rough, towards the Rakas Tal lake, though 
it is uow too much al~ovc tllc lakc to admit of it. 

The Pondit was 11n:rl,lc to join the Lad& Kafila; but made his way by himsclf along 
the great road to Shigntsc, ~ r l ~ c r e  IIC wRs stopped. This 11e fol~ncl was by an order of the 
Gartok (;-arpon, scnt aftcr llit11 1)y the couriers. IIe Ira$ unahle to advance farther. Whilst ' 

mnrcl~ing betwccn thr i\lnnsaro~rar and Shigntzc hc was able to tnlte bcarings to various perks 
north and south of the road, n-hich no doubt will nrld considcmbly to our knomlcdgc of tlrc 
mou~~taius oil eithcr side of tliat route; but as the Puudit has only just returned, there is no 
time to girc any further nccoiult of his route and adventures in the present rcport. 

I-Iis scrrnnt, n~ho was scn t Iinclc from Dale-lrorkor, managed to join part of the Ladak Kafila, 
R I I ( ~  rrnchcd t l ~ c  Tntlum uloilastcr ; hot t l ~ c  mounted messengers of thc Gartok Garpon found 
llinl out tl~crc ant1 ' l ) r c r ~ ~ ~ t c d  llim from advancing farthcr. Hc very narrowly escapcd bcing 
srnt back to Garto];, nud wollld lrare bccu lncky to hare escaped severe pnnisl~n~ent. The 
Lntlak mcrchant fortnl~atcly rcmcn~bercd 11is old friend the Chief Pundit, ant1 on bcing told 
tllat thc Inan was carryit~g ~ ~ ~ c r c l ~ a n d i z c  on his account, did what he could to protcct him; 
and thol~gh he said it \\.as impo2isil)lc to takc hiin to Ll~asa, he manngcd to get him released, and 
llltilllat.cly the inan mas allo\vrtl to cross orer thc Himalayas by a southerlp road past hinktinath 
into Nrpal. I n  this Tray I I C  was aljle to join on to the route the 2ud Pundit traveracd cluing 
tllcir first explorations. Thc l l c r~~~ ias io l~  to take a ncm routc, is surprising, as the Lhaxr ofticiala 
arc always careful to makc sllapcrted individuals return by the rond they entercd, so that they 
map at any rate not get f rc~l l  il~formatiou as to the country. Tllcir cnrelessness in the present 
instance was probal)ly doc to the humble and rather stupid look of the man, but it has snpplied 
an important link betnccn the Tadurn monastery and the Muktinath shrine on t l ~ e  Snligmmi, a 
great fcedcr of t l ~ c  Gui~dilk rivcr. Thc mnu, an inhnbitnnt of Zwkar, in spite of his appearance, 
lla.9 a shrcwtl iden of distn~~ccs and of the points of the compass; he was able to give a very 
illtclligible though roub.11 routc between the two points, which ageea very fairly with the 
positions nssigncd to thcm by the 1st and Zud Pundits. 



When this Zaskati found that he  would not be allowed to go to Lhasa, he told the 
L d a k  merchant that an ngent of the Chief Pundit had gone on ahead, to  whom he wae 
to  have delivered some goods, and requested that he would see that they were delivered to the 
agent : the merchant promised to  do this and took charge of the packages. The Zaskari then 
put his o m  baggage on a couple of sheep and started off south. Though early iu December 
he was able to cross the Brahmaputra river on the ice, which was then strong enougl~ to hear 
laden yaks. The first day he reached the Likche monastery, where he found two men from 
Lohhn in the Mustang district north of Muktiuath. These men had gone beyond, to the 
north of Tadurn, for salt and were returning with it. The Zaskari managed to make their 
acquaintance, and on hearing that he was a Bisahiri (or man of Koonoo) going to  worship at  
Muktinath, they agreed to take him with them. Their salt was ladeu on about sixty yaks, each 
carrying from 14 to 2 maunds (120 to 160 lbs). The two men were able to  manage this large 
number of yaks as the road was a good one. 

f i o m  Likche they ascended gradually over a great plain or plateau, with plenty of grass 
and scmh ; the latter making good fuel even when green. Three easy marches took them over 
this plain alid landed them at Lohtod, four or five miles beyond or south of the Himalayan 
watershed. The plain had a few smnll knolls on it, but was othenvisc flat or undulating. The 
ascent, even up to the watershed, was very slight indeed. From the pass, which the man hardly 
thougl~t worthy of calling a pass, there was a sliglit descent for four or five mile,. IIe got a 
good view of J~oMod, a village of sixty houses sumounded by a number of scnttcred houses, 
which he thought might make a total of several hundreds : the houses were all built of sun- 
dried bricks. I le  noticed a great many fields, and found that they cultivated barley, buckwheat, 
mustard, radishes, and a small proportion of whcat, all indicating a moderate altitude, though 
the only trees vi~ihle were two or three poor willows. This is confirmed by the easy slope of 
the ground to Jfuktinath, which the 2ud Pundit found to be 13,100 feet. The next day the 
Zasknri reachcd Loh-mnntang, where the Loh Gyalbo (or Raja) lives in a stone fortlet, near a 
small town of some 200 houses, surrounded by a great deal of cultivation. 

Erom Loh-mantang three days' easy march landed the Zaskari at  Muktinath. On the 
route he ~nssed n large village called Asrang, where the Gyalbo has a house, and at every three 
or four miles he saw a group of a few houses, mostly to the west of his road, but he met with 
no tents south of the Himalayan watershed. 

Mnktinnth (or Lohchumik) stands in an open spot, with 4 villages of about 50 houses 
each, lying a mile to the south of the shrine. 

The Zaskari has given some farther routes which are new and will no douht prove use- 
ful hereafter. The route given above is more especially interesting, ss giving another line 
across the 1lirnalay.w : it mnkes the crest very much as given in the map with the first report of 
t l ~ c  l'lindit's esplorationn, aud shows l~ow very far behind, or north of the great peaks, the 
EIimnlnyan watershed actually lies, and what a great breadth the highest parts of the range 
covcr. 

Another explorer w ~ a  employed to the east, who made a route-survey of 1,190 miles in 
length, advancing by one route ti40 miles and returning by another 550 miles in length. 

A small portion of this man's route WRS quite new, ae he managed to penetrate bebind 
or north of the grcat Mont Everest peak. His progrcss in that rlircction was clleclced hy the 
ohdoracy of the Ihasa officials on the Tingri-mnidan. As far as i t  goes this portion of the 
route is hotvrver interesting, insomuch as it gives another determination of the IIimala,van 
watersherl, and tl~rows a littlc more light on that part of the  mountain^ which lies behind or 
north of thc grcat peaks seen from the Hiudustan side. 

The remainder of the route is in a ,qeat part new; but some of the former explorations 
went over 1)ortions of thc samc ground, and tho positions of several places have been entered 
on plthlisllecl maps from various information, though hitherto without any regular conncctlon. 
These new routes will supply the necessary connection, and when combinrd with former ex- 
plorations, will add much towards the elucidat~ou of the Eastern l ihalayaa.  A map rill be 



prepfired on this basis, but no ref- can for obvion~~ r e v o m  be m d e  to  hama LC., whilst 
the work is in progress, the explorers having been somewhat impeded by the publicity given to 
the results of former expeditions. 

On the north western frontier of India a Mahommedan gentleman, generally known 
the Mirz%, has bcen employed for some time in exploring the countries beyond the Hindoo-Koosh, 
the Mustagh, and Karakoram ranges. The Mirza was regulprly trained, and having acquired the 
necessary facility in the use of a sextant, and in the method of route-surveying practised in 
these e+plorations, ans  started on an expedtion vifi Afghanistan. H e  mndc his way to  

CandnllRr; but there his progress was for a time arrested owing to  the war which resulted in 
re-seating the Amir Ali on the Cabul throne. 

The Mirza, i t  map be as well to state here, was one of the lads brought originnlly from 
Herat by Pottiugcr, and had received a partial English education, by which he has benefited 
cousidernbly. Being a native of Afghanistan be has kept up his acquaintance with that country, 
and tllougll for some time in the British service, has spent the greater part of his life in that  
country. Elis former residence in Cabul more especially favored him, and Ile wns at  once nble 
to accompany the Amir. H e  witnessed various actions that took place during the Amir's 
advauce from Candah,nr, aud supplied our Government with accounts of them and the general 
state of affairs ; accounts which nt the time were rather valuable, as i t  was difficult to get any 
other nccr~rnte iuformntion. The I\.lirza was detained for some time at  Cabul, owing to the dis- 
turbed state of the couutry, but ultimately was able to pass over to  Badukshan, thence he 
ascended, through the Upper Valley of the Orus, to Lientenaut Wood's Sirikul (or Victoria) Lake. 
from this lakc he made his may through a part of Sirikul district to Tashkurgnn, crossing the 
watershed which divides the Oxus from Eastern Turkistan. At Tashkmgan he was placed in 
a sort of open arrest, being allowed to do what hc pleased, though always watched. From 
Tashlrurgau he mnde his way over the mountains direct to Kashghar, still accompanied by men 
from Tashknrgan, mho insisted upon seeing him into Kashghnr; fortunately they did not interfere 
with his using his instruments, and he was able to continue his route-survey. 

At Kashghar he was detained for some time by the Koosh-Begie, or Atalig Ghazi. H e  
asked for permission to go on to  Kokhan, but i t  was refused; and he was ultimately glad to be 
allowed to rctwu viG Yarkund and the Karakornm pass to  Ldnk, and thence into British 
territory. 

Tllc Mirza has just returned, and there hm only been time to rougl~ly plot his 
routes, which are complete from Cabul to Kashghar, and from the latter to  the vicinity of the 
Karakornm. 

His route from the Sirikul lake to  Kashghar, is entirely new, and promises to be the 
most interesting portion of his work. I t  may pcrhnps throw aome light on Marco Polo's 
route from Europe to Cliina, 8s that traveller stated that ho went direct from Budukshan to  
Kashgliar without passing through any larger town. 

No pnrticulnrs can be given as to the Mirza's work, but the whole of hie route-surveys, 
kc. will be reported on as soon os they have been worked out and tested. 

With reference to farther explorntions, an attempt d l 1  be made to advance farther dong 
the margin of the Aksai Cheen, or great white desert, and if possible to cross it, and generally 
to explorc farther enst towards the end of the great well of China; but the jealousy of the 
Chino-Tibetan officials rcnders success very doubtful. 

l3rpeditions are being organized to c n r y  the explorations still farther to the north of 
the IIindoo-Koosh, eo as to account for the geography of the upper branches of the Oxus, of 
the Pamu Stcppc, kc.; and there is some ohnnce that in the present state of Afghanistan i t  
will bc posui1)lc to carry o i ~ t  these projects, axid thus to reduce the absolutely uuknom ground 
in that direction to B amell area within B reaaonable time. 



Further routes will be made with a view to complete our knowledge of thc geogaphy 
of the Ensteru IIimalnyns ; and i t  M hoped t h ~ t  the obstacles in thnt directiou may be sup  
mouuted n i t h i  a short time. 

The total length of route-surveys amouilts to 1,820 miles with 66 latitudes rind 61 
heiglits of vario~is plncca. The aren 9f altogetl~er new ground of whicll the geogr~phy has 
been detcrmiuecl, is about 20,000 squarc miles, irrc8pective of n very largc aren of partially 
new country, for the geography of which improved materials have been collected. 
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TABLE OF ERRATA AND CORRIGENDA TO NOTES ON THE TINNEVELLY DISTRICT 1868.69. 
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Top of page for " Note " r e d  " Notes" 
ard line insert commas before and after, " the  Western Ghhts," 
21st ,, for " sand " read " sandy" 
in the 4th line from bottom eraee the first "and" 
in Note (1) expunge the semicolon after Tinnevelly 
in  Note (2) for (angl-Mothuray)-read " (Angl. Mothuray)" 
in Note (3) for " Kanyh Kum6ri the great virgiu maid " - "or  the &c." rend Kanpi 

Kumiri "The great virgin maid " or " The Virg. &c." 
Read Note (5) Travancore for Tiruvmkodu, ehort for Tiruvanandakodu. " Saint hand ' s  

forest." 
6th line erase "its causes" and rend "by obvious local influencee" 
12th ,, for "varified " read "rarified" 
13th ,, for "prevnile " rend"' prevailing" 
19th ,, for " see clouds " r e d  " sea clouds" 
21et from bottom insert "bu t"  immediately before "although" 
20tb, 21st and 22nd from bottom for "lightening ." read lightning" 
7th Line from the bottom insert (.) a full stop after "sunset" 

25th line for " mrrstea. Also" read " wastes, and" 
19th line from bottom for "encroachod. Near" rend " encronched nenr" 
above 9th line from bottom inaert heading "Note 011 the Palmyrn" 
opposite 4th line from bottom add marginal note " Uses of the Pdmym" 
para. (10) for " pnrts " read " part" 
3rd h e  from bottom for " seams" read " seems" 
read latter part of foot note. Tiruvandapuram (Saint h a n d ' s  town) the cnpilnl of 

Tiruvanandakodu (Trarancore.) 
6th line for "when " read " whore" 



N O T E S  O N  T H E  T I N N E V E L L Y  D I S T R I C T  

Having been called upon by the Superintendent of the Great Trigonometrical Survey 
of India to examine and report upon the coast of Southern India near Cape Comorin with a 
view to the selection of the best site and the most proper time of ycar, for some tidal observa- 
tions in contemplation, and having been cmployed for eight months during the years 1868-69 
as Executive Officer in charge of the Mahas  Party of the Great Trigonometrical Survey i n  
South Tinnevelly, the following notcs 11pon the countv,  the weather, and some tables of the 
rainfall are offered as of considerable local and perhaps also of some little general interest. 

I n  consequcncc of the engrossing nature of my ordinary duties I have been unable to  
collect any but a small portion of the data available for the purpose ; but i t  is hoped that what 
is given is truly characteristic and trustnorthy so far as i t  goes. 

I t  may be mcntioncd that many valuablc scrics of mcteorological observations exist in 
this conntry, some of them still in progress, and some buried in local or privatc collections of 
records. If  these mcrc collected aud reduced i t  can scarcely be doubted that some valuable 
intbrnmation might be acquired, and made available for public use and instruction. They mould 
also help to fill up the great gaps between the provi~lcial observatories now existing. 

With regard to  thc lattcr i t  scems advisable that steps should be talten to  ensure the 
uniformity and to c s a m i ~ ~ c  and test the accuracy of the very cstensive series of observations 
11cing madc in t l~cm. Unlcss thc circumstances of all the series can be rendered unquestion- 
ably similar no rigorous cornparisotl can be made 11ctwee11 them, and the results must necessarily 
losc, for scientific purposes, a serious proporti011 of their value. 

A good way of ensuring t l ~ c  utmost similarity of condition qlpears to  be the employ- 
ment of onc duly expert persot1 to visit evcry observatory and be responsible for exact unifor- 
mity so far as it can bc obta i~~cd,  and to report minutely every deviation from a certain standard 
of perfection in tlte conditions of each. 

I t  sholtld bc the dltt,y of thc samc person to  find out any available series of meteorolo- 
gical ohsrrvations aud rcport its valnc, aod if worth reducing and publishing, procure its 
tran~rnisuion to ,z c c ~ ~ t r a l  mctcorological or  statistical ofhce. 

Of collrsr O I I ~  chief use of s i~ch  an officcr wo~lld be the conveyance of the best portable 
standardn 1 ) ~  s hicl~ to comparc and correct all the mcteorological instruments met with in use. 

I an1 n ~ a c l ~  indcl)ted to Mr. C .  T. Louglcy, Acting Collector, for giving me access to the 
rain reaistcrs and otl~cr rccords in ltis office-and especially to Dr. Caldmcll, the distinguished 
ant1 lcarnrtl missio~~ary and observer, for much oral and mi t ten  information abo11t the district : 
also to Captain G. A. Pl~ipps, Rfastcr Attentlant, Tuticorin, for thc rcgistcr of a year's meteoro- 
logical observations, part of t l~cm kiudly nnrlertaken hy h i n ~  at  my reql~cst-to the Revd. J. 
Brotherton of Naaarcth ant1 J. Tltomas of Mengnanapuram, and to  all whether privatc, civil 
or military pcrsons front who111 I sought information. 

H. R. RH:\NFIJ.L, Captain, 
Crml ' l i i ~ ~ o ~ ~ u ~ i ~ e l , i c n l  Slo.oey of India. 



Note on /We Tinnevc,lly district to accompany tables of the ~ain-fall 8jc. 

Tinnevelly' (more properly Tirnavelly) the sonthernmost district (or collectorate) of India 
on tile Eastern side of the mountain range the Wcstern-ghats ia a plain of 514.5 square miles 

and geogroplli- area lying betwecn 8"5' and g04,5' N. latitude, and between 77'21)' alld 
eel position. and 78" 20' East longitude. 

I t s  extreme length is 120 miles from the RIndura3 boundary on the north to the sea coast 
8 miles north of Cape Comorinq on the south. 

I t s  extreme breath is abont 76 miles between Tutirorin4 on the gulf of Manar on the 
enst, and the Travancore6 boundary at  the eastern foot of the western ghats, on thc west. 

m e  slope of country is a gradual rise of about 2 feet in the mile for 15 or 20 miles 

81- of the oountr~. 
inland from the sea incrcasing to 3, ~k and 5 fect a mile in the next 15 or 
20, and increasiug more rapidly as it nears the mountain range. 

It is estimated that four-tenths of thc con~ltrp is under c~lltiration, prodi~cing large 
crops of cotton and rice for export. Tlrc population is statcd to be 1,300,000, or allout 290 to 
the square mile. 

The Tinnevelly collectoratc comprises four distinct tracts of country. 

1st.-The rich rice growing river basin. 

2nd.-The Rcd soil uplands, its colour bcing a conspicuous featu1.c in 
4 t,nrls of oountry. 

every Tinnevelly landscape. 

3rd.-The fertile cotton producing black soil. 

4th-The nand country of the Palmyra forest. 

1st.-The basin of the TamrapurniC river and its afRuents (of which the Chittar is the 
lat the Tarnrepurrti prillcipal) is generally, a rich alluvial soil, overlying a stratum of clay, and 

river boain. occupies about one half of the district. T l ~ e  value of thc irrigated 
(nanjei or wet land) portion is very great. Rs. 1,000 the acre is not an uncomnloll price for 
this land. 

Large fields are to he seen, the surface of wl~ ich  has brcn lowcrctl by excavation, in 
some cases, i t  was stated, ns much as 3 fect and not ~~nfrcqt~ent ly  two (2) feet helov thc level of 
the surrounding land, to allon the wnter from thc old irrigntion cllallnrls to flow ovcr it. 

Thc exca17atcd soil is piled up in huge masscn, the surface of which is used for dry cul- 
tivation (punjei). 

2nd.-The second clivirrion i~ that of the rcd aoil lying all along the foot of thc IVrstrm 
Gllats and extending 10 to 20 miles into plains, and occ11l)yirlg "110llt 

2nd the rcrl mil tract. (a) onc fourth of the whole district. Thc high and dry portions of this 
tract are poor and denuded of their filler soil, but the hollows are said to be fertile under culti- 
vation. 

n'o'C~e.-(l) Tinncvslly; is commonly pmnounerd Tirnorelly hy t l~r  nntives, ~hor t  for Tiru-nrl-reli (snc~rcd.ri<.e-llcdgr) pmbo 
bly from tho n~tuotion uf Lllo town umidxt n mng~~ificent ncretch ofrieo c~~ltivation. 

(0) Madurn mmmonly pronounced nn i l  it wore writton Motl~urai (ongl.Moth~~rny). 

(3) Cope Cornorin mlled Knnnirn Knmnri by thc nnlivc~, nlore properly "Knny8 Kumbi the grcnt.~irgin mnid"- 
I'or &e virgin olvir@nsW from the temple of PCnsli 11~ci-e. 

(4) %ticorin for Tuttukudi (sentlcmd-l~nbitation) the Indian port of the Gulf of Manor, famow for ib  prw1 
fishmies. 

(5) Tnvanmre for Tirurauhdu ahort for Tin~.(u)-ansndn-koclu-9ainl.Ananda.forest. 



A largc extent of t l ~ e  upland is ploughed after the rains' and dry rice (sami arsi) s o m .  

red tmet. This crop depends upon the showers and dews of January and February, 
and too often fails. The surface soil is light and becomes extremely hot. 

Early in April it  mas fonnd by several esperiments to  be 148" at 1 P. nl., the air a t  the same 
Hent of surfnec nail. timc being 98' in the shade. 

As the atmosphere then mas very thiclr and hazy there can be little doubt that it is 
sometimes much higher. 

The inhabitants keep large flocks and hcrds of cattlc for agricultural purposes, and chiefly 
to  provide manurc. Thry graze these by day on the wastes and fillows, and on the stubble fields 
after harvest, and herd or pcn thcm at  night on the gardens and fields next for tillage. They 
have a custom of making up and disturbing them several times during tlic night and frightening 
them in order to make them drop more manure; and the plan is by no means unsuccessful. 

3rd.-The (3rd) third division of the district is the black cotton soil plain, lying to  thc 

Srd,-Tlleblnekrotton north of the Tamrapnrni basin and east of the rcd soil tract, and occupy- 
8011. ing one ninth of the whole district. 

T h i ~  is statcd to be a deep alluvial deposit overlying limestone. The mliolc of i t  is under 
tillage for cotton and cliolam (sorghum vulgare) of which i t  prodores two crops a year, and 
although dry land (punjci), that  is without any clrannel irrigation, is said to bc as valuable as 
irrigated land (nanjci) in othcr places. 

Thc Tinncvelly cotton commands rather a bcttcr price a t  Tnticorin than some other 
country sorts at  Madras :-So much so that cotton from the Coimbatore and Dindigal districts 
finds its may by cart to Tuticorin illstead of g o i ~ ~ g  by rail to Bepur and Callicut on  the west, o r  
Madras and Negapatam on the east. 

The cultivators and traders have amassed vcl-y large sums of money from the late high 
prices of cotton, aud the tonnv and villages haye bee11 much improved in consequence. 

The (4th) fourth division is the sandy tract on the ~011th-east of the district, south of the 

41h.-Tbr wndytmat, Tamrapurni basin, extending aboot 50 milcs along the coast and 5 to 
10 milcs inland, and occupying abo~it  one seve~lteenth of the whole 

district. T l ~ e  soil is generally a decp sand not unmiscd with loam, ovcrlging a light-grey sand 
stone. or n dark red glomerate. I t  is covercd to a consitlcrablc extent with forest of the Palmyra 
Palm, the chief sourcc of food and wealth to thc i~~habitants ,  \vho are mostly Shinars, a low 

nlc pnlm foreat. and poor caste of people, said to have come from Ceylon, addicted to de- 
monolatry, but clever toddy (tatli) cli~nbcrs. (see uotc on the Palmyra.) 

This belt of palm forcst, which fringes the coast, has a cnrious gap of G or  8 miles, the ~011th- 
west edge of 1v11icl1 is about 9 miles north-cast of Cape Comorin, dcfining the eastern limit of 
tllc Travancore palm forcst, which has its rain, and conscqucntly its fo\rcring and fruiting season, 
at  a diffcrcnt timc of year from that of thc Tinnevclly district. 

Tllc mountain range of the Western (sometimes here termetl the Soutllcrn) Ghats ends 
rather abruptly 10 or 12 milca North of tlre Capc, the s u m n ~ i t  of Mahen- 

The nrou~~tnin rnngr. 
tlraghcrrye about 5430 feet above the sca, I~eing only 20 miles inland. 

Therc nre scveral pcaks higher, of which tigastyar Mallei is sopponed to be the highest 
(about 6,200 feet), 30 miles farther north. 

The two gaps or passes oycr the range, north and south of Mal~endragherry are 2,870 
and 3,780 feet al~ovc t l ~ r  sea. T l ~ c  stecpest dcclivitirs and cliffs at this part of t l ~ c  range arc on 
the eiwtcrn side of the ~nouutains an arrangcmeut that with few exceptions is said to prevail as 
far north as the l'alnei (l'arar~i) hills. 

(7) "Tlro rains" or the Tinnovclly p l n i ~ ~ s  occnnipnny the N.E. monsoon in Octobrr, Norcn~hrr and Dcm~nbcr. 

(8) Mnhrnd llnrrV lnrnllv prono~~ncrcl Mey~ndrn.~ir i .  I I I I I V O  bcrn informod thnt the romnrknhle blur  penk 
which ntnnrlm otrl oB~30 c d t  si<lr dl  tho rnmlye, lnxn which EInttnunlnn oceordinu to Hindu t~.n~lition, leupf ttcross into Lnnhn 
(I50 rnilra rut) ,  ia  properly rnllcd bIobnndrnglwrry, b ~ t  1110 ~ ~ n t i v c s  in Lhe &nity call it Tiruruosmnllei, or by another 
llnnlr ( K s n ~ r n  mnllei) signif?ing "lhr cleft nlo~~ntai~r!' 



The mountains are well clothed with forest or verdure to their summits. The plantain 
is to  bc scen growing wild, about 4,000 feet and a mild palm flourishes at an elevation of 
5,443) feet close to the summit of Mahendragherry. 

Annual course of the weather in SoulW Tinnevelly. 

The month of January begins with the last showers of the (so called) " North-East 
Monsoon" or trade-wind season, offering the cultivator hopes of a good 

Jmusy ehoaolu. crop from the high and dry plains of the district which must otherwise 
fail of their produce. 

Northerly gales prevail for several weeks and only begin to abate after the third week 
in January has passed. These gales are the N.E. trade-minds, and it may 

N. gales. be noted that here the polar current attains its maximum about 25 days 
after the solstice. 

The clifference of velocity of the diurnal rotation for different places on the same meri- 
dian in this low latitude being so small, the polar and equatorial currents have but little casting 
and westing in them due to  that account. 

Fiuc acnthcr. 
A spell of fine dry weather succeeds the early January showers, and 

may be expected to last in the dry parts on the S.E. of the district 9 or 
10 weeks. 

ID February thc mind becomes variable gradually veering round from N.N.W. at dawn, 
pearuary. to the east as the day grows older, and more and more so, as the season 

Enaturg of thc wind. advances. 

Fleeting clouds from the N.E. pass continually not far overhead, shewing the presence 
of the trade-wind irrespective of the surface breezes which are modified by local influences. 
These clouds sometimes gather for several days and come up in masses of nimbus from the sea 
affording in the more favoured parts of the district sufficient rain or dew to perfect the upland 
crops which would otherwise fail. 

The midday temperature rises very rapidly in February and in March is often 96" in 
Rapid rim of the tom. the shade almost as high as ever it is by day, except in the " fire-days" 

penrture. at the end of April and early part of May. 

The solar radiation is felt very greatly in the clcar weather of this season (February). 

On one occasion the black bulb tlrermomctcr "in vacuo" was left exposed to the sun 
lying on the white cotton wool in its packing case. Ahout 11 o'clock it was observed at 176', 
and in the next two hours was found to have registered a maxilnum of 191". 

By the middle of March the diurnal change of the mind is vcry marked. At damn 
there is a cool (77O to 79') N.W. brcezc from the mountains, with a clear 

March. 
Rrg~rlur dittrnnl c o u ~ c  

sky inland aud dew in moist places, volunres of cumuli are seen rising 
of tho v i ~ ~ d .  from thc sca, all round the coast, to a height of a few hundred feet VPn- 

rcntly, whilst the mountairr tops in the neighbol~rhood are cappet1 
graceful folds of silver mist. This statc of things continucs during sevcral hours until the 
temperature has risen some 10" higher, and whilst thc I~recse draws round through all points 
about the north and dics away in the N.15. qnartcr, shortly to revive as an eastering and frcnhen- 
ing wind from the seaward. About 9 or 10 A ,  i \ ~ .  thc masscs of cumuli over the sea nrc seen 
rapidly rising and breaking up into smnll detachcd fleecy clouds, which are cnrricd off by a 
north-east (the trade wind) current prevailing a littlc higher, over thc low lands near the cornt 
to thc vicinity of tlrc mountains on thc wcst, wherc thcy dirnppcar from vicm. Soon after 
10  lock, on tlrc co :~~ t ,  thc sea-brcczc gmtl~~nlly sctv in, hut latdr and more suddcnly 3-9 You 
go farther i n l a ~ ~ d  ; somctirncs as latc as n~~nset ,  or crcrl lotcr still nt the distance of 25 to 30 
miles from t l ~ c  nca. Thc sca breczc comrncnccs a.7 a "long-shoreJ1 wind from the N . E  At 
rloon it is cautcrly ; by 3 r.  31. S.E., and at its maximum ; and it has usually reached a point Or 

t\\.o arst of south hy sunsct a-hen it sutltlcnly dics away, and the calm which immcdiatcl~ 



succeetls is a noticeal~le fcature. At 8 or 9 P. at., a gcntlc hrcrxe rincs from thc S.W. to be 
follovcd during the n ig l~ t  by a westerly an11 N.11'. wind from t l ~ c  mountains, which is often a 
violent and injurions "lantl ~ri~l t l" ,  and lasts till day light, a ~ ~ d  so continucs the daily round. 
This diurnal circling of the wind is very constant for some mecks and may 1)e for the most part 
accounted for by its causes obvious loral infli~ences. Thus, thc \vest to N.'Jr. wiud in the early 
morning is tlie ordinary land-wind blowing out to sca, thc sca bcing somc dcgees  (not less 
than 4' or 5' probably) warmer than t l ~ c  land at  that time;-it is pcrl~aps increased by a 
tendency of the air to  flow towards tlic rising sun, and the placc (meridian) of low baromctric 
pressure (the 4. A. n1. n~in imun~) .  As t l~csc causes fail the polar current asserts itsclf as the 
northerly wind ~ v l ~ i c h  1)revails for several hours in the morning. U I I ~  the bare red plains of 
South Tinnevelly are soou hcatcd by the hot forenoon sun al~ovc the temperature of the sea, 
and the varified air riscs ovcr them and dcn~ands an inflow of the cooler denser air from the 
seaward ; at  first affected by the previously prc,sails northrrly wind, w l ~ i c l ~  however is ultimately 
completely reversed. I t  may bc nntctl I~crc th:rt at thtr tlistarice of a f c ~ v  milcs inland the onset 
of the sea breczc is marlied by violent wl~ir l \vi~~ds of small extcnt travelling wit11 the prevailing 
mind but rotating on their own axis, (so far as could bc learned or  obscrrcd during two seasons) 

) against the ordinary n,atch-l~ands' motion. 

The sea brceze mould not secm to extcnd to any great hic,rrht, for thc see clouds con- 
tinue $1 day to course over the district in tlic upper strata from t l ~ c  N.N., their normal direc- 
tion for this nut1 t l ~ c  prrccding seasous, at  au clcvation (by estimation) of perhaps 1,000 to  
2,000 feet unaffected by it. 

The sontl~ing of thc sea breeze in the afternoon sccms snfficicntly accoiinted for by the 
extended influence of the heatcd plains of Tinncvclly and Iiatlura, to the North, but the 
evening westing of the sea breeze may possil)ly requirc some farther force, such as the  
indraught demauded by the Wcst-coast of Ceylon in tlic aftcr-noon. 

I n  Februa~y and t l~rongl~out  hiarc11 t l ~ c  d:lilg sca 1)rcczc pl.cvails on thc Western coast 
sen breero on tllo of India in Trarancorc. (;rant1 maqhrs of cloud arc seen forming on tlie 

West conet. wcstcru slopcs of thc rno~~ntains :LIIII ribing above the gaps and ritlgcs of 
thc rangc, highcr and higher as the scason advances. l \ . l~cn they orer top t l ~ c  range and mcet 
the W.E. currcnt and its stratum of clonds, grcat atrnosplicric d i s t ~ ~ r b a ~ ~ c c  and a grand clcctric 

~ i ~ l , , ~ , , ~ , , ~  etor,lls ill (1isl)lay cnsac, ant1 nlay hc secn crery :~ftcrnoon or crening for scveral 
thc ~nuuntt~i~ns. tvcclcs togctlrcr, al t l~ongl~ t l~crc  is a C O I ~ ~ ~ ~ I I O I I S  play of lightening seen on 
the clonds for some Iiours, apparently no rain-falls. Tl~csc iicrcal cloud and lightening storms 
seem to havc favoritc hannts amongst thc n~ountains, one of n.hich licv between Kalkad aud 
Agastiyar Ilallci abont thc sources of thc Ta~nrapurrii river. 

A similar display is frequently sccn also somc milcs out at  sea in the gulf of Rianar 
about this season. 

Sometimes light fleecy clonds are to bc seen proceeding from the S. West in  a still 
higlicr stratum of tlie air thau that of the N.E. current. 

About thc beginning of April clonda from the West scttlc on the monntains in  tlic after- 

APRIL. noou, and cvening tl~antlrr-showcrs occlw in tlicir neighbourhood. 
Thuntlcr-stnrn~s also comc i ~ p  from thc Enst during this month, m d  break 

in  favorable spots in cool a1111 rc f rc~l~ ing  hut partial showcrs accompauicd or preceded by dust 
storm and suddcn changes of wi11t1. 

The pl~cno~ncnon of intcrfcrcncc fringes is not uncommonly secn on the clouds about 
Intrrrcroneo fringe# the lVcntcrn I~ills an I~onr  or so l~cfore sunsct when the piles of cumuli 

con1111on. havc mo~rntrtl to a l ~ r i g l ~ t  of ~cvcral  t11ousa1itl fcet and their summits are 
surmn~~utcd  by t l ~ i n  sinuous strcalis of mivt or cirro strnt i~s clo~~rl ,  distinct bnt pale fringes of 
the prismatic colors appear on tlrcsc strcaks n ~ ~ d  on the flcccy mist h n ~ ~ g i n g  about the denser 
cloud, at n distance of i l l ~ o ~ ~ t  15" from t l ~ c  s ~ i n  wl1ic11 i3 I~idtlcn from sicm. Very frequent and 
bca~~tiful  displnys of this p l ~ r n o m c n o ~ ~  I~avc b r c ~ ~  o1)servcrl 11y t l ~ c  writer on similar clouds along 
the Eastcrn Ghats aftcr t l ~ c  aftcrlioon th~u~dcr-stroms nhicli occur from May to August. 



I n  April the S.W. monsoon (wind) con~mences with severnl days blom from the S . W . ~ ~ ~ ~ ~ .  
s . ~ .  monsoon  ad panied by excessive baziness and heat. 

begins. 
The sca breeze on the eastern coast fails, or is only felt close to thc sea, and then pro. 

bably as a " long-shore" wind. Thc N.E. wind has also disappeared, or is only to be traced in 
the upper regions of the atmospl~crc. 

Towards the end of April the hot westerly winds set in  more regularly and with some 

Hot werterly winds. 

On tlie south coast t l ~ c y  are (S.WIy.) " long shore" winds : fart l~cr  inland they arc hot 
westerly dusty winds and in the central and northern pnrts of the district they blow from 
point or two n o r t l ~  of west. 

The last few days of April and the 1st  fortnight in May are the hottest in thc year, tile 
provcrl~inl " tirc-days" of tllc Tamil inhabitauts, the t c n ~ p r r a t ~ ~ r c  of tllc 

Mny. 
Tile fire.dnys." air in thc sl~atlc out of doors not i~ncommonlp rising to  100' k'nl~re~~llcit 

from 11 A. ar. till 3 P. 31. I t  has bccn \vitncsscd at  108" daily for a week 
i n  a large double-fly tent. 

A t  1 0  A. 81. i t  is usually about 90" ant1 at  dawn 85'. Dust-stormq nccompn~~ictl I,y 
tlruudcr-sl~owcrs, and occasio~~ally, but  rarely, by a fall of l~ail, occur in 

Tl~~milrr-sl~owem wit11 
~ u s l P l , ~ o c e n s i o n n l ~ r ~ l a i ~ .  sonic parts of the district lowcring the temperature considerably. 

Tllo aestrrl dirrclinn 
The prevailing wind throughont May is ~vcstcrly or a point or two 

of tbc5.w. rnonsoo~~rrind. north of wcst. 

This westerly dcclcnsion of the so called so11tl1-west monsoon wind is a curious fact vcry 

Couaes mggcstrd. cornn~oi~ly noticed by ordinary observers in southern India. Loci~l or pro- 
x<ncinl influences that  mny help to cause i t  esist in thc fact of t l ~ c  ewes- 

sive heat of the eastcrn a11d south-castern parts of the district wl~ich arc, in Ti~~nevclly, arid 
sand wastes. Also in t l ~ c  prob:tbility that  the supply of fresh air for rarefaction in t l~ i s  furnace 
is drawn from the uplands ant1 monntnins on t l ~ c  west and N.W. of the district. T l ~ c  low heated 
plains of the northern part of Ceylon and the shallolvs of the gulf of RIanar may also assist. 

But  all this seems inndequatc to  proclnce even the local part of the phcnomenon, 1v11icl1 
in  fact obtains far more grnrmlly, ant1 probably s o n ~ e  more general influcnce exists whicl~ cnuses 
the eqnatorial current, (tlrat is thc indra l~gl~ t  of denser air to supply the r:~rcfaction of the more 
heated districb-) n11ivl1 in this illstance one would suppose to  be a soutl~erly mind to supply 
the q c a t c r  rnrefaction poir~g on in the niorc l~cnted diqtricts wl~erc the sun is vertical and the 
mean monthly tenipernlnre ro niucl~ Irigher as it is ill the plains of northern India and soutl~crn 
Asia, to  flow from thc wcst. 

The fact remainn that tho prevailing wind during May, Junc and July over thc greatcr 
portion of rou t l~er r~  Jnrlin is morc vest than soutll-west, the sea l)reczc on t l ~ c  r:ist roost 
is revcrscd mrd in some parts of the wcst coast ( ~ c c  table IV)  arrivcs from a quartet. co~lsitlrr- 
ably north of wcst. The dil.ec*tio]r of this mind arcords generally with the slope of the rolllltry 
east of the W. Gl~atn and it is not dificult to conceive a sufficient w m ~ t  of statical cq~~ilil)rillm 
to arcollnt even for surh violent cffcrts as those hcre observed. The difference of ten~pcratllrc 
of the unrface of the Bay of Bcngal and thc Indian Ocean may be an efficient causc of the 
phcnomcnon cornmentcd on. 

Early in June th r  no rallcrl S.W. monsoon " brcaksl' on t l ~ c  Western Ghats in torrellts 

JUW. 
of rain ant1 the firnt frcshes flood the Tamrapurni. Thc rain does not 

R n i n ~  r-n on tho extcnd, except in parti:~l ant1 light showcr~  cast of thc mountains but the 
Wrstern Coaat. tempcmtnrc of tlrc air is lowercd and clol~dy wcather pre\.ails. 
climate of KurtallamQ is vcry agreenhle a t  this season and much resorted to for henltl~ rind 

comfort. T l ~ e  Illace (in Lat. 8' 5G' N.) is favourably situatcd in a hnp or 
hurtallam. 

rercqn in t l ~ c  mountains, (ncar Trnkaslii) at  the e n ~ t c r n  entrarlcc of 
Ariangaval paw, and at  thr falla of OIIC of tllc r l~icf  af l lue~~ts of the Chittnr river. 

- ... -- 
KO~.-(0) Xurtnlhrn (rl~lg. C o ~ ~ ~ l a l l u n t )  frunl " Iloltr~t-nlnal" tllc n~~ t ido t e  of sin. 



I t  cnjoys the bcncfit of tlic western wind as from a fiu~ncl, after it has passed throagh 
tile gaps in thc mouutains and lost most of its moisturc and 11ow desccnds in  cool breezes 
mhilst perpetual clouds overhead shelter i t  from the sun. 

With an elevation of only 300 feet to  4800 fcct, the ternpcratwc of the air is 10" cooler 
than i t  is a few miles distant in the plains to the eastward. 

Throughout July and August the westerly galcs continuc to prevail and often blow with 
extrcme \iolcnce, tearing up the light surface soil, raieing clouds of dust 

Ju'.~ A1'.~l'st' and carrying the finer parts far away. The sails of vessels at  Pambam, 
W e s t e r l y  golcs. 

about 120 miles to N.E., are said to be colo~ucd by thc red dust of S.E. 
Tinnevelly, thus shetnng that although westerly on the surface of thc land there is an upper 
current of S.W. wind at  this seasou. 

The absence of rain is most markcd during Junc, July, August and September, the  
mean duration of the rainless period heing rccortlcd as 16 mccks from a 

Long drought. 
register kept for 22 years. This drought and t l ~ c  dcuudation of the sur- 

face soil of its finer or lighter portions by the violent W. m~nds are principal callses of the sand 
wastes of S. Tinnevelly. (See note on the Theri.) Meanwhile t l ~ c  miny season contim~cs to  
deluge the western coast producing tllc tropical lusuriancc of foliage ibr w l ~ i c l ~  it is as remark- 
able as s. Tinnevelly is for its absence. 

I n  September the westerly gales begin to fail, and in Octobcr t l ~ c  polar current again 
comes into play alteruating with the equatorial as a surface wind, aud 

September. 
eventually becoming a moist warm N.E. wiud from t11c Bay of Bengal. 

About t l ~ e  middle of October after some fitful showers and changes, the North-East mon- 

OC,.,,, ,,nd soon and with i t  the rainy season of T i ~ ~ u e \ ~ c l l y  ( :LII~ g~~lcri t l ly that of 
" T l ~ o  mins" of tllo enat S. Eastern India) sets in, and thc showers attain their ~nali tuum frerlucncy 
corpt set in. by the end of the mouth. 

From Doctor Cnldmcll's rain register kept since 18 13 at Edeycngndi, a mission station 

Pnrtin,lnrR rron, two milcs inlaud on the south coa.t, it  appcara that 111 tllc two weeks, one 
Cnl~l\vrll's reglstor st  heforc and t l ~ c  otllcr after the 3lst'Octol)c.r an inch (O"9i) of rain 
E d s j r ~ ~ g u d i .  pcr dicul falls on four (42) days every year, also onc (1.0) inch per diem 
f;llls 011 two or thrce (2.5) days in the firat ncek io Novcmbcr crcry year. The heaviest falls 
of rain occur in the last fortnigl~t in No~cnrbcr \\11en t l ~ c  lnean fall 1s an inch and a half (1".-1.) 
per d ic~n  on thrce (3.1) days. 

The rainy \rcathcr is not ai thout  inter~nission and therc appear somc marked pcriods 
without rain, as for instance the 18th and 2fitl1 Octoher, and 8th November on which days less 
than an inch of rain fell in 22 gears. No\~cmbcr is thc raillieat montl~,  the mcan fall at  
Edcyel~gudi (where the annual fall is about onc-tl~ird (+) lrss than thc Incan of the whole district) 
heing ( iM.87)  ncarly eight incl~es, on seven or cight (7.59) days in t l ~ c  montll. 

Thc rains begin to fail aboot the first meek in Dcccmbcr, 1)nt a meek of cloudy showery 

DPCP~I I~PV.  wcatl~er may be expcctcd about the cnd of the month. 

Tuking tllc rainfall as registered at tcn places in the district (for thc ten years 1833-63) 

Thc rninfnll. 
ns a fair nrclxgr. of the wholc, the n~c;ul an11ua1 rainfall in Tinnevelly is 
35 inchcs (I~ct\vccn 50 inchcv in 185 h and 20 inches in 18Gi), nearly two 

thirds (0.0) of 1v11icl1 falls during " thc rains", that is, in Octobcr, Novcmbcr and December, 
in the N.15. monsoon. 

Locall!r, the annual rainfall srerns to increase with thc distancc from thc sea on thc S. 
or S.E. coast and with the proximity to the rno~~utains on tllc wcst of thc district (see tnhlc 111). 

Plncer nituntcd d o n g  thc skirts of the Wcstcru Ohats and oppositc gaps in the range 
llavc n mnch largrr rainfall than otllcrs out in the plains to s l l i c l ~  the carly spring showcrs 
alltl t l ~ c  westcrn nlonsoon contriljutc a co~~sicleral)lc share. 



n l e  general cllaracter of "the rains" consists in  sevcrnl spclls of clourly rainy wcatllcr 
lasting from 4 t o  9days at  a timc, and in  the irregularity of the d;tte ant1 amount of tllc fall, 
A t  li;deycngudi the heaviest N.E. Monsoon rain of latc years a m  36.7 inches, wl~icll fell in 
3862 (which mas generally a year of excessive rain throl~gbout the  district), more than tllrce 
quarters (0.8) of the fall for the twelve-month. 

I n  1856 only 5.6 inches fell in "the rains" out of 7.4 inches for that year. 

The N.E.Monsoon rain is  not recordcd to  have failcd entirely. 

The successive recurrence of relatively met and dry seasons compared with the mran of 

T h e  r i n i d .  22 ycars' rcgistcr at  one station and of 10 years a t  nine othcr st;itions, 
~~~~d~~~~ to periodi. shews a tendency to periodicity; thus, from the average or gencral mean, 

city. which for the former is 22 and the latter 35 inchcs per annum. 
The 3 years 18-I,.?-& and 47, shew a mean excess of 9.6 inches. from a register. ,, 4 ,, 1848-49-50 and 51, do. defect of 7.6 ,, } 
,, 5 ,, 1852-53-54-55 pnd SG, do. excess of 10.9 ,, includes the results of 
,, 6 ,, 1857-58-59-60 and 61, do. dcfcct of 10.3 ,, } 10 rcyistcrs. 
,, 2 ,, 18(i2, nnd 63, do. exrcss of 9.6 ,, 
, 4 ,, 1864-61-66 and 67, do. dclcct of 4.9 , a register' 

The year 1846 is exccptional, but not sufficiently so to  alter the apparent tcndcncy to 
excess in thc meal  of the 3 years. I t  is a culsious fact that  these pcriods agrcc to  some cstcnt 
with the periods of mas in~um and minimum spots in the  son, supposing the maxima to llnre 
occurred about 1850 and 1860, and the minima about the years 1815-55 and 1866 with tllc 

. - 
single exception of the last instance. 

Note on the "Iherei" (red-sand-wastes) of S.E. Tinnwelly. 

The Theri(s) o r  red-sand-wastes are a peculiar feature of tllc district, and srcm to call 

Loeslity. for spccial notice as being of serious interest to  thc i~ l l l ab i ta~~ts  and the 
subject of curiosity to all who have obscrved thcm, and on account of the 

instance of rapid physical change on the carths surface which they oticr. 

The Theri is found in  patches of 10 or  15 square miles extent, morc or Icsn continuollsly 
for 40 or 50 miles along the south-east coast, from Vijayapatlii running 25 milcs N.13. by E. to 
near Kulasekl~arapatanam and Tricl~cndur, and thcnce turning nort11n.nrds with tlle coast lint 
for ahout 20 miles to thc hasin of the Tan~rapurni  river, on ~vhic11 it llas encroacl~ed. Near 
Alvar Ti runqar i  (oftcn miscalled Alvar Tinncvelly). 

Each part of the Theri has a different local name, that  of tllc largest lving east of tlie mis- 

Mcnpsnepuram. 
sion station of AIcngnanal,ut.am (Gospel town) is callrd " ~arrl1knvala11-koi1 
Tllcrei" and on tlie north side Nadnkandan (country over-looking) Tllcrci. 

This Theri is said to be 9 milcs long N. and S., and 4 or 5 m ~ l e s  aide, E. aud \V. 

The Theri consists of a tract of wavy slopes and hilloclts of bright red drift sand, culmi- 

Fcnturea. nating in drift heaps 30 to  50 feet above the rest of the Tl~cri, and pcr- 
haps 80 to  100 feet ahove the surrounding plain. 

The colour is a bright orange or  brick red, and has hccn callrd a " rorc-red" by one of 
the residents. The depth of the loosc sand sarics from 4 a foot on the wcstcrn slopcs to 5 or 6 
feet, and in the drifts to  20 feet and up5vards. 

The sand is cornposcd of coarse and finc grains of quartz and pcrl~aps otlier ingredients, 

Feshvesol the Thcri. and a considerable aclmixt~ue of fine black grains of iron orc. 

Below the tlrift sand a darker red aoil is found, morc or less indnratcd, and from 5 to 8 
feet in thickness. I n  the wind gi~llics this in cxpoaed to virw :~ntl appears to Ilc ~ I I I C I I  cut IIP 
by running water. This soil Reem8 to 1)e composecl of rnur l~  tile same ingrctlicnts as tllc sm(1 
above with the arldition of ocllrc like rlav or loam :-it is ca"ily oticctcd Iry watcr, and whcll 
acparatcd and clry aflords an iml~alpablc brick dust p o ~ d c r .  



Below the compact red 80il again there is a substratum of grey sand-stone, said to con- 
tain flints embedded in  it, and here and there, mixed with, o r  replaced by, limestone glomerate. 

A peculiar feature of the Theri lies in  the  fact that a spring of water, in some cases 
Irrigtion from ooze perennial, flows or rather oozes from beneath the sand at  the edge of the 

~rprings. Theri in  sufficient quantity to allow of regular wet cultivation from it. 

The plantain is a common produce from the ooze fields or  gardens under the Theri. T l ~ e  
ooze is chiefly on the eastern side of the Theri, also on the N. east and S.E., but  scarcely at  all 
on the west. 

The native inhabitants regard the Theri as the result of superhuman agency, and they 

The Thcri. have various traditions on the subject. By the English, i t  is said, the 
Theri has been regarded as an unique phenomenon, hitherto unexplained. 

The following considerations and suggestions were gathered during a fortnight's personal 
observation in  the Theri country in  April 1869, and from the-accounts of the natives, and from 
the missionary residents in the neighbourhood. 

The Theri appears (to the writer) as if it  werc the small remnant of amuch larger tract 
of similar formation which once occupied the low country of S. Tiune- 

Rrplsnotions~~ggcrted. 
vclly, east of the mouutains. 

TIle soil seems to  have been composed of the clctritus of gneiss and other rock in  which 

Considcrntiolls 
quartz (and perhaps felspar) was very plentiful, such as that which is so 

tltr rormntion or t h ~  commonly seen iu the pink (red and white) " parrambu(s)" "gravel wastes" 
rJ7ieri. of Tinnevelly, together with some iron ore in the shape of fine black graiu!, 
like " diamontl gunpolvder", aucl a large proportion of clayey soil mixed. 

I t  is readily affected by the wcather, and 20 to 30 inches of rain per annum is sufficient 
to wash tlre surface clear of the soil and leave pure sand at the top which the violent westerly 
winds haye no difficulty in moving. The finer and lighter portions of the soil arc taken up and 
carried to a great distance, (the sails of vessels at  Pa~nbam, 100 miles N.E. by E. are said to  

be coloured red by this dust) whilst the larger a1111 heavier grains remair~ 
Con~iclcrntions rcgord- 

iug tllc Tlrcri. tossed into regular billows, drifts and hillocks of pure bright red snud, 
which travel at  a rapid rate eastwnrd wit11 the prevailing wind a h i c l ~  is 

lresterly and blows violc~ltly for three or four u ~ o ~ ~ t l ~ s  cre;.y ycnr. 

I t  is a c ~ ~ r i o u s  fact that the intervening tract b c t w c c ~ ~  the Tl~eri  aud the sea on thc 
leeward, (i. c, the eastward) side, several miles iu width is not covercd or coloured by the 
Juststorms blowing over it. 

The natives on the western side assertetl that the cdge of t l ~ e  T l l r r ~  (lor3 not altcr, but 
those on the east, north-east and south-east h a \ r  qrl~te a d~fl 'cre~~t talc, ant1 tllerc car1 be uo 
doul)t that the whole body of the drift sand does mote eart \r ;~~iI  !.car by year. 

A report is 0x1 record in the Collector'sOAic~c that the sand io 1848 hall moved 20 c l ~ a i r ~ s  

l<a*t.ward ~1otio11. eastward during the previous t i~ur  ycars; :111tl both I~cfore nud since tl~;it 
time annual complaints have bee11 ~nadc that t l ~ c  irrigation chi~unels or1 

t l ~ c  F.E.  have IICCII siltctl up I)y the drift sand; anti large b U l l l S  Ilavc bc-ell sanctioued aud Spellt 
i n  rlt.aring ~IICIII. 

Villages are said to Lave been burictl OII t l ~ c  east sidc. OIIC village uamcd Senkuli, OII 

\ ~l leqc  o v r r w l ~ c l t ~ ~ r d .  
the N. east, is stated to hnve heen 01-rrmhelmcd by the sand about 40 
yrars ago (about 1829), and it$ site is still m:vkcd by somc half buried 

nlnrlgo tl.ces aud the remains of a well. 

T l ~ r  cncroachrnrl~t~ of' the drift sand woultl seem to il~clinc to the nortll of enst, in a* 
rnllrl~ as ill April and May [Illring the llottcst weather anti before the wcvtcrly gales set ill 



a southerly or soutlr-westcrly brccxc obtains for SOIUC ~ O W S  evcry clay. Pcrlraps also the regrl. 
lar westerly gales deviate more towards the south-west than towards the north-west. 

On the western side the palm forest seems to  be slowly crecping castnard after the re. 
treating sarid and probably the whole of it as far as thc Nat-aru, (the Naut-aur of the old 
atlm sheets,) 10 or 15 miles to the west, and 20 miles to the S.W., is reclaimed Theri. 

The fact that the moisture stored in the Thcri oozes out and flows on the seaward and 
the river basin sides points to the antiquity of the red soil stratum, and would scem to shew 
that these peculiar sandhills are not a recent local deposit made by the prevailing winds. 

Efforts havc been mil arc being made by the inhabitants to  stop the encroacl~mcnt~ of 
Erorts to stop tho en- the Theri, and the Collectors of the district havc givcn the matter tllcir 

oro~hmaits .  attention, and have been supported by the (:ovcrnmer~t in encouraging 
planting out the drift by exempting trces grown upon it from tzsation. The succcss does not 

appear to have been grei~t lrit4lcrto. Withoot doubt tlre gro\\ztll of 
Unsuccessful. creepers, grass and wecds must have a good rertraining clfcet-but notIling 

can prevellt the onward progrcss ot  the drift as long as there is soil lcft to providc frcsll s;rlld 
of sn&ient lightness to be drifted, unless it is stollpetl on the vintlwi~ril, i. e .  the wcst\vard 
side, where the most strenuous efforts s l io~~ld  be made. But tlie inh:~l)itants who suffcr niost 
do not live on the mindmard side, and unlers spec:ial steps are talcen on  their bcl~alf t l ~ c  tlcllrge 
of driven sand must roll on, aud, if slomly, uot the less surely, sooncr or latcr ovcrtuke them. 

The Palmyra palm though congenial to  the soil and the habits of thc pcople docs not 
parnp I ,nal l i tc~ for seem well choscri to reclaim the Theri : for, though it will spring up 

plnnling out the drifi. readily in the sand, it has no sooncr formrd n l~catl of 1i:zves than the 
scour of the wind denudcs its roots, and in this way a large proportion of the pl:~nts clic. 

From observations made during vcry hot weather in April, tlrc heat of the Tl~eri docs 
not appear to be so excessive as one might expect, nor does it pcnctrato to auy considerable 
depth ; hence the rain water stored in these sand wiutes (and little or liorle of i t  is lost by sur- 
face drainage) does not evaporate rapidly. 

A thermometer just covered by sand in thc middle of the Tl~cri  rcgistcrcd 128" wl~ilst 
one similarly exposed in the soil off the l'hcri regivterctl 130°, the air 

8 w f w  tompernture. 
tenrpcrature at  5 feet from the ground in the sliaclc bcing 100" Pahrenhcit. 

I t  secms probnl)lc that Banian stakcs if planted dccply enough to rcacli thc moist snh- 

Bnninn stalrcr to be soil w-ould grow readily, and together with tlie indigcno~~s tlrorn hualr 
plnr~tcdtawiudaor~lsug- afford shcltcr for 0tllcr and morc profitable spccics, or at lcast help to 
grrted. hrcak t l ~ c  force of the t+ir~tl. Rut wl~atcvcr is donc in tlriv way slroultl I)e 
bcgun on the windward xiclc, and littlc or no pcrmnl~cut success can bc erpccted from plauting 
on the leeward side alone. 

Unless something is done to prcvcnt it, it is much to bc fcaretl that the so~~thern  bmnch 
of the Tamrap~rn~i irrigation pro-jcct, now in progrcss, will prove morc or less of a failure from 
thc cxpense of clearing out the channels ncar the eavtcrn side of the Thcri. 

The palmyra palm may he said to he almost the life and wcalth of the Shanar inl~al~itants 
of the sandy tracts of south-east Tinnevelly :-little clsc will grow in such a soil and produce 
a crop without artificial irrigation. 

A Tamil pocm enumcratcs HOO uses to which thc palmyra and its produce are put. Tile 
follolving are a fclv of t l ~ c  pri~~cipal uses. 

(1.) Thc jnirc which flown from the cnt or pres~cd flower is tadi (" toddyJ') to drink, 
and if lcft to fcrmcnt hcconlcs ir~tonicati~~g in a fcw Iro~rra. 

(2.) The sarnc jr1ic.c whrn g:rthrred in lime-waahctl vcsscln doc3 not fcrmcnt, and is 
called " pathani". Tldv " p;rlhani" wlrcu boiled tlowu bccomcs j i i ~ a ~ i  (jaggcry) a coarsc dark 



sllgnr whicl~ is one of the chief articles of food amongst the people and is said to be 
wholesome. 

Sugarcandy (Pannakal Itandu) is made by allowing the boiled juice (pathani) to  remain 
and crystallize. 

(3.) The husk or outer pulp of the fruit (Nungu) when ripe and roasted is edible and 
so is the pulp inside the three kernels composing the fruit. 

(4.) The froit (Nungu) after heing bnried 3 morltlls scnds forth shoots or sprouts 
(Kayangu) which arc eaten roastcd. If left for a year each kernel should produce a plant which 
after 10 years favorable gromth bcars fruit. 

Uses Pdmgr8. 
The leaf of the Palmyra is used for : 

( 5 . )  Thatching houses, the walls of sheds and huts, for screens and all kinds of shelter 
from sun, wind and rain. 

(6.) The paper and books of the country. 

(7.) Water vessels of all sizes from well buckcts to drinking cups. 

(8.) Bnskct-work, sieves, mattu~g, umbrellas, hats, saudals, fans, and ornamental work. 

(9.) The fibre of the leaf stalk is used to mnlte all kinds of rope, yarn, and twine. 

(10.1 The refuse parts of the leaf stalks and lcnves is thc fuel of the country, especially 
useful for boiling down the juice on t l ~ c  spot where it is gathered. 

(11.) On fclliug a palm trcc the cabbage or heart of the leavcs at  the top is eagerly cut 
off and eaten. 

(12.) The scasoncd wood of a fill1 grown tree is valuable for builders and carpenters use. 
Jt is user1 cutirc for upright posts nntl p~lcs, and for bcams : also mhen cut for rafters and planks ; 
is llollowcd out for troilgl~s, P I I ~ I L I I C I Y ,  tubc drains, cnliocs kc., and the bole at the root forms a 
large ant1 handsome well buclict. 

I t  is said that forty to sixty trccs arc reqnircd to snpport onc family, and the Shanar 
" patcr-familias" llnv to climb his fifty trcrs twice :I day; and in the bcst season even three 
times :-no cavy lot, when thc trccs arc : h u t  40 feet in height. 

Exp/anation of the T(ib/es and sources of information. 

The foregoing description of t l ~ c  conutry is chicfly derived from the printed report on 
the district by Mr. R. K. P~~cltlc,  c.s., t l ~ c  Collcctor. Thc annual course of the weather is 
principally from Doctor Caldacll's information and his intercsting note at,tacllcd. 

Tal~lc I. is from a copy of thc rain rrgistcr of thc Rcvd. R. Cnltlwcll, L.L.D., made a t  
Edeyengurli a mission station of the Society for tho Propagation of the Gospel, two miles inland 
from thc sea on the sol~tli convt of Tinnevcllp, and on the " Tlleri" or red snnd waste a~ld  palm 
forest country. The columns "\~inrl" and "remarks" have becn filled up from local information. 

Table 11. is de~-ivctl from thc same sourccs. 

Table 111. has hccn compiletl from the civil district (Tn111k Kacheri) rain registers de- 
posited in thc Collector's oflicc nt Tin~levclly and from Doctor Calrlwcll's register, bcforemen- 
tioned :-there seams reason for supposillg thc results tolerably accurate. 

Table IV. Tlrc first Ocft hand) half of table I V  is dcri~~ctl from thc valaes obtained at 
the Trevandrnm* observatory pul~lishcd ill tlrc Trivmidrum almanac for 18G9. The other half 

Trr rn~ idr~~n i  orclinnvily pronounced Tiruvnndurrum, short for l'in~(v) Annuds~purom.Suint.bnend'a Tom. 
Tho Cepitnl of Tim hlnndu kudlv. 



is the result of one years observations madr in the office of Captain G. A. Pliipps, Ifaster 
Attendant at Tuticorin, exccpt the column for the rain which is from table I1 and the tempera- 
tine collunn which is derived from casual observations and local information and the mean from 
analogy. 

This table (IV) is intended to convey an idea of the climate on the east and west coasts 
of southern India in latitude 8'30' to 8'45' when they are only about 100 miles apart. 

m e  spelling of the names of places in tliese notes is generally that adopted by scientific 
men. I n  doubtful cases an attcrnpt has bccri mildc to coiivey the pronunciation by a use of 

phonetic spelling; the names of wcll known places are spclt as tllcy arc most commonly 
printctl. 
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X I V  

from Dr. Caldti~ellu rcg;~I,~r 1845-18G7. 

M O N T E L Y .  
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variation ir  37 inches bctween 7'"4 in 
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T U L E  ~, - iVontI~ ly  mfm. and means of 11~4 rainfill at Ede!ttngd;, 6n the S.S.E. taut ~f 

Tinnevelly, two aii1e.s inland, deduced .from 22 yecirs observations regthered 
by t 1 ~  Revd. R. Caldwell L.L.D. &c., 1845-1867. - 

MOXTBLY D I S ~ U T I O N  A, R B ~ ~ ~ ~ ,  

Chicfly in tho first week as the end or !he 
(N.E. mon~oon) rnin~.  S~rono northerly 
gales prev~lil steadily the Znd arI1 nopi, 
abating thc 4th nnd n,itl~ an ocensionn1 lImrv 
al~owcr and clo~ldy tieather. !l'he mill failrh 
twice in 3 years. -- 

Ncnrly all of it hrtwern 4th rind 20t11 o n ~ ~  
three ).curs no rain icll in Fcbr~lnr~: 

-- 

&lorllp nhout thc mirldlr of the montl~ but 
failed nltogell~er 4 tinlrr in 11 purr. 

Principnllv thunder showom in the 3rd srck 
nnd ngjin at lllc rnd of the month, but 
iniled entirclg 4 out, nf 11 ymra. 

Thunder sl~owers at  thc hpginning 01 ll~o 
month.-S.W. nlon~oon wind rsith nn ova. 
sionnl shower nnd clol~cls during the Inst fcr 
dogs. No rain at. nII 4, yrnra oel of 11. 

- --- 

Clonrls and drizzln the first b \ ~  dopa and or,.:,. 

- 

-- eluding dry 

Annod. 
bmomt ,  1 5 3 5  0.70 

1 3  

7 

8 

8 

, 

8 

JANUARY, 
No of wet dais; 

FEBRUARY, .. . 

MARCH, ... 
-- 

A P W  ... 

MAY, ... 

JUlXE, ... 

1'71 ins. -- 
2.2 days. 

1'48 -- 
1.8 

1'91 -- 
2.4 

2'68 -- 
3.0 

1-90 

2'0 

1'41 
1 4  

17 

15  

20 

22.16 -- 
27 

26.73 -- 
33 

37.56 -- 
4 1  

27.70 -- 
3 1  

11.26 --- 
1 7  

.9 

---- 
1.01 

1.2 --- 
1.22 

1.5 -- 
1.71 

1.9 ---- 
1.26 

P4 

----- 
.51 

.8 

-- 

the mouth of least rain. 

-- 
Foiled once in 22 ren r~ .  Thr S.E. nlonFonn 

mins begnn nb&t 10111 nnd with a 
about tho 171h, incrcu~.rl in IrcqucllrY :"ld 

amount till l l ~ e  6th Novcmher. 
---- 

At the 11eight ol' H I ~  monsoon rains, 

2.1 

1.16 -- 
2.2 

1'07 -- 
2.3 

'62 

JULY, . , . 

AUGUST, ,. . 

SEPTEBIEIER, ... 

KOVEhCBER, 1 -- fell 2 or 3 times a wrrk. A mxrked nhatc'- 
merit occrlra in the 2nd wrek in Nnrrmhrr, 
but 2nd m a r i r n ~ ~ ~ n  orrtlrs nbolll fill 20t11 

t,ho is tho henviest, l"'6 ftllling 
once or twice in thr week. AI'lcr Ill'all!e 
rail1 d e ~ r c w s  in nmo~mt. Failed oncc I n  

22 years. - - --- 
The reins ~ e w e  shout the 9th and r brrllk ,li". 

DECEhfBEB, -- Curs with scarcely nny rnin till Zlth $'Iirn a 
few miny dnys may he cxpwt~d in m!'r 
wit11 cloudy weother during thc loat "' 
December or Brst week in Jan~ laq .  
8 timrs in 22 years. 

Months. 
Tdd mount,  ... 49776 22.17 Menn Id1 on 

Wet days, ... 681 25.5 - 

riunoUy o al~oticr or two n b n ~ ~ t  tllr 191l1, 
the rest of Jnne is rninlsss. The rain inilrd 
altogetller lwice in 3 gconr. 

- 
No rain frU bpta.ecn 2nd nud 15th or hel\r-rcn 

19th and 27th nnd it iililrrl allogrtlier In 
3 jenra out of 4,  OR,.^^^ tbnn nlly otllrr 
month, i .  e. tho month of lrnat freqllenrg. --- 

Fnilcd nl tngel l~~r 6 times out of 7 yrnra. A 
mean prl.iocl or 16 tivrks withoat rnin im. 
111rdintely prerrderl tho hcgilmiu~ of Ille 

N.E. ulonsoon in Octohrr. 

No rnin in z yenra out I I ~  3. Septcmbcr is 

5.79 --- 
11 

7.50 ---- 
1 6  

---- 
1 3  

2 6  

.6 

---- 
.34 

.7 

4.94 2 2  

.6 

4.39 
-- 

6.1 
OCTOBER, . , . 

173'20 7.87 8.25 

1 4  

92.23 --- 
108 

-- 

-- 
3.3 

4.19 

4 9  
1 

-- 
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I V I I I  

Relative heights above the sea of some placea in the Tiamvelly District und of the Travelkra' 

banyulows on t k  road from Palamcottah to Tricl~inopoly, via Yadura, by aneroid observations. 

NO=.-Colomn 3 contains the npproxiniato l i c i~b t  in fed, nborc ncn lcrcl, of Hie plwm nnmed in oo l~~mn 2, M deduced 
from the rrn(1inpm of tllrco n~~r rn id  hnrometrn rlnilv at llle 9-30 A. r. m a x u n ~ ~ t ~ ~  nnd thc 4 P. m. mhlimum, compsrcd with cor- 
rcsl~o~~ding ob&rrationa nt the m lcrcl s t  ~ r i c l ~ c h c l ~ ~ r  on the molh coast of Ti~mcvcUy in the middle of April 1860. The 
obnwrvotions wcre mndc butwccn tho let. April nnd 1.4tb Mnp 1869. 

Column 4 contoinn the rcs~llts of obnorrntio~ls mode nt aomc of the Rome plnrce by Cnptnin Ranevi, who wgidered his 
nncroid rmdings thrirc dnily, at, 10 A. m. at  noon nnd nt 3 r. n. during Novcmbcr nnd December 1868, compared with h u  
wrrrnl~ondinp obacmations at, tho t.riponomctricnl etntioaa, the height8 of which aro given in wlumn 5 diminished by about 
10 fcrt. for Colonrl Lamhtons closing error nt thr sen near Plmnri. 

The old trigonomctricnl valur of thr hright of P~,hapolli~tm, hnr nlao been diminishcd by 30 fmt, for s mean elms. 
of that amollut whir11 in fnunrl in moat of Cololtcl Lambtons pnblirhcd height8 of tho Qrent Am Broeriee mmprucd w i t  the 
vnl11c8 obtnined now in tho Qrcnt Arc Revision. 

I t  in to hn remnrkrd that April end May in an unbvorshle time of gear lor thew obsewutions, including as id d m  the 
l~criod of the change of rnonmna and the h .gu l s r  wenthcr then prevailing. 

B. R. E m ,  
Onr~.gnlnm, ) 

6th AvgvrL 1869. ! 

Ed 

U M 

- 
FI 

I 

N A ~ E  OR PUW on BTATION. 

i 
0 (A) 1 
feet. 

Sce level a t  Trichondw. 

6464 

700(0) 

400(C) 
330(I)) 

O~lnn tdi C%ristianngmm, 
4 Sntan~olnrn, , , , , , . , ,, : :  . , , 

2 Ittnmoli, . . . . . . . . . . . . . . . . . .  
Thikn Vijnyansmyennm, . . . . . .  
Vnlliw, . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  
Entrnncc to hills coffee sheds, ... 

Foot of P o w  . . . . . . . . . . . . . . .  
. . . . . .  Swnnti kuclti Mnllei gap, 

... bld~endrugherrg co@ec estate, 

Ditto ditto, ... 
. . . . . .  

Mirnnji Minn'e gnp, . . . . . . . .  

. . . . . . . .  
. . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  

Ditto Srirangm tcmplo, .. 

.$ ~acl~npnlintn, , , 

a 2 
Mnialr Bnngnlorc, Comminsioncrs, . . . .  

Middlc of 
feet. 
65 
90 
70 
135 
270 
400 
710 

9 W  
2870 
3540 

2300 
3000 
3780 
6430 

340" 
2003 
215.i 
310 D 

185.2 
. . . . .  

... E 
3303 a 
440 

460.4 

615'; ! 
610-5 9 

Miseion house olcao to Angl. Pmt. Cbwcl~.  
Camp north side of village. 

Do. Do. Do. 
Do. South-Ewt of lesaer Vijapansmynnnm. 
Do. On plain N.W.of vlllnge and E.of rosd. 

High r o d  west or t o m .  
On grnnte road to Swami Kuclti Mallei p w .  

Wnehormena dream at  base of deep w e n t .  
S d d l c  of paps to cofee plantations. 
Qmnt's and h e r ' s  house at  top of the plan. 

lation. 
Strenm at  bottom of the plantntion. 
Old botnnicnl fruit and wlfee gnrdcn. 
Saddle 9. of blnhcndraghetq Yannngudi p w .  
Old Survey station. 

Corroctcd value by Colonel Lsmhtou (1810). 
' h r c l l e r s  bnngalow on Cnpo Cornorin road. 

Do. Do. Do. 
Do. no .  Do. 
Do. Do. on M d u r n  rood. 
Do. DO. Do. 
DO. DO. DO. 

Old Surrrv and new Pendulum ahtion near. 
~ n ~ p s k o t n  &durn district. 
Tmrellers ~angn low~i~~ncvc l lg  k Mndtua msd. 

DO. DO. Do. 
110. DO. on Dindigal mud t mile 

W. of t o m .  
Do. Do. on Trichinopoly mud. 
DO. DO. Do. 

,p 

5 I 

A ril 
Let: 

$ 
$ % 
[ t  { 
a o .- 
5 A 

g @ 
a 0 -  

g 8 %  
,g 3 '- 

2905 
330 2 

?id 
8 

ikO2 

4 2 0 ~  
W 

510 5 3 
680& ' 

. . . . . .  

Kannimapottei H.S., . . . . . . . . . . . .  
Ynnnng~di, . . . . . . . . . . . . . . . . . .  
Nnnguucri, . . . . . . . . . . . . . . .  
Polnmcottnh, . . . . . . . . . . . .  
Knitnr, . . . . . . . . . . . . . . . . .  
Koilpnthi, . . . . . . . . . . . . . . .  
Satw, . . . . . . . . . . . . . . . . . .  
" Kootcnpntrae" (Kuteapami), 
hlnlInpat.hi, . . . . . . . . . . . . . . .  I 
Virdupnthi, . . . . . . . . . . . . . . .  

Tinlmnngnlam, . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  

. . . . . . . . . .  

Do. Do. Do. 
Do. Do. Do. 

Nntivs Infantry pamdo ground. 
I n  highest temple. 
Taken a t  base of 8. udnishsd (topumm. 

Trigonornotrid and Pendulum Station near 
Knngim. 

Flag StnR nhcw an error of 46 per cent ex- 
was compared with 0. T. Survey vnluo 1868. 
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NOTE ON THE CLIMATE OF SOUTH TINNEVELLY 

The climate of Tinnevelly is one of the driest and hottest in India : the heat, it  is true, 
is never at  any time so great m ,911 most districts of northern and ccntrnl India during the hot 
season, but on the other haud, thcrc is ~ ~ o t h i n g  that  can be called cold in  the cold season, so 
that  the aggcga te  anuual amount of heat is very great. I consider the heat, especially in the 
southern part of the district, somcwhat less than in  Madura, the ac1,jaccnt district to the nortl~, 
but  considerably great,er than in l'ravanrorc, the trrritory ntljoining Tinr~evelly to the west. 
The hottest weather is in  the month of IIay,  s l~ort ly after the sun's pnsnage to the north, ant1 be- 
fore the sonth-west monsoon sets in. The liigl~cst temperature I have noticed nt Edeycn;~~rli, 
which is situated about two miles from t l ~ e  sca coast and ahout 23 mile* to north-east of Cape 
Comoriu, is 98': this was in J lay  1H(i(i, b11t the highest p o i ~ ~ t  the thcr~nornctcr ortlirrarily 
reaches in May at Edevenpudi is 95' '33" audis  still more common. This is the reading in a 
room open to the wind at tllc Iiottest time of the day, viz., ahont 3 P 31. Prom the setting ia 
of the south-nest monsoon in June, till it$ t t : rminatio~~ in  Octobcr, the tcmperatl~re varies from 
80' t o  90'; in November it sinks to  about 80' and in December and January, which we regard 
ao our cold season, the thermometer is gencrally under 82'. The greatest cold I have noticed 
during this period nns 7 2 O ;  this a m  OII one occasion only, and I~efore dawn. The orclinary 
temperature in  the early moruing during thc colt1 scason is 77" ; dnring k'ehrnnry and March 
i t  rises to  about 85'. The daily range of the thcrmometer in  the shade is extremcly small, 
being rarely more than 6 degrees. 

The rainfall nt Edcyengndi dnring the past twenty-two years, hns averaged only 22 
inches. This accounts for the rcmarkitblc dryness of the air (111ring the grei~tcr pnrt of the 
yew, but i t  also ncconuts for the scantiness of thc vrgctntion and thc cstreme dustiness of the 
greater portion of' the district. The rainfall is still lcss than this i n  the ~ e i ~ l ~ b o u r l ~ o o t l  of 
Parnmcshwaripuran~,* the place where the Cape Comorin bnse has becn measured. I am sure 
of the fact, but  am unable to  give an exact estimate of the amount of the diflcrence. 

I n  the ndjnccnt territory of Travancore, the rain fall is gencrally double, in some places 
treble, what it is in 'I'inncvclly, nnd hencc when one sees both tlistricts at  oncc from the top of 
any of the peaks in the Gl~ants, the contmgt I~etmeen the green, ~ r c l l  aootlcd, wcll watered tlis- 
trict of T r a r a ~ ~ c o r e  and the 1)are snn humt  ticry looking district of Tinnel-clly is vcry striking. 

1 attribute thc sninlll~css of the rni~~l'all ill the south of Tinnevelly, nnd especially in 
the neighbourhood of t l ~ c  bnsc linc, to the rapid din~inution in height and final brcak tlowll of 
the  mountain range of thc Ghauts, in consequeuce of ml~ich currents of I~catecl air, coming from 
the rcgion oppositc to that ill \rhich the rain ii~lls, meet the currents of moisturc in the loacr 
strata of the atmosphere and give them an upward direction. 

The only nlonsoon which brings rain with it, in the greater part of Tinncvclly, is thc north- 
cnst monstron, and this is vcry variablc nud ~~nrcl iablc.  'Lhe sol~tlr west mollsooll, \r.hicl~ nilpplies 

Travancorc c o u ~ ~ t r y  so rr#nIarly : L I I ~  p lc~~tiful ly with rain, brings with it to Ti~~nevelly notl1i% 
that rl1n bc called r:~in, but cn~ly :it timcs a few light slloners, which arc uscless for pllrposcg 
of cultivation, cnccpt in the .irnmrdiatc ncigltbourhoo(1 of thc mountains. This wind oftcrl 
b r i n p  wit11 it n scarrcly 1ralp:thlc an~onnt  of moisture which cools the atmosphcrc and refrcqhcs 
the  conntitution, thol~gh it protluces no cffcct on tllc soil. This is the same miud, protlllced by 
the aamc cnuses, ;*9 that which ia callrd thc hot land wirld at  Madra.q; but in thc southcm part of 
Tinncvcllr, thc rcn iu so near that it scarrc,Iy ever fcrls hot, tllong)~ i t  is almost nlwa).s drier 
than thc North 1hs t  m-i~~d. 'I'hc rhicf pccuIiarity of the so at,^^ Wcst monsoon wind ie its great 
strength. I t  is so violnrt that it is scart.cly possible for a tent  to s tn~ld in it without some 
apecia1 nhcltrr or protrrtion, and in somc plac:en it kecpn tllc land in n state of perPtua' 
barrenneas by prcvcrrting vrgetatiou and cvcn blowing away the tine surfnce soil. 

- .  

Where thcro u no pelru Ctwrst. 



'I'he ralnfall co~~nected with the south west monsoon, commence8 generally about the 8th 
of June, aud for about eight days after this the sky is wholly or partially overspread with clouda 
day and night ; thie is generally called by Europeans the setting in of the monsoon : but the 
monsoon is properly the monsoonwind, the wind of the season, and this alwaye sets in some  week^ 
earlier. A Tamil proverbial verse says, "the great wind " (that is, the wind of this monsoon) 
"makes its appearance on the 10th of Chitrai" (the 21et of April), " and retires to its chamber 
on the 10th of Aippasi" (the 25th of October.) This is pretty nearly accurate aa a general rule, 
but the wind sometimes aets in or terminates sooner or later than this. I have also occasionally 
known an irregular irruption of the south-west monsoon in March and once as early even a9 
February ; occasionally also after the commencement of the north-east monsoon, and evcn aftcr 
a heavy fall of rain, I have known a return of tlie south-west monsoon as late as the middle of 
November. During the whole time of the continuance of each monsoon the opposite monsoon 
shows, at  least in the higher regions of the atmosphere, ad endeavour to re-assert its authority 
Clouds connected with the opposite monsoon will be seen from time to time gathering in slieltcrcci 
loops of the mountain ranges ; and when the one monsoon wind falls off a little, c lo~~ds  will 
immediately be seen collecting in open defiance of it at the opposite quarter. 

The north-east monsoon sets in late in Tinnevelly. I t  is generally preceded by partiai 
ahowers from tlie same direction in September and October, and sometimes as early as August : 
;,lit the real raius of the season do not set in, in south Tinnevelly, as a general rule before thr 
1 s t  of Novemhcr. Sometimes they set in from the beginning of October, more fi.equently about 
'.he middle of October; but in that event there is generally a failure of the November rains. 
The raiufall is generally about a meek later in Tinnevelly than in Madras. The North-east 
wind sets in ordinarily abont a meek before the rains ; sometimes a fortnight or even a moutl~ 
t,arlier, but in that event it neve~.'blows strongly or steadily. The rainfall connected with thr 
110rth-east monsoon continues more or less throughout November. Rain is also cspcctcd at 
Intervals in Deccmber and even in January. Rain about the end of January may generally br 
rxpected in Tinnevelly, a circumstance which is I believe peculiar to this district. The north- 
east monsoon, tll:~t is, the north-east wind, continues generally to the middle of Feh~iialy, when it 
begius to fall ulT. I t  sometimes blows with considerable strength, especially betwcc~~ Christma< 
and the middlr of January, but never equals in strcngtl~ the average streuglh of r l~c south-west 
monsoon. From the middle of February to thc eud of Apl,il, n~hell the soutll-wc,t luonsoon i. 
expected, the direction of the wind is very variable, someti~iles from the north-e:~rt, sometilur~ 
from the south, whilst sometimes it fails altogetl~er. As a general nlle the land wind, or wind fi'on~ 
the north or north-mest, blows during the night at this period, aud a sea breeze duriug t l~e  day. 
The sea breeze generally sets in about 10 o'clock A. a[., by the time the surface of the soil i. 
warmed by the sun. As the season advances the sea breeze, which begins with t l~e  north-eas~ 
rcers round to east, south-east, sonth, and south-west. The sea breeze of April generally blon . 
from S.S.W. 

During this intervening period between the two monsoons, from the middle of Februafy ttn 
I ~ I C  end of April, there is generally a good deal of atmospheric disturbance; sometimes a gresl 
,!cal. 'I'hcre i.q frequent lightning to the South East and North West, that is, out at sea in thv 
$lircction ol' Ceylon aud over the Ghauts: there are occasional showers, especially in the end 01' 
ilIarch, about the time callrd the " petty monsoon" in Madras ; and more rarely there have bee11 
squalls, generally from the North East, with heavy rain. On one occasion we had a llcavy dowu 
pour of 6 il~chea of rain abont the middle of March, in connection with a hurricane, which mad(. 
Itself felt at Cochin and to the North West. I t  is mentioned also in Orme that in Biarcll 1747 
military operations had to be suspended in consequence of a heavy fall of rain, which covered 
the co~lntry with water. 

Tinnevelly is very rarely visited by hurricanes. Only one has been known witllin tlit, 
present century : this took place in December 1845 ; I was in the district at the time, and the 
loss of life and property was considerable. 1 havc mct with a tradition amongst thc pcoplc oi  
only one hurricane previous to this. 

The sky in Tinnevelly IS generally tolerably frcc from clouda, repclally at 111gI1t ; ra111 
arn~:rallp frills during the day much more rarely at rught; so that the diatr~ct IS thvourably 



situated for astronomical observations. On the other hand though the sky is often free from 
clouds it is still more frequently hazy; so that though there are very few days in the year, 
perhaps not ten in the whole year, when the sun is invisible the whole day; and though 
there are still fewer nights in which observations of the moon and the principal stars cannot be 
taken, yet the atmosphere is generally so hazy as to be unfavorable to the observation of eclipses 
and otller celestial phenomena: occasionally however the sky is perfectly clear and serene, 
especiaUy after rain. The most favourable period throughout the year for observations is in 
1)ecemher and January, during the greater portion of which months the clearness of the atmos- 
phere day and night, is almost every thing that could be desired. 

I have long endeavoured to ascertain whether there was any truth in tlie notion, whicll 
i s  equally common amongst Europeans and Hindoos, that the phases of the moon exercise an 
influence on the fall of rain. I t  appears to,me certain that the light of the moon tends to cause 
the clouds to clear away and the rain to cease ; but beyond this 1 have not seen any foundation 
for the popular notion. 

On the whole also i t  appears to me that there is more rain in these regions after tlrefull 
moon than before. 

Names of places adjacent to the Cape Comorin base, with their meanings. 

1. Parnmeshwaripuram ; the town of Parvati. Siva is called by his votaries Paramesh- 
wara, the supreme God : hence his wife Parvati is sometimes called Paramcshwari. Probably 
this name has beengiven to the place iu consequence of its vicinity to  Rathapuram, where 
there is a considerable temple to Parvati. 

2. Rathapuram apparently means the t o m  of Radha, Krishna's favourite mistress : 
but the pcople of the place deny that this is the origin of the name, and say that Radha is acor- 
ruption of Raja. They assert that the original name of the place was Raja-raja-puram, and 
that i t  was called so after a king, a certain, Raja-raja Chola. 

3. Sanganeri : Sangan's tank. Sangan is regarded as a man's name, derived from the 
Sangnm or "Chauk" of Vishnu. One of the words for a tank in Tamil is Eri, sometimes in 
'l'inncvelly corrupted into Neri. 

4. Kudenkulam : Knden's tank. Kuden must have been a man's name, but the namc 
i s  not now in use. The root of the name is Kuda, to join. 

5. Vijayapati " Vijaya's lord," that is, Siva. Vijaya is a name of Pamati. Names of 
this sort are not uncommon, e. g. Tripetty near Madras, properly Tirupati," LakshmiJs lord, that 
i n  Vishnu. 

6. Manpottei : the earth hill. "Man," properly earth, here means sand, as any one who 
visits the place must see, an immense bank of sand sloping down from a crest of gneiss. Pottei 
means a rock, a small hill. The original meaning was a heap or lump. 

7. Pannei : homestead. The name denotes the family property, the anccstral property, as 
llistinguished from property that has been acquired by one mcmber of the family. 

8. Kanniya-Kumari; the Tamil pronunciation of the Sanskrit name of the place, Kanya 
Kumari; thc Cnpe Comorin of the English. Kanya and Kumari are nearly identical in mean- 
ing, the former being commonly rc~~dercd (' virgin, '' the lattcr " maid. '' The " virgin-maid '' 
referred to, from whom t l ~ e  placc takes its namc, is Parvati, tlre wife of Siva, of whosc adventures, 
prior to her marriage with Siva many legends are related. Hcr father was the Himalayas per- 
eonified, hence her name Parvati, " the mountaiu nymph. " Her local name at Cape Cornorin 
is Rhagavnti. Capc Comorin is reckoned hg some Hindus as one of "the seven sacred bathing 
places. " I t  is but little visited or regarded now, but it is recordcd by Ptolemy that, when the 
(heck merchants came to India about the heginningof the Christian era, it was visited monthly 
by pilgrims, who came to bttthc there in honour of a ccrtain goddess. Tile pearl fishery extended 
thcrl from (:ape Comorin to Kolkhoi, nt the mouth of the Tamraparne river. The Greek name 
of tlrc Cape was Komar, or Komaria Akrou. 



9. Mahcndragherry, "the mountam Mahendra. " The place called by this name by 
Hindus is the fine precipitous rock which is called by marincrs Cape Comorin Nose; by Euro- 
pean residents in Tinncvclly, the Nose, or Lord I3rougham's Nose. This is a spur from the 
lnountain called by Europcans (but not by natives) Mahendraghcrry, on which there is a Tri- 
gonometrical Station, and which is the highest mountain in the Southern Ghauts, south of the 
great Agastier. From the Nose, or the true Mahendraghemy, the most mondcrful leap on re- 
cord was taken; Hanuman, the monkey god having leaped from the top of it, they say, to  Ceylon ! 

10. Agastier-malei, commonly called by Europeans Agastier. !Chis noble conical 
mountain) the highest in the range of the southern Ghauts, takes its name from the Rishi Agastya, 
the traditional civilizer of southern India, who is supposed to l~avc taken up his find residence in 
this moqutain. This mountain was regarded by Hindus as inaccessible, till Europeans found their 
way to the top of it, and Agastya himseLf used occasionally to allow himself to be seen perior to 
the arrival of Europeans. The rain fall on the top of Agastier has been fouud to amount to no 
less than 300 inches per annum, whilst the rainfall at Palamcottah, within 40 miles of the base of 
it is only 23 inches. The river Tamraparni, which irrigates and enriches the central portion of 
'l'innevelly, takes its rise from this wonderful rain fall. The river is supplied by both the north- 
east and the south-west monsoon and furnishes abundance of water for two crops a year. Agastya 
is regarded by Hindus as identical with the star Canopies, the brightest in the southern sky. 
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